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Yood ,while thought of as 3 traditioral fuel,may be used as a trinsitional
erergy form and indeed capitalising on existing technical knswizdgz,be
corverted into mcdern fuels that could assist in the rapid daveloprent of
Kenya's eccnozy. 't is an indigenous resource that grows relzatively rapidly;
besidac previding enerqgy it can stabilise “he soil,protect water catchment
areas,provide fertilizer, fodder and food and ciford csnsiderable emp luyiment
opportinities for both skilled and unskilled ::orters.

In the Kenyan coniaxi,wo02fuel is the cheapast source ot anerzy bzing twe

to four times cheaper thin bio-zas and peraffin(kercsene)and up to 6 to 7
times cheaper than !iquid petroleum 3as und clectricity.What is morc,the
wcod ctoves at present are much more inefficient than the other tyres of
stoves but it is more *than possible t3 double their efficiency thus making
wocdfuel aven cheaper.[n terms of forcign exchange the price diffcreace is
mch more pronounced,fcr dolivered woodfuel has lass *han 207 of their cost
in the form of foreign cxchange but for other commercizl fuels abeut 75% of
their cast i5 foraign exchanga.

One dirawback to woodfuel is that it is a low cost high bulk product 2aad in
the frashly felled form it cannat bc transported over lang distances withcut
zaking ft uneconomic.iowevar.the more it is dried,the further it can be
transported and if it is tonverted to densified woed or charcoa! the economic
transpart radius could be increased to as mich as 140Kms. by rcad or 360Kms.
by rait.

The cost of growing fuelwocd in ¥enya iz at present much more expansive

than in reighbouring Tanzania amd indecd it is on par with costs in the U.¥.
This is because of very low tas! rates which have continued from tho days
when workers only worksd Far loss than a morning in the fcrest(and the rest
of the day in their shambz) and were paid accordiagly.Now they work all the
time if the forest on the same task rate but on full ray.Given good manage-
ment,labour preductivity could easily increaze tc a Fiaure approaching the
upger Tanzanian value and d new cet zf task rates ras been assumed.Costs

an2 returns have been warked out based cn these assumed rates and for various
optians such as agro-forestry,replanted forest,fodder/wosd production,indus-
trial ;lantation,the return on inves:ed capital is usually more than '0%
whereas with the present average Keryan costs it is about ST.AT1 the various
madeis are described in detail and are used as 2 bacis for determining the
cost 3f the proposed palicy option.

-

Felling snd zxtractiun costs are descrited g that it is possitle o werk
2ut a deiivered roadside cost and to coemcile a manpswer budqact tinile the
money returns fron iavestment ire low,because of the low stumpins price

for fuelwocd,the returns to govirnzmant and consumar are high.lf an 2dequ-
ate supply of fuelwond is not suarinteed than by ths yezr 2000 the qovern-
ment mey have to pay an additional Kshs.13.500 million in foraign eichangz
to import paraffin ind the cznsumer would have to pay an extra #shs.?2000
million,representing the price differenca Setuean wocdfuel and naraffin.
What is Zorc, one hectare of fuelwood could cave Kshs.4302 in forcign axch-
ange with existing wocd stoves and up to Xshs.14,300 with improved stoves,

this is nearly 2s much 25 coffee sarns per hectare in foreign excnange. 3o

- from a gevernment viowpsint,investing in fuclwcod rlastations and agro-

forestry cchemes should be a top priority.

The policy proposal calls for the esuivalent of 1.43 million hectaras sf
fcrest land to be planted by tha year Z000,the bulk of which will bz in
either 2gqro-forestry schemes on farms ,reclanted forests or managad forests
20 only 204,000 hectares zround *towns and industries wil! cha2nge their

land usa2.8; thz turn of the century such a prcpocal =il! cost,in 1982 prices,
Kshs.2700 millien. ([t will give emzloyment tc nearly 100,000 people aad in 3
steady state,yield nearly 25 milliors tennes of wood'pe? year 2s wcll as
supplying fertiliser,fozd and fodder.To provide an 2gua! amcunt of energy
from hydiro clectricity would cost 24 times ss much z2nd from paraffin 4 times
as much and both of these options have hish foreign exchange ccmpsnents in
their costs.Thereforz,by following the wood route,Kcnyz could ensure the
chezpect supply of energy.create employmant,protect the water catchzent
areas,stabiiise the soil,enkanze the quality of iife of the pzople and

assist the eccnamic growth of the nation.
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COSTS AND BEMNEFITS OF PROPOSED TREE PLANTING PROGRAMME OB
SATISEYING XZHYA'S WOOD ENEPGY REQUIREMENTS

J=ME,

K. Openshaw - Senior Research fellow, Beijer I[nstiture

Chopler T. The cost of woed enerqy

Introduction

Kenya, like many other devaloping countrles, is facing an
enerjy crisis jusc as sevare, if Q0L more 50, than the developed
nacions of the worid. n “he past it has ralied on indlgenous wood

to supoly the bulk of its 2nergy, indeed, even today wood
energy supplies over seventy percent of the country'senergy require-
ments. However, very little effort has been made to replace the trees
cut down to supply thls 2nergy and in consequence, Kenya's tree
resources are dwindling rapidly. This decline in tree stock would
h&te been more rapid if there had not been a switch to more convenient
and more i{ntensive energy forms, namaly oil products and electricity.
But thesa enwrgy £orms while facilitating rapid economic development
require a considerzble amount of foreign exchange either to purchase
the oil or to buy the capital eguipment to generate tha electricity,
and Xenya ls facing and will continue to face difficulties in earcning
enough forelgn 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 ls relegating its peopie to the drudgery of collecting and
using this energy and is condemning the country to slow economic
growth. However, even though wood is a traditlonal fuel, che rasason
why it has been used since time immemorial is that it is a convenient
store of enerqy and if properly managed a renewable source of enerqgy.
For many rural people wood is the prefarred source of energy: once
this source has been exhausted then the people turn to burning crop

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

have been =2xhauseczd then rhe land is abandon-d and rhe Zountry has
lost an assat either temporarily or permainencly. The r21son tharn the
collectlon of wood has beccme 1 Jdrudgery is becausa sugplies near to
the house have becoma exhisstad and more cime ard 2¢fort has =o ba
spent gathering and carrving the wood back home. This rrend could and
should be reversed by ensuringy £hat treaes are grown on £arm ar in
closa proximity to the farm, and growing truzes species that will cza-
olement rather than compats wikth the pastoral and agricultural crops.
Wood either Ln the unmadifled f£orm or as charce il cannor compak-
for convenlence with paraffin (kecosene), Jas or alecrricity. Thera
i3 always the inconvenience 9f handling 2 bulk matecial and the waizuin:
period until the rfire is preperly lit, also it is more difficult ro
regulate and extlnquiéh once the cocking or heating task has hean cer-
formed. However, wood cin usually more than compete on grice and wiys
of improving its conveni2nce and efficisncy. ars known. Also it is an

Lndigenous resource that saves foraign exchiange and cr2ates =eployman:.

Therefore Lt seems prudent to plan for its continued use 2nd to enconraga

more convenient and efficient methods of production 2nd consuoption.
Wood, besides beingy a trauitlonal fuel, can also be usaed as a
transitional fuel and indead could be a fuel and a chemical fa22d stock
of the future. Already it is used as a boiler fuel in many industries,
particularly wood based industries in wood rich temperate councries.
[t can'be used in thermal power stations provided an adequate and con-
tlnuous supply is guaranteed near at hand., Modified wood in the form
of charcoal has as high iLf not higher energy value than coal and can
be used as a substitute for coal. Wood and charcoal, when turned to
water and /br preducar gasas, can be usad to drive stativnary or
mobile conventional engines, and similarly whea subjecrted to conditions

of heat and pressure, wood can be turned into liquid fuel, such as
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methanol (wood alcohol) or petrol. <he latter processes cannot com-
pete with conventlional oil at presanr but they are noc far awvay from
the economic threshold. Howevar, the producer/water gas ls presencly
in use and is the motive power for warer pumps, vehicles and boats. So,
relylng on wood for energy should rot condemn a country to backwardness,
lndeed, 1f oropezly managed and imigirarively usad, it can halp with

the rapid economiz development based on the lndigenous resources of
labour and cipital. That i3 noc to say that oli}, electricity and gas
should not Ya fully usad for 2concmic development:; indead, the proposals
put forward Iin rhe main ceport envisage that the share of these enerqgy
forms will increase from their presant 25 to 35% by the year 2000.
fowever, what the Ceport stresses (s that wood is an indigenous enerqgy
source, if judiciously grown Lt can be the most convenient energy form,
and Lf properly manajed can de the ~heapest source of energy while at
the same rinme, saving foreign excnange, providing employment, food,

£ iViomea .
odder and fertilizers and most imporeancly, protectlng the envlronment.

The cost of wood energy compared to other energy forms

The government‘s selling price for fuelwood ls between Kshs 15
and 20 per standing cubic metre ($ 1.5 to § 2.0 per mJ). If it is

ass
umed that on average an air dry tonne of wood (15% moisture content

~dry basis or 133 @c wet basis) contains 1.4 m] then che standing cost

per air dry tonne ls between Xshs 2] and 28(1). The cost of felling,
C€ross cutting ard stacking is akout Ksas 25 per m3 S0 the forest road-

side price of cut and stacked wood ls about Kshs 45 per m] or Kshs 63

ﬁez air dry tonne.
1) .
;t is lefLCult to be more exact about the standing price of Fuelwogd
ecause woed L3 sold stacked at a price of Ksh3a 11.75 per stacked m
usually ln measures of lmxl.5ax2mor 3 stacked m°. The con-
version of stacked m2asure to solid measure depends on the tightness
of stacking and the exacktness of the measures,

The delivaced price of this wood within 2 50 k= radius of the
market should not be more than ¥shs 150 per ronne. Howevar, Rhe sellin:
price of cut firewood in Mairabi, where this wood i3 aainly bought by
the medium 2nd upper Lncome gpeople for hsating, not ccoeking, ts bDetwa=n
Kshs 200 and 00 per tonne (air dry) but off-cuts sold for ceoking vary
bat4asn Kshs 150-250 per ronna.  CLikaewise charcoal sells 1z abous 35hs
10090 per tonne, although the official selling price is ¥shs 375 par
tonne (see tahle 5) - (1353/~ rar 41 Xg bag iacluding sack, ~r L <3).
Outside Nairobi firewood is craded at abouc #shs l0O per ronne and
charcoal ¥shs 600-800 per tonne {(ofiicial price #“shs 425-52% or).

For other fuels the Maizobi price is as follows: paraffin, Kshs
3.80 per litre; llquid perroleur gas (LPG), ¥shs L02.75 perc 1S kg
canister (Kshs 6.85 pe? k3) and zlecericity an average price of
Kshs O.70 per Kwh. However, LP gas is in short sucply and paratfin ts
problematical in some areas oucside Nairmbi s t ls difficuit to cozcarc:
the above energy forms ln all their different end uses, but cockting L3
the largest household use of enecqy, accounting for betw2en 69% and 75t
of ali energy used Ln a typical houszhold or the equivalent of ipprox-
{mately 1 mJ of airdry wood (L5% mc) per person. I[f this Eigute is
used as a standard then the squivalent amount of other fuels to surply

the same amount of energy to the cooking pot is shown in Table la,

together with the macket price and =stimate foreign axchange cost,



49V 1o pEL Ry enU TNe STOvVe erriclency 1s /¥, Thus 710 x 16 x .07 = 795 M Joules is transferred to the pot,
2
( )The cost of biogas energy (60% methane, 40\ carbon dioxlide) has been adapted from P 120 of the US
National Academcy of Sclences book "Methane generation from human, animal ard agricultural wastes, NAS
Washington 1977, See appendix 1 for cost breakdown
(J)Theszare the best estimates available but ccnsiderable work has to be done on measuring efficiencies,
There 1is no absolute measure for it varies depending on what food is being cooked.

Footnotes continued

(4)The cost of stoves has not been included in this table,

An estimate of stova costs for the varlous energy forms is as follows, Table laii:

Table laii Cost of various stoves in Kenya (1982}

Units Kshs
i v
Energy Form Siove type Cost | of which forelign Stove type Cost | of which
exchange . FE
L]
wood three stones NIL NIL mud/cement & 400 | 150
metal top
Densified wood/| metal stove 30 5 burnt ‘ciay 60 15
_charcoal & metal cover
Biojas simple burner 30 10 manufactured 200 | 115
burner
Paraffin 2ick) - small 47 30 ’ pressure 175 | 100
burner) ~ large | 19¢ 115 . stove
TLP gas *¢ single ring 580 330 double ring 1580 | 900
electricity ***| single ring 600 aso T double ring 1200 | 700

The mud/grass or mud/cement stove will have two openings, a water heater and a storage
pluece for drylng wood

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

**¢ wiring the house 1is expensive; the cheapest cost will be at least Kshs 1000 of which
estimated FE Kshs 700,

(S)The delivered G Joule cost to the stove is much cheaper for woodfuels than for other energy
forms, Thig is a reflection of the inefficlencies 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 loyical that a considerable effort be made into the designing and
marketing of efficient stoves, bollers and other wood fual using devices,



Table la gives the price ringe fcr various Ffuels assuming current

stove efflclences, these are low for woodfuals and relatlvely hign for

commecc i
Lal fuels. Therefsre thara is far more scopa to inprove the

efficiencies of woodfuel stoves rhan other stoves, The table also
itllustrates the importance of burning dry as opposed to green wood
(70% mc). [f grean wood is burar, euspacially on an inatficient stove
then it becomes the most =2¥pensive enerqy form in total cost terms

but still has an advantage over other non wood Fuels Ln foreign exchange

terms .

Even Lf the most inefficlent stove types were assumed for Ffuelwood

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

types for other 2nergy forms then only biogas has a coet advantage over

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

lt i3 assumed that the dung from 2-3 cows is collacted every day togather
with (1.5 litres of water. This is unlikely in an urban setting and in
a rural setting wond is usually not bought but collected., The capital
Cost for collecting wood Ls practically zero; whereas tha capital cost
for a 2 cubic metre biogas plant {s estimated to ba about Kshs 8loo,
This 1s reflected in the foreign exchange costs. All non wood enerqgy

~ .
forms rave higher foreign exchange costs than wood, varying from about

tWwice as much for blogas to six times as much for LPG,

The cost of che various energyy forms delivered to the pot varies
from fuel to fuel, if this is standardized on the paraffin costs, the
market price for dellvering an equal quantlty of energy to the pet at a

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

Table lb ‘e cost of energy from differeant sources %o supply 1n
equal quantity of enecyy to the oput (795 MJ) 2t a4 Fized
T
Enerqy Stove Units Pac Estimacad Uait
form (1) efficiency required price FE cost price
3 ¥shs “shs “shs per unic :
Wood 153 mc 10 497 kg ) L7 0.3l kg 20
¥Wwod 70% mc Lo 795 kq ) 27 0.20 kg 20
Oensified wood 20 237 kg ) 37 0.66 k3 33
Charcoal 20 120 kg ) 156 20 L.30 kg 19
Bio-gas 50 72 a3 ) 57 2.17 m3 37
Paraffin (o] 4L 1 ) LL7 j.go 1 37
LP gas 60 29 kg ) 149 5.38 kg L9
Electricity 75 294 Kwh } L44 Q.53 xwh 147

Lf the average stove 2fficiencies are as assumed in zable Llb,
then the price of wood (L5% mc) could be increased to FKshs JlO per
tonne, that for densified wood to Xshs 660 p.cC. and for charcsal =3
Kshs 1300 p.t. Therafore there is scope to increasa the stumpag2
price for wcodfuel or increasa the «..nomic collecting radius.
Even at thasa prices the delivered price at the stove varies
Exrom one type of enerqy to another because different stove afficienciess
have been assumed ranging from lO% for fuelwcod up to 75% for electcici=y
[f it is assumed that ail tne sStove types have an efflciency of 50™

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

shown in Table lc.

(L)
(2)

For energy values see table la

The calculate values may differ slightly from actual values
shown here.



- -

IEM_ The cost of ececgy from different sourcas to Suoply an equal amount of energy
to_the pot (795 MJ) at a fixed prics of XKohs 156 and equal stova 2fficiencies

of s
Inergy Stove Units Pot Estimaced | Unle Cost at the
corm efficiency required price FE cost prcice 3tova
L Kshs ¥shs Kshs per unit ¥shs/GJ (1)

_ ]

©0d 153 oc ) 99 kg ) 3 1.58 kg )

od 70% mc ) 159 kg } 5 0.98 kg )

Jansified wood | ) 35 kg ) ts L.64 xg )

;n.u: oal } 50 48 kg } 156 8 3.25 kci ) 97
‘to-gas ) 72 w3 ) 57 2,17 m )

>

_:ﬂffin ) a1 1 ) 117 3.80 1 )

o7 9as ) 35 kg ) 186 (2) 4.46 kg (2) )
Slectricity ) 442 ¥wh ) 216 (2) 0.35 ®h(2) )
—_ ]

(L)

The calculated values may differ slightly from the actual values shown hera

(2)

The unit price is lower then the markat price, hence the forelgn exchange cost is
mora than the pot price.

When the efficiency of al} the cooking de\!ices 1s the same then
le is possible to DAy Kshs 1530 per tonne for fuelwood, (153 mc),
Kshs1640 for densified Wood and Kshs 3250 for charcoal. Also the
forelgn exchange costs for wood Fuels are very low as compared to the
Other energy forms. Therefore Lf the efficiencies of woodfuel stoves’
could be increased to Elguras approaching 50% then there are considerable
favings to be made in fnreign exchange costs and also the price to the
grower of woodfuel could be increased substantlally. If the goverament
tnvested a relatively small amount of money into the improvement of
wood burning and charcoal Stoves then they could save a considerable
amount of energy (L and could increase the stumpage price to the
grower and/or reduce tha relative market price for the consumer,

(L)
If the relative prica of wood anergy decreased because of an

irtreased stove efficlency then some people using other €fuels such
a3 paraffin, LP gas and electricity may switch to woodfuels, hence
there may be nn saving of wood enecqgy but there would be an overall
saving of money and foreign exchunge.

Already protohbype stovsas mede of Surne clay and mud have heen pro-
duced that give an efficiency OE about 303 for fuelwood and 3% for
charcoal. Thesa are described in a separate pagar on 3tovaes.
Howevar, if rhese efflciancies can be achiavad in corrmarzial
production, and the wmain recart assumes that they can, thep tablae
1d shows the price thar can be caid by the consumer for 4n aqual

"pot price” or the pot price rhe consumer would pay assuaing rhe

prcices as éer: table la.
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lncome the Farmer could expect Eor fuelwood sold diracrly to the
Custcmer at Xshs 200 per tonas {Kshs 143 per m]) (l5% me) is shs

4070 per hectare. Of course at a market price of Xshs 310 per tonne -
4 price which ts scill comperitive wlth other fuels {table lb) - then
tha maximum lacome would he tncreased by a further Kshs 2360 to Xshs
6430 p ha P Yearc., but this =22n3 the farmer has ro be involved in the
diseribution and marketing of the nroduct. But for most Earmers it

ls the net farnm jate price rhat is criucial and assuming a stumpage price
of Ksns 20 per m] this is only about Kshs LOOO per ha per year. There-
fore, it Lls nor a very attractive proposition to the private indivlid-
ual to invest in fuelwood plantations if wood ls the only return.
However, trees are grown on farms baczause they bring other benefits

Such as an improwed micro-climate, soil protection, ferztilizer inpue,
fodder and food. Alsc wood can and is sold at a hiqgher nrice than

Kshy 20 per mJ for poles and sawnwood. If the E{rme: has fodder produc-
Lng trees then the nec annudl lacome could be fncreasad by Kshs 600

Per ha even at a low value at Kshs 0. 10 2er kg for pods or Kshs 0.1S

(L)
for leaves » there could also be an imouted value of about Xshs (3O

P8r hectare per year for fertilizer if the farmer green mulches the
leaves from nitrogen fixing trees on his agricultural land. Therafore,
the ‘farm gate' price of these products could bring an additional net
lncome of Kshs 900~ 10 per hectare per year which make tree growing a
mOre attractive proposition. This is especilally so in an aqgro-forestry
context where multi-purpnse treesg are grown as an integral part of the

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

(L

Thesm 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 reglon of ¥shs JOO per ha but all these costs
and prices are rather uncectain.

thar cemplimanc ratler than compete with the farm <2205 and of coursa.
planting 4t a density thit will not unduly tncezfara <ith rhe other
Crops. Then the income, or imputed walue, deriwved “rom rnesa trees,

are a bonus %o the agqricultural incorme.

4. Reburns £o He country From arowing wood 2nergy

£rom the natlonil GoINC oOf view, LOVasStla3 tn woodinal plantariasess
should be 2n economic propotition simgly becausa of the 2nncasus 3aviesy

in foreign exchanj2 that is being made.

In 1980 an astimasad U.G]f:onnés of charzoal ware zonsumad. [§
the average selling price in HNaiioni is assumed *o ke Eshs 1220 per
tonne (in 1982 prices) then its 'Mairobi' market walue is Xs3hs 61O
miltion. Bamcause Maircbi has the highest price fnr charcoal rthe
actual 'Kenya' markat value may ba in order of %shs 540 million
(sea table S) out of w;i:h the foreiqn 2xchange czoponenr 13 abous
Kshs Gormillion. If all charccal using people were fdr;ed =0 switzh
to the next cheapest substituta, namely pdrgffL;, Dacause charzoal
w“as no longer available, then an extra 215 million litras of

. (1) .
would have to be imported - This would cost the people about #shs

818 million (.982 prices) and the country would hawvs ra pay 1pproxtmataly,
Kshs 613win foreign exchanga ro purchase this eaersgy. This means the
people would have to pay an additional Xshs 278 miliicn (5L3 =ore
than they are paying for charcoal and tue country would have =5 find
a Further Kshs 523 million (U335 43 million) in foraign =xchanga. Tais
would add about 3J% to the net import bill for perrolaum greduscs and
lncrease the trade deficit by about l13%. So the use of ain indigenous
enerqgy form is saving both the people and tha ccuntry a considerable
amount of money and foreiqn exchange - about US$S 48 million per vear!

(l,This figure is based on tha cooking equivalent as per table Lb.

It Ls also assumed that the next cheapest commercial fuel, namely
paratfin, is the substicvuted Ffual.
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d 2hads.s stumpaqe price

gn exchange costs are paramount ko government then 'shadow’

t

If fore
unit market pricss for each fuel can be derived by equalislng this

5, Shadow prices of raed 2nergy an

This will indicate how valuable each energy form ts

cost component.
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Tables ib and lc can be ceworked whereby the estimated

foraign exchange component of ail fuels are equallzed and this is shown

ta government.

in table le,
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Under preszant use merhods the shalow market price "foc equal
expenditure of foreign exchanja~ iy Kshs 2150 per tonna for fuelwood,
Kchs 2080 per tonne for densified wood and #shs 7610 for charcoal.
This is a tenfold increasa for fuelwood, a sevenfold increase for
charcoal and a fourfold increcse tor densified wood. There is also a
twofold incraasa for bioGas but the shadow price for LP gas and elec-
tricity is less than the currene garket price indicaring that thesa
fuels are bYeing subsidized at presant, if the foreign exchange cost of
Paraffin is taken as the standard for comparison. If stowve efficiency
for the woodfuels is increased to the targets as indicated under B in
table le, then the shadow prices for these fuels bacome extramaely hligh
ranging from an eighteenfold increase for denslfied wood to a 92 fold
increase for fuelwood! Even so, the shadow price per KJoules deliverad
4t the stcwa for fuelwood is only twelve rimes more expensive chan paraf-
fin and for densified wood five and 1 half timas in the improvad stove (8)

option. Under praesent use patterns (A option) the shadow K Joule orica
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40% more expensive for fuelwood, 3O more expensive for

densifled wood and 140% more expenslve for charcoal in deliveced pet terms.
These Eigures point to the fact that the GCovernment should be making a
considerakle investment into Fuelwood and charcoal stove improvements and
also i{nto fuelwoed plantations for "shadow" foreign exchange and shadow
Rarket prices are extremaly high for woodfuels. If the "shadow” unit
pPrices for fuelwood are as per tables ld and le(under the assumption

that the Fuelwood stove could be increased ro 30% efficiencv)- namely

Kshs 940 per tonne for an equal pot price,and Kshs 18330 per tonna Ffor

an equal Inrelgn exchanje cost,—then shadow Stumpage prices can be worked
Out and these are shown in table 2 . Also shown is the price that

c?uld be pald under existing conditions (Kshs 310 per tonne, tabte 1lb)

Lf the price at the POt was equal for all energy forms anf . ikewise the

CN
—
foreign axchanga 2quallsation cost (#shs 2150 par tonne - rapla le)
unider existing usa conditions,
Table 2 Shadow st'iipage orica fo9r fuelwcod updar various assumotions
Units ¥shs/t at 1S3 mc unless atherwisa staced
A 3 C D

Shadow ratail price for fuelwand jlo 240 2150 13130
Profit margin 103 31 24 215 1333
“hol2sale price 279 316 1244 16497
Profit macgin 54 of selling price 16 17 108 917
Price to wholesalar 264 739 L1336 L5532
Transocort cost 74 kms (ses table 3la} Los Los Lo6 LO&
Forast gate prics 158 593 19170 15473
Felling and extraction 2nd drying costs 35 15 1S 35
Standing price (shadow scumpage price) i23 543 1335 15435
Shadow stumpage price per m] a3 170 i394 L1027
Existing govarnment stumpaqga pfice/m] ———————— LS5 to 20 —=-m---
Key: A Fuelwood snadow marka® price - exisving stove efficiency

8 " " ” " - ancicipated stove 2fficiency

[od * shadow foraign exchange aqualisation price - axlsting

stova efficiency
D v " " " . " - tnricioanad

stove efficiency

Under existing us= conditinns the shadow stump-Ge price for fual-
. k) . 5
wood is of the order of Kshs 70 per m” as opposed to an actual price ofF
J R . : ;
Kshs 20 per m~, If for=ign axchange costs wera taken iaro eansidaracion

then the shadow "foreign exchange equalisation” stumpage price would be

k) . .
a staggering Kshs 1350 m”~ which puts into perspective how imporrant

woodfuels are in the saving of foreign exchange. The annual net sawvinyg

. . . 3
of one hectare of fuelwnod plantations giving a yield of 3Om /ha/yaac

(21 tonnes) is of the ordar of Xshs 13J0Q when compar=d to the foreiga
exchanga cost of paraffin and even more for LPG and electriciey. I[£Z

improved stoves could be introduced and araz accaptabls then the shadow
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Stumpage price increases to Kshs 470 pec mJ and the shaluw "f e,
. . b
equalisation” stumpage prica shoots up to ¥shs L1l,000 per m . This

latter figure when translated into net saving of foreiqn exrh:inga per

ha.of Ffuelwood gives a figur2 of rKshs 14,300 again when comparzd t5 the
f.e. cost of paratfin., This latter sum approaches the averag2 net for-
eign excnanga 22r0in s Of Cea and <o9cifee, which are tn the rajion oFf
between Kshs L5,000 and 20,000 per ha per year, so from the coint of
View of saving fnceigs 2xchange, investing Ln Euelwood planrations shouid
be gtiven top srioriry .

Alth a shadow stumpage price of Kshs 90 per mJ the average net
annual income would be about Ksks 2650 per ha and give a retura on
Capitai investreni (financial yield) of nearly 40%. With the introductlon
Of lmproved stoves then the shadow stumpagas price jurps to Kshs 170 per
m] and the shadow net annual income incra2ases to Kshs L1,50: per hectare,
Such a shadcw income 2olnts to the fact that the govarnment should be
lavesting heavily in fy=1lwood plantatlons and could be Fiving a substdy
t> farmers to grow trees for fuel;-the planting of eneryy trees on
farms should receive top priority. From a national point of vi=w the
saving of foreiqn exchange should be paramount, but the qovernment wtll
need aid and assistanca ro undertake the proposad tree planting programme
ourllned in the main fepoce.  However, the small foraign exchange com-
POnent in the growing of trees does not make i seLrf very attractlve to
donor agencies who usually like to se= a sizeable proportlon of any pro-
Ject in cthe form of forelgn exchange (nr from thelr polnt of view Ln
local currency). Nevertheless, there Ls scope for aid especially in the
form of trained @anpower. and the financing and support’of training and
research instituciuns,foz good management is the key to successful wood-
fuel (and otiner programm2s). There is also scope for and projects in

the manufacture and distribution of varleus forms of forestry and wood

en2Igy «quipment canging £rom siaole “all-designad hand soals,

vehicles run on producer a5, wondfirsd

densifying plancs and xtilns

saving of foraign axchange
spent on capital equipment

encourage tracde,

2
SN imporcning

which shouid

co

boLlars, briguetting machines,

. It also musrn ba

2nazgy will rel=ase 7azn2y oo oe

dava

Jemant

an.d
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SZbggfgggl The cost of production and distribution of various and compressec in order to reduca the air space in the waond.Both dansified
forms of woed energy. wood and charcoal require the raw wood to be modified, thus entailing scme
i, Tnkreduchion form of industrialisation.
¥ood ,especially green wood,is a high bulk,relatively low energy prod- {F it is assumed that the standing price for fuelwood is Ksh3.18 per m3
uct. That is why in order tg compete with c*her anergy forms it has to be and that the roadsida price {or wood felled,cross-cut and starked 1s Kshs .15
grown cheaply and near the consumer,or converted intc lLighe~ eneigy forms per m3.then it is possible to work gut a transport radius for the abaove thras
such as deasified wood ,charcoal ,acetylen=(1),producer gas/water gas{2}, types of wood energy,providad wz know the markat price for tne products.One
methdncl{3}and sulphur frez petro!. fropical countries nave climatical ad- other thing that is very important to isow is that wood when freshiy 7eliad,
vantage over temperate countries in that the thegretiecal growing seascn is has ahigh moisture.and to transport this woog means that a lot of watar is
3il the year round,alss,perennial plants such as trees have ar advantage being carricdinot only that,if grezn wsod is surnt,then much of the wood's
over annual plants, for exawple maize,in that they can make more use of ene:rgy is required to drive off the moisture and therafore lass 2narqy is
their all year growing season.Thus trees zce ideaily suited to taks Fuil ad - available foir cooking and heating. This is why it is taipartant from Lokh the
vantage of the tropical climate. However, in many areas of the trcoics,water transgort and burning point of view to first air dry the wood. Appendix 2
is a limiting factor,although trees can take more advantaya of the avaiiable gives a table of the weight of Eucalyptus saligna at different ages and “riad
water than annual plants because of thzir deep rooting system.levertheless, for different lengths of time. One m of 5 year old E.saligna has a mo’sturs
In many of the dry areas in Kenya,it does not pay in a strict economical content(dry basis) of 1502 and weighs 1.6 tonnes,whereac aftar 15 weck. tha
Sense to grow woodfuel,unless the area is remote and the trees are grown to moisture content is reducad to 25% and tha weignt is 0.7 tonnes. Likewisa,=hn
meet a local demand. The economic Timit for woodfuel! growth under present avaiiable enerqgy of cne 3 when Freshly cut is 5.7¢ Giga Joules per tonne
€35t conditicns is about 10m3 per hectars per year(7.5 tornes/ha/yr.).Such a (9.09 GJ per m’) and 15.2 GJ per tonne(11.19 GJ per m’ Jafter 18 months. Fiva
production would just caver COst3 without earning any.intsrest on invested year old E.saligna i3 less dense that 10 year old E.saligna Also,the moistursz
. capital at a selling price of 15/- per- mj(standing).ln many of the dry areas content of the green wood decreases with age,tharefors,on a volume for voluwe
the most that can be koped for is qmtha/yr(Q.Zt/ha/yr)and so other factors ) . basis,the wood has alower muisture content with increasing age and a4 higher
such as soit conservation,erosion csntrol and water catchment have to be energy value.Of course,on a weight for weignt basis,the wood has the same
brought intg the arguement to Justify the planting trees.Also,many of these energy value,but comgared %o the nlder wood,the younger weod requires acre vol-
areas dare remote from the main pcpulation centres,and as will bz demonstrated ume to give an equai weight.All this is illustrated in Appendix 2,5ut it is
Short‘Y-:Tansport e€conomics make them very unattractiva as potential suppl. worth reiterating that green :fod is expensive vo transpoct and also ineff-
'ar2§f¢°f ~ocdrual. iciant to burn.If wood cannotgdried down to 15-C: cue to climatic,security,
Noryg transport distances —weud
at are the transport radii fGT‘EFOdUCtiOn of wood energy? At the time or pathogenic constraints then it may pay to rorce dry and densify the
presant oaly thres forms of wood 2nergy wiil be considercd,namely, fuelwocd, wood or turn it into charcoal,but of course,making charcoal from 'wet' wood mesd:
densified wood and charcoal. Densified wood is tro same as fueiwood except it more tonnage per tonne produced thar making it from dry woad.Tabie 3 illust-
has been dried down tc a low moisture content,usually about 12% MT{dry basis) rates the economic radius for transporting wcod at different moistura contents,
and cut into smail pellets for use In boilers or modified jikos(charcoal stoves) assuming that the forest roadside prica is 45/- per m® A more datailed caic-

1} Acetylan : L. ulation is shown in Appendix 3.
t carb¥d 8-GH,-is generated by dripping water cnto Calcium carbide-Ca,C,Calcium
? 2 {3 mide by passing electricity through a mixture of lime Ca(aH and
260 (0n) sgarten) r o1 ? 1
2 * tricity, Ca,Co+t 2H,0 + 0., : Ca.C,+ M C--9 2Ca{0OH), +

(2} Productr gas is s mixtura of C0reH, olan pfus indrt gasbs with c6 bggng %ﬁé prin-
(3) ;;P:I 94s, whereas water gas has e abdve gases but H, is dominant.

t JNOT.CHJOH.HaS formerly known as waod alcahol for Qood was the main Teed stock.
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Table 3a

Economic radius for transporting wood of different moisture contents

At 2 standard salling price of Kshs.12.50 per Giga Joule t
Moisture content 3 160 8C 40 20 15 S
Roadside price per tonne Kshs. 2 a] 53 62 64 67
Market price per torne  Xshs. 72 117 159 190 202 211
Prefit margin 157 Kshs. ' 18 24 28 30 32
Econgm!c rcg? transport distance Km 33 53 69 73 74 75
. rai N " - 8 145 174 18 186 187
Price per Giga Joule Xshs. - -z IZ.SS -

-

-2~
5

woud,the hydrogen and oxygen being drivan sff just leaving rthe carbon 3ehind

which has approximately twice the energy value as woend on a waight for weignt
basis. Of ccurse,as soon as wond i5 msdified,thanthis involves capital arpand-
iture. Table 2a gives the capital costs involved for producricn af densifiad

wood and charcoal. The costs for the densified wo0o0d plant have been madifies
froem a densifier plant already working in the Philigines which Jansifias pine-
apple waste.The capital ccsts of thas plant are high, and it may be possibla to
have much simpler equipment,for exampiz,nachines run off wood qas{prcducar jas)
that would chip the vood ints smsll pieces.These small pieces are then left ta

drv and transported to the compressor where they are densified iad oriquetred,

Much werk reeds to be done on the variguc densifying options.Three types of
Table 3b  Economic radius For transporting woed of different moisture contents charcoal kilns are ronsidared.A retort,brick kilns and earth Lilns.The capical
— _ 4 F. v = . : - . .
at a standard selling price of Kshz.Z00 ner topne’™ a?“ Tun"'”g costs for these kilns and fur the densifying plant are given in det-
ail in Appendix 4,8ut table 1 gives a summary,asswming that an equal quantity 57
E erergy is produced,namely,l.76% Peta qulcs(ldD Joules).
[ ———
. :Oiéf9re content 2 150 80 40 20 5 10 Table 4a Capital Investment aﬁd emoloyment for the production of
H?ak;tde price per tonne Kshs. 23 41 53 € 64 67 1.764 Peta Joules of enerqgy
Harket price per tonne  Kshs. 200 200 200 200 200 200 —
Profit margin 153 Kshs . 00 30 12 30 0 30
rconomic road transport distance Kms 142 126 99 79 74 69
seomomic rail transport distance kms 355 322 239 195 186 172
.|°¢ Per effective G.J. Kshs. B e 13 125 ' Densified Wood | Charcoal Production B
b Retorts Brick Earth Kilas Earth Kilns
L {2y, {Kiln High{d) |  Low (2)
; syt m3 A 13
For all various assumptions see Appendix 3 éﬂ;;ftmtcnn:' !Sgggg 239830 312@220 _5”5?0. o _figﬁgg
Capital cost tillions of Kshs. -
F A - Total 8.4 183.4 23.3 1.g 2.}
rom table 3 it #ill be seen that at a standard selling price of Kshs.12.50 Foreign exchange 72.1 120.1 6.7 0.5 1.1
" . L . .6 11 1.9
p?u Giga Joule (200/- per tonne at 15% MC) the maximum,ecenomic road transport Eg;?;yment(wan yEars) ng ) 32% ? dgé 1421 2843
distance {s about 75 ¥ms. and that for rail zbout 190 dms. Howevever,for green Capital cost per iob T
waod these distacces are reduced to 33 and 32 Kms. vespgectively for road and rail. 1000Kshs. 85¢ *73 3 | b 0.7 ]
[ e 1

[f wood was ;o012 at a flat rate of Kshs.Z8dner tonne irrespective of it‘s moist-

ure' cnk : : . - o
content,then wcod with the highes: moisture content has the greatest econ-

omic transport radiuc,for example.green wood(160% ¥#C} has a radius of 142 and (h
355 for rcad and rail respectively.This is twice as ruch as wood at 10% #C but
this ©0od is three times more valuzble than the former ir terms of energy output. (2)
Hewever,what table 3 does illustrate is that wgodfuelis a high bulk,low fost
,-n??‘-’%fu?eaf«:‘hi;jﬂ;:g;:{ﬁ&"3312:=e ant 8 S0, 08 700 nSar Lig,user- '
s ohes miC Eranspsrt Jistance can b2 1ncreaseﬂ?%n1s is shown in
table 4b for densified wosd and charcoal.Densified wood is wood that is slightly (3

modificd by drying it down to about 10% #C (dry Pasis) cutting it up intn easily

hanﬁled pieces,compressing and bagging it,wheraas charcoal is completely modified

The ratoits briguette 25% of the charcoal whizh is produced in the form of
powder and fines.it is also possible for the brick <ilnrs to oroduce briquetras
but this-has not been considered here.

The retorts zlso produce 13,325 tonnes of wood tar at Kshs.372 per tonne ang

a surplus of 9.6 million m? of wood 5ai at Kshs.577 geor 1000 [t is ass
umed that thase products are seld ex rfactory for Kohs.!QGD per tenne for tar
and Kshe.A77 per 1000m3 for the woud gas.The sconcmics of tha reiort depent

on these by-products being sold. [f .there is no market for them or they can-
not fetch the prices assumed then the vialility of the retort is qu=stionakbia,
Production by earth kiln 1s scimewhat uncertain.The lower figure is basad on
twno men producing 20 taonnes per year ,whereas,the uoper figure is based aon

two men producing 60 tonnes per year.The lower figure was obtained frem a
student nroject in Tanzania,but it is thought that this is on the low sida,
hence the upper figure.
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Table 4b
— =

Densified Charcoal Production
_ wood Retort | Brick | Earth Kiin| Earth Kiln
Units Kiln high Tow
Output tonnes | 105000 ——— 53300
*roduction(1)(2) Kshs  tonne 282 504 506 142 647 '
sost Kshs Gdoule 16.8 15.2 15.3 19.5 13.4
selling price ex Kshs tonne 325 580 580 510 745
7actory:15%mark up Kshs Gldoule 19.3 17.5 17.5 15.4 22.5
’rice to Kshs tanne 425 ———— 850 °*
~4holesaler Kshs Gdaule 25.3 | ———  25.7
, Retail Kshs tonne 500 — 1000
; price Kshs Gdoule 29.8 | ——  30.2
é ?aximun economic Road (Kms) 80 144 ’ i08 136 42
{ transport radius Pail  (Kms) 200 360 l 270 340 105
(1)

(2)

—25_

Production costs, ex factory price, market price and maximum economic
radius for transporting densi®ied wood and cRarcoal.

The produgtiqn units are based near the supply of the woad. For densified wood the
uhit is within 15Km§ of the wood, for the retort 20Kms radius, the brick kiln 12Kms
and for the earth kiln production is where the trees are felled.

The ¥god raw material has been costed at 15/ - per m3. felling and extraction at 25/-°

per m- and.unskilled at 20/- per day with :acreased labour charges for skilled
labour etc.

Compared to wcod {table 3a} the economic transport radius for charcoal ;¢ aboat
double and for densified wood marginally increasad. However it must he noted
that the price per Giga Joule For these two modified wood forms is more than
~double, byt they are more convenient to hardle and the cooking appliance is
about twice as efficient.Much more wood raw material is required for charcoal
production than 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 still.This i5 shown
in table 5.
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Table 5 Official price of charcoal - Kenya Gazetta April 1982
Wholesale Retail Retail cost!| “Yholesale Retail Ara2a
orice price per GJ price price
Par bag({40Kq charcoal) Par tonne ;

!

25 35 26.4 625 875 Nairobi !
20 25 18.9 500 625 Mombasa ,Kisum atc. ]
18 23 i7.4 450 575 Embu,Machakos ,Mery etc.
16 21 15.9 400 525 "“doret, Malindi, etc. |
14 19 i4.4 350 475 [<icio,Marsabit, etc. \
12 17 12.8 300 425 Other_areas !
Estimated country 22.8 540 755
average

Comparing table 5 to table 4 it will be seen that lowest production costs for
charcoal - Zarth kiln(high)- of Kshs 442 is still highaer than tne lowest retail arics
For other areas of Kenya - Kshs 425. Howevar, in the production figuras in table 1b
the wood raw material has been casted at Kshs 1S per m3.‘Generally the Earth kiln
charcoal producer does not pay for the wood raw material and so if this cost is
excluded, the charcoal price then becumes Kshs 262 and Kshs 467 for the two Earth Kiln
production alternatives. Also the producers tend to gut in brands{semi burnt charcoalL
bark charcoal(which has a lower anergy valueb charcoal fines, soil, stones and watar
etc. to make up the weight, so each byg may only contain 35 Kgs of charcoa!

Tumps(5% M.C.) and 5 Kgs of make weignt. If the wood is to be paid for and Xanya
cannot go on living on it's tree capital for much lcnger, and if a bag of charcoal

is to contain 40 Kgs of burnable charcoal (5% M.C.), then the retail price 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 1 has shown,
it is more than compatative with commercial fuels, and this justifies investment in
wood as a cheap and indigenous energy source.

. Wood can be, and is,used as a boiler fuel in industry, both for direct motivs
power and to generate electricity. There is need to look into boiler design that will
take various fuels and also boiler sizes that can provide a range of power from

f.'"?)ldaﬁ”u'.;’g e-!-‘u.e.L! ondd Heir uses

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

results. Calcium carbide for acetylene production is not 7roduced in Kanya, but of
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course, a i H i
v acetylene is ysed extensively for welding.However, it could ba a paraffin

substitute i i i i i
riont ol or it gives an intensive white light. [t can be mada by passing “"excass ’
l¢] electricity” ici ' , . ‘ _
o ct]1c1ty from the hydro electricity capacity through a mixture of lime
arcoal . i i =
. e A feasibility study should be undertaken to see if Calcium carbide can "y
e made ¢ i . : £
; i eaply, and if so,whether cheip burners can also be made. Such a product :" < RN R < R A = :
S sa . . . ] - - - T T T i °
e and coula improve ummensely the quality of life in the rural 4reas T 1T - B
Methanol it iti .
can be " » Or to use it's trajitional name, wood alcohol, is a liquid fuel that T
use : i wer 2
Or motive power as well as a chemical feedstock. Haowever, Kenyi h = 2
alread e . ever, Kenyi has e z ; 3 =
y embarked on Ethangl gl g 5 E : 3 L
methanol - ol plants and therefgre, at least in the foreseeable future i 5 DT TE 3 55335 2
nol m R : - . — 2 D= ) y B 2 |2
) anufacture is 4 non-starter even though it may be slightly cheaper to § E > :l?: =522 L 2 8’1 § i PP .2
o 4 ¢ reape wle o = pg=d = : = 7 = z
produce than ethanol and 1t does not use a tenti it' i 3 5 8 ”'ﬁm‘”g‘cu - BsliEs 5 s 4ch
However, . A potential food as it's raw material. = 5| 2 SE532232 t’ 22322 °8 38
» Wwhat is impartant to datermine,is whether there is a shortage of the fuel . T oTrEEees :s ek Tk 5
that is goin i i | E :
g to be substituted and wh i i > : " B G
ether the alcohol producti i i = i 2 $ EES
exchange. p on will save faoreign é > < eoeooo o Sl Bl BRsS
Dies g : N
el and L.P. gas are the fuels that are in short supply not petrol d 3| z
therefore it jg substitutes for th i o " : 33 - 2552 G o : e
oil. prog or these fuels that should be looked at closaly. Palm S 32 = SeRs 3 S3ET 2 z A
—— ~ |2 —— iz —_
i ; ] ucer gas ard acetylene could be possible substitutes for these products and N §2 . .’ m
nitial studi i - |5 N L
o oot udies could be undertaken gn the economics of subscitute fuels. Likewise i o
. o . = 2w o - i
p petrol could be made from woody biomas, but it is too expensive at th 13 S S SSne N =25 r: 3
moment to produce it. H : -he 22 by S ~=242 R SHlEHSE| 2 3
i - however, when 0il starts to run cut and the relative price ol < T T B 3
ncreases, th i i i . g +
e + then production will start becoming economic. But for all thesa manu- 5| N
9 processes from d ifi r 2 S =
recosoa, .t ; ensified wood througn to petrot produced f-om wood, it is <tz 5z - =IO 3 2aeEe B = 2
q 2t= NN MR DAY i
. Y to have an adequate and guaranteed supply of wood raw material in close = £ L ” T ot -
proximity to the i ' s 2]
processing plant, and this i ikewi = g
wood energy for household g mist be planned for in advance. Likewise = 33 < endes m aarew | 2 2
sumption 01d consumption must be planned for and grown near the con- '§: - - B S = i - -
cen A .
et urt iitres, this is why the main report has emphasised agro-forestry systems, g
rban pi i i < N N
o Piantations and fuelwood plantations in the high potential areas near the s
o =
Choot, i ntres. The cost of such schemes can now be looked at in detail. 2 Z
-~
‘\af I Forestry costs and returns in Kenya = B g‘

I. Silvicultura] ; 5 | § : %
. ultyra - i 3 ; s : =
2 7icultural costs Fuelwood plantation full cost gﬂ g K i : Ex
Forestry ¢ i z : e F ]

osts in z . il g :
terms of man days and money values were collected from various 2 = i B s E
Government Forestry departs t . o < ~ =0 Y] #53 v o >
the et partment projects throughout Xenya by examining and analysing . c ° g ? "a J i e
H 5 :
onthly report forms. These costs show d i iati 3 g 2 : s B 2
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Nd targe howsver, when compared to for i i i 3 E : SHEE e
and even hion orestry costs in Tanzania, they were much higher a 2 2 MEEER=RE 2 |5
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within i s w a Ae o eo HA = Sfilu e 23
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FOOTNOTES

The Tanzania costs are three year averages. The low costs are frow Jest

Kilimanjaro and the high cests are From Mount Mery - both government forests.
The assumed costs are th
abaut half the Kenya ave

The L.x. cests are avera
Scotland. The fencing, c

e costs that the author thinks can be achieved. Thay are

rage costs, but 407 more that the fanzania high costs.

ge costs for medium and large private estates in

learing and ploughing includes the machine or material

Costs in labour equivalent terms.

Overhead coscs include local supervision, office staff and equipment, office

rent, vehicles, machines

and materials not directly used in establishment

operations, road censtruction, fire patrol etc. and a proportion of regionat,

-Q- and research costs.

The pay for casual tabour is between Xshs 10 & 15 per day, but the rate of

Kshs 20 assumes chat the

employees are permanent and includes amployer's share

of pension contribution etc.

:ggo Heekly wage for foresters - £57.50 = Kshs 1094
Q Stumpage price for small diameter wood £2.30 oer m3 = Kshs 44/m3,

—_—

From table 6 it can be seen that labour inputs are the lowast per hectare

in the U.K. and also the

in Tanzania and the assumed Kenya cost, but lower
Why are the Tanzanian costs sg much

approximately ten times more than in East Africa,

overhead costs are low, but because the daily pay is

that the Kenyan task rates are totally unrealistic. They were established when
the labour force was only part time, working part of the morning in the forest
and the rest of the day on their farms. Today the labour force is supposedly

full time but the task ra
is extremely low and the
campetitive. If they are
only a marginal return if

Table 6 alsg gives an assumed establishment cost for Kenya,

could be achieved given g

1
m The stumpage prices for pul
y}eld calculztions are carr
higher yield, indicating th

tes have not altered. Clearly, the labour productivity

task rates must be altered to make the labour force
not, then *he forestry department will make a loss or
the stumpage price of the fuelwood is 15/- per m3(l)

ood management and realistic task cr piece rates.

pwood poles and sawn wood are higher, and if financial
ied out then these products would probably give a
at the fuelwood price is being subsidised.

the total cost is higher than
than the average Kenyan costs.
lower than the Kenyan costs? [t is possible

that their supervision is better, but this is arguable. MNo, the real reason is

which it is thought

Table 7 Cbsts and returns ner hectare from a fuelwoad crop an a
ten{and fifteen) year rotation(s rotations in aily
grown 1n areis or hign to medium{T5 yr X7 rainfall.
NP AP ER S LLLLIC NN "
Units Kshs: cost and returns per hectare in constant 1982 rerms'
Year Operation Tanzania Kenya(10yrR) Yenva 3
Low High | Average ! Assumad ASSL "=

i 5 A SLZmi
0 [nitial establishment 497 375 2200 1120 1z
Pl Yeeding & Beating up 14 34 az4 1a3 i1
1 2 Heeding 20 40 120 100 13
| 0-10 Overheads per year 76 131 400 200 B
{ 10,20.,30,40) Weeding and 28 13 100 ien) z
i 11,21,31,41) coppice reauction 20 30 60 50 o3
« 11-50 Overheads per year 35 53 115 1nn =

0-50 Direct costs 753 1351 3384 1324 2

0-50 Overhead costs 2236 3961 2000 6200 :

0-50 Total costs 2989 5312 12334 al2a 33::

7 Thinning velume Sord Income 750 1 {ncsm21000 15 mi

10 Felling  volume 2503 atl5/-3750 1 ar20/-5000 | i30 =

17,27,37,47 Thinning va. 65 m3 975 @3 1300 55 m?

20,30,40,50 Falling vet. 2So" 3750 5000 180 m*

0-50 Revenue at 15/-per m3 23,400 —— i

0-50 Net revenue 20411 118088 11016 15276 0-75 53

det discount revenus at 10% 1767 815 -30486 -198 -1z2

Financial yield(IRR)Z 20 13z al2 9Vz

0-50 Revenue at 20/ -per m3 31200 2136

0-50  HNet revenue 28211 25833 18818 23076 1ed7i

Het discount revenue at 10% 2773 1821 -2040 308 -123

Financial yield(IRR)Z 25 222 72 13 5l

0-50  Yieid total m3 1560 m3 ) 0-75 116322

Average annual yield m3 31.2 m3/ha/yr(2 15.5m¥ ha'

Average annual yield t 22.4t/ha/yr 11.9t/hayw

(I)All social costs such as housing, public buiidings and public roads have been excluded
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 parr

(Z)Assume 1.4m3 = 1 tonne at 15% M.C.

(J)Assume 1.3m3 = 1 tonne at 15% M.C.

of averheads.
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Table 7 gives the costs and returns for a fuelwnnd plantation grown on a
ten ymar rotation, with a further four rotations coming frum suckers. A more
detaited breakdown of costs and returns plus a labour budget is given in
Appendix 5. [t myst be stressed that thesa costs are the costs directly assoc-
iated with the establishment of the forest. All social costs such as housing,
Pubitc buiidings and public roads have been excluded. I[f they ware included they
could more than double the costs. Also excludad is the cost of the land. While
this is a legitimate cost, it will only be applicable where there is a change
of land used, for example, the peri-urban nlantations, so as to make the various
options comparable it has been excluded from the various models.

With the 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 Xshs 20 per m3, are less than 10% and dre under 5% with a
price of Kshs 15 per m3. If in fact the annual yield from the crop was 16.5m3
per hectare(ll.a tonnes air dry) rather than 31.2m3(l) as assuned, 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%, and the average
anmual break even volume is Timd/ha. [f costs similar to those in Tanzania can
be achieved then the returns on invested capital are betwean 13172 and 25%,
depending on the cost and price assumptions. So, given reasonable management,and
plantations in the high potential areas, where the greatest demand for wood
energy s, then even at a stumpage orice of Kshs 15 per m3, the returns on
investment should be attractive to government and even private individuals.How-
ever, there is the problem of the initial waiting period of seven years as stated
in the model in table 7.

It is possible to have shorter rotations, or, initially to have shorter
rotations and then gradually build up to 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 1| metre x | metre, there will be 10,000
trees per hectare as opposed to 1600 p.p.h. as assumed in the model, so inicial
establishment costs could.be about five times more than in the model.

. . Iy c :
Ihzsliiltg;Javerage annual yield of stem wood(26 m3/ha.)and branch weod 5.2m3/ha.,
ota -em’/ha. - 22.3 t/ha. It 35-assumed that' the initial yield in the first ten

years is slightly less than subsequent .yields.
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There is a considerable amount of work to be dane an valume arodyction if
returns at different spacing distances, for rotations of one y2ar ta 53y rfive
years. Also from a wood 2nergy noint of viaw wood density is tne most importan-
factor. Juvenile wood is less dansa than mature w00d so density avar time nsad:
als0 to be investigated. Examnias of sherter rotations will Se Jiven later on, 2uz
the knowladge about yields on very sinort rotations is still very uncerciin.

Table 7 also gives the costs and returns for medium riinfall areas on 1
15 year ratation. The average yield is 11.9t/ha/yr nearly half that of rhe hion
rainfall area, thus the net revenue and financial yields are much lower. Unless
these medium rainfall areas are near the markets or perhaps if the high rainra:i
potential sites are required for other purpases it is marginal to invest in tnaza

areas.

. Fuelwood plantation shamba sysrem (Taunnya)

A variation of the fuelwaod piantation model mentioned above is to firs:
let the workers farm the land for up to four years before the tree; ire planzad.
In Kenya, this is known as the Shamba system, whereas in south east Asia, it is3
known as Taungya. The farmers>pay a nominal rent for the time thay groW agric-
ultural crops exclusively and then For a further two years thay grow crops
between the planted trees. They are paid for staking, pitting andplanting ogar-
ations, but not of ccurse for the cleaning operatio;: ﬁor the weading in the fi-3t

and second years. 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 manpo.=:r

budget. The advantage of this system is that food is initially producad on the

land and the labour and overhead costs are reduced, the disadvantages are tha:
there is a four year delay in fuelwood production and the yiaelds may ba depres::!
initially due to soil exhaustion and live pruning of the trees Howewsr Fre antic 53t

firanciwl ‘gield ‘& 1nCreqced Over the £ull e sE ~odel ond Yy 1y showw 1n table
Agro-forestry model

fn the main report, the main emphasis for providing wood to the rural

community has been put on farm trees, that is, providing the .uik of the energy
requirement on the door step. [f this could be achieved, then the task of falling
and collecting the fuel would be greatly reduced and mare time would be availadia
to concentrate on improving farm yialds. However, many people have the idea thi:z
treed and agricultural crops are mutually exclusive and therefore, if ltand is
devoted to trees there is less land avai.able for food. But cartain tree species,
rather than compete with the agricultural crops, complement =:zm ind may in fact
increase the yield. Trees also have a relatively deep rooting system and pump uo
from the lower soil horizons, mineral elements that have beesn leached frcm the
surface layer. When the Teaves are shed, these elements ares raturncd to the soil.



rable 8

Costs and returns per hectare from a fuelwood crop on a

ten(and fiftean) year rotation(S rotations in all)established

by the shamba system in areas of high to medjum(1Syr R)

rainfail: 4 years of agriculture before planting.

Units Kshs. costs and revemue in constant 1982 terms.

‘2ar

1-50
-3tos0
-4t050

-l1to-4
0-50
-1to50

-4t050

Financial yield «
—_—c Jie

 -lto-4
" 0-50

+ -4tos0 |

' -4to50

(Financial yiald

-4tos0

i
; Average a

! Average annual yield t

Tanzania Kenya KenyalSyr
Operation Low High |Average| Assumed | R.Assumed |
Costs Yr{0-73)
Direct costs 577 1021 2404 1524 1524
Dverhead costs 1970 3495 7150 5500 6100
Total costs 2547 4516 9554 7024 7623
Returns
Rent at 15/- p.y. —_— 60 60
Fuelwood at 15/~ per md ———— 23400 17475
Total reveme / — 23460 17535
; : Net revenye 20913 18944 13906 16436 11
et discount revenye at 101 2022 1284 | -153 233 3370
22Y2 16 72 1l 6
Rent at 15/- p.y. 60 — 60
Fuelwood at 20/- per m3 31200 23300
Total revenue : 31260 23360
J Net revenue 28713 26744 | 21706 24236 15736
' Net discount revenye at 10% 3oz8 2290 -582 123 -566
z 26 iok2 3¥2 14%2 8y2

Total yield m3 1560 m3 1165m3

nnual yield m3 28.9m3/ha/yr 14.7m3/ha/y&

20.6t /ha/yr (1) 11,3 t/ha lyr

1
1) Assume 1,403 - 1 tonne at 15% K.C. (dry basis)

‘2
) ssume 1.3m3 = 1 tonne at 157 M.cC. (dry basis)

[f the trees are nitrogen fixers, the leaves will be rich in nitrogen as well. -\3
for taking away land from agriculture, this is true to a cartain extant, but if
trees are lightly branched and let much of the sunlight through, then some croos
can be planted right up to the stem, and the area occupied by the tree stem is
minimal. A fully stocked plantation wiil have a stem arez of about 100m@ per
hectare, so a farm scattered with trees to the equivalent of say 15% cover shou!d
not have more than 20mZ per hectare which is 0.2% of the land, just a fraction af
the area. For this minimum sacrifice, the farmer in return could satisfy the woel
energy requirements, ohtain fodder from the trees, improve the microclimate ans
the fertility of the soil.

Many farmers are already planting trees on their farms, what is required is
to give the farmers better advice and ko supply them with suitable Farm trae sa.2ds
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 2nerjy.
especially fuelwond, is the cheapest form of energy and if this was not availabi=.
tzhoetgsxtcc-h‘te'a‘peziforlntzog‘lg(bse ?Eff}-iﬁl'x:m-cr.ji a‘tﬂleast twice as expensiva in
terms of foreign exchange! The- least the government could do is to strengthen the
extension service, issue pamphlets about trees planting and introduce into the
school sylabus courses on tree planting on the farm.

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

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

‘rivers, around housnscas‘yindbreak;, along contours, 2s strips throughout the
re

field and as scatteredgfor shade etc. Where trees 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 ia table %a are appertaining to agro-forestry systems in high rain-
fall areas, where the trees are an intimate part of the farming system. [t is
assumed that there 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
planted.

Appendix 7 gives more details of the costs and returns as well as a labour
budget. [t is assumed that the branches are lopped off the trees and spread on
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 1 further four

rotations giving a cycle of thirty years.






less, this is one of the reas

—= i

0ns why the financial yiald is so much mare far agro-

Forestry but the main reason is that the returns start to come in at a much earlier

date.

Table 9b  Costs and returns per_hectare of farmland and per hectire of forest
equivalent land for an 2gro-forestry tree system in medium rainfall
dreas on a six year rotation( 5 rotations in all).

Units Kshs. Costs and returns in constant 1382 terms based on Kenya
assumad costs.
Seeds planted Seadlings planted
Year ) Farm Forest Farm Forest Yield ~
Operation 15%crowr| equivalent| 155crowrd equivaleng seeds
cover (1 ha) cover (1 ha }) planted
Costs - -Farm-
0-30__ Total costs(See table9a) 432 2886 540 3600 a)Total
0 - Returns 78nd
0*30 Assumed income at 15/-m3 | 1175 7830 1es 7900 b)per yr
0' 0  Assumed " fert" 20/-ha 288 1920 300 2000 .em
=30 _ Total assumed revenue 1463 9750 1485 9900 1.7¢(1)
W00S ALONE Forest equiv.
0-30  Net revenue (assumed) 743 4950 645 4300 a)Total
ﬁqn at 103 133 887 k] 207 520m3
inancial yield 25 25 12 12 bloer vr
) WOOD AND FERTILISER 17.3m3
0-30" Net revenue(assumed) 1031 6370 945 6300 11.6t
NOR at 10% 225 1500 133 887 Seedling planfex
Financial yield 33 33 16 16 -Farm-
Returns a)Total
g-gg Assumed income at 20/ -w3 | 1566 10440 1580 10533 ) Im
0:10 . " fert at 20/-hd 288 1920 300 2000 b)per yr
0-; otal assumed revenue 1854 12360 1880 12533 -6m
) ‘ W00D ALOMNE
0-30 :St revenue(assumed) 1134 7560 1040 8933 Forest equiv.
‘R at 10!. 23% 154( 131 875 a)lotal
Financial yield 3V 322 172 172 m
WOOD AND FERTILISER b)per yr
0-30  Net revenue (assumed) 1422 9480 1340 8933 17.5m°
NQR at ]01. 324 2160 233 1£53 11.7¢t
Financial yield | 39 39 262 2672
n
Assuma 1.5m= 1 tonne at 15% M:C. This wood is Tighter than wood grown on a 10 year

rotation but denser than the quicker grown wood on the agro-forestry high rdinfall

areas,

[t is a150 proposed to undertake agro-forgstry schemes on

'medium rainfall’

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

(3.3m3/8a/yr) for a 15T tree crown cover.

It is anticipated that the costs will b=

farmlands.

—-35-

similar to thes2 on the high rainfall areas and tnerefore, the ~eturns will e
less and thes2 are shown in tabis Qb

The agro-forestry system shown in tabie Shyields batw2en !.7 and 1.8
tonnes ger hactare per year whereas the main redcrt gives an expected yield a2y
2.3 tonnes per hactare. However, this assumes trst, as in the high rainfall
areas, there will be a 0.2 ha. woodlot on one hectare of farm tand. This ~nnld
yield 2.75t/ha. per year on average. In addition, on each nectars there would 22
nedgerows and miscellaneous trees giv' 'y an annuai yield of ©.25t/ha. So far .
hectares of farm land, one under agro-forestry and the other traditional farming
systems with a 0.2 ha. woodlot, plus hedges atc. on each area, the yield wili =2
5.0t/a per two hectares or 2.5 tonnes per hectare par year. [f the land was
entirely under agro-forestry systems, then =ach unit area would have to hava tha
equivalent crown zover of 21.5%. This is aqual to about 30 square metres of szam
cover or 0.3% of the land area. This per hectare yield of wood frum farm lanz an
medium rainfall areas is sufficient for 2.6 people under presant use conditisns;
if improved stoves couid be introducaed then the same yield would satisfy neariy
four people.

The two most important points about agro-forestry systems are firstly, the

-

yield from the trees is obtained withnout any detriment ta the farm croos, ingas
the protective nature and fertilising capacity of the trees could enhance fie ¢
yields. Secondly, the fuelwood and poles etc. are grown on farm, this reducas -n2

* callecting time and burden, particularly for women aad children, and thus givas

them more time for farm work, study and leisure. [f trees wa-e grown on farm in
sufficient numbers to provide fuelwood, then less than hal!f an hour a day would
be spent cutting and collecting the fuel for a family of six.

. Peri-urban plantation

Peri-urban plantations have beesn suggested for a number of reasons such
as a green belt round cities to break up the concrete jungle; to act as a farest
park where the urban people can qo for relaxation; to provice employment far the
urban population; but of course the main reason is to provide fuelwood to the
urban population. Burning fuelwood is more economical than using charcoal but of
course if people are to be persuaded to switch back to fuelwood, efficient woud-
burning stoves will have to be developed that are not only functional but geos
to look at. Alsa the wood will have to be neatly packaged, be easy to light but
sicw to burn. Therefore, if wood is going to be acceptabla by thf urban
population much research work has to be done on stove developmozﬁd markating of
fuelwood and/or densified wood.

Pari-urban plantations will mean a change of land use and therefors thkz
individual land owners must be convinced that it will pay thkem to go in for
fuelwood plantations or government will have to aguire the land. One of the mast

successful private urban fuelwsod plantations is around Addis Ababa. Swmall -
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for the Athi olain fuelwaood modai and this table can be compared to rables 7-9
Further details of the model can be found in Appendix 8.

Table 10 Costs and returns for a peri-urban fuelwood/fodder or Ffuelwaod crop alone
on a Fsrteen year rotation{" 5 rotations in a11] grown on a medium to dry
raintail area 3uch as the Ath) plains.

UnTts Kshs. costs and returns par hectare in constant 1982 terms
based on the Kenya assumad costs.

Units Kshs.

(Sale of wood only Sale of wood Yield
Pods and honey
Year [tem Seeds Seedlings | Sesds Seedlings l
planted | pianted planted | planted Treas :
. a)Total ;
9772 Direct costs 1554 2234 5294 5891 N65ud/ha |
bye O erhead costs 11400 11400 15200 15200 b)per yr l
o%al costs 12954 13634 20494 21094 15.5m3/ha .
] !
10-75  Yood revenye at 15/ -per m3 17475 s H-1t7ha {
13-75 Fods revenue at 300/-cz1; - —37500——— Pods
Q75 Homey = at 1/-kq (2 - —— 1350 a)Total
r-75 Tatal revenue 17475 56325 125t/ha H
T !
_ b}par yr {
0-75  Net revenue 4521 kLY 35331 35231 I‘ltyha
Het discount revanuye at 103 -1a4g -2125 1073 473
- Financial yield » 12 2 13 11 tioney
3)Total
g~;g Wood revenue at 20/-per‘]ry3 ———23300 ——— 23300 ——— )1350kg
- Pods revenue at 300/-t( _ ———— 37500 —— | b)per yr
0-75  Homney 4t }/kg (2) - _—_ 1350 — 18kg/ha
—— 23300 — 62150 ——
0-75  Net revenue 10246 9656 a1656 | 41056
Net discount revenuz at 103 -10s2 -1772 1477 877
__Financial yield ¢ 5 a2 13}2 12
(n
The anticipated yield after S years is 2 tonnes per hectare per year.
(2) '

The yleld of honey is conservatively estimated at 20kgs. per hectare per year.
after 3 years.

The full labour budget for such a scheme is given later, but on average, such a

project will employ about 22 peaple even ten hectares over it's lifetime starting
at 2 people per 10 hectaras in the firsc year and Finishing with 2.2 people per
10 hectares in the Final year. So such a plantation scheme has a considerable
Job creating potential. For a modes: capital outlay of about Kshs.2S5B0one jaob
will be created in the establishment, felling or pod-picking sections of the

-ap -

holders fourd that fuelwood was the most profitable crog and sa, much of the lan:
around Addis was converted to plantations. This anterpris2 aensured thdat the cap:=~;;
of Ethiopia at last settlad in one placa. Previously it had moued several timas
when the econamic supply of fuelwood bacame exhaustad.

A successful goverrment fuelwnod plantation is around Mbeya in southern
Tanzania, but now this is ton small to meet the town's requiraments and s nesd oF
expansion, but the idea of peri-rhan fuelwood plantations is not new and has pean
profitable iround a number of towns. {n Kenya it is envisaged that all the maia
towns would have such plantations around them, but at the same time, pecpis ard
organisetions should be encouragsd ta plant tress in their gwn gardens and in
public areas, not only to beautify the cities but to supply some tree products <o
the urban areas.

OF course Mairobi, being the largest city, is the prime candidate for such
plantations. Already it has about 2100 hectares of fualwood plantations, hut this
is not nearly enough. Several areas Spring ta mind where plantations could he
sited. The Ngong hills, on the west and south sides of Nairabi national park, on
ther Athi plains east of the airport to near the Thika road and for the northorn
and western sides of the city on land designated for building, but which will »oz
be built on for at least ten years. The Hgong nills are a water catchment for “2un
towards Namanga but the rivers from these hills are now.;easona!. thus jeupard-
ising the continual supply of watar. The south westarn boundary of MHairobi
national park is being encroached upon and the dnimals will soon have na exit %o
the Athi plains. [f this park is not to become a zoa, this boundary must be kas:
free of human interfarence. One of the bast ways 15 to have block of trees with
passages to allowanimals access in and out of the park.

The Athi plains from the airport to the Thika road conrain abandoned sisal
estates as well as poor pasture land. The soil type is mainly black cotton soil,
which is very difficult to work. Thesa soils could be made more oroductive by
growing nitrogen fixing trees on them such as Prosap is spp. These tress have
protein rich pods (34-39% protein,’7-8% 0il) and are usad as a feasdstock 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 specias. The assured
rotation is fifteen years as it is to be grown in an area of medium to low rain-
fall. Because the seads are to be collected for mil]ing)the plantations will hawe
to be fenced and the biack cotton 30il should be first plougned and phosphate and
perhaps potassium fertilisers applied. Experiments should be undertaken to
determine the best way to establish these black cotton soils. By itself, the fuzl-
wood yield from these plantations is barzly profitable, but once it is combined
with animal feed and honey productiun, th:n the financial yield(internal rate o?

revenue) is estimated to be more than 10%. Table tan gives the costs and retusr:s:
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scheme. And of coursa jobs will be created 1n the animal feed pracassing, and
distribution of fuelwood, fead and honey.
The Athi plain madal ne=d not necessarily be confined to peri-urban areas but it
must be within fairly easy reach of the cons mption centres.
Industrial plantgﬁiggs

These plantations are suggested 1n order to provide fuelwood %o industries
using considerable Quantities of fuel such as agricultural crop drying(tobacce
and tea). The wood-basad industrias(pulp and 2ioer) and processing industries
(cement). [t has also been suggested that a steel industry based at the coast be
SUdtuging charcoal producad near the coast. Yowever, the large areas that are
available for trae plantaticns are in the rain shadow and it is doubtful if such
areas will produce more than 5m3/ha/yr. With this xind of production, an area in
the region of | miilion hectareswill be nzeded. [f it was purely a woodfuel
plantation sych an investment could not be financially viable. Even if such
species as Prosopis were planted and the peds were collectad for animal feed,the
financial viability is still questionable. Also the haulage costs of tha wand,
charcoal and pods may also be relatively expensive and the costs and returns of
the whole project must be carefully studied, otherwise, it is likely to become
an expensive investment. Generally speaking, unless the yield in of the order of
10m3/ha/yr the income will not cover expenditure unless there are other sourcas
of income from leaves, pods and gums etc. ine main model for this industrial
plantation has already been described under fuelwood plantation full cost or
shamba sys:em, however, there is another mode! which can be used in low-lying
areas and as a peri-urban plantation around Hombasa and perhaps aven Kisumu. This
is based on Leuceana leucocephala in the moister parts of the coast and
E[Eiggig_ggg; in the drier areas. The fuel could be grown for industry and/or
househeld 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, starting after one ar two years.

Therefaore, it is also envisaged that farmers would grow such crops. They could
also be inter-cropged with the pi_geon pedor Iab-laé’étc.. 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.

0) prgyeon Pea - Cajanws caian
3) lab- b bean - “Lablab purpureus CDO“CL‘OS lablab o Lablab nlﬂ")

Table 11 Costs and raturns per hectare for an industrial fuelwoad plantation
(peri-urban"and farm wondT6t) on @ fiva year rofarion {5 rotitions
in all) qrown in a) a Righ rainfall area b) 1 medium rFainfall 3red
1n Tow elevatien areas ag. Xisumu Or fhe roast.
Units Ksns. Tosts and rerurns n constant T387 terms basad gn Kanyy
2ssumad costs.
High rainfali Medium rainfatll
Year Operation Seed Seedling Seed Seedling AL _
Costs HighRain<z2il
0-25 Direct costs 5034 5634 5374 5974 -
0-25 Overhead costs 3200 3200 3200 3200 a)Toral wond
0-25 Tota! costs 32234 8834 3574 3174 A0 P
Returns Assumad species blpar yr
Leucazna sp.(1) Prosopis sp.(1)
0-25 Yood at 15/-per m3 5250 2600 14.0mY
C-25  Leaves at 150/ -per t 11435 — 'c.o
0-25 Pods at 300/-per t — 9375 s)leavasToral
0-25 Honey at 1/-per kg 350 2T
0-25 Totatl revenue 15685 13325 d)per yr
3.0t
0-25 HNet revenue 8451 7851 4751 4391 Hodrunm
NDOR at 10% 953 358 %70 1 -1025 Rainfal’l
Financial yield 132 12 8 672 3)Total ~ao
Returns 24Cmd
0-25 Wood at 20/-per m3 7200 4300 b)per yr
0-25 Leavas at 150/-per t 11415 — J.5m3
0-25 Pods  at 300/-per t _— 9375 6.9t
}0-25  Honey at 1/- per kg 356 c)Pods totai
0-25 Total revenue 18435 14525 L2t
d)per vr
0-25 HNet revenue 10201 9601 5951 £351 4
NOR at ICx 1509 309 -29% -555 e)HoneyTotal
_ rinancial yield 17Yy2 132 9 3 350kg: 1%a3/y

(M

These trees would not be grown for wood alone. [n that case the rotation would b2
ten years for tne high rainfall using a more productive species or | - 2 years using
Calliandra spp. and Sesbania spp.For the madium rainfall area the rotatica 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 greatar is the financial

yield. All of the model variations except planting seedlings of Prosopis on 2

medium rainfall area yield more than & % on tha money invested despita the

relatively low yield of fuelwood; and of course in spite of the relatively lcw

stumpage value of between Kshs.15-20 per m3. Most of the models have shown tin:t
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?ven at this !ow price, given adequate manigemant, the returns on invasted cap-
ital s 102 or more and therefora they shonid be considared as vieble, economic
Propositicns. Yhat is mare, these tree planting schemes give an enarqgy wihich is
cheaper than ali the other accaptable energy forms.
§.tanaged nezr and Far forasts ‘
Kenya's gazetted forest ar23 amounts tg some 1.7 million hactares, of
*hich about 1.3 miltion hectares is actual forest. [n addition there is about
C.1 million nactares of non-gazatted fe.ests. Piantations account for less than
0.2 million nectares, bamboo and scrub just aver 0.3 million hectares and nat-
Ur?' fares:z 0.9 million nectaras. fhe proposals in the main report suggest that
slightly morz than 0.3 million hectares of natural forests, scrub/bamboo or
gazetted forest area thar does not contain tress, he convertad into fuelwood
plantations. This would account for 182 of the gazetted Forest and still leave
at least 0.35 million hectares under tres cover. The present natural forests are
bardly maraged, commercially valuable trees are extracted either legaily or
illegally tut nd effort is Made to encourage the regeneration of certain species.
. The inventaries that have been taken in the past, limit volume determin-
ation to tress of breast heignt diameters of I5cms. and above, and therefare the
actual total stem volume growing che farest is more than what is recorded. [n
méﬂy areas thare is a profusion of small diemeiar trees which have heen con -
sidered as valueless, hcwever, these de have valye as fuélwood and poles. I[f
dctive managzment took place within the high forests then much more voluma could
be removed withovbaffecting the growing stock. I[ndeed, the growing stock volume
ma* eYen be enhanced. @ertain valuable species could be encouraged by selective
thinning or even underplanting, and the averageA;iought down by remaving the
mature and gver mature, plus the dead and dying trees. The current growing
stock of treas with a diameter of I5cms. an. upwards is estimated to be 175m3
per hectare {stem and branch «“ood) or 146m3/ha stem wood only and the yield 3% of
this tota) or 5»4 mj/ha/yr ( 4,4n3/ha stem wocd) However, only abaut 1m3/ha is
remOVEd as sawn logs or peeler logs. With active management, ecpecially consider-
ing all the trees with a diametar of iess than ISems. (dbh) the yield could be at
least doubled. Even if atl the wood was sold only for fuel at Kshs.15 per m3 this
would bring in an extra income of at least ¥shs. 106 million per year if all the
850,000 hihzigggggagsgf ard at Xshs.20, Xshs.143 million.Of course there would
be need forksubordinate staff to look after the forests. Somewhere in the region
of 200 graduates would pe requirad and 4000 subordinate staff. This management
would cost in the region of Kshs.20 milliagn per year, giving a surplus of Kshs.20
miltion. Apart from giving employmant ta 4200 people in the management, a further
27700 would find employment felling and extracting the wood to roadside, plus
their supervisors, an estimated 1100, Then there is emplayment in densified wood

~ Ak -

and charcoal manuficture and in transport, so it can ha seen thar manyjensnt of
the natural forests cin mest some of the projacted incroasa in darand for Fual -

w004 and othar wond products, and !aad rg the creation of 1 <ansidarabls imnunt

of employment. Of course, ninety Jraduatas cinnot ba rrained gvarntght aind thara
w€ill also be 4 demand for them in proposed fuelwood plantanioss and 19ro-

forestry prograrmas, but if tha intake inta tne university forestry schaol 1s

-n

doubled, then within tan to fiftean yeirs tha various proqgramnes could b2 satis -
Fied. A commensurate increase would also be requirsd in the ferest scnoni it
Londiani and the training of axrtansion staff 2t lLondiani and Eg2rton Ayricylt-
ural College and other agricultur:l training centres.

The bamboo and scrub areas of just over 0.3 miilion hectiras ire “he mast
likely areas, at ieast on paper, fo be convarted o fuelwnod nlancitions Leriygsa
they generally have low stocking and low yisld. Howaver, =2ven =hasae arais could
benefit from management. Accarding to tha Spartan Air Sarvices/Forestry Cacarc-
ment inventory of 1968, there ar2 more than 200,000 hactiras af hamboo, aithar
in pure stands or in combindtion with treas or scrub. [f this are: 1s zorrect.
then Kenya has a larger area of bamboo than Japan, winich is esfimatad to have
130,000 hectares. [t is not known how much bambno is cut for fuelwood and noles,
but there is no systematic managemant of Kenws bambono. On tha ather hand, tha
sustained annual yield from Japan's bambon forests i3-about 273.000 tonnes ar
2.24 tonnes per hectare. Of coursa, the 8amboo species are dirfarant, but with
qood management it should be possible to abt2in at least | tonne per hectare and
bamboo can be usad for a variety of industries as well as being burnt. It may
also be a good idea to introducz bamono on farms, for if i5 4 GUICK~qrown
woody plant, excellent for poles and reasonable fuel.

Therefore, proper management of the naturai forests couid 2ssist in satis-
fying the fuelwood demand, bring into use a relatively untapped source and

create job opportunities in the rural areas.

7. Summnary of returns
Varicus systems have been described in this section and they car be surmarised

in the following table. ({ 12 )
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As is to be expected, the rsturns in the high rainfall areas are more thar
in medium rainfali aress and similarly, the shorter the rotation the higher trne
returns. In mos*. medium rainfall arcas, the anticipated financial vield(interneal
rate of return) or return on invested capital is below 103, but even in these
areas the return can be ‘ncreased by growing trees that will yield other
products such as fertiliser, fodder, honey and even food. However, wnen working
out the returns attributed to fertiliser and fodder, as thase commodities are nnt,
traded, the selling price ex-tree has had to be estimatad using the price of
artificial fertilisers and animal feed as standards. Therefore there is some
uncertainty about these prices and financial yields.

Tne rotations for the various tree spevies vary from five years to fif<een

years, but it is possible toc grow some tree species on a one to two year

rotation, for example, Calliandra calothyrsus, Sesbania bispingsa and S.grandi-
flora. These are grown at low elevation (up to 1500m} and in high rainfall areas,

above 1000mm (except S. bispinosa above SSOWHOin India and Indenesia. The reported
yields for Ca]]iaana are 35-65m3 per ha per year and for Sesbania spp. 20—25q3/

These trees.also fix nitrogen and can be used as foddar. They grow from seed or
cuttings and coppice profusely. Nu information is available about the grewth of
these species in Kenya, although trials have Just started or are planned. If thase
species prove to be successful, then the returns on invested capital for woond
alone may be in excéss of 30% and such species will mean that yields will be
obtained each year from the outset. Thus farmers, especiaily those living near
urban centres may rind it profitable to grow these trees. Also, such species seem
to be excellent agro-forestry trees for the iowland areas because the leaves can
be used as a mulch on the ltand, thus uncreasing agricultural yields, and as
fodder/food. However, these short rotation species will not be used for costing
the various schemes proposed in the main repart, as information about them is
rather hypothetical. Nevertheless, if they are successful they may radically
change the lowland agro-forestry and fuelwood plantation practices.
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fzggklﬂzF81]1ng and extraction costs : Table 13 qgives the amwunt of wood in cubic matras that can he fallad, 4edirvad
The salling prics of the standing tres has been stated ta be berween and extri tad marually per aignt hour .ty under temparita conditions using aoil
Kshs.1S and 20 per cubic matre and the furest roadsida price to be Kshs.15 tratnad pagpla and undee Zrapical conditions with sxillsed latour ind taking
per m~. The standing prica has bean ficed by tre Kenya government based an the intn account tha various reduction factars manticned ahsva, A1l rhosae factars
stacked cubic metra price of Kshs.11/80, but of coursa the roadside prica is ira detailed in Appendix 10.
not 3 fixed :rice. it is based on tha estimatsd cast of felling, snedding,that table 13 fal
: . able 2iiing, cross-tuttirg, debarking and 2«rraction of varivus Jdiematars
1S removi “he g i ; b e 3 A bt —_ 2 —a il £l 2. -
ng the branches, cross cutting into metre lengths,debarking,2xtracting of wocd in plantacticn Grown trees u,ing nand Jabcur.
to the roadside or pick-up point and stacking. ATl the above costs have bean -
based on manual labour usinrg bow saws and axes and head-loading the fual to the Crop spacifications
- foad?ide. The cutting of small diamater trees, that is, trees up to about 20cms Diameter of tree (:?s) 31y
- in diameter at breast heighi,(dbn] is most economical with correctly sharpened Total volume par 1000 trees (m° ) 1.3
saws and ] ) ) Plants per hectare (No ) 12060
Nd axes. A panga, even a sharpened one, is not 1s gond as 3 well balanced Age of crap (Yrs) 1.5
axe, but there are few qood axes in the cnountry at present, but also the pangas Average annual yield/ha (@ ) 12.9
leave much to be desired for rutting woud. Nevertheless, they are univarsal, Temperatacountries, trained manpcwar
but an affort should be mada to introducs suitable taols for cutting wood. B Operation Units m3 2
Extraction to the raoadside could be undertaven with a two-whealed, invartad y Felling,snedding and cross-cutting 2.05
frame - the sulkie -and tests in Tanzania have shown that this reducas extrac- EEbdrk’”q 1.56
: A _ xtraction a) 10 metres .75
tlo? osts significantly and of coursa the extraction distance is incraased. i b;]oo matras 2.3
It is assumed that the wood is cut into one metre lengths for 2ase nf handling A1l operations a) 40 metras .77 .
.and is debarkad to facilitate drying and also to leave mineral elements on comb ined ©)100 metres 055 __ _11w3 =2 .72 -
site. [t is most important from a transporting cost viewpoint that as much of i Units man usays per 3 [
the water in the wood is driven off before the transportation to consumer or All operaticns  a) 40 metres 1.30 0.75 0.33 .53
ccmbined b)i00 metras 1.s1 .97 .

processing centre. [t may even be economic to split the wood or even siica- : - -
Tropical countriss, untrained MANPGw-2r

chip it using a stationary engine run off praducer gas. Such a process would

— — — —————— e e e e}

accelerate dryinj and cut down tha capital cost of densifying. The cost of Operatic. Unics a3 per 3 hour 134 per parson
allithe above manual operations has been estimated at Kshs.20 per m3 with an Felling,snedding and cross-cutting 078 139 5 33 7.0
additional Kshs.S for supervision and up to Kshs.5 as a profit marqin. This Debarking 0.73 1.71 1) 1.32
assum 3 . . Extraction a} 40 metres 1.22 3.22 3.22 1.22

@s that on average Im3 can be felled, cross-cut, extracted and piled in a b) 100 matras 1.61 ] 181 i 51 1.51
day. These figures have been obtained from cost studies in Tanzania and ATl operations a) 40 metres 0.35 9.52 1.1 L
observations in Brazil for a tree size of about l8cms.(dbhy)which is the average __combined b)10Q metres a.31 9.52 u.28 1.63
diameter for fuelwood trees grown on a ten yeer rotation in high rainfail areas, Units men days per =3 —
and fifteen years in medium rainfall areas. [f the dbh is less than 18cms. then All operations a) 40 metres 2.87 1.61 2.7 .55
the ;i 3 . ) combined b)100 metres 3.19 1.72 1.22 .97 ]

€ost will be more per m3 and less if the average dbh of the trees is mcre - - .
than 18 i : : . . Source  “"Harvesting in man-made forests in developing countrias.™ FAG Rama 1976

ans.Various studies have been undertaken of harvesting man-made foresis (T;__—

an? some of these studies have been collected and collated in an FAQ public- The 3cm diameter tree was not shown on the graphs but a line was axtrapolated on
ation{ 1976 ) entit!.d, "Harvesting man-made forests in developing countries". each to arrive at a figure.

This book reviaws the various operations and drews production curves for felling
and cross-cutting, debarking and eftraction. [t also gives reduction factors

RO dbh = d(a.mc"a‘ at breask “\&lj"\[’" IR
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With trained ‘anpewer under temgerate conditions, tress of average dianatar
18ems. could be fellead, sneddad, craoss-cut, debarked and axtracted from 30 metres
up to 100 metres manuelly at a rate of betwean 2.6m3 to |.7m3[3ié¢525 in tropical
countries with unskilled labour(;ﬁF estimated volume for all the zbave combined
operations is 1.41m3 to O.S&na{ Assuming that the direct labour cost is Kshs.20
per day, this woulgd give a cost of Kshs.77 to 11.8 per m3 for trained vorkers
under temperaty conditions and Kshs.14.2 to 20.4 for unskilled workers under
trooical conditions. It can be observad that for 3cms. diameter the e=stimated cost
per w3 15 between Kshs.58 and 55 for unskilled workers in tropical countries or
three to four times as much, but these latter figures were derised from extra-
polating the varioys graphs and ne actual measurements have been undertaken on
smatl diameter trees. What is certain however is the smaller the diameter the
more axpensive it will be per m3 to fell and extract. However, accepting these
figures, if the trees were grown on farm for houszhold use and omitting the debark-
ing which isn't necessary for househgld -2, then one and a quarter days per month
would be required to cut and coilect the fuelwood for a household of six for wood
of average bhd of Jcms., and one de; every two months for trees of a ohd of 18cms.
Commercially, 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.

Ehffksz The Woodfuel Route: financia! cost and labour budget to satisfy demand

Tor wood energy.

. 1ne cost of nct easuring an adequated supply of woodfuel.

The main rercrt forecasts that there wili ta serious shortfails in supply
of wood enz2rgy by the year :900. Of coursa in reality, supply and demand will be
in equilib-1um even if no action is taken to increase the tree planting, but
such inaction will hava sirious economic and ecological consequences for Kenya.
The rural nopylation wili turn o substitute biomass fuals, agricultural residues
and dung after trey hava virtuall, destroyed all the tree and shrub vegetation.
This will have sericds effects on the scii structure and faercility. Their eating
habits will change and their food intake will decline. For those people who can
afford commercial fuels, paraffin, L.p 93s and electricity will e substituted
for wood and charcoal. The estimated:agaand 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 millign tonnes will be converted into zbout
1.4 million tonnes of charcoal. The estimated shovtfall of woodfuel is 10.5
million tonnes of which 7.6 million tonnes is fuelwood and 2.9 million tonnes is
wood for charcoal, giving about 0.25 millicn tonnes of charcoal. At today's

prices in Nairobi, this shortfall is woath about Kshs. 1770 million of which Xshs.
315 millior would be foreign exchangz. The shortfall of IC.> million tonnes of
woodfuel is equivalent ta approximitely 816 million litres of paraffin which in
Kenya is worth about Xshs.3100 miilion of which Kshs. 2325 million is foreign

exchange. Tharefore by not ensuring an_adequate supply of fuelwnod the nagpla il

have to pay annually an extra Kshs.1330 million by_the year 2000 for s

next cheapest alternative and the country will have ta find an additicnal uS 3

188 million per vear (Kshs.ZOIO_Ti}ljggj. 82twean the present day (1082) apd sn=

turn of the caentury, an axtra US 3 1260 million (Kshs. 13500 million) Will havz -3

be found to import paraffin if nothing is done_to mest the demand for wond snsr--

This is equivalent to one year's :toral im orts, and one and a hslf times Xenya';
q y p

yearly exports. Also the pegole will have to Find an extra £sns.2930 million. s

will be seen, aven the lower of these two figures namaly K3hs.3.9 x 10’ 15 much
more that adequate to pay for the investment in forastry and tres planting ta
ensure that there will be adequate supplies of woodfuel by the yaar 20GC. What ;s
more, investing in tree planting will provide far more employmsnt, aspacially rur
employment, than by foliowing the next cheapest practical alternative, nameiy,

paraffin. So from a financial, fureign exchange, emoloyment and ecalagical point -

view, the cheapest and the best wav is to ensure thz: the forecasted demand for

wood energy will be met.




2, The wood rescurce policy potential ard the target programme
i total ootential
Table 6.1 in the main report gives the wond rescurce policy potantial to the
year 2000 whereas table 7.3 gives the proposed natignal targets in order to
achieve the forecasted demand for wooo energy by the year 2000. A summary cf these
two tables is given in table 14 below and in table 16

Table ' Pstontial ares that coulel be incorpovatid, info the taergy plan

Strategy Patential area AverageYield | AnnualYield | AnnualYield )
by year 2000 yield SteadyState | by year2000 (i
1000 ha. tonnes/ha. Miilions of tonnes

1.
Agroforestry high potential(H:P) 6000(})(930)(5) (25.8)(%2) 24.0 24.0
) medium v ey 15651 (300)(2) |2 5(13.0)(2) 3.9 3.9
Replanted natural forest 400 21.5 8.5 /.1
7
Peri-urban plantations (H.P) 100 21.5 2.2 1.8
. {1.p) 100 10.7 1.1 0.9
Managed natural forests faar (%) 500 2.7-7.1(5.5) 2.8 2.2
s T far ® 150 2.7-7.1(5.5} 1.9 1.5
[ndustrial fuelwood plantations 50 . 21.8 1.1 0.9
70261(f0restry equivalent) 2730 16 .7 45.6 42.3

1 .
( )Thls ts all the area under agriculture at present for it is considered to be all soten-

(3]

tial agro-forestry land. The recommended tree cover is of the order of 20% crown cover
S0 as 4 rough guide the equivalent area in forestry terms is 1.2 million hectares.

Already there is the equivalent of a%aut half this area under trees(0.6 mill. ha.) on
agricultural land.

This is an estimate of the forestry equivalert area of trees planted on agricultural
tand. A1l the other areas are given in forestry terms and therefore for censistency

and comparison this has beer done for the agro-forestry area. However, it must be
stressed from a farming point of view it is the stem area not the crown area that is
important : Tha stem area only occupies about 55 square metres per hectare at a max-

Imum which is 0.5% of the area, a negligible amount of surface land taken up by the tree.

Alsc, if the tree roots are deep rooting they will not interfere with the surface agri-
cultyral crops.

This is the total remaining natural forest area, excluding national parks, assuming
140060 hectares are converted to fuelwood plantations and a possible 40000 hectares to
indust-ial wood plantations for <awrwood and puip etc. It is assumed that 260000 ha

of the fuelwood plantations area (total 400000 haj is from gazetted forest land which
at present is not forested. [f the " ie of the potential 400000 ha was not converted
to fuelwood plantations then the pot 1l area for managed natural forest could inc-
rease up to a maximum of about 1 mi.. hectares.

-
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{n forestry equivalent tarms the potential araa that could be pianted or
managed for fuelwood (and other wood) production is estimatad ta bhe soma 2.7
million hectares. However, it must be stressed that only 250000 hactares 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 1lready undar
forestry or farming land where intensive 13ro-forestry practices are recommandsd.
Planting the right kind of tree species at the correct spacing on agricyltural
land will not intarfere with the agricultural crops, rather they should 2nhan.:
them by protecting the microclimate, stabilising tha soil, green mulching and
pumping up mineral elements, via the leaves, from lower 350il horizons that nava
been lost to the surface (agricultural) crops. The whole point of agro-faresry
is to increase the total output an a given piece of land by tapping all the so0:!
and water horizons and taking advantage of the year round Ffavourable growth <an-
ditions which trees and shrubs are able to do. Of course the potential area for
agrn-forestry is by definition all the fand presently under aqriculture plus nsw
iand which may be brought inco agriculture which includss soma 9f the existing
land ElgssLFied as, forest.

W preyent foreshk acea n Kamyg ) o
Tné area or closed or nign rorest in Xenya today is about 1.39 mitlion

hectares of which 0.16 million hectares are plantations. Most of this forast iraa
is owneg‘by.the government and conirolled by the Fo?esfry department tut 0.20
AD

million,outside

A the control of the forestry department. A totil of 1.64 miliion

“hectares of land is gazetied as forest area but 0.45 millicn hectares of this

total is in other use or carries very little tree cover on it. Table 15 gives 2
breakdown of ownership and use of the farest land in Kenya.



Land type/ownership State forest National | Private land Total
sarvice parks Trust land by type
(Gazetted land City Council

‘_ ) land

Natural Forest

(closed fcrEst) 1.08 0.06 0.13 1.23

Plantation Forest c.1s — 0.01(%) 0.16

Sub Total 1.19 0.06 0.14 1.39

Land in other yse or(3) 0.45 — — 0.45

tand with fittle tree cover

Total by ownership | 1.64 0.06 0.14 1.84

(M
(2)
(3)
(4

Source: R.Doyte atal A forest inventory of Kenya using remote sensing technique3

\

Table 15 Forest land in Kenya - owrzrihig and use (1980)(!l

Units:million hectare

Forest zraas of 10 hectares and upwards.

This does nat include open woodlands (miombo  woodland ) and trees on savanna areas.
Ga;etted forest land only .
Mainly eucalyptus for tea drying and wattle for tannin production.

Xenya Rangeland Ecological Monitoring Unit( KREMU ). Technical Report N

30
March 1331 Box 47416 Nairobi Kenya

) Monaged nabural T ,ect potenhay
Most of the natural forests are no* managed. Valuable commercial trees are

cut Tegally or otherwise within these areas and are either hand-sawn or taken to
the sawmills or plywood factories. The rural people are also permitted to collact
fuelweod 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
" these areas varies between 3m3and 5n3 per ha. However, if these areas were brought
under manager ent, this yield could at least bz doubled by telling over mature trees,
fert1]ising 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 totar volume given in the report is most likely an under-estimation.
Also, maay of thess small diem2ter trees should be thinned out and would make
excellent fyelw,~" :ad poles. However, all these measures rtjuire management
practices to be introduced into the natural forests and for this there must be

~Sh—

bub

trained manuowerJﬁhe notantial for managemant by the year 2009 {5 all the irea
still remaining under natural forests. [t is proposed to convart some of the
natural forest to plantations, both for fuelwood and industrial wocd, Of course by
the year 2000 some natural forest will have been convartad to othar land usas
especially for agricultural production, it may be of the arder of 12000C hectarsas
or 10% of the natural forest area, outside the natiaonal parks.Howavar, thera
should be remaining, about 850000 hectares of natural forest which could bSe iman-
aged intensively.

v. rzgilamis nats~al ;:,t((j': PO'Y’,-\L\WL
' fabie T3 gives the potential for replanted high forest ta be 200000 hactaras,

In addition, about ancther 30,000 hectares will be needed for industrial wood
products such as sawnwood and pulp. The reason for pronosing the conversion of
natural for%it to plantations is that a olantation will yield about six times

the volume,on a shorter ro:ation,thanhfﬁe unmanaged natural forest it replaced. or
thres times the valume if the forest were managed. By converting the natural iires:
to plantations some of the pressurs that is at present being put on thesa foras:s
will be taken off, For the plantaticns will supply the products most in demand,
namely, fuelwodd and poles. Alsd, plantations act 4s an encroachment tarrier,
discouraging squatting and illeqal feliing. Because the, are more oroductive,
plantations will generate more employment and lead to the establishment of anaer iy
industries such as charcoal and densified wood produ:tioh. Therefore, by conv2ri:ing
about 17% of the natural forcst into plantation forest(200,000 ha) it should ve
possible to oresarve the remaining 350,000 ha of natural Foresr albait unizr oroser
management. The remaining area to satisfy the potential plantztion area of

440,000 ha,-240,300 ha could come fram the 450,000 hectares of qazattad forest 2raa
that has little tree cover on it or is at present in other use. Soma of this land
may be illeqally farmed at present and it may be impossible to remove the people
Therefore these people should be given permission to stay providad they plant and
maintain a certain aumber of trees per hectare (say 240) 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 fores: i3 to be
converted to agricultural use, 2 condition could be laid down that a cartain
number of trees have to be left, or a certain number planted. Such measures shaould
ensure the self sufficiency of the farms and thus relieve the pressure on ihe
forest. Also it is an excellent method of winning the pecple over to protecting

the forests and ca:ogfrating with the foresters.

Vi, pery curban oobeat 3 .
The schemes mentioned so far to satisfy the demand for wood energy, do not

envisage a change of land use,however the prooosals for peri-urban plantations
and industrial fuelwood plantitions us require such a change. Tlable 14 envisagas
a potential of 200,000 hectares of peri-urban plantations which would be situatd
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arcund towns and cities in order tc meet somm of their wood enerqy requirements.
These plantations would at the same time act as a grezn belt to prevent a
continuous spread of urban development and give cities a 'lung' where the nrban
people can go and ralax and breathe unpolluted air. The government may have to
pass laws to eracle city authoritias to equiresland for such plantations and there
may be epposition by the landowners, For an area of lana for forestry commands a
mich lewer price than if the land was to be developed for housing or industry. But
this is one positive way the qovernment could improve the quality of life fFor the
urban dweller. Alsn, even if land Was designated for devaiopment but this devei-
opment was naot oroposed for about ten years, then the area could be planted with
trees, most of which would be fzlled when the land was required bu* some trees
could be left so that the site would have mature tress on 1t, say one ar twg in
each garden and avenues of tress along roads. The bulk of the peri-urban plant-
ations would be around Nairabi and this area has much land that could benefit

from tree Planting - the ilgong hills, round part of the Nairobi National Park

and on the Athi plains. As mentioned previousiy, these are areas either import-
ant for water catchment/wildlife preservation or of low agricultural value, and
bacause of the black cotton s0ii may be expensive to develop as building land.
There are areas near many of the other major towns where the s)il is very fragile
and needs protection, for examole in the hills on leaving Mombasa, near the
Menengai crater at Hakuru to supplement the existing plartatians, and on the
escarpment just outside Kisums. Cach tawn and city councit could identify areas
near to or within tieir bowndaries that could be plantad with traes. They could
encourage individuals and organisations to plant in small gardens and on small
plots as well as themselves planting along roads a~4 in public piaces. However,
they should receive egﬁggragfment and guidance plus hel!lp from the various involved
ministries. Therefore.AEhe suggesition to plant peri-urban forests may be content-
icus, it could improve the quality of life for the urhan dweller, provide employ-
ment and reduce the demand for wood energy because wood/densified wood burnt

directly is more economical on the demand for trees tha: is charcoal. This import-

apgagraue?anﬁoiggglg ZOE be overlooked.

The casz for wood energy plantations to supply some of the requirements for
industry should not be as problematic as peri-urban plantations. Already several
industries are using wood fuel such as the lime, pottery, tea2, tobacro, wood

processing and even the sugar industry, althouqh bagasse,(cane waste), is the main

bailer fuel for this latter industry. Other industries have showa inte-zs® in
using woodfuel, namely, the pulp/paper mill at Yebuye and the cement factory at
Athi river. [t may also be one cheap form of rural electrification by having small
wood-fired power stations supplied from indusirial fuelwood plantations ua the
doorstep. A number of studies have been undartaken to show that woodfuel can more

_Sé’ —

than compete with fueioil and caal except perilaps at he (odst neir the refinery
or port of délivery for coal. The furthar one meves inland the qreatar ithe ad-
vantaga wosdfuzl has,providad it i35 grown in close proximity o the uysar and in
arezs of reasoneble rainfall. Therefnra the existing woodfuel -using inuuscrias
sheuld be encouraged to beccme sa2lf sufficient in their demands far wood eneriy
and studies should be undertakan, say sroand Athi river, ro determine wnat %ind

of yields can be expected from this medium-low rainfall area, what astahlishmer-
methcds are required to grow trees ind most importantly,the worth of it. Tiolse

14 estimates the potantial area for industrial fuelwcod plantations is 50.800 ha
af land in high rainfall areas. OF course, the aquivalent 1n madium rainfall arsas
would be approximately twice as much, but aven so there should not be all thar
much difficulty in finding such areas of land beciause all the industries manzizne

above are rural based, hence the ccmpetition betwesn thne various land uses ire

\I/f:‘lss&'ori-;t Draramem
the potential annual yield,from table 14, is of the ordar of 26 million

tonnes and by the year 2000, if the planting was undertaken at a fairly unifarn
rate, it would reach over 90% rf this potential, namely, 42 millinn tornaes. How-
ever, if all the policy preposals, as outlined in the main report, ire undertakzn
to conserve energy both on the supply and demand sides, then the 2stimatad
requirements for woodfuel to Fill the demind gap is approximataly 22 million
tonnes, or about half the quantity that it is felt could bs achieved if the gorant-
fal is fully realised. Therefore, there are an unlimited number of ccmbinatians
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

- S1-
Table 16 Wnod project palicy case national targets.
Strateqy Proposed area % of AnnualYield | AnnualYield
by year 2000 potential SteadyState by 2000
1000 ha Table 14 Millions of tonnes
b4
1.
Agro-forestry
"high potential®(H.P.) 2661(a10){") a4 106}, s | 8.2)44
medium potential (M.P) 360( 70)(1) 23 0.9) ) 0.7)
2.
Replanted natural forast 306 76 6.8 4.4
3.
Peri-urba; __tantation-H.P. 80 80 1.7) 92.8)
-M.P. 85 85 10)%7 | 04)'2
4.
Managed natyral forest Near(z) 260 52 1.6 ) 1.6)
Far(2) 180 51 127 1.2
S.
Industrial fuelwood plantation 19 78 0.9 0.8
Total(forestry equivalent) 1430 52 24-4 () 18.0 )

m

(2)

Forestry equivalent areas but planted in such a way as not to interfere but rather
enhance the agricultural and pastural crops.

The most productive parts of the natural forests are managed in preference to the
leask productive parts, hence the average sustainablz yield of 6.1t/ha per year is
higher than the average shown in table 14. There are no yield differences between
‘near' and ‘far’ natural forests. This distinction relates the distance to the
consumer.

(3) These J‘.E:m; diffFer Somewhat firom the Eaums given n Hie main

reporb Courbe Sl\shl'lt’ d\-ff'q.,--__v\t-, convertian -?o:.l'ors haug bg,en

UK ek
ot the e of Ph“h‘"_‘j P gear may differ altiough

the tolat By 2080 Yy Hie Same .
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In th= propused targats for achieving an adequate supply of woodfuels
from sustainable yield, more amphasis has been placad or schemes that have
already been tried, than schemes that are in the developmantal stage, hence
the relatively low targats as compared to potential for agro-forastry and
natural forast management. [t is known how to establish and manage fuelwood
plantations, but even though farmers 4o plant trees on their land the most
effective agro-forestry systems have yet to be developed. Also, marnajement
of natural forests is more difficult than plantation management and very
little emphasis has bean given to their management in the past. Neverthaless,althe.
in percentage terms, agro-forestry and n1atural forest managamant receives
less emphasis than plantation schemes, in absolute terms they will suprly
most of the fuelwood and so the greatest effort has to be pul into thase two
strategies, especially seeing that they will supply the bulk of the rural
eneigy, 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
different strategigs can be varied, but in ordsr to achieve a balance of sus-
tainable yield(supply) and demand by the turn of the century, a target of

c1qs . - . - - .,
22 million tonnes of woodfuel from the various strategies must be aimed at.’ Ths

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

in section 3. Thesa costs can now be used to qive a total cost and manpower

" budgets.

Chrapten VT,
Cost and marpower Sudget of the woodfuel project golicy case

. Introduction-

When building up the cost and manp~wer budgets for the various companents of tha

wocdfuel praject policy case the mcdels described in chapher 3 and Appendices

5-3 have been used. These models give anticipated costs and returns by year on

a per hectare basis.Also,usually more than one optior is givan fsr 2ach modal,

for example,whather tree seeds or seediings are planted. Using this information,

total costs and returns have besn worked out using each option.[t is assumed

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.%hile all the target planting programme is completad by the turn of tha

century,the modal has besn continied :ntil the 25th or 26th year,.that is,2007 or

2008 to illustrata how costs,returns and employmant build up.in all cases,the

anticipated cumulative returns are greater than cumulative costs by 2008,althcugh
for the shart rotation crops returns usually exceed the costs before the year 2009

Before giving a summary of the total cost of the pelicy case the individual

) Tn ek with the Shu}'-svj 28 oullined v Hrlale 1€ U Wl be 2cox bl
Hain *('u.rar_k i acheved
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the country nis much Ro gain by wenel:raging trez olwcing an farm, for

ccmpSnents will be descrited ceparat
cric Tepa ely. .
chera should be enhancad crop orsducticon - - - 5z roreign 2«change 51ving on

2 Agro-f - - hiar Spial a- L . o
3T0-0restry budget _high potantial area fertilisar inputs.[n the model it iS assw.sd that such inpuls Are worth ¥shs. 20

it is Proposed to bring under intznsive agro-forastry over 2.5 million hectares Fer hectare per yesr to the farmer.,but rhis is 2 vary conservative astimy.e of
by the yeer 2000.That is not to 32y thai tna cemdining area of high patantig) tha true worth of the fertilisar.[n fict the fartiliser valuz ~1y 92 15 5igh as
1and, just under 3.5 millicn fectares, will be nzglected.On tha contrary.it is Xsh3.200 per hectare.

assumed that a sufficient affort will be mai2 by the farmers on thasa lattar Apgenzix 11b & o gives the cosrs and returns of the sroposzd a3 forasiry
2reas to at least maintain tha axisting trea casitel,but it is assumed rhat a schi2re in high rainfall 2215 assuming trae tree seadilings are plantz!
substantially increased wood yield wil} be confired to the former ires.In order respactively and assuming assuming tha farm costed it 3hs 20 der

to achieve the psroduction target set out in table I€,the farmers have to Se 8 hzur cay,the supervisory labsur s costed it the ipprogriata jovarnment rata,
mctivated througn the provision of the most suitable tree spacies and the intrn- depznding cn qualification and axparizncz. 1% is further 1s307ad fnat =na trazs
ducti=y of appropriate agro-israstry systams for each farm type.This will meaq have a standing value of between #shs.1S and 20 Jor m2 ang tnan the fartilisar
that an agro-farestry extension service has ts built up and most importantly, input ic warth Kshs.i0 per nectare/year (1)(2).Civen’tiie abovs 2ssumpzicns and
provided with means of transport to visit the farmer.[t is assumed that tha taking the arex plantcd to agro-forestry/woodlots ac per Appandix lib,tnrn 1!l
farmer wil provide labour free and of coursc obtain the wosd products frea of costs would be ccvered Sy 1990 or 1971 and of course thic would be cne ar two
ChargE.However,be:ause the use of wood enerjy saves the rountry a considaraSle years earlier if it is assumad that tha government covars such costs as scad
3MOUNt ef foreign axchange,a case can be made out tc give a planting grant and grovision and extznsion work.[f seedlings rather than se2ds wera plantad his

1 Managemant grant to the fasmer whe successfully plants and maintzins the would increase the costs both to the farmer ind the goversmant,ind the raturns;
appropriata tree spacies in the describad agro-forestry system.Such grants may . would also be increased Sut cnly marqginally.In this casz ¢o3ts and recurns wauld
be Spen to dbusz,but it is the chaapast way %0 rapidly increase the tree copul - be recovared betwean 1993 and 1395 and Sy 1999 iF tha rcast of s2ediings and
ation on farm lard,bringing about soi! stabiltisation,better watar ratantion and axtansion work are excluded. 8y the year 2000, the 2stimatad total cost from
tmproved micro-climate. wWhat is more,the firewood collecting burden far the planting 2561,000 hectares would b2 in the order of Kshs.51 aiilion if trez ses:s

P ey . N R . .. P P ~ . < PN sield - 54
womea and children should Se easad Coasiderably cnce sufficient fuelwood is grown wera planted and Kshs.957 milliun i secdlings were usat.The respective yield pa 2a

Sn farm and this could lead to improved wzlfarae A planting grant in the order of this date would be 13.0 and 13.2 miliion m” (8.1 and 2.2 =i1l.tonres air dry),
Kshs.20 per hectare of agiicultural land may act as sufficient inducement ‘or which c<nould be sufficiant fue! (and palec) for about 3 million peosiz. Cnce ch=2
farmers &g plant and maintain 240 tree seedlings per hectare.[f *he planting was scheme has achieved a steady state,the annual cost will be in tha ordar of ‘
succassful then a further Yshs.20 per hectare could be given when the trees were betweecn 51 and 64 million shillings for the 2661,000 hectares under agro-forest.y/
two yaars old,just tefore the first yield is obtained. If farmers also plant woodlot management depending on whether seeds or seaedlings are planted but the

woodlots on arzas that returas will te in the region of Xshs5.270 millicn to Kshs.362 million,sssuming

are of not much use for agriculture “hen a planting grant
- of Kshs. 109 per Forest hectare could be given,foliowad by a maintenance grant of the valuc of the wood is tetw2en Kshs.!5 and 29 ger standing m~.The steady 3tatz anew

KsBs.100 when the trees are two years old.This would require a competent and yield is estimated to ba 16.4 to 17.0 miilion m (10.2 to 10.5 mil. tonnes) How-
madile extension service but it would act as a catalyst to provide Setter agrc- aver,if the farmers costs and returss are neglected,then by the year 2000 tha cc5t
ultural apd agro-forestry practices.The suggasted Yree species for such agro- to the gsvernmcnt will be between ¥shs.million 332 and 555 and the return: will
forestry systems are ones that do nat interfere very much with the agricultural be the savings through soil szabilisation and the saving of foreign exchange c23t
€rops and thase ire described fully in the appendix sn agro-forestry.Most of for substitute fuel for the 8 million tonnes of waod plus 201,200 t o 3‘40_01? ;
thom will provide nitrogen,pncsphorus and potassium Fartilicer (NPK) for the of P and 186,000 t of K.The forzign exchangs saving of this quantity of Fart‘liier
agrizultural crops.essential elements for nealthy and productive crop growth. could be in the region of Kshs.1920 million. (522 Agpandix JejSa, on the fertrlizar
Appendix 7¢ astimates that at least 15Kg5. of available nitrogen, 3K5s. <f phos- saving atcne,the returas far out weigh the cost to governmant,another stron? Riaehy
phorus and 14 ¥gs.of potassium could ba added to every hectare each year if umant in favour of giving & subsidy to farmers to encourige intansive agro-forusiry
branch mulching was practizad with such species as Leaucaena leucocephald.So the syshews.

) This may be underzshimabad by a8 much as a fackor £ 1o (Sea appe 7<)

D e mode!l ascurmes Hthat for euery 2 -a offhim, one ha 1s plantzdl under an 230-
Lorest sherm and o tha haT3 1% a of windlobe aes oleatsd .Trerg aea 2l T oadc
an €20 .The. Yroz s3gec s 1 2 wvandlak e rab B nbsae e

fov dividing the 2ohime 2o ] e s m Sovean Do bels Jer T Fase laadThy bon o320 ape s
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Yhat is the labour budget of such a system? Appendix 11 gives tha lakour
requirements zach year from 1983 to 200/ plus the labour requirement when the
systam {35 in 2 stzady state.For convenizncz,the labour rquiremants have been
divided betwezn farm 2nd tree nursery/extzansion work.The extensison labour requ -
irements have been sub-Zivided into different giadzs of pecple.nimaly,university
graduates.col!ega agro-forestry graduates and office staff.in a steady statc,
atout 130,000 man y2ars (1} arz reguired to Fell,cross-cut,carry and stack the
10¥2 mil1ion tosnes of woodfuel{and goles),and scme 3,000 to 4,000 man yzars are
required to plan:t and maintair the 2661,020 hectares.depending on whethar seeds aor
seedlings-are oclante2. Thic means on average fgr esch hectare of agricultural land
3 heurs per year will oerequired to Jook after the 340 trees and 106 hours per
year n;&gsﬁ to fell,cross-cut,extract and stack the four tcnnas of wood.If the
average,sizc is cix,and assuming prezert use conditions,then each family would
require atout 1%2 hectares of land uncer intense agro-forestiy/wo0odlot systems
to be self sufficient in wocdfuel{and poles) and on averaga.4vz hours would be
required par ylar to tend the trees and 159 hours to fell and collect the fuel-
wood. This is the cquivalent of just ovar 3 hours per week( or just under;/2 an
hour per dayjand should result in a considerzblc saving of time and =ffor: com-
pared to the norm for Firewcod collection today.Thus,even thouch avar 130,000
wan years will be required tc sbtiined the 10921202;2: of firewood,this is
protably half of what is nsedcd tcday and therefora the farmer and his family
will gain tresendously from such a 3ystem.

If tree seedlings as dppcsed to seeds are provided for the agro-forestry
schere on high potentizl land to supply the 2661,G30 hectares,assuming that the
trees are raised in nurseries Sff farm,then about 850 people will te empleyed
On average each year o raise these seedlings.0f course,it cnly takes about 3
months to raisa tha seedlings and therefore:3\d4abecple wili find tempsrary
employment each year for quarter of a year.However the zxtension penple coul
wark all the year round and abost 70 university graduates,/00 college graduates
and 630 office staff would ba required to maintain such an area of agro-forestry.
This means that each college graduate would cover an area of Jjust under 4.000 ha
of farm land,or in the order of 2,000 farms. Of course to back up the extension
worker there woulg ba demonstration units,short courses for farmers,literature
and radio broadcasts_Also it would be of great use if agiriculture,forestry and
agrs-forestry could be taugiit in schools and this would mean *hat such subjects
be introduced into the teacher training ccurses.Perhags every "ural school should

(1)

It is assumed that there are 270 worring days per year.
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have a shamba{vegstable plat) and be encosragzed to plank krees around the schaad
cnd raisa saedlings in thz school nursary.

To reach a goal of 2551.000 hectares sf 13ro-forestry/woadlast systzms by
the year 2000 in high potential agricultural arcas,particularly Central,Myarza
and YWestern proviaces could qo a long way to meet the requirements for wosd
energy at the piace where it is consumed namely jon farm.Sych a tarqet will requ
ire goversment or aid agancies %o invest a consideraSle amounnt aof mon2y into the
extessicn scrvices,somewheire in the region of 38 - 46 million shillings per year
(1982 constant price),however thz bessfits ta the rural populaticn is time savad,
soil stability and increased farm production and to government in saving of

foreign exchange are immense snd far outwqgkthe costs.

3Agro-forestry budget - mzdiym potential area

The projact policy case calls for 364,007 hectares in medium potential
agricultural areas to Sa brought under intense agre-ferestry/woodlot manage
merit by the year Ewe thousand. fppendices 1le & f giva costs and returns for
tha abasve scheme to the year 2007 whila Apgandix llg givas the manpower requirc-
ments over the same period.The total cumulative cssts by 2000 comes o scme
¥5hs .68 or Kshs.127 million,dezending on whethei sesds or seadlings are plantad,
of which Kshs.43 or Kihs.77 million will be for extension work and nursary costs.
[t i5 most Tikel!y that a combinacion sf seeds and seedlings will be used,there-
fore the above represznt the cost boundaries.The anticigatzd yield by 2000 is
approximateiy I092 m%g( 7 @illion tonnes) and by this year,cumulative retuyrns
will exceed cumulative costs.In a Steady state the yearly cost,where szeds are
planted,is estimatad tc be some Kshs.5.1 million foi- the 362,000 ha of which
exteasicn scrvice costs will be Kshs.3.5 millicn. If seedlings are planted,then
the yearly cost will be ¥shs.7.1 million of which ,Kshs.4.5 million are far ext-
ension and nursery work.

The labour requirements { Apgendix 11g ) for the farmer,shen tha scheme
has reached a steady state,amount ta betwezn 12,400 and 10.900 man yzars; degend-
ing on whether saeds or seedlings are planted and thc anticipated steady state
valume production is about 13.5 million m%q( 9 millicn tcnngs).2.4 hectares ars
requirad tc meet the family requiresente for fuelwood(and potas) and this will
require about 149 man hours per yrmar o fall znd oxtract the woad and 1 Sfurthar
7 hours to tend the trees,or in tctal 3 hours per wezk or in productive labour
value terms,Kshs.7.50 per week.The numbor of nursery workers amounts tolld and
extension staff to 190,0f which an estimated 10 are university graductes,35
cnllege graduatas and 85 office staff with the college graduates in charge of
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just under 4000 hectares.

Tre palicy casa anvisages that together the agro-farestry schemes will meet
about 60% of tha propcssed target and of course this will not roquire 3 change
of land usz,only 3 mere rational ang intancification of it's usa.

4“Replan§5g_fgfest budget

After agra-rsresiry,the replancad forast ostion is the irosc izportant prop-
0sal in terms of the provision of woodfual.Thore is also the most certainty
abcut the costs and yields fcr they are based on well-trizd practices,unlike
39ro-forestry where very little recordad zost and yield data ar2 availabla.Tha
output from thesa woodiuel plsntations will,in tha main,rneat the demands of the
ursan populations and industry although ;amc will be for rural househzld and
Cottage industry use.The woodfuel project policy case proposas to slast 306,000
hectares principally frem gazettad fores: lands,of which 1 million hectares can
Se classifieq as closed natural Fforest aad and half a million hectares as land
with little tree cover gr land in other y:e (table 15j. Therafore,it is theoret-
ically possible to obtain all the progosad area from gazetted forest land that
does not kave clzsed naturasl  farsst an Vi.However it is uncertain what the
Current use of this land is an< so it ha- been assumed that when compiling the
budgets,hz1f of the proposed arca weuld ime from closad nztural forest and half
frem gazetted forest land with lit%ie er no tres cover.[t is alsg assumed that
the clcsed forast has 3 standing stock of }50 mJ/ha and therefore en averzge
each hectare,when being pregarad fgr raplinting will yield 75 mJ,most of which
could be ysed as wood fuel;thus there will be production( and income) right
from the start of this opticn.Appendix 17 gives the cost/return and lab~yr
budgets for the fyl} cost rcplented feres: optisn and Apperdix 13 gives a similar
budget,but assuming that the ‘sharba’system is employad ts reclant the forast,

3y *he year 2000 the cumulative tsta! cost for replanting 306,000 hectares
( full cost option) is some Ksks.358 mill:ion and tha anticipated annual volume
production in 2000 is 4.2 million m3 { 3.C millicn tonnes) from the new plant-
ation and 1.9 milljon mJ( 1.3 millicn tennes) from clearing the Forest. Of
course from 200C1 onwards,no more volume will come from clearing but the plant-
aticn  velume wiil bujld up rapidly tz 10.6 million o by 2027 and then decline
to a steady state ¥olume of 3.5 millign m] (5.8 =illion tornes).If the wood is
scld standing at Kshs.20 par m* and excluding the incoma frem the sale of wocd
from the clzaring Sparation,than cumuiative costs will be coverad by cumulative
revenue by 2005.At Kshs. 1§ per m3 cumulative revinue will cover costs by 2208,
and in a Steady state condition the costs #ill be ¥shs.50 million per year and

Ll ~

the reverus Yshs.143 to 191 miilion ,depcnding sn whather the standing wiluzs is
¥shs.15 or 20 per m3.

urning o employment, (Appendix 12 2j the planting aof 205 0G0 hectaras
will create emplosment for nearly 10,000 penple diractly working tha foracs
LY .

cf which 38,000 peopla will bethinning and failing and 2000 raising <sadl

planting and tanding.In addition,a furthar 3200 f2anle will pa raguirad
supervision,so total emuloyman: is in the region af 43,200 whzn tha slantarians

niversity graduizas ~ill Sa rezauired o

wy

reach a steady state.An sstimated 16
run such a propssal! togather with 1630 collayge graduaies,focramen and maintapanca
staff,plus 1490 office staff,so apart from helping to soiva <iny2's eneryy
crisis,the prcposed planting programsa gezneratcs a considarible smount of now
emoloyment.Other jobs will be created in woodfuel manufictura for exampla,
charzoal and densified wood oroduction 25 well as in distribution and trading of
the wnodfual products.

The Shamba system {Agpendix 13) is a variation of the roclanred forns=
procoszl,but instead of planting the forest immediately after the land has teen
prepared,farmers are allowed fo olant agricsltural crops far fcur vaars,.oro-
vided they urdertake the land preparatizn themsalves excluding Jf ccursa,zhe
felling of the axisting nztural farest.In the Fifth.year trees are plantad
togather with their crops and a1 fina!l agricultural crop is olanrted in the sicr

year,with the farmers undertaking ths wezding of the trea <rcg free of charge
3 ] 3

‘TSus the astablishmant COSIs are cheigar than in the ‘full czst' mathod. 8y tha

year 2000 the tota! cumulative costs{ Appendix 13a) amaunt to %3hs.639 million
and the anticipated volume production is 4.2 millizn m’ ( 3.3 million tonsmes).
There will bz no valume production from clearing 1s all the arva would have bezn
cleared by 1996,but the steady state volume production will bz thz same 15 in
the previous case namely,9.S million mJ ( 6.3 million tonres). The steady statz
exgenditura for the 306,009 hectires will pe Kshs.40 million ser year and tha
income Kshs.!43 to 191 million plus %s5hs5.350,000 from farmors rent for the use
of the land.

The same amount of pzople will be employed in thinning,felling and super-
vision but slightly fewer people will be employed in the cstablishment and tend-
ing cperations (Appendix 13%) as the farmers will be undartalting clearing and
weeding.When the steady state is reachad 42,600 people will find full time
employment ,scme 700 lesc than in the full cost Speration.But it will give smp-
loyment and food production to farmers who will be able ts Farm 3C6,000 ha.tor

a total of six ycars.
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5. Peri-urban budget -iphigh potential iow eluvaticn area

1s stated pravicusly,the reasons for having fualwsod plasrations near o
the urban consumer is to try to gersuade people ro burn waod diractly instead
of chaicoal,tz provide some employment to the urban people,to have a qraen tel:
arsund towns whizh can ba used as a recredtion area,and to prevent erosion on
fragile soils near towns.

[f peogle are Soirg to burn wood directly for ccoking then efficient and
acceplable stoves will have to ve iatrgducad and also the fuelwsod =il have te
be marketed in convenient sizes recdy for use. With regard ts employment,two of
the peri-yrtan schomes have an animal fead compsnest incorporated in them and
this not only improves the economics of the aroposal but necrly triples the
employment.It alsc mezns that animal feed factorizs will have to be established,
3ard perhaps densified wood factories to prepare the wood in a convenicnt and
Fresentavle form.The combized fuel/animal fced progoszls need not necessarily
te confined to peri-urban arca.In fact it may be advisabla to introduice them
into some of the replanted forast schemes.However.a study should be made into
the d:m?nd for animal faed,and thz forest gate price of grotzin rich fodder to
coni'irm,the assumption made about prices and markats in this repor: arc correct.
The peri-urban propcsal has been divided inte three schemes ,namely,high potent-
ifal areas at both low ang high elevations and medium zotantial area principaily

on the Athi slains around Nairobi.All these schemes require a chinge of land use.

The low elevatizn high potential proposal covers an area of 5000 hectares
ard s suggested for land around Mombasa and perhaps arcund Kicumu (Appendix 9).
This is a combined fuelwood/foddar prsject on a five year rotation.It is eavis-
aged that the ground would have Lo ke plougred and fertiliscd with phosphate
fertilisers and fenced to keep sut cattle,sheep and goats. 3y the year
2000 the anticipated cumylated cost is Kshs. 18 million and the annual yield cf
wood is 94,000 m]( 59,000 tcnncs) zand foddar is 15,000 tonnes( z2ir 2ry).[f the
leaves can be z01d at 2n ‘on tres’ price of Kshs.152 per tonne then the cumul-
ative returns should be betweesn Kshs.23 and 25 miilion,depending whether the
stumpage prica for the weod is Kshs.15 or 20 Also,returns would be covored by
1998 assuming that the first slanting of 1000 hcctares starts in 1990. [n a
steady statc the annual cost will Se Kshs.1.2 miliion and the rcturns between
Kshs.3.3 and 2.7 =illion from 70,000 m] ( 42,020 tcnnes) of wnod and 15,200
tonnes cf fodder.

The above schame will employ nearly two thousazd pcople of which 1200
will be reguired for fodder collection,600 for thinning and fe!ling,4d for
plan-ation astablishment and maintenance and 55 for supervision.By introducing

- 66 —_—

. _\‘_\‘

2 foddar component into the fuelwood schema the employment pessihilities havs
been wnharced considerchly giving full time employment to ane sarson for avary
threc hectares as compared to one persan rer seven hectares for a fuelwocd

only <cheme.

. Peri-urban budgct -khigh potential high elasaticn area

This scheme is a comventiznal fuelwunod plantation project witkaut any
fodder comgoncnt for there is some uncartyinty about fodder trea spaciss suit-
able for high elevations.Several have been proposed in thc agro-forestry ipp-
endix rzport but little information is zvailakle on yields. [t is oroposed -
pilant 75,000 hectares by the ycar 2600 and the cumulative coss by that year will
be Kshs.116 mitlion { Agpendix ldc).The anticigatcd annual volume groduction ty
2000 is 1.0 million o> (C.7 million tonnes).Cumulative raturns are estimatad &3
cover cumulative costs by betieen 2025 and 20G7 and in a steady ctate the arnuai
cost will be ¥shclS illion per year and the rcturns betwean Kshs.3S and 47
millicn fer the two stumpago ﬁrice:\(Kshs.lS and 20)

[t is estimated thzt just less than 10,220 jobs will be c¢raated, 8,800 in
thirning ard felling operations,500 in establishment and tanding and 800 supar-

visory.This wcrks out at one person Seing cmoloyed for every seven hectares.

Peri-urban budgcot-m medium gotential area

Like the low clevation project,this scheme is a combined fuelwood/fadder
projcct tut in addition tho praducticn of honey is also cnvisaged becausa the
species suggostad Prosopis spp is an excellent one For honay productinn. it has
been proposed to plant 85,000 hectares by the ycar 2007 anZ the estimatad cum-
ulative cost in that year ranges from Yshs.324 to 385 million danerding whether
seeds or seedlings arc plantcd( Appendix 14 e and 12g).The anticipated yield by
2020 is 0.5 million m ( 0.4 million tonnec) and this will reach 2 stoady state
of 1.3 million m3 ( 1.0 million tonnes).The cumulative costs will be covcred
by cum:ilative returns bctwzen the years 2001 and 2003 and in 2 stcady state the
annual zosts will be between Kshs.2] and 22 million depending on whathcr sceds
or seedlings are planted.The coresponding income is,for wcod ¥shs.20 to 24
miflion{Kshs.!5 ur 2G stumpage prica),for fodder Kshs.43 miilicn(142,000 tonnes
of pods) and faor honey Kshs.S million( 153C tonnes).

The estimated employmen: for the 85,000 hectares in a ste:dy state is be-
tween 18,500 and 18,700 of wnich 11,500 are for pod colleztion,d00 for honzy
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ccllection,5,000 for thizniag and F21ling,batuean 300 and 420 for planting and
tendi supcrvisi H
o Ing and 1300 for supcrvisicn. Aqain,whan fual and fzdder production is com-
~ = = a 1 M N N

ingd, the amployment nossihilitics ara increased. n this particular scheme one
person is employzd por 4Y%2 hectares.

6. Managed natyra) ferest pudget

Therz : 1
Br ara abcut '.2 mitlion hectares f nitural forests remaining in¥enya
out of whiry P18 ime ; o
; cn 1.6 million ha,is gezatted (prorocted) forast.Howaver,as expliincd
previously thers are angth~

r 0.5 million hectarzs of land that i att
hich o < z w4t 15 qazatted but

i arriec little or no free covar on 't or is in other use.forzerly,

Most o i st haw i

| J this land myst have baen forested aad one rcason why the trees have bcan

cleare i it~ i .
away is that very little,if Sny.management was prdciisad and so the

rural po sy t
Popuiation treatad tha Lreas 4s zxpendasla cormodities.Also,with an zver

increast e F
Ng pressura for more Fzod Production it is understandable that under -

utilised r - B
@sources come under attack.ln order to increase farm and ferestry

production it is necmcsaps & oo s .
1S necIssary for kenya to increassa it's unit production rather

than expand in: i i
pand into marqinal farming areas and tha few remaining areas of forast

Tand . A - = .
gro-forestry is a msins of WNCreasing tren preduccizn on farm land without

reducing ¢ i i - :
g the agrlcultura(output.End:ed.uf green quliching is zracticed,and the

inputs it i
p of fertilisar ar2 4s predicted, than tha agricultural output showld in-

b

crease, i
e.It has alsa bean suggcsted growing tree specias that sroduce food and

f o) - -
addar az well ag woed thereby helping to so0lve msra *han one problem at once..

But it i cdin - ; -
. S axpadient gnd most likely necessary ts start managing the natural

forasts 4 o}
" asts if they are to ba saved frzm further destruction.Such maragenent will

S0 ensur i ir : m
Sure that they fulfill thei; primary functions of water catchmant ,soil

censervation and a store of
barrier {p tha form of
acts as

genetic ma2terial.As a further InsLrance,a man-made
plantations around the lowar beundaries of the forasts,
) : 3 physical ,if not a psyctolagical tarrier to the ryral pcpuidtion ,who
“‘Sh to clear §hc fringes of the forests for agricultural production;the repiant-
ed forest area,as suggested previcusly,could form this barriar,

ﬂev:rtheless.the demand for wozd products .especially fde!wo:d,fs geing to

put increasinz U
+1Ng prassure on all tree resources and therefere,instead of waiting for

the trees tq be cut raniomly an
and morg

d usually to an excessive degree,it is far better
praductive te practice contrg!led thinning end felling by removing tha

dead ang dying trses and thinning excescive regeneration,especially of so-called
for-cemmercial treas,in order to give the remaining trces room for growth.Given

ood =
9 managemznt,the volume removed from natyra! forests both of trees and bambso

may ba at feast double,wnile Ziintaining i€ nat increasing the qrawing stock.,
especiilly the growing stock of mare valuyabls Sreas.

ment systems nava to e deva'opad ind Las in the cizeof lyrs-forastry,people
hava <0 bz triin2d to manage thesa gregs with vary lictle pracrical s¢parianca
tc rely on.Therefore the policy programse suygests that apout half of tn

ural forest -446,00 nzctaras be brought under management by the year 2000.3uch
a4 programme M2y €ast an the reqion ef Xshs. 417 =illion by 2000 Hut tha cumuizt
iveintame should be batwszn Kehs 533 and 710 mitlion i 1t i3 assumed that tne
stumpage grice ra2nges from Kshs. IS to 20 per mJ.However,it is anticipaied than
about 0% of of the wced will be commercially valuabl'e timbar which should comn-
and 2 wuch higher stumpage price.[n & steady st2te the annual cost would se
Kshs. 43 million and the returns 53 to 75 million ( Appendix !3a) Hatad =n fuoi-
wood Siumpagae pricas.Managemant of the natural forast would not snly znrzil
taking out morz thinnings and fellings,but just as importantly,practicing wholc
tree ysilisation.At the prasent.the timber merchants znly pay for what chey
remove from the forest and man; of the merchants lecve gver nalf of tha fallza
volumz behind. Therafora by bettar utilisation,a much larger off--ike can
achieved.This could hagpes if the paople cutting the trea had tc pay for what

they faelled rather than what they remaved . fqually :his szatement 1oplies tz =ma2
3 y

plantanion as well as the natural forests.There arc also many plantation
that are yndar thinned and :herefzre the age of reaching commercial exploit-
ability is prclonged and also early yiclds from thinning are forfeited.

The key to better utilisaticn and largsr off-takes is geod managamont 2nd
it is estimated that in order zc manage the 310,000 hactares,zbout 2,700 people
will te roquired,of which 130 will be university graduates,1340 <ollteqa grad-
vates and 1200 cffice <ctaff.This mezns that onc college graduate would e in
charge of approximately 230 ha. and 2 university graduata,tzn times that area.
(Appendix [55) [n additizn,13,500 peopliz would be roquired o annually fell and

extract 4.6 miliion ml of timSer =f which an estimated 3 7 million n’ (2.7 mill-

w
-t
LT}

ion tonnes) may be fueiwccd. it is also possible to expicit the natural fors
for cther forest products for excmple,honey, herbs,medicize,fibre,fo0d and natur:l
extracts frocm trees such as gqum and resin.Only by under*aking research into

what products the forests can yield wil! thes forest service discover if it iz
worthwhile to utilisa thes: so-calied minor forest groducts. n soveral countrizs
pines are tapped to giverogingand resins.Rosin is a nacessary additive for p2oaer
making and instead of Kenya impcrting rasin for the pulp and gaper mill,it mav
be commercially viable fo tap the pine plantations.Again,resin can be use? as 2

torch to provide light,co there is cotential to use the sz-cilled minar fores:
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farmers costs nor his returns from fuzlwood and fertilisers have Seen included
in the budget as it is assumed that these inputs are provided free of charge and
the outputs 2re obtained withuut any monctary pavments.However,thase costs and
returns are tabulated inApperdix 11,ascuming the farger is paid for kis inputs
and conversely he pays for the outputs.

The cumulative costs by the year 2000 of planting the equivaient of 1.43
million hectares cf land under various fuelwozd option is estimated tc Se botwcen
Kshs.2134 and Kshc.2554 million in 1982 constant value teorms.If government
agrees to pay a grant to the farmers for initizlly planting and maintaining
trees in agroforestry cystems then this would increasc the costc by Kshs.105
million cver the period if the tota! grant came to Kshs.40 per hectarz of farm
land. The estimated anrua! prcduction by the year 2000 is betwcen !'7 and 18
million tonnes of wocd and this will meet about 35% of the projected ‘policy case”
demznd for cnergy by 2000 and nearly §0% 3f the woodfuel demand.The enticipated
money returns range from Ksks.1680 to 2135 millicn with stumpage prices of
Kshs.15 and 20 per mJ.So if the financizl estimates are more or less correct
then returns nearly cover ccstz by the turn of the century.0f course.there is
no establizchment and tending cost charged for the cleared natur:zl forect and sa
it could be argued thxt the income from the salc of thic woed should be excluZed.
In that case the anticipated revenue is reduced to betwsen Kshs.1330 ard 1680
million.By the year 2007 when the cumulative returns from practically every
option is areator than thé cumulative cost the tota! financial cost is Kshs.
3902 rillicn and the total financial returnc ~ange from Kshs.3400 million{i)to
4200 million for an cutput of 26.9 miliion tonnes of fuelwozd plus 151,000
tonnes of fodder and 1502 tonnes of honey.In a steady state thc annual cost for
all the compznents will be about Kshs.190 millizn and the returns range from
¥shz.320 te 410 million for an ocutput of 24.6 millicn tonnes of woodfuel or
2bout 501 of the estimated demand for %oo2 encrgy by the year 2000.

A11 the above costs are pased on a set of assumed rer hectare costs that
could be achieved by good management. These have been described previcusly and
set out in detail in Zppendix S.However,averagc costs in Kenya today are about
5C% greater than the above costs,ranging from 75% more for direct costs and 45%
more for overhead costs.!f these costs were applizd to the various proposals
then the cumelative cost by the year 2000 would be Kshs.2200 million (tabie 17a)

while the returns would remzin *he same.In nearly every caso,the financial

(1)
The reascn why this tota: income iz less than the total cost is because
there is no money income from the agrc-ferestry option.

~ L I

yield would Se less than 10% although in a Stexdy state, income would excecd
cost by at Teast Kshs.42 millizn per year instead of *he 2stimated Kshs.130
million under the assumed cost structure. Thus.unless labou. efficiency is
increased,which shcoulZ be well within the bound- of jood maregsment,the gov-
erament wil] have much less surpluz to invest in the economy Sf the country.
1} employma L posyibilibies

Wnat k7nd of emplcymzcnt would the woudfuel propozal sencrate?Table 19

gives zn ectimate of the total emslcyment possibilities whan the steady stato
is reached and Appendiccs }! - 1% give the build up from year tz year.[t is
estimated that the wooZ enorgy proposals will create emplsyment for between
97,000 anZ 99,007 pecple in the forest zr supervising the agro-forestiy pirop-
osals.Between 87,000 and 89,020 w:11 ke employed on direct sperationg where-

as 10,000 wil! be requirczd fecr management and supcrvisicn., !f mere food/faddcrs
woodfuel schemes are introduced intgo the pelicy options then employment could
be boosted well beyond *he 100.000 mark at very little extrz coct. However,as
previously statcd,the economics of fodder production and markets must be
thoroughly investigated. ’

Most of the cmployment will be in thinning and felling and it would be
3dvisatle to organise training courses for the workers in thc various operat-
ions of felling,cross-cutting,debarking,cxtraction and piling. This can be
exhausting work,especially if hanZ tocls are used as %s rccommended. Therefore
the design and intrdduction of the correct torls is mest important fo- effic-
ient and energy saving wirk as ic the sharpening and mainierincc of *hece tocic.
About 500 university graduates wili e roquired to menage the varioye eptions
in plantation fcorestry,agro-forestry and mansgement of natural forests.Thic maens
that on average twonty graduztes will be necdeZd each ycar to the yzar 2007 to
manzge such a programme.Thiz is in addition to the graduates ‘urned out today,
therefore,thc university intake into the forestry school - assuming mcst of
the graduates are foresters- will have to be more than dzubled 2nd emphasis will
havc to be placed on agro-forcstry,cxtension work ,management of natural “orestc.
short rotaticn plantation management and harvesting of smz211 diameter trees.

Whilc the intake into the university forcst =chool will have to be cbout
dcubled,the intake into the agriculturai and forestry colleges needs tz be
increased about five-fold.Every year cpproximately 200 new college graduates
will be required for agro-forostry extension work,plantation and natural forest
managemcnt 2nd cupervision of harvesting.Perhaps a naw college is roquired to
cope with such an increase in nucbers and the chzngc of cmphasis in training
from the traditicnal forestry subjects to agro-forestry and extension work.

Table 18 only gives the emplcymant jossibilities in the forest or on the farm,
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ment t3 prudyce the equivalent of 3SL gf Kenya's eneryy requirezent frum tha
hydro elactricity zre in tke order of 65,900 aillion shillings or 24 times the
EEEE_Ef_Eﬂg_gggg_gggzgy proposals.0f coursa electrical energy iz a much more
versatile energy form than wood,but the capita! cnzt of praoviding this erergy
ts the population,aspzcicliy when taking into consideration the distributios

COSts to the rural areas highlights how cheap the wood erergy policy cption is.
[t i3 3130 very Zoubtful whether such an invzstrent,even if therc was suffiz-
ient water,would provide inything like the sustained cmploymen: of the forestry
option,

Pertaoc a more realistic comparisos is -ha® betwesn w-oodfue! and paraffin,
paraffin being the cheapest alternative tg woodfuel . Acsumingq ralative increase
in the efficiencies of wood stoves as compared to other stoves,as =as heen done
in the palicy option forecast,then,approximatzly 4.4 million tonnes of paraffin
(5040 mitiien litres) are zquivalent to 18 million tonnes of wood At oresent
the Mombaca refizery is producing about 2.9 million ‘tonnes of all products but
it's design capacity is 4.2 million tonnes.However.wi‘thout a cracking unit only
152 of +he cutput is paraffin/jet fuel.Tharefore to cope with 4.4 miilion
tonnes a 30 million tonne refinery would be required.Even witha cracking plant
the capacity of the refizery would be about 20 million toanac .The capital
investmant for a 20 million tonne refinery ;lus crackimg plant would be in the
regicn of Ksh. 14,000 million,bu® of course the share of the refinery attributed
to paraffin wculd be 2pproximately Kshs.3,070 million () Therefore the zapitat
investment of the "paraffin comporent” of a refinery may be slightly more
expensive than the capital investment of the wcodfue! policy aptinn and more
mportantly the tctal refinery investment will be five times cos much.fn must
also be borne in mind that most of the capital cost (z2bout 80X) is foreign
exchange and thz coct of the crude is all fzreign exchange. This can be illust-
rated by the fact that if 4.4 million tznnas of already refined paraffin ware
%0 bc {mported then at today*s prices it would cost in the regicn of Kshs.

lglggg_ﬂille” of foreign exchange per year which is mere than Six times the

capital ccst 3F the entire woodfuel pragrammz proposals.Also the employment
possibilities a* a refipery would be in the 120's rather than in the 1,000's.
S0 the woodfuel option in ausalute tzrms is the cheapest, costs by far the

teast foreign exchange and provides the most cmployment.

U There is the protlexz of finding mar%ets for the other przducts produced
wnd of coursa a cracking plant could produce diesel as well as paraffin.
Thercfore there may be some competitizn as what to produce.

,‘13 - (“\

There are other costs 2ttachad te the woodfuel orogusals that have not
been daslt with but choulWdbe mentioned in order tz give 4 comgieta picture.’lp
price nis been put on the valu= of the 'an2 for nust of it ~ill remain in
current uyse. However,it is propesed that fer peri-yrban and industrial olz:nt-
ations 204,000 ha. wril invclve 4 chdnge of land use.Carm land 1n high port-
ential arexs ic worth 2bout Kshs.17,000 per ha. and in =edium antential
arels atoul Kshs.!0,000 per ha.[f i% is :ssumed that thasa orice; refleczt tha
value of the land then the czst *ar curchesing the land fzr peri-urcan and
industrial plantaticns will be in the region of ¥s%s5.2970 million which is
more than the ectimated capital cost of tha zntire srogramme.lf fouses Save
to be built for all the work fcorce of nearly 100,000 then this <cou'd cost apo-
roxizmatzly %she.2700 million.Also to trzin the graduates both at the umivers:izy
and college lzve! as well as running training zentr=c ind astsblishing a canzre
for stove improvement may cost somewhere in the reqion of achs.300 miilion

over 3 25 year period,so the 2nfire programme m2y ant3ii 3 c<os: 3f Yshs.

54

ni

v

8200 million to the year 2020,sr on average,Xshs . 460 million zer yaar For
fnvcstment Kenya will produce 1t leist 25% of it's own anTryy raquircment.Thss
energy source is btasad on indigoncus resources and skills winich are cheager Fhin
alternative enersy cptions and requires 2 minimem aqrount of foreigr excning:.

By taking the sustained wocd enerjy route.watar catchmens azea< will ba protazs-
ed,soil will bo stzbilised and it's fertility increaced,the guality of lifg or
the rurzl population shoild be enhance? and a significant number of Sobs will

b2 created.finally,by chsosing i fucl that requires very little zapital! inout,
and an investment that will pay for itself relatively quickly.Honey will be
released,especially foreign exchange,to tuy capital equipment that should

assist in the rapid economic dovelopment of the nation.


http:However.it
http:proposals.Of

__7q_

=

Appendix 1. Capital and running <255 of a two cubic metre/day biogas plant. =

1982 prices assumed.

COSTS ANlD. 3EYEFITS OF |

PROPOSED TRES PLAMPING
PROGRAIT £0A SATISF-

TIHG KZNYA'S wOOD Capital Cost )
ERIENGY REGUINEMENTS Indiin rupees Xshs
FART IT Gas holder 2421 33z8
'APP"E." I Pi pel ine 608 396
£ opE rr‘q‘)['CI S Construction 3054 4996
S USHAW P R
SENIOR RESEARCH FELLOW + Total Lost 6203 8340 of which
BEIJER INSTITUTE oreign txchange
Annual Cost Kshs.
Depreciation Gas holder{10Qyrs) 243 333 300
" Pipeline (30yrs) 22 30 28
- Civil work(40yrs) 76 102 52
Paint and painting 266 357 150
Annual maintinance 260 357 50
Bung collection(4.93tonnes) - 92 122 0
Water 4,930 litres 12 16 0
TOTAL . 982 13i8 580
Cost per cubic metre of gas 1.35 t.eo0 - 0.79

Assume the dung is put on the land. Mo charge made for purchase of dung, and no
benefit attributad 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 ta
obSain 1982 prices. 3
Im-biogas 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.
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Appendix 2a

Moisture content and weight of one cubic metre of Eucalyptus saligna

at different ages and at different staaes of drying (1)

Age (yrs) 5 10 15
Specific gravity 0.61 0.66 0.70
Time from felling M.C. Weight | Volume |MC(db) |wt/m3 | v/t |MC(db) | ut/m3 | v/t
{dry basis)a per m per t % (t) (m3) e 3
(t)_ | (n') (v | ()
When felled 160 1.59 0.63 140 1.59 0.63 116 1.52 0.66
After 6 weeks 80 1.10 0.91% 70 1.12 0.89 58 1.1 0.90
After 12 weeks 40 0.85 1.18 35 0.90 N 29 0.9 1.10
After 18 weeks 20 0.73 1.37 17»2 0.78 1.28 14»2 0.81 1.24
After 18-24 weeks 15 0.70 1.43 15 0.76 1.3 15 0.8 1.24
) Wood is felled, debarked, cross-cut into metre lengths and stacked.
Appendix 2b 'Energy available for cooking/heating at different moisture contents )
Units: Giga Joules
L .
Age {yrs) 5 10 15
Time from felling MC % 6/t ] Gi/m> | MC % 6o/tg Lo | mex |Gty | cumd
10”Joules 10" Joules 10"Joules
When felled 160 5.72 9.09 140 6.53 [10.38 116 7.37 | .20
After 6 weeks B0 9,32 10.27 70 10,01 [ .2 58 10.96 |12.17
After 12 weeks 40 12,67 10.77 35 13.23 | N.9 29 13.96 |12.70
After 18 weeks 20 15,19 11.09 l7b2 15.64 | 12.12 1432 16.03 | 12.98
At 15% MC 15 15,95 11.19 15 15.95 [ 12.19 15 15.95 112.98
At bone dry weight 0 18.70 1.4 0 18.70 | 12.42 0 18.70 | 13.15

(1)
The Tow heat valye
formylae: 100x-2.4

The factor 2.4 MJ/kg of water is the amount of h

m = Mojsture content of the wood (dry basis)

eat required to drive off 1Kg of water,

(equivalent to the heat practically available) has been calculated using the
(54+m)/100 + m Where x = The high heat value for wood - 20.0 MJ/Kg

-~ 0%

—~i8 =
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2
52292215_11 Economic transport radius for fuelwoud at different moisture ! Appendix 3a FOOTHOTES
contents assuming the wood is sold af a Fixed ZosT per JouTe m
i) Market price Kshs 200 i5% MC(K .5 G. ) .
() B per tonne at i5% #C(Xshs.12.50 per G.Joule) (H “hen wood is sold at a fixed price per Joule the cosr per tonne will vary
2ccording to it's moisture content. The higher the moisture content, the
lower the price.
Moisture centent(dry basis}) 2 160 30 40 20 15 10 (2)  Y%en wood dries there is very little shrinkage, therefore the volume can
Effective energy value ba taken as constant, irrespective of weight.
GJ/tonne 5.7 . . . i L .
Height of ]m3(2) {tonnes) 1.59 ? ?0 lg éS ]3’§0 ‘g 27 16.8 (3) This is assuming the purchase price of the wood, plus felling, cross-
Roadside price ) ) ) ° : cutting, debarking and extraction is Kshs.45 per m
per tonne (2 {Kshs 2 4
Market ;L—l“L 3 ! 33 62 h 67 (4) [t i5 assumed that a larry or railcar can carry cne m30r less per tonne weighr.
Dlzfe or Ce!ZOO/-t)(Kshs/t) 72 17 159 130 260 21 Tae standard orice for road transport is Kshs.l per tonne per kilometre and
‘d ere“cerCtW§Eﬂ market far rail Kshs.0.40 t/km. [f Im” weighs less than one tonme then the price per
S"f f?adS've price (Kshs/t) 44 76 106 128 116 144 tonne increases to take account of the bulkiness of the product and the
etaii/wholesale profit margin eppropriate rates are given under road and rail costs.
(15%)  (Kshs/t) 1 18 24 28 30 32
Cost for transport {Kshs/t) 23 58 82 100 166 112
Road transport cost | Appendix Ib Economic transport radius for fuelwood at a fixad price
QKShS/Km/tonne) () 1.00 1.00 1.18 1.37 1.43 1.49 per tonne irrespective of moisture content (5)
fHaximum profitable road .
transport radius {Kms) 13 58 69 73 74 75 Market price Kshs.200 per tonne
A —
?;iﬁ transport cost
shs/Ka/tonne 0.40 7 -7
Max imum prgfit;ble rail 0.40 0.47 0.45 0.57 0.60 Moisture content 160 30 10 20 15 10
transport radius (Kms } 82 145 174 182 186 187 JEFfective energy value(5sJ/tonne 5.7 9.3 12.7 - | "15.2 16.0 15.3
) Weight of 1m3 {tonnes) (2) 1.59 1.10 0.85 0.73 0.70 0.67
(1)  Market price Kshs.100 per tonne at 15% MC (Kshs.5.25 per G.Joule Roadside price per tonne(kshd})| 28 41 53 62 64 67
;;;;et Tee(1007 -1 Market Price (Kshs) 200
- rice -
price(100/-t) (kshs/t) 36 58 .9 o 100 o Difference Market-Roadside(Kshs) 172 159 147 138 136 133
. . + \¥]
Pr!ce.dlfferenceﬂﬂarket- Profit Margin(15%) - 30
Roadsida )Ksis, ¢) 8 17 26 33 36 18 Cost £ 1 : I 105 03
Profit margin (15%) (Kshs/t) 5 9 12 12 15 6 ost for transport (Kshs/t) 2 29 17 08 0 0 H
Cost for transport’  (Kshs/t) 3 8 14 19 21 22
Maximum road traasport Maximum profitable road
radius  (4) 3 8 i2 18 15 15 transport radius (¥ms)(4) 142 129 99 79 7 69
Ma;imum rail transport ' Maximum profitable rail
radius A H rorifable r
Tadivs (1) 8 20 30 35 37 37 radius (Kns)(4) 355 322 249 195 186 172
Cost per Giga Joule (KshsXS) 35.1 21.5 15.8 13.2 12.5 1.g

(3) 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 la















Appendix 7b

- Q9 ~—

Direct and overhead costs per farm nectare and per forestry

equivalent hectare for fam trees in agro-forestry systems

On a six year rotation plus four six year rotations

frem suckers.

Kenya Assumed Costs
Seeds Planted Seedlings Planted
Yr. Operation Agricultural | Equivalent Agric. Equivalent
land ForestlLand land ForestlLand
1 Initial establishment
and weeding 22 147 140 933
1 Extra weeding 10 67 10 67
2 Extra weeding 10 66 - -
0-6 Overhead cost per yr
{extension advice) 10 67 10 67
6.12.18,24)Extra weeding 10 66 10 66
7.13,19,25)Coppice reduction(i) 10 67 10 67
7-30 Overhead cost per vr(average 10 66 10 65
0-30 Direct costs 122
813 230 1533
0-30 Overhead costs 310 2067 . 310 2067
0-30 Total costs 432 2880 540 3600-

(1
(2)

hectare of Syshes riowed to a heigh

tust i ght of Im avary 3
500-600kgs . of nitrogen per year of which about 45%
growth,that iS.200-240Kgs/ha/yr

187Kgs potassium as we
On an agro-forestry

about 15% of a pure fo
- agro-forestry Leucaena

No income attributed to small volume obtained from coppice reduction.

In a controlied experiment with the Giant Hawaii strain of Leucaena leucocephala,one

months orovided foliage containing
is available for enhancing crop
.in addition the foliage contains 44% phosphorus,

11 as calcium and micro-nutrients per hectare.

25try system where wood production is as
uction the anticipated yield of fertilise
solely for fertilise~.Also the tree density

impartant as feriiliser prod-
waonld only be about half of a crop grown
or an agro-farestry system will only be

restry system so the anticipated available nitrogen from an
Spp.system grown For fuel and fertiliser would be in the

order of 15Kg/Ra/yr of

this should be worth mo

wote.

N:P:K:(IS:]S:]S)cost 137/~ per §
par Kg.of N_,P.or K.Therefore
times the above assumed figure
be of Xshs.140 if minzral ferti

nitrogen(N),3K
re than the Ks

gs phosphurus(P),and 14Kg of potassium{K)but
ks.23 as assumed in the model.

0Kg bag which on average works out at about Xshs.§
the above inputs from mulching is worth nearly ten

ar Kshs._190 of which the faraign exchange cost may
liser was used instead.

Anticipated volume production 4nd income per farm hectare and per forest equivalent hectare plus

Appendix 7c (i)

an estimate of the 'green manure‘value of tne tree leaves over the lifa of the croo

-3 -

I

3) In nigh rainfall areas (seea)
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This is average volume production over the 5 rotations. The avérage yields per rotation may be as follows :

md/nasyr st rotation 1.7(11.5), 2na.R.3.0¢20.0),3roR.2.6(17.2),4thR.2.1{14.3),5thR.1.7{11.5)

(h

Forestry equivalent yields in brackets.



See footnote (1) table Appendix 7c(ii) b)

Appendix 7¢ {i) b) in high rainfall areas (seedlings)
per ha Farm Land per ha equivalent Forest Land
Income per standing wl Income per standing md
Volume at Kshsl15| at Kshs20 | Fertiliser| Voi. at KSHS]S at Kshs20 | Fartiliser
Yr Operation prgduction | perm per i income prgd. per m per md income
n3 Q) m (1)
2,8,14,20,26 ) o ) ) ) ) ) ) ) )
3,9,15,21,27 ) Thinnings and ) ) ) ) ) ) ) )
4,10,16,22,28) branch ) 2.0 ) 0 ) A0 ) 20 y13.3 1) 200 ) 167 ) 133
5,11,17,23,29) Mulching ) ) ) ) ) ) ) )
6,12,13,24,30) Fell. & Br.Mulch. 19.0 285 180 126.6 1900 2533
0-30  Thinning & mulch. income 40.0 600 800 400 266.7 4000 5333 2567
0-30  Felling & mulch, income 95.0 1425 1900 100 633.3 9500 12667 666
0-30  Total income 1350 2025 2100 500 9500. 1 13500 18000 333
(M o ,
This is average volume production over the five rotations. The average yield per rotation may be as per
footnote (1) table Appendix Ic(i) a).
Appendix 7c (ii) 2) in medium rainfall areas (seeds)
(- per ha Farm Land per ha equivalent Forest Land [
Income per standing n3 Income per standing w3
Volume at Kshsl5( at Kshs20 | Fertiliser| Vol. at Kshsls | at Kshs2G | Fertiliser
Yr Operation production| per m per i 1ncoime prod. per m per m income
m3 () mJO)
3) Thinning and 0.6 9 12 ) 4.0 60 80 )
) Branch 1.2 18 24 ) 8.0 120 160 )
5) awlching 1.2 18 24 ) 8.0 120 160 )
§ Felling & branch mulching 12.1 182 242 ) 0.7 1210 1613 )
3,14,20,26) 1.2 18 24 y 12 3.0 120 160 ) 12
9,15,21,27)Thinning and 1.2 18 24 ) 8.0 120 160 )
10,16,22,28)branch iulching 1.2 18 24 ) 8.0 120 IQO )
11,17,23,29) 1.2 18 24 ) 8.0 120 160 )
12,18,24,30 Fell. and Or. mulch. 11.0 165 220 ) 73.3 1100 1187
0-30  Thinning & mulch, income 22.2 333 444 240 148.0 2220 2960 1600
0-30  Fellrng % wulch. incowe 56.1 842 1122 48 374.0 5610 7480 320
0-30  Total income 78.3 1175 1566 288 522.0 7830 10440 1920
{1)
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e rotations, The average yield per rotation may be as follows:

.8),3raR.1.5(10.1) ,4tnR.1.3(8.4),5tnR.1.0(6.8)

This is average volume production over the fiv
m3/ha/yr 1stR.1.0(6.8),2ndR.1.8(11

Forestry equivalent yields in brackets.
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Appendix 7d  Labour budget per hectare per year astablishmant and maintensncs
Kenya Aszred Costs
Seads Planted Seedlings Planred
Yaar Operation per ha. | per na. ner ha. ger ha.
farm equivalant farm aquivalane
Tand farest Vand forase
land . lang
0 Tnitial establishment & weeding 1.0 6.7 5.3 i8.7
1 Weeding 0.5 3.3 3.5 3.2
I Weeding 0.3 3.3 - -
0-6 Overhead per year Q.1 0.7 2.1 0.7
6.12,18,24 ) Weeding and coppice n.5 3.3 n.s 3.3
7.13.19.25 ) reductian 0.5 3.3 0.5 3.3
7-30  9verhead per year 0.1 n.7 L n.7
0-10  Direct labsur 6.0 30.0 | 193 53.7
0-3J0  Supervisory & maintenance 3.1 20.7 3.1 20.7
0-30  Tota! labour a1 60.7 13.4 324
Mar years (270 man days/year) 0.2 0.3

Appendix Te

Thinzning,felling and mulching Yabour budget par m? {1

]
1

Kenya Assumed Costs

Year Operation per ha Farm Land | per ha Forest Land
2,3,14,20,26 ) 3.1 3.
3,9,15,21.27 ) Thinring and 2.9 2.3
4,10,16,22,28) mulching 2.6 2.5
5,11,17,23.,29) 2.2 2.2
6,12,18,24,30  Felling & mulching 1.8 1.3-

Thinning overhead
Felling overhead

) included in establishment
) oserheads table Appendix 74

(M )
See Appendix 10


http:3,9,15,21.27
http:2.8,14,20.26

Thinning, fellina and mulching labour budget per hectare
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Appendix 3 Cost,return and labour budgar of a ane hectare fuelwnod/fodder

Appendix 7f

= plantation over the plantation's lifarima 'Azhi plain odstt
2 5§
. 'L; (_;1. Appendix 8a  Cost in man dats uof variuas establishaent doerations(4irect wosisjger o
2 a4
2 a = =z Plant seeds or seedlings to secure 1600 trees gser Yactare:anticipatad
@ Y ~SFowoa] e =) rotation 15 years(medium rainfall arealplus 1 further foure rotatians
- : g:g.\; ; < of 15 years from sucksrs.Assumed species 2rosopis soadl)
3 - = =) Kenya assumed model costs used.,
=
o @ — ——
5 - — Wwood/Toddar/honey Wond anly sold
'; E E ; A Plant Flant Plant | Plant
59 > ) | Year Operation Seeds Seadlinaz| Seeds | Seadlings
- = -~ ~ 0 Hursery - provide seads 1.0 1.0
S| 2 ~a—wa|~| o~ - 0 N " seedlings L 12.0 12.9
S| & MR- e I B Establishment of trees
T = - 0 Fercing (materials Kshs 260) (2) 2.5 2.5 .5 2.3
H 0 Ploughing(machine Kshs 6C0) (2) 3.0 3.0 NIL Al
ol € G Fertiliser(fertiliser Kshs 600)(2) 1.0 1.9 NIl L
<{ - = ] 0 Clearing 12.0 12.0 2.2 12.2
sl = < 2 0 Staking : ) 5.0 ) 5.0
gl 8 3 > 0 Pitting ) 1.4 5.9 ) 2.0 0
| o o w0 G Planting ) 12.0 ) 12.9
n = = 0 Weeding 5.6 4.9 7.0 1.9
< < I~ MO ~] o -—
R Rt I I G fnitial establishment plus weeding 26.5 - 455 23.5 15,3
ol I e K K Y- N - —
3 — ~ = 1 Weeding 7.0 4.5 7.0 13
] 1 Eeating up 0.1 1.5 0.1 .5
9 = 4 We=ding 5.0 5.0 5.0 5.0
=27 = o) Weeding and 3.U. total 12.1 11.0 12,1 1.9
g §- O;\. 03’ 0 Plant/sead cost for planting H) 12.¢ 1.9 12.0
“ = ~ 1 Plant/sead cost for B.U. 0.1 1.2 0.1 | 1.2
= NEq’c\fcr':f ~jole = Q-2 Total direct establishment cost 39.7 69.7 6.7 | i0.7
§. womsIl Tl O Overhead costs as¥ of direct costs axcluding
o~ fencing,ploughing,fertitising(3)(4) 150 150 150 ] _iso
fstimated establishment costs including
= . overhaads (Kshs) 2250 4750 K120 3725 ]
3 (¥) Prosopis pods contain 34-39% grotein,and 7-3% gil.However sesds Tust be gronnd <o
- a obtain full foad value,if not,most of the seads which contain half the feod waluz
= 2 O will be undigasted.Prosopis flowers also have a sweet nactar which makes a fine ncna
% —~ g 5 (2) The fencing material,fartiliser and ploughing machine coszs are not inciuded in ke
s - — 1 A= labuur costs,these costs Ksits. 463 have to be added to Fhe_lubnur costs for thefuai-
et S o 2 ¢S s wood/ fodder plaqtation,and just the_fgncing gos:s fqr tne_ruelwood plar)tatwn. )
® S Sle s (3) 0verhgad costs 1nc!ude Ioca! supervxsxon,qfflce s;arf.afflce_rent,machlnes.mdtuf‘a{s
9 25 9 Ne 2 not directly used in est:blishmen® operations,road construction,fire patrol =tc.ani
o €5 | o7 2 vs, a proportion of reg10nai,H.Q.and research costs. o , I
=% Si3lsizzs (4) The overhaad costs for fencing,plouyhing and fertilising have aiready been includad
— Ly ol gl So in the materiai/machine costs.
—~—e——_ | —~jo|l o
w829 |5 3. 5
SNGoe| 3285
SR ] I e
swe2n=l | 3 05T
~m s N oo
5 TR =1 I
= NeoTwol | S22


http:6,12,18,24.30

Appendix 8b

Oirect and overhead costs per hectare far a fualwoad/fodder

plantation{and a fuelwood plantation alone) on a fifteen

year rotation plus four fifteen yedr rotations from suckers.

(Assumed species Prosopis spp. )

Kenyan assumed model costs used.

Units Ksis.

Wood/ fodder/huney sold

Wocd aonly sgld

Year Operation Piant Seeds Seedlings | Plant Seads Seediings
0 [nitfal establishment & weading 2010 2510 750 1430
5 Beating up plus weeding 144 144 144 144
o1 Weeding 100 100 100 100
-15  Overhead costs per yr (average) 200 200 150 153
15,30,45,60 Fertiliser application 820 620 - -
15,30,45,60) Weeding and a 60 60 50 50
16,31,45,61) coppice reduction® 30 80 80 80
16-75 Overhead costs per yr (average) 200 200 150 150
0-75  Birect cast including materials
ard machines 5294 5894 1554 2234
g:;g Overhead costs 15200 15200 11400 11400
Total costs 20494 21094 12954 13634

m

Ho income to small volume of coppice reduction.

Anticipated volume,fodder and honey production and income per hectare

endix 8¢

A

over the life of Lhe crov. (Assumed species Prosopis spp)
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Tnys is an average volume production over the lifetime of the crop. The average yield per rotation may be as rcollows:

{1

4.5,5thR.11.9

3/hasyr 1StR.11.5,2ndR20.9, 3rdR. 18,4, 40

n
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Labour budget per hectare oer year astabiishment and maintenance

Appendix 3F

—153 -

thinning,felling,pod and noney collaction Tabour budyet per hectara

wond/ foddzr/honay

—_—
Kenya Assumed Costs

~ood/fodder/honey Wood anly s0ld

Year Operation Seeds  Seedlings| Seeds | Seedlings
Y Initial establishment 27.5 57.5 24.5 38.5
z {eedgng and beating up 7.2 7.2 7.2 7.2
61 Weeding 5.0 5.0 5.9 5.0
]- S Gverhead per year 2.6 2.6 c.0 z.0

5.30,45,50 ) Fertiliser application 1.0 1.0 - -

:5,30.45.60 ) Weeding and 3.6 3.0 3.0 3.0
‘E.Jl.QG.El ) Coppice reduction 4.0 4.c 3.0 3.0
5-75 Overhead per year 2.6 2.6 2.0 2.0
0-75 Girect labour 7i.7 n.7 67.7 7.7
g‘;g SUPErzusory and maintenance 197.6 197.6 i52.0 152.0
- Total laboyr 269.3 289.3 219.7 j219.7
Man years (270 man davs/year) i.0 1.0 0.8 0.3

Thinning,fFelling,nod and honey libour budget per m3 ind ktonne

Wood/ fodder/haney “nod only saold
18ar, Operation Seeds | Seedlings | Seeds | Seedlings
075 AIl thinnings per m3 1.10 1.10 0] 1.0

Al fellings per my 1.00 1.00 1.0 1.00
Thinning overhead per m3 0.64 0.04 0.04 0.04
Felling overhead per m n 1.04 0.04 0.04 0.04
0-75 A1 pod caliection per tonne 22.20 22.20 - -
_ Y]
0-75  AIll honey collection per tonne | 75.G0 75.20 - -
(
P Pod cotlection overhead " Y 0.50 0.50 - -
1
Honey collection ovarhead " f) <.0 2.0 - -

The labour inputs For collecting

‘same are guesses, as these kinds

has ngt been undertaken in Kenya
MmUSt be taken as provisional.

Pod collection includes carrying
transpart to the mill,and honey i
refinery or collecting point. It
honey and wax at any one time.

the pods and honey plus the supervision of the
of operations,especially the pod collecting
to a large extent. Therefore these tigures

the pods(in sacks)to the nearest road for
ncludes taking the honey and/or wax to the
is assumed that the hive cannot produce bath

Year Operation Sesds Seedlings |, Seads
10 Thinning 49.5 2.5
25,40,55,70  Thinning 60.5 60 &
15,30,45,60,75 Felling 180 130
10 Thinning overnead 1.8 1.5
25,40,55,70  Thinning ovarhaad, 2.2 2.2 !
15,30,45,60,75 fFeliing overhead 7.2 7.2 !
0-75  Direct thinning & felling labour 1191.5
0-75  Supervisory " " " 46.3
0-75 Total fueiwood labour i225.1 -
Man years{270 man days/year) 1.5 o
Area to give full employment to one Direct 15.0 16.1
person in establishment, thinning Sup. 32.3 102.0
and felling- hactares Total 13.4 13.3
Diract(0/H)
2, 17,32,47.,62 ) 11.0{0.25)
3, 18,33,48,53 ) 22.0(0.30)
4, 19,34,49,64 )} Collecting pods 33.0(0.75)
5. 20,35,50,65 ) (supervision) 44.001.00)
Total 2750.9(h2.50)
Biract(0/H).
2, 17,32,47,62 ) 0.75( 0.10)
3, 18,33,48,85 ) Collecting honey 1.30( 0.20)
115,30.45,60,75 ) (supervision)
Total 101.25( 2.79)
0-75  Direct labour coliecting psds & horey | 2851.2
C-75 Supervisory iabour * " » €5.2
0-75 Total Labour 2915.4
Man years (270 man days /year 18.3 _
Area to give fyll employment to one Direct 7.1
persor in pod and honey Sup. 310.6
collection Hectares Total 6.2
Area to give full employment to ane tirect 4.9 16.1
person- all operations combined Sup. 63.3 102.0
Hectares Total 4.5 13.9
Total man years (270 man days/year) 16.4 5.4
Average man years (270 d/yr) 0.22 0.07
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Appendix 9

Appendix 9a

Cost‘returns and labour tudget 6f a one hectare fuelwuod/ fodder
plantation over the plantation’s lifetime!Low elevation model"

Cost in man days of various establisnment operations{direct costs)per ha.

Plant‘seeds or seadlings to secure 1600 trees per hectare:anticipated

rotation 5 vears plus a further 4 rotations of 5 years from suckars.

Assumed species Leucaena Spp. (i) (high rainfall areas)Prosopis sop.(3

(medium rainfall areds) -
Renya assumed model costs usad.

Appendix 9b

—los -

Direct and vverhead costs per hectars for a fue[:gpd/Fodder

plantation on a 5 year rotatiun plus 3 five year rotatiuns

from suckers. a) In a nigi rainfall area bjin 2 madium rainfall area

boih at low elevations (below 1,500 m )

Kenya assumed costs used Units Ksiis.

J
Year . High Rainfall Areas | Medium Rainfall Areas
Operation Plant Plant Plant Plant
—_ _ seeds saedlings | sesds seedlings
g Nursery- provide seeds 1.0 1.0
Nursery- provide seedlings 12.0 12.0
Q Establishment of trees . same
Costs as per 'Athi plain'mode}
0 . App.8a
l £nltial establishmenti 26.5 45.5 26.5 45.5
03 Heeding & beatiag up 7.0 5.0 | 120 1.0
=l Plants for planting & beating up 1.1 13.2 1.1 13.2
0-2  Total direct establishment costs| 34.7 3.7 39.7 69.7
Overhead costs as g of direct costs
- ) {a) 150 150 150 150
Estiiiated establiskment costs '
including({0/H)  Kshs. 3ooa 4500 3250 4750

(n

(2)

(3)

(4)

Leucaena leaves,if grown for fodder alone,will yield about B tonnes of edible dry

ﬁafter Per ha.per year. This is equivalent to about 1000kgs of protein per ha/yr.

Bg“sver.when grown for fuel and foqder tge production of fodder will arop. It has
Fef GSSUmeg that in order to obtain 145" wsod per ha.per year the annual yield

af fodder will be 4 tonnes per ha. at a maximum and average 3.0t/ha/a

Prosopis WII? yield 2 tonnes of dry matter(pods)at a maximum and on average lb& t/
na/yr Tn addition the average honey yield will be 14Kg/ka/a. The averagz annual
yield of wood is estimated to be 9.6mI/ha.

Overhead caste include local supervision,office staff,office rent,machines,materials
not directly used in establishment operations,road construction,fire patrol etc.

and a proportion of regional ,H.Q. and resedarch costs. [f the forest service does not
gndertake such plantations then these latter O/H costs are not applicatie.

The overtead costs for fencing,ploughing and fertilising have already been included
in the material/machine costs. .

High Rainfall Areas | Mediuw Rainfall Areas
Year Operation Seeds Seadiings | Seeds Seedlings
2 [nitial establishment & weeding | 2010 2610 2010 2510
1 Beating up plus weeding id4d 144 144 134
2 Weeding - - 100 100
0-5 Overhzad costs per yr.(average) 209 200 200 200
5,10,15,20 Fertiliser application 620 620 620 520
5,10,15,20)Needing and 100 100 100 100
6,11,16,21) reduction () - - 60 50
6-25 Overhead costs per yr.(average) 100 100 100 100
0-25 Direct cost inci.mat.& mchs. 5134 5834 8374 5374
0-25 Overhead costs 2710 2700 2700 2700
0-25 Tutal costs 7834 8333 8074 3574

A

(; No income attributed to small volume coppice reduction.

Appendix 9¢c (i) Anticipated volume and fodder production and income per hectare cvar

the lifetime of the crop.- high rainfall area(leucacna spp. )

/ [ncome
Voiume Height Fue Iwood Uncollaected
Year Gperation production | production leaves
3 leaves Kshs15 | Kshs20 | Kshs.
m~ (1) tQ m3 m3 150t _
1,6 ,11,16,21) Thinning : 0.75 15 20 112.5
2,7 ,12,17.22) Collecting 2 2.50 30 45 375.0
3.8 ,13,18,23) leaves 6 4.0 90 120 600.0
4,9 ,14,19,24) 16 4.0 240 320 600.0
5,10,15,20,25 Felling &
collecting Ivs| 45 4.0 675 960 600.0
0-25 Lcaves inceme 76.25 11437 .5
0-25 Thinnirg income 125 1875 2566
0-25 Felling incocme 225 3375 4500 .
0-25 Totzl income 350 76.25 5250 7000 11437.5
M This is an average volume production over the life of the crop.The average per
rotation may be as follows: m?/ha/yr 1stR.10.3,2ndR.18.8,3rdR.16.6,4thR.13.5,
5thR.10.8. Average- 4.
(2)

Air dry tonnes of leaves average praduction 3.05 t/ha/a”
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Uncollected
10
20
20
20
350
350

honey worth
Kshs 1/Kq

Uncollected
pods worth
Ksns 300/t
225
450
600
600
6375
6375

(Prosopis spp.)
20
60

240

640

1600

3200

at Ksns20
1800

ge yield per rotatiun may be as follows:

15
180
480

1200
2400

[ncome per standing m3 l
3600

at Kshsls

X9
10
20
20

350
350

Huney
production

Average 9,6

production
t @
21,25
21.25

Pods

3 )

]

3
12
32

160
240

Anticipated volume,fodder and honey production and income per hectare

over the lifetime of Lhe crop- medium rainfal) arca.

proguctiun
m

Yolume

Jcollecting pods
y

endix 9c(ii
Operation
Jaud hupe
#ods/honey income
Thinning income
Felling income
incume

18,23
Tatal

A

This is an averaae volune ptoduction over the lifetime of the crop. The avera

lsnR.?.l,anR.l2.9,3ruR.ll.4.4thR.J.2.5thR.7.4.
Air dry tonnes, average yield 4.25t/ha/a

0.,15,20,25)Fel)ing,pods,honey

2,17,22, )Thinning,

14,19,24

3

]
1

V7
,8
9

1]

9,1
0-25
0-25
0-25
0-25

Year
2
3
4
5
{1)
(2)

~l07~ P

Appendix 9d  Labour budget per nectare per year establishment and maintenanca

renya Assumed Costs

High Rainfall HMedium Rainfail
Seeds Seedlingq Seads | Szadlings
0 [nitial astablishment 27.5 57.5 27.5 57.5
1 Weeding and beating up 7.2 7.2 7.2 7.2
2 Wa2eding - - 5.0 5.0
0-5 Overheads per year(average) 2.5 2.6 2.5 2.5
5,10,15,20 Fertiliser application .0 T.0 T.7 D)
5,10,15,20} Weeding & coppice 5.0 5.0 5.G 5.0
6,11,16,21) veduction - - 3.0 3.0
6-25  Overheads per year(averaga) 1.3 1.3 1.3 1.3
0-25 Dirzct labour 58.7 88.7 75.7 i05.7
0-25 Supervisory & maintenance 1.6 3.6 41.6 a1.6
0-25 Totai labour 100.3 1130.3 7.5 [ 14723
Man years{27C man days/yr) 0.4 9.5 G.4 0.5

Appendix Se  Thinning,felling.leaves,pod and honey collection labour budgat

per m” and tonne

High Rainfall . Madium Rainfall i

Year Operation Seed Seadling’ Sead Seedling :
1.6 ,11,16,21 ) Thinning 3.10 i
2,7 ,12,17,22 ) per 3.00 !
3,3 ,12,18,23 ) m3 2.80 |
4,9 ,14,19,24 3 2.50 ]
5,10,15,20,25 Feliing per m 2.00 i
0-25 Thinning & felling overhead/m3 0.04 1
0-25 A1l leaves/pod collection per s
tonna (i) 22.0u 1

0-25 Ail honey collection per tanne(l) 75.G0 |
0-25 Leaves/pod uverhead per tonne 0] 0.50 ;
0-25 Honey overhwzad per tonne U] 2.00 )

o) Tha labour inputs for collecting the leaves,pods and honey,plus the supervision ofF
the sama,are guesses as these kinds of operatiuns,especially the leaves and pod
collecting,have not been undartaken inKenya to a large extent.Therafore these
figures must be taken as provisional.Pod collection includes carrying the pods in
sacks,sun-drying the leaves and then carrying the sacks to the nearest .uad fur
transporting to tha miil,and honey includes taking tha honey and/or wax to Fhe
rafinery or collecting point.[t is assumed that tha hive cannot produce both honsy
and wax at any one time.
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Appendix 9f

Thinning,felling,pod.leaf and honey collection labour budgst -per ha.

Higit Rainfall

Medium Rainfail

Year Operation Seeds Seedling Seads Seedling
. {Leucaena) __(Prosopis)
1.6 ,11,16,21) Girect labour(Supervision) 3.1(%.08) | —-e---
2.7 ,12,17,22) 6.0(0.08) 3.0(0.04)
3.8 ,13,18,23) Thinning {(cverhead 16.8(0.24) 8.4(0.12)
4,9 ,14,19,23) 30.0/0.54) 20.0(0.43)
5,10,15,20,25 Felling {overhead ) 90.0(1.80) 64.0(1.23)
0-25  Direct thinning & felling labour 7719.5 527.6
0-25  Supervisory ® " " 14.0 9.6
8-25  Total fueiwoud labour 793.5 536.6
Man_years{27C man days/yr.) 2.9 2.0
Area to give full employment to one Oirect| 8.1 7.8 1.2 10.7
person in estaslishment,thinning Sup. [12i.4 121.4 131.8 131.8
and felling. - Hectares Total 7.6 7.3 10.3 9.9
Direct{d/H) Direct{0/H)
‘.§ .]].IG.Zl) 16.5(0.33) - -
2,7 .12.!7.22)Coilecting leaves 55.0(1.25) 16.5(0.38)
3.8 ,13,i8,23) and pods 88.0(2.00) 33.0{0.75)
4.9 ,14,19.24) (Supervision) 88.0{2.20) 54.9(1.00)
5.10,15,20,25) 88.0(2.00) 44.0(1.00)
Total | 1677.5(38.12) 687.5(15.62)
- Direct (0/H)
2,7 ,12,17,22) Collecting honey 0.75 0.10
3,8 ,13,18,23) (Supervision) 1.50 0.20
5.|0-’5.20.25) Total 26.25 3.50
0-25 Direct labour collecting
leaves,pods anc honey 1677.5 713.8
0-25 Supervisory labour collecting
leaves,pods and honey 38.1 19.1
0-25 Total labour 1715.6 732.9
Man years (270 man days per yr.) 6.4 2.7
Area to give full employment to one Direct 4.0 9.5
parson in fodder and honey Sup. 177.2 353.4
collection - Hectares Total 3.9 5.2
Area to give full employment to one Direct 2.7 2.7 5.0 5.0
person- all gperations cowbined Sup. 72.0 72.0 36.C 96.0
Hectares Total 2.6 2.6 4.9 4.8
Man years all operations {270 d/y) 9.7 9.8 5.1 5.2
Average man years(270 d/y) 0.39 0.39 5.21 0.21

—logq - S;\
Y
Appendix 10  Felling and ex‘raction of €ucalyptus- direct labour budget
according to diametar and distance axtractad
Appandix 10a Crup Specificatians ()
Oiameter at breast hzight (cms) 3 10 | 18 | 20
Age of crop (yrs) 1.8 4 10 l i2 i
Total height {m) 3.3 9.3 15.0 15.0
Mid-diametar (cTs) 2.5 5.5 12.8 12.5
Stem volume to tip 1000 tress (m? ) 1.6 22.0 192.0 225.0
Stem & branch volume " - (m3 ) 1.9 25.5 <33.0 2753 !
Plants per hectare 3 10000 |i600 1500 1608 H
Cumulative volume (m> ) 19.4 42.3 326 Jaz
Average annual yield per ha. (m3 ) 12.9 10.6 32.6 31z

m

Appendix 10b

[t is assumed that fuelwood will not be grown to diameter greatar than I%ems,

Procuctivity of trained workers in temperate country M (s)

Source :

(m
(2)

(3)
%)
(5)

{6)

Unit mJ per 8 hour day per person

Diameter i3t 1o 18 2
Felling,snedding,cross-cutting@ (m3) 2.05 3.65 17.17 20.30 |
Debarking (2) (m3 1.66 3.67 3.€7 9.34 |
Extraction a)40 metres (3) (m3} 4.76 4.76 4.76 1.7 !

b) 100 matres (m3) 2.38 2.38 2.33 2.38 |
Asl operations combined a) 40 metres 3.77 1.32 2.61 2.75 ]
m> per man day b)100 matres | 0.66 1.03 1.68 1.74
All Gpevations_combined a) 40 metras 1.30 0.7 0.38 0.36 {
MAN DAYS PER M3 b)100 metres | 1.51 0.97 0.59 0.57 !

tarvesting in man-made forests in developing countries.FAO Rome 1576.

All hand labour used.

Felling with hand saw and axe,snedding(:emoving brarches)with an axe and cioss-
cutting to metre lengths with a saw.

Removing “ark by hand with a becrking tool to Facilitate drying.
Extraction by headload and stacking piles im x 1.5m x 2m

The scurce book did not give figures for 3cm D3JH, these have been extrapolated frum
graphs which started at 10cms DBH

Normal allowances have been made for rest time etc.
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Appendix 10z Reduction applied to temperata countries preductivity Figures

te arrive at figures for tropical countrias

Units Trees rfelled % extracted per 8 hour day per person -

-1 -

O

D
Appendix 10d Productivity estimates of partially trained workers in tropical
countries fzlling and 2x<tracting by_hand
Units m3 per 3 hour day puer person
Dizmeter 3 | 10 18 20 i
Jperation ' :
Felling,snedding 3 !
. cross-cutting (1)(mJ) 0.78 1.39 6.55 7..3
Debarking (2)(m3) 0.78 1.73 2.10 4.3z
Extraction a) 40m  {3}(m3) 3.22 3.22 3.22 3.27
b) 100m (=} | 1.8 1.61 1.61 1.61 :
A1 nperations combined f
a) 40 metres 0.35 0.62 1.41 1.31
w3 /man day b}100 metres 0.31 9.52 5.93 1.33 Bk
;Ali aperations combined E
a) 40 metres 2.87 1.61 0. 0.5
b)100 metres 3.19 1.12 1.02 0.97 H

( m’/day )
’ Diamater {cms) k] i0 18 20
Operation
'rf]liﬂg.Snedding & Cross-cutting
“utting shortwood with power saw
. (temperate rate) 1200(2.28} 152(4.05 94(19.08 82(22.55
Using 33w and axa:reduca ( ' ( ) ( : ( )
groductlon. by 107 | 1080(2.05) 137.7(3.65) { 84.6(17.17) 73.8(20.33)
“rass-cut inta lengths shortar
,than 2.5m reduce 15% | 913 117 72 52
Undulating terrair, reduce 5% | 372 11! 68 60
Lack of experience reduce 30% | 6i0 78 48 42
Body weight (1) reduce i5% | 523 67 41 36
:utn_nonal factor (2) reducelzV ] 153 58 36 31
Heat stress reduce 101 | 412(0.78) | 52.5(1.39) | 32.3(6.55) | 28.2(7.74)
. 06barking Units m3 per 8 hour day per perso
Debarklng 'n temperate countries 1.66 3.67 8.67 3.56
Lack G experience reduce 30% 1.16 2.55 6.07 6.67
Bady weight (1) "5t | 1.00 2.20 5.20 5.74
Hutritional factor {2) = 12¥z| 0.7 1.93 4.55 5.5
Heat stress Y10 0.78 1.73 4.10 4.5
Extraction distance(metre!l 40 G0 80 100
Extraction (3; Units maper 8 hour day per person
Extraction in temperite climate .76 3.5
. < - $.00 2.74 2~J8
Body weight (1) reduce 151 .08 3.75 2.35 2.04
Nutritional factor(2) vz 3.57 3.28 2.06 1.78
Heat stress _ v 102 2.22 2.96 1.85 1.61
m . "
N?nﬂa! body weight for workers in temperata climatss is about 7CKgs . Assumed
average body_welght for workers in tropical climates is about 60Kgs.Therefore
apply reduction factor 60/70 or reduce by 14.3%
(2) ;
FOOd_lntdke_per day for manual workers should bz 2000 calories.Assume worker in
tropical climate consumes 3.500 calories, redurtion fraction is 3500/4000 = 12.5%
(3)

Figures taken from a two man crew. Productivity could be

by using a wheeled U-Frame{sulky}for extraction.

increased substantially

Seurce : Harvesting in man-made forests in developing countries FAQ Rome 1976

(1 Felling with hand saw and axe,snedding(removing branches)withi axa and cross-cutting
into metre langths with hand saw.

) Removing bark by hand with barking tool tn facilitate drying

(3) Extrraction by headload and stacking at roadside in piles lm x 1.5m x 2m The nrod-
uctivity for 60m and 8Gm is also given in table Appendix 10c

’

i4)

Hormal allowance has been made for rest time etc.
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