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KENYA IENlUABlF. ENERGY nCVEWPK!NT PROJECT 

A. Re comme nda tions 

,uthorl:: =t~~:'\ of 
1980-Septc~bcr 1984, for 
to vaivers .n9 approvals 

a gr.:lnt 
a Renewable Ener gy 
for the following: 

pr the period Septe~ber 
Development Project subject 

A sole-source contract .with the S~~ Stonynrook Institute for Energy 
Research to provide the At-EDtS energy assessment system and related 
hard ward and software, as AID's portion of funding for the HOE/ 
Bejjer Institute Fuel~~od Cycle Planning Project. 

,\ .~ ' : _' -::C\lr ~ _ C .) :l :~ ;:':: :': ,' t1:e ~ c~ ~ c r l n s ,:"!: "~ 'i! (a oo., · U.:'. cc-nt:r;o.ct ­
or) to p r o'Ji~ ~ the :~ini:;: t!'"y of En e rgy (~tOE) \-lith Fuelwood/A!:t"ofon:stry 
Demonstration Center lmplementat:'on planning assistance. 

Purc h.lse of t he fallouing co:n:noditles frem non-U.S. sources: one 
Land Rover assembled in Kenya , seeds of tree genera or species un­
ava ilable in the U.S., selected non-U .S. energy publications for 
the Ene rgy Data Bank and Library, and miscellaneous consumable 
materials and supplies. 

Provision of up to $25,000 in participant training in other countries 
in Africa. 

The recommended AID grant is to be allocated for disbursement 
'through t il.! followins implementation organizations: 

Minist ry of Energy (as GOK responsible organization for Project): 

- SUNY StonyBrook Institute of Energy Research (for AL-EDIS and re­
lated assistance to Beijer project): 

- Beij er Institute/Clark University (for fuelwood/agroforestry imple­
mentation planning related to HOE/Be1jer fuclwood planr.ing project): 

- Competitively let HOE contract (for loog-term experts, short-term 
consultants and related equi~ent and expenses): 

Monitoring and Evaluation (contracts): 



•• Project Summary 

The project proposes to: 

Help identi fy and implement measures to increase the efficip.ncy 
of conver,;ion and end use of pettoleum fuels, as a means of 
reducl:l.;:;,'l.::.nce or ;,.]::~ents deficits and easing constraints 
on rC'n:":t:l l' f)~:':':- ic g!'" .,. '::1; 

Provide t~i" ~asis felr the greatly expanded afforestation, 
iClpro'JcJ forest man.:lzcnent. and L'l1proved efficiency of wood/ 
charco:J] \Jse necesc;,lry to prevent further serious deforestation 
and consc~urnt loss of valuable soil and other resources; 

StL~ulatc development and dissemination of simple, low-cost 
rene~able Lnergy technologies meeting basic needs of the urban 
and rural poor; and 

SU;1!,ort the de ... ·cl,,:-;,-,C'nt of ot!l<2r pror:l1sinr, renewable energv 
techno!ozies \.lhi.:11 could substitute for scarce petroleum or 
\,;coi.! :: L.:,-' ~ s. 

~!ore specifically. the project will provide the follo\-Jing assistance: 

(1) InitiGl Planning and Surve~: As support to the HOE/Beijer 
Institut~ Fuelw00d Cycle Planning Project, provide a computer 
terminal, softl-lare and training support, and energy infonnation 
experts necessary to install, test, and use a simplified ver­
sion of the "AL-EDIS" energy assessment system developed by 
the SU~Y StonyBrook Institute for Energy Research. Also, pro­
vide a long-term energy planner/energy conservation expert, 
supplemented by short-tenn consultancs, to help install 
energy information systems and develop and implement national 
policief <lnd programs to use \-lood and petroleum-based fuels 
more efficiently, stimulate ecolcgically a??ropriate expansion 
of production of wood fuels, and promote improved management 
of the country's forest resources. 

(2) Institutional Development: Provide four long-term expects-­
in afforestation/forest management, agroforestry, cooks~oves 
and charcoal production, and rural renewable energy applications-­
and short-term consultants and supporting materials and equip­
ment to furnish technical and training/curriculum development 
assistance to government and non-government organizations. 
These long-term experts and consultants will be available 
through the MOE to help appropriate GOK Ministries identify 
and evaluate potential reneHable energy applications, improve 
the technical grounding and ~\-lareness of appropriate field 
~~tension workers and organizations, and assist in implementing 
individual programs or projects. 
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(3) ApplIed Research and DemonstratloQ: Help e~tablish a network 
of nursery, species research, and fuelwood/agroforestry demon­
str&tion and extens on cenfers in Kenya's major- ecoloBical 
cente,rs. Such centers, to he based around existing GOK 
nursertu will be used to identify ecologically suitable 
species. provide ~eeds or secdl1n:;s and c:·:tens"on advice to 
individc31s or gr oups j'lromoting tTt>e-?lanti.n:. and derr.o!\­
strolte olnd dissemiu3ta forest nanagement and usrofurcstry 
techniques appropri3 !:c to the rc~ion. [mp~l .tsis will be plnced 
on intcti l'ation of predominantly multi-purpose trees into crop 
or lives tock-raising systems in ways which not only provide 
fuelwood and other useful wood products but also improve the 
micro-ecology of the area. 

Also, provide consulting assistance and initial colpital fo1,' 
the establishment, within the Hinistry of Energy, of an Energy 
Develop:nen t Fund. The Fund will (1) provide loans or grant~~ 
u;' tCl ~75 ,1)1)1) on ~ co~t -sh3rin~ to.::l!Jis, to non-govern!'lent ()r~an­
iZ<ltions i:np l ement ing generic afforestation, agrofort: s try, wood I 
charcoal cookstoves, or other renewable energy demonstcation 
and e~ tens ion pr~~r ~~s; and (2) provide loans or grants up 
to S15,OOO, on a- cos t-sharing basis to government or non-govern­
ment organization s to implement specific renewable energy 
demonstration projects. 

(4) Nonitoring and Ev .. l uation: Use the long-term expet'ts to survey 
and assess existing conditions, including current projects and 
activity. In the C;-lse of forest resources, \-,ork ,",ith the 
Deijer project to use existing Remote Sensing Center, Geosurvey 
and Survey of Ken ya data supplemented by ground checks to 
estimate both pre scnt resources and recent deforestation rates 
by resion. Thr ot.: ;!lout the Project. use long-term experts to 
monitor planning, demonstration, and extension activity 
and results and pr~pare annual reports on project results. 
Conduct a mid-te:~ ~nd final ev~luation of the Project, to 
include assessment of forest resources and deforestation trends, 
analysis of the unpact and efficacy of alternative demonstration 
and extension ap?roaches. detailed evaluation of th f~el­
wood/agroforestry centers and assessment of both the Energy 
Dev1i lopment Fund .... IQ specific programs and projects supported 
through the Feld. 

C. Summary Findinss 

The project analysis fi11ds that the project is consistent with AID 
policy and program objectives and meets the design criteria outlined in 
the PID and subsequent PID Review. The rroject is appropriate to Kenyan 
environmental and sociological characteristics and 1s consistent with 
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Kenya's dev.lopmen~ o~jectives. AltKough difficult to q~ntify, the pro­
ject will yield positive net p.cono:rlic benefit., primarily by reducina oil 
{"'pons, thereby a\'o iding increased balAnce of pa~nts defici_ts, and b't 
.towinp the present severe depradation of 5c~rce gricultural l ands due 
t o ~(o restati c n. The projcc~ \,' ill ~lso benefit the urb:ln and rural poo; 
d ~ r c', t l y 1'1' . for ~X:l-:~ ~e . pr o · i~.E. ng 10:" c" no-cost ded c::> s to ccon o::!1z(! 
0 ", \ Iso! c:of \" ood ot' c~i\r c031 i.r. cooking ;o .,~ c'iomes tic he3tin ~ 

Implementation arrangements are adt!quate and appropriate to the pro­
je ct. The project takes into account that the Ministry of Energy is new 
and pr (!sently und ers taffed, that other CO!: Ministries or non-govc linm(!ntal 
organizations already h3ve c:oogoing operations in many anas relating to 
r enewable energy, and that a number of other donors plan to support various 
energy pl anning or renewable energy activ ities through t~e Hinistry of 
Ene r gy or ot he r Ministries. The project is intended to complement other 
c- ~ - ' . :"iti (,!; . ' .' : e~: !_ ·_· ": th 'J~~ , .. : '·,:: " '''l j ('" . '\ .! th ' '.:' :';:: :'';; 
cilp :\,, : 'jtlCS of otbe :- G01: :!inistrie s or rf :-~:'! - ;;o\'crmr.e~ tal C'r:; .:n i :: 'lt ions 
whe r ever poJ ssible; and at the same time to help develop the c3pacit)' of 
t he ~ !i. :li s Lr Y of [ni: r~i' to plan. anti. thr uul!;h other organizations, to 
guide t he ir.r l e~entation of appropriate energy policies and programs. 

Project implcment3tion depends upon anum cr of factors -- particularly 
the scope and timing of other donor's activities ! , s election of specific 
sites and operating organizations for each of th~ proposed fuelwood/agro­
forestry centers, ~nd GOK fuelwood polic ies adop t ed as a result of the 
Beijer Fuelwood Pl~nning Project -- ~hich currently are uncertain. The 
proposed implerncnt-3t \~on approach provides that one of the first tasks of 
the ... lopg-te:-m ey.!"erts wi 11 be to prepare, in conjunction with the Ministry 
of 'i::-tergy, more detailed implementation plans. 

The project meets all applicable statutory criteria. 
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11. PROJECT DE'SCIUPTION 

Keny. Nationa! En~rgy 

lenya currently face. three particularly .eri~ls enerlY relat~d prob'ems. 

(I ) Oil l moor'" 

The projec ted crowth in l~er.)"ol' s annual oil import bill will lead to ever­
incr.euing balance of p,%)'1Dents deficits unless corrective action is taken , Such 
oil impor t costs arc likely to continue to be accompanied by ~'eak develoiled 
country demand f or KE'nya's primAry exports. increased costs of imports of 
manufactures and intermediate g~ods. and high costs of international 
borrowh1g -- themselves attri lfu~able in part to higher oil prices. 

Rising balanr.e of payments deficits already have contributed to a 
drop i r- "--:t:!l ,"!.'· ~": 1"!.~! ? for domestt C' .;;\Yin~!( !Ind il",!( .. ;tl"l(!nt. At the 
same til"" cue t o ni~h.ar cos ts of imported capital equip::lent~ r.:ore cap ital 
illvest lr.(, lI t nc· .. ; is r equired to achieve any given increase in Gross Na tional 
Produc~, I, ci rcct ~'''!.t!1 C' :::atical relationship bet~'cl::n ~he ncl'J:-ed sa'lings 
ratE' .hir.hc r c;apit"l - ou tput ratio, and G~P (admittedly an ove rsimplification) 
would iMp ly a more th eln one-third reduction ,in the annual GNP growth rate. 
Intac t theri! has bc~n a greater than one-third reducclon since 1973. 

The si tua tion is expected to worsen. Due largely to a roughly 
60% increase in net oil import costs (oil import costs less revenues 
from exports of petroleum products from the Momb~s~ refinery) and to 
continu(',: increases in the costs of imports of mauufactures, ' the pro­
jected 1980 balance of payments deficit en current account is expected 
to rise to at least K£2l2 million~ or fully 72% of Kenya 's domestic 
&~ving s i ~ 1979. 

Largely as a result of escalating oil import cos ta, the Government 
of Ken)' <l recently altered its Fourth National Devcl op::1ent Pl.m (1979-80 
to 1982-83) tngets. It roughly dou!?led the projected balance of payments 
defici t and lowered the target average annual GNP growth rate from 
6.3% t o 5.4% ( roughly 15% reduction, which would ~ppear optimistic). 
It implied that the annual employment growth rate would fall to well 

'below the rate of popUlation growth and that Government per capita 
devel opment and social services expenditures would de<t,line. The 
Fiscal 1980/81 budget incorporates targets even lower than those of the 
revised Development Plan. 

The co~ntry has no proven fossil fuel reserves and limited ability 
to substitute hydro or geothermal electri¢ power fo r oil. The scope for 
wholes31~ ose of biomass to produce ethanol or methanol is limited by 
capital requirements and by the ne d ~o use available productive land 
f or food production. The ability to boost exports dramatically to offset 
oil import costs is constrained by the lack of additional agricultural 
land and by the industrial secter's curr~nt import-substitution orientation. 
Accelerated substitution of fuelvood for petroleum products is likely to 
have very seri s consequences for the ecology and for .gricultural 
productivity. 
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[n .hort I Kenya appun to have very 1 tIDied .heJtt-term option. in 

dulin, with ir;s energy cost pl'oblem!!l. It can ~I!C:Ut'l! additional external 
f1n3nei_l assistance, parti~ularly from oil-exporting nations (~hich it 
~ •• do~c very effeetiv~ly); and it can increase the efficiency of conver.ion 
and end -use of energy in general Rnd of petroleum products in particular. 

Current wood consumption for firewood or conversion to chafcoal 
B;pears to exceed the rate of repl~nishment of kenya's forest resources 
and the situ~tion is likely to worsen very quickly as wood fuel consumption 
inc rease s and pressure to convert forests to agricultural land intensifie •• 

Neither \loed demand nor annual forest replenishment rates is currently 
known lJith any degree of certainty. It is esti'tttated that 80-90% at the 
Kenyan popul"tion rel :cs prit:larily on firewOod or charcoal and that such 
.::In;; ~ -.?ci o:1 i, :i.i~el :. .. . ~ .:u:-.':''.,!:: : to i-:!.!. c.!hic meters 0:: t:,:ocd p ~ r person 
per rC :ll·. ::.Js t f orcH r), e::pe:ra lll;:lit:: ... e that t ota l ... ood consul':'lption 
(inculding 1J00d for fueb:ood, poles, buildings. etc.) exceeds forest 
replenishment rates both natianally and in the nlajor areas of population 
conceL1tration. 

The projected doubling of Kenya's population by the year 2000 and 
projected confirl':'led migration to urban areas -- IJhich implies a switch 
from firelJOod to charcoal, lJhich has a l ower net energy efficiency 
suggests that by the year 2000, Kenya's project~d requirements are 
likely to be 2-2.5 times present levels. Present forest resources 
could not sustain such a consumption leve l . At the same time, the doubling . 
of Ken ya's population, in a ·ountry already suffering ¥eLiodic deficits 
in f od production, will su~~tantially increase pressures to convert present 
forest lands to agricultural production. 

tncreas~d deforestation is bound to resu l t. With it will come dam 
siltation, loss of wildlife habitat, and other negative enviro~ental 
and economic consequences. Also, deforestation will bring continued 
increase in the rice of charcoal and in distances required to collect 
firewood as well as accelerated monetiziation of wood, currently 
collected as 4 "free" good. 

Options for righting the ,-mbalance in wood fuel supply and demand include 
greatly expanded afforestation, increased productivity· from government 
forest reserves and underutilized lands, integration of trees into crop 
and lifestock-raising systems, more efficient wood/charcoal converliion and 
end use, replacement of charcoal by wood in urban areas, and where possible 
substitution of other renewable energy sources for wood or charcoal. 

(3)tmpacts on the Poor: 

Both of the abov energy problems lead to particularly serious problem. 
for the rural and urban poor. Increased.vood/charcoal costs or 
times will be borne primarily by the poor. Reduced economic 
reduced availability of government services will affect the poor. 
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and river .ilt.tion vill .ffect the poor by ha.t.~ins problem. of .oil 
d.ter ~or.tion of 
to obtain. and ty 

lands, making potable vater more difficult 
, of production of basic food.tuffs. 

It i, p&rtic,.I,.~:ly important to recognize the intimate link 
be t licen dcfore st.lt i so il pro:!uctivi ty, and the produclion of basic 
f oo'CfStuffs e ssc ntill t he surv iv(!} of n.e poorest se3T"1C! r.t!; of the 
population. Kt:nya ' s C:.!IS of folod ,tnd fuel (especially ,",oedfuel) ltre 
·inCxt ri caoly linke d. 

The particular chat"aclte"i stics an energy-related needs of 
the rban And r Uf.ll Do"r'~-- AID's targEt population groups -- are 
discusscd in more detail 

s. 

About 45% of i:t>:tya ' s r '::- t 1 populnt i on and 3H of its urb an 
papulntion live be lo ... • a po':{! rty line set at annunl per capita food 
co:':su:--.j'lt ior. valu".s of Ie ::: : : . .:~ .:11;r.uc ~!'5 in rural "'r.:!J.s ,::tnd less 
than $70 in urban areas. The re is considerable geoBraphic variation 
in povert)' levels. In :~i'anz.l and ~estern Provinces, for example. 
an estimated 56% of the popul.:1tion lives below the poverty line, while 
in Central Province only about 10% fall below that level. 

In rural areas. where approximately 851. of the population lives and 
IJorks, small-scale far:r.ers ho lding l ess than 20 hectares make up t lie. 
largest share of t he popu!J.cion (about 70%). ·Only 3% of such smallholdings 
are larger than eight hecta~ es. Pastoralists account for about 10% of the 
population. 

The small-scale farm group is characterized by wide differences in 
standard of living which are related in part to variations in rainfall 
and altitude. The largest ?t0portion of smallholders with incomes above 
about$260. for example. live in higher altitude tea. pyrethrum and cC'fiee 
growing areas. Income levels are considerably lower in lower altitude 
zones where the more proficable cash crops listed above cannot be grolm. 
The population is mostly concentrated in areas classified as having medium 
and high agricultural potential. though population pressure is now leadi g 
to some agricultural expansion into more marginal, l ower potential areas. 

Smallholders can be disaggregated into three groups according to 
relative welfare criteria: 

1) The lowest 40% have annual incomes valued at less than $260 
and are largely subsistence producers with little capacity for investing 
time or money in risky innovations. Individuals in this group may live 
either in marginal agricultural areas, on very smail farms in high-density 
high -potential areas . or as tenants or squatters on farms owned by others. 

* This section is summarized from the full version included in Annex B. 
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MObJ~Ko.t of thee cook n.ide .mall hut. using traditional three-stone tire •• 
This segment of the population hal le4st aceeas to government service. 
luch 81 agricultural extension, .chools, and dispensaries. They fetch 
w. fer by hand, often from distances greater than one mile. They use 
very simple agricultrual too h - often only a panga (machete). 

The hi ,;:hest rriC'rity cn..; r 3, needs of this &rc.up include i n:provcd 
access to clE'fin ... ·at~:· fot' ho:"·:! consumption , c,J re e!ficicnt ·":lYs of cooking 
vith fueh .. ood and easier access to fue1vood supplies. Project!J aiming 
to benefit this portion of the popUlation must entail minimal risk to 
subsistence needs and must be very lo~ cost (requiring a cash outlay of 
perhaps no more than about 5 or. 10 shillings ($. C-$L40) per bousehold. 

2) T~~se in the next 40% of the population have annual incomes valued 
at batW"een $260-$830. Individuals in this group have a slightly ,reater 
cap~c ity than those in the bottom 40% to invest some time or ooney in 
:: .... < . ~ l:. ·Jr.ll :..:.: : ::._:' l:~ :10·: .. ~i v :\s. S .. :-. .:J d L!:.;.: .. (p:.:rbV':' :;.:.&:: ) C'::'l 

afford to coc:: d:h a jiko. rather th~n thre~-sto r,e fir e .J.;"'.cl ;",c r hf Ps e 
slightly smaller percentage use water tanks to catch rainw.1tar from iron­
she~t roofs for domestic consumption. Only a very small number, however, 
h.1ve access to depend .. ble rear-round water supplies "Within Q quarter to 
half mile of their homes. They have more contact than tha bottom 40% 
"With agricultural e~tension agents and other government services. Women 
in this group are more likely than those in the lowest 40%, to belong 
to various types of "Women's groups pro~oting home and farm improvements. 
Secondary education for their children tentis to be tht> first cash 
expenditure priority of this segment of the population. 

The higheet priority energy needs of these people include those of the 
first group but might also include charcoal--conserving jikos (if initial 
j iko purchaSE: price is no higher than about $4-$7), or possibly impro'/ed 
cooperative level systems for p~essing (e.g., drying) cash crops. Since 
cash and labor are still very scarce resources in this group, projects 
would have to involve immediate and striking benefits in order to motivate 
people to donate more than a few shillings (perhaps 15-40) or hours (no more 
than 5 hours per week). 

3) The "Wealthiest 20% of the smallholder popl1lBt l.on hav ... mean annual 
incomes valued at $830 and above. About 50% nf this ,rOUp have farm . 
holdings of more than four hectares. They tend to depend on jikos and 
kerosene burners for cooking while the very wealthiest use gas cookers. 
This portion of the population receives the bulk of extension services and 
its "Wealthier members represent the core of local-level school committees. 
Harambee project committees, and church committees. Host of them usc 
water tank catchment systems at their homes and A very fe"W live near community 
piped vater storage supply systems. They are the group most likely 
to own improved livestock breeds and to adopt other innovations. Their 
firsv expenditure prioritYt like that of the first tvo groups, is education 
for their children. 

Their priority energy needs would be better vater supply systems and 
perhaps cheaper cooking and nonelectric lighting method.. This is the 
only group that might, in addition, be able to afford more expensive and 
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complicated proje~t9 such as biogas systems (only perhaps the wealthiest 
5-10%), rural electrific~tion (~till far in the future in most areas), 
crop dryin~, water plwer for ::imall"scale rural industry or commcrical 
uses. or an i"'al trac t i Oil in agricu 1 ture. 

A fi:~,il ,',:""Jp t(l !)c' consic.:el(·ri -- the urb,1n poor -- tends to have 
C,bit U1C,j"' ":_, !::,~;:..:r ~:, ,:1 trll2 firs~ t',.'ll gr:::'-,;-·.., listed above, bt;t 1':10st of 
thi." hr')\;t)':: i:l,-,~>~ i.e; "':;S'_':-~cd ';;' 1:::;:1 u:'~,:;l hOtlsing and food costs. 
The urban r00r tend to depend on jikos for cooking and 0ften on costly 
city water supplies (near their hOCies or at small-scale and often informal 
s,lle outlets). 

The priority en~rgy needs of the urLdn p00r include cheaper and more 
efficient charcoal and possibly wood cooking techniques; lighting, and 
cheap, reliable WJter supplies. Better public transport is also an 
i~rQ:-tant nc~d of the group, 

r.· Prn!1()';,'d Pro;cct G<?al, Pur;Jose, Strate~y anl Constraints 

The project's goal is to reduce the adverse i~?~ct of fossil fuel 
imports 0:1 t:t.':1Y3.' 5 bJlo.nce of r·1Yfilents ar.d to ;!lake ;:,rogress in achieving 
a balance in wood fuel supply and demand. The project i~ intended to 
respond both to Kenyan national energy-related problems and to the specific 
energy needs of AID's target groups, the rural and urh.:n poor. This will 
be accomplished through e:1crgy conservation, expanded afforestation and the 
increased use of rene~able ener2Y technoiocies. 

The specific purpose of the project is to Establish a capability in 
the ~!inistry of Energy to formulate policy and to plan, oversee implementation of 

provide technical assistance on, monitor and evaluate renewable energy programs 
and er,ergy conservation measures in all sectors of the economy. 

Frogram Strate~ 

The general strategy may be ccscribed as: 

- Helping the Ministry of Energy establish the necessary energy, 
information and analytical base and then devi5e appropriate 
national energy policies and programs, with emphasis on measures 
to improve efficiency of use of petroleum fuels and measures 
to achieve wood supply-demand balance. 

- Developing -- together \ ... ith ocher donors -- sufficient renewable 
energy and energy conservation technical. analytical and extension 
expertise in the Ministry of Energy to enable it to support other 
GOK Hinistries and n0:1 5(lvernmental organizations where they have 
related programs. 
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Establishing. wherever possible .. an addition to exilting COK 
nurseries, a nt'tl~ork of c~nters in v,,"dous ecol OG ical zones to 
.erve .t reeional source of s~ed •• nd seedlings, spec i •• 
rcs~arch ceqters, and bases for demonstrating and di!.emi nAting 
afforcstatiJl"n, r" rc.st m,:lnt;~e :;.~n t. and t;grofor~ .. try ti!chniqucs 
appro?riate t o each ecologica l zone. 

- E-st ..Lbli ~1iing n;, energy De, .. .:1o "::I ~r:t rune: "'ithin t he. ~:inistry of 
EnerGy. to support either pr~ising dctr.onstration/extension 
programs of nongovp.rnmental group6 or specific demonstration 
projects loIhich promote afforestation, more efficient ",ood/charcoa 
cookstove s, mor~ effic\ent charcoal kilns, use of ",ind or 
",ater po",el' f or community Io'ater supply systems, or other 
appropria te rene"'able energy technologies focused primarily on the 
rural and urbnn poor. 

- L. \" _ .~ ,t i l)n 0 1 ~ ... .;hno i " . ~., dnd exten:;ivn approach~s supjl.:lrtea , 
in " ,"J er to pl:vvide .... w., .,is for expar.de:d afforCliL3tion, agL"OrOrllstl'Y, 
cool:stove dissemin<l ir·""! . chnr ocal production and other 
progr .1ms in future ears. 

Constraints 

The USAID Rene,,,able Energy 
certain important constraints; 

PrQject has been designed to accomodate 
"~." 

The :tinistry of Enersy is new . It is likely to remain understaffed 
t n particular, it has ~o extension staff of it own and must rely on 
the other ministries with whicb it still is in the process of estab ish­
ing relationships. 

- A number of donors or other orBaniz~tions have launched or are 
pl.:lnni:-.~ (O./"cr gy-re13td p-:ojects. 'there is the danger that, ,:t:~o:.:: 
coordinatidn, donor efforts could be duplicative or even 
conflicting; 

- Other Ninistries have ongoing operations wich relate directly 
to the proposed programs. These Ninistries include Envirol'lm"'l" ': 
and Natural Resources, ~Forest Department nurseries, rl~ettcd 
forests, and Rural Afforestation Extension Officers), Agriculture 
(nurseries,. Agricultural Extension Officers, Home Economics 
Centers)' , Small-Scale Irrigation Program, and Fat'lDers'Traini g 
Ct::1.ii:ers), Culture and Social Services (Community Development 
Officers and Assistants, Women's Bureau, Village Polytechnics), 
Live~tod: De~·elop!:!er:.t (field Water Engineers); 

- In Kenya, as ill most other countries, efforts to date to 
stimulste r ural afforestation, use of more efficient wood or 

- charcoal stove or adoption of renewable energy technologie 
~bave met with only lUnited success. 
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Thi. project .tt~Pt. to uoth economiz& and a •• i.t in the deve!opment 
of .earee Ministry of En"'1'gy personnel resources. It relies on existing 
ruo\lrcu o~ other. tt iniltries ,,'hHe possible. It i. intended to cot:lp ~ement 
and relste closely to the programs of other organizations, notably the Beijer 
lnstitute fuel woOd pl~nning projc~t. Finally, it is designed to stimulate 
cxpl' ri - ~ otati on d th Iil ilny :!iiliri! nt c e~f}st ratio.~ . e t ension _appro;)ch,es, 
usinG bo th ~o ... e rni,cntal and non-go·Jc rnr.1entd oq~.lOizations. 

D. 

Th~ project includes the following components: 

(1) Initid Survey" 

A~ ArD ' ~ su r-(l :"!': o ~ t h'1 !>Iinistr? cof r ",p. l" ~y/ !k i j pr lns titut c .. , :'"ocd 
PI .lnni ng ProJec t. the pr oject provides t hr ough t.,he State Univu.;ity oi ::c",' York 
at St onyBrook, ~ither a mir.icomputer or a termina l tied to the main 
C f}" :''J~ H pl 'J S !'oft\ul.re pr :;-:-::-!::'n:; and train i n:; support to ir.stall a 
simplified version of thl:! "AL-EDIS" system design£l',d to meet the Ministry of ' 
Ene rgy 's needs an8 data availability constraints. 

( 
The project will provide short-term assistance to establish an 

Energy Data Bank and Library with in the tlinistry of Energy. Such assistance 
includes a U. S. -based librarian/ research assistant to gather technical 
documcnts world'olide, an ample docup1ent acquisition budget, and sho!'t-tel"m 
assistance in Kenya to establish the library and related accessions and 
re,triev3l system and to t rain the Hinistry of . Energy librarian in its use. 

he Government of Kenya currently 1.acks the information systems, or 
8~aff expertise n~cessary to permit de ta iled assessment of energy use 
pattterns or identification and analysis of energy conserva~.ion opportunities 
and costs. Without such information, Ehe AI:~ImIS system will be of limi:l:!c benefit. 
Therefore the following assistance will be pYovided. 

A long-term energy economist/planner with experience in energy 
assessment information systems and energy conservation analysis, to 
both assist in establishing the necessary energy information 
acquisition systems (with emphasis on industrial, transport 
and urban and rural household energy consumption information), 
and in using the resulting information to develop appropriate 
policies/programs to Unprove efficiency of energy use . 

- Short-term consultants to assist in the establishml:!nt of energy 
information acquisition systems (using add-on modules to 
existing CBS surveys wherever possible) or to provide specialized 
energy conservation expertise in areas not covered by the long-term 
expert. 

The long-te~ energy planning/conservation e~p6rt also will provide' 
economic analy.is support to all other aspect. of this project, in 
particular the fuelwood/3groforestry centera and the Energy Development 
Pund, and will work with the Beijer proj~ct team. A sp'ecific~ asignment 
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will be .ndYIII I of wood/chncoal pncLng. matketin" and distribution and 
ident it ie.ti on ,snd 1valu.tion of options for ('1) Itimu-l&t ina the prodcct ion 
lI'Iu;eting, and distribution of wood (or urt-an areas, (2) Jtimuhtins more 
efficient charcoal production, and () promoting integrated lustained-yield 
forest managc~cnt nd charcoal produc tion IYltcml. 

(2) Ins t i t ul j,,'n31 Dl:!vcl opmen t 

( .1) Techn i cal Assist.mce 3.Y'.d Tr ll ining -- Forestry/Agr ofClrestry 

Aff or estation is a pre!Jsing need loIithin Kenya. Afforestation options 
include expan s i ol' of production from GOK gautted forests, expanded fuelwood/ 
charcoal. plant ,)t i~s, cor.lmunity and indLvidual woodlots, and ~ntegration 
of multipurpose tl' :.!es into f ood production syste:!!s. Because of substantial 
ex i st i ng Worl d r,;mk support, the pr ~je c t ~lill not address the problem of 
g".'t:Hu::d fO Tes t !' . For o the-r t ype s Clf afforestation. the projec t will pTC'vide 
t h"S· rOllo., i n& t n ~ t i tut i O I~al u.;,velop:;:t: ll t support: 

- A SC:>1l i," T Fore s t Extensio~E:: pert and A Senior Agroforestry E:<pert, 
with extensive African experience in respectively, nursery And woodlot 
develop:~ent and bt egrated tree / crop fanning. These experts will be 
as s i gned to t he :!in istry of Energy for the full three years of the project 
and '.Jill work closely with the Ministry of Natural Resources (Forest 
Department), Hi r.i st ry a Agriculture (Soil Conservation, Agricultural 
Extension, and Fa~~ers' Training CenterH), the Deijer Institute Fuelwood 
Cycle Plannina PrClje et team, and non-govE'.rnmental organizations ll Their 
responsibiliti~c ';.nclude: 

- Initiating an informal survey of lucal nursery and tree­
l' ! anting activities, largely through District-and Division­
l evel interviews. 

- !: .. :pported by short-te consultants workinG under their 
d irection, developing fuelwood and agroforestry extension 
curricula, and supporting information materials for incor~ 
poration at the Forest Training College, Forest Industrial 
!rabning Center, Farmers' Training Centers, Eg~~~on College, 
Agncultural Institutes, ::'.\0 University of Nairn!, and for 
use in workshops for/t ith the Peace Corps, NCCK, and other 
groups. These consultants will al~o develop rela~ed public 
education and other extensi9n materials, modeled afCer the 
Ministry of Agriculture Soil Conservation extension mateFials. 

- Directing the establishment and opentiou of Am-financed 
acquisition, seed production, spe6ies researcb, nursery, 
agroforestry demonstration, and afforestation extenlion 
efforts described in the "Applied Research and Demonstration" 
section. 
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- ~orking rarticularly vith the Ministry of Aariculture's 
field extension officer. to promote the UIC cf trees to 
improve soil/crop productivity and to provide fodder, fuelvood, 
mulch, building mRterial., and other outputs for farm use or 
s,:le tu ou t s iders. Thi, appr oach to tOmall-scale agro(orestry 
h~s uor 1::cd extrt!:':.;! 1)' ",ell ~n s t.::'c othe r African countrL:!.s 
(not ab ly .nde) anc appears t o have: great potentiGI i n Kenya, 

- Evaluating alternative fuelwood and agroforestry extension 
approaches. 

- Short-term assistance to £upport the above experts in curriculum 
development, design of and participation in workshops for government or 
n on g8v e ~ nment31 organizations, and development of informational materials. 

- Pri nt i T'<t of l" .]t ~ r :,l s for t "~ ;o: .... ,,\.c CClurlles ('- ~ C'l r P ' ~ 1-.' : : 
eduCcl Lion pu "r~ses . 

(b) Tecl-,ni ca l ). 5~ i s t :lrtc e and t r a in i n ~ -- Ot her Re n ... ··" :, le Energy 

The project will support t · .... o resident experts assigned to th~ Hinistry 
of Ene rgy -- one expert in ",'ood/charcoaI stoves, charC031 production, utilization 
of agricultural residues, and other biomass systf'.ms and one water supply 
and renewable energy engineer with African extension experience i~ wind 
and hydra:n technologies. These experts .... ill provi<1e technical assistance 
and training/curriculum development s'Jpport to the Hinistry of Energy and 
t o se lected other government and nongovem.'TIcnt organizations involved in 
extension or technology adapt {6n. E~amples of such assistance include: 

(1) CookGtoves: (mud, clay, and metal cookstoves and wood and pottery 
j ikos) 

- Conduct an informal survey of cookstove use n~d cooking methods 
and of jiko and pottery makers' capabilities and design view~ 
with respect to stove improvement. 

- Provide technical assistance, curriculum materials, and informational 
support to selected government organizations and nongovernment 
organizations (NCO's), demonstration, extension and evaluation 
program and/or to provide training or disseminate information on cook­
stove construction. The expert would vork in depth with a few 
government organizations and NGO'a selected by MOE and provide 
vorkshops an~\Pther general information support for other groups. 
Potential gro~ps include: 

- Ministry of Agriculture-Home Economics 
- Ministry of Social ServicO!s-Women"s Bureau or Community 

Development Office 
- National Christian Council of Kenya 
- Egerton College 
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- Alricultural In.titute, (Bukura, £mbu) 
w Farmer Training Center. 
- Villa,e Poly ~echnic, 
- \,Iomen t

• group. (e.g. Haend.aleo Ya \" Anat.'ake) 
- Ad ult lite racy trainin~ organizations 
- Ch'Jrch groups (Y\.,'CA. 5.,l vat10n Army . etc .) 

- 'Prov ide t ech~icol support to selectC'd grr.ull s who c.!n "'ork with s:"l~l l 
en t r eprene urs who :nigh t \I,tnt t o c:o:nm l.!rc i3liz~ any of t he new 
I t~ve~ that are developed. Examples of possible groups include: 

- Kenya Indu ~trial [st .:l tes 
- Partnership for Productivity 
- Nat i onal Christian Council of Kenya 
- Village Polytechnics 

- " " rtici~:!t ,~ 1', t: , ~- :; ~ '" .. ·· ,~·s ~ n~ r. ':l ! :- ~·":', :! " :- rks~~-: ~ ;: ( i, :-.-:is:'::~ 

abo\'e gr oups, p!"c ';' ice '::e c!::"ic!'I l i~for;:',3tion 3d ad\'ice, oil ; ~d serve 
as a cl earinghouse for i nfo rmation on ac tivities of all such 
groups . He/she w ill_ overse~ and assLa CookHove and j i ko demon­
strati on pr oj ects financed thrccgh t he Energy Development Fund. 

t/ 
(2) Charcoa l Pr oduction: 

- Conduc t an informal surve1 of charcoal production methods, 
int egrated into extension t r avels, to Districts, Division and, 
whep. app ropriat e, admini~Lrative sub l ocations 

Assist the Beijer project 
vs. larger-scale national 
strategies. 

t eam in analysis 0 
charcoal production 

traditional 
policy and 

- Provide curriculum deve lopment, technical assistance, a 
materials to Agricultunl Extension Officers, Village 
Polytechnic s , Forest Tr~ining College, Forest Industrial 
t raining Center, Farmer s ' Training Centers, Egerton College and 
Agricultural Institutes , and others on improved charcoal 
production methods. 

- Develop and distribute simple educational/promotional brochures 
aimed at traditional char coal producers, for use by Forestry 
Department and Ministry of Agriculture extension agents • 

• 
- Oversee and assist demonstrations of improved charcoal production 
metho~s financed through ~he Energy Development Fund. 

(3) Community Water Supply and Irrigation 

Conduct an informal survey of operations and maintenance experience 
with renewable energy technolo ies (windmill •• hydrams, water wheel, 

• 

, • 



- \.,'ork with t he 
~t the Distri c : - ~ :~~ l 
S~All-Sca l p ITri~l tion 

and irrigation .ystema in (enya, 
Dlvision~tevel extension travels. 

1.Jater Development in ~iolirobi and 
\li~b the !-linistrj' of :.;ricu!t:.J.rc. 

with donors ~ponsorin6 

, .. ! ~ : .•. c' r ai...:J ',:_: .. : Je: ; .- : .... t·:':1 ... l1t r 
Project, CARE, and ~ICEF), t o ident 
uses of renewable energy at specific 

, ' I' pr"" jc.cts (i. e., the 
$ .. .:o ~.:L:l.rY Ll~:.~S 

~ .n"n te ial 

- Prepare curriculum materials for and possibly 
the training of District \o,'olter Enginll:!ers and technicians, or 
members of H rambee self-help water projects, emphasizing 
(1) considcl·.Jtions in the choice of motive pO\~e r for Wolter 
pro jt!c cs ,1IlJ (2) rnaintenolncc ar.cl. re?a ir of alternative renewable 

In adrlition to the above ac tivities. the long-term experts -- supportp-d 
by short-term consultants as necessary -- will help promising national or local 
or ganizations prepare £ne r gy Dev~lopm~nt Fund (EOF) loan or grant proposals. 
conduct t ech9icoll and financi al evaluatioll!;; of EOF toan or grant proposals and 
submit cecommenda tions to the HOE and to the appropriate District Development 
Committee: monitor projec~s supported by the tDFi provide tec;~i cal assistance 
to EDF or othe r projects; and evaluate results learned fro:n EDF projects. 

finally, before dep3rting, the long-term experts will provide written 
evaluations of the efficency of the extension and training approaches supported. 
including an e\'aluation of each organization so supported. 

AID will provide short-term consultants to assist the two long-term ," , renewable energy experts in curriculum development, training or other 
extension-related areas. 

(c) U. S. or Kenyan ruining of Hinistry of Energy Personnel 

.' " The staff of the Hinistry of Energy is scheduled to increase from less 
than 100 persons at present to an approved level of 146 by the end of the 
current budget year, and further small increases are likely in future 
years. At the same time. recruiting difficulties make it likely that staffing 
will grow more slowly than these numbers suggest. Because it will remain difficult 
for the Ministry to spare any of its professional employel s for lODe periods 
of time, the staff training budget will be allocated to short-term training 
such as that provided at StonyBrook or Gainesville. or to courses at the 
University of Nairobi, or other Kenyan education~l institutions. The proposed 
bvdget would provide such training for IS }IOE staff members. 
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(4) Appl ied R~Je3rch and Demon~tration 

Thf' project includes t\olO components: 

(a) . ~:...:..nJ /A~ r of r'l ~ .. '~ try C.: .H;: rs : The projec t will support the establishnent 
r;: s i.:: ., : .. :.:: t r y r " .: :!".:., d(' c:~" t!'.:lti o:' , ""'; :o:u":'1 :;icn c ... :'I ters si.tuntt:d 
in vq,ri (lno: ,'i:lo$! i ca l 7'1""· ' S. [.l eh ! I' r: !) ccn: "' r e il i n ,~ J ud::!: se~d Olcqui.sitiJ.;) 
and ::;pl!ci.:!: r c s~ .Hcll ;I{'i' :· .... i' ri ... t e l o.) l h.:l t r (· ... io" i distr i bution .:I f sc ~d s t o 
ot l-.e r nur se ries or, where direct ::O'.;in;; is reol:::ible, to farmers or trec-
pl.1l1ting or :;a:'l i za tions .lnd gl'lve r runent exten sion as.::n t s i di::; tribution of 
seedlings (Jf se l ec t ed !;1't:cLes and v .. ricties f or bo th t:.: t .!nsion and 
c": pe r ir.lent .:l tion purp oS<.' s ; both conventional and agrofor ~s try demonst ration 
plots i and an extension/ou treach staff to pr ovide assist .:lnce -- directly 
"nd t hr ough gove rn::;ent and nongovl!rnnental (')(tension gr ou ps -- in d ireet 
::; o~:jng technique''' . ;"'l r SHY estab l ishment ar.d ope r ation s , pos t-pl anting 

. . ,.'." ... . - ,: ..... 

The e>:t ~ , io:'l s taff , ... ill Ho rk pa r t i cul lrly with 10C.1l A;;ri cul tural 
L:~tl!,:si o n Oi~ic .... . F.'! r:lc [.i · 'iro:in i n:;; C~nl..cr,. , and nor. - ~ .... "' l':-_-: • .: nt~l or gall.­
i :l ~ i o:'ls (!ct;;l :~' : :- :~: . \o!~c r.' s, f.3rt!!<:!rs ', :l.!'.d other gr nu j'!!) ': 0 encolJrage 
introduc l i on 0: rre ~ 'l on Cams. They will l:1onita r bo t h p r ('lr;ress in g;;.i l1in8 
acceptance f or such int r oduc tion and results on farms where trees are 
introduced. 

Each center !'i ll have a capacity to dis tribute r ouch 1y 200, 000 
pl"llts by t he t :,:rJ ~rojec t year, in additicn t o subst.:l nti.1.l tiuant i ties 
of s eedsi five cooventional and ten agraforestry damor.stratian plot~i 
one conventional amI O:le ag roforestry ext ensi.on Elgent O:cn ya.n) i and staff 
and equipment t o :;u pport the nursery and associa ted. extension and d ·monstration 
operations. Of t ne six centers, one each will be locateu in a semi-arid 
ar::ca (Kitui District) , poorly drained highlands plains (Hacnakos District), 
the Western lake r eg i on (Kisii or Kisumu arc.:ls), a Western intermediate 
eleva tion (Kaka!;;",ga or Vihiga areas), typical highland such as Limuru or 
Eldoret, And or.'· of the two major ecological areas of the '; ·:-.1st. 

Each cente r w-ill be established at an e.dsting GOK nursery or one just 
being s tar ted u? The GOK organiz3tion operating the nurs~ry also will operate 
the center, under contract to MOE. In general, GOK nurseries in the highlands 
and other high producti\'i ty areas are operated by the l'or est Department of the 
l-tinistry of Natural Resources and Environ.'Ttent, while those in marginal areas 
are operated by t he So il Conservation Division of the Miuistry of Agriculture. 

(b) Energy Dcvelop~en t Fund: The project will provid e consultant assistance 
and initial {un..!ing necessary to establish, \oIi tbiD the ~Iinistry of Energy, at. 
Energy Developmp.n: fund. The Fund will provide grants or soft loans to 
organization, on a cost-sharing basis. to develop and demonstrate innovative 
renewable energy technologies ard. extension approaches. The main purp('lu of 
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the Fund (or,4' othc~ capital i. added, of the AID .hare of the Fund) viII be 
to finunce de=onstr~t:on or i~semination of thOle priority technoloaies 
acetin .. h ... "i<: ne rd .. of AID's tars:et popul.ltion ~ r ouDS . RecofJ,;",;,;enJ,." F.neruy !:Ic.v'!l-

0l'!'leut ; .md dkao ns:. r .ltion priori ties a~e. in order of priority. 

- Rural IIff ... ,.. !! ~t;>ti ,", r.nrl il t; r l"' ! (" r ('<; !:r ~ '; 

- lnp rov(' rl · ..... od or c!a:.Tcual sto\' es and cooki ns methods; 
- loprovcd ch.lrocal p~oduction technologies and charcoal p~oduction 

systems .... hich pr or::D e sustain~d-yield forut management; 
- Community .. '.lter ~uPl'Y applications (p4rticularly hydrams and 

windmill.s and possibly hand, pedal, anim",l powered pumps); 
- Other rene~able energy and cn~rgy conservation technologies which 

meet the needs of rural smallholders; 
- Other ren E",:able energy tec:hnC'll og ies I~hi ch potentially could substitute 

.. ~ .. !'I ~" " ' re c: ·. i: : : _ r : ! C1.:; .. ··,'· '. > ::.l. .;..d i'- ~ ~5 C_".. ' .. :.: '::1 
re quire h rr.he r c! c- :· ~~: !']tL.'!l bd.-. re thcj' d !l be. ~doptcd co:r...l ... rci.1.lly. 

-; l. ... r ll'nd ..... ill b.lVe t l" ... CO"lpc.nents o C roughly equa l size; (1) A 
c~mronc nt t o prl"'1iof' rro~r :~ -. lC'3f! s or br an ts of up to $75,COO each to support gov­
ernment or nongov~rnmental or ganizations carrying out promising extension 
effort s in the area s of affor~station, agroforestry, improved woodlcharcoal 
stoves, improved charcoal kilns, or usc of renewable energy for community 
watcr supply projccts and (2) a component to provide project grants of up 
to S15. 000 each t o support srecific dcmonstration projects of either COK or 
no n-l;o\' crl".Jr.cntal organization~. with 75: o( thE: capital in this component 
to be alloca ted to the first five priority areas above. 

Applica tions for the first Fund cOlnponent will be received, reviewed, 
and npp roved by the Ministry of Energy. Loan or grant application procedures 
under the second component will be publici~ed/solicited at periodic 
intervals. Applicat ions will be submitted to the respective District Development 
Committee for rcvi~w. The DOC's will submit their recommendations to the 
Hinistry of Energy, which will make final grant selection decisions. The 
Ministry of Energy will adm'nister and monitor all grants awarded under 
either component . 

Th~ long-term experts provided under this project will assist in 
preparation of premising project applications, perform technical and 
economic revie~~s of ~rant proposals recieved by the Hinistry, and provide 
technical assistance and training to support the DDC's in their reviews 

(5) Monitoring and Evaluation 

AID will undertake the following monitoring and evaluation of 
tbis project: 

- Foreatry/fuelwood: Evaluation of results of tree species research, 
qursery operations (including costs, survival rates, distribution 
problcms), effectiveness of alternative extension approaches (both 
those through the AID-financed nursery complexes and otber supported 
indirectly), responses to afforestation extension efforts, and 
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re.pon.e to and re.ults of a,rofore.try demonstration end extension 
effort • • 

- Evaluation ef costs, t c.:hoical perif ormance, and sult.lbility for 
la!(je- 5ca l e ,ldopt i on c f \o:ood/ char C'nal ana other rene\lable energy 
syst ems supported und'? r the R cn(!\J<I ~le Cr:(- q;y Project. 

- Evaluation of alternative training, technical assistance, and 
extension npproaches a~d of urban and rural responses to both 
those approaches and the technologies being disseminated. 

AID will provide a small-team early in the project to prep3re a detailed 
monotorins and evaluation plan. Annual project menited!,)g reports will be sub!.a.itted 
by the te chn i cal .1 s.'1istance entractet" t o ~ 'I f)E and AID. Finally, 
, id-t (>r- ' '' . _. ' ·~.: <! ct ... ··~ ' ··" t[ ~· "1 "' ~ C Ot~1' ~: ~ ·· ~ by A t e- ", :1.co:e:, ~"'~l e 

to ~IOE and AID . 

F. Relationship of Proj ect to GOK Deve lopment Plan, COSS, and Other 
USAID-GOK Projects 

COK Development Plan 

The project is compatible with and supportive of the COK Development 
Plan on a number of different levels . 

The 1979-83 Development Plan outlines the following objeceiv~s for the 
energy sector: 

1) increasing the supply of energy to meet the requirements of the economy; 
2) rationalizing the use of imported petroleum; 
3) developing indigenous energy resources; and 
4) lessening dependence on impor ed fuels. 
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The Renewabh Energy Dt'vc:lopment Project contributes to the achi<!v~cnt of 
t,~ese objectives l.Jy providing <lSSiSt.:l llCC Lo the IliflisrfY ,.: ~ncrgy to develop 
c r..:-t'/.).' polic:i-::!S" , -;: o- ,.it: :.~!:';h an cff r.~: ::..: pr ogrwll ~'f ."!:',- :' ii:: con!le!'".'.::.dun, 
t o su!.sl..i tute 1"1::1 ",'.10 1(' cn ;!qn in pl ut"" 0: V<.'!r r o l C"\l'r. \o·hc ... · 
appt t'r- ri.:lto!, to \! ~: p .J r..J its J.ffor~stati ··.1 I rCJ r ,\ :i, ,::, ',1 to ? .. v . .. .; ... cu~r c 
~:.:: c i.O'! nt ',,_:>': - l:,. :_ .; .. : ~ •. ~.·~ L::;i ... ; .. ,",: , .. . - .. ; •. 

he Project .llso supports a number of other policies ;. l,d objectives 
of t Ken,an Dcvt!lopmcnt Plan no t spcclficillly r c i,ctcd t \1 ~c , .crf,Y. These 
inc1u~c Kenya' 5 pdmary go.'),1 of poverty allcviati1J and others such a.s 
preserving its n;ltural rtBOU rces, con ::; erving its soil, prodJi.'l.g '.:ater 
to all Kenyan.- ,utilizing ;1ppropriatc technology, HrengLh ';r'!{:l3 Kenyan 
instjt u t:ions , v,.,r.lo ting s::llll busincs5O:: ~ , and focus ing ;tt:l ~:~ tion on the 
Ario ,'j, nJ Semi-.... r id Lands. 

,. 1'" Froj':' '::L .all c.;)r.~t'1.:" .. hc. to th.:. .:; 11", ..... i :.; ~ (.: " "f )' 0: • • :" .. ': :.;·).:a: d irectly 
by pro'/ iding easier acce!;s to fuelwood. water and r' ne l'fi ~ ci''' nt cookin~ 
d~vice s. The project: will support. ami cOi:1pleT:lent thl! t1:(;''! p 'I, 'lIlt ing, nur~ery 
devel oJ:ment, sp~cic s r esearch and manpo .... ' cr. tr.:lillin c; p l! ~r :_l'i ,; "i tit!! ~ii ~i!Otry 
of N.:Itural Rf'sour!: es, F'orestl:Y' Deparrr.lcnr .:Ind t he :·; inist r ~ ('If. .t.gr icu I ture Soil 
and ,",'ater Cors~ation Services Board. The projl.ct also inr ::: llds to provide 
support to a number of other Kenyan institutions, ~ovcn ~.'t·!'! :: .:l l and non-Govern- fI 

mental, to enable them. to playa r ol e in research, devel op::,::>t\t. demonstration, 
and extension of appropriate renE'wabl(! energy t:echno10f. i.l~:; . Another 
important aspect of the project will be to encourf!Z~ infor l:'a1 sector bur-iness 
to produce these d'!vices, another prio'dty of the !~enyarui'''(!10pment Pilln. 

CDSS 

The Kenya C!)SS f or FY82 ident ificd cncr gy rCCju:rernet;~ . .!l .,;!s aile of the key 
development problems facing Kenya. The strategy rl.·oposed is "to enhance the 
Ministry o~ Energy's institutional cap.1lbi2ity and to de:.lo:l :.l· cate application 
of several renewable energy technologies suitable to soci~-cconomic,cultur~l, 
and climatic conditions of Kenya". In addition, the CDSS CA lled for the 
increased ","ood fuel production thl ough pilot decolistration 3ctivil!ies. It 
also identified taq;et population groups which have been used to develop 
priorities fo~ this Project. 

Other AID-GOK Proje.£!,! 

Other USAID-GOK projects related to the RenE'uoble En~rsy De e10precnt 
Project include the Secondary Towns Shelter and C~unity Facilities roject 
(HG-006), the Arid and Semi-Arid Lands Project (AS~L) (615-0172), Feed Crop 
Storage (615-0190), Community Water, and small-scale ent.erprise development 
projects being carried out by Private Voluntary Organizations. 

The Secondary Zowns project, directed to eleven to\ms ranging in aize 
from 5,000-15,000 , will finance sites and Services develop~ent, core housing 
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and uPlrading of txi.ting hou.ing. Th~ project viII also involve the provision ' 
ol cocmuni t y services, including ~ater and emplo~ent generation activities. 
Ener3Y .aving approaches to co~truction, cooking facilities, and provision 
of va.t.r are potential project elements . • 

The t: ~"'''' ·Jmi.· y ·.o1AIC'r prnject invol"es desi cn and construction of water 
Rupply systl 'ns in I.'hich th e. Ministry oi I/a ter Development wnuld prov ide I 

.1 m.'lin water 1 inc .li.d thc, cor:::nunity would be responsible for construction, 
op~rati o n. and main tenance of the distribution system to community water points. 
The projec t also vill include technical assistance, training and funding 
for community r ehab ilitation of existing non-functioning systems, 

The ASAL project covers soil and water conservation. 
practices, water resource development, crop and ~ivestock 
afforestat ion in the Kitui District of Eastern Province. 

improved ag~icultural 
production and 
A related proj ect with 

":rC't:t .. ,.. 1" •. , .. ,. ... ~ o t h' ~ ,, ~ .. ',·abl e ~- : .. ~ .. Pro'\-=-c t is tt-.·' ~ .. -·~ 1 ,'!:i~n of 
I!cta il t:d Dian f or the dC' \' clopmen t of ei p..h t tree nurseri ~·~ ill Kitui 
District. aile of thase nurse ries coulr:l potentially be u;:-:; r aded as part of the 
Reni!·. ::.~! c ~ "'H~ !' ;;:' D c·:el o j]7.c :~t Proje ct . 

The Crop Storage proj ect includes institutional develop~ent. 
and dCIl!Onstr3tion relat in& to grain drying and storage prac tices. 
solar drying component of the Project potentially could relate to 
Storage projec t. 

training, 
Th. 

the Crop 

The small-scale enterprise activi ties operated by Tcchi~os erve, Partnershi;:. 
for Productiviey, National Christian Council of Kenya and others, could 
potentially become involved in the commercializ~tion of iwproved 
cook ing devices. 

G. Relati.onship to Other Donorl s PrCl,;ects 

A number of othet donors have initiated or are cor. ~c~? lating proj~cts 
in energy or related areas. Those projects about which there is information 
are summarized below: 

(1) Bilateral 

- Federal Republic of Germany: Is in the final stages of negotiating 
a 2-3 year, DM 16.5 million energy project to include participation 
in the HO£/Beijer Fuelwood Cycle Planning Project; demonstration 
projects in stoves, and integrated wind and solar electric systemsj 
assistance in establishing an Energy Research Center at t he 
University of N.lirobi{ &Od fundin g to Kenya Industrial Estates and 
other financing institutions to provide energy project l ,oans. Also, 
separately supporting the Hzinga Dam project. 

- Japan: An ongoing three-year project (Kf133.000 this year) to asaist 
the Olkari. goethermal power development program. 
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- United Kincdom:lntends to provide three p~trolr~ development 
advisors plus auodctcd training; has propo»ed afforestation and 
rural electrification projects in Embu, Heru , and Isiolo, and is 
su~porting the :'lz in ~" Dan proj(:cL. 

- Swede: " llocat.!s til;:: interest u ifferential (K£222, 999/YcJr) on 3 
fonne: po\!.: r de\ldop.~<::ut loan for n::r.ll cl ti<; t.dfic.Jti':':l projC' ,- ts. 

- ~ORAD: Assisting in review of petroleum information and conducting 
(urttlcr stud iea of the Turk\lell Gorge hydro"Pololer pro ect. May help 
finance Turkwell Corge. 

- Canada: Provides grants for rural electrification, is negotiating 
to proviJ e rural electrification engineering assistaf.cc, and currently 
i s ; , ~"., llin, threl' M!Jor p""uer transmis sion lines. 

Finland : Initiating a F:-1 1.6 !OliIlion fe asibil ity . . _, of tlini ol~ 
r.:i cr ::l 1 ~. '!" C' ;'"o· ... er in \\~~tern and Nyanya Provinces. 

- Nethe-rlands : Participating in the Beijer fuclwood Cyc1~ Planning Project. 

- Italy: Has expressed "very preliminary" interest in establisiunent of 
an Energy Research cnd Develop~en t Institute. 

- Buzil: Currently providinc short-te.rm power alcohul consultant 
assistance, may negoliate a longer-term technical ~~3 i!tance agreement. 

- Iraq: Allocating a portion of a !nrge country progrOlm credit to 
geological surveys and training of geophysicist;! .!:~-J. other petroleum 
specialists. ~ 

- Abu Dhabi: Has expressed prelimin.lry interest in finlllcing provision 
of el .{tric power for the Bura Irrigation Scheme. 

(2) Multilateral 

- World Bank: Currently providing loans fat the fir~t and second Olkaria 
geothermal projects, support ing a feasibi it~~tudy of the Kiambere 
hydropower project, and seriou~lY considering a possible project 
to review existing petroleum d~ta and legislation. 

- UNOP, UNIDO: Committed to providing a long-term ~~p.r!y polic 
advisor with a petroleum bacltground .In.:! 3hort-t ~ r."' E'xperts to advise 
on petroleum mark~ting/distribution and a possible airborne geophysical 
survey program; HOE is awaiting final report of po· ... er alcohol 
consultant teamj UNDP consid~ring a UNIDO biogas proposal; may 
provide a short-term advisor on renewable energy in rural areas 
(Photovoltaics minihydro, ond windpower for rural electrification); and 
may provide further geothermal exploration assistance. 
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- EEC Currently reviewing consultants' propo •• l to .l •• ist in 
preparation of a national energy strategy, evaluate MOE org.lnization, 
and ad\!ise on the (;:stablishmeLlt of ,Ill [ncrgy ReS (;:.l1'ch and D~ ... e10pmcnt 
Inst it ute!. Also supporting the Mdng3 Dam and m:ly support Turkwell 
C·orge . 

Because of the concern over potential for duplication, the MOE held a 
meeting of all donors in August 1980 to discuss their respective projects. Based 
upon this meeting and discussion with individual donors, AID is convinc"ed that 
this project dOtls not duplicate other donors' current or contemplated projects. 

The HOE intends to convene such do"or meetings on a regular basis to 
assure c l os~ coord ination amotH! all cl"P"I' enetlty {'ro jl!c ts . 

H., Cu nditions PTP c.!!dent to Dis'""Jrse---" .lad S!>eci ,'11 Covenants 

Conditions Precedent 

(1) First Disbursement. Prior to the first disbursement under the Grant. 
or to the issuance by A.1.0. of documc?tation pursuant to which disbursE..,t..lent 
will be made, the Grantee will, except as the Parties may otherwise agree in 
writi n::;, furnish to A.I.O., in form <'nd substance satisfactory to A.I.D., a 
state~ent of the na~e of the person h~lding or acting in the office of the 
Grantee speci fied in Section 8.1, an:: of any additional representatives desi ;~:. :ed 
pursuant to Section 8.2, together with a specimen signature of each person 
specified in such statement. 

(2) Disbursement for EnergY Oe'/a1oj""ent Fund. Prior to any disbursement 
under the Grant for PUt",)""' ses of fin" ,lel:.; the Energy Develrl.F;":'Ie nt Fund desc r:'.:. 
in Annex H to this . . paper _. or to lhe issuance by A.I.O. df documentation 
pursuant to which disbursement will be made relative to such funds, the Gra nc~~ 
will, except as the Parties may oth t2rt-lise agree in writing, furnish to A.I. ~, ~:l 
form and substance satisfactory to A.I.D., (&) proposed criteria. with detail ~ , 
for approval and implementation of activities under that fund and (b) 
proposed Ministry of Energy staffioJ and administrative arrangements with 
respect to the fund. Such submission to A.I.D. will be consistent with the 
guidelines contained in Annex H hereto. relative to the Fund. 

(3) 
to the 
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be aade, relative to C~3ntee contr~cts for technical or other services, or ~or 
the procur~cent of equipccnt or commodities under this Agreement, and except 
as A.l.D. !:lay other .... ise agree in veiling , A.I.D. will Ilppr.-:ve in writing such 
u :ccu tcd C.:l:-. trac ts. 

(!.) O: ... Ju r se::en t s r...:l3t ive :' 0 Bdjer 1M r ente Stud '.' . pdar to any 
di!: bur s~:::;i:;;or to t h:· -i!..iUol r.ce cJ'-;;:-r.D. 0 - uocuJ:entation purlOuAnt to 
IJhich disbursements will be made, relative to uJ e of Grant funds in support 
oC the Beijer Institute St udy described in Annex D hereto, the Grantee will, 
except aa A.I.D . may oth ~rwise agre~ in writing, furnish to A.I.D., in 
form and substance satisfactory to A.l.D., evidence that the addit5.onal fund­
ing necessary to complete that study either has been committed or will be 
committed on a timely basis. 

(5 ) p : .. ·, ,_· ,-o;: ::ts 0;-" , :.:,.: ': 0 r,;:,~ ",:,:-·!, · __ ., r ,..,. _,: :- :.' r ,:,:-::: r:':-. ,' :. ~ . Pri : ~' 

~ ~ :lny d-js hu;:~,:--;:.:ts,--nt- the i ~::;~nc:e biA:-i.-D :c;rZ~:lt.ltion pursuant to 
... ·~ i c h dizlnH' s t.;;h): nt will be made, relative to the Fuelwood/Agroforestry 
C: ::- .:> :lotr:ltio',/ : ::: .:!r: sion Cen ters ce:npono:nt of the Project d~scribed in Annex K 
here t o, the Grantee will, exce'pt as A.I.D. may otherwise agree in .... "CitinS, 
fur l1i~h to A.I.D. t in form .:lna substance satisfactory to A. I.D., evidence that 
the relevant fu nctional Hinistry agrees with respect to each center: (a) to 
make available necessary land and facilitiesj (b) to make its rural extension 
officers available for reasonable periods to participate in ~xtension and 
training related to the projectj and (c) to otherwise cooperat~ with the 
Mi ni s try of Energy tl)':ard nchiE:vem"nt of project objectivr,s. 

(6) Notification. ~~en A.I.D. has determined that conditions pre-
cedent speCified in Points 1 through 5 have been met, it will promptly 
GO notify the Grantee. 

(7) Te~inal Dates for Satisfaction of Conditions Precedent. (a) If all 
of the conditions spE..:lfied in Point 1 have not been laet within uinety (90) 
days from the ate of this Agreement, or such later date a~ A.I.D. may agree 
to in writing, then A.I.D., at its option, may terminate this Agr~eme~t bv 
written notice to Grantee. (b) If the conditions specified in Points 2 throuah 

5 have not been met within eighteen months of the date of this Agreement, 
or by later date as A.r.D. may agree to in writing. then A.I.D. at ita 
option may cancel the then undisbursed balance of the Grant, to the extent not 
irrevocably c(\'TlIIIitted to third parties, and may terminate this Agreement on 
written notice to the Grantee. 
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Speclal Covenant. 

(1) Project ,[valuation. the POlrtieS agree to IHltabli,h a evaluAtion 
prolrcm os part of the Project. Except as the Parties othervise alree in 
WTiting, the program will include, during th~ implementation of the Projec~ 
and u one or oore:: points thereafter: (a) Eotc luntion of progress to\ol'8J.d 
attai'::lr:! nt of the Clb j ecti\'cs of the Project; (b) identification t.ntl evaluation 
of probl .. c a ~eas and cons tt'aincs ",'hich IDay inhibi t such 3.ttain.~ent; (c) assess­
ment ot how such ini :m.ltlon !!'lay b~ us~d to help ovcrcolllo;: any such problems ; 
and (d) evaluation , to r:he degree feasible, of the overall dcvelopoent impact 
of the project. Details concerning this evaluation program are contained in 
Chapter VI and will from time to t ime be discus'letl ben·eeo the Parties 

and embodied in Project Implementation Letters. 

(2) Donor Coordin.ltion. In recognition of the importan~e of cons~stency 
and cOlflpatibiUty of all extl!r'nal douor-funded activities in Kl!nya's 
enCT:" v fcc t('lr, t he Gr.:!.r:t" ? r.{,\, f'~:.l!"lt~ (.:1: ) to keep .11 .1.0, generally ilpprah'!'r!. 
by meilDS of .l qua rt C! rly le tter, of such activities, bl.>t.h ongoing and con­
tpnplatcd; atld (b) t o COnVelll! an annual me~ting of such donors for the 
pU r ?ClS C! vf a scnere l r l;vie~ .. o ~ rrosr ess t o date .:l:"!:! future a.c.tions planned. 

(3) Counter part P ersonn~l . In view of the impcrtance of i nst itutional 
developoent to t he objec tiv!:s of this Project, t.he Grnntee covenants that, 
except as A.I.D. may otherwise agree in writing, Kenyan officers will be 
assigned to work on a substantially full-time bas is with all expatriate advisors. 
both those resident in Kenya alVi thos fi on short-term consultancies, funded 
under this project. 

(4) Partidpant Training. In furth~r recognition of the importance of 
institutional development, the Grantee covenant.s to provide on a timely basis 
sl1 f tably qualified personnel. f or training in the United States or , elsel1hera, 
in g~neral accordance with the Implementation Ptan included in Chapter V of the 
paper . The Grantee also covenants that. except as the Parties shall 
othen~ i se agree in loI1'iting, such participants \-lill upon completion of train-
ing be praced in suitable positions, relevant to the objectives of this Project, 
within the Government. The Grantee's normal bonding requirements will be 
made applicable to a ll Kenyans undertaking such ttaining. 

; 

(5) Project Coordination. In view of the several Kenyan ministriea 
and other organizations involved with one or more aspects of the energy 
sector in Kenya, as indicated in Annex D to this Paper • the Grantee 
covenants to continue its existing energy coordination body, under the 
chairmanship of the Ministry of Energy, and to include representatives on 
that body from, at a minimum, the Ministries of Natural Resource. and Environ­
ment, Agriculture and Water 'Development. The basic term. of reference of 
this coordination body will include periodic review of progress under tbi. 
Project and the examination of usefulnes. of the Project to the energy-related 
work of those .~aistries and other bodies. The Grantee covenants further to 
use its be.t efforts to promote and ensure cooperation in furtherance of 
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objectives between the Ministry of Energy and the above-named functio al 
Ministries. 

(6) Beijf!l' Fue h .. ond Cycle Project. With respect to this Project CCQ­

poncn t, tt:~ CLlnt.: c co'.'.:n.::ats ( a.) to .lssign pt'ofessior.r:.l stlff ''J.S lI.::ce!'!sary 
to assist in in5t.llletion ;!,!"~ use of the AL- lmIS er.E'l'S7 ,"!.s:;e!:Sr.l~ l1 t <;yst~:':l : 
(bY to make a :£ilable facili::ies at the Hinistry of EIlc.rgy to h',>use ttl!!!. AL­
EOIS equiplllcnt and staff;' and (c) with respect to a compu ter terminal to 
be furnished under the Project, to provide to the Ministry of Energy acce~ s 
to the Gr~ntee's maio computerJ and necessary staff support, on th~ Grantee's 
normal terms for such access. 
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111. SUMMARY OF ANALYSES 

A. TICI;HHCAI. A.~ALYSES StMtARY 

Bas co:! em res ea r ch t:rcc rt. .. ko.>l": by the project te ~m as well as discussions uith 
'1.l.:!!:erol'" S/ovo! rnment efi iciais at tho! 10c.31 and natioaal levels and otho!r 
in(aTt:.(ld I:cr.)· ans conccrn ins til e prioritl .. ·s and n~.: ... ,,; of Keni'.l' s poor and the 
Kenyan encrS1 situation, it is reco~endea that the project place primary 
e~phas is on four areas: afforestation/asroforestry , more efficient cooking 
technol o~ics . more e ffi cien t charcoal production, and water pum~ing 
for cOl!l:llunity consumption. Other renewable energy technologies whi.ch address 
the basic needs of the poor or provide an alternative to conventional fuels 
will be supported to a lesser degree. 

I Hos t sources ('s timate that Kenya's fa ests amou nt to rough:;/ 2 ::i11ion 
h ... ct .l rls (20,0001::-.2) , ~css than 4%o f the cOlJO try 1 s total area bl! t(~ecause 
Tn:lst o f its forests are located· at higher elevation) some l5-16: ot Kenya's 
medium to high potent ial land.* This moly understate the total f ort!st cover, 
since t r ees' - and, equally importan t in margina l areolS, savannolh \Joodhnds-­
also are found outside traditional "forest" areas. 

As di scussed in Appendix A, estimates of annu.ll \Joodfuel consumption 
range fr om 10 t o 25 mi llion tons, or 15-36 million cubic metres, of roundwood 
equival en t p~ r year. To this amoun t ust be adde~ wood consu~~tic~ fer other 
purposes , such as industrial raw ti~ber and pulp~~od, bomas, poles, etc. 
"'ith ave rage yields of probably no more tholn 3-5m /hec tare, Kenya t-,·ould be 
unlikely t o be able t o produce more than 6-10 million cubic metres per y~ar 
on a sustained yield basis. Current production clearly is not or. ~ sustained 
yield basis, so t hat both the gro~1ng stock and production apparatus--or 
"factory" itself are gradually be1n~ depleted. 

A surve~ of en~ironmenta~ conditio~s indiCttes that, particularly on 
lands undergOing rapld populatlon expanSlon and land near major ucban 
areas, ~ood removal far exceeds the sustainable productivity of the 
vegetatlon. The ren~val of vegetative cover due to increased wood consump­
tion or to intensified land clearing for legal or illegal agr iccltural 
settlcment-- folloved in many cases by excessive cropping or grazing--
has c~used.severe soil er~sion. diminished water quality, pr~ture river and 
dam Siltation, and other lmpact. At lower elevations, rapid population growth 
and co~sequent land competition has forced settlement of marginal, ~cologically 
fragUe lands, caus ing severe soil erosion. 

Whatever th~ current consumption level, the projected doubling of the 
popUlation (from 15 million to over 30 million persons) by the year 2000 and 
continued migration from rural to urban areas suggest that, within twenty 
years, the.re~uirernent for wood fuel will be 2-2.5 times present levels, 
or 30-90 ml1nlon m3 annually. X oubled consumption requirement eould not be 
met from Kenya.s prcsen-t forests • 

• Land recieving more than 
support agriculture on a 

850 mt1an~l1y, c?nsidered 
continuin'glbasis. 

the minimum needed to 



Creatly expanded afforeltation, improved .. naaement of fore.t relour~3', and 
vid.'pread adoption ~J aaroforestry techni~1.:' MUst be unclertuen. However, tlle .. 
effort. mUlt be viewr.d a. com~lement., not alternative., to ~a'ure. t 
u.e wood core .ffi,iently • 

•. Options for ~icet in A Future Woodf!!el Demand 

F.: !'cst R.:. !>c n ~ 3 ':l!'\J 1nJ'o.ls tr i.:ll Plantati.:.n!i 

GOK gazetted forelts cover approximately 1. 7 million hectares and are 
mAde up predominantly of indigenous forests, with 80me exotic .of~ood and 
hard~ood plantations. Host gazetted forest area is maintained as p~otection 
of water catchment areas rather than as a source of wood production. Onl~ 
about 10··1)% of the country's total fuel\olood comes from government forest 
reserves . 

• " .. : ... ... sub" ..... ... ti .. ~ ~"'''' r'~ fv': i.1 ... r~ as inb iUt.:.t .. uvJ pr"..;. ... ..:. .. ion 
from Li h; c .)~r:,lCativ el}' slIIall 0.50 , OOOh.:1) c::.~ forest plantation area. 
Present Yields are 13-19 m3/hn of saw ti~ber or pulpvood. By conerast, 
an indus trial plantat i on in Malawi with similar ecological condit rons 
achiev~s yields of 40 m3/ha. of which 30 1113 is fuelwood. 

The forest reserves occupied by natural forest vegetation, especially 
those on the highlands, p~se a very different problem. Several of these 
forests are at present disintegrating at an alarming rate due to se€tlement of 
"squatters". It has become administratively and politically difficult to 
stop squatters from entering the forest reserves . At the same time. some of these 
forests constitute important water catchment areas and their destruction 
is endangering the \.later supply below. leading to the premature silting of 
dam sites, and contributing to rapid deterioration of productivity of 
agricultural land. 

What option might work is unclear. The tradition African "Taungya" 
system of periodically rotating settlements within the forest reserves 
potentially could at l east lessen the potential damage. Alternatively, 
separating existing farmland f rom the areas of natural forest that need 
protection may constitute an effective barrier to encroachment. 

There are few large private forest plantations in Kenya. EATEO 
operates one of the largest plantations in Africa l to produce black wattle 
as a source of tanning extract (and l as an important by-p oduct, charcoal), 
near Eldoret. Black wattle also is grown commercially else\1here in the 
bighlands. Eucalyptus trees also have been planted on a considerable 
seale l although a commercial wood marketing and dist~ibution system using 
Eucalyptus has not been established. A few tea and tobacco plantations 
meet some of their fuelwood requirelter.ts from their own lands. In leneral, 
however I private farmers appear to see little incentive for gravinS wood. 

Experience in othe~ countries--and experience in Kenya with black 
vattle--sugge.ts that private ' ndustrial lorest plantations and large (and 
.mall ) scale farmers viII respond to price incentives to grow tree.. Current 
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rOt.lt Departm.nt Itump~ge price. app.a~ to e to~ low to enable prof' table privata 
producti~. The Icope for expanded priv~~J produetion and incentive. necessary to 
elicit such ~rod~ctlo~ shou d I,e i rfvestigatedd lso, contracting fllr 
priVilf.'l! ::-,c:1a'&i!nen t of selec ted iorest res rives hou ld 5e consid(! rcd. 

There is wid(!s~rc3d int(!rest and activity in rural affores tation. 
Efforts include the F'orestry Department's Rural Afforestation xtension 
Se . ice. the !-linistry of AgriC!,llture's soil conservation program, programs 
cf on-governmental organi~ations such as the NC ,the National Council 
of Wo~e n of Kenya, and Wild-life Clubs of Kenya, and local efforts of village 
chitfs, church groups, women1s groups schools etc' In many cases, such . . 
efforts ha 'le been successful, and the COK's rural nursery and extenSlon 

·'."v d · :, ro\.: ! ~ . . : ,; ~ r.._ ~ ll:: \,;~'" ":: .... -- :l r. n. Ho·:c'.'c r. ~ \", ::- rt.:l ges ~! 

. J ;,prop!'ine scee ,; n,;,! sp,!"c! l i!l':'> , lacY. of aJvic€ on when 3r.d how to t;o.! t out 
~eed lings and lack of pl'oper ?ost-planting mdntenance h':'IVe result~d in 

bo t h too few i:l'.:.:S being pla lt ted and v~ry 101.,,' sur .... i ... a l rJ.tcs for t~ o se 

that aT~ planted, 

Currently Underu tilized Lands 

One option for communal or individual afforestation is to use land­
found even in the densely-settled parts of Kenya that could be more profitably 
empJ oyed for growing trees than for anything else 'md which is not 3t 
present included in tile forest estate . Examples of this category include: 

- Stony, rocky land where underground fissures nevertheless 
mak~ deep root penetration possible; 

- Slopes so steep that they would be seriously ex~osed to erosion 
if farmed or trampled by cattlej 

- Sloping areas where the soil previously has been exhausted 
and the land invaded with Lantana thickets; 

- Areas haracterized by seasonal water logging. assuming that 
suitable species are s_leeted and planting is carried out on 
raised mounds or ridges; 

- Highlands areas cover.ed by heavy clays that pruently carry 
only low-y'1C!lds pasture and isolated trees,' if sub-soiling 
Or other techniques are used; and 

- Semi-arid areas which can support only silviculture, generally 
combination fuel-fodder plants. 

Communa l Lands 

Most County Councils have designated land specifi ally for allore.cation 
In addition, administrative sub-locations (particularly in marginal areat 
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wher. 
ot.ha 

d~Be from loil erosion is already vl.ible), church ..... chool., and 
,roup~ appear to be letting asice lan3 for afforestation proj~ct •• 

A survey ill re c::ui red to asc ertain how !r.uch land 1.:ithin this c.1tegory 
h.J5 .'I porent i.11 for ! or ... stry develnpOlent. In 3C:d ition, diffi~ult issuj;lj 
rl ~ ,) (: iJ' !; r.'r""M ' :nal ri ::: ~ .: <:~ -! r~ "' ~" sib ilities ::: '. $ t ah ... · be addres:ocd 
(5 ", .. Social S ounc!r.~s!' An ,llys is). 

Individua l FOlrne rs 

Close to urban centers or in the case of tre!!s with commercial poter.tid, 
it is poss:bl~ that fast-growing trees in some cases may constitute a 
more profitable crop thOln grains even on very good farmland. In genera l, however, if 
Ad c:quate i \lcentiv~s are prClv ided, pl.:tnting of trees or the maintenance of 
_ . •.. .. ~ : :' . .... M: (\n :' ..... ;:. . . [ ·, :7..11' :,.·I.:':' ,!· .. ~C":.. :: , ; M. _: ' 

.w .! "uda l r e-" o; "'!l, he <1c cep tabl <:, ,...,;:: if t~e tr<:'''' s he!.:, to e .~I-:;7!:::::,! foo .:! 
prOduc tion in .:ldditio:l to their .... oc;d- yie ldins fu!'\ction. Hulti-purpose 
tr.:~ s • ... ~ i.ch .: ... ~ .:"i;"..: (it·.:!...,,,,,;..: , ! .;,'::''';'..,r ... nd soil enl"lc.)i:il.!nt attributeS 
potentially C3n incrc .:I..'i1! crop yieh'!=; to the f.1T!!!e r as we ll as cont 'bu te 
to Gene ral i m? r oveocnt in soil conservation and fertility. Particularly 
i n seC'.i- arid and arid l OI. lands. an improved Agroforestry system can help 
protect the fragile anG endangered ecosystem as well as producing valuable 
fuel, fodder, and other products. 

Despite historical intesration of indigenous trees bto traditional 
fOlrming patterns, most Kenyan farmers are no longer familiar with the idea 
of growing he rbaceous food or fodtll!r crops in association with trees. 
Horeover, very little research data is available within Kenya that would 
make it possible to provide farmers with detailed and precise advice about 
how to increase the productivity of their land by associating trees with 
their conventional crops. Relevant data on this subject may be obtained 
from R,· ... anda (yhere w.ry interesting agrofore.,;try and extension work is 
Deing carried out) , the International Institute for Tropical Agr~ culture 
at Idadan, and elsewhere, including the Nairobi-based International 
Council for Research in Agroforestry (ICRAF). However, research, demonstration, 
and extension work must be conducted on a broad-scale if large-scale planting 
of farm trees is to be achieved. 

b . Program Needs 

Speeie. Selection 

The selection of tree species for reforestation/fuelwood development 
is an important technical input to the implementation illld succus of refores­
tation/fuelwood development programs in Kenya. Kenya is characterized by 
a wide range of soils, climates and miero-environmental conditions. Tree 
species which grow satisfactorily in one area of the country may not 
perform well elsewhere. However, most research in Kenya baa been li~ted 
to highland species. A list of genera and species recoccended for 
testing is shown in Annex A. The list includes both exotie species 
and indigenous tree •• A large numger of potential fodder tree. and leguminous 
trees with nitrogen fixing capacity as well as a few quality timber tree. 
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are included. 

Seed P roduc (i lm! Acquis t ion 

Ellongh already is kncvn nbout several suit.:.ble plant3tiofl species 
for hi(:hl.l rld cond iti ons :::0 be con fi(.l.ent a~('Iut se .. d use , e.g. Black \o,',lttlc 
(.\('l ei3 In;-:,·, l"lui i) .:'1 ;\1": :: e v~ ral E ~ I t' .1 l :.' p t 1J';' Si ulil.1rly , [or cerUd,l; soi l 
t~pe s in t "lt: C0-1<;t.:11 rl!~ j on . s pe cie s suel' ;1S Euc~l :/ ptus Ci1r.1adulensis can 
be'relied on, Fin;.. ll :. . ro:search anc develvl' ,:;~ nt has Leen can'icd ·:>ut by 
non-COK ors~nizations-·the XCCK. Baobab Farms LTD., Kositei Catholic 
Mission, IPAL, and others--to irlcn tify and establish trees on different 
t ypes of marn i.nal hod. In sor:e cases I limi ted quant{ ths of seeds of 
p r omi s in~ species ore availabl e for distribution. 

Ass is cance to . ..!f.!.2!Es tat i on Group_s 

Th e: n' ~ ~ ~ .. ' -'1" I"o e .. . . . . .. .. . , - .. ... c, .. . ·, ·· : o :'i · ., ~: ... ··, ·"!. re .:' :-.~ " :'~ :' :' ~ "" 

see >:!. .:: . . ' ssi s t ilnc ·~ i ., rlevelopi-.: :,' ~ 'l lic edw:.lCion r"'a~ c \·= ., ls, .:l:~C: to.inins 
af',d technical assistance in n~rscry c!cv~ l op:r.en t an pcst-~lantin~ mainten­
A:1C". lr. addici.J .i , l:mltt! d fL.na..:ial assi;i~dnce to liU;;PO::t an ",[forest­
ation pT" ograo r.'IsrH''1r:er / cf.\o rd i. n3.tor and/or trn\'el exrenses would pennit 
promising national or regiona l organizations to expand thei= assistance 
to local afforestation groups. 

In addition to financial assistance ~ AID should provide: 

- At least t~o fore~try/a6roforestry experts to provide technical 
assistance to government and non-governmenta l organizations, 
as well as to manage related aspects of the AID project; 

- Development, or support of groups such as ICRAF in the develop­
ment of, rural aEforestation and agroforestry curricula for 
incorporation at the Forest Training School, University of 
Nairobi Faculty of Forestry, Agricultural Institutes, Farmer's 
Training Centers, Adult Literacy training centers , and other 
appropriate formal and non-formal educational centers capable 
of reaching extension officers, fa~rs, or bot.h. 

Newsletters, information documents for educational institutions, 
posters. films, articles and other public education materials. 

- Combined experimental and extension nurseries, to conduct the 
species research recommended above , provide seedlings to 
local organizations . demonstrate techniques of nursery establish­
ment and maintenance, and provide a base for local extension 
effortft . 
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',rolore.try De~n.tration and Extenlion 

I.cause of the importance of agrofore.try an9 the lack of current 
Kenyan org3niz3tions focus on integrated silvicultural!agricultur3l farming 
f'1tt~rns, AID should 5U!lI"IH't a se.ries of dc:nons tr.:ltions of the technical 
.il; r.d cXlensio.l! olcceptancc .il;spects of .1groforcstry in each of Kenya's major 
I.'c(; lq;i cal ;:Ol\ ~S. usi r, ~ the e:dstil;s GOK nurs ~-:';' c;:! :lters 3S <l base . 
Surh dCrl.C' r. s tr~ tiC'l!",s ,,~ c' r1d includp s!l~ ciE" s tTl 1). ,. demonstration plots and 
outside dc:ncnstr.1ticn p1.lllting. (to include both establisht'lE"!.lt of conven­
tional forest plantations and planting of trees on land used for crop farming , 
and pasture 33 part of mult iple crop agroforestry systems) and a major 
extension component. 

Information Gathering and Analysis 

This project wi 11 provide financial support for the MOE!Beijer 
I ~~~.'::: : : ~ ' .' -. " '~::~> . ~ :. ' ' .' :l.i. o:"·~ ;; ~I~ ! ' : "" . ': ·c ! '.! Pl ',~:"'i=-~ !lr"" : ~ t. 

The Be i jc T r rojc': t shodd Frc':i:!c nost of the r"c;,:Jired fuelt.'o;d infor::l.:l tion 
and analy sis. This project can assist. however by: 

- Us ins its long- term experts to document and then continu.1lly 
monitor rural afforestation and agroforestry activities through­
out· Kenya; 

- Providing and analyzing i formation on Kenyan forest r~sources 
and land use generated by the AID Remote Sens~ng Center; and 

- Using its long-term experts or consultants to investigate 
opportunities to promote expanded wood production on known 
underutilized lands. 

2. Cookins Technologies 

In rural areas, which constitute 85 of Kenya's population, the predomr 
inant cooking technology is the thre~-s fone fire. In urb~ and urbanizing 
areas and wood-short rural areas a meta l brazier called a jiko is used by 
most people. In the last five years. more efficient cooking technologies-­
primarily enclosed wood stoves made of ~ud. clay or cement. and imnrnved jikos 
have be~n pro~oted, but have received lia1ted acceotAnrp._ 

The fOllowing alternatives should be analyzed in the cookstove program: 
low-cost improvements to the three-stone fir~, supplements to the thr_e­
stone fire, enclosed high-mass wood stoves, improved jikos and metal 
woodstoves for urban areas. 

Improvements to traditional cooking fires include concentrating heat 
onto the cooking pot by surrounding the fire with used aluminum sheets 
or foil. providing good access to the bottom of the cooking pot, and constructing 
horse-shoe shaped baffles made of mud or bricks to act as a vindshield. 
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~littin, and drying the wood before use. '.lsing small (l"diameter) pieces. 
and arranging the wood to all~' proper air intake and mixing also are important 
tor an efficien t .tire. 

Sup pl.-Ul~nts to a l ;Heo!- stc.,,~ fire such a.i; insulati!cl containers (l".aybox 
cookers), so l ar uarmcrs, incorporation of Sr:ln;,e release passageways, and buryinG 
cncl,Js~ d p OtS .",ith burn ing emc t! r .; .:11s o should be analy zcd . 

There is a ~idc variety of high-cass stove designs. including Kenyan 
designs (e.g., Karai and Kakamega stoves) as uell as introduced designs 
(primarily variants of the Lorena stove). ~~ile it is difficult to generalize, 
improved stoves often contain the following features: a firebox or hearth 
f or containing the fire, a flue for directing the flame and fumes of com­
bustion. a chimney to provide a draft for drauing air and venting smoke, 
an air inl <!t to supply oxygen to sust.lin the flame. baffles to direct the 
convective heat current, heat exchangers to transfer heat to the pot, and 
J .. t.pc rs to .. .... l: trvl t he ~~ o· ... ing .lir ,Jt draft. Encl<J.i ~";' IOlo,l\o" '::; C,j.1L i)(! 

made in a va ri ety of designs usi ng tl<lny di ff..,rcnt tyj.:~s o~ cateri.::.ls such 
as' mud, dried bricks, sun-dried clay and mud bricks,' clay-sand mixtures. 
dung, a&ricultIual r es idues and me t a l . 

The most typical household jiko is cylindrical in shape, made of 
scrap metal about lDUD thick and consists of the metal shell, a fire grate 
uith opening, and appendages-base supports, access ports for tightening 
and ash rer.~val and cooking vessel supports. Jiko improvements include 
the use of hcavier plate steel and the incorporation of double walls to 
reduce heat l oss, chimneys and dampers, funnels placed On the grate to 
divert heat onto the pot, bellows, metal rings to prevent heat escape when 
smaller pots are used, and soil cement insu lating lining. 

3 . Charcoal Producti on 

The simplest way of making charcoal and the principal method used 
in Kenya is in earth kilns. In this method pieces of wood are placed under 
the soil surface and the top is covered with layers of grass and an insulating 
layer of damp soil. The main advantage is that no 'capital is required. 
The main disadvantages are tbat yields are extremely low (8-10% by weight) 
and dependent upon the skill and experience of the producers. 

Stack kilns are also prevalent in Kenya. Tbey are normally built 
on a level site with the fron t end slightly raised to help the fire creep 
to the end. The floo r is mark. d in a triangular shape from S-9m long and 
.5-3.5 meters wide Stout poles are laid covering the ground. Pieces 
of sticks are packed in between the layers of poles to help the fire creep 
through. The stack is covered with a layer of green grass and then d~ 
soil. The procedure, which takes 5-10 day~. is more efficient than earth 
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kiln. 

Portable metal kilns are available in KenYA costing about Ksh.23,500 
(over $3.200). Other activities include one l3rge industrial charcoal 
opet"3tion consisting of 28 large brick kilns, a continuous feedJ/~ arcoal 
rt:!tort usi nC eoitee hulls, and research on pyrolysis. .... 

The pt'oject proposes to place maior emphasis en b:n.ruved trRdition3l 
ch.!rc IJ al ,protlcc ti oll incluc. ing no-cost, low-cost, and mor,;- suhst.1ntial 
icpTcvements which prornis~ up to 507. greater r ecovery by weight. Support 
will also be provided for 3n3lyzing the costs and benefits of larg~ sc~le 
char coa operations . 

No-cost i mp r ovements consist of drying the wood as much as pos~iblel 
separating it into relatively uniform pieces, packing it tightly, and 
ensuring that the earth covering is at least 6-12 inches thick. Basic 
t o. - l .:m1 ~"- : ;> ri~l i::-."' - - " · , - "~ ~ ~ !"' ; -~"" :;: ~ - S~" :: ll h,, ·'~' :"l"It ~ : " -1 '.LJ.:! I.!~.~ "-f 
l <l r ~ cr ax!.'~ t" f3cilit .1te mo re uni f () rm rutrine (S!; -7) , tCl:"!:'f>r~d Clll'vet! 
pr,uning Solt"S to harvest smaller lil:'.bs and branches ($4), and/or impro\·ed. 
r-: :.; ::i r:~ 2t.- ~1J" bolo"- s~;,'s f .J r . t.:!r:::.:! J ~olt(; siz~d " ... .::.cd (~;), finally, th.:! 
insertion of sheet metal het'.1e"en the mounded wood and tl"oe insulating earth 
layer, using flattened debes or othe r scrap metal, is a lot .. - cost (under $5) 
icproveoellt t.'hich can im?rove the yields of traditional earth kilns by 
20% or mCJre. 

More substanti31 alterations to traditio~al earth kilns have been 
devebped in other fiountries. One example i~ thl: Casctn.lnce Kiln u!:ed in 
Senegal. Instead ot building the stack directly on the ground, an air space 
is ~uilt underneath by rr.~ans of 3 ne~ork of logs. A circumferential air 
chamber is also created by laying an apron of brush on the outside. A 
chimney is placed beside the stack. Besides significantly increasing 
efficiency, the Casamance Kiln can use various sizes, density and moisture 
contents of j ood, and is faster than traditional kilns. Smaller logs will 
stop burning" when carbonization is complete. The applicnbility of such 
methods in Kenya should be examined by the project wood/charcoal utilization 
specialist. 

A number of important issues must be carefully considered before 
larger-scale charcoal production, such as portable metal kilns, are promoted. 
While tti~y conserve wood, they also are more capital intensive, require greater 
teehnic~ skill to operate. and would reduce income and employment for perhars 
thousands of traditional producers. It is recommended that the Minist 
Energy conduct an extensive policy analysis of the socio-economic issue. 
involved before e~couraging these and other large-scale charcoal kilns. 

Multiple yield pyrolysis is considered too expensive and too subject 
to technical difficulties to warrant project support. 
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4. Water P~ed By Renewable Energz 

Host vater s~stcms installed in rural Kenya to date ar~ pumped 
supplies from boreholes, riv~rs cr shallow veIls. Host of these pumps 
are driven by diesel mo tors. Others are driven Dy electricity, vina, sofar. 
vater, ~n.! 1,1..:':.:111 pO\.''::. G;-.lvity fc~d S:;Sl '~;l1S have b" ': 11 inllt.llled in ar .. as 
vhere tbe source of ,",.Hcr is suit .1bly high (~ r than thl:' population f; ~rved. 

In .. dditi on , some rJ ;' l ..... il catc1 ,l:-.en :s havl;: b':: cll constr '.lccc.d ge nc. r~lly on 
l" CO f5 .. : : .: ... :::.uni:., b~; ::' ;;ings. 

The costs of operacing and maintaining diesel motor-pump combinations 
has been escalating rapidly in recent years, due prim3rily to fuel cost 
increases and increasing parts and labor cos ts. Another very serious problem 
vith diesel-povered systems is pump or motor breakdown. A skilled mechanic 
is needed to ensure proper system operation, and such mechanics are in short 
supply. It is estitu.:Hed that no more than half of installed dies~l pumpsets 
in rural a1:l:as operate on a regular basis. 

I t i:i pr.:lposcd t!,..lt the : otloving alt .:: rnativl:S lie analyzed lo r their 
aPRl icability in Kenya: wind pumps , water-driven pumps, human and animal 
povered pumps, and solar stills. 

Windpumps 

A variety of windmill designs are avail able in Kenya. 
trar-sform the energy of the wind into rota tional motion and 
reciprocat ing stroke. Tilis reciprocating stroke actuates a 
shaft. 

They all 
then into a 
pump in a tubular 

A number of imported traditional "American Fanmill" type windmills 
have been lJ9talled primarily on large ranches, over the past fifty years. 
S ta.ndard models such as those provided by Aermotor, Camps ter, Southern Cross I 
and others have operJ ted reliably for decad~s. 

More recently, there have been at least two sucessful attempts--and 
some unsuccessful attempts--to product windmills in Kenya. The Kijito 
windmill produced by Bob Harries Engineering Ltd. (Thika) and 12 pu 500 
Windmill produced by Plows and Allied Products Ltd. (Kisumu) both are commer­
cially available. Both windmills are too recent to permit conclusions 
regarding their long-term reliability, but both companies appear to have 
been quick to make modifications to work out initiol problems with their 
designa. The Mbita Catholic Mission reportedly also is producing low-cost 
windmills in loc31 workshops, but the project design team was unable to 
evaluate this operation. Earl'ier attempts to mllke Cretan or Arusha or other 
low-cost windmills in Kenya have not succeeded due to problems of 
operational reliability and requirements for skilled maintenance techn~cians. 
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Th. followinl projectl conc~rninl windpump utilization are IUllelted: 

-A study of vindpu~pinl cap~bility in Kenya should be undertaken. 
The data should be analyzed and made available to policy onkers. devc!op~nt 
agendes, "'ater development personnel, cOrrlllercial equipment manufacturers 
D.1.d suppli ('r5 :lac!. other i nterested cse rs to make theo al,'are of the Ilctual 
pu ·,cntial for ~:i; ~d i'''': ::';? u::ilL:,], tion in :he count.ry. 

-Te chnical assist .1nce and training on \.'indpumps should be pJ.v'Jided to 
lhe Hinistrie:; of Water Development, Hl!.alth, and other interested &.,) .... ernment 
ttgencies, and non-govern:ncntal o~gc.n izations. A review of proposed vilter 
sch ~l~c s should be und ertaken to determine where proposed new diese-l pump 
installations oay be feasibly replaced by swall windpumj'ing systems. The 
ag~ncy or group could then apply to the Energy Fund for financing of the 
systems. 

_ ,!,I.-: r r o:l" -"' ''; renc::il~ le enersy e~T'~I'!: sh'Jultl ,'lsds t in sit::! and 
syst l.'m s.:! l ec ti"m . Assls t ance should also be provided f or training ;:!;nd to 
so:!,t up a monito ring and evaluation (,::oocess, to analyze the economic, financial, 
.:!.r:d soc bl CQ!>ts .::me beneEit3 to the CO~Ullit>· C!nJ the :·!ini~try of using 
vind~umps instead of dies~l pumps. 

Hydraulic Rams 

For applications "here there is a river or stream with sufficient 
\~otliir:g fall ,1nd water flol" to pcw!?r a hydrrun to drive ' .. ~atcr uphill to 
nearby user!>, hydraulic rams offer probably t~e least expensive and most 
reliable water SYRten. 

Hydraulic rams usc free energy. They require very little maintenance 
when compared with diesel pumps. In addition they can operate continuously 
essentially unattended. At the S3me time, many of the estimated hundreds of 
hydrnrns iMtalled in Kcni',3 are not operating bt;!caust! of failure to perform 
the minimal maintenance required (clearing inlets of debris, periodically 
releasing air pressure. and replacing a rubbe'c, clapper once every 2-3 years) 
or because a valuable brass valve h&s been stolen. 

There are many more areas of the country that could make use of these 
systems, and their use should be encouraged and supported by the government. 
The project's water/renewable energy expert will conduct a survey ~f 
hydraulic ram installations in various regions. This survey will b~ used 
to provide baseline data for the Ministry of Water Development and other 
agencies involved in water development concerning the actual and potential 
populations served by existing hydraulic ram installations, the problC?ms 
associated wi th these systems, and the potential for increased use. Upon 
completion of the survey, if interest warrnnts, several workshops will be 
offr'?5ed at the District level on the proper operation, maintenance and 
repaI r of hydraulic ram systems, Financing for hydraulic rams could also 
be applied for through the Energy Development Fund. 
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Other Related Tec~nologies 

Solar diatilldtion and other water supply te chnologies are discussed 
in Annex A. 

It is r ccOmQ~nd~J that ~ol~r pumps not be included in the proj ect 
fo r seve r -.J l reasons. Therl'lOdyn ",,,,,ic systems , typified by the Rank ine cycle 
"So(~ retes " ;>U::lj.!. are sophistic"Lcd .Jne expen!>ive . Tncs.! pumpins syn~tls 
r eq.u i.~e a .. v:l si~.:.rabl" " ::I,) .. at of l:lJ. ir.tcoancc .lnll upkltep to kco!p :: \-; ",:.1 I.·orkins. 
The J evel of technical expertise requ ired f or such ~intenance is high. 
Thus, these pumps have had major maintenance problems and system shutdown is 
common. 

Photovolatic pumps are relia~le, require little maintenance beyond 
routine ins ectio~s, fit in more with conventional maintenance and operation 
procedure!>, but currently arc very costly. In additi or. . other ~roups 
already aro! investigating the use vf photovoltaic ~~i~~; for water pumping. 
:::t "' ,h.~ ... ;,. ... . . L, E tCo .. l, .. ~L L"", " .... ~...:u :;; ... s OL l ,' ... ~ .., prc..~. _.~ .H:d L .... '-I.: ... ",i,-' o;! 
!:lorc:: illlO I.' •. :.ltion ::'eg.:r.:ii llg futul'~ photocell cos ts I:.- _.: l decidiq; to go 
ah'ead witll further installations. 

5. Other Techno loGies 

Annex A addresses solar drying, human-and animal-pm·:ered devices, and 
other renewable energy technclogies. 

As discussed in Annex A. a nw:lber 
have not been included in the project. 

of renewable energy technologies 
The Inost im?ol'tant of these are: 

- Biogas systems. because of high cost of :;·Jr.h systems (including 
the animals to produce the needed manure) pu t them well outside 
the rench of AID's target population grel:ps and because the 
Federal Republic of Ge!"t:\~:1:: i:; initiatin7 n lane-scale biollas 
development program. 

- PC)W'er alcohol systems because 0.11 but V(a'Y small systems are 
beyond the reach of AID's target groups , the very small systems 
are not of interest to the GOK. and the aOE already is receiving 
power alcohol assistance from other donors. 

- Solar electric system, bec~use of their current high cost, 
their general lack of relev3nce to AID I S tanet IlrOllflR .Rnrl hp.c3use 
of other donors' in teres t in financing IOuch projects. ' 
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a. SOCIAL SOl)XD~ESS A~;ALYSIS 

Population Chara~t~r istics 

~bout 70% of Kenya's popu~atinn is made up of varieu! S~ntu-sp~nkinv 
groups which .u,;. conc t.' lltr.1t ed 1n th!"~.! areas: the! central h1ghl31\ds e!.:l:it of 
t:\J~ Rift \' .111 ~·· , t he! r " "Ha l be lt. 1:".1 -:!11! t.::!kc ';ietori o. b.1Sin. n: C\ 
l'emnindt'r of "'~nya ' s pOl.u latlon f ... ll s into t ' ,.(,\ 1in~u isri t: H01Ipir"s: ~:i1C"tic 
und Cushitir ~:ilot"':;. indud,! LuCl, co~cent r <ltE: d in lot·.'~r p3rts of t"estern 
Pl a teau, K:1. lcnjin and ~ !a:1.s3i , loca-ted in the \~es t Central highlands and 
throughout the Rift Valley, and related peoples which mek!! up about 257. 
of the population. Cu n!li tic -s?eaki~g peoples such as the So~ali, Rendil le, 
and Galla .... ake up ab ou t 31. of the population, and are found in the ~orthern 
and Easterl1 Arid and Semi-Arid areas. The remaining 1 to 27. of t he 
population are of Asian, Arab and European origin. 

T~ ' I> ~ . "' 1 r " ~ " .! : · ·: : .. : .. : .... !"il j· :: ... ::. ': Ul~l :: .. :. -:i: l: vllglL ~"," :: ... :. l~ i::; 
i !lc r t!asin~ l :' F ractic~d bj' S f):-: l~ ~~tll~:ljin .!l: d :·la:1.s.:i , :Jany of t h';;r;l (":'::,3in 
pas toral is t s . The Cushitic-spe.lki.ng Somali.Rcndille , and Galla are largely 
p<lstoralists . n 

There are significant regional differcnc~s J[n levels of economic 
cll!ve l opment a~d in aV.:1il ,lb i 1i ty of services s uch as schools, hospi tals, and 
transporta tion. In general, road Rnd social service networks are best 
deve loped in the high potential, densely settled regions of the country, 
particularly in thc highlands on th~ western and southern sides of Mt. 
l~e l1y a. The gove rnment i signific~ntly inc'l'easing development efforts in 
medium 3nd 101 .. er potential areas to help redress regional inequities. 

Adherence to traditional culture and modes of social organization also 
displays marked regional variation in Kenya. As might be expected, areas 
of least change are the lower potential areas of unreliable rainfall where 
government services are not widespread . Thol'Sh some COllmunal forms of 
ownership and labor cooperation exist in such areas, they are fairly uncommon 
in high po tantial, densely settled agricultural areas where land has been 
individually owned for about ~enty years. The unit of agricultural produc­
tion ~haract!!ristic of most Kenyans is therefore the individual family 
farm or household. 

Representatives of the central ad~inistration such as chiefs and sub­
chiefs now occ~py the major authority rules at the village level in rural 
areas. Org3nizations playing a major role in local political, social and 
economic affairs include cooperative societies in cash crop growing areas, 
and various development committees. women's and church org~nizations. 
The capacity of ordinary villagers to influence the decisions and activities 
of these groups and organizations varies greatly and often in direct relation 
to the level of education and prosperity found in an area. 

III-U 



Priorities and Hotivation 

The principal energy needs of Kenya's foor are improved acce" to aler 
and fuel .... ood iupplics, :nore. f ll~le fficient cooking techniqug', and impro>: C'!':Il!nts 
in agricul tu re ar.d pub li c transp,) rt. Amt.n~ the presently avail.:.hl£o raose 
of '·.1 pp ropri ate t~ci;nology" cll..!rlOY ortions . a ralati v!! fi! at tile lower e\'\d 
of .. the scale in t,,;rt:S oi CO:;l .:. ... d complexity h:lVC .:mi' i!:CIediat applic.:bility 
to the poor ~ajo~ity . 

It is important to recognize the distinction between nationa l energy 
needs and priorties, and actu~l short-term developmen t priorities Fotivating 
rura l people . Sinc~ project activities compete with other tasks f or' the 
r ura l poor's ve ry scarce labor and cash resources, the actual ?rior~ ties 
motivating 311ocation of these r escurces by the poor must be taken ~\ n account . 

At prasent 1,: ; 10.:: V~' \l higilcst c',l!v~ l "'\Jf.:ellt priot'lLi .: .. cf' i':oJ5 t oi the rul'';;' ~ 

poor are expansion ot educational fa cilities and jpproved access to rratcr 
su·ppli(!s. These are t fte areas in vhich locally initiated and or ganiZed 
development projects (Ha rambee or self- help projects) are most commo),l . It 
is lUorl::. difficult to mo tivate people LO work on projects \lith longer term 
or leSS immediately recognized benefits such as for .:!st conservation or 
substitution of vate '!' powered pumps for diese l pumps. While t he neeq. for 
forest c~nservat ion and subs t itution of r enewable fo r non-renewable (e.g., 
petroleum) energy r esource s is recognized at the national level, it Is a 
need which is difficult to tr:lnslata into action at the l ocal level. 

Title Al loca tion 

With most families dependent on their own 13bor for all production 
and maintenance activities , little time i s available for activities not 
directly related to the basics of day to day survival. Because women perform 
the bulk of faoily agricultura l as wel l as domestic activities in Kenya, 
most of them are simply unable to donate more than a few hours(possibly 
2-5) per week to developmen t projects. 

Reaching the Poor : Institutions, £xte.!!!.ion and Communications 

Thi~ project wil l use a number of government and non-government 
organizations to promote and spread renewable energy applications in rura 
areas. 

It is individuals (particularly men) in the better off 20-50% of the 
population vho have most contact with existing extension organizations. 
Lack of transport an~1 personnel limits extension contact with less \lell off 
segments of the popu!.ation, who often live in remote and inaccessible 
areas and who al~~ have little interest in extension services. 
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Local representatives of the central .4ministr~tion luch al chief I and 
lub-chiefs \lith thei r il!lll1,·diate and efJectiv~ ch.:lnnel of cotmlunication \lith 
local lJeople tlirouth bara:::.,s or public tlll.!etings, can pl.ay a ro le in public­
izinG and disseminating inf rmation concerning new cn~rgy technologies or 
prv j~·c lJ. Ir,f"cl, acqU1.rlng Lhe pUblic support of l ocal chiefs .:lnd sub­
chi efs is often .:m ess~stial !:leans of 3:1 ininl; acccp::anca for: any n~w project. 

Di.stric t, divis ional .lnu locationlil developm~nt cot:mlittees, headed by 
D,C's, 0.0,'5 and chiefs, resp~ctively, can also playa role, These committees 
would be useful for publicity, coordin.ltion and demonstration purposes, 
since their tlembership inc!.udcs reJ resentatives of all governnent ministries 
opera~~']g at the relevant administrative level, as \leU as local educational. 
reli g1.ous , and po itic41 leaders. 

On~ of t he most widespread and effective forms of comtlunity-based 
development in Ken~3 is Har ...... "" .. (! self-h (! '''' ...... ('j~c= ~ . T~esc ' '' ':'!l.11:.' 
i l,i ..l .. ~ .: d anci Ol' Gi.lO :'Z.:d d~vl;! !(.' pii'.ent pro jects a re found in vlrtlJally all 
pJ.rts of the country and i ncluJI! such ac:tivities as building schools, 
hosp i:.:lls, dis1..cnc;nries, r('l ":'.' CO cattle eli?s, ;'l:d irrisation a:'ld \rt.' atcJ: supply 
systems . 

Bo th the coltl:lunity trd i planting and water development components of 
the project could effectively tlake use of HarnlllbeC! gro·lps. It must be 
emphasized, hovevcr, that 10cJ.1 initi.1.tion and organization is the strength 
of Harambee developoent effort~ and that too much external assist~~ce cap 
be the death bloH t o Harm.:.;bc.! cfforts . 

A variety of non-govcrn",~ nt organizations which could be used to 
i ni tiate enefgy projects or '0 disseminate information exist in Kenya. Some 
of theC! are based i lb~air o~1:. ·"!. :'Id have re iative ly little rep!ese:'ltation in 
rural areas, however they do perfo~ i mportant coordination and publicity 
functions. Other non-govcr : .. t!:(, t organizations, particularly church organizations 
h3ve specific areas of ge ,"~ r ~:, ic concentration where they have fairly strong 
rural r epresentation. Howt"!;; r, church organizations represent a signiticant 
areL of local and national poli tical competition ana this sometimes makes 
practical coopf'.ration amont; (~il Urches difficult to achieve, particularly for 
water projects. Church grO\;:1S might, however, be used effectively to help 
foster innovation in mud anu cloy cookstove technology. 

Spread Effects 

To the extent that AIU is able to set up replicable mechanisms fo energy 
techno logy experimentation, d~~&nstration, and diffusion, the project will 
have spread effects beyond cl:c initial groups i ovolved in these activities. 
Success \lill require direct p3rticipatio~ by local people in developing 
both techniques and diffusiun mechanisms. Spread effects \till Also e greater 
where the project requires little change in normal practices, such as tree 
planting on individual farms. 
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Sinc'! the demand for treel f(Jr individu.11 hrms in many rural neat 
exceeds the available supp ly of sC f'dlings, achievement of spread effel:ts: &:Dong 
Careers will not be difC i cul t if l oca l tree nurseries are expanded and 
adc<;, u4 tC sCI.'d li ng di "L : :outio:l lnuh'n ist:'lS ,ne es tabli s ed. 

Cot:mlun i t)' \Jol,)d l ~~s , on t h.:o o ~),"r hJ. nd .:-.r.:1 no r e dif~ ic 'J lt to pr omo te 
bccC\lse tr. c: y (!.:P':I;Q , .:\ I.. r c .l t i r.,:; r:..:~ : ~o tiv .:;;,=i"i! " and tnod(; s or orc. 'lI'!. iz.ltion 
in rural co~uniti es. 

Achievement of spread effects will also require that t.le various technology 
opt i ons arc eval uated and tested in the actu.,l rural contexts where their 
dissemination is proposed. There is little di ffusion of ce rtain " appropriate 
village technolosies" beyond domonstration cl!nters in Kenya. at leas t ~n part 
due to social and e conccic disadvJ.nt3ges of the technologies being domonstrated . 

The n •. .:-d f or k ""jl4 \lb I.. .. ~.r':-':.i:::· :: .. ~ ' '' s t s c f ~;' .. ' ener " ', technologies 
l ov in or<1 ..:1· to re a~jl L h ~ rU ;:J. I poo r is .11 s o es .. e:ttia1 to the aCl\ioi:!vE:.rJ.~Ilc. 
of spr(! ~c e f fe c ts . If these criteria r e met , diffusion of new energy 
te chnologie s in this project will t hen depe nd un ~J.~ i.ng effecr j ve use of t he 
l ull range " f existing or ganizat i ons and inAtit.tltinn~ ~i!'eu!''''' '' C",lIl'rli PT. 

Individuals in the second 401., no t t he poorest 40% of the population 
will most likely· have greates t access to and interest in existing extension, 
church and o ther organizations and institutions . If, however, successful and 
appropriQtc technologies are developed f or diffUDion by such groups, 
1; is likely o the r. i ndividuals no t directly involved wuu1d even tua lly 
1e.nn of the!ll by wo rd of mou th and observation. 

Social Soundness of Technology Options 

Long t e rm be(l('.fi t~ of the project include: (1) a reduction in 
deterioration and erosion of agricultural land . which will help to alle­
viate further r eductions in f ood and cash crop production potential; 
(2) a decrease in family labor required for gathering firewood and water 
which increases time available for more ~roductive acti ities such 8S 
agriculture, and may improve family food supply and income; (3) a 
slowing of increases in family fuelvood and charcoal cash expenditures 
and ~t~er household essentials; (4) an increased supplemental income 
through more efficient charcoal production; and (5) an improved health 
and workins capacity. resulting from a reduction in both the physically 
diffic~llt burden or travelling long distances to fetch f i rewood and 
vater and in the necessity to cope with fuelwood shortage. by cutting 
back on the amount of food or nw:lber of meals cooked per day. Shorter-
term benefits include: (1) generating individual employment opportunities 
for local people in extension, nursery, and tree planting activit1 e.; and(2) 
strengtgened &overnmental and non-governmental institutions. Sinee 
about 85% of the wood consumed in tropical Africa ia for domestic 
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household u ••• an~ sincp. ~~st rural household. dcpen on wood for 
~o~inc. a project focused on wood fuel production 3nd utilization can 
dire ':ll: "ffecl AID's poor t::3jOrity target :roup. Ieproved access to 

c!r1 .:: . :. . ,,'lt C"' T is ,lIso ., h::" pri ori tr :"Iced · .. ·hich cnn direc:li' 
.f£ 'ct this grl)up . 

To help achi eve a. \iood supply/d~r.t.1nd batanci!. the project involves 
tree-p iOIn ting at both the community and individual hveh. ~'ield visits 
h ,\V~ b~icated lhilt the det.,and for seedlings in rural areas is quite 
hiSh and that there is an acute short llBe of seedlings availnble for 
pi OInti ng. Thus , seed ling production :!.nd distribution is also an 
iClilcn :':1L focu:; oJ Lhe pro';~\,;t. 

C ........ ;l ity lr ..... pla~a: ; . .; is :: ... d ~ i' b lHl 3\'.:. i1ability :-,~..! ~' ill 
depe nd upon effec tive coopcration ·.: i ~h local Count :: Councils, since it 
is' tb~y "'ho control the reCl~ining ~ !JrmQunal" or public land in areas 
wher e. l..ll:d holS 1.1..: ... :1 aJjudic .:&t(; J .. 1'1": i....;ividu.lll)· registered. Other 
probl e:::s ith co;:::::u:1 ity \:o odlo ~s i nC'~ "· ; .1 : 1) It wi ll be neceSSAry to 
recre.ltc \Jhat is no longer .:10 operacLlg form of community organ ' ~ation 
and cooper.1tion; 2) Determining ho .... t oJ distribute benefits (which is 
beyond the control of the project personnel) will be difficult; 3) Community 
lands t.!nd to be of poor.!r qU.llity; 4) Poorer residents may depend on col'!l!:lu~;tl lands 
for cultivation or grazing. Thus, the current use pattern.~ of ar;y potcntial 
corn.un ity \Joodlots must be ca.refully understood before undertaking this 
activity. 

It is possible that in cediun j.'otential areas where land is not yet 
adjudicJ.ted, and whe re communal for:,~~ of organization have not !'et 
dis<'rpe.1rcd . cO!:'lr. 'mi ty ~oodlots r.li.~ht be more successful. In both 
adjudicated and un.1djudicated arc~s ccmmunity woodlots may be more likely ~o 
be successful if r.:;u l;,.i-purpu~e tl ':",S .:..;:c planted which yield other producL ::; 
such as fruit and fodder, as tIel : .l~ !uelwood. 

Community fuel wood programs entail a number or organizational.admin­
istrative a.nd moti'Jation problems discussed above. In Kenya community 
fuelwood programs \Jou1d probably be most likely to succeed if organized 
and initiated locally as Harambee projects. instead of being imposed from 
above by the government. AID could offer to provide seedlings to auy such 
group wishing to begin a community tree plantir.g project. 

Agrofores try , another project component, caD provide a variety of 
beneiftA such as fodder for livestock, food for consumption or sale, 
building ~nd fence pOi~s improv~d soil fertility and soil conservation, 
all of \Jhich are li~el~ to mak tre~ growing attractive to many small-
scale farmers Civet. existing patterns of small-seale fanaing in Kenya, 
tree planting along boundaries and scattered thr~ughout various plot. 
on a farm are likely to meet with more success than attempts to encourage 
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farlten to 'TOW c:on~entrilted phneation, or IToves of trees. Farm siz.es 
are .icply too smalf to favor tree plant3tions since there are too many 
competing uses. 

Tree species most 1 ikc ly to b~ fluickly .:J ciC'pted by fnnners are cthos e 
Io.i th t h~' N>s t irl.'t~';ial e :.1 ' ;'; d i ""CH C rJ n.;~ ot b,,· n~! it:;. n '::lh~ rits ::lu<:t :' e 
d .. . ,H 1) 1'~ 1 -=',,j·.~": =>/ ~:;,- ~ ... : . .; r if I. .. i... ~o Jt.".''': '~~ sotte ... f b ~:; ':''':::'l'C ... !,::,Jc.r .:ond 
time to such t.ls ks as pl.;;nt.in;;, weedinG. prur:i~r;, .lnd harves tinG trees • 
•• these tasks ~iLl compete ,..ith other essenti.ll 3gricultural tasks. 

In many parts of Kenya. men and wnmen are each responsible for certain 
sp( ~ ci£ic crops and trees. Th".s efforts to introduce tree planting on 
small (arms must be done with an understanding of culturally defined sex 
roles end d.ivi5inn of l .. bor so that eytension efforts can b~ directed to 
th~ apJlropriate family mernb~ r, and also so it is clolar at the start who 
\"ill u, .. '-~l. ~ ~r c;n ..1 pa rti'- I..l~' j.lr':'~l'a~. 

Finally, before e3tablizhing secdlings in a nursery, basic research 
should be done co ncerni~g existing tree species and uses in t~e area. Local 
peop le have cxtl?ns ive knl'u ledge of local tree s"ccies and uses and this 
inf arnation should be used by project f ores ters. 

Cooking Techno logies 

Four cateeories of fuel-conserving cooking technologies are considered: 
(1) improved thr2e-stonc fire; (2) improved wood stove: (3 ) improved 
charcoal stoves; and (4) biogas. As discussed earlier, i~provements in 
traJitional thre(?-stone fires and wood stoves are most likely to benefit 
thp. poorest 40~ of the population; improved charcoal stoves would not 
benefit the poorest 40%, but could benefit a luge portion of the rest of 
thc popUlation (with the exception of the wealthiest 5-10% of the rurnl 
popUlation) • 

Host of the rural poor in Kenya cook inside a small. hut using 
traditionnl three-stone wood fires. Better off families who can afford the 
initial purchase and charcoal fuel costs tend to use a jiko , though some 
of these prefer the taste offood cooked over a wo~d fire. Kerosene stoves 
and gas cook~rs are preferred by the wealthiest 15-20% of the population 
and are considered important symbols of status and upward mobility. 

Fuel-conserving improvements in cooking techr.iqces would produce 
national level benefits by reducing wood consumption. Such improvements 
would also produce individual labor cash saving benefits for the rural 
poor. 

Improvements in Traditional Three-Stone Fire Cooking 

For cultural reasons, improvements in cooking technologies are likely 
to be a very low expenditure priority in most households, since cooking 
and collection of fuelwood tend to be regarded as unimportant, low statu. 
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U.k .• , and ul" ttend to control cuh, In any CHe, luch innovation. should 
probably require ca.h outlay. of ~o more than about 5-10 .hillinG' per 
ta::1i1y a.'!'IO:li the poo rlo!st 40% of the popuhtion. I.'idc diffusion of new technology 
AIIIIOIlj' t-his segu:ent \Jf the pupulation ,",ould also re<juirc very sinlph con.tr~ction 
and maintenance procedures. since this group hal very little acce •• to existing 
extension services and institu t i ons. 

Curren t ,o~ i a l benefits of traditiona l three-stone fire cookin~ 
" .. hi. ch I::U Sl be t a.t.en int o accoun t in de ~ i C ltin& impl·O\' ~·:l ,:.n ts t o i t i nclude 
provision of light, \o,'armth for space heatins. a social gathering point ..... ood 
pre.ervative, and aninal. insect and pest protection. S' ple, low-risk, 
l o~cost improvement s in three-stone cooking .... hich do ~~ seriously alter wood 
fire benefits listed above might be feasible. For ex -;}1e, a horseshoe-
shared .... all enclosing the fire might be acceptable· '.d t were not mort: than a 
few inches high. Other means of improving fuelwood efficiency in traditional 
three -ston~ cookinc . such as drying wcod before burning, are of len not possible 
bc r ~ l1 se (\f severe L'~(}r and transnor t conS[raints the rural pao r f ,ace 

since many t radi tional f ood s requ i r e long hours of boiling , rather than 
sUnrr.e ri l'£, . it i s p05~ible that hot boxes or solar waemers ,",ould not be adopted. 
Additiona l research is needed to establish the suitability of these devices for 
.:ook ing traditiona l Kenyan f oods. In any ccse, they must be made from 
ine~ Jlcr. s i 'J ~ locally ava ilable r.laterbls. 

Mud and Clay l-lood-Burning Stoves 

Although various groups have attempted to introduce them. mud and day sto'/es 
have as ye t met with very limited success in Kenya. They are foul".d primarily 
in deuonstration uni t s and in a few individual hom~s. often in conjunction with 
other cooking methods . It is not clear whether lack of information or 
disadvantages of the stove models themselves is the major cause of their 
limited diffusion. Careful assessment of user acceptability (durability, 
economic and soc131 feasibility) should be undertakc!n of the various 
stove models bei~g demonstrated. 

Factors which may limit their acceptability include height, cost in 
labor and cash required to construct them, availability and durability of 
materia!s used and cultur.o.l factors, such as "backwardness". associated with a 
mud stove. In additioni available data suggest that some of the design criteria 
of iQproved stoves conflict with certain benefits (e.g., space heating, 
smoke) uf traditiOllat fires. On the other hand, as fuelwood becomes scarcu 
and purchase and collection costs increase, s'toves with significantly 
lower fuel requirements may become a higher priority in rural area. and 
adoption rates may increase. 

Improved Charcoal Stoves 

Costs of purchasing the stove and fuel make charcoal atoves unaffordable 
for most of the poorest 50 to 60% of the population. At the .ame tbDe, 
the sector ~~ich can afford jikos may not be villing to sacrific . scarce cash 
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at hand to pay the higher purchase price of an improved jiko in order to 
uali%e longer term bcnefits of reduced operating costs. In many cnses, those 
who hnve mo re cash on hand would l:ie more interested in buying a~ kerOEene bo-rner 
f or st"tus reasons rathcr than a better j iko. 

Ch,u-co.::l is , hc~:eve r, the preferred cooking tN.hnique fer that segment 
o f t he n:nl and ur ban poor v tlO depend on purch 3s ~c! {'o('lking fu c ls since it is 
more convc;1 i ent t o use and cas i er t o tr .. !'Is?orr th:lfl ·. · <~, ... d. In cor.:pnrison to 
mud and c lay stoves, me tal charcoal st ove s h3ve the ~dv~nta~es of 
durabilil y, port.&,bility, small size, and low mainten.:mce rcquirem~nts. 
Scrap mC Coll cooking technclogies already exist in Kenya and because jiko 
makers Ilr c more cen: rally located (though mostly ill th~ informal sector). 
it 'oIould be easier to disseminate rle'ol me tal stove designs than it 'oIould be 
tn di s .o; em in ate i mproved mud or clay st oves. 

:.: ... !. .', - 'J-i ~ :' ~ cl ay st oves, hO'olever, further cxperimentoltlon 'oIith jikos 
H :'c'1'..1i:· C' r! to pr ('l ,juc l! a cl c si Cn t oal i!i s.;.: i all}· :.~~~;·: :-: :' le :md cnno:nically 
vi .. bLe. Some of the new jiko d~si~n in ~L! nya are 5.1 1': to be too slo'ol, too 
h"'! av y, t oo bulky , an:! t oo r.~:p cnsive for most people to be 'oIi11ing or able to 
pay o; hc initial 'purchase prices. ·-In addition, they take lotlger to build and are 
the r~fo r c less attractive t o manufactur~ rs. 

Bioges 

Biogas pt oduction tedmiqlles at the individual farm level will not be 
included in this project because costs of these syst~s fa= exc~ed the capacity 
of all but a small minority of the rural popul~tion. 

c. Ca\RCOAL PRODUCT~O~ 

An estimated 70% of Kenya's charcoal is used in urban areas, about 45% 
in Nairobi. Most of it is produced in rural areas using traditional earth 
kilns in which an estimated 75% of the wood's energy is lost in the conversion 
proce~s. For the rural poor, h owever, intermittent charcoal production is often 
an essential source of income. Thus, any yield increasing improvements in 
traditional charocal making techni~es wauld be~fit poor producers in both 
high and medium to low potential lands by increasing their cash incomes. 

Demonstrating improvements in tra~itional charcoal production techniques 
to informal sector producers is lKt~~elY difficult, since many of these are 
"il1eBal" prcducers and many liv~ in ~!reas diffil!ult to reach through existing 
extension mechanism s. Moreover J prodl.cer s operating near the subsistence evel 
have a low capacity for experLn~nt~n~ with new techniques. Simple improvements 
which lie within the range of some~ttadi~\iCltlal producers include using 
dried wood J uniform sized pieces of ~'ot!~ packing wood more tightly, 
covering the k.ilns with a sufficiently thick. of earth, or adding insulation 
barriers (e.g., tin containers locally between soil layers. 
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SftIall-Jc ale produ cers t o vhom information reguding improved technique. 
would b. oore easily di,s~inated are those who obtain permits from th~ Forestry 
De?artren t t o cut t u es in specific f or es t ar ens . Some of these individuals 
can offord better tools such as ~xe s, or occal 10n311y cross-s~ •• or chain •• vs. 
Improved eec hod s could be pub licized to t hese producers, for example, via perhap~ 
t he For ... !i t:- :. vl?Olt.nent O r ~ jjnistr y 01 Agriculture enO!nsi on offic io,ls, though 
tht! (orml:!r cur r en tly l ack the ncce ss .. ty e:( cension personne l. 

: ?:- o'"d ch wr ... ~ ,I PI'.::.J;Jct i o:'l t ... c!1Ili4U,;>S bV Cl lvir.g pClrcable me tal ki lns 
or se:'li-por toblc brick .lnd masonr y :...i1n:i are much large r ope rations. Before 
investing heavily in l arge-scale, c ~pit31 intens ive charcoal production 
mCl hods , i t is necessary to evalua te more full y the ce%rl:!e to which this might 
si gni f icantly r educe inc om~ among small-scale traditiona producers, who 
mi ght be e liminnted fr om pr oduct i on . Por t abl e and semi-portable kilns require 
a conside rabl e cash outl ay Cor purchase. as well as high co st of transporting 
Io' Oud , Ilhicil p l ~H.:e such Uln.:; beyond the m~ans of tr .lditiona l SOI .:l tl-scale 
p r('All ~"'rs . 

FinaLly. l h,:,ugh ri s ing ratE:S of charcoal consumption inVio,ve short-term 
bc'n, .. Fits for runl .... !- ' .. co.'l prcod uc(>rs in the form of incTt'a~ " :~~"""''!I~ . th~,:e 
ar e negative cClnsequences in the long t erm , ~s rural ~ood ~upplie s are depleted 
anJ the poor ha\'e t o tr ~'.·cl longer dis t ances .1nd spend more time ;lnd money on 
fir cI"ood to nee t : heir 0 ... 11 needs. 

D. i,'At ER TECPSOLOG I ES 

At least 4 million peup l e in Kenya walk more than a Illi l c in the dry 
SC;l!;On to get drink ing Wolter . According to a stuJy of 10 distric ts in 
K~llya by \,11iting and Kry !:: tall , women spend up t o 6 3/4 hours pe r day fetching 
W.:lter. Since t.·omen tend to be respons ible f or a number of ct !~,:,r domestic 
and agricultural tasks, reducing time required t o collect water could 
significantly increase labor time available for more product be activities 
and could th .. reby indirectly produce increase!> i~ rural inco::: ~~ .::nd improve 
general welfare. Rural water supply system(J can increase per capi ta ~ater 
consumption levels and thus improve hygiene and produce health benefits for rural 
families. 

Water supply projects are a very high priority in rural Kenya. A~ 
estimated 100 new Harambee water projects are begun each year. However, 
problems of scale, inadequate organization, and poor technical capabilities 
have limited the number of successful, locally based and initiated rural 
water supply projects. Rural water supply projects ~st be very simple, 
cheap or receive government assistance, and easy to maintain in order to 
be successful once external project personnel de~~rt. 

Windpumps 

Windpumps are very site-specific, requ1rl.ns adequate wind and. 
wat~r tables that are not too deep; however, when these conditions are 
met, a windpump could serve as many as two or three thousand people. One 
problem that must be dealt vith is that windpumps require greater storage 
capacity then diesel systems since the amo~nt of time they are pumping cannot 
be guaranteed. 
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As diacul5ed in the technical analysis section. some of the wind-
PJfllp prl)jects in Kenya h'a\'c been uns uccessful due to problems with enain­
tcnance and rcr;t ir .1nd incompatible patterns of social oreanitation. Notable 
succcsse s in windpo .... e r "ppC ol r to be confined to projects undertaken with 
external f undi:1.g :>t religious missions or 't:>y individual (usu311)' eXP.1tr'S-,Jte) 
l ar : c- sc3 1e f a r- ~r~. 

Since ... ·: :1 c! ~., ; I; ·; 11.1':':: bt;:t! ll in 1~",ny .J for sC\'(>l'.!l dc,cadcS ;>.Ltd ~a'.'l.! not yet 
~ ~!"IC'r :: I " ':! snit: '; ~:"te :- ,: ~ '.: !.:: t1...~ f>': \':r t :::I ~n t, '.' ';- :-)' ~d ef ~ : ·J c!i e.5 of :hc 
r e"s~\ns [or this ar e J. necessary prec eden t to any iJ.rge atteT:lp t s t o intro­
duce still mo re wind pump proj ects. A f ew demonstration projects might then 
be Wol r rant ed if, for example , such studi~s indic.lte an unawareness on the 
p,Jrl of policy mdke r s of potential us~ s uf wind power substitut~s for fossil 
fuels . A VUblicit), campaign \-/Qu ld prob..'lbly be re quired t o counteract the 
preva iling ;:tt i tuclc that diesel. pumps arc a sign of !ldevelopml'nt". while 
wi nd:-' ill s arc. "ba ckward", 

'. -~:! :~~ 7·· . . . , . .. ~: . ,' j' ;i igh.; • . v , . , . .. ... ... .; . ;:6 ~ : .. ,; . .. ~ ~ _1~ .:. .. .. 
· ... i ~·,!·· :!~ ~ n :: ;,':l ~! . . :; t:l ·: i, ,~~!;;, hli s ; ·.:.! .. ·.: "ou id r ,,~; : l. r.: sut:st.;: :. ~.i :ll govc t":;:· :~;-L t 

fin and.J I and te .::hnica l su ppor t since t hey far exceed the financial and 
tccilllical capabii i [ies of ::\:>n)'. rurai c;)i.munities in Kenya. 

Hydrams may be su it.lbl e f or small- scale community water supply systems 
in areas such as the highl.:l ods , where much of the population is concentrated. 
A h)'dl':!.!n can potentia lly supply about 120 families in an approximately three 
by fou r mi le area. Because County Councils are t urning from hydrams to 
die se l wate r pUl:!pS , ~econd -hand hydrarns are sometimes available for as little 
as ah c-ut Ksll. 4 , 000, though llCtJ ones may cos t Ksh.lS,OOO or more. 
Second- hand hydrams are thus within finan cial reach of groups of families 
in · \}eal thier cash crop grol.·ing areas. Families living 6n dispersed farms 
along a ridge (a sett lement pattern typical of nlch of the central 
highl al~d s, Kikuyu, Embu, and Heru areas) have in some cases organized and 
contributed ~oney to purchase and install a communal hydrrun, pipes and 
storage system to supply water for their own domestic use. Field visits 
to exi s ting hydrams indicate, however, that even the fairly s llilple mainten­
~nce involved (usually simply cleaning intakes) is a problem, as is replacement 
of stolen and worn out spare parts such as rubber washers and gaskets. 

Thus, these projects face several social, political, and technical 
constl'aints, and seem tc requ!ra a fairly special set of circumstances 
in order to succeed. A return to use of hydrams in government, as opposed 
to local communal projects, on the other hand, requires a change in preference 
away from single unit diesel systems which produce greater output ~t increasingly 
higher fuel costs. 
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Human and Animoll Po~ered Pump. 

Although hand pumps are not common in Kenya, they have rertain intrinsic 
advant olf,es which 5u g~es t they deserve attentio. These include relative 
simpl ic it)"l ov· cos: , and e.1Se of mainteni\nc~ olt holst in are3S where the 
water l!"'ve l is hid: cn(lH~ h to l!~e p UM;'!> lI ith abt~vc grnund acc~ss t o the 
piston), A major disad\'ilnt,'ll,e of h il~-.ll'urnr s, howeve r, is rheir apparent lack 
o( 'dur .,bilicy unde r cond hci or.s of h(>a"y U!'IC by mJny ind ividuals in cOIT'f'"lInity 
water supply systems. Handpumps might be conside r ed in areas of high population 
densi ty where a r elative l y !'Omall numbe r of families could pool their resources to 
pur chA se one for thrir Oto't\ shor ed use . Local social. and political organiza­
tional problems such as those discus sed ~bove with respect to hydrams could also 
be a fac t or in hand pump sysre~s. 

Foot and animal 
mp'jnt ,.. ~ ~ .... ,! 

not \.;i (:c> ly 
c, ri t c ri ,~ 

knol,'n in 

p owe r~d pumps m~eting low-cos t, 
~h"''.! ! (! .. ;1 ~I) be ccr:s ;. ~~ r c 1 ,1': ,' 1~ 

Keny"', 

c. Sl::'~IARY OF CCfJ:~O~IlC A:,:\LYSIS 

low-comp lexity and 
~?ti ;:,~ t!::,u"'h t hey 

1010'-

This project wi ll help the COl{ iden tify and in roduce measures to increase 
l':(lm!:leric31 energy efficbnc}', stimu13.:e .1.ifore!::3ticn 3r.d i nt cgr.ltion of trees 
in to agricu ltura l 3nd liveotock production, develop and disseminate morc 
efficient cookstov~s and charcoal produc~ion me t ha1s , and speed substitution 
of renewab le energy f or coomne rcial energy in applications such as community 
water supply. 

1. Energy Conservation 

The two larges t petrol eum consuming sectors are transportation and industry. 
account i ng for more than two-thirds of total consump tion. There is significant 
pot ential for conserving energy in these sectors by incorporating a 
mixture of low cost "housekeeping" impro e ents as well as more significant 
changes. With an i,~gr(!$sive conservatioit program. over the next five years, 
Kenya cou ld achieve zero growth in petroleuanconsumption or realistically even 
reduce petrolecm imports . Ttiis will free capita~ for the investment _hich is 
essential if economic growth is to keep pace with population growth in Kenya. 

2.Woodfuels 

While it is difficult to quantify the costs of deforestation in Kenya, 
analyses by the World Sank and other organizations have documented the clear 
relationship between deforestation, increased soil erosion, and r.onsequent dam 
siltation, decreased agricultural productivity, loss of wildlife abitat, and 
other economic costs. These studies conclude that costs of not addre9sing the 
deforestation problem far outweigh the costs of afforestation. Studies of the 
Tana River indicate that this same relationship applies in Kenya. 
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From the perspective of the individual farmer, current prices offer little 
incenti\'c to grow woodfue l trees as a cash crop on high-productivity l.:md rather 
than d~voting this land t~ asriculture or livestock There is some scope 
for increased production f r om rnargin ~ l p~tch~s of llin~in hieh ana medium prDauc­
tivitv arells and frem afforest,Jtion in r.l.lrginal .. rea.s. - UOIo'ever, the greatest 
potent ial -- and c:rcatest C'c:onomic if''=(>~tive to the f.:l!'::o.::!r -- lies in 
in t l:'<!. rtltlon of multiple purpose tre ~ s into crol;) or livestock plodl·ction F:ystCT:\S, 
D I.' \·'l ~ j O·l of 1') : Cl ~ :. f.::r -: or r .. mch toj ;:N, rOjlriaL~ tr e(.' s C.:ln prcuuce \'aluab l l:! :ucl­
\Jood . po le!'!, and forldeor \ 'h i("h .::It tb~ "' -., .~ tir.e i:;· ;"~·.·: !>oil =..:~·tilit), 
suf' fi c i antly t o ~\lpport a~dcultura f yields equal to or greRter than those 
achieved when none of the lanu is devoted to trees. 

3.Cookstoves 

COClkstovcs may be either oVller-built or purchased cOII'~ilercially. O\-1Oer­
built s toves eeno;:c rally req11ire a ruriJl householder to "invest" time to build 
the stove in return for a flow of ti~e s3vings duc to reduced firewood 
"'1:' 11 ,,...~ ; C'~ . . . ·· :i t' .:'~· c ~: · .. -_. _ .. :' . . . ~ ;>:..::; ...... :.:. w .. ..: li...i:;",J ali..".,c. 
enti ]' c ly t o c!1.'lrco:ll j£1: , ' , ·.-!h.:: re ~ c .-. .. :· l:-.vcs t::-.e nt in J.n imprvved ji~o provido1s 
a ~tr cn!!l of cost savings due to reduced ch~rcoa l purchases. 

On purely ceor.c::'!ic gro ".!;1~s , bO::l ..: .• ;;er-built stoves requiring no cash 
ulltlny and improved jikos should yiE.!-1 ':e ry high economic returns -- over 
10007. nn a discounted ba~is. Since J.dopt ion of such improved cooking devices 
is spreading vl!ry slowly, ~couomic an.llys is alone 3ppears to be an insufficient 
basis on uhich to conclude that the p=o;=am will be successful. The 3~ility 
to overcome obstacles such as lack or ri.ne t o mak\.! the earth!.!n stoves, lRck 
of in[Ol.'::Iation. r eqLl;red ch~ng~s in co{\king me t hods, lack of enough c,Jsh at 
anyone time to plll'chase th", nore e:-:p,:,r.s ive improved jiko, or other facto!"s 
dis.:~ssed in the Social Souno:lness t.;'l .;1!:·:;is are more likely to determine whether 
or not it'lproved cooks toves are adoprp.cl. 

A t hird stove category is one ir. ':'!"lieh rural persons using firewood must 
spend money -- either t o buy a e~~ r~ia l woodstove or to purchase metal 
chir.lnl:!Ys or other parts for an owner-built sto' .. e -- in return for a stream 
of time savings (reduced firewood ~~~ : ~~tion ti~e). Very little is known 
about the rates at which households " . various income levels are willing to 
trade money for time or vice versa. !::,perience suggests, bowever, tbat for 
the rural poor -- AID's primary targe··t groups 3nd the group most likely to 
be. using three-stone fires - only Vi.:ry large and bighly probable 
time savings would justify even a sm~ll cash outlay. 

The Economic Analysis also addresses the costs of cookstove extension. 
Present unit extensi~ costs to disseminate methods of owner-built stove 
construction exceed tbe price of most commercial wood/cbarcoal StOVC9. 
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4. Improved Traditional Charcoal rroduction 

The econ om i c return (rorn inexpensive improve~ents to truditional charcoal 
ml'lking techni11les -- such .,15 ir.lproved wood harvC!sting tools or utilizing 
met .. l debes t o reduce cor,tll~ination of the charcoal -- exec-cd 100% afte!' 
on l i' Ont firi 'r.r. . 011 the otlje r h.,1nd, s (~, nll c.1?ittll-intensiv\! technolog ies 
su ch AS "port '!"le" u:etal id.l.ns uould se Ct'! to be b,~ynnd th~ r each of tr.:ltlitional 
sr:Jl l-scale ch.:l r coal produt:~i rs: and, ~ven uhere a producer has .:\ccess Lo 
!" JCfici.ent capital, the projected returns may not be sufficient to U:lrrant 
thc invc:ltmcn~. These and l larger-scale charcoal kilns. even if affordable 
0)' the sm.1ll producer (whic ~ they arc not), in fact appear to be economically 
attractive only to producer~ who own their own forests and thus f!I"..lst ·take 
in to account the COHS of f 9,r es t t:lainten~nce or of defort:.Station. The great 
majority of c,Ftlrcoal producers in Kenya currently can pass this cost on to 
soc i e ty and hence huve little incentive to spend sCurce capital to improve 
('k • •• ,~ 11 pr e !., '~ ! "l\ yi ~ lr! s . 

COl{ ; .olicies intended t ? gradually or suddenly move from the 
pr. (tscn ~ Sy5thl of small- S C;llj~ intermittent charcoal production, ""here the 
producers do not o\..'T! or t ... ke trespon !>ihil ity f or tl1e source of their rau 
materials, t o some type of sustained-yield industrial production system 
potentially could have ve ry slerious negative ecollC)!nic consequences in poor 
rural are s. Aside from recular charcoal producers' loss of income and 
,employ ment, one of the fe .... s ou rces of cost income for subsistence f en:;; ::rs 
W'ould be r emoved . Also, this money stream may constitute D. very real 
econonic slioulus in t10~e rur~l arcas. The socioeconomic in?uts of any 
such policy shift thus shou ld be carefully weighed against th~ expected 
economic and ecological benefits of reduced or existing present deforestation 
trends. 

5. COfl1lllunity 

As a public service \"hose capital investment generally is financed by 
gov rnmp.nts, community water supply is characterized by a completely different 
economic decision-making calculus than are. say, cookstoves or otber investments 
by individuals. First, systems entailing capital investments or operating 
well beyond the reach of AID's target groups even on a per capita b:lsis may 
neve1."theless be finan- ed - witne~!' many diesel pumping systems. Second, 
government agencies may not be as responsive to perceived cost differences bet"'een 
systems as would an i rtdividual decision-maker F:.·""clly, because of the 
~e"aration bctt~cen development and recurrent expenditures, a decisiC'l" to invest 
in a given system doe~ not necess.arily e~\tail a related decision to invest 
in the maintenance labor, spare parts, etc. necessary to keep that system operating 
once installed. All these characteristics can be seen in coumunity 

.water supply systems. 

It is misl~ading to generalize, because the relative economics of alterna­
tive water supply or irri8atio~ systems are highly site-specifie. In general, 
however, where uind regimes and other conditions are appropriate, windmills 
are f ncreasingly attractive compared to di-'- el pumpsets ~s the scale of 
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w~ter-pu~ping needs declines. It is for small systems, where even a small diesel 
pu~p would ~e ~ccJcd only one or t~o hours per day, that windpcwer appears 
economic. ~:ere rr.ore kllO'W!l aboCit frequency of outages for diesel units and 
the costs to users of th~se out~gcs (due to increased water collection times, 
incl"c.:Js(-(~ i'\ciJ'::1cC of ,,,-;,tcr-Dcro-" dise:1s" err:.), windnills presl!~~:.:.lul:J 
1' •. ulJ ~'l' L: c::u~li c (":,'1' d orc'zldL!r r,1:1ge. 

lI:;ur:1 ' •• : .11'(: CVl:~'. ~:Jrc si t',-cpc.::iiic .1 ,"..! a?prOpri.llc to even S'.i.;:] ler-
scale syslC::!~_ Th2Y l'epresent il specializui application, meEting a specializc:d 
need, where rli~sel or other units cannot compete. Similarly, simple solar 
cl~salinatinn svstems meet a specialized need, and for that application they 
generally liill be the most eco!1omical alternative. 

Solar pumping systems nre not includeu in this project because of (1) 
tbe high cost c,nu rcliilbility problems of lhermodynamic syste:TIs and (2)the 
r.; ~h (''',ot nf :" "r~"--,' ',ic svc:t"'"1r, ard likol ihond that, I-,'ithout any Kenvan 
r~s2arch or ~~~u!1s~rJtion e1101'C, cost will decline precipicous~y and reliability 
al"J other cperJ.til':; Ch.1rdcteri~tics will imrro"e in trlc years ahead. 

An J.r.ditional factor in corr.r:Junity water supply systems is the potential 
fL'r locil.: cl3.f.ufactu::<2. Th.o!':'e current ly J.re tl-!O cor.'T.le::'cl al I-lindmill 
proJL!'~ers in Kenya, both tri-ill;j to establish themselves in this n~l-l and only 
slowly c~erging market. Although virtually all hydrantS currently are imported 
from one manufacturer in Englp-nd, there hac been limited experimentation with 
local hyJr3m desi8ns and conceivably could be future potential for local 
produc tic!l. 

6.S01ar Drying 

The pri~ary econo~ic benefits from solar drying are expected to be 
(1) reduction of storage, processing, and distribution losses and (2) 
ahility to fetch higher prices [or cash crops due to reduction of product 
contamination. In addition, tobacco or other large-scale users of firewood are 
concerned over future wood scarcity and are interested in solar drying as a 
means of both limiting future energy price increases and assuring energy 
availability. 

7 Orner Technologies 

Biogss systems are not included in this report primarily because the 
combined capital costs of both the biogas system itself and the an~mals 
needed to keep it supplied with manure put it well beyond the reach of AID's 
target population groups. Similarly, power alcohol has not been included 
because of the high capital cost of even small-scale systems, and the 
lack of obvious non-beverage uses for such alcohol by the urban or rural 
poor. Both technologies also have fairly sophisticated operation and 
maintenance requirements. 
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D. A.mtINJ. ST~,\TtV!/INSTlTUTION.\L FEA..f"1 BILITY St,}~lARY 

Tht:r p. .l rl,. s~\' e r ,'l adl"'in i S:!' n iv,' 
0IT..t: c ri c-i c;; : ~ .J ~:, .. SU.(' ol:>:; c:' ~ : ! 01!""( 

iS ~H I .. ,· ''' L" rt" t C'n ti.:l const1.· ,"'I i nr:s ... ·hich 
fl , ~ j' l"'df' '=. t. , 

First, the Hinistry of Energy is ne .... , relatively small, and still in the 
process of developing both its policies and programs and its relationships 
""ith other r.linistries. Many other ministe1.'it!s have ongoing operati ons which 
rel.1te direc cly co the activities rl:! commendcd in the project. The Ministry 
of Energy is in a position to playa technical advisory role for seve r.:ll 
n i nisld cs • HI,.' wever, e Xl- ~rience ,,. .. ith other prC"lg r3ms sll&~ests that inter­
min i !" cerial cooperlti oll is not e3sy. Both a fo r::ttl t intergdnisterinl 
... ,lu l·l:: , .... ;;ion -... ~ , ._ .. . ..... _ . .. l1d c: ~_,. i.;~: .. ; .... : _ c ., - -: -:: :-.:-! ".' ':. ''; ~ ! '" l"J' :: -'!o;t 

be esc .::u lishd • 
• 

!n addition to in terminister'al coordinat ion, coordination aad 
cO:1.'Tl".Jnicat·ion lines mus t be kept "pc" amon g l~le numervu !; donors w~1ich 
h.-We inid ute d. o r arc p~anning energy related pro~ect s. 

Anoth~r critica l administrative is sue and a centra l component of the 
project is ex t ension of the technologie s1 to t he poc-r. H,my ministries, 
particularly the l'Iini s try of Agdculture, have \oIeU-established e::tens ion 
networks . Still . ~hi1e pl'ogress h.:lS been me.de, there are difficu llies in 
re3ching the poorest f amili.es that constitute · AID's target groups. 

2.Init i~l Planning 3nd Surveys 

T~o adoinistrative issues should b~ h~ghlighte,. Firs t , this 
componeot req~ires th., r :-toE york closely wi th the Ministries of Finance, 
Economic P1anriing and Development and others paralle i ing the major enel'gy 
consuming sector s , such als Industry and A~riculture. in monitoring enC!rgy 
consumption and shaping national energy conservation policy. 

Secondly, 2 mult ~plicity of , donor efforts in 
a~sistance r uns the risk of not only duplicatio 
even contradi c tory advice. 

3. 

providing planning 
ut inconsistent or 

If it i s to initate effective programs out 1ide those oreas where it 
already has ongoing programs (e.g., electric power), th~ MOE must work 
• .. ith and through those ministril!s who airea9Y have directly related programs. 
In some areas, non-governmental organizat i ons als~ constitute ~portant 
resources on which the HOE can draw. 

Based on this role of HOE as an adviso"!y aud initiating organization 
~orking prioari1.y with and through others, the project at least initially 

U T-2.6 



viii ~lace the four long-term expert. (afforestation/forest management. 
alrofortstry. wood/charcoal conEersion and end-use devices. and an ~pert 
in renevab l e energy \lacer pur-ping systems) and shorc-Cerm consultants 
in the MOE. \,lith the un~entanding that most of thei r time will be spent 
working \,lith other Ministries. 

rUf suin; such .. m adv i sor/in i t iator r Q.:l e p~ s ri sks for botl, HCE 
and the project. Op~racinf. minist 'e s In"Y spu rn }IOF. offers o( assi stance . 
or ' tht!j' m.:ly be rel uct.:lnt t o di rec t their ex t ension or other r e sources t o energy 
from whatever they currently .:l re 'orking on. As in mos t other countries, 
in Kenyl1 the power of a govC',rnr..e:"l;t organization generally is related to its 
site .3nd the nature ;tnd sc:opc of it~ oper ating proe,r.?,ms. Over time, the !,tOE 
may become dissatisfied with an advisory role and try to launch its own 
operucine program, for example in fuelwood. S~~lJld it do so, it is much 
more likely t o be viewed by other ministries as~cnmpetition. and its ability 
t o .... ork with or through them in other areas .... ill stiffer. 

4. Applied R (>~p.:lr ch and Development 

Yu c 1 \tood.' As:. rc ~ oret; try Cen t e rs 

The pro j ec t con templates six fuelwOt)d/agroforest ry research. demonstration. 
and extens i on centers. Nursery operat i ons and eAtension farms and corrmunication 
are major components of the centers. Both MOA and MENR already have ongoing 
nurse r y and afforestati(m extension programs in all or mos t Districts. 
While they curren t ly are not sufficiently extens ':"ye to satisfy all demand, 
they have demon:;tra ted a capacity to expand and certainly ro!present a 
strong base on which to build. Particularly the N(lA -- with the largest 
farmer extension program in Africa. a network of mu lti-purpose tree 
nurseries, and a strong interest in agrororegtry as a soil conservation 
me,asure -- provides an excellent basis for t!'l.e pt' oposed centers. 

Accordingly, it is intended that, wherever possible, rather than 
establish neW' operations, the HOE contract .... ith the }lOA and HENR to operate 
such centers tlith funds provirled under the project . As in the case af 
extension, this project W'ill require a substantially greater degree of 
interministerial c'ooperation than is required of mo s t programs operating in 
Kenya. There are, however, examples of other cooperative programs and, in 
the case of the Rural Development Fund, for examnle, of both contracting with 
other ~inistries and transferring Authority to Incur Expenditures. The MOE 
appears willing t o operate in this man~er, and the appropriate organization 
within the Hisist.ry of Agriculture supports the project concept and desires 
to participate on this basis. However, the risk of interministerial conflict . 
or simpiy inability to work effectively together does constitute a dsk 
for this project component. 

Energy Development Fund 

The Energy Developmeut Fund will require involvement of both other 
ministries and District or Divisional Development Committees to publicize 
availability of the Fund, encourage grant proposals, in sOme cases pI' pare 
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propos~1 6 dir@ctly, and ~akc fun di ng recommendations to ~OE. Again. 
the Rural Development Fund provPd ~ s a ~de l for such participation. The 
MOE and its l ong-te rm experts also will have to work c losely with non­
g~vcrnnle nt,]l organi l:uli"ns LJolh to ~dp dC:'.'e lop and c·:a l u.1te propos:lls for 
progr .11'l &rant fund in o;; .1nd to enC'(lu age th C!r.l to stimulflte local project 
pr opos.l l s . Fin.lll y , ::0Z will hJ.VI! t o :lorD c1use l y wilh rfll .Hed funding 
&.) \.Ir c~ ' . inclucii n& tilt! N \"u 1 O,2\ .. i l.' p:n .. nt l"t.. nJ. tiLl! ::cs1' r,2 S(;,J. r d. lO ran: pro..;r.1t1 . 
and the soon-to- be es t ablished Nai r ob i office of th(! VITA/AID Sr.lall 
Energy Crants prog ram. 

Crant administration is r.ot viewed as a seriou s problem. The Fund is small 
and simple so that the HOE . with the assi stance of the Energy Planning 
exp~rt. should be ab le to establish strai~htfon.:ard procedures and to 
trab thi: Fund staff-. 

Ilo~ i to ring an:l ~valua[ on 

Beco1use this project is heavily orient~d t o\ir, "~rd exten'Jion and 
institution-building and because of the degree of in ,.r rmilListerial coordination 
r equi r ed , monitor inr, will be both complicated ana extr<?lIlc ly importolnt. I~ 
L lJroposeJ tha t. <:'5 interministerial agr eemcnts re ta rding operation W 
of fuel'~ood/agrofores try centers are being negotiated, an AID team be 
sent in to develop a detailed monitor ing phn. The team mus t indud.! a 
sociolo;ist/extension expe r t . Also. sinc~ some monitoring function s 
may have to be carried out by th~ ministries operating the~enters. 
it i s i mpo rtant that monitoring requireme nts Ile includ ed in the inter­
ministerial contracts. The monitoring plan will prov i de the basis for 
annuOl l projec t re'lh·ws. which shou ld involve not only HOE and AI D. 
but th~ other min ist ri es i nvo l ved . The team also will develop the plan 
fer t he r.'lidte rm aud final project evaluations . which again must involve 
t~thcr ministries . 
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v. DIPL£MENTATIO:l pl.A~nNC 

A. Administrative Arran~ments 

1. Government of Kenya - The primary COK implementing organiza tion 
wi 11 be th", ~lini5t rj' of Energy C!O!: ). The Office of the Permanent 
S.,c r etll ry, ::0£ wil? ol:.:;SU::lC rdi'ol1sibil ity for overall project performance. 
folare specific respon sitlilities f or individu31 project components. togeth~r 
""ith comments on impl ementation issues. are set forth belo~" ~ 

a . Initial Planning and Surveys. The Policy Monitoring and Planning 
Division , ::or. will be responsible for all actiyities under this component. 
Within thi s Division, a fulL-time Planning Officer will be 'assigned to 
direc t insta llation and operation of the AL-EDIS energy assessment system; 
a full-ti me Libr<'lrinn l.'i11 diC'ect install.3tion and operation of the Energy 
Data BanI: ':L\d Libra r y ; ar,d a f ull-d.o.e Senior Plolnninb Officer will be 
3,.!os igned a s counter part to the long-term Energy Planning and Conservation 
Expert to be provided as part of this project. 

The Policy , Nonitoring, and Planning Division cur rently has four 
f u ll-time pro{(, ssional staff members, of which two are economists seconded 
to the MOE by the Treasury, The Division has an approved 1980/81 budget 
level of eight professionals. Two current staff members have attended 
AID's Energy Management Training Program (E~[TP) at SUNY Stonybrook and are 
faniliar with the AL-EDIS system. One staff economist cut-rently is assigned 
full-time to energy conservati~n and has been quite active, although en~rgy 
conser .... ation represents a new field for him . . 

Beca~ls e economists and statisticians are seconded to MOE from the 
N'inistry of Economic Planning and Development, it should be possible for 
HOE to build its staff in these specialities rather quickly. 

Training will be r~quired in operation and use of the AL-EDIS system 
(both .... ttcndance at the EMTP at Stonybrook and shorter courses conducted 
by EMTP ectures in Nairobi), in operation and use of the Data Bank and 
Librarl (presumably on-the-job training), and in energy conservation. The 
latter will be tbe most difficult, since there currently are no suitable 
short (8-12 week) courses covering the broad field of energy conservation. 
It ~ay be advisable to develop a Nairobi workshop for Kenya only or, in 
conjunction with the AID REOSO, for last Africa to address specific East 
African energy conservation issues. The long-term En~rgy Planning and 
Conservation Expert and short-term consultants provided as part of this 
project would be the logical ones to develop and hold such a workshop. 

(1) mE organizations are based on the nProposed Structure 
of the Ministry of Energy", March 1980. 
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b. Institutional DeY~lopment 

The fu c h .. "o t:! E:{tcns ic..n Ex pert, Agroforestry Expert. Cook.tovel 
Ch 3:" C'co3 1 E~:r-e r t . Wind /Wil t e r Ex tensi un Expert, and short-term consultants 
a ss i~:lcll u:-: :.! ", r this proj .;c t c O!Jpo n'~ 1\ t ,,11 i n itially ~'ill be :lssigncd to 
the T~~!l :l ic .'!~ Division, ~'or:. the f irst t hrc(' of the long- t: enn exper ts 
t oge ther .... i t h r e lated short-term c onsu ltant s \Jill be under the Charcoa l 
and Firewood Sec tion whi le the fourth long-term expert and related short­
term consultants will .... ork in the Non-Conventiona l Energy Section. It 
may be t hat as par t of more de tailed project implc~entation agreement 
\.lith other Hinistries ( as discussed below), NOE will second the Agro­
fores try Expert to the Ministry of Agri~lture . 

Each long- term expert will work with a f ul l-tUne GOK counterpart 
~ :,:,·;i.; : ~\t .li. staff ~ .... : ... ;: - :~ ~ . .:; .::::·:.ltc= ~ : For ;:'" ' • :" r Ar. 5i~ tant t::onserva­
l Ol' 1 or equiva Len t i n t he c.:;.se of the Fuclwoo~ '· · : · ;~nsion Officer and t he 
A~ ro f ores try Expert and an Enginee r -- or, pref '~ l'ab ly, an ex tens ion 
sp..:c ialist of equivalent professiona l level -- i J : the Wind/Water Extension 
Expert. 

ltnplementation of this program con:t>onen t ·.d ll be difficult. 
The HOE and its l ong-term experts and short-term c onsultants \lill have to 
carry-out t he demons tration and extensiot"~components of the project 
larg~ ly through o t her Hinistries -- particularly Agriculture, (HOA) and 
Env iroment and Nil turlll Resources (HENR) for fOl.!S t ry; t hose two 10linis t ries 
plus Live stock Development (HLD) for agroforest r y; Water Development (HWD), 
BOA , Lands and SettleDlctlts (~!LS), and possibly !-';.D for water supply and 
irrigation systems; and OA , Culture and Sodal Services (NC/SS) and what­
ever ~iinistry ultimately is se lec ted to house th~ '/ il1.age Polytechnics 
for other areas of rura l extension -- and through non-governmental 
organizations. Exper ience with o t!ler programs sug:;es ts that ach ieving 
such close cooperation will not be easy . Honover, as discussed in the 
analysis sect i ons , achieving extcn.:;ic.n succes s ' :ill be difficult even 
with close cooperation. 

A particular problem i s that MOE has no budgeted positions for 
axtension spec ialists. In fact ther e is no such GOK personnel category, 
since field extension s taff are shown as Agricul tural Officers, Water 
Officers /Bailiffs, etc. It is recommended that the MOE use one of its 
six budgeted Non-Conventional Energy Engineer positions or a non-technical 
~!OE position to recruit an engineer with District or Division l evel 
e.'Ctension experience ( for ex.ampJe , 1'1 District Hater Engineer), and a 
f emale Horne Economics or Women' ~ Bu~eau extens ion specialist. 

A very important aspect of this project component is provision 
of curriculum deve lopme nt and train i ng support to Kenya training institutions. 
This will require that the long-term experts and short-term consultants and 
their GOK counterparts work closely with those i~stitutions . Also, the 
experts and consultant~ and their counterparts should require from each such 
institution, ~!ior to providing such support , written confirmation of how 
the inatitutioll intends to work such curriculum into its overall program 
and wha t support - i~ terms of teaching staff and materials, etc~ - it viII 



providl!. ne of t ill! carly tasks of the long-term experts should be to work 
with K~nyan training institutions to d~velop mutually agreeable curriculum 
dcveloptl'!n t i epIL:ient .J.tion plalls. 

U.S. Shllr l-Lcm. technical/extensi on tr:l ining at GainesviHe 
~ r e:lr.r.·.hc r.;o f.)r Po.! ' t:c1 j)_ d on. i n ::'::'lj' ;:!.n cou r h::> · .. ·ill h ... : encour.l ~';ci f or 
.1 r."''' .. .... , - ~ " .. ....... . 0,·,1 "t',nr " "" : - ' ''S'n'' '· ' "' ·"cl'cu · ' - l .- C'OS ' 1' " t'" • . : ,"_ ' , .. ... . ... , ..... ..... .., ... .. \:' ~ 1 ' - ~ ..•• • I ··· .. 1 •• J .. .,; •• .,; 

Ng - CI,nvcntionAl En o:! r zy Sec tiC'n (bu t no t limi t ed to them) . At t he dis­
cr~tion of ~IOE . such training oay also be provided to professionals 
in o th <! r Hinistries who arc working or are likely to work with the project 
un il cOllt inuing basis. 

Procureme nt of vehicles and other U.S. source co~odities under 
thi s <lnd the Appli ed Research and Demonstration component, includirog 
procurc~cn t of tr<lctors and equip~en t for t he fuelwood /D~roforestl~ 

~ .. .. . -
,ll' .... cu r \:~ :\! :l t 

U:S. !;our ce 

. "... ., : . :1 c:er. : _,";" . ~~l ~.,; .: :. ~.::~~:! ~L ~:ir":.: ,,, : . .! :': . :3 . 
~e rvi ~('s " ::t r ac tor such 35 i:: Ilv i' ::I:llly us ~d by .\ID , Nor.­
com:tloditics will be purchased through the HOE's normal 

P ·UCU l-r;:r.e nt proc~c.lures , 

A?plicd Rese~rch and DenlOnstrat ion 

(1) Fueh;ood/ Afforcstat.ion Centers: ~IOE will negotiate agree­
cent!; with the HOA and /or HE!iiR to provide land and operating manp0\o,'er for 
:J.nd uily-to- d.1Y oller"don and milnagecent of the fuelwoou/afforestation 
cr:nC p. t s cC!;scribed car lier . Other manpo\oler required at each center (and 
par ti cularly the tt:o eYotension spec ialists) will be recruited and super­
vi!;ed by t he Ministry operating the center. , .. ith fundfi provided uncler 
tr.is project. tlhercver possible, such centers will be based at existing 
norscdEs opcr,lt~d b;: one or the other of these Ministries. 

The MOE, more particularly its lo~g-term Fuelwood Extension ~nd 
Agroforestry Experts and counterparts, wil'I provide ovetall policy direction 
and oversight of all the centers. The project also will provide, through 
HOE, training of ct!nter personnel and. of the HOE counterparts. Such 
tra i ning will consist primarily of on-site oo-the-jo training. For the 
MOE cuunterparts, some center extension specialists, and possibly 
individua ls in MOA or MENR who are managing the centers' operations I 
training also will include visits t~ successful agroforestry demonstration/ 
extension projects in other African c~untries (e.g. Rwanda) . 

Agreements negotiated with lfOA and/or MENR will include detailed 
implc:nentation schedules, staffing plans, descrip tion of operatins arrange­
ments, and budgets fo~ each center. 

Within MOE , responsibili y for this project component presumably 
will be assigned to the Cbarcoal and Fuelwood Section of tfie Technical 
Dh·ision. 
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(2) Ene!]y Development Fund: With the assistance of the 100g­
tUaI EnE:r gy Planning and Conservation Expert, HOE .... ill d~velop a Fund 
icplcmtntation plan to include detailed lo~n/grant application and 
s elee d o, ;-roc e:.!t.:r.:- s , se l ec tion criterb. a rd grant tldministra tive, financial, 
techn i c.,l , and pro ; rai.l t:lana ~\: :!Ic l\c proc edu r es. i'!OC also \Jill dcfir.c; th~ 

stl1ffi " '; ~\J ;"".1n.:l ~~ ~;,~ r ur.1.! (co i:lclucil.! , a L a ninir.:ur.., a suit .1U I .' nr.:--
fe.s s i lJ .. ~ l rl.- r :ion t: i t~ fi.:!,1:',d.:d r.:.;!.ll.'l~ C~L, ,·t f' : :!>e ri ~nc:" ) 3:"1d C'lq;:lni:":"!':iC' :'l \ 
r espons ibility for the fund. Thl.: Fund currently is designated as a 
separate section under the Administrative Division, HOE. Ie i5 presumed, 
based on discussions •• lithf HOE, that the organization and staff which 
man.J.&es the AIO· fil1<lnced porti on of the fund also will manage other 
donors' contributions to the Fund or other donor-supported R&D loan r~ 
grant projects. 

As described earlier, specific project l oan or grnnts (,15 
0:; 1' ,)3.: ... ~ ..:: :. :- "' •. ..: , • . ~ r .. ~: : .. ..:. , ... ~. ; r .:.,.~.~) :.:0 :" ::>.J:-: :: .. ~~: ::! : :; it: :~l:.· 
... ·ill be l·.;:V : C ... ·..:J r-; the .l ~ i)r o p ri .ltc District D<!vd .... F~ .<!i. t Co:~.n\ ittee 

('DOC ) . Also , , ... here a pro ject involves the operations of another Ninistry 
(fo r eX.1!"p le, :·\I·;n for community .... ater supply systems), that Ninistry 
will be invo lvt:d in lhl! pro ject revie'-l. at the District and if necessary 
Na irobi l evels. The Fund i~p lementation plan will describe how the DOC's 
and other Ninistries are to be involved. 

Ev~ry effort should be made to keep the loan/grant pplication, 
selection , and :ldr.:d nistration pr ocess as simple as possible while still 
provic i!~:; r e.lsonnblE! .lssu ra nce of sound project selection and a c!egre~ 
of fina ncial and project accountability appropriate to the size of each lo.an 
or grant (ur,der $75,000 for program loans/grants and under $15,000 for 
project loans/srants). 

d. Honitoring and Evalu.:ltion: As described in more detail in the 
Honitoring 31id Evaluation section, the Energy Planning and Conservation 
Expert (I,'ho also will be the Consultant Team Leader) will work with his 
COK counterpart and other consultant and. HOE staff members t o prepare an 
annual project monitoring report. This report will address progress in 
r.tea ting schedule and cost obligations. technical and extension 3\. complish­
ments, cooperation with other Ministries and with other donors; rela:ed 
programs, problems encountered, and recommendEd remedial actions. The 
report is intended both as a management tool for the MOE and its Consultant 
Team alid as a means by which AID can track project progress. 

By no Inter than December 1982, an independent evaluation team 
selected jointly by MOE and AID will have conducted a thorough mid-term 
project evaluation. By no 13ter than the end of the sixth month pre­
ceding the Project Assistance Completion D8te (PACD). the independent 
evaluation team will have conducted a thorough final evaluation of the 
project. ~IOE will assign a senior staff member to work with this ' alua­
tion team. to review its preliminary analysis and findings, and to 
revip.w the draft mid-term and final evaluation reports with the evalu3tion 
contractor, project contractor. and AID. 
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2. AID) 

USAIO / Keny_ has ner.essary delegation of authority to implement this 
p:,ojec t. Th..:. pro j ec t will be hous~d in USAIO / Kenya's :'luit i -Seclor anll 
i:lIa:inc~ ri ::~ 1ivi s i ol"l , 1n aCCIJrda nc p • ... ith AID Policy Octct"::l in.ltion 
I !.O .68, All' \l ill i:nll~e':'c n t the projo!,;t th roubh a host counu'y con:.ract. 
H'Jt is pr t!l'.l n d to cc.nn it t he ~nagt:::t e il t r C S l)urc ~ s n\! c t! s s£lry to c:.ny out 
its responsibilities uncler such a contract. USAlD will be pro\'idcd 
\' .lrious Ho rk plans and other documents for its review, as discussed in the 
Conditi ClIIS Pr~cedent Scctivn • and will participate in both the annual 
project pr .:.sress rllvi('.w and periodic MOE-donor meetin~s held to review 
311 donors ' energy assistance projects. It also will select (jointly, 
with ~OE) the outsid e organization to conduct the mid-term and final 
project evaluations and will rev iew, with MOE and the project contractor, 
th~ t or :~: :- a tion ' ~ f i ~~i~~s . 

B. b ple!.h!n tation S(.!. , .".: :cs 

The prc li:nina ry pn' j .::c c implclO ent3tion schedule is presented in Table 
V-l. Specific worl\ C l'::CI~ll ts arc briefly diocussed belol". 

1. Assistance t o Mei jer Pro j ect. The Beijer Institute intends to 
cot:men..:c its f uell-'ood C;;.:l c Proj llct in October 1980. AID's portion -­
installation and usc I) ': t :.~ i\L-E1HS system and rel · tf'.d t!:aining and computer 
hardware ar.d software -- will be provided througt a sale source contract 
or PASA to cng;tge the Lu tit te f or Energy Research (IETO, SUllY Stonybrook, 
developer of the AL-EDI 5 s ysteQ. 1niti31 At-EO IS training will be provided 
by IER in the U.S . ad :;:.: irobi, since the next session of the IER Enargy 
Management Training rr Q~ram is not scheduled to commence until Spring 
1981. The schedule pr.: sented herein could change due to delays in other 
donors' commitment uf r.ill::.ir portion of funding for the Beijer project, 
delays in signing a C'{ -':' ract· or PASA author~zing IER to proceed, or 
normal adjustments in ~1 i!ijer's project schedule once it coamences work. 
In particular. the t bb:?, of this must be flexible enough to respond to 
changes in the timing ~~d direction of the overall Beijer project of which 
it is a part. 

SUNY Stonybrook i s uniquely qu~Jified to perform this task since it 
is developer and owner of the AL-EDIS system, which has been specified by 
name by MOE/Beijer. Stonybrook has trained two of MOE's four planners, 
using AL-EOIS for tralnLng purposes, and already has entered preliminary 
Kenya energy data into the AL-EOIS system. 

2. Beijer Irnpl c~cntation Planning Assistance. GOK will be given 
authorization to nezo tiate and add-on to its Fuelwood Cycle Project 
contract with the Beij~r Institute, not to exceed $100,000, to assist the 
~IOE on this project to prepare more detailed implementation plans and 
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finalize project ioplementation .rrangementl. Beijer particularJy vill 
assist the ~IOE in implementation planning for the fueh,·ood/afforesta.tion 
centers project cOr:lponent. Beijer will Assist in site identification 
And selection. sp~cics/seed identification aud selection, preparation 
of 5 i tc- s?ec:i f i c cos t es t i l':!:ac s and impl ementa t i on p l.lns. and :-;CH! -
::0.\ lnd !!O:::: - : ::::",; r,t,;o ti a d oll "' , t\dd i.tinn .l lly, withj n the limits of the 
co n rr.~ ct .'mC"lun t . ~~OE at its discretion m:JY have Ileij..! c provici.l other 
proj c:c c. iopl cr.'.cn c3tion planning assistance, such .l~ prepaucion oi pre­
liminary Energy Development Fund procedures and criteria. 

Ullder 3. sep.lratc contract, AID will prepare a fea!!libility study and 
prelimin,JrY i mp lemen tation plan for a f l1e l .... ood/asroforestry demonstration 
and ex tension center in Kitui District. This study will provide a 
prototype which may be used, for costing and implt~mentation planning 
purpo!:es, for all six centers. The Kitui study will be completl!d before 
-, :: . ::'cS i ::~ :' '; i-~· 1 ~ - · · · '''1 ''ion ?~ '!nnin;; l ~ 'iis tance under this project. 

Bci jer is uniquely qualified to provide this service s inCE: its 
Fueh.'ood Cycle S~udy aJc.:e:; s.::s f:l.lny of the i :i sues wh ich !:lus t be olddres sed 
to o:!s tablish the fuelt.1C1od/<,fforestatioll centen: o Its staff will comprise 
the on ly foresery and forer.t economics cy.perti se within MOE, and it will 
be providing closely related fuelwood planning and program imp1et:lentation 
assistance to HOE in any case, 

J. 
s. 

firms sh all technical ass tance and related materials 
and 
the 

e~~:~~:~.:eto provided under this projec t , with the exception of 
a provided undcr the prcceding two work elements. The 

RrP will encourage liberal use of Kenyan consultants where possible. 

Th:.s 
extension centers and related 
provided under this proj ect. Tasks shown under flPreliminary Period" are 
to be carried out as part of the Beijer implementation planning assistance 
described above. 

S. This element 
includes and Wind/Water 
Extension experts and associated short- term consultants. This schedule 
is meant only to be illustrative. Both the natur~ and timing of specific 
tasks are likely to change substantially dS the MOE refines its thinking 
in the months prior to contract award and as the contractor team, with 
its own views on how best to carry out training and extension work, arrives. 

6. Energy Development Fund. ntis schedule! presumes that work 
will not commence on the Fund until after award of the technical service. 
contract. Were the MOE and/Beijer to prepare preliminary procedures 
and criteria earlier, the Fund could be establis~d well in advance of the 
dates shown. 
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7. Honitoring and Evaluation. Annual progress rcportl will be prepared 
by the consultant [('am · ... arking in conjunction with :-lOE. The mid-tem and 
final evaluation reports will be prepared by an outside organiz"tion selected 
by AID 3r.d ~!OE. 

C. Oehl" [ I- :-- l '-:-:c:-:. ...: ~io n "rr :l:·.:':':.~ 

1. I nitial I r.1p! cr.l~nt3tior. Pl.lnning, Establishing effective 
cooperative dcco nstroltion and extension processes is critical to the 
success of the proj ('c t. It therefore is envi sioned that, as one of the 
first and highest priority tasks fo11o .... iog riDE a\iard of the technical 
assistanep ~ontrac t . the HOE, contractor, and AID would engage in a 
collaborative implemen tation p13nning proc~s~. This process preferably 
would be conducted through a series of interactive planning workshops 
which may stretch over a period of several weeks. The process should 
i::: .-, ':- ': ~ '-' -.:! l :.!!:;H~Ct: :: f ::~!:' :):'cjcct -- f'.: c l '.:.JOG .1:-.:! :: ~fo!"est .:~i ,., !,! . 
coc;kscove d.-:ve lopClc· nt , ~t c. -- and inv~lve, ttt appr op::-i.3te poin t s , the 
major groups th.lt t~ill have to carry out i mportant a s!"ccts of the project. 
t hese grou ps i nduc e , at a minir.;u:n , ~tOA, HE~:R (Forest D-=partmcut) I :·tOL 
(Village Po l ytcch:tics), ~ICSS (~·!omcn's Bureau .:md DO's), and at least 
one or ll.'o U::O · 5 (the NCCK is suggested). Short-term consultants who 
arc ex.pert in part i.cipatory p1.3nning processes should also be used to establish 
9.nd monitor the prbcess. 

The parameters of this implementation process purposely have been 
kept generttl in order t o allow the contractor, once selected, and MOE 
to work out, with AID, a plannin:; approach with which they feel comfortable. 

2. Contracting Arrangements and Waivers. It is presumed that this 
project will be i mplemented via PD-68 contracting procedures applied by AID 
for host country contracting, as stipulated in Handbook 11 "Country 
Contracting". Thus, for example, solicitation of technical proposals, 
analysis of the proposals, and final selection will be conducted by the 
OOK with USAID/Kenya assistance. 

As provided in PD-68 and recommended in a worldwide audit request on 
Host Country Contracts prepared by the AG, dated May 18, 1979, USAID 
will assess the ability of the Hinistry of Energy to implement a Hoat 
Country Contract. Should it be determined that MOE does not have such 
ability, USAID will provide the techn!~a l assistance stipulated in 
this project under a PASA or direct contract arrangements. Initial 
indications, however, are that MOE is capable of Lmplementing a Host Country 
Contract. 
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Soh-source contracts .... i 1 be authorized for pr9v LS1on (through Stn;"Y 
Stonybr ook) of AlD Is portion of funding for t he mu lti-donor Be ijer 
In sti tu te fu clwood Cycle Pr ojec t .3nd for an .,dd-on to the GOK-Beijer 
contract to p;&dd e the :10£ wi t h Fuel'olood /Agroforestry Demons tration Canter 
i l:1j. ~ c:ncn t .J. ti.c l'( pI.:lnni llg 3ssistJ.nce . Beijer is .3 non-U.S. non-profi t 
i nH itu tioti a f fil i o t t.!d dth the Roya l AC3dem}' oC Scienc -."';s in Sweden . 

One vehic le of non - U. S. manul:1cc\,; re -- 3 I.U('IJ Rc,,' ~r a:;:sembl..:>,j, in 
KC!n)' 3 -- \.Iill be provided under this contract. Sceds of genera o r species 
unava ilable elsewhere and selec ted publications for the Energy Data Bank 
and Library wil l be procured from outside t he U.S. or Kenya. Some 
materials and suppl ies for the f ueh!Ood/agroforescry or other extension 
work will ~e purchased locally and a r e likely to be of non- U.S . manufacture. 
The prices of a l l non-U.S. commodicies repres~nts less chan ten percent 
of USAlD' s contribu t i on. 

Up to "d , l.'UO o i pu tic ipanc. t r ,nnlng r.:..ly b~ .;onauct.:!d in chird 
cpun tries. in all cases , these will be otlu,: r Afr i can cou ntries . 

no other waivers are invo'lved in the procurement of services and 
co~~dities f or this project . 

2. Lopis t ic Suppor t 

The Pro ject Grant A3l'cement between the GOY.. and USAlD stipulates 
t hat the COl{ flha ll prc'J i :le t he lon:;-term t echnica l assistance team 
free of char:;l! t-li th "such offices, sec retar ies , administrative aSl:istance, 
equipment a,1d facilities and transportation as are necessary f or them 
t o perform t hcir professional services. Such assi stance shall include 
thn ... e s tcnographerltypis ts, Grade II or above, two drivers and one 
messencer, and office eGu ipcent,includ ing four executive desks and desk 
chai r s , three secretar ial desks and chairs, seven bookcases , three 
clectric tYPcl"riters and seven telephones". ~Iithin thc project, funds 
are provided for housing , trave l and transportation, shipping and storage, 
procurement of project vehicles, and payment for cables, postage and other 
miscellaneous office expenses. The Project Grant Agreeme nt also calls 
for the usual duty-fne privi l,eges extended by the COK to foreign technical 
assistance personnel. 

D. Evaluation Arrangements 

As noted in the Implementation Schedule, a mid-term is 
scheduled to be compl eted by December 1982 and a final evaluation 
is scheduled to be co:t:pletcd not later than six months to the PACP, 
or by March 31, 1984. The mid-term and final ~;;~;~~~~~~t~~;~~be conducted 
by a disinceres ted organization selected jointly by and , 
acceptable to the COR. 



v-

The specifi c 1)45i:o for the proj ec t eVolluation .... i 11 be the project's 
Log i cal Fr3mework, Implementation Schedule and subsequent d~ t3iled 
contra cto r work pll\ns , and the detailed evaluation pl.:lr' to be developed 
by ~:l :.10 t c.:. - ..... r~;· ill t il.:! "t v jc.:t • .:1 .. oU llinl'! u i. 1' cf,6 ;Hcr \' 1 .:;.nJ 3 ..... :, ­
scqu .:!II Lly r:udificc. and jointly ag r eed to by the COj\, and lJSAID/i~l!n~13. 

i.; ; U!':'!'..l' i..;~(: .. ":'li .:>n "'" t.I -! t. ...... LD/Kenya ,. \.~tu_lI .. i\l n ::.)'5[1:::', . 

includinc re sponsib ilities and pr ocedures , see USA I D/Kenya lIission 
Orde r 10-3 , dated Hatch 21 ~ 1975. 



TABU V - 1. PROJECT OOllMENIATION SCHEDULE 

TiClelinc 

A. At-EOIS: 

;" ~G ' eo 
Se~t.80 
Ocr; . 80 
Oct. 80 
tlov. 80 
Feb. 81 
:tar. 81 
~lar. 81. 
Apr. 81 

Project Activity 

PLAN~ H:G A.~D SURVEYS 

5 i l,;n l'1'l j;.:ct AGf(l:I... ... .: n t 
Initiate AL-EDI!\ Procurement Adion 
Initiate Beijer Fuelwood Cycle Project 
Sign At-EO IS Contract 
Initi3 fe Computer Equipment Procurenent Action 
Install Equipment, Complet p. Reprogramming 
Initial AL-EOIS Asses ment Runs Completed 

" , In-Country Tralnln; f~mpleted 
Find AL-EOIS Report, Beijcr Wor::shop 

B. 'i'echni c.)l A:. s i stance: 

Oct. 80 Draft Tech. Assistance RFP Prcpared 
Dcc . BO RFP Released in Kenya and U.S. 
[eb. 8 I Contractor Propos ~ls Received 
Har. 81 Tech. Assistance Contract Award 
Hay 51 Long-Term Experts Arrive In-Country 
~[ay 81 HOE, l-lith Contractor, Specifies Short-Tcrm 

Consultant Needs and Timing 
June 81 ShOl·t-Term Consultants Arrive In-country 
Oct. 81 Energy Survey/Information 57~tems Oesizned 
Nov. 81 Prelimin~ry Energy Policy Analyscs and 

Recotmilcndations 

C. Energy Data Bank and Library: 

July 81 

Sept. 81 

Data Bank and Library Materials Assembled 
in u.s. 
Data Bank and Library Established in MOE 
and Librarian Trained in Its Use 

II. INSTITUTIONAL DEVELOPMENT 

A. Fuelwood/Agroforestry: 

Aug. 81 

Aug, 81 

Oet. 81 

Negotiation of training/curriculum 
development implementation plans for 
Farmers Training Centers. Forest Training 
Centers,Agrie. College /Institutes, Univ. 
of Nairobi.Facilities,of Agriculture and 
Forcstry 
Negotiation of extens i ·.)n/eoordination 
arrangements .... ith HOA, HENR 
Negotiation of assistance implementa tion 
plans vith NCO's (NeCK. NCKW, ate.) 

Responsible 
,Q,rganization 

GOK/ AID 
AID 
MOE/Beijer 
AID 
Stonybrook 

" 
" 
" 
" 

l{OE 
HOE, 

MOE 

Beijer /MOE 

AID 

Contractor 

MOE, Contfa~tor 

Contractor 
HOE, Contractor 

Contractor 

Contractor 

" 

Contractor 
MOE, HOA, 
MENR 

MOE. Contractor 
HOE. Contraetor 
NCO', 



Tilleline 

Nov. 81 

Mar. 82 
Mar. 82 

June 82 

Project Activity 

Survey of District fuel ~ood/agroforestry 
programs completed 
Beijer Fuelwood Cycle Project Completed 
Trai ning progr~ms at fom41 training 
institutions in place. NCO workshops 
held 
A!.scssnent of fe.lsih ility of Fuclt..-C'od 
Production nc:!t" Na ircbi comp leted 

Respon.ible 
Organization 

C . tr&etor 
MOE/Beijer 
HOE/Beijer 
Contractor 
MOA, HENR, 
NCOts 

Contractor 

B. CCok5toves 

Aug. 81 

Aug. 81 

Oct. 81 

Oct. 81 

Dec. 81 

Feb. 82 

Mar. 82 

Sept. 82 

Nov. 82 

~e~otiati on of extension/coordination 
arrangements with MOA, N('SS 
t:egotiation of training/curriculum 
development implementation plans--
KIA. Farm~r5 Training Centers, Vi llage 
:' r:l :·t ec ' ,~, i , ·~ , .... ~ ri c . C !" ll. e ,:~/t r.,;tit'! :i ('n.=, 

Y.ar cn VTU 
Negotia tion of stove development/testing 
and extension assistance imple~entation 
plans with ~r,O ' s in Kenya(~CCK , Peace Corps, 
ana/or ou tsiele orgs. (Ap . !TOe, etc.) 
(Aprovecho, ITDG, etc.) 
Informal survey of urban/rural cookstove 
use and development comple ted 
Training tour of African cookstove 
development programs co~pleted 
Dissemination of extension information 
brochures for Home Economics Officers, 
Community Dev.Officers and Assistance 
Formal training and stove development/ 
testing programs in place, workshops held 
Proto types developed, field tested; 
Follow-up program in place 
Long-Term Expert Departs 

HOE, Contrac tor 

MOE, 
Contractor, 

~lOE, 
Contractor 

etc. ) 

Contractor 
NOE. 
Contractor 
Contractor 

l'IOE, 
Contractor 
MOE, 
Contractor 
Contractor 

C. Charcoal Production: 

Aug. 81 

Aug. 81 

Oct. 81 

Oct. 81 

Dec. 81 

Har. 82 

Negotiation of extension/coordination 
arrangements wi th MOA, MENR 
Negotiation of training/curriculum 
development implementation plans -­
Agric. Col lege/Institutes, Institutes of 
Technology, Village Polytechnics, Farmers 
Training Center, Forest Training Centers. 
Karen VTU 

MOE, 
Contractor 
MOE, 
Contractor 

Negotiation of Charcoal kiln development/ HOE, 
testing and extension assistance implementation Contractor 
plans with NCO's (NCCK, PFP. etc.) 
Informal survey of charcoal production 
methods completed 
Analysis of alter~tive national charcoal 
production strategies completed 
Formal tri~~.~:jf~ development/testing 
programs in 

Contractor 
MOE/Beijer, 
Contractor 

Contractor 



Ti=eline 

~:ar . 82 

~ ::': , " 
D. c.--

Aug. 81 

Oct, 81 

Oct. 81 

Dec, 81 

0",: . El 
Peb. 82 

Nov. 82 

Proj ec t Actbity 

Disse~ i n~ ~ion of extension i nfo~a tion 
brochures for :\t;:'icultunl Officers, 
District RAtS Oeficers 
!.onb -':' ~ ;'" :: ~::. c,t Dcp.lrts 

Negot i<!t iun of (:xtens ior,/co~dination 
arran nc.mcn ts witn HWD, HOA, m.:S, t-n.o 
Revi e· ... of ~1t;D ,,'uter supply plans and 
joint dcveloplne nt of project review 
criteria comp l e ted 
Informa l su rvey of Distric t \.j'ater 
Sy5t erns co~p leted 

Red t::w of nou- :ltm \o:~ ter supply plans 
.:: .. " •. _0 ... :. 
\.'i n"': :::c .J.s " r~l:lcn~ (, _.; ices irL p :,::,:-,: 
Di ss 0~ination of ext~nsion/project 
revi~" information brochures for ~istrict 
t.Jater [lI;; inecr:. , r:.lr.lcbee grou;:s 
LOI':;- Tc rm Expert. Departs 

III. APPLIED nESEARCH A..'ID DCl-!ONSTRATlO~ 

A. Fue lwood/Agrofores try Centers 

O=t. eo 

Ocr .• 80 

Jan. 81 

Feb. 81 
Feb. 81 

Har. 81 
Har. 81 

June 81 

June 81 

Sept. 81 

Feb . 82 

June 83 

Kitui nursery /ex tension center feasibility 
study completed 
Contract award to Beijer for Center 
implementation planning 
Site select i on and detailed cost es timates 
and implementation plans, approved by 
operating ministries . compl~ted 
Seeds/germ plasm identified and ordered 
U.S. equi pment ordered 

I nitiation Ot site preparation 
Initiation of center staff recruiting and 
training 
Revis ions to Center demons tration/ 
Unplementation plans. if required 
Completion of arrangements for local 
farmers' demonstration plots 
Comm~ncement of Center nursery d~onstration 
and ex tension operations 
Initial assessment of results and plan 
rev ision 
Preparation of preliminary implementation 
plan for expanded fuelwood development 
ar.d agroforestry 

Responsib e 
Organization 

Contractor 
Contractor 

HOE, 
Contractor 

I·I\.;[) . }10K 
Contractor 

Contractor 

" . . ... .. .... . ~ ... . 
::0E , Cont r ... .:::o r 

COtltrilc tor 
Contractor 

(separate 
contract) 

AID 

NOA. HElm. 
HOE/Beij er 
AID-Proc. 
Services Contrac tor 
MOA. MENR 

HOA. MENR 
MOE, HOA, 
MENR. Contractor 

HOA, HENR 

MOA, MENR 
MOA, HENR. MOE 
Contractor 

MOE, Contractor 



Timeline Project Activitx 

B. Energy Deye1op~cnt Fund: 

Hay 81 
JUlie 81 

July 81 

Aug. 8l 
Sept.S1 
Oct. 81 
Oct. 82 

Oct. 82 

Fund slaCC hired 
DraCt pr .Jcedure:; and cr it e~·i.:l , I:ith 
agret'.ment of DOC's, othi! r~ i nvo lved 
Publicize fund -- }!eeting \lith :.GO's, 
ODe ' s , L, t h<! r ::;inist::ie~ 

AID cor.l.lnit!nent of funds 
Initial applications received 
First year loans/Rrants awarded 
Second-yenr loans/srants a~arded 
first evaluation of existing projects 
completed 
Third-year loans/grants awarded - - sec-.ouu 
evaluation of r.xisting proj~cts completed 

N. }IO~ITOnL~C AiW EVALUATION 

July 81 

Oct. 81 
Oct. 82 
Dec. 82 
Oct. 83 
}Iar. 84 
Sept.84 

Oetail~d Honi t.Jring and Evaluation 
Plan Completed 
First Annual Project Report/Review 
Second Project Report/Review 
Mid-Term Project Evaluation Report 
Third Project Report/Review 
Final Project Evaluati~n 
Final Project Report/Review 

Rupondble 
Ocg:tnization 

HOE 

HOE, Contractor 

::01::, C~ntracd :: 
AID 
HOE, DOC's 
HOE 

MOE 

NOE 

AID 
HOE, Contractor 
MOE, Contractor 
AID 
MOE, Contractor 
AID 
MOE, Contractor 



VI. [VALUATIO~ PLAN 

A. General Requirements 

Since most renewable energy techn~logies are still in the demonstra­
t ion a.nd di l>sc:n ination s tao;;e , it is important that they be evaluated for 
their sClci o}"g ic.ll, cC'''l'IO::tic .lot:! t echn ic al f ;!C's ibility .. :rl potE'nti.)l for 
wider distribution , rdth~ r th.," rht'ir imp.1c t on t·he \-:p.l1 -bpinC of. ttie 
community, during the first few years. 

USAID wi ll pr ide a te:lm of 2-3 evaluation ex.p~rts for 2-3 weeks 
to prepar e a detailoo project '}}onitoring and evaluatioi.l pl"n. The plan 
will addrE'Ss compilation of baseline da:a; annual project progress reporting; 
ongoing fle edback monitoring and evaluation of the extension assistance, 
fUE'lwood/3~roforestry cent er, and Energy Developroent Fund components; 
and the mid-term and final project evaluations. The team must include 
" ""'-: i dt"',,;;..; r or !" J:'::l ext (:i'., :' ::n s?cci~ lis:t. It i~ r C:' I':: ::'IC::!~:j t h.n thi! 
t e.l:n be prodced by AIDJ:.: (P PE) "rut inC lude a t least "ne PPE st a ff member. 

The first part of the monitoring and evaluation plan shou ld consist of 
.1 systen of ongoing internal monitcring, evaluation and feedback. Provision 
shou ld he made for periodic data gathering , probl(5!l ia entification. an:! 
projec t ml.)dification r .. necesso.ry. For each of the technologies a sl!ries 
of sociological, economic and technical questions which must be answered 
should be deve loped. (Examples beg in on Vl-2). These questions can be 
answered by rlleans of 0. questionnaire, participant observation, group 
discussion inCI!l'views ul' having a fie ld officer keep a journal. The project 
experts will be res ponsible for conducting or overseeing this activil!Y. 

For t he nursery extension centers , periodic site visits shou ld be 
~de by the fore s t er 6hd agroforester. The director of each center should 
keep a journal, pa~ticu larly to record problems that arose which required 
a modification of t he program. The center extension agents should also 
provide for (leriod ic "evaluation" by hold ing feedback meet ings with 
interested farmers or other means t o determine the success~s and fa ii~' es they 
have experienced . 

The Energy Fund will be much more difficult to monitor since the 
activi ties will not be directly implemen ted by the Ministry of Energy. 
However. some means must be established for monitoring and evaluating the 
projects funded. First, all progra!:l. grants should require the subt'.lssion 
and approval of an evaluation plan. Assistance in f ormulating these plans 
can be provided hy the project experts, through workshops or individual 
discuss ions. Also, these organizations should be required to submit programl 
project status reports at least quarterly. Project monitoring arid 
evaluation should be performed either by the MOE but preferably by a local 
extension agent which is assisting the group. Periodic on-site visits 
should be m3de by HOE . 



Se condly, t he project managn will bl! requi rl!d to .ubmit an annual 
report prepncd in cooperation wi th the NOE, This report will address progress 
in I!!e e cing schedule and cost J r o jections, technical and extension ac:complish­
ment Q, cooperation '~'ith othe r"'1linis tries and donors and related programs, 
fl tob 1r.s encocnt e r !!'1 ar,d reme1 i a t Joctions, This re port is intended both as 
I: nan,O"- r" nt ton i f ,'r the ~If)r: a NI t he co:" su lt a nt tc nlll CI:".d 3S .] me~ns by \,:hieh 
AID e "' ., tI"UC p r .J.·.rcs s of the r oject. 

I'" the f; ..... ""o;th l'H''' rh f " 1l 0\.:i n~ -; !'!'h· 3 1 o f t.h e 10n;; - t'f'!';;I ex perts , 
31'1 i nc ... r~ l".d ~nt c.vnlu .1tion t "·:I<:: pro\"id~d by the .U ll :-I15sioo llt1Q a cc:e!1tnble 
[ 0 t he :tOt: will conduc t a mid-tern project evaluation. 

Fi0311)" no late.: t ll ... n t he end of the sixth month precNing the 
Pr oject :.:.s ist anc:ec Co:npl e ti C'n Da te (PACD) Jon independent evaluRtion team 
loIill h.w e condu cted th o r oug.h evaluatio n of the proj ect. ~!OE will assign a 
seni c.. n sta ~f " co'be r 0 Ho r l: Idth thi s evaluation t (' .:un , to revi.ew its 
pr<> l i ,:1in<l Y' Y f i .lin gs, .. nd ~, r ev iew th e d onft and fina l evalu a tiolL reports 

'.]1 " <;-; ',j:;': j.! c: :.:: t":!e t o::,·.! ::~:,:) , 

In ench arc a of ~ '<!'.Mb le encrgy ~ t he lonp, ll:,tenn experts, \~ith 
the .1;, i s ta:tee ul t nt: & .. w .:..-~ ~ r r.. consultants, should corouet a 5urvl;)' 
a nd ... ..,"' !:;' ssnent o f ~':ist: ··; . ':d icio:'ls . inc:ludina cune.nt projects .:. ~...! 
.lctivity. In t he C.lie of f .· .. " s~ re sou rces , the y sh ould 1J0ri:. with the 
Deiju pro ject to sc c:d r.tL-' 3 Re:'lo te Sensing Center, Geosurvey an:! Survey of 
Kt' nyn dat.1 suppl c:r:er. t ed by ~ rcu nd checks to esti.r.l.3te both prej;ent resources 
and r ecent deforestation r:'. te s by r egion. For cncrzy con!iUt.'Iptbn cn!: .], 
~ o t he extent pos s ibl i: l~lCY ~ hou ld us c CBS survey ClllD. a lready C OI;lr ilcd , and 
IJne r (' n·~c e ssary sup?urt t. a~ ...: 1::; to con.-tu ct adJitiona l surveys or inc orporate 
energy nOdules int o exi s '.l:'lg surveys, so that baseline data ean be coc.piled 
as soon ,1S poss i b l e . 

B. Da ta Collection .lrJ Analysis* 

incl}' detailed or specific data categories can only be ..!<.!veloo'~d with 
a part icuL:: ; :-oj .:.:. t i :-. . - Fo r e:{C!.llple: the socia/cultural ;~.::.;. rs 
r ley .1nt to use of a SOl ~r c .... oke r ..,ill he different than t hose o~ ~ village 
wood l ot . Bel 011 is 3 d iJoicu$sion of a SPot of data c8tegor iC!s a~ the ir 
sub-plements t ha t are non-specific in tems of particular renelolaol e 
technolog ies but t.:h ich can be ada pted to the specific technology 300 local 
setting o f th~ project: 

* Ex cerpted fro::i:l "The Rol~ of Evaluation for Renewable Energy 
Projec t in Africa" , by George Burrill, Novembe r I, 1979, 
Rlrlin;ton , 'Je tT.lo~ . U.S.A. 
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To!cil:,:i cal 

--Adequate .,h',·s al dna (a-:lount of bi omass . "'1':'0. solar, 
hC , ) s' I'·. : d ~ c ~at ;-.• t· o! .! to ve r i!;.' t he od~d :'. :tl ass urtptic:ls 
' " <' 5ti-' -d·" c, ,·: , : C'j~·t ,'" fi;" 

--( - ? iett: ro:.o: , _~ .:Ii c""' :,o'1ent .. .. c,uis i t ion in ?cr son 
hou":" s , C06ts , and skill rc.quir c.-::ent s . 

--C(l~ple t e re r:.orp s of t o;ochnolns:, il"1~tal1At i ons in person 
hoJu rs, COStS, and skill requir elT,c:1ts, 

--C o~plete r~cords of sys tem output. 

__ r,.. __ ln ~ .. "" .. ,- - " - "'.-" 1 .. . . _ . 

-- p.':=C O!'J s (0;' ~r:/i r cnmc nt .. ll i.::!lacts , 

--Cil Jnges t!'i<lt cou ld be !:lade , for exar.lple, in: 

overa l l sys te~ design 

component acquisition 

ocal manufactu re of technology. 

system maintenance 

~ 1_ .. (, . , 

Information can then be assembled on the potential 
technical ef f ects of such changes on the system. 

Soc ial/eu ltural 

--Relationship of the energy project and technology to 
the users or to village daily and se l sonal life patterns. 
Also, data on behavior changes required by the technology, 
and on villagers' traditional habits or vays of doing 
thing~ ~hich are affected by the project, although not 
necessarily required to change by the technology (i.e • • 
behavioral side effects). 

--People's attitudes to~ards the technology and the project . 

--Behavior of organizations in the project. 

--Other cultural constraints discovered during the project 
that were not identified by the proje~t planners. 
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--Data on perforoance of the project', ownership ,trattgy 
and maintenance strategy froc a social/cultural stand­
point. 

--Equi ty r esults of the project as implemented: 

i r..pJ.ct on loc ;:l bcone lC\'cl groups 

impact on ethnic sub-groups and castes 

relat cd to individual vs. f~ily va. community 

Econom i c .loci rinand.!l 

--Val.lH! o f "! ~yS te:':l' 5 O'lt?u t (if !"IeH'..: :--,=le b -:a:-ke': 
prices) . 

--Alt ern.1cive e::ployml!n t opportunl.ttes (to lr.casure bene­
fits if the system chiefly releases labor from former 
tasks ) . 

--CO!tS of si~e p=e?ar~c£on and installation ~f the 
system. 

--Direct operating costs. 

--Degree of local unemployment (to find shadow wages). 

--Existing uses of ra .... materials (to fine their shad c': ?rice). 

-Extension costs of introducing the S7s :em. 

-tlarket interest rates for local borroYing (to estbate 
investors' discount rates). 

--Char.cteristic local investmpnts (to sugg~st willing­
ness to take financial risks). 

It French, David, "The Economics of Renel1:ab1e Energy Systems for 
Developing Countries", US! m, Washington, D. C., January 1979. 
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A!~SEX A. TECIl~ICAL A."lAI.YSIS 

A. \..'uorl SUI'Dly ;;:-.c! Demand 

A stri~in~ ic~ture of th~ wood fuel situation in Kenya is lack of 
data on lile rroc!uctiol1, and to a lesser extent, the cunsumiHion side. The 
extent and ~ro~uctivity of natural and planted tree vegetation is largely 
unkno .... n. as .He piltll:rnS of land ownership use .-- .... hich Hould provide some 
indicatic:1 of future I;OOG fuel production potent.ial. 

Eco10~ic:ll Zones 

Y.elWd covers 3 land surface of .Jpproximately 570,000 1cm 2 , Kenya 
can, .... ith r~spl:ct to cJn~itions tor tree grcHth. be divided into a large 
number of (rnlogic31 zones (and subzones). Simplifying greatly, the high­
L.ll;ds, 1.:h('J"0 the majrrity of t~le populatio;) is concentrated, are character­
ized by d cool and rt;latively I:u:nid climate and, .... hat is of great importance, 
by wL'll ';lr'lctured v,)lc.Jnic soils of high fertility and generally excellent 
properties [or supportir.g plant growth. A high density of population is also 
encounterrJ on a n.Jrrow strip o[ land along the coast. Soils there are vari­
able. fro~ acid sands to clays derived fran coral rock. Temperatures are high 
IJith only scull fluctuations. The southern part of this strip receives a good 
rainf;:111, bu: r:ortJ! d ~!alirdi the precipitation drops abruptly. 

Bet"'een the C03St afld the highland s, the ecohgical conditions are 
affected by the annllal precipit3tioll, the elevation above sea level and the 
structure and depth of soils. At a short distap.ce from the coast. the rain­
f.lll drops to low levels and conditions are VE-ry arid. Aftervards the pre­
ripit3tion increases ~ith incre3sing elevation. However, the productivity of 
~he 131:<1 in Lt'ms o[ agricultur3l or forestry production is to a large exte:nt 
a function of the soi 1 structure. Where the soil is deep and .... ell drained 
J.nd aer3ted, trees gro .... i ... ell and the land is attractive to farmers wherever 
the rJin:~11l g~ts above 700-800 nun. per annum. The larger part of the areas 
located at low and i:1termediaLe eleva'cion (up to 1500 meters), is however, 
l:haracteris~ically covered by cmnpact, poorly aerated soils of 10i., potential 
for any us~ except extensive ranching. 

In the Hestern part of the country, particularly favorable ecolugical 
conditions, .lQd a corresponding high density of population, are found along 
the shores of Lake Vic~oria. As one moves inland and uphill, conditions 
grad\lally chant;e to .... ards those of the highlands. 

My far the greatest area in size is constituted by the thinly inhab­
ited, semi-arid and ~rid northern regions to .... hich may be added, as an ecolog­
ical extension, the plains of the Rift Valley, stretching all the way down to 
the TanzJ.llian border. 



Current SItuation 

Host sources estinated that Kenya's forests amount to roughly 1.7-2 , 
million hcct.1res (17-~(;.(,.:;() f ::]-). roughly 4:': of th~ country's total area but 
(hecausr ~~('"t cf it~ (.)rests ,Ire located at higher elevations) some 15-161. of 
Kenya' s !":',<.',~:"n to !Ij.:~. t;'):t'::~ial l.)nd. 1 By this presu::-,ably is meant the areas 
of dt'nSt· l".'l'r~~r\ \:j .l~i,: ~t?::Ii,~.· -il!,-l:;~: forest. This rnd>" understate the totJ.l for-
est (LtV'-r, ~i:1ce t!"·2c'S .1:l'~. ec;u:dly i~-Fortant in marginal areas, savannah 
lo'oo<i1allcs -- are f,:unc: in C;'l:JI~tities outside traditional "forest" areas. 

Esti::,-.ltes of annu.)l · .... oodfuel cOl,su~ption range from 10 to 25 million 
tons, or 15-36 mitli-,)n cub:'..: :Jeters, of roundwood equivalent per year. To this 
amount n'lst be addeJ ~ood consumption for other purpos~s. The ~orld Bank esti­
mates :H1l1,ul pro2uction of industrial raw timber and pulp.wod to be roughly 1-1.5 
million cuhic ~etcrs of roundwood equivalent. Wood consumption for bomas, poles, 
etc. is unk:1ol.'T1. 

Except frr Kenya's forest plantations (roughly 150,000 hectares), for­
esti ,:IrC not manilt;eJ on a sustained yield basis. In fact, most highl<1nds ga­
zetted rL'~erves are maintained as natural forest, with little or no production, 
for 30il conservatiGn purposes. For t~e average of all forest area, sustainable 
yields are unlikely to exceed 3m3/hectare, which would imply annual sustainable 
production of only 5-6 million cubic meters, far below demand. 

A visual survey of environmental conditions indicates that, particu­
larly un ~ar~in31 lands currently unrtergoing rapid popUlation expansion and 
areas near major ur':Jan cencers, I.'ood removal far e:o(ceeds the sustainable pro­
ductivity of the ~egetation. The re~oval of vegetative cover due to increased 
wood consumption or to intensified land clearing for legal or illegal agricul­
tural settlement -- followed 1n many cases by excessive cropping or grazing -­
has caused severe sail erosion, diminished water quality, and caused premature 
river and darn siltation and other impacts. 

At lower elevation3, where population densities historically have 
been low, rapid porlilation growth and consequent intensifying l~nd competi-
tion have forced mi~ration onto and settlement of marginal, ecologic~lly fragile 
lands. In most cases, these areas were populated only by random ~~storalists 
as recently as 10-25 yearr ago. The resulting land clearing of protective trees 
and shrubs, to prep2rL land [or cultivation and to produce woed fu~l and con­
struction timber, has caused severe soil erosion. On unprotected st~ep slopes 
in Machakos Distcict, for example, fa~,s are literally being washed away less 
than five years after settlement. 

The Beijer Institute concluder, that fl ••• while it is not justified to 
draw swcc?ing conclusions from the information available, it appears that the 
country may be just no\/ in the precess of undergoing a change from a relatively 
adequate (wood) suprly situation to a severe depletion of its forest re~ources." 

ILand receiving more than 850 mm annually, considered the minimum needed to sup­
port agriculture on a continuing basis. 
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Future Demand and Supply 

\.:latt".'l'r tIl(' C'lrr,'!""t consu:nption level, the projected doubling of the 
popularlon (fr(J:n 15 !:lil~;_':l tc' ov[:r 31) million persons) by the year 2000 and con­
tinued mil'r;llitll, lr-:I:, n.ral co urh.1r, ,Heas ('..Jhi.:h has ,.ntailed higher levels of 
ener~y Uf>~) "'I,~I"'S~ :t~.", ,,'dill:1 l'"c:~c:; years, t h .! rE''111ircr.l·nt for .... oodfuel .... ill 
b e ~ - : ,5 t i ~Il' !; r~' " S c; :~ : 1 c" " 1 :.;. 0 r !. ') - b 0 T:1 i 11 ion 1:1] all n' I.] 11 Y • 

In (' r: l: r t U 1 r,; ,j '.1 L l' ,.- ~~ = : 1 .. ' .1:1 C' u:: t (' f ',,' ,-d f u e 1 (' n a s '-1 s t;, ill e d y i e 1 d 
basis, 15-20 '::;liicn h",'cJ.rl's (or 1~",tJ'JO - 20U,VlO k::1 2 ) of natu:-al lorest an-J 
""o(.dl.Jnd '~'l1lJ>j :1 !'.'C to !,,,' set aside :lnd managed for the specific purpose of 
wood he] prr,l.,,:tlon. Altl'rn3ti'!cl:,', the same production cO'clld be obt3ined from 
fore:.;t pL1nt,lci,.:1

l
'..iilh [.Jst-,~rowinb species coverin; J-4.5 "',illion hectares 

(J(),r'J'J-45,C~;(j :!.~I-) est.l~lishd cll1 rel.Jtivelj' fertile land <.:njoying a fairly 
plLfiliful r,li!1[,:111 (3()O :::1':1). This represents 35-50: of all such land in Kenya. 
ThL'rt! is a:,:;,11\J~dy m.' l::'c'lihood of Kenya'~, h,·ing able to dedicate this per­
",,' ',' ,lf :~:; \:;-~-rr',;';,:(i'Jity 13liJ at the 5.:.1::Ii.' time th.J.t agricu:tural Ollt-
r'Jt '·~'.Ist be ITII'rc t~~.Jn .JL'l~.Jlcd. ,~L;li.!.·~ J.~t~rn.j~i·:2 th0~(I~0r2 Dust ~c to inte-
grJtL', trees ir~tn lart''" aIld slr,all 5'::.:.11" <!i:\ricultur;ll operations in IJays which in­
Cl'L'.:JS,C both I:,',:,: ,}~1d f('ou/crop production. The sheer m3gnitude of projected 
l.ol)d fuel and food require!:',ents sugr;ests that: such "agroforestry", as ,,'ell as 
lolh.Jt we non:-"llly tllicl,; of JS "forests", mUSl become a prime source of wood in 
future years, 

Even with greatly expanded afforestation, improved management of for­
est resourCC3, and witlespread adoption of agroforestry techniques, Kenya will 
not be .Jble to sustain a level of wood fuel consumption double present levels. 
rher~fore, efforts to expand sust~inable wood productiu~ ~ust be viewed as com­
plements, not alternatives, to measures to use wood T:1ore efficiently. 

B. Options for ~eeting Future Woodfuel Dema~d 

Trees may be artificially established, or natural tree vegetation 
managed, for the purpose of fuel production \,,'ithin f0ur distinct settings: 
government reserves, industrial plantations, communal lands, and private fatUls. 
In the last two cases, trees may be planted within regular dense plantations, 
mainly on marginal land, or integrated into land set aside for crop fa~ing 
and/or pasture, within integrated agroforestry systems. 

Forest Reserves 

GOK £lzetted forests cover approxi~ately 1.7 million hectares and 
are made up predominantly of indigenous forests, with some exotic sof~wood 
and hardwood plantations (approximately 150,000 hectares). Virtually all for­
est reserves are located on productive soils, predominantly in the central 
and western highlands, and serve primarily as sources of raw timber or pulp­
wood. Present yields are 17m3 /hectare for salol timber and 13m3 /hectare for 
pulpwood on a thirty-year basis on the Forest Department's most productive 
plantations. 0nlya small proportion of the country's total fuelwood--

lWorld Bank project assessment, 1978. 
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1): according to a 197~ Forest Depart~ent survey and less than 10% 
accordir.l to '.:.:::it .. rn S~'c7,t!h.'Jld-- CC'':lCS frQ:!l government forest reserves. 
Ho .... ever. there is sub:;t.1:1tial scope for in: rC.3sing fuelwood production from 
such reservt!s through aCrJ?tlC'n of multi?le-output t:.anagement techniques. 

As an eXd8ple of what is possible. one can compare the 
difference 10 y i.':ld be~;'ieen .:l pr iv:ne industri,il plantation forest 
in ~lala\Jl and a typi.:::al GOK highla:1d forest reserve: 

The fcrcst in :-~,113wi is composed entirely of Eucalyptlls 
p1a:~L1tions (i:~;~:!lypt\ls ~JL);r"I). The annu31 yi.dd lI!~y be 
01, the crd"r oi ':'(,1;;1'/:,..;, co',~C;:-tl'! into 10r.;3 ref timber 
(boards, plyw:~d anJ IJmina:ed beams) and 30 m3 of fuelwood. 

The typical I_OK highland :~rest reserves is planted with 
Cupressu!i 1,; sitanicil and [',-nus patul;:J, \"ritl1 an average yield 
of 1l':::.5 tlla;l 20 mJ/ha, wh:';:h in the sawmills (mos~ of whid: 
are very small l ) ore can",' rted into less than 10 m3 of 
sawn tiI::bcr ;.lnd " t'[ 10:' waste of a relatively poor quality. 

This ex,L,pie dad no::. i:nply that Kenya ,-.houLl stop producing 
softwood tlmD~r in order to ~ncrea5e the productie~ of Eucalyptus 
firewood. R,1ther, the uSe£U~fl(?5S of the plantation forests could be 
increased if species and m,'.:1agE-:::l\;nt practices pennitting high yields 
of mUltiple forest ~roducts were introduced. The World Bank has 
financed :1',) indus::ri:il (saw til:l[,,:r and pulpwood) pJ.~ntation projects. 
The! Bank is considC'rLllg a thil"C: industri:l forestry ;,roject but is not 
yet committed to proceeding. The projec:, if it does go forw<l.rd, \.;Quld 
i~clude a fuel wood c0~ronent of unknown scope and direction. It is 
unclear IoIh2ther man.1:::'~::lI~nt practices to pennit ~,ultiple-product (saw 
timber/pulpwood and ~ udwood) harvesting might ::e included. 

The forest reserves occupied by natural forest v~getation 
pose a very different problem. Several ~f these forosts are at present 
disintegrating at an alaruJi:1!; rate due to settlement (" "squatters". 
Wit:~ the pressure for far1Illand groKing incessantly, s~uatter settlement 
hJ~ beco~e an important vehicle for acquiring a small plot for sub­
sistence agriculture. It has become administratively ar.] politically 
diffic~lt to stop squatters frc::n e[~::.ering forest reserV2S. At the same 
time, t~cse forests constitute impcrtant water cat~hment areas. 
Their destrurtion is endangering the water supply below, leading to the 
premdture si,ing of dam sites, and threatening unique faunal and 
floral ecuc.) stems. 

TThe World Bank reports that~ of 180 sawmills (pvDducing 100,000 m3 

of sawn timber annually), only five plants have a ca?3citJ in excess 
of 3000 mJ per annum. 
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It is unclear whar cpti~ns for dealing with the squatter 
probltm would l;~ b0th t::ff"cllve and politically .:lcct-ptable. The traditional 
African ".aungya" ~ystL'::1 c': ;'eric,dil:oJlly r(1L1ti:lg settlements within the 
forest r(' ,'rves potenti:J! 1y ,.)uld at l~ast le!iscn the damage. 
AlternoJ! ~':dy, "rtiiicial ;.>lJlltltions separating existing f3nnland from the 
a",e.:ls ,-,:' n,lt',J[.11 f '[l'jt th;'.t !ld;d proce.:ti(;;] may constitute an effective 
b,1rr!"r to encr,):·:;'~;:c. '.'::\Ilctprs ar" le:;:; likl'ly to run tlip risk of 
c!e:!ri::,: \.Iell ,;,1,' }-, .• 'J trl~e pl.'r:~Jtio ... ", 2.nd the rCLlo1ining natural fcrest 
I-iL:'cJ;~'l·t· isol;:,',j f::-.':11 s'.'Ltl,:,! ~'Illd Ly a J-5 YJllS deep buffer zone. The 
pl.:l:1tin,; :d;d c[,>.l'l';' ,)f l,erG" fl'rcst ?lJntations also w0'Jld prov~de total 
employ:::c:lt o?por tl! '," ties, per !ups lessening squat ter pressures. 

Tr.e only larCE: fl'~i';: ,.l' forest plantation in Kenya is the East 
Afric:I:: T3nnifl,: :~;·:tr.:, L r:L'::JP'~~:1 ([AlEC) black wattle plantation near 
[L,:', .. In ",,' ',i clem. [",r-,r5 l!1:-0U:,,~:,,:t :h,' higlll.:1r.ds hJVC ~l.1nted this 
tr"t', v!lich f- '.; thl' c:C;V,l"d;'" of bein~', able to be d:'rect-s,)\..TI, 
as 3,':35h crc:. ,\lch:)UE: the main l'~rpose of srowing bl.1ck wattle is the 
prudu:tlon of b;::,; f,:;r- t.:.:: .. illg '-,xtr3ct, the renail"ler of the tree 
constitl;:(!s an l':;"'rt:l:lt scurCl' 0'f high ~uJli.ty fuell,ood for conversior. 
to c~Jrc,;3l. IIG~'l'ver, eVt'!l t,..:ith wh31. pl.);lting has been elicit,~d, Kenya's 
t ,,'.) t'lnni!l~ !Y.ll ·t p13nt' r~port('Jl/ ilre unable to produce at capacity 
b~racse of insufticient blJck wdttle 

Eucaplyp:us treeS for [L~lwoorl productioa have been planted 
on a l:.:Jn:;iJLrablc s".~llC .:Jutsi~c.: Gel: ~\)[est r~serve!::, as a -reSell:: of private 
initiativ~ and the efforts of the Forestry Department and some non-government 
org;:l!11::.Jtions. [)~spite these' efforts, ilr)'.-ever, production and marketing of 
fuel-. .. ouJ on a c,,-'r,erci,ll scale from rrivate land bas not become widespr,:!3d. 

MoJjor fuelwood consuming industries such as tea and tobacco 
(which USe an eSlimated 150,UOO mJ and JOO,OOO mJ , respectively) are 
exp'~r ime.1ti ng '~. i.th ..lEfores tdtion progra:r.s. Bri tish American Tobacco 
(BAT) h.:l5 I'st.'J·~ 1 i ';Ii.:d si~ nurseries to supply roughly 325,000 seedlings 
per yt::'3r to ~;I.'lll-scalc ::,lbacco farmers, with money for the seedlings lent 
by BAT ~~d tlle~ r~p3id CJt of tobacco earnings. The major tea plantations 
currer.t~:: rely pr :rn.1rily on fuelwood from their own estate fuelwood planta­
tiOllS. :iu',Jever, tlley are under growing preS5ur~ to convert such lands 
to te) planting ~nd in a number of cases have requested that fuel~vvd be 
su?plic~ f=orn gazetted forests. 

The Government of Kenya apparently without much success, is 
trying to enCCJrage both the pulp/p~per mill and the particle board mill 
to substitute trimmings, under-sized wood, and wood w35tes for roundwood 
in their prOduction proc~sses. Such substitution would release roundwood 
for other uses. 

The above examples suggest that private producers currently believe 
the incentives are to get out of--not into--production of wood for fuel or other 
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USoI"I'i. I'ovevcr, experi.ence ill other countries -- and experience in 
Kenya with black wattle-subbests that industrial plantations and large-
and 5call-scale far.:l~rs ...,ill respond to price incentiv('s :to_~:rol.l:ttees. 
Current Forest Dep,1ftr.1f':lt :;tUr':"l~" p~iccs appear to be too low to !?n.ible 
profit.lble pri,;ate pro~~IL:il'n, TlI..: scope for e::;):Jr:ded priva:e production 
and incen~i\'"s r.e:t::!;5a:-: '"J dicit 'ouch prccbction should tle investigilted. 
Als'.1, C0--:tf"1,-rill, tor : ',':ate m.IIlJler;c·nt o!, selected forest reserves should 
Lee 11 n s ~.: 'l r "d , 

:t\1_' ,\.II) Desibll leJ.::. observed that L:j~lt:: is land available even 
in tle den5~ly-sc[tl~J parts of Kenya that cou~d be employed more 
profitably f,'r i',r"l.'ir,z trees than fer anythir,:; else. Examples of this 
category include: 

- S[~ny, rocky land I.'here underground fissures nevertheless 
make deep root perctration possible; 

- Slopes so steep that they would be seriously expored to erosion 
if farmed or trampled by cattle; 

- Sloping areas where the soil previously has been exhausted 
and the land invaded with Lantana thickets; 

- Areas characterized by seasonal water logging, assuming 
that suitJble species are selected and planting is carried 
out o~ raised mounds or ridges; 

- Highlands areas co-;ered by heavy clays that presently carry 
only low-yield pasture and isolated trees, if sub-soiling 
or other techniques ale useci; and 

- Semi-arid areas which can support only silviculture, generally 
combination fuel-fodder plants. 

COl.lIDllnal Lands 

Planting on cODmunal land potentially offers grea~ opportunity 
for the large-scale establishment of fuelwood or multi-purpose tree 
plantations. Most County Councils have designated land specifically, for 
afforestation. A 1979 Forest Department survey identified over 91,000 
hectares of designated afforestation lands in 9 districts, with all bur 
one district (Sarnburu) having designated at least 800 hectares. l 

In addition, administrative sub-locations (particularly in marginal areas 
where damage froc soil erosion is already visible), churches, schools, 
and other groups appear to be setting aside land for afforestation projects. 
NGO's such as the NCCK and NCWK have launched ~ommunity tree-planting 
programs and publicity campaigns \.,hich have been well received. 

Abinga,"Wood Fuel Survey 1979-1980," Forest Department, p.21, the results 
aN SkeWf!J by Marsabit's designation of over 67,000 hectares, presumably due 
ill part of the IPAL project. 

( a) 
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A later section descr'l.cs the rural afforestation activities of 
various government and r )Il-goverr.mental organiza ~ions. In general I ,'.;ever, 
it may 1;.1:; that: 

- \:~th the possiblC:! excc?tion of the ~!inistry of 
Agriculture, ot~; organizations (the Forest Department 
and :;r,Q'S) "hjrk ;,rimarily with u";lmiry tree-planting 
groups ["at", r than wiL'1 iccivicil',_ f'::;'l'l!:ers, 

- There generally are too few nurseries, particularly 
in arid and se~i-arid areas(which ~~so suffer from 
a lack of sec[i: appropriate to th~_~ areas); and. more 
seriously, 

- Whether because of lack of technical inform;Jtion/ 
assistance or lack of incentive, community groups f,}il to 
provide adequ.:1t' post-pl':'llting ::laint<2n ];'1ce aod <lS a 
consequence gel;.;;["ally have VCty 10\.1 seedling survival rates. 

A survey i ,. . '.:!guired to ascertain how much L:md Ivi thin this 
category has a potential for forest dev~10pment. In addition, difficult 
issues regarding cormnunal rights an.:! responsibilities "nd incentiv"s 
must also b~ addrelscd. Who would do the planting, who would ensure the 
silvicultural upkee?, and to whom would the output belong? A promising 
approach to clarifi~ation of such issues is offered in Marilyn Hoskins' 
proposal for formal community woodlot contracts. I 

Individual farmers 

Close to centers or in the case of trees with commercial potential, 
it is ~ossible that fast-growing trees in some cases could constitute a 
more profitable crop than grains even on very good farmland. Such a 
situation has arisen and been taken advantuge of by farmers around 
several Ethiopian towns" including Addis Ababa. However, in general 
Until adequate incentiv~s ar0 provided, planting of trees or the 
maintenance of natural tree v~getation on pasture or farml~nd will be 
acceptable only if the trees help to enhance food production in addition 
to their ~ood-yielding function. 

1t·1ar ilyn 1-:. Hoskins, "Community Participation in African Fuelwood 
Produc tion, Transformation, and Utiliza~ion," ODC/ AID, 1979. 
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By utilizing many varieties of leguminous trees for fuelwood 
production, the potential exists for developcent of a combined agricult­
ural-f0restry production system. The mixture of tree species is critical 
to any agrof~restry systpm. Multi-u5e trees which combine firewood, 
fodd~r and ~, 11 enrichment attributes potentially can increase cr'Jp 
yields to the [clr.::er LIS w<.:ll LIS contributing to general improvement 
in soil conservati~n and fertility. 

Despite historiLal integration of indigenous trees into 
L: l~iti~:1.1l L1rming patterns,most Kenyan farmers are no longer 
far. .. ',It '.lith the idea of ;:::"owing herbJceous food or fodder crops in 
association ',lith trees ,!c)reover, very little research data is 
avaiLlble within Kenv,\ tll,,: would make it possi.ble to provide farmers 
with detailed LInd pr~cise advice a~out how to increase the productivity 
of ["eir Lnd by ass0ciatin;; tree,· with their convention.:tl crops. 
RL':C~t J,lt:l 0n this S11\)jll t l::.:ty be obtained frtlm Rwand,'1 (where very 
intcrc;sting agro[,Jrestry i1n.J exten!:.ion work is being carried out), 
the Jnternation.ll Instit.lte for Tropical Agriculture at Ih3d.:tn, and 
el,t'where, il1cl"Jir;; the ::;iirobi-b.:lseci International Council f,.:!:. Research 
in Agroforcstr:' (LRAF) , 

Progress in large-scale planting of farm trees will nd be 
achieved until extension agents are in a position to show a farmer 
living on a slopt~ for e:/,iJmple, how if he "sacrifices" 5-15~ of his land 
to tree be~ts planteJ dlong the countour lines or trees between 
rows of crops, he \Jill. nct.o:1ly be spared ercsiCln problems and supplied 
with wood for fuel and other uses, but the ecological conditions on 
the remaining 85-95% of the land will be improved to the extent that 
he will obtain more crops than he previously did from the whole area. 
This will require both research and demonstration on a broad scale. 

In case of semi-arid and arid lowlands, in particular, an 
improved agroforestry system characterized by scattered and mainly 
indigenous-1'farm trees" has a great role to pldY. Within such systems, 
the main functions of the tree vegetation will be upkeep of a micro­
~li~Jte favordble to crops, pastures and livestock; protection against 
wind erosion; nutrient c~~ycling; and 'fodder production. 

The wood-producitlg function may only be ancillary to the 
function~ directly related to food production. However, if agroforestry 
systems of this type are applied to large areas, the wood production 
may be sufficient to cover local requirements. Moreover, in areas 
such as }!achakos District which currently suffer local wood deficits 
(and where as a result an estimated 657. of the population uses charcoal), 
local wood production will--if it drives out charcoal use--increase 
the efficiency of the overall fuelwood production and consumption 
sy!:tem. 
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C. Program Needs 

Specific needs to be addressed in this Project include: 

- I~troduction and testin~ of numerous species of 
fast-~rowin,~, nulti-purpose trees appropriate to 
Kenya's vari~d ecological zones; 

Production/Jcquisition of seeds and cuttings of 
~~lected tree varieties already known to be 
suitable for reforestation purposes within the 
various ecological zones of Kenya; 

Provision o[ technical and financial assistance, 
jlublic !tien ~l~prC'l c, ar.d tr"lroing/curriculum 
develo:,"~,:t suprort. lG goverrunent. and non-governmentdl 
organi~u~ions whose afforestation approaches and/or 
past ru .. :l .:.;.;:tcnsion performance hold promise; 

Demonstration and dissemination of agroforestry 
approach~~ ~ppropriate to each Kenyan ecological 
zone; and 

Provisloll of informatiop and analyticaL support to 
GOK/aeij·.:.( effort to develop long-term fuel-wood 
policies and program. 

Species Selec:i,::~ 

The se!ection of tree species for reforestation/fuelwucJ 
development is an impuc'_<.:I,;: technical input to the implement.1tL:::-. 
and suc.::.::.;s of .-cfor-:--"';.)n/fuelwood development programs in Kenya. 
Kenya is chnracterlzcri by a wide range of soils, climates and mLcro­
environcental conditi0~s, Tree species which grow satisfactorily in 
one area of the country may not perform well el~ewhere. Unfortunately, 
very little research has been undertaken except on a few species 
suitable fer highland conditions. 

A list of genera and species recommended for testing is 
shown in Table A-I. A large number of potential fodder trees and 
leguminous trees with nitrogen-fixing capacity as well as a few 
quality timber trees are included. 
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Table A-I 

Illustrative Candidates for Species Research 

Species and varieties of the 
Australia, and South America 

Ailanthus cxcelsa 

genus Acacia from Africa. 
(e.g. A. nilolica, ~. tortilis, 
A. plectocarapn,~. praecox). 

Albizia falcJtaria, A. lebbeck, A. procera. 
Alnus jorullenjis, A. rubra 
Azadiracht~ indica 
Brachylacna hutchinisii. 
Brosirnum utile. 
Species and varieties of the genus Calliandra. 
Cassia siaDea, C. s~urtii. 

Casuarina eq\Jisitifolia, C. cunninghamiana 
Cedrela odorata, D. scrrata. 
Cnidosculus sp. 

A. hclosericea, 

Species and varieties of the genus Euclyptus with special attention to: 
E. camaldulensis, E. deanei, E. maculata, E. maideni, E. mf~lliodora, E. 
microcorys, E. nitens, E. pani~ulata, E. regnans, E. salign~/gfandis, E. viminalis. 
Species and varieties of the genus Euphorbia 
Erythrina ~o~plglans 
Glerecidia sepium 
Gmelina arbo:.-ea 
Grevillea robusta 
Species and varieties of the genus Leucaena, 
l1oe;sopsis emini. 
Ocotea usarnbarensis. 
Olea welwitchii. 
Portulacaria afra. 
Species and varieties of the genus Prosopis from North and Latin America 
and from Asis. 
Species and varieties fa the genus Pterocarups. 
Pygeum atricanum. 
Sesbania grandiflora 
Syzygium cumini. 
Vitex keniensis. 
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This project vill establish a network of six demonstrat:on/extension 
centers in various ecological zones, one of the functions of which would be to 
conduct species research. At each center roughly J5 species and varieties 
appropriate to that ecological zonc would be tested. In the case of new 
introductions, the fullowing lnvestigations ~ould be carried out: 

- Elir.linLltion tf",ts IJith a small number of plants 
to Jet~rmine ~hich species and varieties will adapt sufficiently 
well to t!lC neIJ enviroru:1ent to show healthy growth. 

- A study of growth rate including the various parameters of 
biomass production. 

- Investigation of rooting habits. 

Investigation of shading characteristics. 

- A study of the development of rhizobia and nitrogen-fixing 
capacity. 

- A Study of the up-take of mineral nutrients. 

- Investigation of wood quality with particular emphasis on 
fuel value and suitability for conversion to charcoal. 

- For relevant species, a study of the nutritional value 
of food and feed produced. 

- Investigatio~ of coppicing characteristics. 

- Investigation of flowering and seeding charaeteristics. 

- Development of simple,inexpensive planting practices for 
otherwise promising species with special emphasis on the 
possibility of direct sowing. 

Seed Production/Acquisition 

Enough already is known about several suitable plantation species 
for highland conditions to be confident about seed distribution, e.g. Black 
Wattle (acacia mearnsii) ~nd several Eucalyptus. Similarly, for certain soil 
types in the coastal region, Eucalyptus camadulensis. Gmelina arborea, 
Casuarina equisitifolia. Cassia siamea and neem (Atadirachta indica) are 
appropriate. Some research and development has been carried out by non-GOK 
organizations to identity and establish trees on different types of marginal 
land. Organizations sur.h as Baobab Farm Ltd, The Machakos Integrated 
Development Program (EEC) , IPAL (UNESCO/UNE~), and some church organizations 
may constitute valuable, albeit limited, sourc~s of germ plasm from which 

.~-IO 



, 

, 

Iced distribution may be organized. 

Non- governmental organizations ~ith t ree planti ng progr ams require 
appropriate seeds, ~ssistance in cevel oping public education cate rials, and 
mos t important , tr ainir.& and technical assistanc! in rs er y deve lopment a nd 
post-planting maintenance. I n addition . l i~ ited f inanc ial .sliltance to 
support an affor estation prog r ae manager and/o r travel expenses would peroit 
promising national or regional or ganization s to expa nd the~ r aSliltance t o 
l oca l afforesta tion groups. 

Financ ial assistance will be provided t hrough tne Ene rgy Development 
Fund . I n add iti on . t he project will pr ovide: 

At least two for est ryl"ag ro (ore ltry expe rts to 
provi de tcchn l cal assistance t o gove r nr.en t and 
non- gave r l".:llcnta! o:-,lni : l\cion ,. II '-'e ll II to 
manage rela ted aspec ts o f the proJec t; 

Deve l op~e n t . or suppo rt of grou p' I ch al l CRAF 
1n t he d e'l ~lopc:ent o! , rurlll aU ,:, r est ati on and 
Isrofo r estr y c~ :-r1 cu I3 for ipco rpor~l10n at 
t he Fpr cst [jc?.ut~cnt Sch'Ool . l.,'nivr rllty of 
lIai:-o-:' l F".c;;. t ,y :lepa rt-.c.nt . Ag r i r.:,~l t ~ r al 
Inst1t.u t es , fd ;::lcr', Cra inin, Cl' nter, . Adu l t 
Lit c ;~ cy tra in 1ns cen t ers . and ot he r IIppr o pri~t e 
for.:./ll and non-for-al 4!:uuc,. i ona1 cent er s 
ca?ab le of r eaching ex tens [on o ffl cer, . 
(aroers , or bo th. 

Nc .... l>lt: tt.~rs . i nfor-al io n :iocuOent 5 for educati onlll 
i nst itutions . poster, . fi l es , arti c les and 
othe r Qateri~l for ute by t he medi~. 

The network of lix dtmonlt r.~i ~n/e~tension center. 
centioned ~bov e will prov ide sceJlin3s to local 
organizati onl. decona trate tecbnique . of nurler) 
establishment and cai ntenanc e, I nd provid e a ba.e (or 
l oc al extensi on efforts. 

Seedlings shoul d be provided at a reasonable pricr depending on s e ClCI 
rroduc t ion costs, I. dch may vary f r om 20 cen t. to 10 .hillings. Prices 
'oIould both partia l l r cover seedlings cost s and also stre~then uur,' 
incentive to provide necessa ry seedling ccre during the first few months. 
This p~st-plantins ~ain tenance i s the mose critical el~ent in tree planein, 
effor ts. Official ~stimatesindicaC e 70: or core of t he tree. nov diltri~ut.d 
for re fo re,ca cion d1e shortly af ter planti ng for lack of cara, part!y 
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because seedlings are distributed at times which are inappropriate for plan ting, 
for lack of ex tfns ion information and asaisfance , and ~pp4rently because 
of lack of conc~rn for post - planting maintenance. 

The demo .stration/exu:nsion centers also will serve as a seed source 
in thasp. areas, "here di r ect seed i ng has prove-J successful. Cer ta in species 
of Acaci(l, leucaena , Eucalyptus and Pro so pi.~ are effectively propasat ed hy 
direct s owing. i.·he re feasi.ble, direct so~ ... ins hu t he adva ntage o f conside r3b l ~ 
reduction in cOst s . Post - e::l.:rge1;lce muintena nce is scilt criti c3l , ho .... eve r. 

Nursery and planting technique expe rime nts will include di rect so .... ing 
expc r inents (alone and in combin~tion .... ith agri cultural c r ops) ; prepdrat ic; 
transPQrt~tio n and planting of naked r oo t se edl1 ngs ; rai si ng o f plnnll in 
soil blocks; a nd raisi ng o f plants in containers o f dif!ercnt ~aterldls and 
sizes. Yhen planting nur se r y st oc k in the fiel d , various ~ethod s of so il 
preparati on .... i11 be expel ioented ""lt h , i ncludin'; the UJe o f su bso il e r to 
brinB by h~ rdr Jn or .:op en u p poorl i' d rained a nd a erated ioils . 

Acir o( o r es try O~::or.~tt'l · i o n and E!II:t tn<;i on 

Because o f the i ::lpO rt dnc ~ of agl'o f o restry ~nJ t he 111dt ~ { current 
or gd ui=ut i oll5 f OCuss ed Oil ' nte s r ated silv l cultu r<11 / .1gri cultu ra l fJr.l in& 
paLtHns , the projec t "' ill su ppOrt a Jeries o f de =-., nstration s o f t he 
te chn i cal, nnd ex(ensi on/ i1cce~ta. f\c e 1lSp o! c ts o f ao r or o rfltry 1n each o f Ke nya 's 
~aJ o r eco l ogi cal : ones . us ing the nu r ... ry centers as .. b.ue. Such. d ~ ::lOnJ tra.­
ti ons 'a' ill i ndude : 

Spf'cics cri , ls 115 discussed lIb ov e . f o r tree Jpeciu t o be 
us e d in far:Ji ng systeos, t he f o ll o .... i nS .... ill be studi ed: 
shad i ng ch.J r actccisti ..: s, r oo ting habits , f odder va IUd of 
( o li~ ge and fr ui ts , ~ul c h value o! bra nches . n itr o gen 
fi xol ~i on , and l:p t.lke of :inenti ele:::t;n:t s . 

- Demonstrati on plnnti ng , t o inc lude bo th establis~ent ~ 
co nve rr ti onal f o rest plantati ons ~nd plant ing o f trets ou 
land us ed : o r c r o pfat':ling and pillture , as part o f in tl!sr '1 
multi c r o p a s r o f o restr y sYSttcs. d~conttrations ou tJid e t h ~ 
cente rs wili include planting o f trees along con t~u r line s; 
plant deep-root ed li sh t-sha'(! . tree !; betveen r ows of t:.ait.e o r o ther 
c r top s ; and usc species o f Acaci a, Cac :, u:::l, Ellphorbia, or oth~r 
app r opriate genera f o r live fenczs. 

Extensio n s e rvi ces to flln:.ers, vorki ng in close cooperation with 
fi e ld Agricu ltural Officers .The AgrJ!or.,try ext_nslon program 
established i n !l.1.:a nda with faG assistance provides one !:Iudel for 
how to o rgani:e and delive r such utensioD IC.'cvice •• nd how to 
eombine d ,monst ration and extension effectively. 
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Info~ation Cathering and Analysis 

The Bei jer Institute and Ministry of Energy ~ill ca , ry out ~. 
eighteen month, $1.4 million fuelwooJ Cyc~e Pl.nnln~ .ProJ ect Co~~~c lng . 
in October, 1980 . In addition to supportlng t he telJe r ~tudy. t~~, ,p r ojec t 
will use it li lono-tet"!ll exper ts to docullIen t and thl;:o continually CiOnlto r 
rural afforestation and olSTo f orutq' activities throughout Ke~y •• And ... 
to in~esti&at~ opportunities t o p r o~o te exp4nded wood pr oductiOn,on unde~tl lz cd 
land s. The experts ~ s ~ort-terc con sult ants also will An utyze lnfo:mallon 
on Kenyan fores t re sou ees and land use generated by the Reco te Sens l ng 
Cente rs. 

II. \.Iood/Ch::.r co .ll ConservlItion: III'.proved Cooksto .... u 

A. tntroduc ti on 

Cookst ove i!:lpro\'(, '"l,~n t potenti311, o ff trs thO! east tarid :::eanJ of b ii nnin& 
to close the sap bet'.lt!en fueh'C'od supp ly <1 nd d :",and , Ove r 0% o f ,I 
Ken yan s dl! p..?nJ or. '.'ood o r eh.1reo .t l f e r tOO i ng . ~o lt rural wCC::lll n cook over 
an unenclosed tr.tU - stDr.(' fitl! "'hich 1 su an uti':'.ned !to '! o f t h e heat value 
of t he ·.'ood fuei , "Jikos" , oeta l b:'lt e r e \J ... d bv ":'lO. t of the u r ban ooo r 
.:lnd ., Il. r ow i n~ nu~be r oj ru r .,l hou<;f:ho ids. Si':l 1.lt~" ue es tioatlild t o blll!de ~ 
li'Jcri n:;C'n lyl :.': o f t he hColt value o f eh,!reoal. At the othe r eM o f thl! 
tooi.ing o;.p ectnm HC d ...... i ees f o r ush;; "oo:=c r cial" ~ ,: el l ; ~e r ol cne . l.'hieh 
f or ~ 1 ~dle-i ncC'~e urban fJmil i es ~~ b~. SU b.llto te fo r ehJr cQ.).I. and gas 
or e l e c~ ri ci t i' . '.: h i ch Jr c dft o r d.lbtl! on ly by t il<' ·.'ea ) hy. Bet \lu n t he 
trad iti onal .11,d the "moJe r:\" are nu:n.~ r cus d evices or :%l"'thoch .... h i ch potent i " ll;' 
cou Id $ubst<mt i a II y i l"l., r o\'f! upon t he r f( Ic ieney o f the t n ree~st on e H a ve or 
tr :hliei on al i i ko . The pr oj ect ·.I ill support do1\'el opclt"nt :lnd disae::d:uti on o f 
su ch technoI .;,g ies. 

B. Imp rove - en t s and T h r~e - S t on e Stov~s 

The t .1S i c cooke, ge ne ra lly cons ists of {nra IHglO!. CArldully sele c ted 
st ones .1trnngcd on l~ e ground in 11 triangle. fires C ..l)' be in::::aediattly 
outsid i! the home ( as a det err en t t o anir:l4ls ) . in _ Ihe!tered 10c Hi on o r. in 
the great maj o rity of case s, '-'ie hi n t he hor.le it.el!' \.;'CMlcn generally .it or 
Squilt ar ou nd the f ir e · ... h ile coo ki.ng over one pot. 'Within the li::titatio .•• o f 
the nethod it self ( rated only 5- 8% efiicient ) , they are likel y to try to 
mani ou late ~hc US2 of [lace. coal5 lO!oberl. and re cove red c h~ r coa l t o tr y t o 
get as mu ch hc at value out o f the '-'oot! .IS pOl5ible, Rural f4.:liliu also Appea r 
t o be quite consciou s o f 'e'hi ch indiglmCAu spe ci u cake the but fire ood . 

Resides providing heat f o r cook ing , the open tire provide I wa~th 
(particularly i!:'lportant in the highlands), li&ht, pest protection. vtttn.inn 
of the life of thatch r oofs . and a conveni ent Blither ing spOt. They also 
have been auociated \o,/ith severe eye :lnd lung problem. (due to Iftloke 
inhalation) and ineide rlts of small children f.:alling into the fire. 
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Two primary fac t ors contribute to the 10", efficiency level, of open fire 
stove.. First', because air supply cannot be con trolled and bec aun: duir~ 
air-to-fuel ratios vary (depending on moisture content o f the wood, wood 
platemen t. etc.) ai r s~pply may fall below the l eve l requi red for comple te 
cOnlbusJion , resulti ng in ca.rbo n monoxid e gl'l1!t'ltion and a smoky l ow-:e:nper­
IIt ure fl am!:: whi c h is both ineffi c ient .lnd unhealthy. Second , po ts l ose 
l argl!" dmounts of heat Ly convec t i on--th. t is. \lind dispenses the hf.at 
produced aw~y f r om the cooking vessel --particul.lrly where t he fir e is exposed 
to ai r cur rents o r b r eezes . 

Among the more p r o~is i ng i~prOve~ents i n three-st one 
fo 11o",i ng: 

arf! the 

1. Enclo sur ~ of the fire by a ho rses h o~ sh llped mud wall, o r al cove , 
r r l:'il ti nl\ a bdffling eff .:oc t .Joo re dudnt; convect ive he Bt 10$$('s, 

• 
2. In~o r po ratinn int o n~w struc tures o r ret r ofitti ng in existing 

stru c tilres of air pass3ge s f or seck. re~oval. 

). Inco r po r.lti on o f gra t es f u r keeping f ue l ... ood above the grou nd .t an 
optimdl distance fr~ t h~ cooking ve 'lel. 

l.. Dbi s i on o f t he cooker i nt o separa te elenen .. s- - g l o .... ing c"a ls, Actdve 
flJ=o! , and hot r o..:: ks -- ~ o r va r i"bl e C' ooking tas .. s (bo iling . s ir.ceri r:g , 
Ya.rning, et c) . This \5 generally .r r.n~ed lequentially, 0 1 on '-po t 
c ooking is most pr eva.lent in ",11 parts o f Kenya. 

In addition . ( uelOood saving cln be realized without introducing 
c.quip!r.cnt. Sub sta.ntial effi ci ency i:l'lprove:ncnt is poss ible . simply by 
dryi.ng (sc .lSonin g ) t he '.'ood before burning , since 'lloist wood pr oduc u 14l1U 
useful he.1 t a.'lld mo r e smoitc. Al so , as menti oned above , mar.ipu\iltl on of the 
fire-- t.!specl,llly usin~ th~ ri gh t si:e pieces o f Yood lind moving the., int o o r 
m ... ay fr or: the ce nt~ r o f the st ove d ng - ~ c an h"",'IL! a ,ublC:intial illlPA C: on 
ho'", :nuch l.'1t ent '% od h .!;lt is used rather t han 101C. 

A co):-.bination o f the s t idellS c;'ln inc rease the effi cienc y o f co.>i.i.ng 'Je ll 
ab ove that Ol 3n open fire. Co ldenbe r g 3t Princet on tlnive rJity tested the 
efficienc~' o f an o pen !ire configuration \"it h .md wi thout use of • si:nple 
al cove f o,:, convection con tro l . Efficie ncies 'Jere Obt ai ned by w-=lshing the .... ood 
before and afte r burning a nd rnea ~mrin8 t he teoperatu r e for a give n amount 
of .... .lter. The r esults .... e r e 7:: efficiency f or the ope a configuration ver,us 
16% wit h convec ti on contro l. 

C. Othe r N n- StOVI! Irnn r oveoent s 

1. Fireless cookers in v.lrious f oros have been tr~ditionally used 
in Ilan>' societies fo r centu r ie s, Their cQa::\on trait is thn they au vtry 
"Iell insulated cont.liners. A t yp ical fireless cooker , the Norvcgian or 
haybcx cooke r, is a c l osed container in~ulated vith a thick layer of h.y, 
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woed sh~v i nq s or ot he r insu l a t ing ~at~ r i al . The opening inside th i s 
insu la tion is just adeq u.lc e for ne or t lolO c ookjf.R po t s. Once f ood has been 
brough t up t o conking t empe r atu r e on a fi re , i t~ is cover ed ~ nd pl aced into 
the insula t ed ch~~b e r . The cever is then pl acr8 on t he i nsulated box and t he 
f oo d i ns i clc conti nue s t o co,,1. v ... e r t~e. c .. ;.; t SOI ~ rJl h')u rs . as its t emperatu re 
ve r y r, r adu a l l y dec r eas es. The consump t i on of uti ,A r 31':14ti c a ll y decaases 
IJh en li 'ICh I.',urnc r s J. r e used i r. conjunc ti on :,ith r 3d i~ional p r .lI::tic~s. 

2. So lar Ware.cr s a r c d €.Vices · ... h i ch use t he dire c t and di f fuse r ays o f 
the sun t o Y3r m up cooked f ood . inc r ea se t he t e~pc rat u r e o f uncooked (ood 
befo r e it i s p l aced on t he cook i ng fi r e , o r keep cooked f ood '-'&rO . They cons i st 
o f i nsula te d bOXES with eit he r s i ng l e o r doub le gla zi ng on t he sidf ex po sed 
t o Lhe sun . The {" t erio r can be ei th e r bl a ck t o absor b r ad i .1t i on and conve r t 
i t t o heat , o r r efl ec t ive t o d irec t t he r ad iati on onto t he f ood ca l'ltai nc r . 
In blll ck inte rio r so la r '.:.I rne r s , tempe r atu re s o ften app r 0 3ch boil i ng af t e r 
I hou r o f exposure to t he sCn . Tllt' costs are generlt l h 10 .... (l ess t han S2 
p":I' un i t i n 1:I.ln'l ,;,)unt ri c .. ) 3~ op t r 3l 10n anc n:.li.r.l I! IHlnC ~ at the s ystem arc 
noJ t diffi cul t. 

I n many parts o f Kcny .1 ',,:cather cond iti ons are ( .. .. 'o rable f o r u se o f 
solar wwroe r s t o su pplemen t existing cookin g pr a c t ices. 

) . I nc r po r .ltion o f a s::roke release pal SAgc· ... ay in t o a n ex i s ti ng dl.·elli ng. 
Thi s could e s imi l ia r t o th~ c onst ruc t ion of a firep l ac e ou t o f lrud b r i ck s 
or ta',pc..! e.l rth. The i nc r e.lSed d r af t ca n al so c r ellt e .1 mo r e r egul ated ccmbu' ­
l i on proce ss . 

4. Encl o sed po t S , e t c .• can bl! s ur r ounded · ... ith bu r ning e""'be fl and le a.ve s 
i n a p r c e ss so:n ... li.1t ;lkin to e.1rt h ch.1 r coa l lei ns. This r r ec e .. would alia .... 
the cook t o le']'le ,1 C'lc 31 cook ing utla t ended. 

D. Hi~h ~!.lS s Stoves 

Ir.'Ip r oved coo ks t o\,es hay !! the po~e nti.l l f o r sign ifi c a nt l·· inc r euing 
(uV t o 50':) fue!l cff i ci t! ncy ove r pen fi r e s. Experi e nce in s eve r al coun tries 
h.ls shc -..m that the co s t:: of such 'nnovati ons ca n be b r ou g h t ",oj. t h i n th e '/ conocic 
.1 nd [echn i cal r::l'ans of t he r.'I.1. j ori t y o f ru ral pe ople. "''h ile it is d i(f ~ ult 
t o gent! r al izc . su c h im p'~ved $co\'ot! s ofte n contoJi n t he f o l l owi ng !e lltlJ ts: 

fi r ebox- (o r he a r t h) fo r contai n ing t he fire ; 
- fl u~ - {o r d i r ec ti ng t he fla~e and fumes o f co~bu' ti en; 

c him~ey - t o pr ov id e a d r aft f or a i r dr aw and a pa ssage f or venting , - ; e ; 
- arr lnlet - to su ppl y ox y ge\~ t o sust a in t he fl a.rne; 
- ba.ffles - t o d ir ec t the c onve c ti\'e hea t cu rre n t s ; 
- he .. t exc h.1ntte r s - t o t ransfer hear. t o t he substanc t' t o be cookt'd 

(th i s i s geM eall y the ro t itse lf); and 
- damp er s - t o control t he flowi ng a i r or d r a ft. 
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Improved stoves can be made in a variety of d~signl uling many diff~rent typ~$ 
of materials, Mud. dried bricks . sun-dried cl~y b r icks, clay/sand m' tures, 
dung, agricultu ral residue, and sheet metal h~ve all beer. uled to oake 
i~proved cnokstoves . Choise of ~aterials i s gene r.lly a f , } ncti~n of ~hat is 
l ocally available. the co!:ts in·/ol ·: cd . and "..hat the bu ilders and use rs 
are familiar ~ith . Many of the d e s i~n s evo lv?d over the l ast 25 yea rs 
h :~\'C: used pr b~rily t: ol"Lh-- sim p ly ht!Ll\ I SC it i v 1"os t tl:.lleable 
m3 te tial. 

Earthen stoves Gre un~ommon i n most pJrts o f Ken ya . a lt ough indigenous 
bri ck stoves a re sCMl(>ro!d in (he Ka kerneg a- I:I Jo rct .1r.:a o f estern jH'ov i nc e 
and it is r o s s ib ,e t hilt o the r isolilccd examples exist throu ghout t he country. 
R~cen tly, ho .... eve r. or Ga nizations including L'~a C CF ' s Karen \'iU ag t! 
Tech no l ogy Unit. the Ho:ne E c onol"\ic~ Departl"'e nt ct {he ~Ii n istry of ASric:ulturt! , 
a.ld the Y'I,.'CA-- have be !;t:n e!':pc:- i l'"f'nting vit h h i gh - " a5 s s t ove s \o'hi c.h fa..,i1iu 
can bu i ld th<!rnselves us ing ine xp cnJ i '.'e. 10c.1 l1 y .1,,·;ai1.10 1c :::lte r:'.11 s ( ea r t h . 
d\,; I\ t> . sc ra p ~ ... ~ ... l, et c) .1" .1 <:'c.InS .. . ';:I,) n~ .. . ln b f ilet •. ,." , 

The U::tCEF Kar en \'il1age Te c hno l ogy Unt t (VTU) , .... hic.h r ~ c eiv~(; sev er"l 
t housand visito rs .lnnu.:!! ly , has dlS .>! ayed s~ ... (! r.al lClrr ov~d coo b ng Aj) r1ian c. es 
includi ng i!ndos ed .... t.lO';~tov e s . i1'".;,)rovt" ,j j\ ~ h , ho t· bo>; Ic. ;' ~r ! • . mJ Voirl OU S 
s o 13r cooke r s , .... h i c h h.1'Je had 0:1 1,' 11::1i t ec l -j).lC t CY:ti'~ ~ l h ll! 1,'TU' , t hus fllr. 
Ij n t il last ,(, ear, K.1ren Cente r had dl!=.onstr ated t he r .i seJ !J\,; td oo r c.oc k i.n g 
platfo rm and a r epli c.l o f an e xpcri ne n tal st(.'·:e :r · .. ·c 51 f'r n Pr ov i ne .. c .lled 
t he: Kak.lne:~ a t ove , bo t h o t .... hi.::h U$ O! eart ~..:n (C i:wa 11",,) b :- i cKs ;Jnd cenent 
mort ar t orp i nl; . The l disl!c coo:"hr: pl.nf o'r- t ')VI: con t lins ,) ~ed lw~.· sized 
fir ebox ,., it:l a cur..,int; fl ue . t!n;:!He d .... .n C' r he ifer CO!l ~ "_n "r li nd ,~a!t 
ch i.:-mey . oo t h ~ t OV I: S <l r c ou t doo r s t o'Jes. " ;. r ob lcr.l l i n- ~ "'\Ost IJo--:tn cook 
inJoo l's . 7h~sc: s ', o\'es h , i.' bo: e n ul'Ja to:d at ~'..l rc n bv t ~\-= "i'n.l' d i st ove" 
(Fi su re A· l) devel op ~d y ~ Il!:l.'l Eli.SB be t h ~..lrj::r.o i nd t! i)l~nJently lifter she had 
h<!.lrd o f t 'h! e.1r t hcn stOve expe l i"e nt s at h,Jr fll . The stove i s II l!lr&e 
p !'ltf Cl n:1 co ns tru c ted of c.H th , :.: ith st i. cks .1:'1.d '!.t oncj lU l,llllnf or cing oet:lb e.!'s, 

'~'O burner s .H e :oc.lt ed "ho':e a l uo;;e e.lr'Jcd ~ i r cbox (oo"' ~u lti on ch ll~bfr). 
w~i c h c ontains <I he av y rIc tal gra l e .. bou t 8- 12" bl'lCN the bur ne r ho l e. . 
The stove al s o inco rp lJ r.ltes ,) str"<l i sht flu~ and up ri gh t chi :::':'I. e >' '.d t h op ti onsl 
en.::losed '.J,lter j.l c;<et , A la r ge '.;ooden d oo r is fitted on t 1': ,. fr OM o f t he 
st ove once t he fire is lit to a c t .lS a f oro ot d~~ ~lI!.r. 

Accor d i ng t o tests \le rfo r::c d b}' the t nternediate Te ch:lolo"y 
Dcvcl opmpnt Gr oup . the Karai !:t c'J e exhi!:dt cd the f o ll owing charac teristics; 
( 1) It gives acc cptolUle perf o an ce f or l ong cooking t i~e' . Ef fic ient com­
buscior". and heating of t he stove wa lls ( t hern.a l oa u) t o ste.dy sc.tte taku 
40 minutes. Un til ch" t ti:::.e the stove does not perf on. \Jell. (2) Sot 
shutting the .... ood donr ~'ould signi l" i cantly dec rease the stove's efficiency, 
(3) The chimney height 0") i s about optimum and the burning rate is close 
to optimut:l f()r and stoves, ( 4) Addition.tl dno r i::.provcoentl vit liout 
sisnificantly alterin~ the dcsign are pc!sible , such as c h.nging the shape 
of t he fl ue and combusti~n chaober and plac ing r cd s in the chimney for 
increased heat transf !! r to the \o'etter jacket. 
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Fi gu r e A- I . rro ntal Vi eH 0 & the Karat Stove developed by 
Ma ma rll.s a£)ctl\: ~ ! an)lko as bunt at Ka r en vTI laae Technolooy 
Center. Contains t· .... a lu :-ncrs .lnd 1 ><\""atcr heate r atta~h~d to 
chlmncy . \~~st r ~ction ~ate ri als - ea rt h , sto nes, wood 
scrap metai , shee t iT.etal . 
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\lith t 'he support of the Kar~n VTU and NORAD , .... omen in the Karai area 
(a relatively pro~erous area ~eJ. r Nairobi), have built o ... er 15 delnonstration 
stoves. Orde rs have reporte~~ been placed with ~ama Elisabeth and her 
women\s group for 50 mo re st~ es at ) 00 shillings ( US $42) each . The COl ts 
of construc tion mater 15 a re but a sm411 (rac tion o f this (i6u r c . 

Mama El isabeth ha s <1 150 conducted a st ove - bu ildi n& '.;u l'kshop f o ~ Peace 
Co r ps·Voluntt!Hs in LU S'l ri, i n Wc:Ht:r u Pr ovinc l! . Those present expressed 
some conc er n ove r the rat her ri gid insisten6 c by the de s i sne r cn faithfu\ly 
copying he r model .... hi ch r equ ires an IJn!amillar stllndi ng posture. Add iti onall y , 
soi l tests or materi al con tr o l s app~ar not to have been used du r ing the 
cons truc ti on phase, Io'hi c h cou ld lead co stoves c r umbling o r othen.:i se 
dete r iorating soon deter ~e ing bu i lt,. 

Althou gh leu pub licized, sevcra l distri c t and divisi onal le vQ'l 
Ho~e E c~ "n-ics of fi ~c rs from the Ministry o f A~r i culture h ~ v e begun ~ ~ te ~ c h 

wOlen's g r ou ps to bu d d earthen st oves. St ove build i ng 1 5 u it..: n ...;" .. oJ f t he 
manY,componc> nt s of linne Economi c s training given u, .,l,gri cu llural : .. h icutu 
ad at t he Eserton Coll pge . tn additi on. some offi ce r s have visit the 
Karen VTU. 

The s c stoves r eported l y vary in site and shA pe. Co=::aon d enOM l r .. ! : ors are 
relat ivel y low ( 4Sc~ ) h~i6ht , aakeshift r.hi~neys f or saok. cl e ara nce. and poo r 
to moderat e r esistance t o cra c. idng. The \,/ooen acc , odate th i:J ? r o bl c~ by oud 
and duns patching at regula r int e r vals (i n o ne ca:ie. onc e a week ) 

In ~encral . it appea rs that most of the ,e Home E f nooic i o!f i r,c r s have 
no t received su ffi cien t traini ng in H o· .. e de sign tHI Lll etcrs. the !\t(·d ( or 
soil tests , <and how to c~nduct such tI! s ts , and othe r il'lportan t U I'I!: tl of Slove ­
building, So il testi ng i.s pllrti cula r ly c riti cal. sinc e char o1 ctcl :' .~ ic s of so ils 
eve n a fctl me ter s apa r t may var y \,:idely. If C'lixtu r es are no t ac.l jus:f':d to :lC­
cOlmlodate v,Hying so il char ac tc!;ist i c s, earthen stoves m4 Y c r u/f," :..! o r c racr'. 
literally hours after completi on o f con~ truc ti ~ n. 

Tal be A-2summariz~ some r ecent exper ience wit h hl& h-masJ I t ov ~ ~ 

th rough ou t t:le world . Fuel savings sho'.ro shou ld be i n c o."! r pe rt ed . ... . lU liou!lly. 
since rat t'd efficienc ies are qu ite sensiti ve to assul:\ .,!d cooki ng ch" chod., details 
of the t es t :!Ict hodolog y . et c. I n additi on . the cookstove progr am. in Sene gal i. 
providing valuable exper i ence in both stove de "i gn p ;l r :r::e te rs a nd el( tension 
techniques. 

St ove designs should be no t onl y encr& y 
specific local needs and cooki ng methods . 
a.rds for" imp r oved" stoves. 

con~ervin; but re!lpon ~ iv e 
The follo· ... in& are mini~al 

,. 
deaign 

- The cos t mus t be 1~ in ac tual ca~h out lay. 4~~ ~:~~ . exper~iture; 
- The stove mus t be durable enough to withst.nd he 3Vy use without 

stand-

cracking f or at lust a year a.nd pref erably lonser . 
- The designs shou~d be abl e to be constructed with locally available haridtaol., 

from l ocal ma. terials such as mud, crop residues, SInd, dung et •• , which 
can be made ioto bticks or molded. 
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- The sto ~ .hould b~ simple to op~rate and understand, should utiliz~ the 
typel of fuel available. should acoommodat e existing cooking method. , and 
should allow for local innova tion and adaptation to preferred cooking 
method •• 

E. Low-Nass Charcoal or .... ood Stoves 

LoW' mass char coa l bu r ne r s have been a pan o f Kenya' s cuttu r ~ s i nce the 
beginni ng o f the 20th C'cntury. The met al br ad ers common ly called "Jikos" 
are thought to have been introduced by Arab traders or I ndi ans who came to bui ld 
th e Kenya- UgAnda Railway. Over a p ri od o f a years . a rel At ively stand ardiz ed 
series of desi gns has evolved enc ompassing vari ous sizes and degrees oC 
durability. 

Jikos are r.':.lde oC IC ap n(: tal ab out 1m. thi ck lind inc l ude smal l p i eces 
of steel r einforcing r ods for pot suppc5t t~1, The !:lO It typical house ho ld !:lod el il 
c)' lindrical in shape a nd cons ist!> oJ f th r ee I.:otlponcll" ,.: t he oe~ ,Jl sh .. l! , 
a fire grate · ... ich opening. ( represe n ting r out;hly 10.:: o! ,Ole bale uea j ; 
and bppenddges (base supports. ) 

Jikos a re built abose entirely by i n f Ol"":la\ aecto r aniurs ' ... ho acqu ired 
tl:eir skills ou tside o i f orm",l edu.: at1on ch .. nne ls. In addition . so~e \'illage 
Po lytechn i c s · a re ~eginn i ng t o o ffe r cou rses tn jiko ~Jking. Rav o4ttrials 
f o r jiko m~nufactu re a re pu r chased f~ o~ i~to~al s ~ c t o ~ , c ~.p =et~l ~ealer" 

~ho ob t&in t he ir sc r ap neta l fro~ ga rages and ~act o ri es in u rba n ~r e a,. 

Unf ort unat r Iy, 95% o f the. ene rgy val ue o f chJrcoa l canno t tit. u s t'd t or 
cooking purpose s J ue t o t he t he r oa l ineffi c l l' ncy o f t he j Uc.o . !'iOst o f th. 
he at va l ue o f t he char coal is l os t through the c ecal wldl , by ~adi.ltion o r 
t h r ough se~pa&(! around the cooldn ;; '1esse! by co nve ': ti on. ,,)n the o t her haM , in 

highl.lnd area s , this heilt loss fr o:l cooki ng i" 'Juful during co!rl tr tieu 
of t he ye ,lT fo r space heatin3. 

In C.1rly 1980 , a r.lajo r pub licity cllt:lp ,d gn .... /" cene rlted in Uair obi 
to promote a ne lo' i~ r oved j iko eve l oped b>' ~.1 c la ... Hi cutll. o f t he CilMva-bued 
Bellerive Founda ti on f or Pricar y and R~ne· ... a"b le Energi es , \o'h i ch WII c hi:ed t o 
l>e tlo' o r three times as effi c ient as eh" trad l110nal one. The ~ICST and the 
Ministry o f Energy spousoad a defllOn str.lti on o r the i::lp r oved jikos ll nd 
initiated a six-mon th Hudy of their social a cc epti\b Uit)' and e cono~ ic 
viability . 

The Hi cu ta Jiko (Figur e A- 2) is cyli rid ri cal in shllye, .. is the 
tracitional jiko , but is ~ade of heavier plate stee l. It is built o f dou~ e 
walls tc r educe heat l oss by radiati on . and one oodel i s fitted wit h A chimney 
and damper. A funnel pLJc ed on th l! srate l oc ated 6" rr()CII t h. fl oo r dive rt s 
heat t o the central point of the cooking vesse l. A pan with an ~ttache:d bellows 
allo~s f or the lighting of ch~rcoat ... ith kerosene and PQper. Thi. jiko, 
rat~d in S~itzerland at an effic iency of )01 , is pri ced at ~h)5 (US $45), 
versus a price of Ksh 25-50 for tradi tiona l jikos . 

* (Two- ye3r technical training centers) 



In testing by selected consu=ers, generally higher efficiencies ~ere 
reported, but dissatisfaction .... ith the design arose . The ne'J jiko 'Jas 
considered to be too expensive, t oo huvy, aBd bulky (making it difficult to 
carry outside, whe re jikos conventi~nally ~re lit ) , too slo~ t o start up 
(part icularly f or boiling .... ate r f or mornin; ~of fee o r tea, a nd lack~ng bottom 
supports. Also, jiko makers found the Hicuta jiko expensive and time­
consu~in& to fabricate . 

The NCST and Ninistry o f Eno!rgy then coo:! issicned inforl:llll sec t or j iko 
manufa c tures t o build and disrribute modified ve rsi ons of the Micuta jiko 
'Jhi ch incorpo r ateJ reco~endations by the tester s . These modi fi cation3 
r evived many of the featur es of the trad itional ji ko . i.e. , three le g 
supports, an ai r inlet wit hou t bc 0\015, and scr.lp metal constr uc tion. (Figu re A- 3) 

Costs decrel1!oed in Ksh 120 for ..9 12" dia.'lIct c r jikn and Ksh 30 f o r a 9" 
'o i 'lnl eter model. In a further j"odi fi cati or. . ~ he ve rti cal po rti on of the 
\.,I · "lI o."Y .... oJS eli~:n .. ted cmd till! price for a I i" Clod e l dec reued t o Ksh 3D . 

' Prdiminar·, tests at Keni'.!tto1 Un tv e rsit·, Co llege and the Universit y 
o f 1; .~ir ob L on several o f jiito designs so fllr h 'VI! been inconclu sive 
.1nU !\ave be en stalled r~ce n' ~y due t o fund i ng r e \ trlctions. 

"'n additionill jiko development p r ojec ~ hu pr c uded lug 
u!' :," ~i c (':l. unde r the auspices of t he ~ Ia.tl. u nal Christ ... n Council Kenya ' s 
n':l.~i:) St . J ohn ' s COt':"',un iq' Cen ter. The ~;fC K ope r.t ~ s a .mall p og r a::'! 
pr ('l\'l cing scr,? !:letal and other . a'.t t::.lt~~i.'! in bulk ,It CO st to l nfor-'II! 
'>l- ~ :- pr .)ducl!n. A coltabo!ni'H ef! rt bd:.'ceo the jiko :laker and an 
~CCK 'Jo~untee r p r oduc ed II ':',Holl she ll jl;':" :"it h :. soi l ce:"u!nt ins luing 
.Ini ng , .:In .:li r chlL,ber o r p r ehcui n& anj ,1 s:r.ilil dng f CHili t s upp o rt so.sl1 e r 

' S This i s the only \; ;" t,;xitnpl e o f metal 10 \01 n.us 
t-Irne r in co r po r ating soil insulati on, h HS ,\t KenYIlc.tu Un ive.rsic ~ College 
iU' , this jiko a rHing e qu oll t o other l;'l; r o\'ed jikos. 

E~ert o n College . 3t :I )o r o . h;u bt!c cx ~eri::l enting \oIi ~h multipu 
Incl .-ding bd kinb oven comb inat ions , (!""T:lcrcial kit chen des igns, 

pose j iko s 

~,tl! r heate r s , S OOH! oC ... ·hi eh IIrc avail ,I';I·> o n t he t:1 3r \.:lI!t . ~d 
rksho ~lti o na1 Counci l fo r Scienc e and Tech no l ogy (SCST) sponsor ed 8 

on J\:l, 24 . 1980 . "'h ich incluced repr c s l. ,, :.l~i' .. es o f the ~inistriu of 
Eno! rg y , Envirof':.lcnt lind N.1tural R~sour ce' . C(C:Ic r c e, and I ndu stry and 
:;CC K, Kenj'a tta l'Olve r i cy Col lege. Uni':ersi ty o f :Iairobi, t/NI CH / it4 re n 
Village TeCh no l ogy Center and the USAID ~ .:' nc'.·:&b lc r.neriY Devdopttent 
Pr o ject Oesign Te;un. Tht! !&llo ... ·ing r ccc-::leru!a i ons 'Jere m~e: 

1. FUrther resea r ch ad dcvelop=c:'. t c :~or:.s should be c.Jrr~cd ou t 
t o further ilnp r o ... e the perforaanc e o f the iop roved jikos. 

2. Public institutions And non-gover~ental institutions should 
nated to ill!prc\'e jiko s for \!lore co nclus ive testing results. 

, . 

J, Iopr oved jiko designs should be promo ted at vi11&&e polytechnics 
and region31 agricultural exhibitions • 
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4. The production nf jikos should be stimulated in various partl of Kenya. 

S. Jiko improvement progr~s should be complemented by programs to improve 
the efficiency of charcoal production. 

6. Alternative fuels t o charcoal (agricultural 
utilized . 

7.~A program to devel op efficient IJoad st es is hi g l y recexmne ndcd. 

8. The ove rall improved IJood aBd c harcoal technologtes effo r t should be 
a nati~nal one supplemented by "internati onal 

9. A special coordinating sub-c o~ittee comprise 
represented at che mee ting should be consticu 
guiJ.;nce and support t o th e eff orts cOMpll!C ed 
j i kos llnd ene r gy,- conserving technol G"ties . 

o f the organi zations 
ed t ~ gi~e :on tinued 
to da e 1n I.mpr oved 

• As i n the case of high-rnass stoves. t here :nay also be \ 4n opportunity 
to take a':iv£lntage o f c:<pe ri encc gain ed elseIJ l\e re. tn P1rt i cu~r, preli:lina r y 
t ests at the U:'l iverSic7 o f Dol r Es Salaa=t by, Keith Ope';'h .1· ... i ii ca ce that .. 
t ypi ca l inexpensiv e (S2 - SJ) st ove used in Asia is ilbout t1J i ce s efficient 
as th e jil:o ! This stOvo! con .. ists o f on outer l..1yer ::'lade (ran ti ~ sheet' . a 
mi ddle layer of ash / clay :i :' 1ing , and il fire d c14y inner liner '\igu re A-4 ) . 
Similarly, inexpensive ~"Hal ' • .'ood - bu rning stoves hav e long been u :'ed in 
Addis Ababa. Such st oves b~ t h .ne mo r e effi cio!nt t han th r ee stoner stoves 
,1nd pot~nd;llty re,presenr. J dl' \o ~c fo r i nt olluc ing 1Jood- b'l r n i ng c(loii'ng 
int o u rban <I\,O!,H 1Jo@ re .... 0 00 is l oca t ed ',,'it in c'!onocac t:'30sport ist3.oce . 
Tab l e A- sur~lnr izes ot~er 10IJ-1!'Ius des:';nS . 

F. Ot her Lo ... ·er - Pri oritv Techno l ogies 

Various o t her cooking technolo~ ies ilre considerca t o offer t ess 
these arc ac c or ded a 10IJ~r prio ri ty. 

1. ASricultlirill Residue Bu r ne r s generally are eithe r one-bunr,er 
l ('o1I~ilSS 1!l0d<!ls using: a compressed or pelll!tited fuel or hish-mass 
draft stoves · ... itr. grates upon IJhi ch e.he fuel is suspended. 

fh e small Olg ricultural re:ii due stoves bebg expe riC'lented with in 
Kenya , a:; :,,;e ll as those o f SUnili"r design used in Asi.1, are essentiall:­
like jikos constnlcted of IJaste pa int cans or smil ll drums. This design 
creat es 3 flue effect '.dthin the con tainer, creating a constant fl ov of 
OXY3en next to the oute r surface of the compressed atricul tural residue. 
The designs at the Egerton College Home Ec onomics ~ep~rtccn: ~re an 
improvement or this design in that they incorporate a funnel in p13ce of 
the more traditional horizontal passage, which is genera lly less structurally 
sound and prone to coll.1pse. 

1) K.!1.th Ope'\S h3w, "Eno!q;y Requirements for Housaho ld Cooking in Africa 
With Existing and Improve. Cooking Stoves". University of Dar Es Salam, 
April 1980. 
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High-mass versions of Dgricultural residue burners can b. const­
ructed o f earth, fired brj.c.\:ls, a nd c ~cnt. Vad<tt 'iu ot such duigns nist 
throughout As~a. but a r e generally used no t f o r cooking but f or ento!rg), 
production in f ood processi ng industries suc h a. C[ic onu t, sugar e x tr.cti on, 
and soymUk manufac lure . For Ke nya , such bo r ne r de . i gn s a lso arc more liktl ly 
t o be rel event to i ndus trial than t o hou<;e ho ld cook in; nc\!d s . 

!>Ios t II c ri cll l tu r ll l r es i dues ... ith h i l'\h en.'q~y .:once n t alr endy li r e 
u s~d Jo r purposes o lh~ r tha n .i ',l·st ic co( ~ing. Typi c li uses i nc lude o l'l-:;'u~ 

ent! rgy prod u c tion At th e II Bri culttlrai pr ocess ing pl llnt generating such 
re s idue . u s e alii anina l f e ed, or use as fertil iz er. rhe "mou nt s used f o r 
domes ti c cook ing , wh i I e in some cases r eg ilJnal l y s l gni t icnnl. a re v e r y 10"" 
complln~d t o wood o r ch.ucoal. Ex i Hing des i gns a t Ege rton Co ll ege and e ls e ­
\,Ihe re a ppear adequate t o su pp ort ckist i ng cookin g usc . 

2. Bi ogns [or , Coo~in~i Ktm }'a hl.l 5 t' r. perienc l! in b i ogas ge ne r ,lt i on 
spann i n~: ..I pe ri od I cNe r t h i,i.'t v yt' ara . :1 r. J. ilut ch inson o f Runni'l Csta t e 
Ltd . hJ!> " ill.! I.lt.;J 01.: .. ' .... nu iacturll.. ' .... tll:. olll. is far r., .. l lU l l Te rn.in s i nce 
1948. The s ....... " Sc loIork!> .n Kari ob .. ll& l ..I 1\d ~; ll,;.u I· U a r c oJlhl~ r ob i c s ysttl:r.s wbi It 
burn' oC f l a r Jtc qU .J lll i tie a o f excoss bio~ lI s daily. !lowe vH , the ('xp crii! llce 
f o r i.ndivid~ III farmers I.." ho have Itttempt(!d this techno l u~ }' have not bee n w de ­
spread o r. pll rti cullirly .Io ll t isfll c l or y . Ihlt c:;,hill lion ' s l ~ - eo lol pl llll t pr oduceil 
enough r.1I ~ f o r cook ing t o r th r c~' aJults prr d JY . Bo~J I the numbe l' o ( anim.:lll:i 
r equ ired and g s pr oduc ti un (.111 U H shon o f .Idd rcuing t he need!! of molt 
rura l pe ople i n .. n:.' " , .Ind th e llct uA I iri. dllllti C,1l cos ts f o r Hutchinson ' , 
p i ,lIl ts and jl r oJ e c t t'd cOn stru c ti on cos t or Ctnnc se-t\'pe f i xed d oma b i ogas 
p Ll ll CS ex< ccd the i nvestment c ap.l el t :;IS o f :11 I bu t rd .. tivel y p r c.~p ('rol · ' 
l ilnd Ol.llhl r s . 

The !.-i gh c,lp i tal reqlli r e~en t ~ ( o r bi oll-Its s y5l~lIIs --i nciud i ns no t 
only Lhe bi oK:lS utl{jt it o; eU bll t the COnfinl'd a nim Al , r.t'c"ssa r y to feed til.:! 
un it--pill sli c h sy!llcms wel l b\l}'ond the r eac h o f the r u r al poo r . Di ogl1' i • 
• l pp r opr Ll tc ty considi~r .. d a s lin inttlgrltted system pr ov iding e nergy , pr oduction, 
t.'II~te man .I)o;er.lCllt , nnd o th i'r bt'll C' fics. t:ner r;v r o r cooking is I i hc l y co 
const itut e only It mino r 5ha n~ of suc h benefits , nnd thrn on l y f or ll g1 i cu ltur:tl 
co l lc8cs , dai r y f.1rm~ , o r other c asc!! comb i n i ng bot h 1I 1-3r ge numb e l o f .:onfil ,ed 
Illlir.lll i s ..Il1d "roups / i ns t itu t i onal COO\dn6 nnd d i n ing. 

). So l l1 r St oves eltpc ri en c ,~ in Afri c a nnd qls ewhe r e luggest s tha t is 
\ S e~tr C!m\'!ly diffi cult t o int r oduce so l a r 5tOVC!I. I n KenY A. coo k ins genur:llty 
i s done ins i de . and most cooking is d one .ill ni ght .lnd i n th e ea rl y Il\0rn ing . 
Sol-Ill" !; t ove s whi c h rf'quire ou td oo r cot' ing dllrin!t the midd le o f t he d ol ), . 
th s do not appear to be 11 pr omising t e chno l ogy fnr genEt' 4l use i n Ktm ya . 

C. Pro j e c t ~eeds 

Experc ASRi s t .lUc e and Trtl in i n ~ 

A pr i mar y ne e 
co~unity d ~velopme n t 

is f o r cxperts to train hom~ economi c . offi c er" 
of fi c er t , Pe ace Corps vo lunteers, \,Iomen's organizati on. 
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and othars in th~ techniques of local design, ad~ptation. and construction 
of own~r-built stoves. It cur rently ap~aars that ext ension \.Iorkers' 
enthu siasm often i s not maLched by their kno\.lledge of th~ subjec t. 

Exper ience in Ke nya and elsewhere suggests user acc eptance r athe r 
than lack of technology h~s been the uajor problem , The ~pe rts provided 
thereC ore ar e LO be at least as stronR in rural ~xten si on 45 they are 
i n the !:cchnical aspec ts of soil nij\'.c r es , t hemody namics , {'tc. the AlD 
"Improved Cooks t cves f Ol! !<u r J l Senega!" vr o jcc t~ ~ ·. :h i c h erJphasizc s crea ci on 
of a supportive enviro~~cn t in \.Ihi ch rural vill aGe r s identify their cooki ng 
needs and wi th the "expe r t s" limited largely to prav iding te chnica l al~ 
tcrnatives and cOII!liderati ons , desi gn t hei r o ... ·n st ovei --provides a mode l 
for extension oC o~~e r-built st ove technol ogie!. Thi, extensi on app r oac h 
is at lea st as i mportan t t o impact as the technical inf ormati on itself. 

I n additi on t o a Ions-cern COokSl O'Je ext ens i on expert, it .. auld 
be dC5 ':' r able t o use groups such as t he Ap rovecho Ins titute (which 
u nJ~ I·to~k t he Scn \.!~al proj ccl) , lI iJG , or other s as s hort~term consu l tants 
t o d~ ~ i gn and lo r p artic i p ~ t c in extensi on t r aini ng pr ogrGms. The Karen 
vtt and training facility IJould appear t o be ... 'ell suited as a site fo r 
some tra i ning of (·:<tension offi cers, i n addition t o i nco rporation into 
cur r i cu l~ o ( C ~e rt on , t he agricu ltura l in s tit u ~e, at Embu and Buku ta, 
the Coas t Trai n i ng In s titute , KIA, Fanr.ers' Tr~i n i n g Cente r s , and othe r 
training instituti ons . In addi ti on . as in Sene gal , at leUt .!i ome of the 
tra i ni ng shou l d include coope radve field extens ion pro j e c ts t o senenlte 
parti c i pat ory cooks t ove design and con struc tion in rural villages . 

Su rvc;I and ASscss::lt:n t 

The l ong- t e rm expert should pro~rtly ini t ia~e an infornal survey 
and ass es ::t:lent o f c(\oking ;r,c chods and cookno'/ t! in novat 1ol::':lI. i n Kenya and of 
promi ~ i ng c o o~·sto\'e devet opni! l\ c and extensi on approaches being pursued 
else lJhere in Afri ca. Al so , ia conjuncti on .... ith the fo re stry expe rt and a 
sho r t ~ t e rm soc i o l o~ is t. hc/~hc :: hould undert a ~e an as~ess::\e n t of t he 
potentia l for introducing .... ood f or cook ins i nto urban are~s. Thi, as sessment 
would add ress t he dvaUabili t )' and likely procuring of firc\.Iood , 
availabi lity and cost of '.Iood ~ burning stoves , and issues of :;ocial accept~ 
ability, 

OesiFn and Testi ng of Comme rcial St oves 

Particul ~rl} · for improved j i ko, but al so fo r portabl e clay stov~s 
or met~ l ~ood-burning st oves, :he projec t should support innovative design 
and tes ting of stoves yhich can be ma nu fac tu r~d commerc ially, Options for 
provid ing such support ( through the Energy Development Fund ) include 
placing order s di rect ly vith jiko and/or pott~ry makers, contracting yith 
Village Polyte chnic3 , support of the t:CCK jiko prog r.am, and providing 
grants to or contracting yith one of the AID S~~ll Ent~rprise Dev~lopment 

Program contractors (Partnership for Produ c tivity or Technoserve) to .timulate 
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commercial manufacture of improved jiko or othe r s toves. 

Stove Testing 

The proj ect shou l d U:iC the Energ y Oevclop:TIent Fund to su pport 
/J. moderate stove t en ing [lrog ran f or both hi 6h -~,)ss ... nd 10'_'-tlass stoves. 
The Oesi&n Team re c ~~~ends th e foll~ing ptions f o r c3rrying out su ch 
::esting . 

- High-mass st ove s: Ege rt on C~llegc o r Karen/ITOG 

- Low-:nass stove s: Existing SCST tLsting progr ... o , 

Finotncial !h rrort f o r Ex tension ,me! 0et:10nstfllt l on 

A high pr lo rity of th e Ene r gy OC'/ e !opment Fu n1 should be to 
prOvide so~e financi~l assi ~tanc ~ t o vromising cookstove extensi on 
o rganizati ons alrc il <! ,' operatins i n Ke ny a Such support should i nchde 
i n- count ry travel .... 1' .. :15es , c<J:I :Hruct i :: n - .lte rials . p r "' ~4rati on of cd · 
..:,~ti"-:Il m.lteri']l s . ;lnd i n se lec ted cases partial I und ing o f ,1 cOokstove 
proj ect di re c tor, In the CII-.es o f Village Po l ytech ni c s support cou l d 
take t he fo r o of c ontracts f or completed jike s, Also . the pro j ect 
would . u r.de r t he "~Expert Assistanc e and Training", c o~ponent above, 
pr ovid .. t !' ain i ng o f af,d t ec hni c.:!! aSs1H.lnCe t o these sroups' !Ca ffs . 
The Desizn Team reco~ends t he [0 11 0W1 n& orgRn ization ~ fo r po,sible 
SUp p.:l rt : 

- High - !l'I.:Iss st oves : Pe.:lC ~ Corps, :lCCK, Karen / IT'DG , possibly Y\oICA, 

- low-mass st ov es: Vil lage Polytechn i~s, NCCK, possib l y Portner lhip 
f o r Pr oduc t ivity , 
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Ill. CHARCOAL PRODUCTJO~ SYSTEMS 

A. Introduc tion 

Charcoal is produced by burning wood and other carbon~ceous 
materials under conditi ons tha t severely li ~ it t he amount of oxygen 
available for combu stion. High tempe rature he.lling by various methods 
br~ak down the origin~l substance into gases, ,] ~atery tar mixture, and 
the familiar solid carbon material knovn as ch~rcoil' 

Compared to wood , charco3l has a number of adv3ntages: hi gh-heat 
valup. per cubic meter compar ed to ~,:ood; lov ash con t ent; smokelessness: 
fla 'lo r impaned to food ; ease of storage; and t he sicnp:i city of charcoal 
StOV~s , which make possible the use of the fuel with very little cash 
outflow. HoweVer, parti cularly with traditional conversi on processes, 
30- 501. nr "'or e of the }:t t cnt hca t value of the :.Ioo<! i s lost i:'I rr ot! uci ng 
charcoa 1. 

There is great scope f ~ r improving yields over t he curr III 

inefficient earthen or pit kilns used throughout ~enya. Options 
include inexpensive modifications t o ~xistin& process~s, por table me t al 
kil~s, and stationary brick or r. 13y kilns. There also are import ant 
issues rel at i ng to the desi red scale of the char coal production--which 
currently cons ists pri~arily of thousands of s~all -s cale intermittent 
prolucers--<lnd whethe r pr oducers should bear any r esponsibili t y f or forest 
T:lan.1gcmen t .1n:.l conscr·'/.l~i on of {c:'c:.t reliourccs. Until such t ime as 
broader GOK poli cy deeisi on ~ r egarding tucb i ssues is r eached, the project 
should -:oncentrate on improving traditionoll charcoal production cethods . 

B. Improvement in Tr.1ditional Earth Kilns 

The simplest ... ay of making charcoal and the principal method 
used in Ke nya, is in earth kilns. Traditi On.l1 carth ~ilnll an generally 
one-o r t\,lo - person operations. Bolsic hand t ool s, shove ls, hoes, (Je::lbes). 
machetes (Pangas), axes , and perhaps rol kes ~y be used in the cutting and 
stacking of \,Iood and in the digging , covering, and charcooll recovery 
oper3tions . For loltger trees, an occds ionai chainsaw may be r.nt ed , <l r 
variou s hand SAWS (bow-saws, 2-m~n cross-saw, etc.) may be barra, cd 
or acqu~.ec. The chief advantage of both is that almost no capi tal 
is required as the kilns are constructed entirely from locally obtain.bl e 
raw materials. The main disadvantages are that yields are extremely low 
(8-10% by weight, and p~ssibly lower, depending upon the skill and 
~~perience of the producer~) . 

Two variations of traditional earth kilns are particularlYP" ~'/alent in 
Keny'): --charcoal stack kilns and earth or pit kilns. The charcoal stack is a 
relatively original process used main ly in Kenya. The earth aDd pit 
kiln are of the S3.Cle type used in other African cOl.;Dtries. 
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In the charcoal stack method, stout poles are 1ai4 out in an 
almost triangular shape, generally 5-9 inches cng and ~. 5-3.4 inches 
ide, ith dry sticKs packed in betveen the poles. The stack is covered 

wi til green grass (3-5 em. thick), The final COVI!r of the stack is a 
mediu'll layer (lO-25 em. thick) of damp soil .... hich is sp read allover 
to pack it do\o.'TI fimly and to fill up any possib le inters tices. There 
ar.e square a pertureS o f 20 em. by 20 em. Ide a t the !.loctorn of th~ ape;.; 
cnd whl>:!1 .He used tC' admit t he fire 'When being started, and there are 
4-5 small mo re evenly spaced square vents ( ~2 em. by 12 em. each) at the 
t op of the rear (pos t erio r ) end . 

The lire i~ lit through the main ~~erture at the bottom of the 
apex cnd. lhis m.:li n apertur e i s graduall y reduced i n size as the f i. e 
cvn t i nucs , a l,J v;:: uLl.. tl ll)· bl ..... ~..:J Lornplt'l d, af ta abou t 2- ) hours "nod 
afte:'" the fires h.1S cove re d app r o ~ i:nately a ,i ~: t h of the st3ck. Oepending 
on 'the si~ e of the stack. the fire usually takes up t o cwo days to reach 
the rear end of the stack once lit. Du ri ng che nor:nal bur ni.ng fo r the first 
12 hours the vent ho le s at t h~ t op reGT end oC the stack are lett ~pen. 
Three t o fou r new vent s (abou t 10 C ~. 5 qUJ.re ) are t1.lde on t he f l oo r level at 
the reolr end, and thes t' enable the fire to c ontinue bu r ning after all the othe r 
vents h.Jve be en cl osed . It i s irnp ort<1nc that the Hil Ck is continually 
val chcd ~ s it bu r ns , .lnd to c l ose immediately any c racks releasing smoke 
and flame . 

In the no rma l bur n ing proc ed ure, the smoke will cuse dter )-6 
days. and once ch i s i s noti c ed t he stack is all owe d to cool f o r anocher 
2- 4 cl ays be f o" e bc i nv, cpened. After these peri ods , the stack is then 
opened a s ain be g inning f r om t he .lpex end. Since charcoal is still hot at 
this s t a ~ e, it i ~ spre ad ouc t o coo l by using a shovel or similar cool. 
\o'ell bu r nt chan'oll i s lacer £ejMr.lted fr om hal f-burned wood , the fanner 
rleing pAcked h sac ks and transported to consumers \Jhi Ie the latter is 
placed into the next s tack t o be burned . 

The other t1cthod--earth or pit kiln9 -- enco~paS5es numerous 
vari3ticns of stacking and covcrins -;he \lood to be burned, a.bove ground 
or i. ,.,dug pi ts, Wood genera~ l y is le ~s car(!ful1y org3nized than it i. above, 
the successive l aye r s of covering less elaborate, and che general process 
more rudimentary . Howeve r. the basic t~chnique--stacking the ,",ood at.:)Ve 
or be l ov Ground. cO'J~ri ng it \lith layers of grass, and then covering the 
\Jhole \lit h an ins ,1l3cir.g layer of damp soil--is similar, 

1) Parts of this section dra\JS he ily on Prof. J.~. Kokvaro's paper, 
"Indisenous a.nd Introduced Co~on Fire\Jood Plants of Kenya" 
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Although charcoal stack method pr~vides superior yield., a vast 
majority of charcoal producers have adopted mo re rudimentary earthen 
kiln methods due to unavailability of wooden poles and the reduced 
weight and vork r~quir elncnts inv o lved. 

The outputs, sca le and frequ enc y of t vo earth and pit kiln charcoal 
producers encountered IJy the pr oj e ct desi gn te am is dcsc d bcd f o r i1l­
usttative purposes. i' r ot:!:.1ce r A i s Ulunli r: cnsad i n t erittent Ch.:ll-Coe l 
bu r ne r i n a l ow pot en tial are a in Lower Emhu . His earthen kiln is 
inadl!:quate l y cov'!red with earth, and he r c.cl!:ives a return of approx-
imatl!ly 10 sacks (at an a V er3 ~ i! of )4 kg /s ack) fr om his 9- r.: ubic 
meter kiln. Assumin g 700 kg/!:! ) as the veight o f the \.Iood and t hil t 70% 
of the spac e o f the k iln is taken up by wood ( the r cm~indc r is dirt a~ 
pockets of trapped Air) this pr ocess has a conve rsi on yi l!:ld o f about 
61. by , .. .-e i ght , compared t o the e$timated [l 3t iooa l aver .,&e o f 8.)3% 
(12 t o ns o f '~'ood t o produ ce 1 t on of cha:"c=;:l) . This i ndi',id ual may spe nd 
uj) t o 2 '.:e,- h:. in t. hl.! l u t.ll opel .Hien o f , ___ ... : in& t ~lC ",,·o.'! . oper<1 Li n& ch e 
kiln , and \~ aiting f o r t r ucks t o transporl !.i,,; produc t. I:"wever, t he 
r ough ly Ks ll. 150 (U5~2 I ) is a \Je l come in c ~~;e supplem('nt. 

Produce r B i s li c E: nsed by t he Fo t cst Oepan nf'nt o ffice in ~er u 
District t o C:<tflCt · ... 000 f or chJ r coJI produc~ion ( r or.! bo th ga: e t t cd forest 
and r:or:tt.\tnll trust l;lnds. Hp. u ses a bi c yc l e t o ca rr y chanoal S4C~ !i to 
t :>\.In in o rder t o obtain b ~t te r pri c es(Khs. 2 '. de livered pri ce 'Je 'f5U!I Jt'lh . 
15 ""'hen ~u rchased by lo rries ) . At a re po n e:! pr odu c ti on o ( 200 - J OO 
bags a m,m t h .and 15 hilg s pe r firin g , he pr o'h. c cs cha r co.l} quit!'! re gu larly . 
His op ~ rtlti ons r epre s cnt (our <! .IYS o f pr ' "',1r.:.. t oql l ab o r (th r e e d .J ys to cut 
and p il e tho.! ""'ood and one d ay t o bui ld t l', <;o it / gr.l s r. insulBtion mou nd), 
and vigilant ma int en.ln: e thr ou&hout. Th i ' r odu c e r ha s ) -4 kilns in v.lrious 
s t ages o f prOducti on a r.d appea r s to .1 chiC'''':> 8- 1(1 % ch" f coal yield by weight . 

Thi s ope rato r appa r ent l y i s unr (:~L ri ~ted by authoritil!:s ... ·i thin his 
one squJ. re k d ('!I'. ttc r " ;H' !' ~ :i(, "'1 tertit (' ..... Occasi onA lly, rental of a 
ch .1insal; (p r i c ed .It 10:5 0. 60 f o r .1 liter of pet ro l aoo the corresponding 
services of the saw ope .ato r ) 15 t'equir al. " c tual voed cos ts art! KSh . 18 
75 cent s f o r cub ic met.e r s 0: s : oc k and t ... .:,J ,don ... l "se rvice fee .... 

Most charcoal produce rs appe ar to fall somevherc vithin the spectrum 
represent ed by these two ind ividua ls. E,.;t claio n services 3nd research and 
de velopme nt efforts in Kenya havc shovn limited int e rest in incrcasing the 
t!f fici enc y o f these traditi ona l c harcoal produce r •• 

1) Project design tearn members are skept i cal about this producer' ~ 
repor t ed ou tput figufe~, since they sren qui te hi&h. 
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The efficiency of these traditional opera~ions can be 
significantly improved if t~e following measu re s 3re t4ken by the producers. 
The costs involved are minimal or negligible, and th e results appear to 
promise up to 50% o r greater recovery in weight of t he charcoal produc~d. 

(a) Basic Kiln I mp rovemen t s Reguirin~ ~Io I nve stme nts 

The lOood used should be seasoned (d ri ed ) as t:'.\lch as pos s ible. 
This helps to assure a highe r quality more du r abl e product. 
The Io'ood should be ~para ted int.:. rela t ively uniform pieces. 
t his helps to avoid smil ll piecu being convene d to ash o r fines 
and larger pieces undergoing incomp lete CO::lOustion. If mixed 
sizes are harvested, they should be segregated into more than 
one kiln. 
The Io'ood sho~ld be pac ked as tigh tl y as pos sib le. Thi~ also con­
tributes to a unif or m, more r egul~ted firi~g. 
Ti. t.: eilrLh cov Hing t li " I.ilo siluul J be suUici ... '1 t ly LlI : .. ~ to pe IT.1it 
complete COl:lb'Jstion t least 6" .lnd up t o 12" is r ecol. ::1 e l1ded 
(o r over an extended hand' 5 lenr.lh) . To en ~u re. that t he required 
thi ckn'!ss is main tai ned . t he kiln shou ld be eXilm inlXi fr equeo'ltly 
lhroughfJut the carbon lzat io n coo l ing cycle. Th is 'Jill 
necessitate l1n occ fi si onal visit ~ u r in~ Lhe ni ght . 

(b) B3Sic Tool / Ma te r ial l ~o ro ~emen t s Rcqui ri ng ~inio31 Invest~ents 

To fa ci litlltf' mo rc unif o rm cutti ng o f the \lood pieces. l a rger 
axes .... ith t;c:dses , '",h i ch can be mau e o f harJ ... ·ood or sc r il [ 
"hould be t' r.:pl oyed. The cos t could i nvol\'e K~ h . l O- SO (U S S4- 7) 
o r th~ scll i ne p r ice of 2- ) J4 kg . ba gs of c harc o ~l. 

Inst ead of ,:, elying alt:'lost exclu s i\' e~' o n bhe l1Iache tf! ~pang3) 
.... hen harve s ting sma ller l imbs and branches, a te::lpe red curved 
pruning s aw fco st approximately )o!; h . 26 , or USs q cou ld bl! used. 
Sinc e t he i::po rted == /".6!,! ar.d GernAn spri ns steel 1I"0del s l ast 
3-1 0 times l onger than those prod uced in Kenya and only cost 50% 
mo r e , it \Jou ld seem pr ud ent to obtain them instead. A moder­
atel y good panga costs about Ksh . 18. (US S2. SO) and is quite. 
proficiently Io'ie ld ed by the pr oducers. Ho ... ·ever. in the pr ocess. 
trees Io'hich are not, completely Cllt dovn are o f te n sevetdy damaged. 
Thus the regenerative potential o f the tree and future yields are 
significantly reduced. A further t oo l refinement here, if not 
already in use, ~ould be the purchase of improveJ pruning 
24-)0" bOIo'-s a ... ·s for i n tC!rmlXiiatP si:ed \lood. (These. cost Ksh.45-
60 in mos t pa~ts of Kenya). 
A minimal-cost but maximum-impact innovation involves the inserti oll 
of sheet metal betveen the mounded Io'ood and the in.u1ation earth 
layer. ihis can be simply acc~'plished by purchasing the lixlxl 
foot tin canisters called "drbc:;" (cost appro:'CilD<lte1y Kh •• ll t02) 
and flattening them out to obtain a Ii x 4" .hut. 12-24 
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debes can accomplish the task of preve nting cDlung o f soil with 
charcoal and be rCused several times . Alternately, corrugate~ or 
flat sheets. whose aur ability exceeds that of t~e dehes. may ~e 
utilized. The debe! or s heet met a l sh~ ld be l oosely overlapped 
to allow f or amoke and water vapor escape . Fi&u~e A-6 
illustrates this concept. 

Figure A-7 depicts a pa rtia lly improved tr acritio na l ea rth kiln. located 
at t he Emhu Town Lumb~ r Cooperat iv~ Her \ . scrcgwood r om tr. e sawmi ll operat-
tion is pi led and covered by the cor ru g at ~1 i ren sheet s on the t op ~ nd 
s ides as shown. However, the wood pi ec es l \re di saggre~ately sized. 
la rge ly so f twoods ; a nd th e i nsulat ing s oil l aye r does no t e nclos e the 
en t ire kil n. Apparentl y, thi s ope r at i on pr oduces charcoal only (o r t he 
worker's own consumpti cn, a nd loIaste wood ~ s r .:1the r p l e nt i f ul . s o ince ntives 
to imp r ove the kil ns ill us tra ted he r e a re s light . 

c. ::oro:! Suus t.1 :lti.: : :, ltt! r.Jt i · ' 5 t eo Tr .::.! iti onal Enth K~lr:s 

FAO- UNO? cha r co3 proje cts in o the r varts of Africa , par ticula r ly 
Senega l. have promptl y ~ r oved method s oC pr Oduction t .. hich diff er greatly 
in te ch niqu~ but onl y s iigh tly i n COSt Cro~ the ccthods c ur r en t ly used i n 
Kenya. These projects f ound t h.1 t ( 1) yields f r o~ t r ad iti onal kilns nave 
be" n greil.tl y unde rr at erl and (2) nc"" r:lethoos thut give yie lds of up to 
30 percent by ... ·eight can be achieved if done correctly ...,ith d r y ..., ood . 

A pr.:ltotype inp r oved tr ad i tional \dl n , d e sc r i bed by C.E. Kasd i. 
and USAI O' s Senegal Rcne· ... abIc E ncr~)· Dev l o r~c nt Proj"c t, is kn o .... n a s t he 
" Casamance K i 1 n" . 

I nst r ad o f bu ilding the stack d i rect ly on t he gr ound . un air 
spac e is built I.·.ndernc:llh. by means oC /I nc t',Jork of l OG S. A ci r cumCer ­
en tial air ch~~be r is also c r eated by layino an apron o f brush on the out­
s ide lind a chimney is placed beside rhe stacl: . The .li r 5p!&CeS and chicmey 
r esult in bette r combustion oC t he voLa i le gu,C!s and / e . leu hea t 1055 
fr om the st'llck . The chimne y (purchased and / o r fn.b r i cJt\ on) cos ts 
reportedly can be r ecove red the first tillle it is used . 

Ot he r advantages o f t he "Ca!lll!l\a ncc Kiln" include an abi l i t y to 
mix \Jood si::c . dens ity 31\d mo i s t ure con t ent uithou t adve r se effec t . 
The Casamance kiln hJS dcmons tr .:Hed that smaile r o r less dense l oes .... i ll 
stop bu r ning \.Ihen c3 r bonitat i o n is cornplete Ci.e . they \.I i ll no t tu rn ... 0 
ash ) eveli though l ogs next t o them are s t ill bu r n i ng . Fina ll y . tests oC 
the kiln in compar is~n .... i t h traditionzl ki l ns revea l tha t t he f ormer taxes 
0.5 to 0. 7 hours to ca r bonize one ste r e ( stacked cubi c me ter ) of wood 
.... hereas t he latte r t akes 3.6 t o 7 hou r s. This i s a s igni f i ca n t saving 
f or the ch.1rocal makers. 

TIl e i nt roductio n o f air c ircu13tion passager 3nc chimneys into 
e .1rth kil ns is a prac t ice in use in o ther p3rts of :-hl! vor ld 4S well t 

i ncluding th e Sou t h-eas t ern Unit ed States . South Amer i ca and Sou~ east 
Asia. The appli c3bil i t y of such me t hods in Kenya should be examined as 
part of t he proj e c t 
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D. Technologies Dep~ndent Upon GOK Charcoal Production Policy 

(1) Portable Metal Kilns 

Signi fica nt orisinal research and development in Kenya and 
Uganda has led t o prototype develop~ent and continuous oanufacture of 
portaLle ste.?:l kilns. BU,rns and Blane Ltd,. a steel tlquiplnen t fabrication 
company headquartered in ~ai r oo i , has been produc ing portable steel ~ilns 
to order since 1969 . Their CUSAB (C harcoal fr om Un~anted Sc rub and Brush) 
kiln has not been manufactu r ed s ince 1972 afte r the des i gner left Kenya, 
out they continue to receive orders fo r their M.l rk V kiln (Figure A-8 ) . 
Currently , '>nly 3 t o '" Mark !,l kilns are produced per year . These are 
sold primarily t o t he Forest Departnlent for demons t ration purposes 
and to large agricultunl and forest produc ts indus tr i es in the central 
highlands, such as the Od Nonte Pineolpplc plIlntation in thika. The 
cu rrent priC'c of t he pr er4b :-i. cJtCd kiln is K sh. 23,S')!} plus t .1~(ov er 

US $3, 2\)0). The compun}' provides r e;.Mi r am maintenance se rv ices to its 
cUlit omers. In addition , tfie Tropical Products Institu te (Lond ani) has 
designed .:!n bproved versi on of the :\J.k \' kiln. 

The Mark V or TPL kilns have 5ubs tantially hiGhe r yield than do 
tradit ional eJrth kilns (lO- lSi: vs. 8- 107.). still could be conside r ed 
small- sca le (50- 55 tons per .l nn~ vs. 30- 45 for a producer ope rating 
three carth kilns c;i::lul :1neously). and arc mode rately ?ortable . On 
the othe r hand , thei r hi gh initial cos t .lnd the need t tr'.ln spo rt them 
by L~nd Rove r or lorrY put th~~ outside th~ r each of m~s t smal l 
bus i n~ss!!'.en and virtuOIl l,.y a l l t radi ti onal char coal producers . As dis cu ssed 
in the Economi c Analysis , portable steel kilns are 'likley t o be adopted 
on a br oade r scale only if the GOK ado, ts poli c ies to make charcoal 
producers r esponsible for caintaining for est r esou r ces . 

(2 ) Fixed Ki 1 n 5ys ems 

l arge- scale fixed kil ns and retort s utilizi ns sophisticated 
ma ch inery and operational cont r ol s arc most cOTr~':lonly used in indust rial 
char co u} op erations as socll ted · ... ith susta inO!d yie ld pl~nta tions. The 
largest industrial charcoal Froduction ~peration in Ke nya (a nd cost of 
sub-sahar an Africa ) is loca ted on EAtEC 's 50, 000 hect are black ~attlc 
plantation near Eldoret. Twenty-ei gh t mass ive fired brick kilns (Figure 
A- 9 ) conve rt 3verage 60-t on loads of ~ tacked debarked black wattle from 
the company 's tann fng op~lation into 15 tons of high-g~adc charcoal--a 
2~% yield of the oven-dricd weight of wood. The scal~ of the operation 
is immense : 120 workers are employed in the charcoal enterprise alone 

Fixed-kiln systems also are a\'a ilAble for sll':all-sca1e 
operations. Two such kilns are the Missouri kiln constructed of concrete, 
metal and/or mRsonry, and the batch retort kiln built from several oil 
drums . Energy efficiency and speed of ~perati ~n (20- '2 hours per batch) 
are an advantage of the fL~ed kiln systeos. These methods also allow 
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for the potential re(;overy of tar . However. even such "small-.'Jcale" 
systems (200-300 tons per annum) far exceed the size o f traditional kilns, 
capital costs are beyond the reac h of traditional pr odur.ers. and--most 
important-- such sta tionery k ilns nquire a system iJf sma.ll·'scale sustained 
yield production with whic~ there is no recent experience in Kenya. 

E. 

Pyrol\'!;is to Produce ~!ultiple Products , 
Smal l scale pyro lysis processes ar~ being ~~perimented with in 

Ghanaland othe r countries , The cQuipment used f o r these processes is 
made [rom old d r um~ ; r a~ mat erials include saw ust , peanut shells , coconut 
husks, and o the r ce l lulosic :=!3ter Llls. The prOe~S5e$ prod uc e cha r coals. 
l'}'rolyti c ,"'i:~ . and lu r nA ble ";:"Is . ~,· dous i l-,' ~ll'- !> ~l " {' ~'('n ~nc('u 'lt~!" ed 
in achic'Ii nti C'll e rac i c",a I reE .... .. d!it y .1nd in stlbi!i:ing the oi ls. Al so , 
the IlTojectcd costs 'He qu1.te Di gh co~p a r ed to conventional technolog i es. 
S O!!!\! r .:1'''' ,H~r i.Ils su.:il .:1S sJ:'~ J\Jst produce ptlwdp rl.!J charco .11 'whi ch must 
be D" uettef!, ldd i~g f urt he :- t "O t he cos t. This t ec hl:,ol oC Y is likely: to 
r ett:ain in t he r i!sea r cn st 3p,e:. l er a fel,ol no re yea r s .Inc! t hus is considered 
outside the scope oJ t thi s pL'-Ol~c t. A s0311 pyro l o sis r eseHch effort 
is be ing i nitiated at th e U:1ivetsit}· of Sairab i and should be :non itor ed by 
the ~IOE . 

F. Proj ect Setds 

Expert Assistance and Trainins 

A l ong -ter:n expert .... ill be pr ovided t o assi st the Forest Depart­
ment , Ministry of Agriculture, and ;:t;O ' s in p r c:r.o ting ad op ti on o f efficiency 
improvement!; hy trad iti Ci nal charcolll produce r s. This person lJill serve 
thi! cua l r o le o f cookst (lvi! :!.nd charcod <!xpe rt since b(l th areas require 
sOr.lcllhat simila r technical a,.d extension experience. 

Assistance shou ld inclu~e devel opment of training courses and 
mate ria ls f o r tHe Forest Training 5cho~ l. F ol~ers ' Training Centers, and 
ocher appropriate institu tions; presentaticn of lJorkshops for Fore't 
Conservat ,itAES officers . AOld agril'u ltural officers; 31'1d lJorkshop 
training f or che Peace Corps or for KGO's that po t ential ly Coln re.ch both 
licensed and unlicensed producers. Also, the project Io'ould usist in the 
preparation of simple illustrated paophlets--and possibly Io'orkshops-­
aimed at char~oal producers themselves. 

1) See T. 1. Chian g et aI, "Pyrolytic Cnnv.uion of Agricultural and Forestry 
Wa~~ te in Chana". Georgia institute :)f' Technology . 
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A" o .. ale nt 

1'h6 l ong-t e rm char cOll 1 ex pert and l ong- term ~l1c riY planner . hould 
a ""ai.t the HOE and lI e ijcr I flStitut~ in analyzing th e sociopo liti c al and 
r caource management IlSPf'cts or a l lernative OOK ch.r coll i pr odu c ti on po li cies. 
They also 6hou ld IlIonLlv r and U J618 charco nl projcc t8 undc r ..... y in Senega l. 
~luli. R'.I l1ndu , tl'.e S ud .. n . llnd ~lst:'.Ihc r e in ,\(ri c a . Fillllily. th. ('h arcoai 
CX p lln 1Jould lIlIS':.S tho ftlas ibllity of U ~il l1 g briqucL lt'd a"rlcultural r uidu eJi 

Applil'd Re ll " lIfI' lI and O,' mO ll ll trllti o ll 

II;J Dddition t o innovlltive sma ll -t'~JI I (,! c ha r oo nl pr oducti o n 
tuc hltolog I .. HI , LillI Ell e rtl ), I)cvcl o pmcliL Fund should be nvai lub le LO ,uppo r t 
I ) JlrOmilOing lIppre , l(~ h'J. to I)r e vision o f inc enlives t o Imco\irllg e c hAr coal 
proJ \lc"r :; to L.Jke r \!spons iblli.t y (o r the lllllA o f Co ru . t fr ottl vhi c h thuy 
5 " C U r!' !tw it rtl ·..1 mat C' rl ll l 'l llnd 2) p r oCl i sin~ "x t onlli ('>~ nnd fc .. t:h uc k approllrl'l(!II. 

IV. \JAr!"! !'IJM PI:O lIY IU ~nlA81 E r' T RG Y 
" 

A. 1 nt l'oJ ul.! t l Oll 

CU rI· ,·(,>tly, r o tlg hly 1St of Ke nYll ' tI f u ral popu lati on i •• crY l! d by 
cI11.unu ui,y .... . I I- I·r II upply ,yS L,·mll. HOlt su ch ' Yl tem !! ;lle pumped l up pli •• 
from bu rl·ho les , r iVlf!' o r -t: ' ;11 I ! :I .... '.I \.! 1 I •. ~tOti t ru r u\ pll t'lpS IH e J rl vft'\. 
by dil' B"1 mr)[{) t ~ 01 f'\e (' tri c ity , '.Itth II [ .,'.1 drlvtlO by vl nd 1Jt1 tcrpo..,ftr 
li nd hUHUl 1I p,) '.Icr. Gr .lv i t y reed sy~l(.rml hiIY/! btlun I nH all ed til itt" IU 

'.Il le r !! r.tH.· :lOU f Cn of '.I ,H e r I S 'IUllj\bly h l ijho r th4n the populAti o n .trY.d. 
In .u!lliti o ll :. om,' r .l tnLJ!1 ClltChcCllt. h.J v(t bee n cOI'st r\l c tad 0 11 r oo r. 1) ( 

COI!~lI Ul\ l ty hUlldln~: '1 , I lid Individu .l l h01:l':8. I n II 'nC'lplin& o f JJ? \Jltle r olupp l y 
sy:: u 'lD (; in 25 J i'llrl t' l'l , ) 011 PUC'lP' WHI! dnven by d lllU. l motor" 2:' by 
l'\cctri c mOlon: {IIIJ O llt' hy II windw il f. Of t he rQI:I~in i n& 'y ltCIIIP" 
S '.It· r,· t:'· IV 1 Ly f '·I·d .Ind one u !h·d II hydr-1,u\ i e r ll lll. 

Th.· !97Q-S 'j [)l' vc l opm('lIt '1'1 1111 II l' lll III It tllrgc t IItar tup of l Oa 
lieU ~Iilli st ry ~)r .... /ll ,·'· Dc v.,l opmcn :.. nlr,ll '.lit e r sopp ly lI e h.m es "nd 120 
nc'.l it llr ,lrup 'l c s e lf - tw l p WA te r aUP illy Ilr o j " c lI , inc rc lu i ng the rur"l .. 
lHlI" d ,l li ll ll !h : rll ull fL Or.! 1. 5 t o 4 milli on pcr so n •. :!C"h.! IJll b l'" en'lr gy .ySCftlll' 
Inlly hi' mo ru e conomic t han cOUlpet'ing dic le l o r electric pumplets t or 
IMny o f tll'!Il C IIPllli e /l tiona , ".!Ipec iA11 ,! IIMller one • . R~ne .., ,,blc I!nr riY 
sys tclHs ,II bO mlly ,' lise cu rr enl ly ,cvl! r c I)ur.:psu t opr!rl1 t ing lind aaintenanc l! 
prohlcmn . \Ji ndmlllN have Lhe lIdditl onn l bl.!nefit that they may be 
m:ttlufa c turud l oc:lll y , lllll~ r ed ucing (or ;) lG n cx chlln ge cost. (o r not 
? nly d i (wul fuel but 11 1110 t he Jituud mo t o r s . 

iI. DicH1'l 1 lind EI ~c t ri c rumpscts 

Dit!Sc l pumps rltn gc tn site fr Qnl 1I frn r.t i on o f 1\ Idlovltt t o 
100 kil o\Jatts li nd g r e3ter, ..,i th the IDOlt {ommon sius be ing from 2 t o 
20 k i l o'.ll1tts. TIll' costs o f ope r at ing ltnd mait'tainin& thue motor-pump 
combin,ll iOIlS hilS btl u ll escli lating r apid ly in r ecen t }'C II U , d ue prllMdly 
t o fual CO!lt inc r(' .IScs lt nd increa:ting pllr t J and lnbo r COlt •• 

~l·ticu l ll rl y .., indmill lind hydrru- .yrlclUS 
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In most installations the operation of a diesel powered pump for 
8 hours per day for 3 years costs ~re in fuel payments than the amount 
originally paid for the pump. In addition, most district water engineers 
report serious problems with diesel pumpsets. Some expert I estimate 
that only about one-third to one-half of cural diestl pumpsets are likely to 
be in operating order ac anyone time, due to the high frequency of 
pump or motor breakdowns. 

A skilled mechanic is needed to ensure proper system ope ration, 
and the Ministry of Water Devel opment does not have the staff of trained 
technicians necessary to ensure proper maintenance of even its own 
water supply systems. Other problems ass ociattd with diesel-operated 
pumping units include nucerous i nstanc es of t heft of diesel fu els and, 
recently, theft of the complete moto r-puop combinat ion. Particularly 
for rural domestic wate r :;chemes but also for !:Iany i rriga tion scher.!e s. 
very few diesel pumping syst ems have a back-up unit in case of motor 
or pump fa ilure. I n the event of pump breakdO\lns, the popu lation. 
simply has no acce S! t o the \Jater supply sys tem . • 

Electric pumps pose many of the saoe prob lems AS diesel units. 
although they generally have a better outage reco rd. Because t he y must 
be located very close t.o existing electri c ity lines, thei r uppli cability 
to fut ure r ural water supply sys t ecs (o iten in remote areas) is limited. 

c. Windputnps 

1. Kenyan Experience 

Wind pumps have been used in Kenya for a number of decades and 
have been providing water for livestock and do~esti c use ov~ r wide 
areas of the northern c~ntral regions oi t he country. with lesser pen­
e tration into t he coast al and ~es ter n arpas. ~any of these wi ndp~ps 
were replaced, beginning in t he 1950 's, by the what were thought to be 
convenient diesel pumps. Recently, however, there has been rene\oled 
intere st in windmills . To extr~ct energy from th~ wind, • wheel m.de 
of spokes and blades is cade to rotate abou t a shaft which drives the 
rest of the mechanism. Typical wheel conHiurations are "American 
FaIli!!llill" type in which the .ails are aade of galvaniz.ed sheet OCtal 
shaped in an aerodynamic curve, the Cretan Wheel which uses metal or wood 
spokes and cloth sails, and the modified turbine type which uses sails 
or either sheet metal or fiberglass. The gearbox is either a direct 
stroke or back-geared design. In the direct stroke, each revolution 
of the wheel yields one complete str~ke of the pump. All of the large 
models, th~t is more than 16 feet in diaoeter, use this type of gearbox. 
In the back-geared designs. the wheel shaft tu~ns a small gear which in 
turn runs a l~r;e r gear at ratios of 3 and 4 to 1. Host machines of 
16 foot diameter and sm~ller are of this type. 
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The t owe r1 used to support these yindoills are either three or 
four legged, yelded or bolted rogether, and usually of painted or 
galvanized steel. Tower heights whicfi vary to project the .... heel above 
surrounding wind obstructions. gen~rally range bet .... ecn 10 and 20 meters. 

The ovcrwh~l~ing majo rity of wind~UQps in ~enya t oday are small 
dHm~ter back- b~'ar(:d conc.c rcially availa'"lo! models. :!ost o f these 
wind pumps hav~ ueen used LO provide water for lives tock and docestic use 
on l arge farms and ranches. They are ge.,erally used in conjuntion with 
water storage tanks of 30,000 litres capacity or greater. 

At least two Kenyan companies currently manufacture windmills. 
Bob Harris Engineering Ltd. (Thika) produc es the Kijito wi ndmill, which 
uses mo lded fiberglass blades, and a di r ect stroke f o r eVl!tl its scalIest 
1II0del s , in sizes r ang ing fr o:"! 12 and 2lo feet (dioll:leter ) . The Kijito 
mill is particul.lrly suit ed to " hi gh he ad' appl icat i ons (Iiftiug 
water from relatively dee p s ou r ces). Th irty ullits either have been i ns talled 
or are on or der. A net-'er and quite d iffpren t wi ndrnill-- the 12ru SOO--
is produced by Plo .... s and AlL ie Products Ltd. ( Kisu~u). This windmi ll 
is more suited to the 101.' - he a condi ti on s f ound around Lake Vi c toria. 
After installation, testi ng , ~nd subs tantial ly cod ifying p r o totyp_ 
mod els , Plows ~nd Allied Pro~ucts currently is filling an o rder for five 
wi ndmills to be used in t he Kisumu ar ea. 

In addition t o l o c ~l windmill s , i:lport cd II Lldpumps--includin3 
Aermetor , Clic;)x , Come t, CeIT.pste r, and Sout her n Cros s--arc currently 
used and avaitolble within the country. The co:nmercial IJi nd mills 
imported into the country-- specifically the Southern Cr oss, Ae~et or, 

Dempster and ClimalC Qooels. are all exterme ly r el iabl6!. Hany units 
installed in th e 1920's and 1930's olre runni ng olS I.'ell t odolY as whc n they 
were first erected . Their molintenance requir~cent 9 are minienl ;1 
inspection of bole:; eve ry six mo nt hs and ye .trl y oil chan:. ... ~ s. TliJ t ·~·o 
commercial windp'JIIlping systems bein !-; manufac t ured in Kenya - the 
Kijito Windmill and the 12 PU 500 t-li ndmill - do not have the track. r e co rd 
of the imported units. However, in the case of th e Kijito windmi ll s, t he 
manufacturer has been diligently responsive to field experience t o the 
point that there has been a virutual~y cooplete re-desian of the origir.a l unit 
as experience hols shown up weaknesses. 

In addition to the above units , the Kbita Windmi.ll Project of 
the Catholic Diocese of Kisiihas de\'cLoped a l ow-cost vindpump for 
irrigation purposes and is producing it in l ocal IJorkshops on Mbita 
Island (Lake Victoria). The Project Design Team was unable to see or 
evaluate this design. There also have be~n nume rous attempts -- bv 
by the Christian Industrial rrain ing Center (<:Irc) , Peac Corps Volunteel'S and 
others -- to des ign lightwe ight. inexpensive ·.:i udmi 1 Is, wi:h locally avai 13b Ie 
materials in place of steel. These units generally have proven to be understrengt! 
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and unreli.:able and/or have required substantial operating ~ iltl8 and mai ntenance 
The CltC, for example, co nstructed 15 variants of the Cretan sail 
wi ndmill or Arusha Windmill. Two years later, none of the windmi l ls 
were operating, and t he project was dropped. 

2. Wind anc! ~!ate r Condi t ions in Y.enV3 

Wind pumps gene ral ly are restricted t o areas with aversge 
anr,ual .... indspeed s in excess of 4 meters/se cond . Where •• :inds are 
u ~~eliabl e, provision of water storage is a nec~ssi ty. The less r e liable 
th wind, the mor~ storage required and =onsequently the grea te r the ~ost. 

Gabriel Chipeta's study of .... ind powe r avail abi lity in 
Ken a l gives month ly and "nnua l maps of surface .... ind speeds . ( Figure A1.0). 
rr o~\ th i s :::;l jl , Chipcta d l: fi ll!;! S t::o .:tt'C.lS o f hi !,.1' ·~·i r:c si'"d =: . th.:lC is 
wi th ",i nd s peed averages equa l to or greate r t ha n 5 ~e ters /second . The se 
areas " lclude a rather small h ighland zone bound ed by t he t Olo.'ns of 
Eldo r et \Iarigot and Equator, and a much larger band s t r e t ching south- eas t 
to north'oJ~· rom Nali ndi and Lamu in Coastal Prov i nce up th r ough Easte r n 
and No rth-Eas t e rn Province s fo ll o ... ·ing the gap be t .... een t he h ighlands of 
Kenya and Ethiopia to the Lake Turkana area a nd no r thern Rift Pr ov ince. 
Regions of 10 .... annual windspeeds. that is .... ith !Jint~ peeds less than 
3m}sec ., tend to be around Lake Vi c toria and p.lrt s of Centr al and Rift 
Valley Pr ov i nces. 

Seasonal varl.dtio ns of twinds, both in speed s and d i r ec t ions , 
tend to be dominated by the Sou th Monsoon ( ",'hich begins t o establish over 
Kenya i n April, reaches maximum dcvel opment i n July and uisappear s 
in October)and t he No rth E.lst Bonsoon (twhich appears in Novecbe r, attains 
maximUlD developmen t in Janua r y, and di sappear s by Mar ch )~ Wind speeds 
t end t o be at maximum during pe ak No ns oon periods. 

Diurnal var iat ions in 'oJindspeeds have been analysed super­
ficially. Wind speeds tend to be l~ during early morning hours and 
late eveninss, ri Sing t o a peak in the late aCternoon. between 1500 
and 1800 hours local time. 

The Chipeta study als o i nc lude .o; a preliminary map o f "Qrue 
annual wi nd po .... er patterns (Figure A-1.1), which parallel areas of h !.;h 
ave rage wi ndspeed with only minor modifications. This data must be 
interpreted .... ith caution since many stations make only visual obsen'ation 
of .... ind speed, reporting stations are not spaced uniformly acros. the 

1) Gabriel S. 4lipeta, "", Study of Wind Peuer Availability in ~ny&; Uni .... rsity 
of Nairobi M, Sc. Th csis, 1976 . 
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Figure A-10; Average Annual wind speed~ in Kenya - in ~etrcs/second 

A-36a 



F '~ure A-ll 1/. Average ') available . att~/metre~ P er (In I.' _ Annual ow 
in Y.enya 

A-36b 



eountry, and most stations observation times do not take into account 
pe.k diurnal variations. The HOr. and }!etuologica l DopartT!l(tnt have initiated 
a projeet to update and expand Chipeta's analysis, but they too will rely 
on essentially the same type cf observational da ta . 

Relative t o diesel o r el~ctric pumps, windpumps -- ~ich 
gen,erate l ess power than most cO::mle t'cial die$el o r e l ectric units--
also are best suited t o low-head applications ( t hat is , t o pumping of 
wa ter from r e lat i vely 'lha. 11olol \o'ells ) , Unf ortunate ly, d.1la on aquife r 
depth in various parts of th e country is virtually nonexistent. It 
then is not pos~ ib l e t o genera li ze a.bout suitab le site cond itions f o r 
wi ndmills, since only one of two r equi red paramete r s--wi nd availability-­
i s known. 

D. Wa t e r Po!. e r cd P U:'lCS , 

Watcr pw er a s a ncans of pucp ing ""3ter i s an und c ru sed t ech­
nology in Kenya . One sy;C ",Q p r cd or:l ina t es - the hyd r :lu !i c nu:! . Hu ndreds 
of hyd r ao un it s , almo~ t all s uppl ied by Tol~n Blake Co~p a ny of the U.K . , 
3re in operat ion th r oughou t the country, ",'i t h s everal dOlen new syste!!l.S 
being s o ld ~ ve ry ye a r . 

Hyd r ams have po t ential app li ca ti ons ~h e r e r elat ive ly saall 
amounts o f war e r must be pumped up h i 11 to se r '/ e peop l e living Ilb ove a 
fl cw i ng rive r or str e a~ , who t hus could no t be s ~ r ved by a grav i t y f eed 
system. A nuc be r of co nd i ti ons 4re neccs s ar} f or t he o perati on o f Il 
hydrauli c r am. The r e t=1us t be a ri ve r o r s tr eJ.CI 'J ith it f a ll o f ",'ater avail­
abl~ (called t he work i ng fa ll ) f or the s yst em t o operate. In addit i on 
th e re mu s t b~ :tn exce s s o f .... ace r fl o .... iog dOI.'n the d r ive pipe , ove r and 
ab,we that whi ch is de livered for u~e through the delive r y pipe, 
(Figu r e 0\-1 2 &13) . Bo th of thesc f act o rs will detcrn i ne r."' ''' hp b ht r n ... h; -: !. 
the delive ry wate r call be r ai sed :tnd the v..:> l uoe o[ t h i s "" ;lte r. The 
working fall is gene ral l y limited t o be twe en 1 a nd 15 met re s and the 
height t o which del i ve r y .... ate r can be rai.ed is limit ed t o betwe en 3 
and 10 t imes the !Jorking [.lli. ~ !axi:;:um delivery height is about 140 metres . The 
higher the delivery head, t he less the quantity o f water delivered. The water 
delive r ed is typically 5 to 15% of the !Jater c oming dOI."n the drive 
pipe. 

Hyd r~s are inexpensive compared t o othe r pumping systems 
(although installation costs C3n be high i f fced wate r has t o be 
channeled for any distance t o obta in an adequa t e working f311), 3nd vater 
qU3ntities delivered and distances pumped also typicall y are substantially 
less than for other s ys tecs. The l a rgest B13ke hydrn mnrketed in Kenya 
has a maximum delivery of about 400 litres per minute and • maximum pumpins 
height of rough l y 100 metres. 
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Figure A-12 
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Although they have very fe~ moving parts except for simple valves, 
hydrams have encounter'ed operating and maintenance problems. Of the hydram 
unit~ assessed by the Project Design Team. roughly half ~cre out of service 
d·ue to failure to nplace worn rubber clappers or to dear intakes or 
belcause the large brass waste valve (""hieh has a high value .. scrap) 
had been stolen. 

With prope r r out ine m~intc nance. hyd ra~s will ope rate unatt ~nJed. 
The' systeo should be pe ri odic ally ch"c ked , u!O ually onc e r~ r week. LO 
ensure that trash is not blockIng the intake, that all connec tions olnd 
bolts are tight and that the waste valve is ~o r k ing properl y . Rubber 
clappers on th e , ... ,!Ste V.1l\- C! e ust be r epl <1 ced r Cllgh ty every 2-) ears. 
Other than that, periodic t-leeding o f the air taps is th e on ly o the r 
necessary operation. Unde r such conditions h;,'draulic r :lOS typi call ,· 
will provide satisfactory service for several dec ades . 

lIydr .-, -' ~ <''.:I n ~" tis f y .:I :'Iced t or c~~:.; .,: ~·,' ·M·a tcr 'j -,,:~ ? ! \, ~ " s t ... r.1 

('I"ar a ri ve r o r strea., · ... he re t he votu.,e o f 'J a te r rf' qui r ed is 10""-- Io'h l Ch de ­
sc..ri bes . can}' lI a rambt!e sdf - help '-' ..Jte r pr ojec t s on hd 1s ~de slopes o r 
ri 1l.:r o r scre.l!:! '/.lll.:!;,'s . nle ir se lohou l J be suppO rted t~ r ou &h t he 
pro'/isi on o f t echnical ass istance i n "'quipl!lt:nt st!lecti on , ins tolllHi on , 
and mai.ntenance, 

E. Hum.1" J nd '\nil:l .:1 1 ? c '..'<! red Puc:ps 

H.1 nc pl.l=ps Jre ~, o : cc=on in Ken;,'.l , but : hcy H e us..:d , p41 r t i , u l.Hly 
in reco t e locations . f oo t - operat ed and an i ~"11- po· ... ered PI.lC!'IS Io'erli! no t 
discove red b,' th e proj eLt t cJ.!:'I. iI.:I nclpu:nps arc avail.lble in a .... ide 
variety o f opt ions . ~Ios t a re of the recip r oca ti. o n pist on typ e vhl en .lre 
most suited f or use in ,1 ,_·ctl or b", reho le, Other h3nd pumps indue o.: 
semi-rotary, c l ape t. a nd chain and 'J.l shc r OUr.lOll , Th~ last pU=f! 
C.1n be llI.1de in small uo rk sh-opstro;:,L a volriet y or r.lHerillls, t o 10'" 
construction Lole rances , and by r el::l t ivel }' i no,;xpo.:rie nc.:d te ch nk i.l nJ, 

Handp ut:lps in ger.cral ha\'e 3 r , ,.z0 rd of un reliabil ity vhen us ed 
in community v;:!ll 'Jolter supplies. F.\'~n the llIor c r obust t end to break 
doom vith hundreds of peo~lc continua lly i;.si n& thee . A lev handpuc?s 
require t'JO p~rs o ns to op~a te t hem . ,he lle typically are u s ~d f ot scalI 
irrigation s checes in various parts o f the uo rld. Bre.kdo~~. in t he st 
pumping s ystees are infrequent , possib~y bec 1use fc~er p~ ople operate them, 

T'Jo types of foot pumps have been sho'_'n to provide reliable 
service over th e years. One is a bello~s pump procoted by .the 
International Rice Rese.lrch Institute in the Philippines olnd manuhctured 
and sold by 3 n'..Imber o~ .:ompanies in that country. The other is the 
Vcrgnet hydro pump. Both of these pu:nps require minical maintenance. 
Foot pumps m01ke use of huean pOIo'er most effectively since leg muscles are 
stronger th an the muscles in the upper part o f the body, 
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Animal Pwer 

Animal p~~er is videly used for pumping in ~ny parts af the vorld. 
Draught animals i.f they ar~ well looked after and the equipment is suitable, 
can make a subst,lntial contribution to irrigation fanning. Coamon animal 
powered devices range fro::: .1 draw r ope pulling a vate r-fill ed leather 
bucke t up olnd Otl t of a veil , t o vertical axis gc.1t"ed l unine pucp,. In 
betwt'cn are a \'ariety of device s whic h delivCt" constan t loading t o the pump 
throu£h sooe type ot pow~r take - oft &carin&. This ge aring can v~ ry from 
simple timber cogged .... heel to SpCciolll y canuhcturcd steel cae and 
plnlon ge .lt"s. The chain a ~d '~llshe r pu=p described ea rlier c;}.n be adapted , 
throuzh horlzon t.ll to vertic31 geari n!: , to 3nil:\:ll po·~er. Ve ry little 
activity is unc!c {'\Jay t o pro::.o te ~he uso: Jf h1J:lan po· ... ered pump f or 
dome sti c water supplies i n Kenya. A tCIJ distribut. rs carry handpuops, 
and the K..l"r en VTU has on display twO h.lndpunp 5 ranging fro:!. shallow well 
cl apet and h.lnd chain pur.ps to deep .... e ll PU::Ips. 

F. Solar Disti ll.l ti on 

I n the !>i::,~ !est e CH , a solar disci llati on Hnit lS <1 shallow pond 
..,i th a b lack colo r tld b.Hin li n ~r. Over t he pond is plact:!d a slo ping 
glass o r tra nsp.lr'Clll 1'1.13ti (: CO'ltl r t h r otl sh ·.hi ch the sun's r adiAnt 
ene rsy p.:assP~ , hedting up th e slli ne o r b ra ckis h \later in the pond. 
\.later e'l .l ?O r .l:Cs dod condcMO!.:: on t he eool er sl o ping transparent g1a:=in£, 
fl o\.· 'l do· ... n into tlM r O'.' ch.lnnc! s ilI on:; thl! 1 000· ~r t! cse o f t he cove r and ii 
lcd oU t o collct t i.n it r es..: rvo ir, fr oc ·..'hich it l:O di Hn buted . 

Sola r .:is ti.lLHi. .)n un its c., n be const ruc: ed, ~intai ned and ope rated 
.... ith vil13Sc !c·.'el ski l b . Local :'l-\~erials Clln he us ed in the construet i on, 
e.g. 5.lnd •. nd r ,u;::ed ea rt h blocks . ~! i n ioi]l oper .lli on and :".lIintenilnce 
instr uctions arc n(:cess.lt"y since both functi ons r equi r e very little ti:!!e and 
ski ll to ?e r! o r~. ~l jo r ~n intenBnc p co nC 4r~sinclude ~dequate protecti on 
ngu i n!:t s.lIt c rYHalli.ultl on , corros i on of jlipe~, a nd g la:ilo break nge. 
Ti'pi ca l ~l intt' n,Jnce pr ocauu :"es incl ude clcanins dust oit t he ;; 1:1=in& and 
en5u ri ns t ha t pi pes Bnd channels are not bl ocked. 

So lar distilloltion units req u ire a re1.:n i·:: l y high cil?ital 
invest:ncn t per unit capacity. HO\Jever, if well desi gned ':lIId constructed, 
rc cu rrt:!nt costs a r e ve ry l ~J. 

Sol ar st ills ar c usu .llly const r uct ed .... he re drinking lJater sources 
are ext r ea:cly limitad, and thus ..,hc r c people ter.:.l to be very conserv:ltive 
in t hei r Wolter use p.ltterns . Typical consUt:lpti on rates froQ solar 
distillation pl~nts are 4 to ~ litrcs/person/day of potable water. 

Avail~b le solar radiation dOlt;}. indicates that a reasonable 
producti on ra te can be maintained on 3 yedr round basis in Dany dry lowland 
.lrcos of Kenya . In particular, this technology cou ld meet a high priority 

A-39 

- -



need in significant areas of arid northern and northeastern Kenya, where 
ground vater is avail~ble but most is highly brackish. Storage 
reservoirs vill be necessary to supply 3 to 4 days demand in most areas. 

Solar distillation vork has been unde rtake n, for the mos t part 
in a res e~rch capac ity, at a nu~ber of locations. Th~ (irst cx~crimental 

solar still vas set up ~t Kilifi during the 1950 's, another at t ~e 
DiVisional Police H..:auquarters of Turkana ill 1959 . Oth er activiti-"s 
have included the installation o f tva stills at Kapedo Mission, north 
of Lake Baringo, each 10 square tletres in size and an Australian/K"e nyan project near 
Malindi. Several researchers at the University of Nairobi have 
~orked on solar stills over the past decade . These include Mr. H.OeSousa 
of the Department of I::lectric.:al Enginee ri ng , Mr. R. lI~skell of the 
Department of Civil Engineering and Mr. Z.Ngcaka ru of the Enviro~ental 
Hea lth sec t ion of the Department of Civi 1 Enginer ri ns . A stuJy t!ntitlcd , 
"Solar Distillation !M Developing Countries: An £ngint!ering and 
£conomic Evaluation" by A.S . Aki shula IJ"S c t:lpleteo in June , 190\) as a 
H.Sc. Thesis in Env ironmental Health Engine~ ring at lhe University of 
Nairobi. In ad d iti on to this act ivity, the Karen VT U detnonstrates a 
small sola r distillation unit. 

G. So lar Pumps 

Solar pump3 are of tvo types : thermodynami c J nd pho covo ltuic. The 
t hc rnodYMmi C sys t ens , typi f i cd by the R,ln k ~ ne cyc !e " So frc t e s" PUl!;P , 
gener.:tt c power bases on the tc rJpc r.:tture di ffetence bt! t· ... een a solar he.Hed 
fl u id ~nd ~he cold g r ound ~at e r. The ap pn ratus t o a cco~plish pumping 
from such a the~ociynarn ic cycl~ is sophisticat~d and expensive. 

As vith all soph isti -:. at cd technologi es, th ese pumping sy5te!!ls 
r equire <1 con$id ~ r.:J b le olmount of maintenance and up\:eep to keep the:n 
\Jorki ng . The level of te ch ' cal experti:ic r..:quircd (.:I r such mn intenancc 
is high, th us, if they <lre t ooc- used they mus t be sit ed .... he re adequate 
technical service is available. Experie nce to dat e vith these systems 
has been variable. h'here te chnici ans are sufficiently trained and 
available, these puops oper ate satisfactorily. Uhere techntcians must be 
brought into, f or ex.Ul!ple, remote areas, the3e pucps have hdd oajor 
maintenance problems ar.d syster. shut d~n is common. A So[retes 
pump un:t \"'as installed at'.-1ajir in 1977. It ope rat ed for only it short tiee 
before mechanical a nd ope rati onal diffi cu lties forced shutd~"Tl, 

Photovolaaic pumps, on the other hand, are reliable, require little 
maintenance bp.yond rout Lne inspec tions and fit in more \Jith conventional 
maintenanc i:! and ope ration procedures. Hov!!ver, the:.' are costly . Present 
COStS are about $10 to $20 per watt of installed pumping capacity. Hovever, 
this cost is dropp ing rapidly. They are expected to bp. economically co~ 
petitive \.lith other pumping systel!lS within 5 years for accessible sites 
and are marginally competitive even tod£y for remote sites. The pumps 
associated \Jith photovoltaic arrays are conventional electric vnter pumps. 

A-40 



Experience to date has revealed that maintenance is minimal and the systems 
are well accepted where they have been installed. They depend on the 
availability of adequate direct sunlight, so their areas of use for year­
round water provision will have to be carefully selected. 

This project excludes solar pumping f or a number of r easons. First, 
it \lculd SH!!J: wise til wait until phot ocell costs come dO'.:n to the 
pOlat ·~·her~ photovol:-lic pt:1:»S can be core C!conomic.ally substitutotd (or 
fossil fuel driven syst~ms. Second, t\lO other groups already are 
investigating the use of photovoltaic systems. NASA Le\lis sent a t erun 
to Kitui District in July 1980 to assess the feasibility of using pho­
to~oLtaic~ systems in AID-financed health centers and in water pumping 
in certain remote locations, and it .:J.?pears that some installations will 
be made as a resuJ t of their recommendations in the Machakos area. In 
addi:ion, the Small Scale Irrigation ~nit of the ~inistry of Agriculture is 
cur r ently pur chasing and installinB t'.iO small pho tovoltaic systems irom 
S')i "r i:l~ctric InterLl'] .. iunal for an irrlgatioll project near Ga ri ssa . These 
systems will be comparecl on operational, maintenance and economic 
bases ·.,rith o ther cotmlerical pumping systet:ls . It would be prudent to 
await the outcomes of both of these pr ojects before deciding to go ahead 
with further installations. :1nally, the :10E believes tholt a number of 
donor gover Ll!Tle nts--incluciing ,throu t;h the DOE, NAS,; , or SERI, the U.S .-
will be offering to install solar pumping units on a demon'tration 
basis because of their long-te rm corr::erc"i.'Il l interest. This proje c t thus 
COln best be uted for other rene .... able cocra" technologies ""here such 
colt!!:ercial in:erest docs not current ly eY.isc 

H. Projec t Needs 

Organizational , financial and maintenance probleos appear to be the 
greatest barriers to implementation of the g,overnment's objective of access 
to saf" '~' ,l~ c r supplie s for all rural KenY.1 :l5 by the year 2000 . If the obje cti·.,c 
is to be reach~d, greatly accelerated progra~s .... ill have to be 
implemented by the Ministry of Water Develo»ment, other government 
agencies, private voluntary o r ganizations, missions and harambee groups. 
Within these arcelerolted programs sooe of the problems can potential~y be 
r esolved through the use of less compl : .< technologies, intensified 
reliance on renc'Jable energy syste: ~ and attention to a local technicianl 
maintenance infrastructure. 

This project is directed toward these areas of need. It also 
takes into account the activities of other donors--specif cally including 
the FRG's plans to install a nu.":lbe r of Windpumping systems in Lamu, Kilifi, 
and Turkana District~, and the Dutch Gover~~cnt's provision of a wir.d 
eApert to the BOA Sm.all-Scale Irrigation Uni t for three months--and 
likclihoCld of substantial donor interest in installing sol.ar pumping units . 
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The project will provide a long-te~ expert in renewab i£ energy 
applications for water pumpinz and in m3 i n ten~nce and other te~hnician-level 
aspectS of ...,a ter supply. The ey.pert's primary :-csponsibilit y, will be to assist 
the Ministry of t4atcr Development, the HOA S'Dal \ - Scale IrriSati on Unit, 
Harambe e groups, and NCO ' s invo lved i n loI :lCer supp ly , to r vi etJ its 
projccted new .... ate r sup pl y sySlem i nst.JllatioI1 s , de velop critcria and 
evaluation Cle thods for i dcl{tJifying spe c ific ,:>ysL ... :~ ; for whi ch r ~ne ... 'able e nc:-gy 
woul d be the best sour ce of t:I:Jcive pover , and eS l .lu lisn t ra i ni :lg a nd 
techni cal assistanr:e p r og rams f or field '..' ater Eng inecp and te chnicians . Th e 
expe rt also .... i11 vo rl<. wit h t he above g r oups to devel ",p pr otn ising 
proje ts ~.'J b ~ supported t hroush thc Ene r gy Deve !opt:lcnt fu nd. Othe r specific 
tas I<.s inc tude . 

_ A survcy o ~ windmill , hyd ram, and o the r r l.!neIJable ene r GY hydra ulic 
r am i nstalla t i ons throughout t he count r y , c.u r i cci cu t ia conjunc ti on · ... ith 
extension vi sits to at le~ st t he oaj o r Distri c t .Jdd r ~'s : 

-the numbt:!r o f .... o r ki ng/ non .... o rki r.g insta llations 

- owne r ship of the i ns t a llati ons 

_ communi Lies se r ved by these installati ons 

_ .. o rkin g installati ons ' ou tp ut a nd reliab i lity 

fo r non- fu nc ti ona l s),stC:!lS , - t~ e reasons ( or no t vor"":in8 

rhO! repl .lccment • ... ater source , :I.M 
$ evel of enthus i asm f or r ei nst .lti ng 
o rigi.nal system 

- nearest a cc es s to rep ',:eemen ' pa r ts 

_ availab i lity of pe ople kno· ... edceabll! ab out , and ca?.:-b le of prov iding 
r outi ne ma intenance . 

_ ~illingncss of more th3n. ~ ne cornmuni d) member to take part in a 
demonstration .... orkshop on operat1.lm , main t enance and re pa: r of such s ystems. 

_ revie;,r of l-lOI.'D and other agencies pr opose d water schemes to Jt>cO!:7.line 
where proposed ne;,r diesel pump i stal l acions cou ld be feasibly replaced by 
small windpumping systems. The agency could then apply to th~ Energy 
Development l-'und for a demonstration grant or finance the s stem itself. 

_ msistance in system aud site selection a nd te(, 'lnical/cost analysis [or 
spc Lific installations. 
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B. Posho Hills 

There are no reliable e~timates of the number of water-p~ered 
posho mills still operating. The Design Team visited two operating water­
powered mills in Nyeri and Karatina. ~ater Department officials in 
Nyed told of 4 other functioni ns sites in the Aberdares Mountains to the 
Ioiest and souJ:.h of Nyeri. Other Water Department people told of several working 
units in West~rn and {~y .1nza Provinces and in Eas tern Pr ovince ne3r Meru. 
The. numbe r of non-functioning sites is 31so unknuwn . The. ooly approximations 
generally obtainec! we.re"m3ny" 3nd "hundreds". 

While posho mills designs vary. most water is channeled from 
upstream to a location where th~ water drqp i s ab out 5 t o 6 rn2ters. Open 
channel or pipe penstocks then direct the ' .... ate r at a wood bladed impellor 
mounted beneath the floor of the building housing the mill. and is 
directly coupled, through a stationary stone , to a r er ating grindstone r ough ly 
one meter in diameter. The gr.ain is fed via a hopper into t he space 
u~twc<:n the l .... O s t wn -';$ olnd .. he grol.. lld fl o~ r is t~ l r o·.:n ou t ,nounc : he 
perimeter. This fl ou t' j,s thcn s .... e.pt off t he. fl oo r nnd givc:n back t o the 
crient. 

The r o tating grindstone is adjust ab le up o r dovn on the axle 
from the i mpellor, to give a variety of fineness. The impe llor speed 
is controlled by tile quant ity o f ... :ater striking it, · ... h i ch in r:los t cases 
cen be adjus ted by a sluice gate arrangencn t at the cntry to t he penstock s. 
One oper,ltor is r equi red full ti i.1e f or e.lch g ri nding I.'hec1 in ope rati on . 

The posho mills typically are fairly slov. It can take 15 
m.inutes to grind 4 kilog ram o f ilou r. Diesel ' po\o'ered units tah only a 
fracti on of :his time. During peri ods o f 10 .... ,-,ater ,wailability the 
unirts can have less pO'Je r output and the grind ing time is proporcionately 
longer. The impellors are quit~ ineffi c ient and \Jaste substanti a l. 
However, these systeCls make use of l naturally recurring eneq;y f orm, 
their ope r ation is ~asy to caster and main tai n, and re pai rs can De 
carried ou t by the operato r at the s t te. The i~pcllor has wooden blades 
which are individually replac~able from l ocal oaterials, the grindstones 
are hand-c rafted fr om stone quarried i n Kenya , and all cha nneling and 
ducting are built on - site of locally available materials. 

C. Other l"ater-Powered Applications 

Team members were unable to verify the existence of a single workin~ 
water-po .... ered sa~ill anywhere in the country, although two shut-down mills 
were observed. Diesel power, either in the form of stationary motor sets or 
tractors , and other portable machinery, began to rcpL.1ce water power to 
operate sawmills after the Second World War. 
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Waterpower has been used to generate electricity for delivery to the 
grid or by farms or ranches to provide lighting and appliance and machin~ ry operation 
The farms and ranches used small units of 2 to 10 Kilowatt capacity on streams 
with aJec;,ut!t.a }·e .:lr ro\.!nd floll 3nd fall. A number of such units. so~e of 
very sophisticated design (e.g., Francis turbines), still are in place 
althougli th~>, no l.)n;.a : operat\!. On a }.::. r[.c r scale, the Tana Ri Ver has several 
do:veloped anJ po t L. ~ t i~~ :; itc~ prt;icuL1r1y i-n thtlt part of KClly a 
stretching for 160 kill . dOloln stream of the Lo· .. ·e r Tan" Power Station bet ... ·cp.n 
Sagana and Thika. The river drops steeply and a major reservoir on the upper 
river c.:on control .s natural storage area which can r egulate flow f o r 
downstr eam power generation sites. Because o f their prlly.':'mity to Nairobi, IIII)St 
such si bes will be ~sed for electric powe = genera:ion. 

1>. Project !lee ds 

Po tential l!lect ric pcn'''e r sites on the Tana Rive r already have be~n 
ide'ntified and evaluated, and a team of Fi nnish i!xpens sho r tly 'Jill begin 
a survey of potential micro anci min i hyt:roelect ri c sites i n ~; .. . .; te rn Province. 
This project t he refu r e should cOl1centt'.]tc on c!irect - d rive rat he r than electric 
powcr appli cations . The r e ne'.1ab le eneq;y/ ... ·ater supply c,xpe r't should: 

- Survey existing functioning and non-functioning water-powe r ed 
posho ~ills and othe r direct - dri ve units. This study will document f or 
op~ r atjng units the Jv~ilability of 10c31 capability to c rea te and caintain 
the s ystems, their ... ·o rking condition , nUl::ber of cli\!n LS using the services , 
the econom i cs of ope rati on , and conven i cnce to clientele s erved verses com­
petitive di~ s el .lnd electric pos~o oi11s nc.:l rby. Fo r non-working 
insta11 ations,infj)rnation to be gathered ... ·ill include reas o!>s f o r 3banc!cn­
ment, l ocal capability to r epair, operdte and main ta i n the system, physical 
condition o f the mill and its major components, potentiill clientele, 
enthu~ i .1s,n for r c- installing the system .lnd an assessment of the costs to 
re-furnish the unit. The study woul d prov ide a da r. a base from which to assess 
potential impact of any schemes to up&r~dc, existing Wa ter powered posho 
mills. It also liQuId involve zn asses smcnt of the potential rural e conomic 
development impac t of efforts to stimulate new wate r-powered operations. 
Finally. it could regenerate interest in an established technology 
whi ch i~ fast disappearing. 

- Depending on the outcome o f the above survey. work with r.xisting 
posho lIIills ojlerators, Kenya Industrill Estates, olnd others to both 
improve or restolrt existing wolte r-powered ope r ati ons and stimulate 
inves ement in ne'''' op:rations. 

Consider partial fun~in6 of ~ne ~r mvrc ueoonstr3tion rrojects. 
including inst31lation of a more efficient posho mills using improved impel lor 
blade and ovtlet jet designs and metal grinders, under the Energy Development 
Fund. 
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VIII. SOLAR DRY INC 

A. Introduction 

Solar drying is a widespread technology in Ke nya, as in other countries. 
Grain drying is extensive, Illostly in th:! open sun, ;'\s is fish drying in .l r c:\s 
such'as L.:J ke Victoria and Lake ·; I.akana. l:c· .. · veg~t,]l) les .lnd vi r tually no fruits 
ar.e dried . Commercial drying--solrtr, f os~il-fue l , t'Ir using agricultural 
wastes--is practiced for tobacco, tea, cof fee, and pyrethru~. 

Existing drybg te chniques oft en r educe product quali ty, particularly of 
fish and cash crops and increase storage and t r ansportation looses. 
For example: 

- Maize is ofte!'! harvested at 197. moistu re and placed in a cd!) where it is 
expected to r educe its moisture ccntent to ,HI a;.:c .. p :.. .. :. l.! D: . T:1(' st: :" '! ct u:'c 
of the crib gener<llly is suci l as to i nhib it fu rt h.:! r dr,'n:; and the ooisture 
content is sui table f or ra"id r:ol.d growth. Ho ld a lso develops as a r esul t 
of field drying conditions. Also , production of aflatoxins can be increased 
by the i nte rnit tcnt ""'etting .1nd drying caused by r ains and sun . finally, 
the 10llg post- Qaturity peri od in the field is parti cularly favorable f or insect 
infestation and rodent damage.. 

- Thp. current method of dryJ ng fish with open sun provides ideal 
conditions for insect infest~ tion. Losses a re estimated to be as high as 
50% 0= mo r e. 

- Open Slln drying of coffee and pyre:th r u."lI lead t o so:nc contamination 
due to dirt , grit, etc. 

In add itjon, f or c']sh crops, open rack sun d.ying norma lly is a 
preliminary step , follo~ed by d. ying in hot ']ir chambe r s or othe rwise heat~d 
enclosures us i ng fossi l f uels. 

Improved so l ar driets potentially can improve product qua lity , 
reduce s torage and transportation los ses , and re duce fo.sil fue l consuopti~n. 

B. Cur rent Act i vities in Kenya 

The recent AID "Kenya Na tional Crop Storage Study" recommended both 
modifi cation or traditional practices to produce dr ier grains Co r stor~&e and 
expe r imen tation with a port ab le clear plastic drying r oof . The FAD conducted sone 
experiments with cribs using open-air drying and solar collec t ors but 
r eached no conclusions. The University of ~ariobi. as part of the Coccor. ... ealth 
Secretariat's Afri~an Energy Program. is initiating a tbree-ye llr progr~ to 
dev~lop small-s cale grain driers and l arse-scale ari~rs for cooperative 
societies handling pyrethrum. coffee , and tea . The Kenyatta University College 
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has don~ some experiments on solar air driers for maize. The British American 
Tobacco Company is experimentins vith use of solar dryers for tabacco, and 
coffee producers are considering such experimentation. 

C. Pr.oject Needs 

In viev of th e widespread interest and experi~entation, the l ong-term 
renevable energy expert should monitor activity, provide te chni cal info~ation 
and assistance to such organizations. try bP. broaden interest by r.1eet i ng with 
coope ratives and other potential solar dryer users, and where appropriate help 
develop sound Energy Development Fund grant pr oposals . 

O"mr.R TEClr~OLOr. tCS 

A. Othe r Small-Scale Tec hno l ogies Appropriat e to AID Tareet Gr ou ps 

There ar e a number O[ Dthe r small-scale renewable enercy or eller~y 
conser ... ation technologies ",'hich potentiall y could benefi t AID t.:lrset 
population g r oups. Exnmples include improved that ch in~ulation for use 
by rural households in highland areas .. a v.Jrlety of hum.:ln- o r animal -
po .... ered equipment f or farm or household use (e.g. m.:li::.e ., she ll ers, gr i nders), 
and small .... ater catchment syst L.'!!S such as the .... a ter jars demonstrated at 
Karen VTlI. The pr0jc~t inti? m.l s r.h,1t rl'(>~c technolosi es be moni t o r ed by 
the 10llg-term renewuble energy cXllerts .:lnd be , eligible for dccons tration 
grant fu nd ing throuoh the Energy Deve, lopmen t Fund. 

3. Agricultural Residues 

It is rec ommended that the Ions -term cookstove/charco<l l/biomass 
expert conduc t a t ho r o:Jgh assessnent of £('nc ration ;1\lIJ cur r ent and potential 
uti1~ za.tion ~f ag rl c ~lturo.l and silvicultu r.:ll roce ss ing re s i dues and 
prov l de technical aSSistance where approp riate ~Ios t such residues appear 
currer-tly to be us p.d beneficially. HOI"cver. a number of large r esidue 
genera~ors. such a~ Kenya C.Jnneries, currently dispose of large quanti,ies 
of r cs~dues. Other s arc experimenting · ... ith nc'W r esidue recovery processes, 
For examp le, large coffee processors are e~perimenting 'With briquctting 
of the r:o[fee pulp as a ~ubstitute t o cha r c.oa l. and the GOK is pressing 
f or expanded u'Se of s .. r.: .... lll and o t he r !"!cod !,,!astes in production of fiber­
bo~rd o r simi lar produ~ ts. 

Table A-1 ~rovides estio.:l t ed quantities of selected high-cellulose 
(.:lnd therefore hish-energy co,ltent) re sidues. 
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Description 

For@st thinnings 
or residue 

Coffee pw.rehment 
or coffee \o.'Oiste 

Cashew nut 
shells 

Sa,- dust and 
off cuts 

Rice husk 

Table A- 3 

!:E~s~t"i~m:!'~t~ed,,-,g~u~a~n~t~'~' t~,~' e~s,-,o~f,-,S~e~1~.~c2t~e;:.d. Residues 
-- QuantT y of 

Raw Materiw.l 

Logs- 500,000 Cu. 
meter appruxim.:J.tely 
Shrubs. Secondary 
Species, un\o'anted 
tree:>. 

80-90,000 tons of 
cuffee bt!ans 

15-20 ,000 tons o r 
raw cashew nllL 

Saw mill timbe:-
350,000 cu . meter 

Paddy- 40 , OOC t o n ~ 

A- loS 

Uuse Av.::.i1al, le 

200-22 

20,000 t ons 

10 , 000 (ems 

50 , 000 tons 
120 , 000 t ons 
off cuts 

15,000 t ons 

Remarks 

40-45% of 
logs. 

25% of coffee 
be~ns 

6;-70% of ra l" 
cashew nu t 

80-90% o f 
sawn timber 

30- 40% 



C. Biogas and PO·,.'("r Alcohol SyH "!!lS 

BioGas systems havp nnt been included in the project because, 
as discussed in Annex C, their hiGh capital COStS and t echnica l coul'lcxity 
put tli dn wl!ll u~yond thi! r c;:ch of AID ' s tar,;ct ;>op ul.ltion ,;roups. :\1 ~(1 
t he Fcd~ra l Republic of Germ.lllY and Pr:ople ' s Republic of ChiLI:! bo th h:!vc 
annou n.::cd their intention t o support biog.1s dem"lls~ racio\l pr.:ljo.:c L~, whill'! 
t h!j U. :';. and Dradl are ;>rovlc l :l:; te chnical a ss i SL.:Inc~ in pot .. er alcohol. 

The project design team docs believe that a project LO utilize 
currently flared methane gas gcneratcJ Olt the Kariobangi Sewase Trc.1t~el\t 
Plant outside !':airobi should be coo!;idered for partial energy Development 
Fund Support. The plant currently cener.:.tes 120 , 000 cuble f eet of methan~ 
per clay as a by - product of S~\Jazc treatment. It us es 45, 000 c ubic feet 
to fu e l its boilers ( I.·hicn , among other uses, provide e :<t e rn.:l~ he3C f o r 
the di go! scers ) and 45, 000 cub i c f eet t o incincrat.e sludge .. r.d sc ua . The 
rt: r.l.:lil\in~ .)\,1 , I... ",j cub i c ( ... '-~ , 1 .• li .... \ ..... ll.!ntl, i:o f:_ . .. .. ; ... ... be SiJ~ _ : · 

dent to p r ('v i de gas fur .:ook ing ad ,1 t hc r pU rjJlJh:' t o r ou.,;i.ly 150 hO::. t:s 
ir'l a neit r by !o'.:- income ar ea. This qu.:tn tity o f gas i.s t'ou&nly f our time s 
t he c omb in~d th eo reti cal output o[ all Hut c hins on biogas digesters In­
stalled throuchout the en~ire coun try, 

The design t e .::l.":l sep.:l r3t ely has provid ed the MOE Io'ith an eval ­
uat io n of t he Hutch i nson f."lr ti- s i ze d i t;es t e rs ma rl·.d ed throuchou t Ken ya, 
Most of the uni ts visited. particul.:.rly in t he highl ands . .... "'re shut do ... '1 

du e to operatioll')! rrobl (!rn~ . The fact that the un~t m.:lrk e t l.!J by Hutc h-
111s.;) n (a s 0FPC.; cd to the unc used on h is f.lnn) u!\c s .,n above - g rounJ unin-
sul at ... d steel t,'llk lil"lit s it s potentia! f or u sc i n h ighl.:1 ud .. r eas IJh €!I'e 
t et:1pe ... .ltur es .:lre o t suffici e ntly high t o pp.nnic pr ope r biolo~ i c al 

re.:lct i on, Figu r .... ,1, - 1)&1, :' shol.·the b i og.,s d i gesters m.uKct i'd .lad us ed by 
lIutchinson, r e:.pcct ivel y . 
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Figure 1\-13 . "I S- cow" ver t i ca l s ilo- type continuous feed di CBs ter 
pr e f ab ricated by Tunn e l Es t ates , Fort TI! rn4 n 
insta ll ed at cof f ee e~t a t C t Heru Di strict, Eas t ern 
Prov inc ~ . 
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Figure A-14. Thirty cubic meter horizontal displacement co~tinuous 
feed digester located at Hr. Hutchinson's Tunnel Estates 
Farm, Ft. 'Ternan. Keric~o District , Rift Valley Province • 
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ANNEX B. SOCIAL SOUNDNESS ANALYSIS 

I. POPULATIO~ CHARACTERISTICS, SPREAD EFFECTS, AND SOCIAL CONSEQUENCES 

A. Population Distribution, Characteristics, and ~odes of Production 

About 70~ of Kenya's population is made up of various Bantu-speaking 
groups which are concentrated in three areas: the central hi~hlands east of 
the Rift Valley, the coastal belt, and the Lake Victoria b.:1sin. Tile largest 
of these is the group occupying the central highlands east of the Rift Valley; 
this group includes the Kikuyu, Embu, ~leru, ~lbeere, K.:nb.:1, and Tharaka ethnic 
groups, which are predominantly agriculturalists. The ~3jority of these occupy 
the very fertile hi:l:Llnds arc"J:ld 'ft. Keny.J, ~ly:1~h"ni, :1n::l thp :\br'rri.J,cs. The 
rl'mainder of ~:pnya' s ro[)ulation falls into t'..:o lin;;uistic groupin;:.;s: ;iilotic 
and, Cushitic. ~~ilotes include Lun, K.Jlenjin. ~!.:1.:lS.1i .1:,.d related peoples <.1n·i 
make up .Jb0ut 25:': of the popuL:iun. Cushitic-spc.:1l:irh~ i'.:cples such as tr.e 
Somali, Rel1c.lille, and Galla make IIp about J" of the P()pu~dtion. l'hu remaining 
I or 2% of the popuhtion is of /,Si:J:l, Ar..!h a;~d Europe.ln origin. 

Am()n~ the ::iloccs, the rur:d Ll'O t'di"\Il:1tion is prl~:.Jrily ar,ricultural 
and is concerltr.Jted in the lower I';lrts of thl~ '..:eS~l'rn ?l.1tl'..!u dr..!inir.g into 
Lake Victori.t. T:lis :Hl·.1 is Ch:lr:lctL'ri::eJ by hl',j':Y out-:,:i,~ratio;l of adult r.1.Jles, 
and thus s'Jl'stdr.ti.Jl .1lJ~.b"rs of L..:,::; ::ire ale.(' fc'L::-:ci i'l C1:1jcr t(" .• T'S throughout 
the country. i\.llenjin dr.J ~!.1.Jsdi :"'L'plus ·~·,·r·" r'1rt oC d sL'ri."s of lhHl;l tv SOL.:\..h 
migrations of rastoral t:Je<lples :ll'.~n.'. the \;(.'st C'::ltr:!l ~li.;hl..!nJs .Jnd are found 
throughout thc Rift ':l11l':.' .Jre.J. ·;·:;c.!u;:;h f.]:-::;i::~~ is incrc.1sin s ly ;'c1cticl:'::! by 
some Kall'njil1 JC1d ~·!.j;lSJi., :" . .Jr.; of the::! rer.· .. lln ;',lstor.11isrs. T~ll' Cu~;hitic-spL'..!k-

ing Somali, ?u:lcillc. ,1n.! \'.111.:1 .lrc l.ugel:; rastoralis~~; .J:ld l'CC!Jrj' :nost 0: thc 
northern a Ill'; c.:Jstern Jrid Zind sc::!i-.]rid .1rC,lS of Keny,1. 

Ot!lc'; ,' ... r,ll f"l',Il.Jtion c'.~ncentr.Jtio~:s o,~cur onl:: i:l sC.Jttcred .1rpao~ ...... here 
higher altitude and narc reli.Jble r.JiniJll i.:J~0r ..!griculture. ~.1ir0bi and ~om-
basa represent about 75: of Ken;.:.!'s ur~.1n pC';'ld.1tiun, ..... hile' most ;.'ther tm.:ns 
range in size fro:n about 2,000 to IC,OOO persons. 

Popul:1tion dl'nsities in hit:.h potenti.Jl, highl.1nd are.Js often exceed !oOO 
persons per square kilometer, IJhilc densities in the 1l'1oJ potenti.:ll arid and semi-
arid lands are often belolJ t~o persons per square kilometer, Aver.1~e population 
densities in medium and high potential are1S are .Jbout 126 persons per squ.Jre 
kilometer. Wirh present technolo~ies only .Jbout one-fifth of Ke~ya's total land 
area is considered culti·/.Jble. Ap]1roxi1:J.Jtely half of the population lives on only 
about 6% of this area. 

There are signific.Jnt regional differences in lC'vels of econo:nic develop­
ment and in availability of services such as schools, hospitills, .Jnd transporta-
tion. In general, road and social service netIJorks are best developed in the 
high potential, densely settled regions of the country, particularly in the h!~h­
lands on the western and southern sides of ~!t. Kenya. :-1cdium and 10lOer potenti.:1l 
areas are considerably less IJell off than the highlands, but the government is at 
present significantly increasing development efforts in such areas to help redress 
regional inequities. 
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2. Or.anizationa 

Solt-loans or grants under either cooponent may be made only 
to officially constituted organi~ation8, including COX, NCO's, registered 
Bar~ee groups, and private sec tOt corporatioftS, partnersbips or sole 
proprIo etorabip. In addition, the HOE may provide loans from the Fund 
to the Agriculture Finance Corpgration (AFC), Kenya Industrial Estates 
(KlE), or other official finanef er agencies who may re-lead to private 
farm~r8, private bu~iDessmen. or other qualified individuals. 

3. Economics 

An applicant for either type of loan/ grant must shov that the 
technology demonstrated or disseminated can be produced and delivered 
within a cost range vhich i~ likely to make it economically attractive 
to the potential users. This economic analysis may take the form of 
a simple payback or discounted cash flo~ analysis or a cost comparison 
versus vhatever system (s) vould be dis~ l~ced by the technology or 
technologies being demonst rated or diSSemi nated. 

4. Cost Sharing 

Grantees or loan r ec i pients cust the.mse l'les fund at least 2S% 
of the proposed p' r ogra~ or project. 

II. Progr~ Grants / Loans 

Specific Criteria 

(1) No sil~gle orga nizati on !!lily rccer.'e ~ore thun $75 . 000 in program 
grants or l oans unde r the AID- financed portion of the Fund . 

(2) Organizations must de!:.onst r atc cnpability and experience in 
th~ ger eral fi~id of the loan/ grant applicntion. That is. an applicant 
propo.:; i ng to te;;t cooksto\,es must demo ns trlte an exist ing test cllpabilit)·, 
an applicant proposing ;] trc~ planting extension ~ust d~onstr;]te 
proven extension experience .~ etc. Organlutions alre3dy revll!l.:ed by 
the AID Pr ojec t Design Teao 3nd judged to be generally cap3bl~ in specific 
areas arc presented in Table H/·l . This list shou ld not, hov<!vc r , be 
interpreted as AID endor scmpnt or r ecomnendat i on for funding. 

(3) No more than one- thi rd of the AID- supported portion of the Fund 
vi11 be allocated t o GOR organi:ations. 

Application Review and Approvoll Process 

The MOE vill soll.cit program grolnt or loans applications at least 
annually. The MOE wil l formally advertise for applications and will 
meet with organizations such as listed in Table H-l to solicit interest 
well in advan~c of the applications date. Applications will be submitted 
to and revieved and approved by }IOE, .... hich will hold the Authority to 
Incur Expenditures (A lE). Loan/grant approvals viII be signed at the 
Deputy Pet1Dane::t Secr~tary level or above. 
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lover in lower altitude zones vh~re the more profitable c~~h crops listed above 
cannot be grown. The population is most heavily concentrated in the medium and 
high potential agricuHural. areas, though population pressure on land is not 
leading to some agricultural expansion into more marg inal, lower potential areas. 

Smallholders as a group have an average household size of about seven 
persons and a median annual income valued at between 2,000 and 2,900 Ksh., l~ith'l­
a mean of approdmately 3 , 650 Ksh. A ~elatively small number of people .... ith 
very high inco:nl>s in t hic; ~roup skew the distribution so that the mean is higher 
thart' the med ian. Stlallholdcrs can be diseggregated into three groups according 
t o relative welfare criteria: 

I. The lowest 40% hav£! annual inco:nes valued at less th un 2,QOOKsh., 
($260) and are largel y subsistance produc ers with little capacity fo ; in­
vesting time or money in risky innovations . Individuals in this group may 
live eit he r in marginal ag r icultvral areas, or on very smal l farms in high 
d~nsity, high poteutial ar eas, o r as tVr'.llnts or squatters on farms owned 
by o t :,r '·.: . " oSt o f l' L 'i cook i -s iJc <;"'.~ !I hllt ~ usi n" t r 'l~iti on,". l th:-~ e ­

stone fi:- c s rather chiln jikos (sT:l.:lIl , r C'Und , me tal, c R:l.rcoal-blirni ng cook­
stoves) o r kerosene burne rs, often beeau s o! they lack the cash necessary 
t o buy stoves or cook i ng f uel (bu t also becaus e s or.a,! si:nply prefer t o cook 
""ith ~ooJ inste ~d of c harcoal ) . This st'tr,(> nt of the populat i on has least 
acces s t o govc r~':'!Cllt servi c e s 5uc h as il&ri cu ltur3l extens i o n, s c~oo ls. and 
dis pe ns a r i es . The}' fetch ... ·ater by hand , o f t en fr oln dis tances grea ter than 
one mile , .:lnd ve r y seld om C.ln ;"!ffo rci · .... lter t anks o r the iron sheet r oofs 
ne cess ,H,' fo r r a in'~'a tc r cat Ch;"lCI ,t systcms. The y use very simpl e agriell ltur" l 
t oo ls -- often onl y a piln~a (na chcte) -- a nd a rc able to affo rd ne ither to 
buy no r t o re nt bu ll o r ox- carts or simple an i::"l3 \ tr.J e tion equipment. Those 
living in ar eH of l o .... e r 3g ri cl! lt u r .1i po te nc iJ.l t end to have rehtively lar ge r 
l i'Jestock ho.' rds (o nly l ocal br i! ~ds) tha n those o f compar.\ble ~:ealth occupy­
ing higher po t ential Il1ndS , · ... ho often keep only one e ow and a fe ..... sheep and 
goa t s. 

The highest prio rity energy needs o f this group would include im­
proved .]c eess to cl ean '.:ate r f or home consumpti on, oo re efficient ways of 
c oo king • ... ith fueh'ood , ilnd eoll'lit!r access t o fuel .... ood supp lies. Projects 
a i~ ing t o benefit this po rti on o f the population must entail very little 
ri sk t o subsistence needs and r.l.lst be vcry l ou cost ( requiring a cash ou t­
lay o f p e rhap~ no more than about 5 o r 10 shillings per household). 

2. Those in the next 40% of the popui.1tion have annual incomes 
valued at bet .... een 2, 000 and 5,999 Ksh. Individu3ls in this grotSp have oS 

sl:'&htly Z!'ea ter capaci t y than those in the bottom 40% to invest sOUle time 
or money in agricuitur') l and other innovations. Some of them (perhaps 25 -
45%) can "fford to cook .... ith a jiko rather than three-stone fire and per­
haps a slightly smaller per centage usc ..... ater tank s to catch rainwater from 
iron-sh~et r oofs for domestic consum ption. Only a very small number, hoy­
ever, have access to dependable year-round yater supplies vithin 4 quarter 
to half mile f r om thei r homes. They have more contact than the bottom 40% 
.... ith agricultural e.'(tension agents and other government services. Persons 
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~nagement of all program and project grants or loans awarded under the 
lund. MOE technical experts or advisors will meet with each organization 
receiving a program grant or loan and to the extent possible each 
receiving a project grant or loan in order to provide technical assi~tance 
at or near the start of the program or project. MOE also will provide 
all grantees with standard quarterly and annual cost, schedule, and 
technical reporting forms. Reports for all grants will be reviewed 
as part of the annual Renewable Energy Development Project reviews 
and as part of the AID Mid-Term Project Evaluation. 

MOE will establish suitable accounting procedures for disbursing 
funds and assuring tha t funds are properly spent. 

MOE will conduct a simple fi n~ncial. technical, .lnd management 
audit at l east once during e.lch program or projec t, on or before the 
eigh teenth month fr om grant award or completion of the program or 
proj ect, whicheve r is ea rlier. For local demonstration/ extcntion 
proj ects, pa r ticipa tion of Dis tric t or Divisio·,\ Ru ral De'lclopmen t Fund 
(RDF) admini strator or other design.lted DOC I ep r csentative will be 
solicited and encouraged . 

MOE uia provide for closing out all grants at t he cnd of the 
progr am or projec t, including receipt of the final r epor t, final invoicin~ 
and r econcili.ltion, and ~!OE fin.ll progrr./p rojec t cV.lluation . Ten pe r cenr: 
of the RDF a=ount for .lny gran t uill be held back and disbu r sed only 
upon r eceipt of a suitable final report and of a ll neccssar y fina ncial 
records. 

Within t he frame'~'o rk pr ovided .:lbove, adminis tra t ion of the Fund 
should be kept as sitl?lc as possible. The applic3tion revieu process 
should providc fo r speedy "'ppr o'l31 at each. 1c~';:!1. Financia l and admin­
istrativc r cporti.ng "'ud othe r requiremcnts should he kept siopl e and 
app ropriatc to t!le small si.ze of cach 10an/£rallt , due t o the dC'lir l' r n inv ol\'~ 
local groups '.I\ 'J may P.s be tter nt 10c",1 innovntion and cxtens ion th.:ln 
they ",re "'t fHiing ou1 for::!s, and the i ntcnt of using the loans or 
grants to acco:r.plish t angib le r esul ts rach r;! r thon co ('.reate papen.'Ork . 
T\,'o useful models in this respect .:lee the Ru :"al Dcve lopment Fund and 
ClOA ' s "Hission-A8ministercd Funds" Progr<1lll. 
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It is important to recognize the distinction between national energy 
needs and priorities. and actual short-term development priorities motivating 
rural people. Since project activities compete with other tasks for the rural 
poor's v~ry scarce labor and cash resources, the actual priorities motivating 
allocation of these resources by the poor must be taken into account. 

At present th~ two highest devclop~ent priorities of most of the rural 
poor are expansion of educational facilities and improved access to ~ater sup­
plies. These are the area~ in which locally initiated and organized develop-
men( projects (Harar.;bee or self-help projects) Jre ~ost Cl..':·~:;1')I1. It is more 
difficult to mocivate people to work on projects witb lon,;er term or les::, i:n­
mediately reco~nized benefits such as forest ~nnserv3tion or substitution of 
water pOlJeu:d pUr:1pS for diesel pu!nps. \·rnile the need for forest cO'lser':ation 
and substitution of rene\:~lble for nonrenel,'able (e.g., petroleu~) energy resources 
is recognized at the nation.11 level. it is a need which is cifiicult to trans-
late into action at the local level. Imt>rovC':::cnts in cooi:ing tcchll01osies. for 
example. are often perceived to be' a 10\'; devclor:~c:nt priurit:; ~ec,",use (1: the lcJ' .... 
5 t:J ~ u r ::1! t'! r :~ ~ ~ .. :J S C r i l~· ,-, J :: ~ ::''- k s t r .2 -~ i r i I") :-, ~ : ~ " I., t"' ': h.· I' ~: ""': • r:-.:- \~ i ~ c.: s e , 

thcr~fore, the l'r:'ojcct n,ll";t f,-1CUS on 'Jery lo'~': \~~3t i=-.!prl')\'L'·>~nts in ~~, .. )\'::i..:ll! tl2 .... h­
niqlJcs '~'hich can ~J" devL'lc':'l'd and disse::linatcd by e'xisting ',:or:1en's i:-.stilJtions 
and 0 r 6 J :"1 1 :~ ,..1 ': 1 t") n .) . 

C. Tim ... ~llocatio~ 

With r;]ost Lmilie's c;nrenuent on their Cl-m lai:or for all production and 
maintenance' ac~ivities, little tir;]c is available for ~cLivities not directly 
related to t~c ~lsic5 ~[ J~y to ~ay sJrvi~~l. 

Bec.J~:sc ' .. :c::'f~n Gc:r~~r~r::l t1~e ~Jl:1~ 0: f:l.~i~.~! .1,":~:'"iL\ll:·' .. :::-,Jl .]~; ',.:ell .15 Jc:::csti..: 
activit ies i r. ::L~ny.J, ::;,),:.; t of th12~ are s iiY'.? 1:! I~:-.~lb 1 t2 to .j\.'::~1 t.t: ::;0rL' t:Lirl ..1 f ~'-N 
hours (possihl:/ ~-5) p·_'r ·.·;~~k tlJ '-:'~·\·t-'10p;.;cnt ;1:- '.Jj,_',:rs. ':·~lt.·~.· -1rt~ :_~;--,li:":'l~::: tlJ de-
v 0 t e the i r t i r.l C top r (1 J L) L t 5 t h ,J t d l -; not .1 J.j r e: .-; S "t': ~1 .1::' t :: t':: :- t~ t?; J. r j .J .s ~ ~ e i r :1l) s t 
irTT.lcdiJte nCt~,-!~~. In th,_l ~ibh potC:lti~11, ':l~n:Jt.21:: St~:.tlL·j J:-t.~,1S of l::I\2 (:ountry, 
there Jre h~n12rally L.",';d .~r\)' .. :ir.5 St.:LLJ,~:l':) ?~r :;cJr .JriJ ~:ju:"'i ':Lr:,' liLL~L ";~~lL~ ti::·.~ 

in the .Jgri C'·lllt~r.Jl c:y-.:1 Ll. :·f2n i'l ~\!C:l ;lre.:.lS '~L':;'2r(111y L'l:~,-:(>:ltr,]tt--' l)~1 1 i\resto(~ 
and cash crc'ps .Jr.d perror::1 J.l"")st flu Ju;~.estic :C:1Lnten~~"'2 ~cti':ities s,lch as 
fetching fire~ood or w.]t~r or cook in;. In western K~nya. a very l.1r~~ propor-
tion of adult r.1ales r.1igra~e to ;.JairC'bi JrJi Q!~~L'r lH~.Jn ~re.lS to work. They re­
turn horne for onLy .J fe',] days every ftC''; mon~hs or so. This furth':!l" incre.Jses 
the I.JLor burden 0' .... Or:1en. who c1re usu.Jlly left aL hOl:1e to operate tile f.:lnn. 

In short, time is very scarce in Clost rur.)l .:lreas pJ.rticularl:,: f.or I..'Or:1en, 
who perform the bulk of domestic .:lnd .:lgricuitur.Jl labor. oec.Juse fetching water 
and fue1l.:ood can often consume 50~ or more of wO::1en's tilT,e. enonnous welfare bene­
fits can result from J.ny contributions this project makes to reducing the amount 
of time required for these activities. 
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D. Reaching the Poo ~: Institutions, Extens!on, and Communicatio n 

This pr ojec t will use a number o f governmenF. and nongovernment organ­
izations to promote and sp ead renewable energy apprications in rural areas. 
It i s individuals (particula~l y men) in the better off 20-50% of the popula­
tion who have mos t con:act with existing ~~tension organizations . Lack of 
transport 3nd pcrs onnd limi t s exten5ion contact with I e!'> ,,, well off segr.lents 
of t)1e P"?Ulat\(ln, who oft('n live i n rer.'1o t e and ina l!cessible a reas and who 
also may have lillIe i nte rest in extension servicos . ,\mong gove ~ rune nt exten­
sion services in Kenya, those \.lith best potential f or assisting thp: project 
a~e probab l y the Depar t melLt of Home Ec onomics i n th e ~linistry of Agricu lture 
and the regular e.;.:t",nsion se r v Pce of the ~inistr:,; of Agricultu~e . 

In addition to guve r nmen t minis tries, 10c31 representatives of Lhe 
cent ~ a l ;tdministration slIch as chi~fs and subchie!s can playa role in pub­
li ciz i ng and d i sseminatinG i n:onnatio n c oncerning ne· ... energy tec hnolog ies o r 
pr .: j ~ ::. In f.1Ct, :, ,;· . iri r,; '.r.e r ,!" li c "',~"n ,t o f loc.1 1 rh iefs a nB !'><Ibchiefs 
i s i l' Keni' a oft en .1n c5scn tiJ.l ro.c.:!n5 o f &.1i o i n..; .l ccC pt3r.('C f o r any r,eIJ p rojec t. 
Th e'se l ocal r cpresentatlv <! s c. f the central oldm ioi stroltio n hav e in r::.lny heav ily 
popuiolted regions ci th e count ry comp l.:cely eclipsul tr ,]d i ti..,':.al le.ldc r s ']s 
SOh , e::!s o f .1u : !,O :-ltj· on ::!.1ny - .J tt Cl; o; . Ch i e f != .1nd subchicf .. have ac cess to an 
immed i a te and ef fe c ti ve channel of COl'"municati on · ... i-.: h rur al peoples in t he fonn 
of b.trazas, o r publ i c , 10c ']l r.;e~tinG:i o f ro.!sid o;:l\ t ~ o f a p.lrt i cular administ ra­
t ive l oc ati on 0 , sub l ocat ion . Ba r :!::as cou ld be u SfA to ,] .... ake n interest ir. 
ene r gy r e lat ed ac ti Oi ti es !'uch as tr e i.! plan't i ng l nd cookstove experia:cntation 
,Imong l oc al 'Jo !unr.lt' y oq~an iz<:!tions suc h as vi l lase ... ·o::!en ' 5 g r oups and churcr. 
groups . 

Dis tr i c t I divi s i o n:)\ .1nd 10c<1tional development committees . headed by 
D.C. ' s, D.O. ' 5 , and ch iefs , respeCtivel:; , c an .11so pIn}' a TQle. These comm ittees 
IoI OU lJ be usefu I f o r pub li c i ty . coo rd i nat i o n nnd dlr.lO:'lstr.lti o n po r poses , since 
the ir member sh ip includes representatives of al l gov e r nment In inist r ies operat ing 
at the rel e vant .1d:n lni !"l ra t i ve l evel , 35 \.Iell .1S l ocal edu t ;uion.l l, r e lig i ous , 
and politic.:!l leaders. Decisions concerning p r oj ect site selection should not 
be left to such c~i tc eDs , hO'o:c ver , s inc e th e~ r ce ncern • ... ith r egiona.l equity 
and th~ir lack o f technical ellpertise can lead then to pl.l c e saoe projects i n 
un suitable areas for political re.:! sons . 

Various t ypes of no~gover~~ental organizations and community-based loc al 
groups are exp{>cted to be used in t h%! project. One of the :nost IJidespre.ad a nd 
effectin: r orns of commu :l ity- based development in Ken}'a i s Harambee self-help 
projec ts. t~ese locally initiated and organized development projects are found 
in virtually all parts o f the country .Jnd include such activities as building 
schools, hospit.:!ls, dispensa r ies, r oads , cat tl e dips, a.nd irrigation and water 
supply systems. Host Hnambee projects involve building schoo ls, bo th becaus<! 
education is the first development p'C'iority in cost ru;".ll areas and also because 
l ocal o rganization of more ~omplex activiti es , such as water supply systems, is 
often limited by lack of technical experti se. Ev en after a local Harambee groop 
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collects sufficient funds to begin a water project, it must often wait months 
or years for Ministry of Water Development surveying and engineering assistance 
required to actually begin a project .because of a short,a:;e o,f techni,cians. 
Nevertheless, Harambee projects offer the most active and widespread a'Jenue for 
a variety of village level developmen t projects. As discussed later, both the 
community tree planting and water dcvelopm~nt components of the project could 
effectively make use of Haramb£'e gr oups. It must be emphasized, hc>wever. that 
loca l initiation and organiz3.ti on is the strength of llarambee development ef­
for~s and that too much e1 ternal assistance can be the death blow to Harambee 
efforts. A.I.D. assistanc~ t o Harambee projec ts should therefore ?e limit~d to 
those which have alre ady been succes sfully started. It should be in the form of 
small amount ~ of financial and/or technical a~sistance required to sustain al­
ready viable project5. 

A variety of nongove r nment organ izations which cou ld be used to initiate 
energy projec ts or t o d isseminate informatio n exi st in Kenya. (These arf! listed 
and descrih (>d in mor£> detail elsewhere in tbe r epo r t.) SOr.le of them, such as the 
l\ationa1 COunc il of 1,..'omen of KenY<I and l-laende1eo ya Wanawake , are based in Nai­
robi and have relativ e ly little representation in rural ar~as. They do, how­
ever, pC!rfo rm im port .:!.nt coordinatio n and puclic it y fU'nctions . 

""'''''~~e r nongovc rnoef\.t org.:lnita t ions, part icu 1 ar 1 y chu rch organizat ions 
hove spe;{ r1c areas of geogr aphic c on c~ntralion where they have f a irly strong 
rural reprQs en~atio~ . Church organizations repr~spnt a significant arena of 
l ocal and na~io'\al po liti cal compe tition and this s omet i mes makes practical 
cooperation amoYf chur ches diffi cult q~, achi eve parti cularly to r W:lter projects. 
Church gr ou ps wr ght, ho,,'ev~r , be u s ed effec tively to he ~p foster in:lovation in 
mud and clay "ook.st o ... ~ technology , These g r oups operate on a small scale at 
the v i l lag egl ~v~ 1, bt:t th e ir act iv it ies can be coord ill .1t~d throu gh district 
and divi .c: i on level offi ces o f th~ appropriat<:! church. Such groups could be use­
ful as a sou rce of co!,:;::unal or c oop:erativc labor, even in areas \,'here traditiona l 
torms of co~munal wo rk have laree ly died out. 

E. Spread Effects 

To the exten~ that AID i s able to set up replicable mechanisms for en­
ergy techno logy experimentotion, demonstrat i on , and diffusion, the project ill 
have spread effects beyond the initial g roups involved in these activities. Suc­
ces s will require direct participation by local people in developing both tech­
niques and diffusion mechan isms. Such direc partl.clpation will increase the 
likelihood of both inclividucil project success and of spread eifects extending 

j:'~nefits beyond the initial groups involved. 

Tree planting efforts, for ~xample, must be based on local knowledge 
about tre~ species suited to the area and should reflect tree use priorities in 
the existing social and economic system. Since the demand for trees in many rural 
areas exceeds the available supply of seedlings. achievement of spread effects 
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among individual farmers will not be difficult in such areas if local tree 
nurseries are expanded and adequate seedling distribution mechanisms are estab­
lis hed. With t he assistance of the agricultural extension service and local 
bar,uas, information on melns of acquiring seedlings and the benefits of in­
creased tree planting on individual fa rms can to a large de gr e e spread by word 
of mouth. 

I n the C3se of c: orr:nunity weod lots , on the o t her holr.d, spread effects 
are..more difficul t t o achit'.ve because ::ouch e fforts depend on cre3ling ne .. mo ti­
vations and l:1C'des of organ ization in rural corr:nunit i e s . Spro!a.d effects in t his 
case will de pend on strong loc31 leadership and good publicity. 

Achie veme nt of sp r ead effects will also requ ire ~hat the var i ous te chno­
l og y opt ions ar-e evaluated and t ested in the actu31 rural con text s whe r e their 
di s sem ina ti on is proposed. It is qu i te evident th.s.t i n K .J<l there is little 
diffusicn o f cert3in " ol ppropriat e v i1l3ge te chnologies" beyond demonstr.ltion cen­
ler s . This i s due a t 11;',' " t in part: t o soc 131 -'lnd econonic dis advant3ges of the 
te dlllo l ogi es b':: lng d.;mo;.str ated. 1-o~1l soc i o- cu ltu r .. il e as i bLlltyant! sp r ead 
I.![fect s can be enhancc:ci if socioecvnl)lni.: cons ider3t i ons arl.! an integral par t of 
th i's project's t echni C:l l E:xperil:1c nta ti o n 3nd aoa l >'sis . 

The need f or keeping cOIT.p lcxl ty and costs of nell energy technol og ies 
1 01</ in ord!!r to rea ch the rural poor has becn discussed ~l s e!olhere and is also 
es sential t o the achiC'J crncnt of sp reJd effects . If t he 10 .... cost, 1 0 \.1 complexity 
criteri a arc net , diffu s i on of llc!~ ene r g y techno l ogies in thi s pro ject will then 
depf!nd on making eff ec ti ve use o f the full r ange of existing or ganiZAti ons and 
i nst ituti ons CiSCUS!H!d earli'!r. ::., ny o r ganiz .n i o :-:al a~d institution31 mean ;; of 
promoting no:'\.' t&chnol o& ies alre.!t!y c.xist in Ke ny.:!. . Beci'use the range of tec hno ­
l og i e s conside red in th i s project is so .... id e , effective diffusion will r equi r e 
~ great de a l of coo rd inatio n of act ivities o f t he various organizations involved . 
Once benef its are demonstrated t o and by existing oq;3I1i7.ation5, ho·.1(~v er, diffu f; ..;· n 
activities should become self- sustaining efforts .... ithin the normal range of acti­
vities of such or ganizat i ons . 

It is likely to be ind ividuals in the second 40% and not the poorest 4 0~ 
of the population who have g reates t acce !lS t o and interest in existing extensiun, 
chu r ch a nd othe r orglln i zations and inst itutions. If. howev er , succl;ssful and 
appropriate techno l ogies a re devel oped for diffusion by such groups , it is likel y 
other i ndiv i dua ls not direc tly inv01'led .... ould f\ventually learn of them by word of 
mouth and observation. 
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11. SOCIAL SOUNDNESS OF TECHNOLOGY OPTIONS 

Forestry 

Long term benefits of the forestry ccmponent of the projec t include: 
(I) a r eduction in deterioration and erosion of agricultural land, vhich will 
help to alleviate further reductions in fo\).1 3nd cash .: r o p produ ct i on pot e!lt i31; 
(2).a de ~ rc,1Sc in [.::l:!'lily labor n:quir.:!d f or baLheri~g firewood. which incr,"= :l scs 
time available for more productive activities such a~ ile;rlcu ltu r c , .1nd may bpl-ove 
family food supply and income; (3) a slo .... ing of increases in family fuelwood and 
charcoal cash expenditures allol.;ing the purchase of fo od and other househ o ld essen­
tials; and (4) an improved health and working capaci.ty re sulting irom a r eduction 
in both the physically difficult burden of tr3velling l o ng distance s to feL ch fire ­
~Jood and in thl! necess ity to cope with fueh .. ood shortages by cutting b3Ck on the 
amount of f ood or nun-h er of Cle als cooked ('IeI' d.lY. Short.;!r t enn bend its incluJ e : 
( I ) generating indivi dual employment opportunities fo r local pcopl~ in extension, 
hU1:SI:-1-Y , and ttEe pl ,\lIl i nb .lctivitic$; anC; ( 2) .J. ss i:.l i.L1s ministries, traini:lg 
institutions and certain no ng ovc Tnl.len t organizations invo l .... ed in forestry by pro­
vid'ing ttaining and other types of support. Si.nce ahout SS% of the IJood con-
sumed in tropical Africa is for- domes tic household usc, and since most rural house­
ho lds depend on wood for cookir.g , a proj ec t focus on wood iuel production can di­
rectly Olffcct AID ' s iloo r majority t3rget group. Field v i!lits have i ndicated tha t 
the demand for seedlings in r ural areas is quite high ami that there is an acute 
shortage of seedlincs available for planting. Seedling production and distribu­
tion is thus an impo r tant focu~ of the project . 

IncreasinG, wood production in high c.:Iin,fall agricultu ra l lands is, as 
!luggested above , essential both to the well-being of i ndividuals living in such 
ar~a s and t o the nation 's 1oI0od supply-de!ll.:lnd balance. To help achieve that goal , 
t he project involves cree-planting at both the community and individuCil levels. 
Community tree planting is limited by land availability and 'Jill depend upon 
effective cooperation with l ocal County Councils, since it is they who control 
th~ rCr.laining "colmlun.:"ll" or public land in .ltcas where land has been adjudi.:ated 
and individually reg istered. Lahor for cO:M\unal tree planting could b either 
in the form of "C3sual" laborers hired for a few days, or free, cOlllnunal labo r 
donated by residents. For the latter to succeed it \oIould requi re the coopera­
tion of l ocal administrative officials such as chieh and subchiefs to e.,<plain 
to area resid ents the long-term benefits and necessity of tree planting and to 
nrganize a system by which many individuals devote possibly a few hours a month 
to a tree planting ar,d care. 

One problem involved in the communnl approach is chat it requires estab­
lishing and explaining how benefits are to be distributed among com:nunity mem­
bers \oIho donate their labor to the effort. It shoo ld be remembered that in high 
potent ial agricu Itural areas of Kenya, introducing cormrunity or village \oIood lots 
means recreating \oIhat is largely a no longer operating form of community organi­
zation and cooperation since land and other economic resources in such areas are 
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now indivudailly rather than communally owned and utilized. It should also be 
recognized that it is likely rules concerning the distribution of wood bene­
fits fall beyond the control of project personnel and are dependent instead up-
on the honesty and good will of local leaders (e. g .• County Councilors) con-
trolling the land used for tree planting. A third problem associated with use 
of communal lands for tree planting is that they tend to be the poorer quality 
lands in any given area and thus careful species selection is required to in-
crease tree survival rates on such lands. A fourth important consideration 
with respect to such con",unai lands is that poorer residents in the area may 
depend on them to meet essential needs such as cultivation or livestock grazing. 
The current use patterns of any potential cOnIDlunity wood lots must be examined 
before proceeding with tree plantim; so th.Jt the latter does not conflict with 
the needs of inJividuals depe.-Jdent on the land for other purposes. If rroperly 
studied in adVLl[lCe, it is possible for tree planting prop';jInS to be des16ned 
w'-lich can improve the gr.JZing or cultivatio[l pote.-Jtial of the land in ']ccordance 
l.Jith ICxisting use pc-ttern:;. In an:? case, L1r:d tenure' and lanJ use patterns 
must be \"'C'll u::dersulOd he[:('re ur,dl·rL.1kin s J trt'C' rLlntina pr0I!ra;n, since ri~hts 
to trICe prl~du~(s utt-2n ,:iLt",r tr'.,:n ri:~:I(s to [l":.: crops or C1' • .J:]t'er:c.:1I1l!nl crops. 
Tenont fJrT71ers, for eXJc'idc, occupy L,nd for .. 'arvin,s pt:ril'c::' Ol (i:1'.e and are un­
lik'l'ly [:0 CLlrE' r,llci. .1~,\\;t cr,:e i'12:1"in.-; if they .I" :lOt be1 i"'Je thE. '..;ill be able 
to rear the benefits the:'sel':es, 

It is possi.:Jle t.hH i;] r.:C'Ui'l:: rotential :1r"as h'h,,'r,e IJnd is not yet ad­
judicate::l, c'n the OLLer ~L1~:lj, cr)r.:r.:ur,ilY ',,:ood lc,ts 11icht be> ;;1Ore successful than 
in high p01.,,:1tiJ1, adju,.::c:Jtcd arc',i';. In blHh L',l'c'S of areJS 'co::lmucit:; \"'ood lots 
may he more lil:el:: to be :juc:r,~ssLu; if c,ulti-pu"f""ie trel'S al2 planted \.,'hich 
yield other ,,~c)d':J,~ts such ,]r, rCJit .I::i [()c:cier, .,.~ \',,;115 fue~'~'c)od, Resolving 
prL1L>len:s of ('l;:::;;:::.] 1 1)' ,~i,:~ribuLir,:; ;1l':1t:fits .j:~~ (,):its :'iJ:: ~e e:lsier in meJiur.l 
putL:ntial aret1S \ .. ·:'.~?re r:Li~-':~.'lr::l~ f .Jr."",::; ct \;[l:.J!lL":,it i .. l;-, ha\'t; 1l . .Jt yet d i sap~cJ.reJ, 
as Lh~y haVe tel~Jej tu li,=' in. :Li~her PClt~:"'lt idl .. Jrt','lS. 

COinmuni,::y beh',.",J I'rL',;ra"':1S ent.1il il r.'l~l:Jt'r (Jf ()q;~,ni::ation,1l, acimini-
s~r3tive, dr.\..~ i":"lOt i\;:.l::' i(O:1 t)r,,~L' :t..:::1S l: i."'iC\JssciJ ~i;,:\" . .'e. In t::..::'~yJ ':Or:r::1uniti rU121-
wooJ progr.1::lS '~'O1/l::l rrcb .. :hh· b.~ r.:,'st li\rcly to Sl.l:::ceE'd if urg;mized and initiated 
locally as E;][:1I:loc',", Dro;,~,'ts, i:lSrp,h: of bei::>; i:nposed fro;n Jbove by the govern­
ment. AID could Q[ter to provide se~Jli:lgs to any such group wishing to b~gin 
a co;nmunity tree planting project. 

I'1 adJ~tion to ::o=:1unity or '-'illage \,'''0d lots, t!le project will also in­
clude a significant :1gro[.Jrcstry cL'mrOllent to ,mcourage id ividual fanners to 
plant more trees on their farn:s. This can pro':iJe a variety of benefits such as 
f od de r for 1 i v est 0 c k, f 00 ,i LJ r con 5 U:l,? t jon 0 r s ,lIe, u u i 1 din ~ :1 nd f t' nee pol e s , 
improved soil fertility :lnd nutrient lc':els, ,1nJ soil conservation. All of these 
features are likely to I.la:-:e tree growing attractive to many small-scale fanners. 
Trees can i~prove a far~ersf welfare tly incre~sing the productive potential of 
his land and helping to ::leet his subsistence ;Uyj consumption needs, as well as 
possibly providing new cash earning opportunities. Given ~xisting patterns of 
small scale fanning in Kenya, tree planting along boundaries and scattered through­
out various plots on a farm are likely to meet with much more success than attempts 
to get farmers to grow concentrated plantations or g-:ov€:s of trees. Farm sizes 
are simply too smali to favor tree plantations since there are too many competing 
uses (e.g •• growing of essential food crops). 

10 



Among large-scale farmers, on the other hand, planting trees on concen­
trated plots of an acre or more yould be more likely to succeed, since such'farm­
ers can afford to set aside a~ricultural land for trees. ""hile such fanners do 
not fall within AID's poor majority target group, they should not b~ ignored in 
the tree planting component of the project since it is they \"ho are most likel}' 
to have land available for tree planting. In fact, the project yill investigate 
and;promote incentives to l'!ncourage pl'ivate, large-scale land owners to plant 
trees, as I"ell as to encourage County Councils to plant trees on public trust 
lands. 

Trp..e species most likely to be quickly .<dopted by farmers are those 
loIith the most ir.ull~ diate and diverse rangc of benefits . Bencfi t s must be clear­
ly perceived by the farmer if he is to devote SOI;te of his sc.:!.rce labor time to 
such tasks as pl .. :1ting , ",tec-d ing, pru n ing , and h':lrvc~tinB tree s. The se tasks 
will c""'pe t e .. ~~ •. .,th(' '[" " <;fe r.ti n. l agri cu l:-u r n l t ,15 ks , am tree s whi ch fit in 
well IJith the: '17.1 ing s ys tem a nd agricultural C' }'c lc will he mo re successful 
thnr. special i :- ~'! trees with very lii.1ited uses r equiring a great deal o f labor 
dur'i q :; perioe :' r ~:1\t" l <;bn r for existing crops in the 1(1 (' '' 1 fanning systen. 

Ano th l!:.' i" sue r equiring consid e ration is the que stion of o ... ·llcrshiV , sale 
and use ri Sht s I: i. :. in t he f.:!.rnily of dif£~ r ent types of tre ... s. In many parts 
of Kenya , men and · ... omen are each rl!sponsible fo r certain spp..c ific crops and 
tre~s and not oLilers. Thus efforts to introduce tree pl ~ncing o n small farms 
mut:t he done ·.··irh :tn und c r <;t .:1.,ding o f cult ll rall y define <H';': roles and divi ­
sion of 1.:11: )[ ,., t;: :,lt ext ~ns ion ef(ens c~n bl! directe-1 ., the appropriate 
family t:1ember ... :J so it is clear at the start bo will u.:l\l!fi t from a particu­
lar program. 

Befor . , , t ablishing seedlings in a nur sery. bas i •. preliminary research 
should be d on.;! cvncerning existing tree species and Ils es in the area. There is 
a tendency f c ;' ( or es try projects to involve .... id e sp:-ead pbnt ing of exotic speci es , 
;, ... ~·eas pl.:!.n : : .t; .J t indit,l!nous specio:.s can in some c ... ~. · r ~ tte r meet t he n..:::!ds 
o ~ the pop'..!! ; ~i ~n 'd ith r~sp ect to £.:1I.:tors such as el'l{j , ' 1.: .:!.nd time requ iTed for 
maturity. l C' {' ! l people have extensive knol/iecige of trtoe species and uses and 
thi s should 1: .:. t.l s r d by project foresters. 
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Cooking Technologies 

Four cstegories of fuel-conserving cooking technologies are considered: 
(1) improved three-stone fire; (2) improved wood stove; (3) improved charcoal 
stovesj and (4) biogas . As discussed earlier. improvement r in traditional 
three-stone fires and wood stoves are most likely to benef it the poorest 401. 
of the populationi improved charcoal stoves would not benefit the poorest 401. . 
but could benefit a brze 'pordon of the r est of the popul.ltion (vith the ex­
ception of the wealthiest 10-157.) and biogas could ben~fit only the wealthies t 
5-10% of the rural population. 

Host of the rural poor in Kenya cook inside a small hut using tradi­
tional three-stone wood fi!'es. Better off f.1milies who can afford the initial 
purchase ad charcoal fuel costs tend to use a jiko , thouSh some of these 
prefer the taste of food cooked over a. wood fire . Kerosene stoves and gas 
cooker s are preferred by the wealthiest l5- 20i. of the popu lation and are 
considered i.'bpor t ant s}'!:lbols of status and upIJilrd mObility. Cookin; tends 
tC' b:! dC'!:r· h " ~ ry l i"l' ~E' C!'J ~i'lt iri~s in large r,".e tal (o r (lC'c::!sionill l y clay) 
ps ts. H.:tny se..1ple f oods slich as !llai~ e and beans r e'l'Jire long hours of boil:'ll~ 
Since they are usually h<lrvcstcd and coo kt:d after becoming ha rd and dry. 

Fu el - conserving impro\'emcnt s in c(loking techn i ques would produce 
national lev~l benefit;; by red ucing I.·ood consumpt i on . Su.:h ioprovements .... ould 
also produce indivi Ju .:tl 1o.bor and cash saving benefits for the rur a l poor. 
Improvenlents reducing fu e l l.·ood collection 3nd ch3rco.11 produc tio n re quirements 
at the household le·.'(! l benefit the poor (particularly Io.'c rnen) by incre3~in:; I nbor 
time av.:lil<lble f o r mo!."e productive (e.g .• a:; r icultural) activities . This 
can l ead indirectl }· to imp roved .... ctfare and incre~ses in income. More energ y 
efficient cooking techniques al so produce Ur.t:'ledia t e cash bt:neC its t o those who 
rely on ptHchased fu e l .... ood and cli,ucoal supplie5, "y r eoucing ,,",ood and charco.;ll 
expenditure requirements. Reductions in cash r equi red ( or cookir.S fuels can 
produce nu t r it ional and general we I fa re be nc ! its by inc reas iLlg the amount of 
money olVailnble for pu r chasing f ood and othe r household essent i als (thrugh 
of course it cannot be Jssumed such money · ... ou ld necessarily be spent in thi s 
way) . 

A. Improvements in Trcditional Three-Sc one Fire Cooking 

Given the nea=ly nonexistent cash r esou rces of the poorest 40% of the 
population, improv~~ents in wood cooking teChniques mos t likely to benefit 
this sroup involve "ery simple mod ifications of the traditional, unenclosed 
three-stone fir~ . This simplest level of imp rovement receives little attention 
from most institutions and organizations promoting energy saving improve!llt!nts 
i.n cooking techniques. The Women's Division in the :1inistry of Culture and 
Social Services and the Home Econom ics Dep3rtment in the Ministry of Agriculture 
have, however. been involved in sucD innovations to some degree. 

For cu ltural reasons, improvements in cooking technologies are like.ly 
to be a ve ry low expenditure priority in most households, since cooking and 
collection of fuelwood tend to be regarded as uni~portant, lov status tasks, 
and males tend to control cash. In any case, such innovations could probably 
require cash outlays of no more than about Ksh. 5-10 per family among the 
poorest 40% of the population. Wide diffusion of nev technology among this 
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segment of the population must also require very simple construction and mainten­
ance procedures. s!nce this group has very little access to existing extension 
services and institutions. 

The simplest improvements in three-stone fire cooking techniques 
r educing fuelwood consumption wou ld benefit Jr ur.:ll househ o lds by r educing 
firewood collection ti~e nnd incra~~ lng labor tl~c availnble f o r mo re 
productive activities. For those homes whi ch purchas~ ffrewood, the 
benefit would be a reduction of c~sh expenditure requirements and probably 
increased fo od consumption resulting in better nutrition. 

Current social benef its of traditior.al three-stone fire cooking whi ch 
mus t be taken into I,:,coun t in project desibn include prev ision of llah t. 
warmth for space heat ins, a social gathering point, .... ood pre servative, and 
animal. insect and pest pr otection. Simple, l ow-ri~k, l o'..;o - cos t imp rovements 
in three-stone cookinc ... hich d o not se:.riously alter ~:ood fire benefi ts listed 
abo· ... c !iI:''-;::;:: I;C! fC,:ld: ll<:. . 

A horseshoe shaped mud o r brick \,'a11 enclosing the fire r.d (;ht be 
acceptable if the 10/,]11 were not more than n f ew inches r.igh . A h i gher 
wa ll .. dt h !; r ~llte r ht!ilt I: fficiency migJ-.t confli c t .... ith soci al uscs o f an open 
fire. The 'iamc would ho ld true o f anothe r possib le irnpr ov c!!!ent o f the three­
stone fire. i nvolv ing surrou'1ding t he fire with n. reflect ive surfac e such as 
1llumlnu:n :ihcp.ts. Other means of im provin ~ fudIJood effi~iency in traditionA l 
thr~e-stone cookin g , such as ~ ryi ng wood b('fore bu rrdn g , are oftcn not 
possible becau se of seve r e labo r and trn.ns port const raints the rura l poo r face. 

Comb ining hot box or fir eless cooker s .... it h the t hree-stone. fire is an 
in nov ... tion .... hich :night succeed in SOi:le arc.lS i f the cooke r cou ld be made f r om 
i nex pensive and l ocall y available mate rial s. Since many traditional foods 
require l ong hours of bo iling, rather than si!l".!llering , it i s pos s ible t his 
innova tion IJould meet t,·i th resistance , However, additionn.l res earch is needed 
to establish the sui tab ility of ho t boxes f or cookin g traditional Kenyan ~'ood=> . 
They may be more suiC.lble to warming already cooked food s than to cooking 
mixtures requiring l ong hou rs o f boiling . 

Solar wanner s are likely to encounter similar problems of n.daptation 
t o e.'(isting cooking practices. In Senegal they ""ere f ound to be unacceptable 
because they Gignificantly lengthened r equired cooking tU:!es (in some cases 
by a factor of 4 or 5). 

B. Mud and Clay "load-Burning Stoves 

Although various groups such as Village Technology Units, the Home 
Economics Department and others have attempted to introduce them, mud and clay 
stoves have as yet met .... ith very limited success in Kenya. They are found 
primarily in demonstration units and in a few individual homes. Field visits 
to such homes indicated that improved stoves continued to be used in conjunction 
\'ith jikos and kerosene burners. It is not clear whether lack of infomation 
or disadvantn.ges of existing stove models themselves is the major cause of their 
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limited diffusion to date in Kenya. Careful assessment of user acceptability 
(durability, economic and social feasibility) is, required for the various 
stove models being demon~trated in training institutions in Kenya. This 
project will therefore focus on beth testing and experimentation in stove 
design and on extension and training to disseminate promising stove models. 

Factors which may limit their acceptability include height (some 
require <3:1 unLtniliar stand ing posture); cost in labor Jr.d cash required to 
construct the~; and avail~bility and durability of materials used (some, 
especially mud and clay mixtures, require freCluellt -- often weekly --
patching of CLiCks). Soil types and hence appropriate stove construction 
mixtures (soil, sand, dun~, etc.) vary greatly by region; hence, stoves 
requiring very little modification of existing house construction mL~tures 
in an area are more likely to be successful than stoves requiring costly 
i~porting of exotic clays, etc., or those requiring technical or extension 
assistance in determininR correct clay/sand/dung mixtur~s. The most durable 
m,)Qcls rC(ll!ire cement, Lricks, or sume sophisticated firing -- all o[ Io;hich 
of""" sllrp'~c "1(' cash, cl~,'ri:ll ,:':'1 techni".lL r:3pacitie~, of rural area9. Those 
Io;ho C.::ln afLrJ lnicks or l-"2~ent ?ore also likely to be J~Jle tJ affurJ more 
soci:llly pr.cc;ci"ious (()liking techniqljes sur:h as jiLos, kcrusene bUI'ners, or 
pcrh:!;,s 2-"~ (''''.'·.·;~rs, T:--:,; there is .1 problc'TI of motivntiri': people to adopt 
possibly r,:pre fuel-efficient sto':es \."hose matt2rials and .1ppearancc m.JY cause 
them to be rv;,][ded :15 ,I step bJ(>':nJ, A tI'.J-Jition of rc'tter:r making exists 
in western ::.cny.J, fcc c:-:.nrLc, tIlt it is cDnsil!':rc~ incr':'dsingly nor;;resti;iotls, 
and s:':ill dud intcL"2st in pottery are dying in ~Ianj' areas, ~leverthelcss, since 
the technic:d skills .He tl1l.:re, it 'o'o'dld be \.;o"t);' . ."ile tl.' include sor.e experir.1ental 
cf~':;;pU[l~Ill~ l.;l lLt: ~r~)jcl't dt~,..11il~I,~ ~ ... }jth desi;il <.lnd testin; L~f potLery stoves. 

High :::,lo~3 ;;lUJ or Cl.1Y stUVe::; arc so:~.c·~·l'.1t effectivc hC.1t rajiatols, but 
the practic<.C r:'t le:>.Jvi.·,c' s::e"J<.C dOl"'s .'pen to inc:-e.Jse sp,1ce heatinG effects 
vir t u a 11 y C.} T\ C l~ 1 s the F', ) t L:-, t i .1 1 !' , 1 C 1 Ii 0 ods a'; j :1;~ 0; .J r g u i rH~ for use 0 f s u c has t ov e 
in Lhe first ;;L1:0, Inco::-por.Jti"c; of .J "':TIC;:,' r~l~dse t',13S,1;l'IJay, though it h.]s 
decided hl:.d~h b,~ncfits, :J:;lpdcs -..:i::h tradi.tion.Jlly I'cc')f~nized benefits of 
smoke :nenti,,:, ... t.! l',uLl:r. Thus a':ai1.1~le d.Jt.l s\l£gest th:1t some of the design 
critcri.1 of ~":;:'r,~";t::d st:',',_1:J c,;:1r-l:Lt f.-,Tith c2rt.lin benefits (e.~., Sp1Ce hC.1ting, 
sr.1oke) of lr~iit~on.}l fires, On the other hand, as fucl~ood beco~es scarcer a~d 

purchase and collection costs increase, stoves with significantly lower fuel 
requirements ~ay bcco~e a higher priority in rural areas and adoption rates 
may increase. 

C. Improved Charco~l Stoves 

Costs of purch.]sing the stove and fuel make charcoal stoves inaffordable 
for most of the poorest 50 to 607. of the population. At the same time, the 
sector which can afford jikos may not be willing to sacrifice scarce cash at 
hand to p"v the higher pu rchase pr ice of an improved j iko in order to real ize 
longer teIT.1 benefits of reduced operat ing costs. In many cases, those who have 
more cash Gn hand would be more interested in buying a kerosene burner for 
status re3Srns rather than a better jiko. Charcoal is, however, the preferred 
cooking teChnique for many in that segment of the rural poor who depend 
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on purchased cooking fuels. It is more convenient to use and easier to trans­
port than wood. The thermal efficiency of metal charcoal stoves is about 157., 
or twice as high as the traditional wood fire. In comparison to mud and clay 
stoves, metal charcoal stoves have the advantages of durability, easy portability, 
small size, low maintenance requirements and effective space heating qualities. 
Scrap metal cooking technologies already exist in Kenya a~d because jiko makers 
are more centrally located (though l:lOstly in th·; informal sector), it would 
be easier to u isscr:1in~te nL'~" r:1et~l stove desi.zos than it would be to 
disse::1inatc ir..f'r'~\·cd I:;UC or ct.:!/' 5to'.'(;S. 

Principal benefits of L~proved charcoal stoves would include reductions 
ifl cooking time (benefitiflg worncn) ::lnd reductions in fuel purch::lse costs, which 
would make more cash ::lvJ.iLlble for other hOlls<:,hold needs. 

As I-Jith mud and clJ.Y stoves, however, further eXllerLl1ent Ition I,ith 
jikos is re~JircJ to ~roJuce a d2si~n that i~ socially acccptJ.ble 2nd 
£.conomicJ.ll:l \tiJ.~lt2. s~,;:~~ of the f:L" ... ' jiko J.:::.;i.~:iS i:4 l:c:'i:/J. ~re ~~J.i...! to 1;12 too 
oS 1 0 \.;, ~ , , : • L <.1 V /, t u " . . .' .;, ...J. • • ... ~ '- I,. , ~ •• r" ens L', _' ~.~.. .. ~ ~~ I... i' _ _ ( : L! t u .. \ _ .. J. ..... ..1..:. t; 0 r 
.1hle Lo ;=':'/ the in:ri,ll t:ur~iLL}~ t)~·i:_L·2. In L:~iLi.,:~, L:.l:/ t.3f~e 1 ..... L:1_r ::J 
tluild ::lnd arc therefore less attLI-.:ti·:e to ::Ll:~IJL.l::turL'rs. An art:'s" c:ln rnJ.;':.e 
.3 h 0 u t b U-. , • .1 i t i 0 r.:11 j i:(O s per - d:l j' but a n I y 0 [": t.! i::: ;n 0 v e J j i ~ 0 • T his i .1 C r e :1 s e i ;1 
L.lbor Li;-liC required Ll;,.1.3 to enC\,"i[.,~y price i::,·riC.hL'S Dl'::Ol:d ~atL'::-iL.l costs. 
Pr ice lnCre,Jses ter:::i L'~ [:1; t new j ikes l:cyor:d t:;c ri~::l·=h cf Ct.,ny l'otC:1 t i:ll L!S2:-S 
even thoubh Lrle fL!cl s:1Vings ',J.JulJ ;nJkt.! t!1L:m pay for ther:1selves in .1 shurt tiI:1e. 

The :'10[0 el.:1D:"-;ltt.! vcrs ions of i":.pro'.'eJ j i!:os. ir.'2;)r?or.1t i:lg such 
fedeures a.; Welt,?r he.leers In..! oven::; demon'itri1[t.! the vcrs'lti lit)' .lnd possible 
f u t u rep C' : l' 11 t i ,:11 ,) f j i :-.':>, but t h '" s t.! ~.' 01] L! h·.' n,-, fit 0 n 1 y el 5 mal 1 ~ in (1 r i t y a f 
the population, wLose Cel~h :-esourccs .1nJ C0.,,1;in; nl'eus [ar exceed the 
cu rre;1t nor7.1. 

C. I3iOr,lS 

Bio';,.::; product ion tech!1i~IJes at the id i':i::u.:11 Lltc.\ l::::':cl ... ill not ce 
included in this project hecause cosrs of these systems far exceeJ the capacity 
of all but a s;nall rniflority of the rural pl'plJlation. Biog.:ls units cost more 
th.:m Ksh. 4,000 excluding transportation, and require five to t ... enty 
cows to operate. Even in many cash crop gro ... ing areas, average s;nall-scale 
farmers can afford to keep no more than one or t~o cows. In addition, biogas 
systems require huge qu~ntities of water (a mini;num of 40 litres per day), which 
only those who happen to live near piped w3ter supplies or ~ho can afford to 
hire labor to transport water could manage. 

Field ViSits to existing fa~ level biogas units indicated that most 
were not working or were working far below their potential capacity, and that 
even for those who can afford them, the systems entail serious proble:ns which 
reduce their attractiveness. One of these is that people find frequent handling 
and transporting of cow dung distasteful work. Another is that the currently 
used biogas cooker leaks, is highly inefficient, and cooks too slowly due to poor 
heat regulation and low heat volume. At the sites visited, biogas cooking tended 
to be used only for the fastest, lightest foods such as milk and tea, while fires 
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and jikos were still used for the bulk of the family cooking. Simple improve­
ments could be made in the cooker itself but these would increase the cost 
beyond the present Ksh. 250 

In addition to cooking, biogas units produce a slurry which is very 
effective as fertilizer. However, it is the novel ty of the cooking gas itself 
and not fertilizer which at present attr~cts wealthier people to biogas units. 
Use of the slurry as fertilizer is an important benef it wh ich deserves further 
attention. It might be usefu l. in particu lar. to compare the economics of 
prodllction, distribution and use of current chemica.l fertilizers and biogas 
slulry. 

Biogas applications above the individual farm level may be more 
promising in the short run. Such units might benefit institu tions with lat'ge 
numbers of confined animals by prov iding cook ing ~ I\t! r gy , loIasce manag em~nt, 
fertilizer and othe r benefits discussed in the t echnical an.:tlysis. Publici ed 
institutional use of biogas coltld produce soce sprea-j effects to other 
institutions and individua1s. 

Ch .:t r co:l1 Pr,)duction 

An estimated 70~ of Kenya ' s charcoal is u sed in urban areas, with about 
45;: of it u 'j",>1 in :!a irobi. :Iost of it i ::; orvJuc.:c i n r u ral J.re.lS usins 
traditional e<1rt h kilns in ,.hich an csthated 757. of t he ~"ON ' s ene r gy i" lost 
in the conversion process. Fo r the ru ra l I-'oo r, hOI,'c\'e r, intl!ruitten t c.ha rcoal 
production is often an essential source of income . Poo r sma ll scale f ormers . 
for exa:r.ple, may practice occas i onal chilrcoa l produc tion during periods C) f food 
shor tage or in nonpeak labor period s in the ag r icul tural cycle . A tr~ditional 
kiln pr oduces an average of jbout 5- 10 b~gs, e~ch of which c~n be sold for 
about Rsh. 15-2CJ to a rransport(>r (usually a pass inE; lorry) nen r the 
producer, or for KSh. 20, ilrvl up in t o,",,,s if the producer him::; il: lf can 
transport it . Using traditional produc tion ·tech., iqups, no cash outlay is required, 
as kilns are cor.s cructed enLirely fr om Olvai13ble so il and pl.:1nc mated:!ls . 
However , yields are extre:::ely low -- often ody 8-1 07. recovery weight. 

Any yield-increasing impro\·e:n cnc.s in tra~itional charcoal making 
t echniques would id0!311y bencfi: peor producers in both high and medium to 
l ow potential lands by; incr(,olsing their cash income s. ~Since ma ny such producers 
live in the mOTe marginal m~d ium aM l ow potential agr i?cultural areas (oft en with­
out a good cas h crop), charcoal earnings can represent a significant portion 
of thei r cash incoUle s. 

Demonstrating improvements in craditional charcoal production techniques 
to informal secto r producer:. is extremely difficult, since many of th C.',s e are 
1Iillegal" producers and many live in areas difficult to reach through existing 
extension mech,:misms. Horcover , producers operating near the subsistence leve l 
have a li~ited capacity for experimenting ~ith new techniques. There are, 
however, certain simple improvements which lie ~ithin the rcnge of some 
traditional producers. Simply using dried vood, uniform sized pieces ot wood, 
packit.g wood more tightly, covering the kilns vith a sufficientlY(f hick layer of 
earth, or adding insulation bar~iers (e.g. I tin containers locally termed 
"debes") between soil layers can as much ~s double yields in som~ cases. Al­
though insulation slows burning, labor requirements in the removal pt'ocess can 
be decreasPd when debes are used as insu\ation in a traditional kiln. Cutting 
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wood in uniform sized pieces to reduce losses thrOugh complete burning of 
smaller wood pieces may require more tools than many small-scale producers ownj 

most of the poor O~ only a panga, while a pruning sa~ or an axe costing about 
Ksh. 30 is required for more effective wood cutting. 

Small-scale producers to wtiam information regarding improved techniques 
would be more easily dissemi.nated /Ire those who obtain permits from the For.estry 
Department to cut trees in specified forest aceas. So:ne of these individuals 
can afford be tter tools such as 3Xes, or oc ca$ionally c r oss - saIlS or chainsaws. 
Improved nlc thod s cou l d h~ pub 1 i t ized to t he se prcduc!"rs. for e.'\( nnp 1 e. v ia the 
Forestry Department or Ministry of Agriculture extension officials. though the 
former currently lack th~ necess~ry extension personnel. 

I:nprovcd ch~rco.l l productio:l techniques involv inf, port able metal kilns 
or semi-portable brick and masor.ry kilns :::lUld bypass the small producers and 
would rench instead 1aree r scale producers, who often produce c\,.,rcoal as a 
byp rodu c t of such i ndus trial operations as E.:lst African Tanning Extract , Ltd , 
(see Te chnic~l Analysis ) . defo re in\'esting heav ily in large scnle , c.3pi t al 
i:ltCn!::": .' cil_lr t\ ,- :.l i : ~,!u.::t.ic ~ : :-.l c ti :<J..!:; , it il; !l ec~:;:::J r }' tJ ,x .lluu:..! n.-:: r ;; fuf'!.y 
the degl.·ci.! to 1.:1I1 Ch this miShr !".i~nific..[Il1l 1y reduce i ncor:;e .:tnong ~;n.nll - sc.:J.le 

traditionn l producers , ' • .-ho r.1iCbt be elimin ated from pr oduct i on. Portable 
and s~i- Jlo rtable ki lns require .l cons ider.1blf! cash outl ay f o r pu r chase , as 
I.."c ll .:lS high cost o f tr al:s portin g • .... ood . Bo th "f th ese b c t or s pIa.::e such kilns 
be}'o nd the means or tr.ldition:l.l s::l ~ll-sca!e produc£:l.-fo . 

Fin,1ll y , though rising r p. tes of cha r co,,] consunption involve short - lenn 
benefits for ru ral ch~rc03l pr .;:!tlce r s in the form of inc r eased income , tht!re 
~ re ne g.lt i·/(, cl')n:;equ..:nces in the long te:1~ . a!: rur a l ... mod sup p li cs .:lre deplo.!ted 
<'Ind the poor h3ve to tr3v~1 l onge r distances 3ml spend more time 3nd mon~y OIl 

firet~oou t o Deet their o·.:n need :; _ 

I,!at e r Te c: h"nlo~ies 

Improved wat e r supply is one of the t op encr p,y priortt1.es of the poor. 
At least 4 r.1illion pc; '')p le in Krnyu walk mo re th.:ln a :nile in tiw d r y season t o 
get drinki ng water. A;:;cordi.ng t o a study of 10 distri c ts in Kenya by Whiting 
.1r.d Krystall, !.'omen spend up to G 3/4 hours pe r day fetching water. In fi.ve o f 
the ten districts included in the I.'hitin& and Krystall study, the average t ime 
spent collecting water was five or core hou rs per day. Per capita water 
consumption levels were found to be quite low, exceeding 10 litres per -capita 
per day only in Cennal Province and in special water schemes . 

Fetdiin& water for domestic use frolll n .. tural scurces is done almo:lt 
e~clus ivcly by women in mos t parts of Kenya. Si9ce women tend to be responsib le 
for a number of ethe r domestic and agricultural tasks. reducing time required 
to collect water could significantly i ncrease labor time available for more 
productive activities and could thereby indirectly produce increases in rural 
incomes and improve general welfare. Rural water supply systems can increase 
per capita water eonsuolption levels and thus improve h>'giene and produe~ 
health benefits for rural families. 
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Water supply projects are a very high priority in rural Kenya. An 
estimated 100 new Harambee water projects are begun each year. However. 
problems of scale, inadequate organization, and poor technical capabilities 
have limited the number of successful, locally based and initiated rural water 
supply projects. These problems have also reduced the effec tiveness of wa ter 
systems once established; more than half of these are unreli~ble due to 
inadequate design. construction and maintenance. 

Because tlv.:ti l ability of technjcal sl: ills, c.~, pit.::l :In<1 1.1~or is very limi­
ted in rural areas. rural water supply projects must be very simple, cheap and 
easy to maintain in order to be successful once external project personnel 
depart. It may Uf; best over the long term to avoid projects requiring frequen 
and somewhat complex technical assistance in maintenance, given the quite often 
very thin coverage by both private and government technicians in rural .::reas. 

Because \~ater projects are such a high priori t y in rural arens, privately 
oq;D.!liz:ed com!:lunlty level projects (C. b" ll.lratJbce projecu) can sc::etimes 
Ct: .~, .':' :. , .•.• :1 con l:~:.u tiv .. .> t· . :..Iv :' 0 ~ :!.j 1-_l" ~' .. :·.~l~ . :-a!i'll~i .. " ~:.o i-,' ""r LO p.1y 
tll.i~ ..:rLo.oO born:", tile c,,'n.::y fr o;:!. fd cl\'~:i :md rd.:lt~,: (: ::;. The only ot he r typ~ 

of 'developmen t projects whic~ can get contributic ns this l il r~e is schools, which 
are the first development priority in most ['Urnl nre .. \S. \>lith respect LO Haram:,ee 
wdl o.!r Pl.' oj£:cts , AlD cou !J playa r olt! ir. sti.nul.oltiur, thern bU i: tlte real strength 
of ';'l1l".h projects is that lh ey are oqpnized .::.nd in~tiatcd Ot th e:: local level. 

Accordin~ t o currently .l.vail.lbl i; .... ind d .1t ;! . area!: of heaviest population 
in KenYd's hi Gh pott'!ntLi\l · ... inti belt include r e Gi ons ,'l Tou nd }tombasa , ~Ialindi. 
Eldcn: t, and Ki !'ur.lu. Huch of the hiZh potr:n tLll ,: i nd belt othe r wise cove rs 
on 11 very sp.: r s(: ly populat~d and 111rg(:ly nlXlladic st'!ctions of the count ry. 
Avail ab le data 1'U ~gc St that with the exception (If heavily st'!ttlcd areas listed 
.l.bove and a f ('~' Rreas of larg.:- scale fuming, ' .... ;.llld po· .... er h.1s linlited potential 
for cO'C~T.Unity '~ater supply $ystems in Kenya. Ho'rhcover , e vC!n .... ithin the regions 
identified ab rl\':! , addition.11 i nforma ,~ inn i ~ ne erled concern in:,; wlte r table levels 
and actua l wind speeds and cOilsistency before the potential of uindpo .... er in 
Kenya can be ad.:.:quately .1sst'! $sed . ,\1'(;.1S of .... indpump suit?bility are also 
limited by the r equ irement th.1t winclpumps must operate dl?,.,inst .1 fairly low 
head, .... h.ich meallS they may not be suitable in highland areas, ,",here most of 
the popUlation is concentrated. If the water level is no more than 30 feet. 
a windpump could serve as many as two or three thousand people. One problem 
that must be de.l.lt with, ho,",ever, is that wind pum ping capacity is li ke ly to 
exceed distribution capacity. Diesel pucps often must ope r ate only six to 
eight hou'Cs per dayttc produce a sufficient community Yater supply. Wind pumps 
operating continuously might require g'Ceatcr storage capacity and possibly a 
mechanist:l for distribution or selling surplus water produced by 3 given pump. 

As discussed in the technic31 analysis section, there have already been 
many windpump projects and activities in Kenya. Some of these ave been 
completely unsuccessful due to problems with maintenance and r~9air and incompatible 
p3ttcrns of social organiz:ation. At the same time, notable su~eesses in ~indpower 
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appear to be confined to projects undertaken with external funding at religious 
missions or individually by an occasional (usually expatriate) large-scale 
farmer. 

Since windmills have been in Kenya for several decades and have not yet 
generated striking interest by the government, very brief stud ies or the 
reasons for this a=e a necessary preceden.- to any large attempts to introduce 
still more windpurnp projects. A few demon~tration projects might be warranted 
if, for eXdli1ple, such studies indicate an un.Jw.:ueness on the part of policy 
makers of potential uses of windpower substitutes for fossil fuels. A publicity 
campaign would proh.Jbly be required to counteract the prevailing attitude that 
diesel ptmps ;ue a ~;,gn of "development", '..;hile wincr:1ill.~ are "baclmard". 

The cOr.lplexity and very hig.: cost::; o[ purchilsi:;g ;lnd i;1stalling windmill[; 
m(!an ch,1[ their establishment \.;,)ulJ require! substantial government financial 
and technicJl support. \~indmill,; far excc,cJ the findncial and t..:c!mic.]l 
capd)ilil~i,'s of r.:r,:' rural CO:--"r:ities in }>":'" 

B. HyJ rar:lS 

Hydra:ns may he' suitable"' for small-scale corrJ:lunity water supply systems 1n 
areas such .)S the hi.·.;'lJr.ds, t,.;here r.luch of tlie popul:ition is c.:;r.-:cntrated. A 
hydra:ll c]n f'ot~r~ti2~1:! sl.pply .~:-:lll1t l~O f:!;J;li'::5 in 3.11 ap[lro;:i~.:tely three~:: 
four :nile area. Bcc,;llSl' COU;1ty Ccuncils Jre turning from hydr.:u:;s to diesL-'l ·.Jater 
pumps, sccor~cl-hanci il:";[X1S are sc.~lctir:l"s ;-;·,'.iiL1ble f"'ll" as little: JS aboul, 
Ksh. 4,OGO ('c:S5 560), thr:u£h nLI: ones Clay (' st f:~h. LS,OOO (L'SS 2,500) or ::lore. 
Sec0nd-[1~~:!(~ 1:··J:-2~ .. , ,:~'e tl;lJS './~Ll,i:1 fi:l::'ll'i il redcl1 o~ ~rCljpS of f.J:nilics in 
wealthier c.Jsn crep );r(J' .• in s 3f .. ;.:!S. F3Inilil:s living in dispers.::J la~ls alotl6 
a ridge (2 scttlE"-:1cnt ;J'Jttcrn t)'pic3l of ruch of tilL' ccntr.:ll hi;.;hlands, Ki~,-'J:'11, 
Emhu and ~l",r\J are.]s) h,,':e in S::1::1e cast!s or[;:lni7:<,J dr,} cJntributeJ :,onc1' to ;Jurchasc 
and inst.::ll .J CCn'::lllr.,~ hyJr:J:TI, pipes .]!,J stcra'?e syslC'::', to sup;Jly IJo.ter for lheir 
0 .... ':1 dumcsti" use. 

Field visits to e:.;isti:~b hydl'.Jr.ls inJic.:lte, hO~"c\'cr, tlut C\'c,:) t:1<' ;:.Jirly 
simple m:::..illtcnilnce irl':ol\'ed (usually simply clea.,ing intakes) is a pr-,blcm, 
as is replacET.:cnt of stolen and .... ·orn out spare parts such as rubber washers anJ 
gaskets. '~any of the hydr.:uns visited had not been \olOrking for some time due 
to fairly simple maintenance prohle::Js prolonged by the unavailability of a 
plumber or water technician in the areas. P.ydr3.Ills appeared most likely to \'lOrk 
where a plumber was himself a mer:1ber of the user group. 

Thus existing evidence sUljgests that hydrams for small-f,cale community 
water projects ent'-lil maintenance problems \,hich may be !!lore serious than their 
financial constraints in some areas (though lack of finance is definitely a problem 
in many areas where they could be used). Corrnnunal hydr.:uns also faCt:! some soci.Jl 
and policial/orgarlizational constraints since they require organization and 
pooling of resources by a group of neighbors. This type of co~~unity cooperation 
can be difficult to achieve in areas with strong competing political groups and 
without strong lineage or clan ties binding neighbors together. However, field 
visits indicated that hydram benefits are easily perceived by local communities 
and that strong local leadership and organizations can overcome such problems in 
some instances. 
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In sum, h}'drams appear to have potential for expansion, perhaps 
primarily in better off tea and coffee groying areas of the highlands (where 
the terrain is sufficiently hilly for hydrams). l1ydram projects face several 
village level social and political constraints. however. and seem to r~quire 
a fairly special set of circumstances in order to succeed. If AID project 
technicians assist in estab6ishing hydrams and training local technicians. this 
should increase the likelihood of long-term success of individual community 
projects. 

A return to usa of llydrams i govern:nent. olS opposed to local .communal 
projects. on the oth~ r hand. requires a change in preference away from single 
unio:. diesel systems"",C<hich prod uce grcat~r output a t increasingly higher fuel 
COSl?S. 

C. Hu::!.].n Itnfi Anb,11 POI.-ered Pumps 

Al:': !;~:J;:·. t :,:·.:l.p ~_, ;;5 .::'?.:. not cc,;;; ..... ' :.n K'.:'i:' , th~ y ho:;,: ';,.:( :': ..1io intrins ic 
adv a ntage!) whi c h su:;gest t h::q dese rve ,:H~ e ll tion . Th('sc i ncluut! r e i ll tive 
sitnplic i ty , l ow cost , a nd e lise of ma int ;;I",.:l.nce (at l e .Js t in are,J s \o1here the Yater 
level is high cnou;.:h t o use pum ps "" ith aLove g rg und access t o t he p iston) . A 
maj or d i sol.! V.:.n t olcic of h.lndp'J t:l;>!) , hut/eve r , i s "' heir " i1?ol re nt l ack of dur olb il i ty 
under conditions o f be Jv )' use in co:nr,::.mi ty \" f; 'e r su r p ty s ysr er.l s. Holndpu mps 
might be cOlls ider .·d i.n olr ea~ of high popula t on dYn'i .i. c)' ...,he r e a rdati.v e ly small 
numbe r o f f mni).i. e s cou ld pool t hei r r C!)C'; l rc es to purc hase on(> for thei !.. own 
~hared us e . Local socia l ad politicoll ors ~n iz at i on~ l ?r oble:tl!! such as thos e 
d i scus .'ied olbove '.d en r e ~ pe c t to hydra"!ls ~:ou l d ii l s o bi! J fac t or in hand pump s ystems. 

F,;,o t J nd clnir.::l l pO\Je r ~d pump:; mect ing 1011 CVS :, l ow cll:-lp lexity and 10"" 
main t en,1:;ce critc ri:l shou l d also be conside r e d a s .In option thoue h t hey are 
no t widely knol-," in !~enya . 

D. Wa te r Pv"',el' f (' r Locil l Tnrlus trv 

Wa t er pOIo'er for electricity generation i s ou t s ide t.he s cope of this 
projec t since it does not addres s t he mos t i mmedi oltc ne eds o f t he rural poor. 
The gove r nme!1t' s emphas i s on rural electr if ication is importolnt, but its effects 
are l ar oely limited at presen t t o better o i f urban d~e llers ~nd very wealthy 
r ural people who ca n af f ord pe rmanent hou ses of st one tather than mud. 

Wa te r powe r f or grain grinding mills will be considered in this project. 
These have bp.en in Kenya mos t of thi s c entur y but hav e since Independence 
increas i ngly be cn r eli llced by diesel polo.·c red grinding machines. Rising diesel 
fuel prices , howevel~ . mean tha t Wolter powered options merit new attention. 
Howev e r, diesel grinding ma chines have the advantage of being faster and more 
conveniently locatolble than water-po...,ered nills. wh ich must be at valley 
bott oms . 

A project component intending to simulate a return to vater powered 
grain mills might not produce significant im:nediate benefits for the rural 
poor. The latter do nc~ oYn grist mills and it is unlikely any reductions 
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in grain grinding prices occurring with a shift to water mill s would signifi­
cantly affec t their we lfare. The pOOt would benefit somewhat, however, if grain 
grinding equ ipment we re improved (e.g .• by using a mode rn grinding mechanism 
with ele ct ric power ) to r~du c e g rinding time as we ll ns cost, or if the n~7.ber 
and di s tri bu tio n o C mill s \le r e im proved t o e nable e.1!; i e r and quicker acces s . 

Jl.uch improvemen ts cO'J ld r ed ucf' the Labo r burden on ru ril l IJomC!n. 

Othe r IJa t e r t echno l oBies such a s so lar pu mps .1nd so l nr desalinati on 
s }, s r ct:ls arc s till i n t he te s t ing phas e in Kenya and in suf fic i e nt data c."ist 
t o ('val ua t l' th em. I n add it i on , they a r C! bt) th ex tr(!lncly cxpens ,i vc. 
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ANNEX C. ECONOHlC ANAL YS IS 

I. SmlMARY 

Kenya. faces t1"0 major energy problems. First, yith no proven 
hydrocarbon reserves and a comparatively large modern sector, Kenya is 
heavily dependent upon oil imports. The cos t s of such imports I together 
with rising costs of imports of manufactured goods and of borroYing in 
intern&t i:)nal ma r ke ts, have o:ontributed to larg e and iocre-asing balancp. 
of payments d~f j cits on ,:urren t account. These d ~ f ic i ts in turn increasingly 
will limi... capital availability for domestic investment and thus const r ain 
n01ticnal econor.tic growth . Se.:ond, con:'l.!Il'Ip tion of \o'ood for a ll purposes 
includ ing use as :l fuel appears to e:<ceed fcrest replenishMcnt rat es by il 

wide and rapidly increaslnz m3r~ln . Continued deforest ation hns seri ous 
irnplic.ltions lo r d~t~rioruti()r: of ;> r o:!uct iv ity of a:;ricult'.Jrill lands, 
pret:l.:lture s11t1n3 elf rivers and dClr.l~ (Io:hich are t:laJ or sources of 1·~atcr 
s\lpply and energy), loss of lIildlife h.:::bit at, .:lnd lessened retention of 
climatic llloi~t.ure. 

I~e nya ha ... United options f or cea li:lg ,dth t hese prC'bl ems. It can 
exp':lOd its prcdu..:.tion of f:lcctricity f r o'l imllgenous source s (hydro <ind 
GC c. then:lal) sc.hlu,·h;: t I altl~ou3h silt buUdup in t he Tolna Ri ver may l 1.tnit 
suc h pt.' tcntial. Prospects for subztitutiag, bic~J.,,,s---dc r ivcd liquid fuels 
(e.g .• pO\l~ r ~ilr:ohol or liquids e .. ·a r ac ted fro::: sf:ccies such as joJuba o r 
~ujlh:;;rbi:l.) zrc.' li.~ited by t,,::cimical ,~.nd econOlfli.: uncertcint ies and pore 
import.:lntlj· \)y th(' urgent. need to ~X p;1lld .:lcre.:tGc dcvo eed t o foods t uffs a.nd 
e:': j)Q rt crIJP~. Solar and ,·Jinli offer lbitcd pr05j<ects for substit.'.Jt i on fo r 
imported pct.r[Jl.~\,;rn p rc.duc t~ bef ore the yea.r 2000 . The area offering the 
grca ~es t potential for r ~duct ion of o~l L~port s . pdrticulnrl, in the short 
to medium t.Cr.:l, i.:o energy conzervation. 

For the irnt'.edlate future, eneq;y conservation policy i s l1kcly tc 
f ocus primar:i.ly on :::cans of incre.:l s :' n!; t he eff icienc y of ene rg y us.:: in 
acco:npl1s!ling 3 gi:!cn activi t y (e.g. , pr ocucing a ton of cer.ent. or uri\'ing 
a paS5f!.ngel: one i~ilOfl1etn), "\lith particular emphasis on rleasures which 
redu(';~ consu::Jption of lighr pe: trolcu:l p r oduc t s st:.:h as moto r gasoHol!. In 
the mcdiu!:! tCl-.n. , policy is lil-:.ely to expand to cne oepass structural chang<:s 
in industry, ']'s ri.:ui..ture , transport, .:lnd se rv ict!s to take into aCCOl:nt the 
permolnzn::ly c;, <> r.3 '::.:1 cost of ':: l:er&y •• i:'!ti':c :c labor and. to a lesser extent. 
ca.pit~l L'p~ Suc h str~c tural adj'.Jstments both cOQplemcnt and reflect 
t.he Government of Kenya I s r ecen t cmphosis on labor-in tl!osive industry and 
agr .1..cult.ure. 

l,lith respect to thl! il:Ibalance betwl!en wood supply and demand, policy­
making is clouded by the pC"ltent.ial competition bet.\,·een enersy and foed 
product.ion on sc~cp. productive lands, uncertainties regarding individual 
o~ community willingne~s t~ either use firewood and charcoal more efficiently 



or expand afforestation efforts, and a lack of clear of inter-
ministerial roles. A period of research and experimentation and of gradual 
identification and expansion of successful afforestation and conservation 
efforts appears necessary before a broad program t o right Kenya's wood 
supply-demand imbalance can be launched. 

II. COMHERctAL E~ERCY 

A. Oil Import s and Kenya's Economic Cro~th 

Kenya consum~d an estimated 1,677,500 tonn~s of oil in 1979. which 
represented over 82% of tts estimated primary cO::li.lcrcial enerby consumption. 
Kenyol t s net oil ir.lport bill (import costs less r e'/enues from exports of 
per.ro leum products from the : ·Iomba~a refinery) tot ,,!.led over i·.£ 68.9 million 
in 1979. This equaled over 22% of Kenya's total exports, exclt:ding exports 
oi petroleum products, and exceeded the value of Kenya's second largest 
export cOlMlodit}' , tea. 

Whil e Kenyan oi l cons~ption increased just over 297. between 1975 
and 1919 (o r an average of 4 . 167. p~r yea r ) , Kenya ' s net oil import bill 
over this period incre<lsed !Jy morc than 75%. The increase I-Iou ld h,tVe been 
sub!:ca.lltially grc..lt!:'!r had not the pri Ce"! of the ~lc.o::lbasa re fin!:'!ry's expcJrts 
of he-'1vj' fuel oils increased at an even faste r r ate than did t he price of 
crude oil , t hUE of fsetting part of the rise in L~port costs. As it was , in 
1979 alon.a, ""hile oil con$unpt i on itlc~' (!.3.s i!d by only slightly mo-:-e than l?, 
I~en yn ' s net oil i mport costs ju,'lIpcd by l.bi; .l 

The continued escalation in oil prices , ' together .... ith incre.lses in the 
pric(:s ~f import s o f manuf;"\ctllred gooJs .:Ind developed countries' depressed 
dem.:lnd for pril~l.ilry products (both due in pflr t to the world\dde increase in 
oil priC'es), .11rcady has d:'.":l.,zed Kenya ' s econollty . COP growth adjusted for 
inflation W.:lS only 3.1% in 1979, lie U br. low the average for the 197 0 ' s and 
beloH the estimated populatiun growth r,]te, Ke.ny.:l's terms of trade ha\·e 
declin~d 1.6% over this period 

The impact of price inc reases and t he slu&bish international economy 
is rec ognized in "Sessional Paper Number 4 of 1980 on Economic Prospects 
and P<>licies. 11 Balance of payments on current account for ~he Fourth 
Natiol}al De'/elop:nent Plan period (1979/80-1 982/3) \.Iere estimated olt u ... ice 
those forecast in the Plan (1([ 1,026 ve rsus 511 million). ~he target average 
annual C:'lP grtMlh rate was 10lo'ered fr.,o 6 .3 ~ t o 5.4 i: . Since the Plan itself 
projected employccr.t growth of onl y 3.8X at t he fome r C:W growth rate of 
6.3 r. . the revised GNP gro .... th rate ieplies a drop i n annual employment gro~tE. 
to uell below the es t llilated 3.9% annuoll gr c.." th in population. 

Hor eover, due t o cutliacks in the COK's projected Recurrent and Developtnent 
BudBets, the COl( now projects a decrease in per capita expenditure on social 

1. Hinistry of Economic Planning and Development, Central Bureau of Statisrics 
"Economic Survey 1980, It June 1980. 
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services over the life of the Plan . 

The Fiscal 1980/81 S~dg~t assumes even lower growth targets t~an those 
above. 

The pattern of threatened economic stagnation unfolding in Kenya is a 
common one in developed and developing countries. Pising oil import costs 
lead to an ever-larger balance of payments deficit on current accollilt. At 
first, such deficits, may be financed through increased burrowiR5 in f.nter­
n~tional markets. However, as the limits of such expanded borrowing are 
r eacbed, such deficits -- and the now-increased debt service costs to 
finance past deficits -- must be finan ced by reducing do~\cstic consUl!lptlon 
and savings. Typically the burden has fallen inordinately on savings, 
r educing the alnoun t s available for investment , which in turn reduces future 
econonic growth. The effects of the drop are enlarged by t he r apid wor ldwide 
prh:.e escalation in capital goods . .... hieb incr eases the an:ount of capital 
invo!stment requ ired to achie:ve each percent illcrCdse in G:-fll . Kenya is 
no exception . 

The s~vings rate in Kenya ha~ fallen from 20 . 6% in 1970-72 to lS.l! 
in 1976- 79. At th~ sa~e time, t he incrementa l capital-outpu t ratio (ICOR) 
has risen: whi l e in 1970- 72 i t cock an e sti~~t~d K[ 3.24 to produce an 
increase in ou t pu t of !<[ 1, sir.c.;: 1976 all estirl~tcd KE 4.35 has been requ i r ed 
to pr oduce t he satlle K ( 1 increase in out;')ut . l lle rely to illustrate the 
scope of t h~ probletl, a direct mathematical relationship (adclitted1y a gross 
overJit:l?lification) l:ould inp1y a nore than one - third n.cuction in the 
ar.nu ~l GNP bro\~ t h r ate . In fact , L:le growth r n t.e has dro .')p(;.d by tlore t han 
one-third since 1973 . 

The projected 19.''1.0 bal.:lnce of pa}T.len t s deficit on cu,:ren t accoun t is 
expccte:d ::e rise to ~. ': 212 .1 milli.m , or fully 72i: of 1979 dC'!:lc s t ic ~avings . 
Ever, this estl::l<lte may be op timistic in vic\~ of the csti::1atPd r ough!}' 607-
increase (to K (110 million) in net oil import cos ts in 11i80 . 

SOi.le of 'the responses to this situation involve international or 
dones tic econooic , not dOl:;est i c ener gy , policy. For ex am;> le, the GOK 
rec ent!y ha~ ach ieved no t able su:cess in negotiating increased concessional 
aid f r om OPEC members. In terms or do~estic economic policy, the GOK is 
trying t o develop policies to pro~otc export-orien ted and labor-intensive 
industry. On t.he negative side, t he Goverl\c.:nt itself has been a major 
contributor to the decline i l\ the do~es tic scvinss rate , by incurrin~ 

subttllni..ial i~cre3.sed Recurrent Budge t defidts and r educing the rati 
Dcvelop~ent to Recurrent Budget Expenditures. 

B. S~ope for Reduction in Oil Import Costs 

Besides economic and international negotiating lnltlatives. the 
Government of Kenya has begun t o consider measures to attack the problem 
of oil Lnpor ts directly, by substituting domestically available energy 

&Ources, by increasing the efficiency of energy convers ion and end-use, 
and by encouraging gr adual structural adjustments to less energy-intensive 
economic activities. 

IEconomic Sur~£y 1980. It is likely' that the present ICOR is substantially 
above the 1976-79 average. 
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Table C-l presents a breakdown of oil use in Kenya i~ 1979 while 
Table C-2 show trends over the period 1970-77. 

Unfortunately, no one has yet conducted a detailed assessment of where 
and how commerical energy is used within the Keuyan economy. The SUNY 
StonyBrook Institute for Energy Research conducted a survey of household 
ene~gy use in Nairobi, stratified by household income level. 

Thomas Tuschak, former UNDP energy advisor in Kenya, assisted in 
designing and carrying out a rural energy survey, \o,'hich currently is 
in the process of being updated by Kenya's Central Bureau of Statistics. 
Finally, Professor Lee Schipper has been examining energy use in the mo~et~ 
industrial, commercial, and transport sectors_ These eX.1minations have 
been carried out at different times for different purposes, to a grea t extent 
by expa~r Lues who have taken the r aIJ datil with them. A number of sectors, 
such as agriculture and the s~aller-scale industrial and commercial/services 
sectors , have not b~en analyzed at all. 

The nnly atteT:lpt to integrate what is currentl y I:no ... >n about energy use in 
K~nya into an overall energy supply-demand has been T:lake by Professor 
Schipper (Table C-3 ) . As ProCessor Schipper is quick to point out, the 
balnnce is inco~pl~te, it is highly aggregate (deriving primarily from the 
informntion sources su::xmarized in Tables C-l and C- 2). lind some of the 
alloeati ol",s invo lve little more than educated guesses. 

Bdore incel1i~cnt ener r.y policy and progr.:tm rccorr:mendations can be 
developed, the ~linisttj· of Ene r gy will require mon: d\!tailed infCln:l3tion on 
e.ner gy u.::: c by sector. Such infor:natjon must relate energy usc, by type 
of fuel/p..,~rgy 'i,;urce , to activit:>'Ioutput leVe ls ar.d to efficiency of ene.-g y 
convcrsi~n and end - use devices. The StonyBrook AL-EDIS enl!rgy assessment 
system developed by the State University of New York (SUNY) StonyBrook , 
to be installed and used as part of the Eeijer Fucll.'ood PlanninG Project 
and supported longer-cerm as part of this Project, provides the system framework 
for such use analysis. However, because the AL-EDtS system is only as good 
as the data ir.put, a number of energy surveyor other data collection 
systems ~ust be introduced. 

Desrite data limitations, some conclusion r egar ding o~portunltles 
tu reduce oil ilUports can be dralJTl from existing .information. First, 
aviation fuels currently constitute almost 22X of total consumption of 
petroleum products. and the proportion is gro,",ing. Host of this 
represents jet fuel used by the major international airlines serving 
Kenya; and it is they IJho make decis i ons regarding equipment selection, 
routing, where to take on- fuel for other runs, etc. IJhieh determine energy use. 
At the same time. because of the importance of tourism to the Kenyan economy, 
the Gcvernment must be concerned that the airlines do all that is poss ib le 
to conserve energy in order to limit what has been a steep rise in the price 
of passenger air travel to and frOID Kenya. Conversion to j'.lmbo jets has 
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TABLE C-l 

KENYA CONSLr.-IPTION OF PETROLEUN PRODUCTS I 

of annual 
000 tonnes total change 
1979 1979 1975-79 1978-79 

TRANSPORT 2 1025.8 65.4'% 

Premium and regular petrol 302.0 19.3'% 6.5\ 3.9\ 

Arabian fuels 344.0 21. 8!. 4.5\ 2.8\ 

Light diesel oil 349.2 22.3\ 8.2'% 7.7\ 

Heavy diesel oil 30.6 2 .O~o -1.7\ 5.5% 

OTHER 542.1 34.6% 

LPG 20.2 1.3°. 10 . 2~. 16.S". 

Kerosene 89.5 5 . 7'. 12.6°. 14. Sa. 

Fuel oil 432.4 27.6°0 2.1a. -6.8\ 

'tUT1\L 1567.9 100% 5. 2~o 2.0°0 

lttEconomic Survey 1980 J" p. 129. Totals are before refinery uS<lge 

2Some use show~ is not for transport. However, transport is the 
predominant user in each of these categories. 
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C-2 " DISTRlBUTICH CF FINAL FL"1:r.J)L.:.~X PRO!JUcrs BY SECl"OR, 1970-1977 

1970 1971 1972 197] 1974 1975 1976 1977 

20.0 25.] 23.7 23.8 27.2 27.0 25.7 28.5 

22.7 22.4 16_3 8.0 7.4 7.2 5.5 6.0 

16.] 10.6 15.2 14.5 15.8 10.3 5.7 B.B 

7.9 10.6 9.) 18.1 22.2 2).6 21.9 21.6 

66.9 69.6 64.5 64.4 72.6 6B.1. 58.8 64.9 

6.0 6.2 5.2 5.1 4.6 4.7 l.9 4.2 

7.9 B.) 9.6 B.9 7.6 7.5 11..6 8.3 

12.8 17.6 15.4 14.8 23.9 18.9 25.<6. 24.0 

6.3 -1.7 5.] 6_B -8.7 0.8 0.3 1.4 



TABLE C -r 
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has reduced energy use per passenger-mile, and gradual introduction of airbusses 
and energy-efficient fanjet engines should result in further reduction in such 
energy use. At the same time, t oe prospect of stimulating airlines' use 
of Nairobi as an intermediate refueling point may provide some opportunity 
to increase petroleum product exports, if this could be done without worsening 
the Mombasa refinery's prob lems of imbalance in demand for light versus 
heavy petroleum produ cts • . 

Road transport constitutes a high Kenyan priority for energy conservation 
and fuel-switching, particularly in the short-term. Although below the 
proportions of developed ccuntries , road transport fuels (p rimarily petrol 
and diesel). still constitute .1 Lar gt! and growing percentage of t Otal 
petroleum products use, having increased from 20% in 1970 to cLose to 30% 
(or possibly even mon!) currently. t\'hile in 1979 growth in demand for 
prcmimum and regular pet r ol slowed considerably, petrol stil l its~lf accounts 
for close to 20% of t otal consULllption. Morover , as a comparat ively light 
pr oduct used in gr eat quantities, it is petrol, mo re than any other product, 
which causes die pr oblf::ms of the }Icmbassa refiner's having to produce a surplus 
of heavy products (primarily resid ua L fuel oil) in o rder to satisfy the 
dema nd for hi~.h and middle distillates. 

Kenya currently has i n Inteministerial Transp?rt Ener gy Conservation 
Committee . ch.:lirl.!d by the Hinistry of Energy, to recotml~nd initialives for 
reducing petrol use. Major options uould .3.ppi!a r to include conversion t o 
diesel matatus (for .... ;l ich studil!s a lready ha\l~ b",en completed) , (!iese lization 
of the 50% 0, mace of t b~ t otal aut oi.lobiles u' ... ned by fl c:ets (Ker.atco, 
hugeot Car Se r vice. ecc . ) and of li I-: c pickujl trucks o~Tf\cd by fleets or by 
large indu scrial/ commcrcial concerns . and furt he r change!) in pricing and taxation 
policies to t!ncourag,e purchasers of nel.' private automobiles to purchase more 
ene rgy-effic i ent cars o r witch to diese l. 

Recenc ~Iombas.'\ refinery yield statiHic':> suggest t h."t KenY.ln petrol use 
may already have reacnQd th~ no·gro\~th st:i ~e and perhaps eVE!n be beginning 
to fall sligh tly. An ,1gg ressive conservatbn and fuel-s · ... it ch ing prog!'am 
should be able t o .1chicve a reduction in petr o l use of at least an average 
2:t per yeat' over che next several years. 

The other mf1 j or areit of potential efficiency improvement is indus try , <,.,ILich 
account s for yeU over one-fif ch of all petroleum p roduct cons1Joption. 
Experience in t~c U.S • • DECO countries. an~ i~dustrialized dev~ toping 
countries suggests that, with aggreseive energy conservation. energy efficiency 
improvements (that is, energy consumed per unit of output) of 20-30% 
are achiev.lble yithin .1 five-year period without substantial new c3pir.a l 
i nvestn:ent. Such savings are achieved through such tlhousekeeping" 
measures as plugging steam traps, improving boiler operating efficiencies, etc . 
There art! a few e.'Camples of efficiency improvements of this magnitude having 
been achieved in Kenya. In general, however, Kenyan industry is only slowly 
feeling the economic incentive and acquiring the technical knowledge 
necessa~y before energy efficiency improvement will occur. 
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Reasonable energy efficiency improvement and £'e1 switching me.sures, 
concentrating on transport and industry, should be ~ble to achieve within 
five years a 20% reduction from projected "b\1Sinesa as usual" oil consumption 
levels. Thus, if Kenya achieves its revised Development Plan annual GNP growth 
target of 5.4% and "business as usual" means an oil consumption growth 
rate of 80% of this amount or 4.05%, 1985 petroleum products consumption 
would be 1.989,600 tonnes. The achievable savings potentially are 397,920 
tonnes. At this savings level. th~ growth rate in petroleum products consumption 
would qave been reduced essentially to zero . 

In f~ct. the above calculations are likely to understate both the potential 
savings and whilt is likely t o occu r under" business .::IS usual" conditions. 
Ene rgy planners worldwide consistently have underestimated consuml!rs' 
economic r esponse t o higher energy prices. The above estimates are bnsed on 
very conservative re s ponGe assumptions whi ch are well below recent experiences. 
Thus , an .::Ibsolute r eduction in oil consumption -- and thus in oil imports --
is quite c onceivable. 

Such oil import reduc tion is essenti.'l.l if Ken}'l1 is to free up the capito11 
necessary t o raise do:;: ~s':. ic pub lic and priviltc invo.'!st!'1ent to levels adequate 
to support c!:',p l O},!TlCl1l g rowth ilt l eas t equll to Kenya's r apid population 
g r owth. 

Ill. F:.JE L\.'OJD A.'.:o AGRnFO'a:S rq,y 

A. Costs of n~f('l ie~ta ti on 

Although t h~ d,lta do no t exist in }:cnya to pC:'nit such c.llculacions, 
s t udies in Sri Lank-t 3nd el scl.Jhc re have sho'"" a cle.:1t' , qU.lntifia !> le rel.'l.ti ou-
ship between defo r est:ltton, at tendan t soi l c r osion . and consequent e conomi c 
l osses d'.lc t o declining agri cu ltu ral produ c tivity, prematu re d.lm siltatiCln. 
lessened extens i on of climatic "o isturc. l oss o f wi~d tife habit.lt. etc. \-"orld 
B.lnk proj ect fe asibility studie s b Hali ar.d o ther countries strongly su£~cst th3t 
in Afri ca the bent:ofits of 3ffor es t i\ tion -- express ed in te rms of l\voicl.;.nce of 
the economic l osses due to def orestation -- f3r outueigh the costs of 3iforestation 
projects. 

As discussed in the Environmental Anal ysis. physical stud i es suggest th.lt 
this cost - benefit r ela tionship a~p li es to Kenya . Dr. George Ongveny's 
stud ie s of enviroLlment al impacts in th t: T ~., a Rive r 8asin eSt3blish a cle~r 
rel.ltion~h ip be. twe en de fo restation and so il ero!'lion 3nd . by implication . 
l oss of agricul tur3l pr oductiv ity and p re~D.tu r e dam silt3t10n. Uhilc 
the re i s d ivergen t opi nion on the issue, m3n~ experts believe th3t prem3ture 
silta tion is largely responsible for periodic electric power blackouts 
and certa inly h3S bo th reduced the useful life of the TOlna River hydropo\olcr dams 
and contrib'lted to the need to construct expensive upstream holding reservoirs . 
It 3lso "' ppca.r s that the coral reef off H.llindi -- a major tourist attraction 
is in d;tnger of dying because of silt buildup. Fin.a lly, deforestAtion -
loss of both upland f orc~t and savannah uoodl and -- means destruction of 
wildli f e h.lbi tat in a country in ... '!lich \,/'il d life-oriented tourism is a major 
soure l' of fo reign exchange. The effects of deforestation are iImnediately 
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visible in areas such as Machakos. where farms established on steep slopes 
must be abandoned in often as little as five years due to loss of topsoil and 
where residents believe that rainfall has declined since trees were removed 
wholesale to establish such farms. 

B. Microecon~.ic Considerations Relating to Woodfuel Development in Kenya 

Tree planting and care outside GOK gazetted forests must be done 
by individ~als or communal groups. The time and effort that thc...j devote to 
woodfuel developmenl ultimately will depend upon individual socioeconomic responses 
Also, the choice between charcoJI production or direct use of firewood -- which 
can significantly i~flu8nce tho energy ef~i~iency of the overall woodfuel system-­
ultimately is an individ~al, 1.1[,,021'/ econ(·~lir.: decision. 

Proc!urtion of rire' . .JL'oJ or C:-,clrc0.al as a C.Jsh Crop 

PreSt';~~:!lJJy O'.'ll,~rs of productive J;:;ricultural IJr1 whose farms are 
large cnotl::;h to gener.He a sur~lLl" ill e;,ceSS of the hOllsl!nolds' o'.m needs, 
will dcci":", '..;hat to ;,lll1C b.l:JC:'.! on ?C![cie':t'G r.cc eCc}\IC'::1ic rctU[:1S ;tfter 
costs of 1'[0.:,;2ti')l1. Let us .15 ,I~~··.', to 5i'"r1i[:1, thJt a t.Jr.-,cr's t!.ree 
choices dri~ t·~ pr,';:I .. ~(' f i[(;:'~''-lL''':, '~:-Lir,)CJ 1,:.~· grd in. 

G r :1 ;:. 11., s arc 1 :It. i '/ ely h ~ ,;: 'J.1 1.1 e ! ,.",~ i.:~ ~ It r ,1( i 0 ~1r.d t hu s t ran s p 0 r t cos t s 
are not ,] ..... ,_lj·.)r f,1l't,_"'r in t~_,t:1 Li·lli·1t..:rl2,-~ !-~r.Jin CtJst.,;. ·'·;L'od, \..)~~ the other 
h3r.d, h::s J. 1.;' . .' I.·;l:t:t::!t,·ri.·.~c r.1cio; .Jr,d t~t'refore, as :.Ii1eJ.:;", 0 L1,C point 
o :- sal ,-:.: :: '; ..: r t~ J. S e s, t,... .: !: ~ r ' ' :- ~ \~ -: r-,~ :- J ? i oj ~:: b e 2 C fT1.l; J. l~ \.i!:,. i :;. 3. i1 t f ,." ~ t 0 ( : n 
de t C' r ,;] i :~ i :.:: ~ '.: tal .: t.' ' i·; (;: r e oj 'J:;:'. C 011\' e r ~ : ",1 to C h.) rCo.1 1 en t J. il S :l n :l j J e J 
pr n 2c:;.-iil". C'c'C;~ -- ].::'ccr, in s,:~~r C.1SCS .1~lllrti;:]tiQ~~ 0:- C:l~it3l cl~lli.~lr..ent, and 
energ': ~\-, ;.~l.~ Jurll' ;"r,"),~t2SSi:i.; -- · ... ;hi(·:l ~:.1:,1. __ lI" r.:~ly n0t :)e J1J...!; .... ~r durin!,; its 
utiL::Jtlc'r. -:-'1 1.::';,: Lh,:: i:~Ji·:i-i'1.I1 fJ~"""';', ',l:nt to prL'_:tlc'2 will be a 
funct.i~):l c~ :C,:;t3 I~ ;Yr::uc:=i.';~' rr12cs ~'Jr ~~·r.i.ch th.~ Jcli\.'~rc.J ccr.:r:1odity 
can be ~:: 1 .:, J:1 J ~ r .! i~' r 0 r ~ co:;:..i. 

Fic;IIL'C C-l. ?r;o:t':1t:. c;ener.l; ~::,cd prIce rel.Jtiof'.~;hi?s bct'n'cen \,-oc~Jfuel, 
char,:oJl ~1!1l1 gr,lin t:1Jt ::-,ay O'~·:·.lr in Kl':1ya. 

Let llS first .J5511::1e that :J:-:u 'With 1'0tontial for production of '...:ood, 
cnarcl)Jl IlL' ;;rJ.in is located .1t :\ J."d, for the sakE of arbur.l~nt, that no 
altenl.ltl\'C' Sl~'lr;'t'" 'If slll'ply t:'n~er into co::-.petition: The rel~tive market 
value for "h", lilrel' l'ro":ucts :.: the ?l.Jcc 0: rroduction is sho'.';:1 as ~he 
departing point for the chrce VJlucsJ.t A. The value or firewood produced 
from one hectare is lc~s thJ.n th~t of charcoal, othenJise it would not be 
worth producing the latter. :·!t!ch highe:: ill value J.t the production site, 

the curve for grain does not cli::1b nearly as steeply as curves for firewood 
and charcoal. If sold at a rc~ote location, F, the grain will not fetch 
much more money than at the site of production. 
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The above curves for production from one hectare are relevant to the 
producer facing alternative uses of his land. !iore relevant from a 
consumption point of view is the curve showing the value of charcoal output 
from two hectares, since this is about what would be required to equal the producti( 
in terms of .energy, of one hectare of firewood. 

Let us now try to draw some practical conclusions from these si~plified 
priQe relationships. 

A consumer at A will use only firewood for cooking. It would cost him 
twelve times as much to obtain the s~me heat content from charcoal. A 
consumer at D, on the ether hand, ,>'Quld be able to pu:-chJsc: the same amount 
of energy as cheaply in the form of charcoal as fireIJood, and he ..... ould 
probably consider charcoal more 2o~venient. At the remote location F, 
charcoal would be the most economic fuel. 

For tbe producer f,"cing illtern.1tive uses of 1..111.1 dt A, the situation 
tvould look different. If.111 ehe l.1i1,i IJere of equ31 fertility, it ... :ould be 
most profiL,~le to producl' ,;r::.irl, next bllt not [..If behin.! \"'c'uld come 
ch.1rcoal, and L1St fireIJ(),'J e;·;ccpt for his per;;L'n.11 lise. 

At F, d d iff C r e n t s ~ t 1l.1 t j ,-, n .1 f i s e s , If S0~e l::.nd is 3vailable ber~een 
E and F for c!l~i'J.]ti.Jn i;: t!.c StI:'ur'", of thi" c~'~s:j'~er c..:;'Oter, it could be 
used mar" prof i.tlblv fc,:: pr:,Juc in:~ i ire\o,'ood th:Hl for r,rc"~'in:: .1 c;ra 1:1 crop. 
ALl form S 0 f I, J :), I f u e 1 (.:- " c" s :: 1:; il:: F bee.! u S L' L';- t h L' l 0 ,.:' t r .l'1 S ? 0 r t dis t il nee. 
Fue l'~'ood tn,' :'.1 C ·.~d I,li t h:" : ;'wrt e r : ~ s t 311' C t r':-' t~: l' tOI.::1 C t r..1:1 f r,_'n 
the Jist.1nce C-,,;, "';I-)uL,~ : ':I'-=C:~(: che :;·\~r ~tlcl tl~,::l cr.~!."'c~3~ .;·.l~~licc r-ro;n l\. 
Firc'.·:ood Sllf,:->:~"J lrc·;u ',;it::in ..I di,;t.J:1ce It's~ '~:;cll~ \J-G '..:oul.J !)(' J Chl':.l,",cr 
fU21 t:).Jn ch;lr(~oal ~)r ~1~,-; . .'L(~ ~1~:: .. ·.<:h,...:rt~. 

The rea; l~f~ SiCL:clti,,'r: 0'Jv1([.;1:; 1S ccr,,,i,.icr,1bly :~,'r·~ cnr::pll':-: L:1.1:, \,Th3t 
ha.s bC(';1 sho·::. ~:, thi s ,!,::,:n:'str:1t 1,~~. ~~o bru,l,~ ',,":<c": :':1r;,ctin~; 3m! j istributioll 
system e;·;is~r, l!1 ll:-~',l:l ,1r..:l:;, and ~,,::;[ charcc'd pr"'~I:cti,'n u~'"s "frc,t''' 
\,Tood fro::1 "public" Ln:j,;. FLlrtl!er:-:e,rc· I;L' h3VL', .15 :111 (l'!t'rs:m:,lific1ti0:1, 
3ssl:me.1 th.Jt :lll l.1nJ :.Ie L.:':1~t tc'ci":1~':311y is l'C]u:!lly su~ta:,1l' for pr:.duction 
of gr3ir, crn;)", fir,,',:o,-. .1, Clr C:1JrC2,1:. I:1 f3ct, Cl'!.'"t';:1 .Jrcas ger.c'rJlly are 
particuLIrly :"litabl'~ for one killJ of ;nocuct>,n 'w·ilt'rt'.l,~ othL'r areas are suit-
able for a di~f('rent usc. Such ovcrsi~plificJtions need not, ho~evpr, 

detract from £cner31 puints. 

All else bein;; equdl, firew(lod is the most economical of I;ood-Jerived 
fuels where it can be ~rnduce.1 wit~in 3 reasonJble distJnce from consumer 
centers. Ch3re031 is an ~xtremely 'w'asteful fuel in terms oC 11nd reSOllrct'S 
necessary far its production. It hcC'omes competitive \..·itl1 firewood only if 
the distance from the forest to the consumer is e~cessively long -- or 
possibly in urban areas where consumers are unwilling to burn wood because 

I) This, again, is an clVersirnplifieation. In particular, grain requires more 
intensive cultivaticn, weeding, and fertilization, while wood harvesting/ 

processing costs are likely to be higher than for grains. 
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of percieved inconvenience or other noneconomic factors. Close to a large 
consumer center, firewood crops may offer greater economic opportunity than even 
grain crops. 

Table C-4 applies fairly realistic numbers for Nairobi to ~his example. Assume 
productive farm on the immediate outskirts of Nariobi can produce 2.5 ton/ha 
of maize or 14 tons/ha (20 mJ/ha) of firewood, which alternatively would be 
conveited to a portable ste~l kiln (20% yield by weight) into 2.8 tons/ha 
of charcoal. At the prices sho',.,'n, this farm -- which '.;e! ,·nreil.listically assume 
incurs no transportGtion costs to ship to dU'~L1town ~airobi -- wou lel be much better 
off producing firewood than ~roJu(ing either charcoal or maize. Assuming round­
trip transport costs of KSh iO ?2r ton-kilcr';t'tcr, fire' .. ooJ :;hipD"d to ::airobi 
would remGin the opti~uc crop for fGrms up to a raJius of roughly 120 niles 
(200 kilometers) 1r0'-1 :;Zli.robi. 

!·:..lize 

TABLE C-!I 

CO:·tPARATI\'E ":-::::\,:::::n:s FRL':'! 
MAIZE, FIREl,'OOJ, ,\::D CHAKCG.\L 

Yield 
(tons/ha) 

.~. 5 I 

Price 
(Ksh/ton) 

907~ 
) 

Revenues 
per h,~ctarc 

Fi rt!l.Jood 
Chil.rcoal 

l ' ') 
"'3 

2.11 
33G 
9 f)3 6 

2268 
470:" 
2612 

I. G, Tid(i~. ":'.'.'1::;.1: LSUl'3 in Agri:·:ltur.l: Je· ... :L.',J::-. ..::1C" 

19~'O: dver~·ig·~ !.lrse f~l~r:l yield i-: ~.l ~,:;,.s/::J. 

2. 2C ::);h.1, r .. ' '::1:' \,;\:,1:: 1:-<": ;>Llnl.:: ~(::5 .1,'~i(:\(: for sJ.· .... ti::-.~er. Potential 
f11(11·,.;ooJ,,\·(: .. 1.' ... ,·~lllj ~:~l.~:-;. hil~:1 .. 1.) :,) ···~::I.l., 

3. 1.\~-; . ..,;·lr.l·:'; _l' ,'":.i:--':'.),Jl :,':_"u ~':/ ~·t_'l.,:.:t', ~(~:l:\.:·J,.lt)jL ·.JSln .. ~ po:-t .. 1c\le 
st,,'l ki.~ns). 

4. 8/~O/SO ?rL',-!u_.~r ?ri·:,c '-"i ~:sh :~IJ ~er (i',~-~~ilo ~·l'L~. 

5. ,\:;SU::Jl'S chJr-:,'JI Jt J r,' ::~J~ '~',,:,'~:'L:":1 '~'co,~ ,~ 30CC r:C,l1/~:g. pricing of 
[1 rt?IJ\,,)d b he:; on prict' D'2r Kell of ,~1~-1r:::o.l1 less ~5-: hcc.JlIse >:cod 
is corlVeni,,~t ,1:lJ cosL~ r:-.j::-r to distri"ute. '~~" prescnt ret.lil 
pric2 for firt.",·CliJ i:1 ':~!'i.'hi i" r:s~. SllO-S5;', ;:,cr tem, vs. Ksh 100 
r~r ton in 1'2rly 1977. 

6. Price to ~i~~ri~~tor of ~sh 35 p0r J~-kilo bJ~. ~elivercJ retail 
price is Ksh ~5-30 per J~-kilo 

Th2 poir,t of the! 2.bove an.)1:;313 is thJ.t it can be profitable to produce trees 
on cronLlr1d. A cOTT:':'.only held ')SSu::JFtion is t~.)t fuellJOod production r.lust be 
confined to land of lo~er agriculturGI pot~ntial -- that is, to areas outside 
the highlands and the fertile scrip -- where lo~er rainfall or less fertile 
soil or both r2nder the land less usefui for other purposes. There are three 
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reasons f ~r qucstionin~ this approach to land use planning. Host wood 
currently covers fro~ hi~hland aceas; and, as the above example illustrates, th~re 
can be cases where wood is the best cash crop. Second, most marginal land is 
for obvious reason located far from where the people who use fuelwood live. 
Transport from such distance rapidly adds to fuel prices. Third, even where 
marginal land is located near population concentrations (for example, south 
and east of Nairobi or inland from Mamba sa) , the same conditions which are 
adverse to crop production are likely to make the land poorly suited to tree 
nroduction as well. The productivity of natural woodland in areas of Kenya 
w~)ere annuoiprecipit:<ltion is less than 800 mm and/or ...,here soil comlitions 
are unattractive to farme r~ probably rarely exceeds 2.Sm~ per hectare per 
annum; and ,",vcr vast areas it is much lower. Producing tcns of millions 
of cubic meters on such land would require enormous areas that would have to 
be propera ly mana;ed on a sustained yield bas is. The land requirement alone 
",'ould necessitatf> ver f llong transport and hence high delivered fuel costs. 

Integ c- ati.,n of Trees 'J ith Food or ForMer ero s 
~ 

To meet e.-.:pected long-term~ needs discussed elsewhere in this paper, 
it will be necessary to reforest at least 20,000 square kilometers. Out of 
a total highland area of around 80,000 square kilometers , this secus for too 
much to tJ.;';'e .:n"ay frorn cropfanning ~nl! an imal husb:lod ry in a coun try that 
needs both to gro~ rr.ore food for its ey.p~ndin& population and to expand 
~xport-oriented agricu!tural production. 

Most farmland in the hiahl.ands inc1udc: !-o patches of r.;~=Rin.ll land eovered 
by natural !: hrub and gr ;'\ ss veg<!tation of littl e value to fa rmers. Sl..ch 
patches typically include stony gr ound. ste~p 'il :'l pes, or formerly good 
farmland m~d c unsu i table for cropfarming by.erosion. ~tO reforest such lar~ 
and make it rr oc. u::tive in terms of fuel",'ood, timber . fl?d ~ er . beeke~ping, " 
and related activities ... ·ould often be prof 4l' lhle, in add ltion to p; eventing 
further land d~sraddtion. HotJ" much land of ,:his desc ription could be made 
a,,,litahle is unknown , but it would appea r to constitute a significant 
proportion of the highland areas . Not enough. hotJ"ever, to solve the fuelwood 
problem. 

The problem is this: How can \"E reserve an adequate propor tion o~ the 
high land s and better l owlands areas in order to assure 3c!pquate fuelwood 
production uhile at the Sillne time expanding food production at some 4 percent 
pe!' year thro\ .. I!~:) the remainder cf thi~ ceotu ... ;? It seems r emotely related t o 
the p~oblem of hav ing your cake and eating it too. Nevertheless there seems 
t o be conside r ah le scope for achieving just that. 

Experimnnts carrip.~ out elsewhere. in parti~~ lar at the International 
In~ ~i tute for Tr09ical Agriculture in Nigeria. in Rwanda. the Phillipines. 
and Hawaii. suggest tha t under environmnetal conditions similar to tho~e 
characterizing most farmland is Kenya, it may be possible to increase 
food production by devu:ing 10% or even more of the land to trees. 
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In the east of Hawaii, Prosopis sp. growing on marginal land receiving 
rainfall of arc_nd 300 rom per annum, produces, in addition to on the 
order of 10m3 per annum, 5-25 tonnes of pods per hectare per annum of a 
fodder value comparable to that of barley. Comparable results could be 
achieved in some areas of Kenya, at low and intermediate elevation, where 
the land at present is used for extensive ranching. If Prosopis sp. 
could be introduced successfully in such areas, their productivity might be 
enhanced not only in terms of livestock production but also in terms of 
production of fuel~ood of an excellent quality. 

At the International Institute of Tropical Agri(ulture in lbadan, Nigeria, 
.strips o[ Leucaen.J lcucocoplul is s?aced 4-8 Detres ,lpart are grm>11 in a 

t''':o-Y('.1r cop?ice rotation wirhin agricultural crops such as r:12,ize and beans. 
The trecs I:'ay occupy close to 10:: of the l.Jnd area, :H,d the fuc!l..'ood and 
[odciL"r Clutrut fr,ln1 thL.! LeUC,1C-:13 is ;:onsiJE:rable. :;c'.'ertheless, tr,e trees 
exercise such a strong :~r:ilizing effect on th", soil that the output of 
grain crops is hihiler thJ.n (1:1 1 Clr,d c'e'.roted ent irel:! to these cr')[ls with no 
introJuction of trees. Such an .JgrO[Or2srr-,· cystL":n ',,'here treL.!S ensure 
the n1Jint.ona!"',ce of fertility ',,-ithout re'lllirin; other inputs on any sC3le, 
is of particul.Jr interest to far~crs in countries such 2S Kenya that rarely 
can Llfiord to use tLi' lar:;;e :1~()U,.ts uf fertilizer t!;:lt othen .. ·ise 110uld be 
requ~red to sust.Ji~ prnrluctivity. 

In r~ny3, vh~re ~3ny f~~~s are located on stec? slopes, a;reEorestry systems 
can b", e>_;>e.::ted to pr,)ve c"JI'[1 :;'('re useful thLl:1 0:1 t:le gently relling hill, 
near IlJ..!~]:1. R,y,,:S ur suit.Jtll' ~:ul:ipll' r'..1r\J0se trt:.:s pL.lnted ,:JlOI~b contour 
lines cOllsti:ute ~:1e of the ~ost L.!ffective methods [or erosion control, in 
ad J i t i 0 11 L () the (1 t r: -' r ben? r i' s dis c u sse ~ :i b LJ ': e . T t- t: e s 0 ran U ::1 be r 0 f s p e c i e s 
.J:1d var~ctjc:s ut:ler thil:1 LCLC,'.1CClJ. CJuid t,::, i'ntrcriuc.;c benefiel.llly on r.,a:1Y 
types of ,:crlyan L1[;~ Jnd r;:Jnee la[,d, cl~hanci:1:; e:-op Jnd livestock production 
while;Jt the S2..11e ti::-.'2 proJllciIlg needed fuel~·.·ood. 

The following arc achicv3blc production figures per hecta.re for alternative 
fuelwood production syste~s: 

- Marginal land at lew and 
intermpdiate elevation 

- Marginal patches in highlands 

Within highland forest reserves 

- Within agroforestry systems 

C-1S 

5-10 m3 fuelwood, 5-10 tonnes 
fodder. 

10-15 m3 fue1wood. 

20-40 m3 fue1wood. 

10 m3 per hectare of land actually 
covered by trees,S tonnes fodder, 
S tonnes mulch fbr erosion control 
and maintenance of soil fertility. 



Data are not available to tell how much land for tree planting can be 
obtained by making use of "marginal patches" and by integrating trees into 
farming systems where it would be profitable to do so. A figure of 10-15i. 
of the high and medium potential land would appear to be at least 
plausibl~. Together with improved productivity on existing forest rEserves, 
afforestation of marginal lands, and aggressive efforts to use wood more 
efficienrly,this conceivably could be sufficient to meet Keny&'s needs. 

III. OTHEr. RE~lE;~AELE Et\ERGY 

A. COoKstoves 

Dis~c::linJtion of i;nproved cookstoves offers perhaps the most ("apid lJleanS 
of reducin~ th~ rate of growth of deforestation and its consequent 
econor.lic lllsses. At the same time, these savings (losses avoided) are external to 
(that is, ~ot re3ped by) the conkstove u~er and thus are unlikely to affect 
his/her c:c,lT1O!71ic dccisi,Jt1 r.:a:(in:~. llc\·:ever, b;:sed purely on individual economic 
an,:dY,sis, (',le still '~'(,lJld conclu.J", t~,at irr.pro';ed cooksLoves both potentially 
offer significant b~nefits to tlleir users (pJrticularly the rural and urban poor) 
and should b,~ likely to be adoptcd quickly. In fact, hC'\'c'Jer, if!1proved cook.stoves 
have ~lot !:;'Cl":~ auo;Jted (j\lickly or (:<.lsily, for reason~ e..:·:;'<71~nt::d in tIll::' Social 
SQ~nJness ~nalysis. 

Use n:- '.:ood fuel fer cooki"c: i~p"ses .1 Jirect cost to the user in either 
of t,~o ',:a:;:;. ror r.10S~ n,ral h'-"·J.;·_!wlds, incl.,ding virtu.1ll:! all the rural poor, 
·..Jor:J is col;·.'cterl frl'~1 t'19 forL';cS ;::1J burned in a t1lr,ce -stone fire. \Jom~n. 
\·:ho co 11 L';: t \' i r tUJ 11 y ;] 11 f i rt::'.:"'.·J f.>' house:;[) IJ use, O,'.,i1' hd\'e to sp"nd up to 
tl,'cnty h'.'·J:-~- ;1'O'r ... ·C:.~kl coll-2cti!1 .. ~ fir"·' .. ;cod, in addition to ·.:hat 17' • .11' be even ;nor~ 
tine to c"l~c-,t · ... ·,1tcr. TI:is col1c'2~i,ln ti.r~," renrescnts a cost, since it 
prevent~ f.lLll \';lL~c::l fron undertaking ot~er prnductil!e (or, less likely. 
ll2is 1Jre) .:cLi-lities. For !:lost urban hOlls.,holc.:s and a relatively s~l;Jll prorortio!1 
0;: rural :1Cuse::o]js, on the other har:d, coo:':ing entails a r;uney cost. These househClld:' 
m1J.~t pur('~,Js,' cnarcoal, or if'. 50<71e cases fir·?'.;ocd, ,:lnd at least in the case of charco.1l 
also :Tl'dst prcha5c t;lc' cookim~ cle'Jice ( metal jiko). Economic analysis of 
i:::tJc)Vec c~"';~'j:::'-JCS "-llIS:' t.:lke the differences i:1 the nature of these tl-lO costs 
into aCLC·J:lt. In \;()tll cases the tine or Qoney saVed fdr exceeds the time! 
money" in\lL's (;·"nt." 

On the assumption that most rural households collecting firewood are I~olly 
or largely outside the money economy, most extension organizations have 

concentrated on developr.1ent of owner-built cookstoves -- generally of mud, 
clay, dun~,or Jcombination of these materials -- which require no money 
invesCment. As discussed in Annex A, in fact ~any stoves so developed (such 
as the Karai stove) do require some purchasea parts; and most involve a considerable 
expenditure of time to construct (say, ~n hours). Most designs potentially 
could improve the efficiency of the three-stone rireby 30-50~ (from around 
10% to l2-15~). At the same time, Annex A illustrates that there is in fact 
a spectru~ of alternatives ranging from very simple, low-time expenditure 
modifications to three-stone fires (e.g., the horseshoe alcove) to 
more elaborate, time-consuming st8ve designs. 

The 1978 Kenya Rural Survey found that over 40! of those interviewed walked over 
over 1 hcur to collect firewood, almost 20% walked over 2 hrs., and 101. over 3 hrs. 
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Simplifying greatly from real life as described in the Social Soundness 
An~lysis, one can visualize that, in deciding whether to invest time to construct 
a new stove or stove modification, a woman reached by extension would access 
the estimated construction time, likely/possible reduction in firewood collection 
and/or cooking time, uncertainty and perceived risks, and "has~les" involving changes 
in cooking techniques. One can express these in economic terms ~s a capital 
expe~jture (time to construct), stream of operating savings (reduction in wood 
colleLtion and possibly cooking time), and an internal rate of retern (which 
would be ,1Jjusted dO\,'nward to dceount for perceived uncertJ.inties, "hassles" 
etc.) Onl: then CJn use such ancllysis to a:.;sess the likelihood of various stoves 
being Jdopted. 

For example, assu~ing a "typical" I!OITIJl1 resi.ding in rural !:enya spends an 
average of ten hOl;rs collect~ill; [ircl./Ood. vcekly, her total anl11!ill expendicure of 
time [l[;O'lnts to 520 hours. Si:"plif:rinr, p,reatly, aSSllne th3t she knows of 
tlJO allernati\'es. ~),1~ i:-1Volv,'~ 3:1 esL.l-.ll.:;U il1vest,:':t:nt of 8 h2urs to 
constru:t .1 lH,1':>L:h,,<.' alcove ' .. hicil she (",c:ls ~!oull! Le fairly likc"ly to reduL'(;' 
fuel\JOod ccn::;umpti.un by 10::; the ether is d ne'..; stove desi;n \:hieh requires 
an esti:;:c2tLd (.0 he'lrs t.) eOl1strl1rt and S[W feels could rc"Juce fu'.!l·,:oou con­
sum p t i () n h y J 0.: , ,\ s S '.! r'. i n g ~ 0 l i I J. 1 t ern:l t i v.:: S \.: 0 u 1 d 1 c1 S ton e Y L' ,l[, the fir s t 
altern.1Li·.'," (co:rc-:1it ,'1 hours t,) s.JVe 5~ r.::;'.:rs or 4.33hours per mO;1th) woule! 
pay bJcl: ;,fter t' .. :' rlCnths on,j h:l'Ie an inLerrl.1l rate of return of over l7,OO()-; 
(5J.8~ r;C'r rr.0n!:h). 1'.le s(:con.J (eolr;;Jlt !.() lhJu:,s to S.J'!C' 156 hOII!-S, or 13 flJUr;, 
per r.~(\nth) wOCll:i p:ry ~,lck ,1fte:r :1 little IT.c'r,2 than 3 :!'Jnths .1~.J hJ':e an 
internJ.] rate of l-·~t:l:-!l ()f (".',:r :'::6()O:~ (31,3:-: fJcr nJoJ:-,c'l), ('io'("'lln~ed by 0 

factor fur 11.1Ssit.:::; "II:.! unc,'rl,I~:,t.iI.!SI, On t:1t; f:~ct· 01 it, b. tIl i:l';estGc:1ts .:lrp,~ar 
extrem(!l)' 2.tlr.JcrivC', thoulJ,h Lilt· first a;)pe:lr3 much 1:,;)re attrJ(2tive -- yet, 
even -N-':e:1 c;·:tensiun ,'ffort [-. .:;s been e::tl';1.:;j\,C, ruLl! hO\Js£'!!Olcls have been 
relativel:: s101' tu :-)oIi~d thl'ir C'.'11 sto\'(:~"i\'ILlS, i:-:,;Jre:ved trial anJ o~rr::.:r built 
s t 0'1 esc J n :1 u t be j I..!d ;>~ I..~ 501 L' Y 0 i1 L:: C n c~:, i ,--:: ,~ r \.JlJ :-1. -~ s . 

:\[1Gther if',lc;r:.1:lt ecoIH,;-::i.: ,1speet .;r (\.;neL·-!.Juilt eookstm'(s is the cost of 
extension lts('lf. I:1 SeneGJ1, a tc.]m o~ thr,"l' (one PeJce Corps persur. and 
two lUCJl ex~enslnn workers) spend J. week in a village OL, S.:ly 50 households. 
Their cost incluuing support arid expense's o,hould be ilt least $5CJCJ-SlO()0 
per village. AS.5'Ir.linS th.Jt 40::; of the householders (~ventually aciopt an 
improved cooksto~e. the extensio~ cost per steve would be $25-$50 per stoV", 
far in excess of the cost of commerical jikos, Asian pGttery br.:lzi~rs, ~c~ 
($3-S10). Ce.nly, one hopes that the adoption ratf; ~Jill exceed 40% and that 
adoption wil: spreJd from vill.:lge to village. Howe~er, such adoption must b~ 
fairly wid~sp1'ead for extension costs per stove to reach reasonable levels. 

Monthly, rather than daily or ~,ee~ly, compounding has been used only to keep 
the r.:lles of return from being even onore absurd than those shown· 
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Commercial Stoves 

Presently, virtually the only commercial wood fuel stove sold in Kenya is 
the metal charcoal brazier (jiko). However, conceivably Asian pottery 
charcoal stoves, metal wood-burning stoves such as those u3ed in Addis Ababa, 
or even high-mass earthen stoves could be produced commercially. 

Jikos currently sell for around Ksh 25-40, depending upon size and the 
quality and thickness of scrap metal used. A high quality jiko may have a 
useful life of three years, although critical parts such as the bottom 
grate would require Dare frequent replacement. A poor quality jiko may 
last only 6-9 months. 

Relative to the annual cost of charcoal, the jiko cost appears insignificant. 
A "34 Kilogram" SLlndard burlap bJg may cost KSh 1-1. 5 per ki 10 at the retail 
level, '.Ihile a s:1'.Olller qU;i[ltities m<1y cost KSh 2 or Dore. Tile 1978 Rural Energy 
S u rv eye s tim ,1 t e c.! t h.1 t ,1 V eras e h 0 11 S e 11 01 G c h arc 0 ale 0 n S u r.1 P ( ion by pro vi n c e is 
625-911 kilogra:ns per year. This wnulJ i~ply an Zlllnual charcoal cost of 
KSh 625-1367 per year. 

Some experts (such as Keit~ Openshaw of the Vniversity of D~r ~s S.11Zl~m) 
projcct that a ,~O": r:1ore e~ficient ch.Jrco,:ll brazic:r could be proddc P ' for t~le 
same cost as a jiko. Even .1ssl1mi~~, however, that an imprcvcd jiko would 
cost.Jn o.djjtional KSh 50 anj thJ.t if ir.lpro':ed effiCiency by only 25'S, the 
return 0:1 irwcst:r,ent on a r~')[lthly cc,r"po;mce.:! b.Jsis (asscming b,)th j iko and 
imprJve1 jiko or ~ther br.Jzier l.Jst on~ year) w0cld b~ in excess of 130n~ even for 
tllo r:1,~",t COtl::;'2r'Jat:vC' ca~e. It ilPiJc~,rs econor.lici.ill:: o.ttr:lcti·:l' to spend 
mure t!,:ln t,JiC2 -- .1nr! prohJbly lour to five tir:.os -- as much on un irlproved 
ji~o. r\gain. 1: ",·:(";er, t~,e i>~ncral feding is th.1t pt'ople will not act in this 
way, ,,:~;('ther bt'c:Jllse of in.lbility to CllCU;7lubte th.1t r:.uch cash at one time, 
the ps:;cholobi"cll ~hock of p~<:i:1r; tl,:icc JS much for what apiJe.lrs to be the 
sa:-ne d(l':ic(~, or other re.J~'l)ns. 

A final c.Jtegory of nove could be cOIT"llercial woodstovC's which require the 
user to invest 0.1511 to reduce collection time. One cannot produce a 
conclusive ecollumic analysis in this case, since the rates at which households 
at various income levels would be willing to substitute time for money is 
unknown. Intuitively, one would expect that poor households might have a very 
high time-menc; su~stitution rate (tha: is, they would be willing to invest 
substJ.ntial time) and that this substitution rate would decline as household 
income increased. The absolute values, ho~ever, are unknown. We also do not 
know at what implicit rate a rural householder ~ould discount future savings. 
Ta!<ing the "mmE:r built stn,'c" example disc11ssed earl ier, would a rural 
housellold be willing to spend say KSh 350 (the quoted price of Karai stove) 
to reduce collection time by 156 hours per year? KSh laO? It is unr.lear 
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IV. CHARCOAL PRODUCTION 

Though there are a few la":""..:'" or mE!diu'll scale industrial producers, charcoal 
production in Kenya generally is carried out by small intermittent producHS. 
Most such producers are unlicensed, and virtually all using traditional p~t 
or earthen mound kilns of very '.ow efficiency (typically 8-107. recovery 
on a weight-of-wood basis). The number of such producers is unknown. 

Almost all attention in Kenya has focussed on so~ehow changing from small­
scale intermittent production using traditional methods to larger-s:ale industrial 
production using stationary brick or portable metal kilns. Despite numerous 
industrial feasibilit) studies, demand for industrial kilns has not grown. 
Burns and ilJane (Kenya) , Ltd., producers of the Mark ',' portable steel kiln, 
reportedLY sell only 1-3 units per year within Kenya, rri~arily to 
il1dustri~d 0r~;~miz,iti(111s which prodl!:e cha.reoal as a by-product of their 
prirr.ar;' op.'racions. 

/\s di"c!lssec bel,'}, for a ~~c:.111-scale ch;1[coal procucer extracti:-.g his 
~.;ood t(;l',JsLock frOll1 so:;;('one e1::("s land or producing ch.::rcoal on a one-tine 
b,lSis as he de.lrs his L".,':1 lanc.l, only lo\.;-cost modific~\ti..Jns to tr~lditional 

lr.pthods .ne likely to i:.;>rear cconu:nical1y actracti':e, ar.J they 2ppe.Jr Clu:::e 
attractive. Larger-sc~le pro~uction mcthoJs arc uncconarr.ic when product:on 
.:llonr. is c<lsiJcrcd. They 11akc: sense only as part of 3. sustair.l'J-yield plant.Jtl.Cln 
rr.cnage~(nt system. 

Shoilld th8 GOK ch,cl':l' to jlurSII<? conversion to sllstai~ed-yicld forest rn:-:a;;e:nent 
and cilc>rC(l.ll p,(JJLJc:~ic:: Sj·st,,~ .. !:>, larijer, :':·.),12 cx;;cnsivl: ;·llns fT\Cly ~",th be 
t!c:lr.or.'ic .. il I;: JctrJc~i';c 211J prlwiclc' .J vehicle for prc~lC'ting SUCtl c:)nversior:. 
\·,'itc,ouL a r·)lic:l to l'llC'."!r:l';'-' or furce such ,:0nverSlon, hm.:cver,non-traJitil1nal 
kilrls c~rc li;.cly to cUl,tiilue La pI.::.}" only .J ':llinor role. 

Hodific.Jtil1n tCl TrJditional !>ro:luction ,~.:'thods 

As discussed in the Technical Analysis, low-cost techniques have been 
developed in Keny.J and elsewhere to i~provc yields from traditional charcoal 
production lilcthods. An eX.Jmple is the usc of flattelled debes to provide 
a ban-ier between t:w wood stJcl.:: and surrot.:nding earth mound. At a cost of 
KSh 25-30, the producer may be able to increase his yield by 301:. Thus a 
producer formerly achi.c'v'ing 15 bags per firing could increase his yield rl': firing 
to 20 bags. At a price frem the whole3aler/transporter of KSh 15 per bag, 
he would net an additional KSh 75 per firing, Thus, the modification would 
have earned a 200-3CJIl% return [rom the first firing alene. In fact, tor a 
pro::lucer operating i.,ith any frequency, such modifications would be 
attractive even if yields increased by only 107.. 

!-ietal Kilns 

In contrast to the tradition~l kiln -- representing a small, low-cost, 
low yield. ~igh-labor. long-running time operation -- portable steel kilns 
are larger, high-first-cost, high yield (15-207. recovery), low-running 
time systems. The present cost of a Mark V, including 15% sales tax is 
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KSh 27,000. It will produce 24-32 bags of cbareoal in a 72 hour cycle versus 
10-20 bags on a 8-14 day cycle for traditional kilns . 1 It appears conceivable 
to construct a smaller, much less expensive metal kiln -- a 15 bag kiln for KSh 
9000 but even this represents a high capital cost. 

It is not at all clear that there are any traditional producers that would 
be capable of financing even the small steel kiln. If there were such a 
producer , he almost certainly would be operating multiple traditional kilns 
simultaneously, so t he r educed operating cyr:le time ,,",auld not be a significant 
benefit. He probably ,,",auld employ ,,",age labor , unlike the grear majori t y of 
traditional producers. The sav ings t hus wou ld be in terms of wood collection 
and process ing time saved per ton produced . Per firing. he may save one day 2 
of wood co llect ion and cutting l abor and perhaps 2-3 days of process inp: dIne. 
Assu~ing almos t conti nuous oper~tion of the metal kitn , he could produc~ 
1500 bags of ch3rco~1 per year from 100 firings . At 3- 4 days per firing , 
he wou l d have saved 300- 400 di\ ys . AssumiClr, a five year kiln life and a 
wage rate of KSh 20 per d3y for kil n laborers , he conceiva~ly could 
save RSh 6000- 8000 per year. Ove r t he five-yea r period , this • .. ·ot IJ:! r~vresent 
a 60-851. return on i nvestmen t Ot1 a discountl'd cash flow basis . Tilis r eturn 
cculd of cou r se douhle -- or more likely disappear cO'rlple tely -- depend i ng 
upon actual ~age rat ~9 or labor opportuni ty costs , me tal kiln rnnintenance costs , 
costs to move the "portable" kiln (roughly l OOO lbs.) , and other fac t or s. 

L~r~e Scale Kil n3 

Larg~r scale kiln<; such i\S those at EhTE': . uhich produce 50 ton s of 
char co;:, l, per firing at a 25 7. efficiency (by .... eight.), a~e not cor.tpilr3ble t o e .:rr th 
kilns. They Ilre st;'ltionar-y ,IllJ hence Tltqll1t'e Luge sU5 tained -yi ~ld pl antations; 
tl.ey typically are high c3pital cos t sys tems (alth,o\l [.11 the capit a 1 cost per 
ton may not exceed that of a r.I<!tal kitn) , :\rod they ro.:quire an ocgdn ized, 
spec iali~ed t.ork f orce . They cannot be inLrcduced Ilit hout simultaneously introduced 
sus tained-yield plantation syste.-ns . 

Ki I ns :!os Components of Sust.1ined Yield Pr od uctiCln System~ 

h1be r e An ope r .l t or owns the hnd himse lf and f oresees keeping it in forest 
production (3 5 oppo~ed to, say. clearing the h ,nd for f,lt'rning) , he mayor may no t 
perceive Oln incentive to preserv(' his prcductiv~ base. through t he introdu('.tion 
of s ustained-},ield (orest management techniques. This will depend on prices 
offered for wood. perceived soi l erosion Oi.' other effects if he dest r oys his 
(orest r~sour.:es , and o t her factors . Prest::r.',ir.g that he does desi re to operate 
on a s~jta i ned-yield bas is and that he is intereste~ in charcoal produc tion . 

I . This time requireI:lent may be mis leading, since "large" traditional operators 
may have mor e than one ki ln , at var ious stages of f i r i ng /coo ling , operating 
at the s aDIe time. 

2. Calculations by D.E. Earl showing much greater time savings assume the 
traditional pr oducer operates only one kiln a t a time , which docs not reflect 
operations of the Large traditional producers most like ly t ~ be able to afford 
a steel kiln. 
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he then ~aa a 8ubstantially greater incentive to introduce more efficient 
charcoal production methods than if he regards wood in other people's forests as 
a "free good" which has but to be collected. In short. once a producer must take 
into account the costs of forest maintenance -- costs currently borne by the country 
as a who,1e in the form of the economic losses suffered as a resu 1 t of 
deforest ation --t~en he will have a much greater incentive to produce charcoal more 

efficiently. To illustrate . using kilns of the efficiency of th~se at EATEC 
(25% ~ield), a ten-hectare highland plantation producing 16.8 m of roundwood 
per hectare on a sustained-yield basis (roughly the equivalent of the Forest 
Department's highland plantations) could produce 30 t ons of ch3rcoal per year, 
earning roughly KSh 12,000 per year (based on a price in the forest of K5~ 15 per 
bag.) With rraditional methods. the same plantation could produce only 12 ton of 
charcoal -- or KSh 4800 -- per year. Thus, the more efficient kiln would 
increase his revenues by lSh 720U per year, or probably roughly the price 
of the kiln, in addition to saving labor and other costs discussed earlier . 

The abo\'e examples also illustrate why there is little sustained- yield produc tion 
of charcoal elCcept as a by- product of other operations . In the context of the 
Fuelwood and Agr ofor e5try discussi~n ear lier in this section , the return per h~ct~re 
from charcoal production -- KSh 1200 (USSl71) per ye .. r if he se'tt to wholesalers/ 
di!ltributors in the for est or r OIl ~ hly double that if he sells to cilstributorR in 
Nai-;:-obi -- is an inadt!qu.lte incentive except on lands unsuitable for other 
uses . 

IV. IY,\TER SUPPLY SYSTEHS 

Distributors estirn:lte that about 5000 V3tE:!r pumps are sold per year. Of 
chis number , roughly 60 percent are pOIo'~red by elect::-ic mot.ors, 20 percent 
by dicsel (>n~incs, and the remaining 20 percent by petrol engines. 1 Electric 
put:!ps are preferred b~cause of their dependability al,d low operating costs. 
However, lar"e Sections of Kenya, including mo~t areas not pre sent ly served 
by conrnunity) water systems, lie outside the electric utility grid; and, for them; 
electric pumps are not an option. At the sate time. diesel or petrol pumps 
~ntail high fuel costs, and, gener~lly more serious, fairly demanding maint ­
enance requirements. In fact, although figures are un':lVailablc, s"'''',e field 
experts estimAte tha t one-third to one-ha lf of diesel pumpsets installed in 
rural areas are out of ~ervice within a year of inst&llacion because of lack 
of spare p~r t s or skilled maintenance ~ngineers. 

The high fuel costs and poor ma intenance experience Ilith diesel and petrol 
pumpsets has prompted interest in windmil l s, hyrlrams, solar pumps, and other 
renewable energy systems as alternative power sources for community water 
supply systems. 

~avis and Shirtli ife Ltd. and Jos. Hansen and Soehnc (EA) Ltd. 
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Windmills 

Installed costs of windmills vary widely depending upon the make and model, 
desired storage capacity, e~c. Prices fer three ~oughly similar windmills 
are provided in Table C. !otal water purlping systems costs could be 2-2.5 
times this figure. For instance, in d cu~rent proj Ect in Tanzania using 
U.S. Dempst~r Windmills. the total system c~st including well, water storage 
tank, piping, etc. is siight'.y more than t\o,ice the cost of the w:;ldmill a.lone. 

TABLE C-5 
COXPARATIVr: CAPI7AL CO~TS 

FOR THREE WI~1)HILLS 

Dempster - 12 foot (U.S.) 
Kijito - 12 foot 

12 ~U 500 (K~nya) 

1. KSh 35,000 
2. KSh 28,500 

Delivered CostCUS$) 
$2,500 
$4,861 1 

$3,958 2 

Of the tl';O locally manufactured ' . ..'indmill types, the Kijito mill is by far 
the best k·' .. 1h'1l and has been USL'U in this analysis. The twenty-foot Kijito 
mill is cC'::p<lrE'd with a Lister LIT, one of th.e sm.Jllest di~sel pur:psets used in 
Kenya. 13ot\1 systems Jr8 assllP.led to serve a \,:,lter systcm of ~O,OOI) gallons, 
which could pruviJe gO litres of water per day to a population of 1000 people. 

Table C-G hishlights the [.Jct thilt capital cosLs of the Kijito pumping 
syster:: are 111lloSt three tir;cs those of the tliesel unit. Huwever, 
the higher recurrent costs ot the uiesel unit -- fuel, o[wratinr; l:1.bor. and 
rlaintenance -- result in lC)','er total sv"-tem lifet!.me costs for th: wind 
unit. The costs of both systecs meet in the sixth year of oper3tion 
and ther2aftcr the r,.;incl unit is signifi::antly less expensive. Investors 
typically look [or a shorter payb.Jck period th.Jn eig~t years. Ho~ever, while the 
payback reriod is long and the discountpd return for the incremental investment 1S 

low, alternative assumptions regarding fuel price escalation, diesel downtime, 
etc., could make the \.Jillli:-:ill appear to be an attractive investment. 

Comparison of a windmill and diesel unit providing only 4000 gallons per day 
or(00 litres per day) to 200 people -- make the windmill look much better. The 
cost of the smaller Kijito system is only 1.22 times that of the diesel unit, 
since this size is below the limits at which diesei units can be scaled do~vn easily. 
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(1) 

(2) 

(3) 

(4) 

Windmill 

Diesel eng 1 f\(! 

Base an:! pull~ys 

Pump 

PunlP HOllse 

r i~lI-:s 

Storage t.:mk 

TABLE C-6 

Estimated Capital ~nd Operating Co~ts 

of Small I-idt.:'r Supply Scheme 
(20,000 gallo~s per day) 

Wind po';,'red 

K6hs. 70,000'" 

10,000 

45,000 

COI,crete found.ltlon 

It".: tall ation 7,500 

Transport.1 tion 3,000 

TMal 135,500 

Diesel Powercu 

Kshs. 13,880'" 

(',500 

15,900 

1,50l' 

10,000 

6,200 

500 

500 

200 

55,180 

--_ ... _-----------------
i: 1'r ic~s 31 tll( LJS 1ve of 15 rc'~'CCl\1 "lies r:n: 
(1) I".ijit" ' •• ::1::·1Il, 20 ft. ro[c:-. Stc1nd,ld 30 ft. to\/\'l', :13. 41IP OUCiH.ll 

(2) U~Ld LTL, .,ir cooled 02:1-:,1 ,'. 2.5-7.0 BH? 
(3j Sr:Jtiwrn C:,',.;, 12" s:· ul.,~, tiI-f 
(Ii) I\L.:Cc;:,::;·~nJcd sLur,:qje c,:'~'Jcity tor a \0.'1[:--1-;-·\" '0t,. SY5t('T. l5 tl 0~ tll:leS 

d:.ily requ1rL~cnt. In ths c~s(' it i,. ,lss.J..oed to Lc 20,OL"~ g3b. per d"y. 

Wi!',1 r O',:C !'ed Diesel 
(I) Fu e 1 Kshs. 

Operation and ~!3il1tenance K~ . ~ . Z,nAe (2) 

Depreci3tion 7,033 (4) 

Total 9,113 

(1) At ;500 Rl'!'! fuel cc,'l$umption is .87 litres per hour. The 
diesel engine is 3ssumcd to run 8 hou:s per d3Y, 365 days 
per year. The present cost of diesel fuel in Nairobi is 
Ksh6 3.25 per litre. 

(2) Estin~ted at 2 percent of capit~l costs per year. 
(3) Estimated at 15 pCLcent of capital costs per year. 
(4) Based on a line~r writ~ off of 15 years. 
(5) Based on a line~r write off of 10 years. 
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Windmill recurrent costs again are much lower than for the diesel unit, 
and the windmill pays for itself within two years of installation. 

This analysis illustrates that the economic feasibility of windpower is 
particularly sel:~itive to the scale of operation required. Assuming adequate 
wiLj regimes and other appropriate site conditions, windpower 
will, be increasingly 3ttractive as the scale of operation decli'les. At 
the same time, since !-.ost of the remaining unserved rural population is 
scat:cr0J, it is likely that the typical ~cale of requirement will decline 
over !.: :'::le. 

It should be noted that· he Kijito mill is relatively new, and there are 
questions re.:;ardillg its 1,'ng-:erm maintenance requirements, useful life, etc. 
At tll" sa;;,~ tir.1e, for 1: :\y models it curren:ly is less expensive to import 
a wel1--;l(1lJT1 I.:indmill r.10del of prcvC'1 reliJhility frc)m the U. S., ,\llstralia, 
or Argl', 111,1. It a1 so is po;:;,.; _ l,le, 3.S in Cape Verde, to produce such 
standclrc! ::i:ldmill dl'signsin ';17).111 shops at arproxir.1Jt:Ldy half the: cost 
d the Kij i:o or i:np0rtl'J \":_oJ::1111. It thus appears that there i'; :3cope 
fc'r 1'~0d'.Ict::,'n of Ivj'-'Cll'lls 1·.'i':lln Kenya whi,=~l \-JOuld be c'Jc.petitive I:ith 
dies21 rll''1pSE.ts, l'r .l L'dst :.i:e low enJ of tl.~ SystCil capi:city range. 

If ',Jindrnills .Ire CC1Tll',_,titive at fairly .~:nall systl':I1 slzes , :lydrams m.:ly be 
thollzht of as hein; "Y:::)L'titive at extrer.:,'ly :';8311 s~ "te;(1 sizes. They 
also are v"ry site-sp,::ci fic, Sil:'~C they c.-,n C:1~y 'Je lise:! 'w'here there is 
a sl1fficicilt supply nf [dili"b IlJ.U;r to pOI;er the L:nit to lift S(1~ie of the 
\-I,Her urhi11. They tll'.!S, potenticilly fill..1 niehe of r<2quiremE:uts \.'here 
/jr~l"itv fecd systems . :!:1!~ot he usect (o:ypll',llly bec']usc some people live 
abo'!t' the rlo-,iing,·~'''tt..r ~curl-'_) bUl '~:L' requirement i.s tOf) small to be 
met by diC':;el. Such .1pplic:.ltions generally are found on mount3in slopes, 
ofte:l tor"stl'd, ',,'her\' I.rindpower C,:1lll10t be us.:d. 

Il-ldram costs gener~.lly ran:-,e frnm KSh :'0:"', t,) KSh 16,500, although used 
units often 3re avail~~lc at substantially lower costs. This compares with 
KSh 3:',500 for the small (4000 BJllon per day ) win~l~ill analyzed above. 

Hydrams generallv are assu~l'd to be especially slliteJ to use in remote or 
inacces~iblc areas, since they require no operator a~d little mainten~nce. 
Also~ the useful life of a hydram generally is assumed to be 30-50 ~e~rs. 

In fact, hOI,ever, the project team found th:it O-Jer haH of the hydrams 
surveyed were out of service because of lack of simple maintenance (e.g., 
cleaning leaves and other debris from the inlet) or because a worn seal 
had not been replaced. 

Solar Stills 

Solar distillation units requirea relatively high capital investment 
per uni~ capacity. However, if well dl~igned and constructed recurrent costs 
are very low. Initial costs depend on a r.umber of factors including local materials 
availability and suitability, local labor costs and productivity~ ;_mpcrted materials 
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required. size of plant, etc. Some indicative costs are the following: the 
material and labor costs of building a solar still in India were $7.50/m2 
in 1966 and$11.50 in 1975, including the cost of reservoirs. Solar still 
capital costs in Gree~e, Pakistan and the Caribbean have been reported 
at betw~en $16.00 and $32.00/m2 in 1977 •• 

Recurring costs depend on amortiLation of the initial investment, 
inte.rest rates and the cost of operatin~ and maintJining the unit. Depending 
on the durability of the materials used, the useful life of a solar still 
is USUJlly between 5 Jnd 20 years. If gliss, mJsonry and a durable basin liner 
are used, the service life c.:ln easily be 20 ye3rs. B3sed on experienc~ in the 
field, operation Jnd Ciainte113nce co;ts should be fi;,'Jred dt 1:: of the initial 
invest8cnt 'with 3n addition31 I ~~rson cluj of IJDor per year for every 10 square 
meters of still .:Irea. 

Solar still productivity is norr..:111:: indercnlt·nt of the size of th~ plant. 
It is,rather, d~rendcnt on the dur3tion 3nd intensity of solJr r3di3tion 
received. Avcra;e annual productivity in potential areas of use in Kenya 
win be 3bout 3.0 liter/:'!f\13Y. 

I t is d if f ieu ~ t to be ~~I:C ific .l~l("l t thlc C('lst C'f w3ter produced 
unless the dcsi",il pclrameters J:ld ::wtcrials anJ IJ[wr costs are knOh'11 for a 
specific proje,,:t. r<1 pr.lctice this cost h.:1S ran~l:c! rrO::1 S1.00 to $3.00 per 1,000 
liters produced. This cost is generally competiLive ~hen (c~p3red with t~e costs 
of G(-S i"inated \:H,~r fr.:;:] l.ll·:'.<-' fossil-l:'lcl fir . .:..i ,j',2sJlinatio<1 p:'ants. The 
cos t: 0 f s ,-' l:J:' J, ~ ,; :1 lin J. t l' J '.: ,1 t e" i s w p lib c lc\./ t h c.: cos t 0 f des.:l 1 i r.3 t t d I'e:l t e r 
frnlT. S::,::' I fl',,-' i 1 fL('l fin,J '.mits. The bcllJ:12c is ccntin!I.1l1y s\Jingir.g in 
favor of solar Jistil13tic~ syste~s ~s fossil fuel costs incr~3se. 

Solar P\l['lPS 

Soldr p'JITPS arc of t',,'Cl types: tLc'r~'JJynJr.lic :...r,d photo·:oltaic. Thee 
ther;n"clynar.1ic syst:~;-::s, typifi'2d by the r;,;.l:1:~inc I evclt.: "sl)fretes" pum? 
geller.:lte on th~ tc~peratur(' Jifference ~et~een n so13r heaped fluid and the 
cold ;:;r,;und \o.·:)t"r. The app.l!:'Jtus to ,}C'cor.1plish puc'ping fror.1 such a thermodynamic 
cycle is sorhi~tic:tted 3nd expt·nsivE'. Typical costs of L:r:';l.:r SofrelC's pumps 
is in the order of 520,000 rer kilo\o.·att of instal10d capacity. The sr.lctller 
pumps I to 2 1\.'1...' in c3pacity .lre consi.lJer3bly tr.orc expensive. As l"ith-:1 
sophisticated technologies these pu~pin~ systems require a conside ~Jle amount 
of reaintenJ.!1ce ~nd u~keep to keep the~ ~orking. The level of technical 
expertise required for such mainten::.nce is hiiS h til',!.;;, if they are to ue 'J::;cc 
they must be sited ~here Jdequate technical service is aV3ilable. Experience 
to date with these systems has been v3ri3ble. ~fuere technicians are sufficiently; 
trained and available, these pumps operate sdtisfactorily. \~hEre technicians I'lUl"t 
be brought in, to, for eX3mple, remote areas, these pumps have had major 
maintenance problems and system shut down is common. For these 
reasons, these thermodynarr:ic cycle pumps are not recommended for this project· 
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Photovolataic pumps, un the other hand, are reliable, require little 
maintenance beyond routine inspections and fit in more with conventional 
maintenance and operation procedures. However, they are costly. Present costs 
~re about ~12 to $20 per watt of installed pumping capacity, however, this 
cost is dropping rapidly. They are expected to be economically competitive 
wi~h ether pumping systems within five years for accessible sites 
and are marginally competitive even today for remote sites. The pumps 
associated with photovoltaic arrays are conventional electric water pumps. 
Expe~ience to date has revealed that maintenance is minimal and the 
Systems are well accepted where they have been installed. They d~pend on the 
availability of adequate direct sunlight so their areas of use for year round water 
provision will have to be carefully selected. 

Biogas 

Biogas units for individual or [arm use are well beyond the means of AID 
t~rget population groups. Costs are roughly 548.50 per cubic m~ter for gas from a 
Hutchinson l,liogds digester and $52-55 for a gas fror.l a Chinese digester. 
The capital cost of HIJtchin~on's units, according to a time 1980 price quotation, v~ry 
from KSh 15,000 ($2083) to KSh 40,000 ($5555). Also, Hutchinson estir.lates that, llsin~ 
his units, 30 cows would be required to provide enough gas to replace one gallon 
of diesel per day. 

As estimJted by a recent cerm;]n technic<ll assistance to.,1r'1, a Chinese dome­
t~'pe biog.]s pL1nt could be installed [or roughly KSh 4000 ($550). llo\"'ever, the 
cost of the gas per cubic meter is $55, or higher than the esti~ated cost from 
a Hurchinson cni t (Tab 12 C-7) 

Power Alcoilol 

Like biu~as~: o~wer alcohol is beycnd the ~eans of AID's target population 
groups. Table C-t) sum!l1:>.rizes \oJorld Bank estirr..Jtes of costs and other parameters 
for various e:th.Jnol plants, Estimated capita i csst.> are roughly seven to eleven 
million dollars for i 'nedium cost countryJ 
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Table C-7 

ESTI~~TEO COSTS OF A CHL~ESE BIOGAS DIGESTER 

(Source: GATE mDULE- BIOG<\S FOR D~VE!,Or'~G cOu"tmrES. 1930) 

List of Materials C!Il~ESE Do:ne type biogas plants 

t-Iasonry 5.0 m3 

Bricks(20 x 5 xl0 cm) 

Cement "/ 

Lime 

Sand 

Internal plastering 

Cement ......... 

Lime 
,...> 

Sand 

Paint (Bituminous) 

1" gas pipe 

Gas tap 

Plastic pipe 

digester 3 
vo it!me 6 m 

5.0m 3 

5000 

230kg 

2700 I:g 

A:25m~ 
O.S m 

200 kg 

1200 kg 

70 kg 

1.5m 

Digester 3 
VO IU!:ll' I (1:n 

6.4 3 m 

6500 

360kg 

2100 k;; 

A- 31-m 2 

1.0 m 
.). 

250 kg 

1500 kg 

9S kg 

1.5m 

(10 m3 plant) Labor 50 m:\nd~ys (Source ITDG-I1E~ 
Chinese Biogas Plant) 

20m 3 

20000 

1100 k;! 

S,:OQ kr. 

A- 89n: 
2 

2.5 m 3 

61)0 kg 

4000kg 

270 kg 

1.5m 

C0st per unit 
in I\eny:\ for 

I. 25 

sh 45 per 
4Skg bar: 

sh SO per ton 

sh -l5 per 
45 kg bag 

sh 50 per ton 

sh 2'JO/un i t 

sh I!J/::lctcr 

sh 30/unit 

Estimated Cost for 
10m~ Digesta inKcnya 

sh1625/-

360/-

105/-

250/-

75/-

200/-

15/-

30/-

sh lOO/uni t 100/-
--::,>-:liiijt~':;nth Sh l2UO/-
TlJT:\L COST I:-I K[:>;YA Sli39(,OI-

(US $550) 
PI!IC(;/C.U.H.--SI1396. (US S':;5) 

.... 
N 
I 
u 



Table (;-8 

EE! 'A~T05 n, tTltASOl pp.oorrTln:: f1IO~' Olrr,.,r~ Bt"!""'SS !".AT!1ItlALS 

!n.ll Hohll •• SUU1'Clne C .... ve!.l 

.\ , ~ 
Eth,1I1d tlcld/tC'n of nl"~.lI. llrns/ton 27(1 70 1110 
~IC·.1S~ \'I L'1 C Ih.1 ,,( I find b/ tons/h., n . .1. 50 12 
[I ~; .l,t' 1 \'Itla/hl o ( Land II t c r 5 /ha n.'. 1,500 2,160 

8, l-' ,::'(i( t c, (" ~"(' rT ,\ 'ITS .---
r r f" 1\(' -: :.. PI" n t ~ i ,.'" ~"~,OC Ilto!rs/d~v I,O-]"I).noo 121)··240,01')0 ('0-120.1'101) 
'.'\J.1,r'l 0( ('i'e r.! l f 1': t r'.l\'"J d.)'s/ycu I~" IAr) 275 
~IH1,1 : PrnJ, ... ' l j (111 In 120. OeD 

J I t \ I .. / (~ ., )' I'J .lnt ' rllllC'n Iller,!"",. 2\.1> 21.6 )).0 

- t'Jl111on L'S ~dll"ns/ycJr 5 . 7 5. ~ 6.9 
tcons/ye 'f 17. !110 17 ,100 26,100 

1 r,', t .11 J f J ('00::[ r f leo.aao 
JIll': ,/,1.1y r 1.,,, t In 

~I . I c I.: Cost Co\:~.{ t t\~S l'SS~11II(lI1S (,.8 7.6 9.1 
:', .111.'" rf', t (C'1ul~trt('s 

cl 
l'S~"'llll('ns 7.~ 9.S 11.4 

H 1 r~. [oS[ ('CUll t 11 £:.9 
;'1 

t;SSr.l11Inns ILl. 14. ) 17.2 

r- 1«( ',' .• , C S ,\'S \I.rnll·:! .. 1'111 T!l,'c 
- ----------

I, 1" ,," l fdr-1ss 11.1\.' ':,' t r r t J r"H 
(c' r j,i I : ~ til 

·\t l"<):/I.~ 1 II \ Cl'u.jc !:" l'SS/ton "2 14 13 
,'l !':$l~n tl "~l r rl!c (' ;..1 USS/ton 70 16 17 
,\ t i"51.)irll t ,~ ?, CruJc £.1 l'SS/ton as 20 2) 

r '.' 1'1 .: I ~!0\.lrlS t.'.l\.: t:~tcr1al Cost 
( .. , I R ': d! 

,It 'S5111'1,1 I r,C Cr"de ~I l'SS/ton ,65 14 1" 
/. t cS ~ J 5 /1") ~ ~";' Cfller E../ U5S/ccn 7) 17 19 
,\t l''' ~:.)/Lu 1 r(} !~ Crude E..I USS/con 90 22 2S 

JI 1' .. , .. ~ r-n current d,r{.-",s lind fllel 011 .'IS fuel sOtlrce. 
i, I 
c/ 

p;,'" ,I cc, CUl'r['~t .w,'r.,rc vlcld~ In flr~7.!l, rXc0rt f"r cern "h(ch Is b~~ed on l'S averor,e. 
Ic~ caCl [Ou~Lr~ ~"tJ for SU~1rcnnc pl.'lnl~ based en ~razil cnsts. ~t~crs on data supplied by 
\'Olll,'u.< «n;rrC'"' ."',;1 r'tr,'roJ.ltILInr. lv !lank r.l~fr. All c05t~ In late-197~ Dollars. 

""."",\,,,., ~tL"r() \;:lue (''1u~1 to th.lt of r.,,,ollnc tn volumt' tcrr-,~. C,J~ol1ne price OI!'sumed as 1.3 
11-",; r':,H ,,( r'-rl:loH\' Ilr~,t lIr:tltLIIl CruJc price, hy \'olu,-,(': tlds rclat("nship a"oll,-ed to 20 
GC,':' \.'tlh l~,'::lt. '~:L.:! (n . .!~ rrice!' .. CruJc rr~cc nS~·.H~'I!'I~ ~o 1nl4r~as(' ilt )": p.a. In rLal terms, 
f.1~c,lbe I'rlc~ ,ll 2.5:; p.a" and ra'"' r.I.ltcri,11 cC'st at 1.0: p,a. 
rer CNIl l.'~~/hu,lte\. One bushel "'e1!;hs 56 Ibs. Ont' tcon equ1.vale:-.t to 39.10 bushels. 

World B.Jnk 
Incu~lrl.ll rrojc~ts nq1artment 

}!.'y I ~80 
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370 

" 2.220 

120-2~1').1j01') 

2n 

)). () 

6."-
26,101) 

9.1 
11. 4 
17.2 

nee· f / 
1. 2 7/ 
1.8-

ne,.. f I 
1.4 (/ 
2.1 -

http:lndustri.il
http:rrater.al


ANNEX D. ADMINISTRATIVE/INSTITUTIONAL FEASIBILITY 

1. INTRODVCTIO~ 

There are several administrative issues or potential constraints which 
are critical to the success or failure of the project. 

First, the Ministry of Energy is new, relatively small, and still in 
the process of developing its policies and programs as well as its relation­
ships with other ministrit::S. Since energy is an input to virtually all 
human activity, many other ministries have ongoing oper~tions wnich relate 
directly to th~ activities reco~uended in the project. The project ?resumes 
that the Ministry of Energy is in a positioD to act as technical advisor 
to several ~inistries and to rely on other ministries operating programs 
to achieve ~nergy policy objectives. However, experience with other programs 
sll!jgests that interministerial cooperation is not easy. Both a formal 
ip.termini.stcrial coordination mechanism dnd close informal cooperation and 
mutual t:ust must be established. 

In addition ~o intermir. ... stcrial coordination, coordination and commu­
nication lines must be kept oPQn among the numerous donors wllich have initiat~d 
or arc pl~n~ing ener~y related projects. Otherwise, there is a risk of 
uuplicati()", conflictil;g programs, and excessive delJ1ands placed on the HOE's 
sLlall staff. 

Another criticdl 8crJinistraLive issue <:nd a central cOr:lronent of the 
project is extension of renewaDle energy tecllnologies to the poor. Many 
ministries, particul~rly the ~inistry of Agriculture, have well-esta~lished 
rural extension networks. still, while progress ha~ bGcn made, there are 
cifficultics in reaching the poorest families that constitute AIr's target 
groups. 

The following sections address each of the major project com~onents. 

II. I:HTL\L PU-:-mriG A..\'1) SURVEYS 

Since the MOE is new, energy planning and policy capabilities are 
in the for~ative stages. Its Policy, Monitoring and Planning Division cur­
rently has four full-lime professionals and l~as budget approval for four more 
during 1~60. Two staff members, including the acting director, nave 
attended AID's Energy }!anagement Training Pr02ra:m at Smff Stony Brook and 
are familiar "ith the AL-EDIS energy assessment system. One economist cur­
rently is assigned full-time to ~nergy conservation, a n~w field for him. 
Additional training ~Jill be required in operation and use of the AL-EDIS 
system, in operation and use of the Data Bank and Library, and in energy 
conservation analysis. 
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In addition to the Energy Planning and Conservation Expert and short­
term consultants to be provided under this project, the HOE is 'likely to 
receive policy planning assistance from the UN, EEC and p0ssibly other donors. 
The combined assistance should enable MOE to develop an effective energy 
planning capability. 

There are three potential problem areas. First, it is important that 
the MOE be able to monitor energy consumption patter~s in all sectors. It 
should work closely with CBS in incorporating energy modules into existing 
surveys, such as the Industrial Survey now being conducted and any urban 
surveys which might be undertaken, as well as support cns's efforts to 
conduct rural energy surveys. 

In addition, shaping national energy conservation policy will require 
close cooperation with the Ministry of Economic Planning and 
Development, Ministry of Finance, and those ministries paralleling the major 
~nergy consuming sectors, e.g., Industry, hgricult~re, Transport and Communi­
cations, an1 Co~aerre. Establishing such relationships will require time, 
effort and considerable diplomacy. The HOE appears to ha';e made C', good start 
through its iuterministerial energy conservation committees. 

Second, economists and statisticians cannot be hired directly by the 
HOE. Rather, they are seconded by the ~!inistry of Econ()mic Planning and 
Development. HEPD has provided assurances that those spcnnr1 .. r1 to M()F .,rill 
be kept there ;lS long as the NOE is satisfied "'ith their Derfonrance. 

Finally, a multiplicity of donor efforts in pr0vidin~ planning assist2nc~ 
runs the risk of not only duplication but inconsistent or even contradictory 
advice and excessive dem2nds on MOE management time. MOE appears to recog­
n1ze that it must aggressively direct and coordinate donor activities. 

III. INSTITUTlONP.L D[\'ELOP:iENT 

The Ministry of EnErgy presently has a total staff in place of less 
than 100 and has an authorized staff of less that 150. With this relatively 
small staff, it must launch initiatives in many different areas. Also, since 
energy is an input into virtually all human activity, MOE's interests cut 
across the interests and ongoing operations of virtually every other ministry. 
At the same, these ministries generally lack technical information and 
experience 1n the energy-related aspects of their programs. 

If it is to launch effective intiatives outside those areas such as 
~lectric power where it already has ongoing programs, the MOE must work 
with and through those ministries who already have directly related programs. 
Ie some areas, non-governmental organizations also constitute important 
resources on which the HOE can draw. 
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The MOE will need to work closely with other GOK ministries and non­
lovernmental organizations to help them identify and implement appropriate 
conservacion activities, identify potential renewable energy applications, 
improve the technical grounding and awareness of government extension 
workers and field staffs of non-government~l organizations through technical 
assistance and training/curriculum development, and assist in developing 
projects and programs for financing through the Energy Developmer.t Fund. 
Based on this role of HOE as an advisory and initiating organization working 
pr'imarily with and through others, the project at least initially will 
place the fuur lon~-term experts lin afforestHtion/forest management, 
agroforestry, wood/charcoal conversion and end-use devices, and renewable 
energy water pumping s)'steJ:s) and short-term consultants in the I-IOE, with 
the understand~ng that most of their time will be spent working with other 
ministries or wiLh NGe's. 

One of the first tasks of the long-t~rm experts should be to work 
with HOE 3;1d respectiv.: exu,;1sion ministries to develop specific in:plemen­
tat ion sch~dul~s for development and introduction of renewable energy 
curricula at the extension training centers (e.g., KIA, Coast Training 
Institute, KJcen VTV, Farmers Traini,.g Centers, and Forest Training Center) 
and relevant training institutions (e.g., Egerton College, Agricultural 
Institutes, Institutes of Technology, and Villa~e Polytechnics) and for 
carrying ou~ visits to and inform.:ll surveys of field extension activities. 
Such joint i!;;pleT.t:'ntaLion planning will serve Loth to program the efforts 
of the loni;-t':IT:l dnd short-term c::?erts and also to provide a specific 
focus around \.:":1i;.:h intc!,,,J~nisterial cooperation can take l'lace. 

F'ursui"b such all <1dvisory/initiator role poses risks for both HOE and 
the projecl. 0peratio3 ministries may spurn :roc offers of assistance, or 
they may be reluctant to direct th~ir extcQsion or other resources to 
energy fron ":1atcver they currently are working on. Also, as in most 
other countrius, in Kenya the power of a governQent organization generally 
is related tc its size and the ~alure and SCOpt of its operating prosrams. 
Over time, the I-IOE may become dissatisfied with an advisory role and 
try to launch its olm operating program, for example in fuelwood. Should 
it do so, it is much nore likely to be viewed by other ministries as a 
competitor, and its ability to work with or through them in other areas 
will suffer. 

It is conceivable thnt interministerial cooperation is so difficult 
to achi .ove--'.:h.cther because of other ministries' reluctance or MOE's 
desire to establish its own Operating programs--that project experts can 
ue eftective on:/ if they are assigned to operating mil.istries. The 
most likely such ministry would be Agriculture in view of its ongoing 
programs in nursery development, agroforestry, small-scale irrigation, 
farm extenzion, and women's extension. Splitting up the project experts, 
however, wo~ld make it difficult to achieve the desired integration among 
the various renewable energy disciplines which the experts represent. 
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The molt important organizations in each major area of renewable 
energy are discussed below: 

Fuelwood/Agroforestry 

The Forest Department of the Ministry of Environment and Natural 
Resources manages Kenya's gazetted forests, from which over 10 percent 
of the country's fuelwood is produced. Both it and the Ministry of 
Airiculture operate rural affcrestation nursery and exteusion services. 
The Hinistry of Agriculture also is involved in trying to get farmers to 
integrate trees into their farming practices (agroforestry). Finally, 
a nuc,n~r of nOnbO\'crnr:lental organizaticns have tree pl2.Llting and in at 
least une case, nurse:y programs of var~ing effectiveness. All of these 
represent potential resou:"ces 1n a fuei<.JOcd program. 

The Forest De~artment of the Ministry of .~nvironment and N6tural Resources 
tradltiondly h.1S COilce;-;trated its attention on preservatior. of 

natu[,ll hibhLJnd forests as a water catc1,l7lent area protection mea:;ure and 
on prouuction of sa',,; tirube:r and pulpvood from pLlntations or from a 
f~\, n.lt'lral forest arEas. As a conseC]upnce, most Forest Department atten­
tion--and virtu~lly all its forest officer education--has been focussed on 
the g:J;:ctted fonc'ts. \li~:li:l the past three years, it has launched a 
RULd AfforesLllio:l Extension sche!!Jc (P-,\ES) which currently has an extension 
officer and at lCJ3t one ~ursery per district. The Forest Dep~rtment is 
SUpp0SCU La work with County Co~ncils to help man:Jge lands Eet a3ide by the 
County c0u~cil [or aff0resLilLio~, although so far the limited resources 
allocat,'d to R.\-'~;) helve llOt c:13bled it to do S.J. 

The :1inistry of t\gri(_~ulture, as part of its soil conservation program, 
ha~ expanued its nursery anJ afforestation· program, going frOill ~ small 
program ,:oncC:lltra,-ing on fruit. trees to a program r.,: >11 r.,,.,, to :our 
nurseri2s in each of 23 di~trictsJ all producing lings for mUltipurpose 
trees as well 35 fruit trees. Because the progri . aimed largely at areas 
of hishest soil erosion potcntial, Agriculture n series tend to be located 
in marginal areas undergoi~8 rapid pop~lation expansion, while Forc:st 
Department nurserieE ~re ~ore likely to be found in the highlands. The 
Ministry of AGriculture also is working to introduce afforestation as an 
important program element into its farmer trainins and exten~ion efforts 
and its small-scale irrigation schemes. 

Nongovi'!rd.li'\l.~tal organizations such as the NCCK, NCM(, HildlHe Cl'lbs 
of Kenya, and others have launched tree-planting programs, oriented primarily 
to commuuity and school groups. 

There appears to be some coOperation among these various government 
and nongovernmental organizaticns, primarily at the District level or below. 
There are a few instances of Agriculture and the Forest Department working 
together on specific projects, and both organizatiorls' nurseries supplying 
seedlings to nongovernmental groups. 
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Since fuelwood development must address gazetted forelts (Forest 
Department). community planting (all organizations), and integration of 
crees into cropping and li~estock systems (Agriculture and probably also 
Livestock Development), MOE must work with all these organizations. In 
working with the government organizations, MOE may run into suspicion that 
it wants to get into nursery and fuelwood plantation operations itself. 
This in fact does not appear feasible. The MOE currently is only about one 
percent of the size of the Forest Department and a much smaller fraction 
ot the Ministry of Agriculture. To try to duplicate t~eir op~Lation 
potentially would mean a delay of many years. Thus, the pr~ferred course 
is to build up and where necessary reorient Forest Department and HOA 
operations rather than launch a new operating entity in MOE. 

\o,lorking ... ;ith or through nongovernmental organizations is a cortpb­
mentary step to woro:ing through Agriclllture or the Forest Department. 
While they lack the :arge-scale operations ~Lility (e.g., nurseries) or 
full-time extension staffs characteristic of government, these organizations 
can mobilize local interest and activity and provide important local feed­
back. Since it is likely th:lt some of these local groups are not reached b~' 

govern~cnt extension, these groups also represent a potential vehicle for 
broadening local impact. 

The effectiveness of the full-time fuelwcod and agroforestry experts 
prcvided under lhis project will depend to a great extent upo~ the MOE's 
willin:;!.~ss to work with the above groups--rathcr than to try to launch 
competing prograns--and on thes", groups' trust of ~;OE' s intentions. 

COOlc;loves 

There arc two quite different approaches to cookstove development 
and dissemination, both of which will be pursued in this project. 

The first approach involves extension to stimulate local development 
or adaptatiol, of u;..,ner-built cookstoves, generally mud or clay stoves 
designed to burn wood. In this case, it is difficult to separate development 
from dissemination, since potential stove us~rs;builders (generally women) 
must be inti~ately involved in the process. A few government and non­
governmental organizations--notably the Home Economics ')epa::-tT.:~:lt of tb~ 
Ministry of Agriculture, the Karen Vill~ge Technology Unit (VrU), and in 
some areas the Peace Corps women's extension progra~--have supported 
develop~ent and adaptation of such stoves. These efforts have been carried 
out on a very small scale. There has been no large-scale progra~ as, 
fOL example, AID currently is carrying out in Senegal. 

There unfortunately are few national groups with a proven ability 
to reach rural poor women. The MOA Home Economics Branch is reasonably 
well staffed and trained (although its training iu stove-building is limited 
and probably offers the best chance of success. The Women's Bureau and 
Community Development Division of the Ministry of Culture and Social 
Services have had only limited involvement in cookstoves but offer poteI'otial 
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extension vehicle in that they h~ve a less formal program of extension 
activities. The NCCK and various _~enominational church groups in some 
cales have very effective local women's programs. In some areas the 
women's program of the Peace Corps has launched or supported local cook­
Itove dev~lopment programs. Finally, virtually everywhere, local 
women aprear to have organized themselves into very effective groups, 
although their link to national organizations such as NCWK. Maendaleo 
1a Wanawake, or YWCA appears quite tenuous. 

A high priority should be rlaced on building up and supporting these 
and other groups' local cookstove devp.lopment/adaptation abilities. through 
a combination of ncnformal education and participatory projects. The 
only training now being offered in stove building is at Egerton College 
and the AgriLulture !nstitutes of Embu and Bukura. Training could also 
be undertaken at the Village Polytechnic~ and the Kenya Institut~ of 
Administr"tion I"here Community Develorment Officers 'lre i..rained. Stove 
builJio,;:; also is olle of the subjects addr:ssed by [he Karen VTU, 
and the; tH()grai71 lhere could be strengthccned, 

For traininc of train~rs of Home Econc~ics Officers, Village foly­
technic instrul'lors, COrlmunlty Development Officers, and nongovernr.cnt 
org<1nicJtions, it ITI3Y b nect.'ss3ry to u,ing in experienced short-term 
consultJnlS such .1.0 the Apr,)vecho Institute or the Intermediate Technology 
De'lel('i,::l.:nr Gr():Ji-" These groups 3150 h':lVe stove Le.3ting capa::'ilities. 

The SeC(lOU 2ppr0Jch is to work with local fundis to develop core 
ef[ ~cic'1t charco'] l j i:<.os Oi' to develop new types o[ commercidl wood-burning 
or ch.)[coal stove:". \'i113[;e Polytechnics are we11-.3llited to ercQurage such 
de\'r:~')r!'12nt Sir..2C. m,1ny of lhp.ir gradu3tes become fLIndis and since their 
projects achievl lo('al visibility. In 2ddition, the :-lCCK alre:'ldy has a 
promisi~g jik8 i~prove~ent program. Finally, greups such as Partners for 
Producti'!ity ',:illJ specialize in assisting fundis a~d other small businessmen 
may be ~r.;:. positil}n to pror..ote stove deve~opment. 

Charcoal ProJuctlO'1 

Th~re has been little effort to develop or promote more efficient 
charco2l ~roducti)n methods aoong traditional small-scale producers in Kenya. 
With the notable exception of individual forester's work near Nyaharuru, 
the liltle werk tlut has been done has exam'ined the feasibility of portable 
steel kilns (such as those presently manufactured in Kenya) or larger brick 
kilns similar to those used by EATEC. 

The Forest Department in many cases licenses individuals to remove wood 
from gazettad [oLests for charcoal product:on. By virtue of this lic~n3ing 
procedure and their knowledge, field foresters shollid be in a good position 
to act as extension agents to promote more efficient charcoal production. 
Ther2 is, however, little indication whether they are interested in playing 
such a role. The next mosr like~,~r excension options are Agricultural 
Officers and, since rural women :ncreasingly produce charcoal, Home Economics 
or CO:;JI.lUnity Development Office':s. 

So far, NGO's ha,'e not been involved in charcoal production technology. 
but it may be that NGO'~ with strong rural extension networks could playa 
useful role. 
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Community Water Supply 

Numerous organizations are involved in community water supply projects, 
including small Harambee Groups, CARE, the Salvation Army, NCCK, and 
NCWK as well as the Ministry of Water Development. All of these groups 
could use technical advice in determining what water pumping sys~ems to use and 
how to operate and maintain them. The Ministry of Water Development is 
particularly short of water engineers and is behind schedule in surveying 
po,tential ne;.' projects. Also, the Hmffi program is .Jriented toward large-
scale syst~~s and they appear less interested in hydraulic rams and 
windmills because of tlleir smaller pumping capabilities. Other organizations 
seem to be much morc interested in these types of syslems: ~ number of 
Catholic IT'.issions ;He using windmi lis and hydrams; CAPr. is experimenting 
with a windDill in the northern part of the couhtry: and several Peace ~orrs 
volunteers are seeking assistance on alternative low-cost systems. 

Particular en,1h.J.sis should be placed on working with the HO\..'[j to 
~ncourage it to take a second look at renewable energy water pu~ring systems. 
Traini:-Ig courses for District Hater Engineers anel. tcchnicians in the 
ihstallation, operation aDd maintenance of these syst~ms should be offered. 
Assistance sho;Jld .1lso be provided in survey ing water projects to determjne 
wilere rencw~ble energy systems are applicable and i~ p~eparing proposals for 
EDF iinonc in:> .. 

IV. APPLIED F~5r.X'CH ,\liD DEVCLOF}!E!;T 

The project conte:r.plates SlY. fueh;ood/agroforestry research, demon­
stration, and extell;.lon centel."s. Nursery operations and extension farms 
and cOtrJ.1t .. iotion arc [ii.]jor cOr:Jponents of the centers. Both HOA and MENR already 
have on~oing nursery and afforestation extension programs in all or most 
Districts. ~~ile Lhey currently are not ~early sufficiently extensive to 
satisfy ~ll demands,they have demonstrated a capacity to expanrl and certainly 
represc;lt a base on which to build. Particularly the ~·iOA--with the largest 
farmer e~;tension program in Africa, a network of mUlti-purpose tree nur-
series, and a strong interest in agrofQrt~s:ry as a soil conservation 
measure--provides an excellent basis for the proposed centers. 

Accordingly, it is i~tcnted that, rather than establi~h new operations, 
the MOE contrac t with the MOA or ~'1ENR to operate such centers wi th funds 
provided ui1der the project. The Authority to Incur Expenditures (AlE) 
for each center would be held by the appropriate operations ministry. 
Each center would be built up from an existing nursery, using exi3ting land, 
facilities, operati:lg manpower, and supervisory structures. Additional 
manpm,"cr \.[Quld be rer.ruited, trained and supervised by the operating ministry, 
with substantial support (particularly ip. training and technical assi~tance) 
from the long-term forestry and agroforestry experts assigned under the 
project. 
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As in the case of extension, this project will require a substantially 
greater degree of interministerial cooperation than is required of most 
programs operating in Kenya. There are, houever, examples of other 
c:oopercltive programs and, in the case of the Rural De..-elopment ~'und for 
example, of both contracting \lith other ministries and transferring AlE. 
'rhe HOE app~drs willing to operatP- in this manner, and the appropriate 
organizatio~ within the ~inistry of Agriculture supports the project con­
cept and desires to ?arl.icipate on this basis. However, the risk of 
i~terministerial co~flict, or simply inability to work effectively together, 
does constit~te a risk for this project component. 

Preswning that the ministries can work together, there is reason for 
optir-ism. Limited agroforestry extension experience in Kenya, as well 
as in Rwanda, Senegal, and other countries indicates that, particularly 
where traditional rdluing patterns and knowledge of indigenous species are 
accor.~odated and incorporated, acceptance of agroforestry extension will 
grow ste.:ldily. If the reception accorded tbe :\lnistry of Agriculture'c; 
soil conservation tree-planting program is any indication, Kenyan farmers 
aTe favorably disposed to atleast limited introduction of trees. What has 
hapPt.!nC'o €lsewhL're is that, as fanners see the results of limited tree­
plilnting, they gr::d'J.:llly are T.!illing to go further. A very important point, 
however, is lhat ~here the two organizations are separate it generally 
has been .:lgriculture, not forestry, extension officers who have succeeded 
in getting faIT.!'lrs to pl.:lnt trees in the first place. The agricultural 
extension officer r.!s Fe-existing relationships with the fanners, he can 
offer advice not only on tree-planting but on the whole range of farm related 
activities, and liith training he is in a position to advise on how to use 
various multi-p~rpuse trees in ways that enhance .:lcricultural production. 

En~rg)' DCJe lopE:nt Fund 

The Energy Development Fund will r~quire involvement of both other 
minisl:ries and District or Division DeveloFment Co:u:nittees to publicize 
aV.:lilability of the Fund, encourage grant proposals, in so~e cases prepare 
proposals directly, and make funding rec013llendations to HOE. Again, the 
P.ural Developn:ent Fund provides a model for such participation. The MOE 
a'1d its long-term experts also uill have to work close ly .Ii th nongovernmental 
organizations both (0 help deve 1 cp and evaluate prop03als for program or 
project grant funding and t~ encourage them to stimulate local project 
proposals. Finally, MOE \,Jill have to cooperate with related ":unding sources, 
including th~ Rural Development Fund, the ~~ST research grant program, and 
the soon-to-be established Nairobi office of the VITA/AID Small Energy 
Grants program. 

The MOE should devote a substantial portion of the long-term experts 
time to assisting groups to prepare sound project proposals. This assistance 
will payoff later in terms of the quality of the projects funded. 

Grant administration is not vie~lcd as a serious problem. The Fund 
is small and simple enough that the }IOE, with the assistance of the Energy 
Planning expert, should be able to establish straightfoniard administration 
procedures and to train the Fund manager and other staff. RDF and other 
Kenyan fund experience is readily available. The VITA Nairobi office consti-
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tute. another source of assistance, since VITA re~ently has had to establish 
it. own grant procedures foe AID. 

V. MONITC'RelG A.:W EVALUATION 

Because this project is heavily oriented toward extension and 
institution-bullding ..lnd because of the dep,ree of interministerial coor­
dination required, mo~icoring will be both ~omplicated and extremely 
itaportant. It:s pn'posed that, 3S interministerial agreements regar-iing 
operation of (~e fuelwoud/agroforescry centers are being negotiated, 
an AID team be sent i:1 to develop a detailed project monitoring and 
evaluation pL:m. It: is m..1nd1tory tha\ the tear:! include a sociologist/ 
extensioll expert. '\1:;0, since some monitoring functior 1""., y have to be 
carried out hy the millislries op"rating (he centers, lt is impo,.-tant that 
monitoring requirements be included in the interminfs~~ridl co~~ract. 

The ~oniturin~ ~nd eV21uation rlan will address not only the fuelwood/ 
agroforest,-y cent('rs out ;'1:;0 other ?roject cCillponents, particularly the 
Energy DeveluprJent Fend ,nd extension approaches supported in fuelwood/ 
()'3rofores~r:: cookin:.;, ch:lrcoal pruciuctl'Jn, '.;ater supply, and other renewable 
ener gy te'-.:L:lo10g.," dt:c:,'w; t rC1 r i<1["'s. 

The :~'!~itoring plCln wLlI provide the b,lsis for at least annual project 
revit:l.s, \::lich s:lou1j involve not only }lOF. but the other r:1inistries involved. 
The team .l1s(1 Hill dc'velop the plan for the final project evaluation 
lihich 2[;;]in should !'lwolve the other ministries. 
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ANNEX E. ENVI RC~;':E~T AL A!:.\LYS IS 

In te~s of potential environmental impact, the AID Kenya 
Renewable Energy Project can be divided into four major c~ponents. 
The first involves provision of technical assistance in collecting 
energy utilization and in devising policies and programs to use 
wood and petroleum-based energy more efficiently. Second, includes 
training, technical assistance, and extension assistance intended 
to stimulateCI) expansion of tree-planting and integration of trees 
into a~ricultur~l and pastoral ecosystems and (2) adoption of methods 
and JLvices to use fuelwood ffior~ efficiently, produce charcoal more 
effiri~lltly, or substitute other approp~iate reGewable energy s)stems 
for \"oud or petrolt:\I[1-!:Jased energy. As third component, USAID will 
establish a network of nursery, species research, and afforestation/ 
agrofor~stry dcm0n~tratioll and extension centers. The fourth component 
is E:sl3bli·.hmcnt ar.J pro"i."ion of inilial capital for an Energy 
Develoilr.lent Fund ""hich \oIill provide sm311 grants, on a cost-soaring 
boasis, to support renel.;able energy development or extension projects. 

The l)nly project cC'r.:~')n::.nt which involves direct USAID :;:lection 
and fi:~,;llcing o~ physical f,1cilities is the third comronent--establish­
ment of a nt!t','ork of nllr;;l:ry, species research, 3r.d afforest.Jtion/ 
agroforcstr'J dcnoLlstrJtion a<1d extension centers. As discussed below, 
tnes~ c~n=crs will have ~ PJsitive long-term impact on the ecology 
of the area. Oliler rroject components are di.scussed only briefly. 

In ro:;]pli.1nce IIith th" conditions set forth under Section II of 
the l~;,ro':ed 1[[: 1) USAlD Yenya will re'"iew the environmental 
iQpa~~ of each proposed fuclwood and agroforestry nursery, research, 
and c':tension cer,t':~r prior to cormnitr.,ent to proceed I,-,ith that center; 
2) as part of the criteria f~r Energy Development Fund financing, 
requi rd that applic.ants (assisted by the }!OE) discuss the environ-
mental ~mpact of proposed projects and programs; and 3) as part 
of the final project evalu~tion, the evaluation contractor will review 
the envirorunentd ir.1pact of those technologies demonstrated through th~ 
Energy Developr.1ent Fund which are proposed for more widespread 
disser:Jination. 

Any planning involving a change in the number of trees, the 
floristic composition of the t~ee cover or i~s spatial distributior. 
~ust take into consideration all these functions of trees within what 
appropriately can be called toe national ecosystem. 
I. AFFORESTATION Al~D AGROfORESTRY 

Fo~est Cover, Soil Erosion, and Land Productivity 

The indigenous forests are valuable tools in the preservation of 
Kenya's ecological balance between competing land uses, as major changes 
in established land use patterns can have widespread consequences. In 
particular, the removal of the protective forest cover reduces soil 



water retention capability. This in turn increases run-off and exacer­
bates erosion problems and reduces the regular flow of rivers which 
.upply a~ricultural areas downstream. 

The most serious threats to effective watershed management comes 
from the incon5ider~te clearing of forest cover and land uses which do 
not conform to the physical landscape and characteristics of the water­
sh~d. These practices invar~ably increase the r~te of run-off by exposing 
the soils to the natural elenznts. This in turn increases the momentum 
of rapid soil erOSlon proces~es. 

There is a close relationship between the vegetative cover and the 
soil erosion in any watershed. A change in the vegetative cover affects 
soil erosion through changes in the rate of run-off. Soil erosion, in 
turn, affects agricultural production, the volume of water in ~he river, 
flood levels in the down-strea~, the water-retaining capacity of the soil, 
etc. 

The soil erosion due to run-off varies from place to place depending 
upon the vegetative cover. The higher the vegcta~ive COV8r the 
lower the soil erosion and vi~e versa. A relatively small change 1n 
plant cover can result in a large difference 1n soil erosion. 

The most serious effect of soil erosion is on land usc. As a 
cons~quence of soil erosion, changes in land use become inevitable; 
and the changes generally are from good agricultural uses to an 
agricultural use with lo~er pruductivity. Occasionally, soil erosion 
affects land use to an extreme eX':ent, e.g. the land becomes a 
cOIl'plete wasteland. 

Obviously there is an economic loss resulting fro~ changes in 
one a3ricultural type to another. The main cau~e of this economic 
loss is soil erosion, and this in turn is caused by deforestation. 
Therefore, thE: ccono:'lic loss resulting from changes in a3ricultm:al 
type can be directly linked to the effects of deforestation. 

Unfortunately very few rigorous studies of the significance of 
preserving forest cover for such ecolo~ical ~leeds as th~ maintenance 
ur water catchment are~s, the avoidance of s0il erosion, and the 
protection of wildlife and unique·eco3yste~s in the-context~of~oth~r 
co~peting claims on land use have been underta~en. A significant 
exception is the work of geographer/hydrologist Dr. George S. 
Ongweny, of the University of Nairobi. Dr. Ongweny undertook a four­
year field and labo~atory study of erosion and sedimentation processes 
associated with deforestat~on in the Upper Tana Catchment, "lh:.ch 
covers an area of 925U kIDs. The study revealed an overwhelming 
influence of land use ,)n surface water run-off and corresponding soil 
lo&ses and sediment ft"oductit)n. By taking into consideration various 
conditions of slope, v~getation density and soil types, Ongweny found 
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for example, that sediment production increase~ from about 15-20 
ton/km2/ year in ar~as of cultivated steep slopes and high rainfall. 
with limited soil conservation measures. l Ong.reny concluded that 
the cutting down of trees in tropical catchments decreases the 
infiltration capacity of the soil and results in ':dter, which formally 
flowed to the streams through the soil, tr~v21ing downslope as 
erosive overland flow. Thus, not only was the productive value of 
th; steep, unprotected cultivated land in the catchment's upper reaches 
impared, but streamflow further do .. -n in the catchment was diminished 
in vulume, ~as less reliable throughout the year, ~nd prone to flood 
during times uf peak ::ain~all. Furthermore, the dcceler:ltion of 
erosion speeded \1;-> the filling up of downstream reservoir", thus cur­
tailing their econumic life. A further impact of deforestation is the 
reduction of wilJlife hahitat, which in Kenya can be eco~omically 
significant dL;t' to the coun:ry's rclidnce on \,rildlife viel.Jing, for 
earning f Of'! ie;, exchange. 

Dr. On~\'cny'5 invcsti;;J.tion of the relationshirs over time bet\.,reec 
lalld usc, hydrologic cyclt:s, and l.:'.nJ productivity within c: major 
Kenyan watershed potentially could rrovide a \·J,sis for a methud of 
envirol~ent~l/econcmic analysis w~ich could be e~plnyed fairly ruuti~ely 
as decision-~3hers are confront~d witll land mana~~ment decisions in 
specific caLchment areas. 

Dcforcstatio~ Tr~nds in ~enva 
~------~------~~~~~-~ 

As discussed in the body of this Project Paper, fuelwood consumption 
appears alr~acy to exceec the regenp.rative cap3city of Kenya's forested 
areas, and rapid population growth will worsen this situation. 

Since recorded production from gazetted forests supplies only an 
estimated IJi, of total fuelHood dern3nc, it can be inferred that residual 
derndnd is being met by private Qoodlots, uncontrolled forests in high 
potential areas, and scrubland within the lower potential ~reas. In 
addition, evinence indicates that in fact significant tree-felling has 
been 0ccurillg illegally within gazetted forest areas and on other 
publicly managed lands. 

According to Kenya's Forest DcparLment ?olicy, most of the 
indigenous forest areas are managed purely for the conservation of 
soil and water, based on the understanding of the delicate biotic 
relations existing in nature. 2 However, visual inspection suggests 
substantial tree-felling both purely for fueluood (usually as feedstock 
to small, inefficient charcoal kilns) or as a result of land clearing for 
"squatter" settlements. 

IOnegweny, George S., Ph.D. Thesis 
2Kiilu, J.E.l. "Forestry Resource Management in Kenya." GOK/UNEPjUNDP 
Project on Environment and Development, April, 1980 

E-3 



In •• veral instances the removal of forest cover followed by 
uncontrolled grazing and cropping has already caused serious soil erosion 
problems, in both mountainous forest areas and the semi-arid slopes 
below such areas where spontaneous smallholder "squatter" settlement 3 
have resulted in wholesale cleari~g of large areas of natural forest. 

LOllCj-Term Inpact of Afforestation/Agroforestry Centers 

The Prcp'lsed network ot afforestation/agroforestry centers will 
comprise seed acquisition (both for the center's use and for use by 
other nurst:rit's or, where direct sowing is feasible, by fanners or 
cor.mtunity tree planting groups), an experimental nursery to detenninp. 
I·Iii,-!) spL'cies dnd v;:;riE:ties are most appropriate for the ecology of 
~1l0 regio:l, cl production llursery to produce seedlings of the most 
arprr?ri3te s~ecies and varieties, demonstr~tion plots for buth 
trclJiti0n~1 aftorescation and mixed tree-crop systems, and an extension 
group which uill both ~0rk with tree-planting groups in the region and 
a1'so wod'. with extension officers and farmers themselves to promote 
mi:.-cd tree-crop or lrce:-liv€stock systems (agroforestry). 

It is ir~t.:nded thJt these centers will both overcome important 
existin~ ob:'!.::J.:les to e::p3nded afforest2.tion -- n.:llllely, availability of 
seeds or s~eJlings of .1rpropriate species/varieties and access to exten­
sion advic~ regarding post-pt:Jnting maintenance -- and also demonstrate 
and prowelL integration of trees into agricultural 2nd livestock systems 
in .:ays which i;]lprOVe lon2-t<2rm 80il charact:~ristics, increase crop/ 
livestock productivity, and provide local self-sufficiency in wood for 
fu~l and etrler uses. 

I,Thil", til" centers are expected to have limited direct impact, it is 
inlended ttJt they provide a basis -- in tenJS of knowledge of appropriate 
species/vJrieties, appropriate Jgroforestry techniques, and alternative 
extension ~cthods -- for a greatly expanded national program. Such a 
program co~?1~~2nted by a major effort to promote more efficient fuelwood 
conversion and use, is necessary to avoid the extreme vegetative 
enviro~ent31 consequences of rapid deforestation. 

possible Short-Term I~?3cts 

Establishment of the centers conceivably could have limited short­
term impacts. Land-clearing necessary to establish the center r.ould 
cause local run-off and consequent soil erosion, water degradation, 
fugitive dust, noise, and other impacts. These impacts should be 
minimal in view of the snaIl area being cleared (15-20 hectares), the 
priority placed on expansion of existing nurseries rather than establish­
ment of centers from scratch, and the need to minimize such impacts in 
order to protect the seedlings to be grown. 
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The lecond possible negative impact is that some species tested will 
be inappropriate to the region and therefore have negative imracts on 
the ecology ot the area. For example, some heavy water consuming 
varieties of Eucalyptus planted in Machakos District have been known 
to dry up surrounding wells. It is the purpose of the species research 
to identify such i~pacts, reject ouch species/varieties, and publicize 
.u~ results throubhout the region. 

Other program conponents will have negligible direct environmental 
impacts and are intended to promote long-term ecological benefits. 

Planr,_i ~~~s tance: P L.lnning assis tance to the Mi nis try of Energy 
is int""J"J pr ii.i,ir ily to pr~';-Jote measures to use fuell.;ood ar.d petroleum­
based fuels mor~ efficiently, thus reducing the net;ative enviroillIlental 
impact:> of deforestation and Gl petroleum refining and combustion. 
IndiviJu:ll me..lSlJres auoptcd by the Govcrr_o:lent of Kenya -- for exanple, 
incell~ives to prc'C\ote dies,'li:.:3tion of rr:atatu and taxi fleets -­
concei·;..ll)ly couiJ entail l1L?::-Hive environmental inp.lcts. For this 
reason, long-ten: ex?erts pr()vided by CS,\lD should be experienced in 
assc:;<;ing the c,\iV irorr::lcr. till , as well as the socioeconomic, impacts of 
policy anj prosr~~ ~ltern..ltives. 

Extension A~sist3~re: Extension assistanCE !Jill be oriented largely 
tO~arJ orga~i~at~ons pro~otir.g afforestation, a~rotorestry, more efficient 
cookstovcs, and more efficient charcoal production oethods. All of 
theSe are :!::pected to have p0sitivc long-tetm iu.iiJ.cts on the ecology 
of the ref;ion in \o,'~ich t!iey are undertaken. 

Exte~sion assistance also will be provided to promote use of other 
appropriatE rene~able energy systems (for example, wind-powered water 
pumps) for specific applications where other forms of energy -- primarily 
diesel units -- ;:cre plJ.nned. Such substitution of renewable for non­
rene\oi.1ble is expected to mave a. positive cnvirof'_"'lIental impact. Ho·vever, 
the application itself -- for example, a borehole in an arid zone -
potentially could have serious negative impacts. The original decision 
regarGing e2ch specific application presumably already has been made 
and is tne responsibility not of the Hinistry of Energy of its experts/ 
consultants, but of some other Hinistry (e.g., f~r boreholes, the Water 
Development, Lands and Settlements,Agriculture, or Livestock Development) 
Nevertheless, the experts and consultants should feel Obligated both 
to recognize such potential negative environmental impacts and, in 
cases where such impacts could be serious, to encourage re-examination 
of the original deci$ion to proceed. 
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Energy Development Fund 

The Fund will provide small grants, on a co.t-sharing ba.is, for 
afforestation programs or for the development and dissemination of 
,pecific renewable energy systems. Some such systems conceivably could 
have a negative en'Jironmental impact. However, the low ceiling 
($10,000) for each project grant, the guidelines regarding technologies 
to~e preferred (s~31l-scale systems with low capital investment) 
and the demonstration nature of the projects funded make it unlikely 
that any project could have a substantial local impact. 

Non~f:l._~e~-, in order to receive EDF financing applicants will be 
requir~J to briefly discuss the environmental impact of their proposals. 
7bey should be assisted in this effort by ~~OE, and the project experts. 
1.11erc a gi':E:n technology conc..:ivably could have ar, ir.1portant negative 
t:r.vir0ru~~:lltill i"j .. llt is i.u the decision to go from demonstration to 
natioIlill cr regio;-Lll dissemination/extension. Thus, as part of its 
e~alu3tion of the outline Project, the evalu~tion contractor should revie~ 
the pot2ntial environ~ental i~pacts of those EDF-supported technologies 
which the Goverrun-llt of Kenya has selected or is considering selecting 
for broad diss~rninJtion. 
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IMP~ IDENTIFICAT!ON AND EVALUATION FORM 

Impact Areas and Sub-areas 

A. LAND USE 

1. Changin~ the character of the land through: 
a. Increasing the population .... . 
b. Extractir.g natural resources ... . 
c. Land clearing .... 
d. Ch3nging soil character .... 

2. Alterin0 natural defenses .... 

3. Foreclosing important uses .... 

4. Jeopardizing man or his_works ..•• 

5. Other fac~ors .... 

B. WATER QUALITY 

1. Physical state of water .... 

2. Chemical and biological states ••.• 

3. Ecological balance .... 

4. Other factors .... 

C. ATMOSPHERIC 

1. Air additives .... 

2. Air pollution .... 

J. Noise pollution ...• 

4. Other factors .... 

D. NATURAL RESOURCES 

1. Diversion, altered use of water •••• 

2. Irreversible, inefficient conunitments •••• 

3. Other factors •.•• 

Impact 
Identification 
and Evaluation 

N 
P 
L 
p 

p 

N 

N 

N 

L 

N 

p 

N 

N 

N 

N 

N 

p 

N 

N 



E. CULTURAL 

1. Altering physical syn~ols ...• 

2. Dilution of cultural traditions •••• 

3. Other factors .... 

F. SOCIOECONOMIC 

l. Changes in economic/employment patterns •••. 

2. Cr.~anges ~n population .... 

3. Cha.n<)cs in cultural patterns .... 

4. Otro'er factors .... 

G. HEALTH 

1 .. Chang~ng a natural envirionment .... 

2. £1 iminat ing an econsyst-em element ...• 

3. Other factors .... 

H. GENERAL 

l. International inpacts .... 

2. Controversial impacts .... 

3. Larger progrClm impacts .... 

4. Larger prog ~-arr, impacts .... 

5. Other factors .... 

1. OTHER POSSIBLE JMfACTS (not listed above} .... 

L 

N 

L 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N- No environr:lental impact 

M- t-bderate envirionmental impact 

u- Unknown environmental impact 

1.- Li ttl€! environmental impact 

1.i -High environmental impact 

p- Positive environmental impact 
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1. Project Descriotian: 

The Renewable E~ergy Developoent Project provides assistance to 
the Ministry of Energy (~O[), and to a lesser e~tent to the Ministry 
of [n',iror.::lent and ~a tional Resources, to permit those bodies to 
address nOT@ effectively Guestions of energy policY and development 
and OIpplication of rene .... al and non-convel':tional e.nergy sources for 
rura.l areas of l:cnya. Project ele!Ilents include: 

(i) Initial planninz 3n~ surveys; 

(ii) Institutional development and training; 

(iii) Applied resear:h and de~onstration of renewable,energy 
sources such as village/household level r~forestation and agrofores­
try; ~ood and ch3r~oal stoves; charccal kilns; biomds~; solar energy 
devices for h~ating and crop drying; water pUl:l?1ng systems; food 
processing systc~s and s~all-scale electricity for clinics, school 
and other rural ~el'lices i and 

'iv) Monitoring ~nd Evaluation. 

II. Idcntific~tjon of Inpacts: 

ElemEnts (i) and (ii) of the project, whi~h include training and 
technic,]l assi:;tance in developing GOi~s capability to fonculate energy 
planning and rol:cy, prio.-.rily for rural areas, do not raise environ­
mental issues. 

This ncgntive detercination applies only to laboratory develop­
ment of renc~,"Jbll! enerf,y C:cvices. If it is dcter.:Jined th.1t any device 
is ~uitable for replicaticn 2~d village level testing, the possible 
enviro~ental effect of such devices will he carefully assessed a:ld no 
devic~s ~ill be tested in villages unless such assess~ents are positive. 
Durin!,; the testir,g phase of such devices, the environt:lcntal eff ec ts 
caused by the devices £hall be. closely monitcred and docUlUented. This 
information will be used to determine the aciviseability of widespread 
replication. If adverse ,effects are detected during the monitoring 
phase, measur.es to mitigate such effects will be developed as a part 
of the t~stin£ procedure. Under no c~rcumstances uill hydropower sub­
projects be developed in advance of an cnvironoental assesst:!cn,t. 

III. r-eco~e~d2tion: 

For the above reasons. a negative determination is recommended. 



ANNEX F~ 

CO~ AND NON-GOVERNMENTAL ORGANIZATIONS 

WITH PRESENT OR POTENTIAL PROJECT-RELATED PROGRAMS 

Ministry of Energy 

The Ministry of Energy was created by Presidential Circular No. 1/80 
(8 January, 1980) 'iolith the following function~ "Energy Policy and Development 
Electric Power Development, Oil and Other Fossil Fuels, 2.nd Explo-J:ation and 
Exploitati:m of Non-Conventional Energy Sources-tHnd, Biogas, Solar, Geothermal 
l-loodfuel etc." T'.1e Ministry has an authorized 1980/81 Budget personnel ceiling 
of 146, but the total staff on board as of August, 1980 was below leO. 

The :!inistry is ~ntirely a 
a~ the District level or below. 
field exten~ion support. 

headquarters organization, with n0 staff 
It thus must draw upon other Ministries for 

HOE is organized into four divisions--Policy, Monitoring, and Planning: 
Technical; Administr~tion; and Kesearch and Development. The R&D Di\'ision . 
ex~s~~ on papet only, as a home for a contemplated quasi-independent Energy 
Technolo~y Institut2. The other three divisions, which are staffed to v3.rying 
degrees, all iiill be involved in this ,.,roject: The Energy Development Fund 
has been assi.f~ned tv the Administrative Division; the long-term Energy Plan­
ning and Conservation Expert and related consultants are to work under the 
Policy, }!onit.oring and Planlling Division; and the other long-term experts 
and consultants will be housed in the Charcoal/Firewood Section or Non­
Conventi~nal Energy S~ction of the Technical Division. 

Ministry of Environment and N:ltural Resources 

Fores !; Depar tC1eL t. 

The Forest Department is responsible for management of the GOK's 
gazetted forests (roughly 1.7 million hectares) including both indigenous 
forests a~d ro~ghly 130,000 of industrial plantations. The Forest 
Department also op~races the Rural Afforestation Extension Scheme (RAES) 
started i.n 1977, which includes one extension officer and at least one 
nursery pc.:" di~t!"~ct. 

The Department has a professional and paraprofessional staff of roughly 
l80'J--ir.cludir.g forestry graduates, intermediate staff (foresters and 
senior foresters), rangers, forest guards, and others--and an authorized 
labor force of around 10,000 persons. 

Df!partmeut staff receives most of its tral.nlng at Forestry Training 
Collegl! at Londiani. In addi tion, while most graduate foresters were 
educated outside Kenya, the Department is beginning to recruit graduates from 
the re.cently-form~d University of Nairobi Forestry Program. 
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The For.,t Deparement haa been criticized for concentrating too 
much relearch and operational effort on highland species for production 
of law timber and pulpwood. The RAES i. the Department response to 
luch critcism. While the RAES is too new to be evaluated fairly its 
field officers ~ppear to be trying to est4blish an effective program, 
but facing serious budget co,straints, shortages of apprupriate seeds 
and other problems. 

'This project potentially will involve most operations of the 
Forest Department including RAES (rural afforEStation nurseries and 
extension and possibly improved charcoal production methods), conservators 
of gazetterl forests (woodfuel management and improved charcoal production), 
the Conservator of Reasearch (as the logical coordinator and clearing­
house for species research results), and the Forestry College (extension 
training). The good-will and cooperation of the Department thus is 
important to the success of the project. 

National Environme~Lal Secretariat 

This organization is responsible for advising all governemnt ministries 
on the role of environ~ent~l resourc~in Kenya's development. It plays a 
coordinating role for non-governmental organization tree-planting 
activities. The Secretariat has recently stressed the concept of 
"integrated" devclol.:,,,cnt pbnning particularly in the arid !.\nd semi-arid 
lands of Kenya. The >!3.tional Llnd Use Co:mnision is part of the NES. 

Ministry of Agriculture 

A number of the programs of the ~inistry of Agriculture are directly 
related to the project. including soil conservation, home economics, 
and small-sr:ale irriGation. In addition many of its training and research 
activities could be modified to incorporate renewable energy-related 
co~ponents, such as Egerton College, the Agricultural Institutes, 
farmer training centers, and agricultural research stations. A few of 
these programs are discussed below: 

Land Development Division-Soil and Hater Conservation Services 
Board (Si.JL:SB) 

The SWCSB h~s been working on tree resource applications to soil 
resource conservation. Simple handbooks and training manuals have been 
produced for the small farmer to help conserve soils particularly on 
steep slopes. Approximately twenty-five nurseries have been established 
to provide seedlings for on-farm utility. Pine, Eucalyptus and 
occasionally Acacia are the sp~cies normally propagated. Results of 
conservation extension information vary depending upon socio-economic 
factors within each district. Exceptionally well-managed small and large 
farms can be seen throughout the country. There has been some limited 
coordination bet,,,een activities of the S~~CSB and the Forest Department. 
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It is tlsential that the project draw on the expe~ience of the 
SWCSB .nd work through its already existing nurseries to the extent 
possible. 

Land Development Division-Small-Scale Irrigation Uni.~. 

The Unit is experimenting with renewable energy water pWlPing 
technologies in small irrigation schemes. 

Agriculture Ehtenzion Service 

MOA had over 10,000 extension agents at the District Division, and 
Location levels. These offi~ers either have a three-year diploma from 
Egerton College or a two-year certificate from Embu or Bukura Agricultural 
Institutes 

Home Eco~omics and Youth qervices Branch* 

This section was initiated in 1963. Its focus is broad including 
agriculture, nutrition, income-gener~ting activities, labor-saving tech­
nologies 3and dCl:1estic skills. Begil"'ing in 1958 women were admi.tted 
to the Kenya ~gricultural training instit~=Qs, including the three-year 
diplo~a coursp at Egerton and two-year certificQ~e level courses at 
Elabu anc Bukur;]. 11):;ricul tur.:ll Institutes. The curriculum of home 
ecollomics training is devoted 607, to agriculture and 40% to home economics. 
Home economists ill [enya number approximately 325 includin& teaching 
manaEement and con::act staff (total :·;0.\ contact !'taff number over 
10,000). Those ~t tile District Divisional levels receive training at 
EgerrJn or Agricultur;].l Institute. A number of those bclow the division 
level receive only a few weeks of formal training. The Hcm~ Economics 
staff work~ with Farmer Training Centers, rural women's groups and 
individu;].l rural families, but group approaches have been found to be 
most effective, due to resource and staff s~arcities. 

In addition to limited training in alternative cooking technologies, 
at Egerton and the Agricultural Institutes, some home economics officers 
have visited t~e Karen Village Technology Unit. O~ce they are placed 
in the field, how~ver, they have limited acces~ LO technical assistance, 
materials (and transprotation) to carry out _his activity. 

Miss Wagcma, the Bra:lch Head ,would like to establish small demonstra­
tion cooking tcchnology demonstration units in each of the Farmer 
Training Centers, as well as at the various Agricultural Shows. She 
may be receiving some assistance in this effort from the German aid 
agency. 

In addition,the U.S. Peace Corps, USAID and HOA have begun a five­
year, $175,000 project to enhance the quantity and quality of rural 
extension services availabl~ to women. The project is providing 21 
PCV-Kenya counterpart teams with their own transportation, in-service 
training, technical materials, and technical assistance in monitoring 

'" This information \-las largely obtained from "Rural Women's Extensi:m 
Service", an AID Sub-project (689-0388.13) 
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aDd evaluation. 

Bome Economics officer.s could playa central role in owner-built 
mud {clay} stove development and dissemination if they had more 
training and technical assistance. 

Ministry of Economic Planning and Development 

F'unctions of this Ministry include national development planning, 
assistance to rural planning efforts, and the Central Bureau of 
Statistics. The Rural Planning Section of the MEPD is working to decentra­
lize development planning through the training of district development 
teams, assisting in the formulation of cistrict development plans and 
finan~ing of local projects through the Rural Development Fund. The Fund 
represents about 17. of the total national budget. District Development 
Officers have been given t:le "Authority to Incur Expenditures" 
Fundin~ applications are revi~wed by the District Development 
Committee~ before final approval by the MEPD. 

The Central Bureauof Stat1stics undertakes all statistical work 
for the government including data collection and storage nnalysis and 
interpretwtion. As part of its Integrated Rural Survey, CBS is working 
on a household energy consumption survey. 

The ~~PD could play an important role in the project by coordinating 
energy conservation planning and data gathering and helping to involve 
district level plannir.g personnel in the project. 

The National Council on Science and Technology 

The NCST is responsible for the development of scie~ce and tech­
nology for Kenya. It approves and coordinates all public sector research 
activities and operates a small research fund. 

Hinistry of Livestock Development 

This recently created Hinistry is responsible for animal industry, 
production and marketing, range development and management, etc. UOE 
should work closely with MLD to promote the incorporaticn of combin:d 
fuelwond/fodder trees in livestock programs in the arid and semi-arid 
zones. 

Ministry of Culture and Social Services 

Women's Division 

The Women's Division was created in 1975 to incregse awareness and 
disseminate information on the positio~ and needs of women. Other 
activities include, training, data collection and support to women's 
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&rOUp' through community development office~.. In addition to it. 
hAndicrafts and small business projects, the Division initiated an 
appropriate technology project in 1977. Over 30 community development 
officers were trained at the Karen VTU. They have discussed the technol­
ogies with women's groups and 35 groups have asked for technologies to 
try out. The materials are now being ordered. 

The Division has also established a technical advisory committee 
c~mposed of representatives from several government ministries dnd 
nJn-governmental organizations. It receives support from a number of 
foreign donors inc luding UNICEF, DA~ IDA and NORAD. 

The Division could also playa role in mud/clay stove development 
and disspmination through Community Development Officers and Assistants. 

Community Development Division 

Co~unity Development Division programs include assistance to 
Hdrmabee self-help projects, family life training centers (primarily nu-
trition education), craft development, women's programs and family 

planning activitiQs. It has a large field staff consisting of District 
level Cormllunity Development Officers, which are tril~_ned at Kenya 
Institute of Administration, and Cormnunity Development Assistants which 
are errployeJ by the District Developn:ent Cormnunitces and gcner.:llly re-
celve limited in-service training. This Division could potentially 

be involved in co~~unity tree-plap.ting activities and cookstove intro­
duction. 

Ministry of Labor 

Karen Village Technology Unit 

The VTU IJas created in 1976 by UNICEF and the Ministry o~ Housing 
and Social Services (sinc~ reorganized) to provide a focal point for the 
development and dp-TIlonstration of appropriate technologies to promote 
better femily nutrition. It was placed in Karen, so that the village 
polytechnic instructors and staff (trained at the Karen Center for Research 
and Training) could benefit from it. 

The VTU is now receiving several thousand Vlsltors annually, primar­
ily tE:a·:hers, students, people from non-governmental development 
organizations and government ministries. The VTu provides training 
courses for VP instructors, and other groups requesting training. The 
courses and workshops are often on-site. Several similar, but smaller 
technology units have been established at the Bukura and Embu Institutes 
of Agriculture, the Nakuru Agricultural Showground the Ahero Family Life , 
Training Center and by the Development Coordinator of the Diocese of 
Kitui. 
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The technologies have received limited acceptance by the staffs own 
admi •• inn. One reason is that people trained there do not have the seed 
money to get started. The VTU would like to become involve1 in extension but 
ba. limited funding and staff. Another constraint is that the VTU and the 
Village Polytechnics were r£cently transferred from the Ministry of Social 
Services to the Ministry of Labor and it is uncertain if their functions will 
be modified and whether they will remain under this Ministry. 

TRAINI~G I~STITUTI~NS 

The net~ork of trainin~ institutions in Kenya is extensive and complex. 
There are ov~r 2000 government and non-go~ernment institutions, more than 2eO 
of which arc operated by the government to train its civil servants, teachers 
extension workers, and field technicians. University education includes the 
University of Nairobi and Kenyatta University Colle6e. There are also several 
teachers colleges. In-service training is provided by the various Ministries 
and. alsu at thE! t.faseno and Mombasa Government Training Institutes and 
the Kenya Institute of Administration. Pre-service training for different 
field~ is as follows: 

Agri'~l!iture Training Institutions i. clucle the University of Nairobi, 
Faculty of Agriculture I.hich has B.Sc. and some MSc. programs, Egerton 
College I.hieh gives a three-year diploma and the Embu :i1d Eukura Agri­
r,ltural Institutes giving two-year certificates. Graduates of these 
in~titutes generally serve as the extension and home economics officers 
at the lucation level, graduates of Egerton serle at the in-supervisory 
positions at the Divisional level and university gtaduates serve at the 
District lev~l and above. In addition, there,are: 

:~:.:.lt)-t Ut: Fd["{:Jer lrailli:'b Ce:ILec!; in the major agricultural districts 
off,;-rlng O<1e-'~'eek courses to faIT.1ers in a variety o~ agriculture-related 
subJe~ts. The Centers have dormituries, teaching facilities and often small 
test ta::-;ns. They charge a small f~e for the courses, thus it is generally the 
aboveaverage farner who has the time and money to attend the courses . 

. Fo~est~y. Training Institutes ip-clude the Forestry Training School at 
Lnndlanl whlcn offers programs for foresters, forest assic~ants 
and forest guards and the University of Nairobi, Department of forestry, 
the D~partment graduated its first clas~ of ei~ht in 1979, all of which are 
now pmployed by the Forest Department. Another 15 wi1 1 graduate this 
yea!,~ 

Harambee Institutes of Tp.chnology institutes rrovide locational training 
for.seco~dary s~ho~l levels in mechanical, electricsl, and agricultural 
engl~eerlng, bUlldlng trades, food processing, irri 6ation, and bU3iness 
studles. Fifteen have ~een proposed and 12 are opeT.ationa~. Many of them are 
well-funded and well-equipped. 
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Village Polytechnics wer~ e~ablished in 1966 to provide technical 
training to Form 1-4 levels to enable them to become self-empl~yed in 
their own areas. Courses include masonry. carpentry. metal working, etc. 
The courses inrlude some classroom activities, but primarily involve 
"on the job"training. Tailoring and home economics training are offered 
bllt the roaterials and classroom space devoted to these activities is limited. 
The nu~ber of femalestudents appears to be considerably less than male 
students. The government is now assisting over 200 Vp's ~hile volu" 'ry 
agencies and local government are assisting another 150. They are ,n by 
local managl.'f'lcnt cnmmittces and staffed by instTuctorslo/ho are train. at the 
Center for Re~l.'arch and Training (CRT) in Karen. Many Vp's are cOI.strained 
ty a lack of funds for marerials. 

Non-Government Org3nizations 

Nation31 Christian Council of Ke~ya (~CCK) 

NCCK is ~in umbrella organization for about 40 churches/organizations. 
It serves as 3 conduit between the churches and international funding 
agencies. As \oI2l1 as provides technicCll, manat;E:rial, plarming and tra:ning 
projects and services of its 0 .... '11. It employs over i.00 people many outside of 
~2irobi, and has an annual budget of cpproxirn3tely 22 million Shillings. 
t:C:CK projects with rclc" .. nce to rf'r.n!3\.)le energy use include affore~~tation, 
cr.ttat;e industries (inrltlding bakeries, and charcoal and firewood selling) 
ur~an cO:i1::!uni ty i~lprC'\"(~!, .. ':[1::, adu 1 t educat ion, vi IlC',ge polyte.:hnics, 
rurcl trainit:g centers, inproved anilral po\ver 2nd small·-holder irrigation 
sclwmes. 

NCCK's tree seed distribution program was started in 1977, to spread seeds 
and knowledge of trees useful for dry areas. Assistance was provided to 

organizations such as church groups, Village pbtytechnics and other rural 
development projects and a seed bank was established. ~CCK estimated in 1979 
that over 50,000 trees were g:owing in dry areas as a result of the 
project, and that demand for seeds continued to grow. 

NCCK appeJrs to have good extension cap.1bilities and could potentially 
play an important role in mayor all of the project's components. 

The YWCA has a merrtbership of 3000 and 4 major branches in Kenya, Meru. 
110mbasa, Kisumu and Nairobi. Its activities incl~de providing courses to 
and assist ing Homen's groups in raising money, running youth hostels for income 
generation, and serving as a com:nunity center for a number of different 
activities. In April, the Nairobi YMCA hosted an appropriate techLJlogy 
workshop for all African Y's, which included a trip to the Karen VTU. 
The Kenya Y is selecti~g technologies from the VTU and areas for demonstration 
with training provided by the VTU. The YMCA has a national staff of 5, 
a Nairobi Branch Staff of around and small staffs, (primarily volunteer) 
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at the other branches. H ~y work closely with gbvernment mln15triea, such 
as the Ministry of Culture and Social Services, in implementing projects. 

In those areas where it has strong branches, the Y could b~come involved 
in both wood and charcoal stove development, dissemination and training. 

National Council of Women of Kenya (NCWK) 

NCWK was formed in 1964 as a co-ordinating body for women's organizations 
of which there are 41 affiliated and associate member groups. The Council 
serves ~s an infor~ation dissemination source on women's issues, assist: 
members in obtaining funding for their projects, and 
has some d~\'elopment projects of its own. Its two most notable programs 
are com:"7'\lnity water supply (in cooperation with maCCF, CARE, eLt.) and 
"Save the L.:nd HaramDl'e" tree planting on public lands. NC~.[l( has a very 
small, prim3rily volunteer, staff in Nairobi. It works through Government 
min~stries at all levels in impl2ffienting its projects. With additional 
assistJnce the ~;C\,'K could expand its tree-planting and public: education 
activities. 

Maendaleo Ya Wanawake 

This is a natianal women's organization formed in the early 1950's 
with a m~mbership of 100,000 individual and group members. It is working 
to build up its field staff and now has 18 representatives at the Provincial 
level 2nd one representative in each District(voluntary). Its development 
projects include a meternal and child health program covering four 
provinces in cooperation with Pathfinder (financed by Federation of Women's 
Institutl's of Canada ($33,000 last 2-3 years); and a training prog~am consis­
ting of the training of womer. trainers (voluntary) in nutrition, and 
economIC self-reliance and income generation. 

The group works through Government mInIstries in implementing its 
projects. Hm,rever, it believ25 it could run its own projects if it had 
the funding to hire some staff. 

If Haendaleo builds up its extension capabilities. it could playa 
potential role In community water and stove projects. 

Salvation Army a~d other Church Organizations 

The Salvation Army has over 200 churches in Kenya and officers at the 
national district divisional and church level. Its churches sponsor a number 
of activities such as education, women's and youth activities. In addition, 
they sponsor rural development projects including support to Village 
Polytechnics, and 4 Kcluhs. The organization believes its strong point is 
its ability to reach large numbersof people through church activities. 

It could play a role in wood and charcoal stove promotion, particularly 
through women's groups and village polytechnics and possibly initiate tree 
planting activities through 4-K clubs. 
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Numerous churches are active in Kenya and seem to be divided 
aeo&raphically with the M~thodist church strong in Meru, the Catholic 
church in Embu and Meru, the Quaker meeting in the West, the Anglican 
Church (C.P.K.) in Embu and the West. 

Churches play an important role 
educational programs, church upkeep, 
involving women's groups and youths. 
clinics and schools. 

in bringing people together for 
social and other group activities 
Many of the churches run hospitals, 

In addition, some church organizations finance and manage development 
projects. The C.P.K, for example, placed a Development Secretary in Embu 
District last year. He acts as a conduit between donor funding and local 
development projects such as a maternal and child health program. Many 
other churches also have Field Development Coordinators. 

Because of their ability to reach even the poorest people, the chuyches 
should be encuuraged to participate in both operational and educational 
aspects of th~ project. 

CARE 

CARE is cngilb2d in long-term corr.::lunity development program in cooperation 
with the t-linistry (Jf Culture and Social Services to assist rural com..':lunities con-

s tructir~ ·'d."ic [.]cilities necessary fvr developm2nt. It: is also engaged in 
a long-term \·'.1ter develcpment program in cooperation Iviti) Hiilistries of \.;rater 
Devell'pment .1;-:rJ Social Services. From 1975 - 1977 they assisted 49 rural 
comnunities ;,ith oaterials for self-help water projects .(pertial USAID 
financing). During 1973,43 other projects w~rE: initiated. CARE's major 
rvle is to ;:.ct as a condui~ bet .... 'cen the comr.,unily and the ~LVD. Its engineer 
and prO~rill7l coordinator inspect e2.ch request before funding and sometimes 
sc~etlw~S provide additional supervision of construction of system. 

CARE coule become involved in promoting and demonstrating community 
water pumping systems. 

The PeJ,f e Cor~ 

The Peace Corps has been active in V~nya for many years. At present 
there are apprcximately 250 volunt .. ~ers throughout the country involved 
in a variety of activities including rural wo~en's extension, agriculture 
extension, water development and teaching. According to tlle Peace Corps 
Mission Director,many volunteers would be interested in helping to 
establish rural nurseries and assisting in extending technical information 
on tree uses and their potential to rural farms and communities. 

A number of volunteers have submitted proposals to the AID Improved 
Rural Technology Project to obtain funding for such projects as sroall­
scale water pumping for irrigation and community water using windmills and 
hand -pump s. 
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'eace Corps volunteers could play an important role in lev.ral aapecta 
of the project, however, it il important that the Y work within an exiltina 
organization so as to institutionalize their activities. 

Freedom From Hunger 

Sb:ilar to CARE, it has projects in nu t rition, education, tree planting, 
village polytechnics, youth development, and crafts. 

TechnoSl'rve 

Provides technical services to local enterprises through ma:lagement 
assistance and training, transfer of technology and assistance Ln locating 
capiral f\lll~~;. Projects in Kenya generally involve assist,:lncf" to coopera­
tive credit :ll',J s3vings org;:mizations, e.g. Harambee Coopera'_ive Saving,; 
ancl Credit :C:ociety, Drul',jvalC! F,nme!'s Cooperative Society Lr.d. Hore research should 
be done on Technoservices' interests amd capabilities before Rolicitin! 
ti1,"ir involvenent in the project. 

Partncr~hip f0r Productivity 

PfP is a private voluntary organization whose main purpose is to improve 
a11d cxpan,l rUL1] small-scale Kenytli1 o\o,Tled ann lllanaged businesses and 
manufJcturinp enterprises. This is d0ne through two prototype projects: 
0) The F,ur<~1 Cnterprise Extl'nsion S..:rvice provides "cr.-site" visiting 
of a wide variety of rural enterprises as a supplement to cl~ssroorn training; 
(2) the RUI'.11 :'Iarket LO.l[1 Sche:ne is a credit sch~rne to provide smrJll enterpreneurs, 
\"ho IA'ould n"L"tL2rwisc C"J,:llify for a commerci,11 lo.:l~, experience in receiv-
in~, utili~in:; ,:md repaying bOrTO'.·:cd money. '(They have staff of extension 
workers and consultants in Kenya.) 

PFP has a US.\ID OJ'crational Prcgram Grant 1·!hich may be extended. It 
h.:ls propcspd .1 women in development project to AIL, consisting of hiring 
a cadre of \o,'o;:'en consu1 rants and extension l.iOrkers, \.jorking with women 
entrepreneurs.assistin~ ~omen's groups to lobby with GOK ministries 
and parastatdls, etc. 

Institute for Cultuc~l Affairs 

ICA is J nrultinational, private voluntary organization with a st~ff of 
approximately 20 "i~ternationals" and 200 Keny<'ns (many voluntary) 
in Kpnya. Its major activity is to stimulate village development through 
a pr0cess of "village animation" where by a village meeting is held and a few 
villagers are selected to be trained at the IC~ Human Development 
Training Institute. Training covers such areas as identifying human 
needs, urilizing local resources, government services and appropriate 
technology in resolving problems and working communally. The trained 
people are then sent to a village to work with the villagers in identifying 
and undertaking development projects. They have done this in ten villages, and 
a re now expand ing to abou t 5 others and hope to increase the number each 
year. 
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!nternational ~ouncilfor Research on Agroforestry 

ICRAF is an autonomous, non-profit international institute with t!qual 
representation from the developing and developed world which was established 
in 1978. Its objective is to improve the nutritional, '.!conomic and social 
well-being of people in developing countries through the promotion of 
agroforestry systeQS. It has sponsored a number of seminars, and workshops 
Of. agroforestry, responded to requests for information, developed a 35-hour 
lecture outline for a general undergraduate course in agroforestry and 
prepared project proposals In 7 countries, including one in cooperation with 
the University of ~airobi. 

ICPAF could potentially become involved in curriculum development, 
training and other aspects of the agroforestry component. 

Baohab Farms Limited 

This private org.1r.ilat~on is res~onsible for land re clamation activities 
associated ' .. :ith the Ilamburi Ccr-lent Company in Hombasa. The linestone 
mining prucess leaves a landscare composed entirely of steril (corral) 
rock fraL':.l;entJ. l~sinb ecological principlcs and innovative management 
techniques, B':lObab Far.ls ha\·C' reproduced a land scare more productive than 
surrounding degraded pastures. 

Han; I ig'.l:ninGu.; tree species and olner tree varieties have been tested 
ano intrcL~~Jced to their reforestation programs. Baobab Farms cocld be 
contracted to supply seeds of selected tree species, particularly the arid 
amI semi-arid varielies for Governmental and pon-govL~rnmcntal organizations 
rcco:nmerded for ill';olvcment iii this prograr.:. Train:ng programs in tree 
selection, nursery practices and e ~ablislunent should also be considered 
in addition to seed productio~. 

Aprovecho Instit~te 

The Aprovecho Institute has extensive experience in West Africa, Latin 
America and '.sia ill cookstove developm,~nt programs. Aprovecho has an 
excellel"_ record of cooperating with lo~al government agencies, private 
voluntdry organizations and rural people themselves, in the participatory 
stove design and construction process. ~n organization of this nature could 
train Peace Corps volunteers prior to or during their tenure in Kenya, 
field workers in co:rununity orgo.nizations such as the NCCK, Home Economic 
officers and other potential stove building trainers. 

Intermediate Technology De'/elopment Group 

ITDG has submitted a cookstove research and development proposal to 
the Karen Village Technology Unit. They are seeking to develop working 
relationship with a Kenyan collaborating organization willing to commit 
at least two counterparts and a physical design and testing facility, 
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ITDC'I proposal includes survey, communication, testing and outreach c~ponents. 
['he cOlt of this progr.v.: would be prim;uily for two Kenya staff members, 
test equipment ~nd r::avel.tng and material cost during survey field test-
ing and extens Lon phases. ITDG's technical assistance t.o the programs 
~ouid also be substantial. 
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[Ic,rc 'I. i-i~/,~::·'.,\);.~: 

J i I ,. \,1 l·I."~ ~ l : __ i~·~:J.-_\'l :,tl~ 1\ i.. i 'f 

Narrative Summary Ob1ectively v(.'rifiaiole inJic:.,r".-" ll-..,cns of Vd·.ill~:1t ..• nl :'-' ''-'Cl.d t .• ~~ll"'!'~lvn~ 
t~~~~~~----------~~--~--------------'~----------~I---~~~ 

A. Coal leve 1 I 

B. 

Reduced advarse impact of fossil 1. Reduced dependency on l:Cf.'Grt(.'.! ~\!r\'ey:;. import 11. Energy ,'(;.l·:C'l·V~' ~,", .. nJ ",n('r.y 
fuel imports on Kenya's balance ot fuels for industry ~nd trans- st~cistics pru~:~~s to CY.~lotl rrncwabl& 
pa)'l'lents and progress toward portation. I ":1Lq;y :', "uur::( 5 art! .a hl&h 
.chi~vement of • balauce in wood . GJK priority tr~t pr~v~11~ 

f 1 I d d d 2 U 1 1 J 1 
~ ?ollcy docu~cnt. h ue .upp y an elllan. • n v"rs.:l "'? oy:!.iC~.r 0: rctr01cCl:C. t rou,;h.;;ut &o".,rr.r::,,:;t pro.r._. 

fu~l c0nscrv~[io(1 m2~~ur~s 1n ttle ob~~rV~[l~n. ~~~-

Purpose level 
~establish a capability in the MOE 
to fOrlllu13te policy and to plan, 
oversee illlplementation of, provide 
technical assistance on, monitor 
and evaluate renewable er.ergy pro­
arama and ener&1 conservation 
measures in all .ectors of the 
.conOllY. 

modern sector and \.Iood and ch:Hcoal v«ys 
conservation .:Irnong the rural and 
urb.:ln paor. 

J. Increased woodEuel produclion. 

4. Incre.:ls~d use of renew.:lbl" energy. 

1. 

2. 

3. 

4. 

5. 

6. 

Identification and impl~ru~ntJ[ion. 

of measures to ir.lprov" tl.e l!ffi­
clency of Ude of pccrolcl!m 2nd \.Iood 
fuels. 
HOE providing energy expcrtibc to 
support other govt. nnd privil[c 
~ntities. 

NOE providing nL:rsery/"xtf'n~ior, C~1l 
ters as ar,l!r.ts for tl!ci:nolc;:;y tr:lns 
fer on .:Iffor.:stntioll, for,,~t l'l.lll:!g(' 

Clent and .:rgroforcstry le;::i1ni"uI!s 
apprupriate to e:lch .:co]o£icnl ~ane. 
Effective usc of Encr~y Development 
F"nJ to promutl: r;ew iJ" ... s, er;h,ln~c 

existint; t~chnollJgil:s ,lOJ to in,;tl­
tution:llize energy savin:.; anti rcn.:;w 
able resource tech.in Kenya. 
Capability in systemntically eval­
uating energy technologies and 
extension QethcJs to ensure that 
lesso~~ l~arncd .:Ire intcgr2ted into 
new and existing prog~~s. 
Fonuulation arid establ1sho:::ent of 
national energy policy. 

Survey, R"t:1ote 
~enSi:1b' ground 
checks 

:;"rvey,site visit" 

Policy docu~cnts 

OL~~rv~tion. inter­
rr.i:lisc"rl.:ll 
Ct.'n::-: itt cc 
~bSc~dtion, ann~al 

r<;ports 

l\n~.lJal reports. 
.~o~itorin~. site 
visits 

monitoring snd eval­
u~tlon pl.:ln forc­
ulated, HOE staff 
tr ... in~d 

Policy documi!nts 

1.The co~ is a5lc tu succe5~fully 
rr."r,;h.:lll tll" c(.:lp('r .. t ion .,nd 
collJbor~tlJn cf various ~!n­
istries, par~statal and priVAte 
entities to effectively implc~ent 
its ~n~rgy policies and pro&rao •• 



.Arrati~e summary bjectively verifiable indicators ~!e;)ns of vcroifical::i , 

o. o.·tput level 

1. \~ trai.led energy planning, 1. Training courses attendf:d. ~nspec, ce",f,c."s 
conservation and renewable eners 
litaff for HOE 

2. Up: to 6 nursery/extension cen­
ters established in conjunction 
with existing nurseries. 

3. Info_ and technologies in 
Afforestation, forest manage­
lleDt and sgroforestry disso=ol-
ina ted. :.~, 

4. COIIpleted energy consu:nptior .' 
production surveys in industry, 
transport;tion, households. 

~. Analyses of energy re~our~es, 
pricing, marketing, distribution 
cOlllplet~d. 

6. ~n·.expanJed renewable energy 
curriculum in Kenyan training 
inst1tutions, trained faculty 
Assigned thereto, teaching 
.atcrials printed. 

2. Centers established. 

3. Trees planted 

He visit 

nformal field sur­
Jey, recot!ds of 
urseries. 

4. Survp.ys compl~t~d and analyzed. road "pom 

[<ad =.1,.., 
training2~e materials, 

5. Analyses ccmFlet~d. 

6. Curriculum mac~riJls prin~~d, 
cours~s held, ceachers ~~sign~d. 

7. Established Energy Data Bank 
Libr.ny. 

and 7. Y~-ili[ie5 ~5t~blish~d. 1.'1 sit 
I [l:~ i!1~.:i. 

•• D~mnnstration actlviti~6 in: 
I 

d. T~~~~ pl.l~t~j. i~provL~ cLcl:i~3 ~~vic'·:jJ~!onitorinz ~cd 

-aglofores.try 
-woodlot lllanagement 
-i~proved LookinG d~viccs 
-improved charcoal pr~Ju~tion 
t~chnl'lu~!l 

-other renewable energy tech. 

10. 

9. Evaluations of the eff~ctive~ess 9. 
of IIIH10us techllol(1~y J.:monstra­
tlons anJ e),[cn!>iun ,.. . .;thoJs. 
C:.tabli.;heJ En~q;y ll~lI,dui'P:":1t 10. 
Fund to :ouppurt prof;rars ;'led 
d~&on'tr~ti0n' listed u~ull". 

ch::.rcu.1l proaJction tr.~chojs, :.IOd othet' "v<ll~.Jtion, site 
technologie~ being us~d. visits. 

1 

EV3luation r~ports, p~ocess 

tion, ~nnu31 r~ports. 

documenta-I 

Ch .. Jrt.::.r 
c .... .!.\lt:.~. 

L'.ln::J~2[~d, ~~. ?lic~ti.:;,n~ 

l~~n~ 3n~ g~:nts c~d~. 

r.::-

Read r"ports 

11. F ••• 1b1Iity study on metal cook­
stov.s :~r urban use. 

1. StuJy co~plet~d. 

:i:n"p(.!cc ch"rtcr, 
.J~,?lic.::::: :orl::i, 
lu...!::/Sl."~·~;:!t p.:.p.:!rs. 
~._.:ld ~t:.Jdy 

u. Coapleted iatoraal survi!y of;,:; 
lOCAl nurs.ry .Dd tree planting 
.. cU .. 1U ••• 

2. R"port produced. Read r<::port. 

I::opo-l;m C :lssurnptions 

1. MOE is fully staffed and 
op.:!rational within 12 :nontb. 
of ~pprovhl of project. 

2. U.S. contracc ~crsonnc1 on 
board by June 1981. 

3. Contract a~rangereents made 
with other Ministries by 
Augus t: 1981. 

4. O~ganizations and groups 
a?ply for Ener~y Deve10pcen 
Funding. 
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c. Output level (continued) 

13. Completed informal survey of 
cookstoves use and cooking 
methods, jiko and pottery makers. 
and infor=l ~~'trcoal producdon. 

14. Completed informal survey of 
operation and maintenance 
experience with windpUQps and 
hydraulic rams. 

IS. Developed material for and 
conducted workshops on the 
various technologies. 

16. Other informational material 
developed. 

D. Input level 
1. Technical assistance 

a. Energy planner/project rean­
aser (3 years) 

b. Forestry/extension expert 
(3 yea.·s) 

c. ASro~orestry expcrt (3 yrs.) 
d. Wood/charcoal expert (16 rr.o.) 
e. Renewable e~cr~y Willer ~Jrup­

ing exper t (18 Ill.:>.) 

f. Short term consultants: 
-implaentation planning for 

fuelaood/agroforestry centers 
-Enerl!Y Data Bank and Library 
-Energy policy, infc~~[ion 

systema, conservation 
-curriculum development, 

training, ~xtensiDn 
2. Training 

'&."'""Ii1use of AL-EDIS system 
b. energy planning and renew­

able energy 
c. eKcenaioD officers for 

center., other extension 
officer •• field ataff 

d. iafor.al worklhop. 
e. ob •• rvacional cour craining 

13. Report produced 13. Read report 

14. Report produced 

J 5. Materials printed. workshops held. 15. Inspect nat­
I:ri:lls. atten" 

16. Materials print~d and available 

1. Contrgct signed. 
2. People hir~d. 
3. SCOPeS of work. duti~~ and 

qualifications prepared. 

1. Courses att~ndcd 
2. Workshops held 
3. Trips taken 

\Jurk.sho?s 
16. I'~;.''-':::L 08t­

cri.Jl~. 

1.E~3mine cOlltrac!1 
2. [Xi..o:11ne 

3. 

1. Inspect 
ccrtificat;::s 

2. Visit: work­
sho.,~ 

1. Proj~ct authorized. 
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3. Colllllodities 
a. Books, periodicals and 

library equipment 
b. curriculum and other edu­

cational materials 
c. three vehicles 
d. monitoring and testing 

equipment 
8. 6 pick-up trucks 
f. 1 station wago~ 
I. 1 Land Rover 
h. 6 tractors with trailers 
i. 2 disc ploughs 
j. 2 disc harrows 
It. 1 subsoiler 
1. fencing material 
a. tree seeds 
n. survey equipment 
o. tools 
p. office supplies 
q. photographic supplies 

1. t-I.lterials delivered 1. Inspect pu=~~~ ~ 

or-.!\.!rs. 
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ANNEX H. ENERGY DEVE LOPMEm' Ftr.m 

The project will provide consulting assistance and initial capital 
Decessary to establish an Energy Development Fund. The purpose of the 
Fund will be to promote development and dissemination of innovative 
renewable energy technologies and extension approaches, with emphasis 
on those technologies and extension approaches likely to benefit AID's 
target populati0n groups, as defined in the Country Development Strategy 
Statement (COSS). 

Of the initial capital for the Fund provided under this project, 
one-half is to be allocated to soft-loans or grants to governmental or 
non-governmental organizations to support broad renewable energy demonstra­
tion or extension programs. The other half will be used for soft-loans 
or grants to governmental or non-governmental organizations to finance 
specific demonstration projects. Both types of loans/grants will be 
provided on a cost-sharing basis, with the recipient expected to provide 
4 minimum 257. matching contribution to the program or project. 

I. General Grant Criteria 

1. Technolllgies 

For both types of loans/grants, renewable energy technologies 
directly benefitti~g AID target population groups are to be given priority 
and will account for a minimum 75% of grant funds awarded. These technologies 
include: 

-Community afforestation/reforestation; 
-Small holder afforestation or agroforestry (including integration 

of trees into cropfarming and/or' livestock systems); 
-Improved wood or charcoal stoves (including owner-built and 

commercial mud/clay, metal, and pottery stoves); 
-Solar warmers (e.g. hay-box cookers); 
-Improved small-scale charcoal productior. methods; 
-Use of wind or water power for small-scale community water 

supply systems serving AID target groups; 
-Use of wind or water power for small-scale informal sector 

industry (e.g. posho mills); 
-Solar drying of cash crops o~ foodstuffs raised (but not 

necessarily processed) by small holders; 
-Low-cos t human or animal-pm,'ered equipment for small holder or 

rural village use (e.g., hand or pedal powered grain grinding 
or water pumping); 

-Lo\oT-cost methods for heating/cooling traditional urban or 
rural dwellir..gs (e.g., improved thatch insulation); 

-Low-cost heating/sterilizing or chilling devices for rural 
health centers (e.g., solar water boilers); and 

-Other technologies which can be shown to be useful to, 
affordable by. and appropriate to the socia-economic character­
istics of any of the target groups. 

http:dwellir.gs


2. Orl.nizati~ 

Soft-loans or grants under either component may be made only 
to officially constituted organizations, including GOR, NGO's, registered 
Barambee groups, and private sector corporations, partnerships or sole 
proprietorship. In addition, the MOE may provide loans from the Fund 
to the Agriculture Finance Corporation (AFC) , Kenya Industrial Estates 
(KIE), or other official financier agencies who may re-lend to private 
farmers, private businessmen, or other qualified individuals. 

3. Economics 

An appl:cant for either type of loan/grant must show that the 
technology demonstrated or disseminated can be produced and delivered 
within a cost range which i p likely to make it economically attractive 
to the potential users. This economic analysis may take the form of 
a simple payback or discounted cash flow analysis or a cost comparison 
versus whatever system(s) would be displaced by the technology or 
technologies being demonstrated or diss~minated. 

4. Cost Sharing 

Grantees or loan recipients must themselves fund at least 25% 
of the proposed program or project. 

II. Progr~~ Grants/Loans 

Specific Criteria 

(1) No single organization may recerve more than $75,000 in program 
grants or loans under the AID-financed portion of the Fund. 

(2) Organizations must demonstrate capability ar.d experience in 
the ger.eral field of the loan/grant application. That is, an applicant 
propo,;ing to test cookstoves must demonstrate an existing test capability, 
an applicant proposing a tree planting extension must demonstrate 
proven extension experience etc. Organizations already reviewed by 
the AID Project Design Team and judged to be generally capable in specific 
areas are presented in Table H-l. This list should not, however, be 
interpreted as AID endorsement or recommendation for funding. 

(3) ~o more than one-third of the AID-supported portion of the Fund 
will be allocated to GOK organizations. 

Application Review and Approval Process 

The MOE will solicit program grant or loans applications at least 
annually. The MOE will formally advertise for applications and will 
meet with organizations such as listed in Table H-l to solicit interest 
well in advance of the applications date. Applications will be submitted 
to and reviewed and approved by MOE, which will hold the Authority to 
Incur Expenditures (AlE). Loan/grant approvals will be signed at the 
Deputy Permanel:t Secretary level or above. 
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Coph. of program loan/grant application. relating directly til 
the activitiu of other GOK ministries will be forwarded b!, MOE to those 
mini.tries for review. A list of such review bodies is pres~nted in 
Table H-2. Other ministries' comments ar~ advisory only. Final grant 
approval authority resides solely with the MOE. 

Ill. Project Grants/Loans 

Specific Criteria 

(1) No single project grant or loan may exceed $15,000, and no 
single organization may have more than two project grants or loans out­
standing at the same time. 

(2) As discu~sed below, no project with a local demonstration or 
extension component .,ill be funded without prior Ylritten District 
Development Committee (DOC) approval. 

(3) To assure distribution of projects throughout the country, 
each Province will be allotted a minimum level of project loan/grant 
fundinG \-]hich it car. expecc the ~!oE to cOmI:lit to projects in its 
Frovince unless project applications are totally unsuitable. Such 
provi.ncial quotas will take into account AID target regions and population 
groups as ddincd in the CDSS. The HOE and the projects lOI:g-term 
experts will assi~t each Province to d~velop suitable projects up to 
at least the Pro\'iL,.~'s minimum quota level. 

(4) Within each Province, preference will be given to projects 
1n areas where AID target population groups are concentrated and to 
projects in which members of such groups a're active participants. 

Applicetion Review and Approval Pr£~ 

The MOG and District Development Committees will cooperati~ely 
solicit project grant appli~ations at least annually. The HOE will 
advertise loan/grar.t availability to all DOC's, and MOE representatives 
will discusF the Fund personally with as many DOC's as possible. Then, 
a singl r Gdtional solicitation, including both national and local 
adverLising/notification, will be held. 

Grant or loan applications from Nairobi-based national organizations 
where the proj~ct does not have a local d(!lllonstration/extention component 
will be submitted to the MOE. All other grant or loan applications will 
be submitted to the appropriate DOC or, in the case if Nairobi, the 
Nairobi City Council for re~iew and approval. DOC's and the Nairobi 
City Council will, by a date specified, submit their approved application 
to MOE. From this group plus non-local project grant or loan applications 
which it nolS received directly, MOE will select project for funding. 

IV. Fund Administration 

MOE will provide both techn1cal and schedule monitoring and financial 
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.. n~leaent of all program and proj~ct grants or loans awarded under the 
Fund. HOE technical experts or advisors will meet with each organization 
receivin~ a program grant or loan and to the extent possible each 
receiving a project grunt or loan in order to provide technical assistance 
at or near the start of the program or project. MOE also will provide 
.11 grantees with standard quarterly and annual cost, schedule, and 
technical r~porting forms. Reports for all grants will be reviewed 
as part ~f the annual Renewable Energy Development Proj~ct reviews 
and as part of the AID Mid-Term Project Evaluation. 

MOE will establish suitable accounting procedures for disbursing 
funds and assuring lhQt funds are properly spent. 

MOE will conduct a simple financial, technical, and management 
audit at least once juring each program or project, on or before the 
eighteenth month fram grant award or completion of the program or 
project, whichever is earlier. For local demonstration/extention 
projects, participation of District or Division Rural Development Fund 
(RDF) administrator or other designated DDC representative will be 
90licited and encouraged. 

'i0S will provide for closing out all grants at the end of the 
program or project, including receipt of the final report, final invoicin~ 
and reconciliation, ami :'10E final prograrr./project evaluation. Ten percent 
of t~e RDF a:nount for .:lny gr.Jnt l-1ill be held back and disbursed only 
upon receipt of a suitable final report and of all necessary financial 
records. 

Within the fra:rlc~·:ork provided above, administration of the Fund 
should be kept as simple as possible. The application review process 
should provide for speedy approval at each, level. Financi?l and admin­
istrative reporting and other requirements should be kept simple and 
appropriate to t!le small size of each loan/grant, due to the des;rp t:n involve 
local groups who may b~ better at local innovation and extension than 
they are at filiing out for~s, and the intent of using the loaus or 
grants to accomplish tangible results rather than to create papenvork. 
Two useful models in this respect are the Rural Development Fund and 
GIDA's "Hiss ion-Administered Funds" Program. 
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'LULE B-1 

IlJ.USTRA !IV! PROCRA.."f LO.'.!U GRANT CAN!) IDA TE S 
ENERGY DEVELOPMENT FUND 

AFFORESTATION 

O~~R-BUILT STOVES 

COMHERCL'li. STOVES 

CHARCOAL PRODUCTION 

WATER SUPPLY SYSTEHS 

MOA Soil Conservation Program 
MENR Rural Afforestation Extension 

Scheme 
National Christian Council of Kenya 

(NCCK) 
National Council of Kenya ~umen 

(NCKH) 
Peace Corps 

MOA Home Economics Department 
MCSS Women's Bureau 
Peace Corps 
Egerton College 
Bukura, EDbu Agricultural Institutes 
Farmers' Training Centers 
Karen VTU 

NCCK 
Village Polyt~chnics 
Kenya Industrial Estates 
Partnersrip for Productivity 
MENR Forest Department 

Village Polytechnics 
Kenya Industrial Estates 

Ministry of Water Development 
Peace Corps 
Kenya Industrial Estates 
CARE 
MOA Small-Scale Irrigation Program 



TABLE B-2 

IIJ..USTRATIVE GOK REVIEWING MINISTRIES 
ENERGY DEVELOPMENT FUND 

AFFORESTATION/ 
AGROFORESTRY 

OWNER-BUILT STOVES 

COl-lHERCL\L STOVES 

CHARCOAL PRODUCTION 

WATER SUPPLY SYSTENS 

Environment and Natural Resources 
Agriculture 
Livestock Development 

Agriculture 
Culture and Social Services 

Industry 

Environment and Natural ~esources 
Agriculture 
Industry 

Water Develop~ent 
Agr icul ture 
Land and Settlements 
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ANH!X O. PERSONS INTERVIEWED 

Hr. Kbote 
Hr. Opmdo 

Hr. Wairegi 
Mr. Kariuki 
Mr. Nyoika 
Mr. Mathenga 
Mr. Bailey 
Mr. Gathinji 
i·jr. 5ild 

Ministry of Energy 
Nairobi 

Hr. David Kann.;eti 
Mr. Mbindi 
Mr. Ciera 
Foresters 
Ministry of Environment and 
Natural Resources 
Nairobi 

Dr. C.R. Rogalsky 
Deputy Director 
Wildlife Planning Unit 
Hem 
Nairobi 

Dr. ~!alter Ll1sigi 
Deputy Director 
National Environmental Secretariat 
Naiorbi 

Mr. Moses Mukolwe 
Head Land Development Division 
Nairobi 

Miss Grace Wagema 
head HUUIO= Economics and Youth Branch 
Ministry of Agriculture 
Nairobi 

Mr. \Jaithaka 
Head Crop Production Division 
Ministry of Agriculture 
Nairobi 

E. G. P. De.Nooy 
Land Developnent Division -
~~all Scale [rrigation Unit 
Ministry of Agriculture 
Nairobi 

Dr. Carl Wenner 
Soil and Hater Conservation 
Services Board 
Ministry of Agriculture 
Nairobi 

Mr. George Hunt 
Planning Division 
Ministry of Agriculture 
Nairobi 

Dr. John Cohen 
Deputy Assistant/Program Head 
Harvard Institute for Internation~l 
Development 
Ministry of Agriculture 
Nairobi 

Mr. S. Hakondiege 
Deputy Director 
Ministry of Water Development 
Nairobi 

Mr. Munoru 
Self-Help Division 
Ministry of Water Development 
Nairobi 

Mr. DiXon Migwi 
Geology Section 
Ministry of Water Development 
Nairobi 

Mr. Ha::;a Khalia 
Ministry of Economic Planning and 
Development 
Nairobi 



ANNEX O. P::RSONS INTERVIEWED (cont.) 

Mr. Aburu-Kene 
Central Bureau of Statistics 
Ministry of Economic Planning and 
Development 
Nairobi 

Mr. Aleki-Dondo 
National Council on Science 
and Technology 
Nairobi 

Mr. Klaus Bethke 
AID Rural Planning Proj€!ct 
Ministry of Economic Plannin6 and 
Development 

John D. Gerhart 
Program Advisor 
The Ford Foundation 
P.O. Box 41081 
Nairob i 

Mr. Richard Dussick 
The \.Jor Id Ba~,k 

Hashington, [).C. 

Hilliam 1. Jones 
Economist 
The World Bank 
Washington, D.C. 

Dr. Hikael Grut 
}orest E~onornist 
FAO/IJorld Bank Coo~erative Prograr.1 
Rome, Italy 

Dr. Peter Newhauser 
EEC Program Officer 
Machakos Integrated Development 
Program 
Machakos 

Ms. Coralie Turbitt 
Director 
Pence Corps 

Ms. Sara Lucalo 
Peace Corps 

0-2 

Dr. Hugh Lamprey 
UNESCO 
Integrated Arid Land Development 
Program 
Nairobi 

Dr. Gordon Goodman 
Director 
Beijer Institute 
Stockholm 

Dr. Phil O'Keefe 
Beijer Institute/ 
Clark University 
Nairobi (National E~vironmental 

Secretariate) 

Cheryl Rounturner 
UNIDO Of f ice 
Nairobi 

Mrs. Chiuli 
UNICEF 
Nairobi 

Mr. }Ierrill Conitz 
Facility Director 
Regional Remote Sensing Center 
P.O. Box 18332 
Nairobi 

Richard Manderu 
Phi lip Hesreic 
John Polgereer. 
UNICEF 
Karen 

Dave Hied 
Peace Corp Volunteer 
Kitui District 

Stanton Smith 
UN 
Nairobi 

Harry Rook 
Engineering Advisor 
EEC 



ANNII O. PERSONS INTERVIEWED (cont) 

Mr. James Kanyua 
Department of Mechanical Engineering 
University of N~irobi 
Nadobi 

Hr. deSousa 
Department ~f Electrical Engineering 
University of Nairoci 
Nairobi 

Hr. Donald Thomas 
Agricultural Engineer 
University of Nairobi 
Nairobi 

Dr. Di£hy Swift 
Department of Physics 
Kenyat ta Univer sit Y C,) llege 

Dr. Steven Kionggl-Kamau 
Depart~ent of Mechanical Engineering 
University of Nairobi 
Nairobi 

Mr. OKoola 
Institute for Meteorological Research 
and Train ing 
Nairobi 

Gich'Jki :!uchiri 
uepartmrnt of Agricultural Engineering 
University of Nairobi 
Nairobi 

Prof. John KohlOro 
Department of Botony 
University of ~airobi 
Nairobi 

Dr. Fred Oweno 
Faculty of Forestry 
University of Nairobi 
Nairobi 

Dr. Rene D. Haller 
Dire.ctor 
Baobab Farm. Ltd .• 
P.O. Box 90202 
l10mbasa 
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Dr. Wangari Haathai 
Chairman 
National Council of Kenya Women 
Nairobi 

Hr. J.M Nightingale 
P.O. Box 23 
Njoro 

Mr. Norman ~lyers 
Consultant in Environment and 
Development 
Nairobi 

Mr. Harold Miller 
Director Rural Development Program 
National Christian Council of Kenya 
Nairobi 

Dr. Paul Paetkau 
Ecologist 
National Christian Council of Kenya 
Nairobi 

Hrs. Kndzo Kogo 
National Christ1an Council of Kenya 
Nairobi 

Mrs. Margaret Hugo 
General S8cretary 
YWCA 
Nairobi 

Mrs. Jane Kiano, National Chairman 
Mrs. Onsando, Executive Officer 
M.:..mdalco Ya \olana·Hake 
Nairobi 

Mrs. Sandra Rafa~ 
Institute For Cultural ~ffairs 
Kawar,gware 

Roger King 
NCCK Consultant 

Mr. Dilg 
German Development Assistance 
Nairobi 



ANNEX O. PERSONS ~TERVIEWtD (cont) 

"n. Wal ter 
Bead or Women'. Programs 
Sal v.tion Army 
Nairobi 

Randall Baker 
(Advisor to NES) 

Hr. E. C. Mugara 
District Water Engineer 
District Water Office 
Nyeri 

Hr. J. Kamau-Principal 
Provincial W3ter Bailiff 
Provincial Water Office 
Embu Institute of Agriculture 
Embu 

Hr. Peter Young 
Training Director 
Village Technology Uni~ 
Embu 

Mr. Steven Wiggins 
Assistant P13~ner 
Provincial Planning Office 

Brothers 
llichale, Peter J Christopher 
Huega Catholic Hission 
Nyeri 

Andrew Clark 
Technical Missionary-NCCK 
N.:lI:yuk i 

Mr. Nd iritu 
Lecturer in Botony 
Kenyatta Univ ~sity College 
Embu 
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Hr. Mwangi 
Director 
Karurumo Village Polytechnic 
Embu District 

Rev. John Keys 
Methodist Missionary 
Meru 

Mrs. Beatrice Kiruja 
District Home Economics Officer 
Meru 

Mrs. Sally Innes 
Div. Home Economics Officer (PCV) 
Meru 

Mr. Nels Christiansen 
Water Engineer 
District Water Offic~r (PCV) 
Meru 

Mr. Kaburu 
Director Heru Museum 
Meru Group Fuel and Fertilizer 
Coop--Kitmirune 

Mr. Richard Innes 
District Agricultural Officer (peV 
Meru 

John Davies 
01 Pegeta Ranch and neighboring 
Mutara Ranch 
Nanyuki 

Mr. Njiraini 
Forest Officer 
South Marmonet Forest Station 
Nyahun:ru 

Mr. J. Kabura 
Crafts Training Center 
NaloJ ru 



ANNEX O. PERSONS INTERVIEWED (cont) 

Dr. Koech 
Rift Valley Institute of 
Science and Technology 
Nakuru 

Hr. Onyeit 
District Community Development 
Officer 
Nakuru 

Mrs. S.A. Ombwara (Home Economist) 
Dr. P.T. Obwaka (Principal) 
~r. E.P. Misiko (Technician) 
Egerton College 
Njoro 

Mr. C.C. Wekullo 
Provincial Planning Office 
Kisumu 

Mr. P.N. Muchiri 
Provincial Water Engineer 
KiSllmu 

Mr. J.T. Hanst>n 
Provincial Planninc Office 
(Rural Development Officer) 
Kisumu 

Mr. Nashan Okwaro 
Ploueh and Allied Products LTD. 
Kisu!'!lu 

Ms. Lucy Waithera 
Divisional Home Economics Officer 
Vihi:;a 

Mr. Lubarga 
Parnership for Productivity 
Kakemegc.. 

Mr. Hutchinson's assistant manager 
Hutchinson Co., Tunnel Farms 
Ft, Ternan 

Mr. Davinder Lamba 
Ms. Diana Lee-Smith 
Hs. Lousie Buck 
Hazingira Institute 

Philoman Tones 
ICRAF 
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I. StIKHAJ.Y 

The R.nevable En~rgy Development Project (615-0205) provides $4.6 
~llion over a three year period (yy 1981-1983). The project purpose 
1. to alsist the Government of Kenya (OOK) in developing appropriate 
energy policies, with an emphasis on renew~ble and non-conventional 
energy re~ources and technologies, especially as will benefit rural 
areas. A draft Logical Framework is at Appendix A. 

Oil is th~ major source of conventional energy in the modern sec:or. 
and with no proven oil deposits, the importation of oil is having a 
crucial impact on the country's balance of payments. Hydro and geother­
mal resources for gener~'ing electricity are being developed, but with 
the rising demand for electricity, the known resources will be sufficient 
to meet the demand for only another 10-15 years, if all resources are 
fully exploited. 

Nearly 90 percent of the population depends for cooking and other 
energy requirements upon fuelwood and charcoal. This situation is 
causing depletion of Kenya's forests resulting in degradation of the 
environment, e.g., soi' run-off and river siltation. 

The GOK recognizes the urgent need to develop renewable and non­
conventional energy resources and to arrest the depletion of wood stock. 
The newly formed Ministry of Energy has been mandated to deal with energy 
policy and with development and application of renewable energy tech­
nologies appropriate to the socio-economic, cultural and climatic 
conditions of Kenya. Assistance is provided for preliminary planning 
and surveys of national energy use, with emphasis on appropriate rural 
uses of renewable energy including fuelwood. Initial staffing and follow­
on training is included to strengthen policy formulation, planning, 
evaluati.on and services capabilities within the MOE, and fl)r outreach 
activities. Selected feasibility and demonstration projects are sup­
ported in order to permit MOE and the Ministry of Environment and Natural 
Resources (responsible for the ~fforestation program) to deliver the 
"state of the art" for use by the people, especially the r~ral poor. 
Minor but cost-effective assistance will be provicied to the Ministry 
of Works in the energy-efficient design of public buildings. Monitoring 
and evaluation Gf project effectiveness will be conducted in a format 
designed to encourage the dissemination of lessons learned. 

Major project elements include (1) initial planning and surveys 
($850,000); (2) institutional development ($1,700,000); (3) applied re­
search, demonstration activities and feasibility studies ($1,750,000); and 
(4) monitoring and evaluation ($300,000). Principal inputs include 
short and long-term technical assistaI'c'e $2,800,000); training ($1,050,000); 
and commoditfus ($750,000). All elements are of course subject to review 
and change during project design. 

USAID would expect to approve this project at post, following 
AID/Washington PID approval and initiation and completion of project 
design. Authority to include in th3 project authorization approval 
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to per.it purchale of non-U.S. source vehicles (Land-Rovers) ~t a total 
COlt Dot to exceed $100,000 is also requested. In view of the Lmportanee 
of the project, it is proposed for FY 80 funding should funds prove 
avaUable. 

II. BACKGROUND 

A. Kenya Energy Problems 

1. Conventional Energy* 

The sources and consumption of conventional energy in Kenya 
in 1978 were as follows (all figures in '000 Tonnes oil equivalent); 

Coal and coke imports - 34.8 
Oil Imports - 1659.9 
Hydro Energy (local production) - 257.5 
Hydro Energy (import~d from Uganda) - 52.1 
Total Energy Consumption - 2004.4 
Local production as percentage of total - 12.8 
Per capita consumption in terms of kilogram of 

oil equivalent - 135 

(1) Oil: 

Oil is the major source of conventional energy in Kenya -
it accounted for more than 80 percent of total conventional energy 
consumed in 1978. The amount Kenya has spent on net imported oil has 
increased from K£l** million in 1973 to K£47 million in 1978, so that 
now about 23 percent of the aation's foreign exchange earnings is used 
for pet~oleum. Kenya imports about 13 million barrels of oil annually. 
While exploration for oil continues, no major resources have been found 
to date .. 

Following general patterns found in most nations, the transport sector 
is the largest consumer of oil, accounting for 64% of the total use. 
Industrial and commercial enterprises account for anoth er 25%;and the 
rest for lighting and generating electricity in thermal plants. 

There has been a consistent upward trend in consumption 
of petroleum products since 1974, the increase from 1974 to 1978 being 
24 percE:nt. Most of the increase in consumption in 1978 compare· to 
1977 occurred in sa1~s of motor spirits, jet fuel, illuminating kerosene 
and light diesel oil, the most significant increase being in the sales 
uf lighting kerosene which went up by 21 percent compared to 1977. The 
main reason for the increase in the sales of kerosene was because low 

*Economic Survey 1979 - Chapter 10 I!Energy" For details, see Appendix B 
** One Kenyan pound = approximately $2.74. 
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ioca.. bouleholders, major conlumers of cbarcaol, lubstituted witb 
kerolene because ~f riles in prices of charcoal during tbe year. 

(ii) Hydro and Geothermal: 

The primary indigenous resource fOT electricity at 
present is hydro, which accoun~ed for 12.8 percent of the total energy 
consumed in 1978. Kenya's hydro-power resources a~e now being developed 
and the present hydro-electrical generating capacity of 295 MW* is 
expected to rise to 510 MW by 1983. Kenya's total potential power 
resources are estimated to be about 1000 MW. 

Kenya's geothermal resources are also now being 
developed. The first generating plant at Olkaria, near Lake Naivasha, 
is expected to come into pro~uctiC'a in 1981, adding a capacity of 15 MW 
to the electrical system. Pr~vid~d funding is obtained, successive 
plants will be built at Olkaril:;. until its total capacity of 170 MW is 
reached. Studies indicate that Kenya's entire geothermal potential may 
be as much as 500 MW. 

The demand for electricity is r~s~ng at the rate 
of 9 percent; therefore, the demand for electricity at present and for 
the next 10-15 years can be met from available hydro and geothermal 
resources, if these are fully exploited, as shown in the following 
table: 

Table 1 

1983 1988 1993 2000 

Hydro 600 600 600 600 
Geothermal 30 170 500 500 
Total supply potential 630 770 1,000 1,000 
Projected demand 362 517 747 1,267 
Surplus! defici t 268 253 353 -167 

Hydro and geothermal power in Kenya is consumed 
primarily by the modern, urban sector. The main exception is the rural 
electrification program. The GOK plans to spend about K£4.2 million 
during the 1979-83 development plan period on rural electrification, 
basically to serve densely populated rural areas. Furthermore, electricity 
is used primarily for lighting and other. commercial and developed purposes, 
rather than for cooking, which is the basic energy need for the rural 
population. 

*Other generating capacities and sources are: Steam (98 MW). diesel 
(32 MW) gas turbine (30 MW), import from Uganda (30 MW). 
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2. Renewable and Non-conventional Energy in Kenya: 

(i) Fuelwood 

Rural people, along with moat of the urban poor 
vh1ch total 90 percent of Kenya's population, continue to rely on wood 
and charcoal to meet their traditional energy needs. If such woodfuels 
are estimated in terms of oil equivalent, they account for between 737-
and 847. of Kenya's total energy consumption. Yearly consumption of 
woodfuel is more than twelve million tons, (or 1 "ton per capita) and 
is projected to increase at a rate of at least 4% per year, in keeping 
with the growth of population. It is estimated that one-half of Kenya's 
remaining woody cover will be stripped in the next one to three decades, 
thereby causing serious degradation of the env:fxonment. 

Afforestation programs have been implemented in 
Kenya for many years by the Forestry Department of the Ministry of En­
vironment and Natural Resources and private voluntary organizations 
and private enterprises. The Government's gazetted* forest areas are 
managed by the Forestry Department, which sells forest products to 
industries (such as a plywood factory paper mill ~nd training factories) 
and to public for fuelwood and charcoal. The total area under forest 
plantation amounted to 158,000 hectares in 1978 compared to 152,600 
hectares in 1977. The reserved forest areas supply only 700,000 cubic 
meters (Statistical Abstract 1977) of fuelwood and charcoal which amounts 
to nearly 6 percent of the national consumption. Therefore~ there has 
been uncontrolled cutting of trees in other areas such as trust lands 
and private land holdings. Because of insufficient technical personnel 
and resources for setting up tree nurseries and distributing samplings, 
the reforestation of non-gazetted areas has not kept pace with cutting 
of trees for fuelwood and charcoal. 

Four main factors account for the rapid depletion of 
wood stock: (1) the increase in population**; (2) the ine=ficient 
methods of converting fuelwood into charcoal for use in urban and high 
density agricultural areas; (3) land demand for agricultural production; 
and (4) the unavailability at reasonable cost of alternat~ energy sources. 

With over 80 percent of the country's land area 
classified as arid or only marginally productive, and with only 12.5 
percent of the land area supporting OV6r 75 percent of the population, 
Kenya's land frontier is rapidly closing. This situation has serinus 

*1.e., formally and legally set aside. 
**Kenya is experiencing one of the fastest population growth in the world, 

at about 4.0 percent per year, and an even faster rate in two of its 
already most populated areas, which are esseLltial1y rural, i.e. W~stern 
and Nya"lZa Provinces. 

*~'c*Ta~tp.n irom proposal by Mazingira Insti tu te, "A pilot pro j ec t to develop, 
implement and evaluate an arproach for establishing agroforestry plots 
in rural Kenva." 
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t.,11cationa for the rural poor as well as for the nation'. long-term 
development prospects. First, the need for agriculturally productive 
purposes, to support the population's food requirements, has resulted 
in .. ssive and wasteful clearance practices. This exparsion of 
cultivated hectarage combines with the rural population's enormous 
d..and for fuelwood to caus~ significant deforestation in many area. 
of the country. Preliminary studied on fuelwood supply and demand 
conclude that the existing and planned production of fl.·elwood from 
forests is entirely inadequate to meet present an~ future demand on 
a sustained yield bt'.sis. The result is that commodities which the 
subsistence farmer has been accustomed to obtaining free of charge are 
now costing him/her, either in the form of decreased agricultural 
productivi~y through labor sacrificed to extensive fuel gathering or 
in actual cash for purchase of substituteJ, usually cha~coal. Second, 
the depletion of forests has the effect of rapidly bringing about soil 
erosion and nutrient depletion. These processes, in the absence of 
remed~al ~easures, can have devastating consequences for the 10n6-term 
productivity of rural lands and can bring about inter alia, riVflr 
siltation and consequent reduction of hydro-electric potential.;! 

(ii) 0ther Renewable Energy 

An ethanol plant, a joint-venture between the public 
and private sector, is under construction in Kisumu. The plant is 
expected to produce 20 million litres of ethanol per year by 1984. 
The first phase wi'Ll come into production in 1981 and will supply 
approximately 15 pc~cent of Nairobi's fuel requirements. When the 

. plant is in full production in 1984, it will supply 10 percent of the 
country's fuel requirements. Ethanol will be sold to oil companies 
for distribution to consumers. 

A few GOK-sponsored pilot prujects 0n the use of bio­
gas, solar and windpower a~ alternate sources of energy have been 
initiated, mainly in the rural areas. FOL example, methane digesters 
are being tested in Meru, solar water pumps in 1-i''ljir, and wind machines 
in Kisumu District. The UNICEF-sponsored village technclogy units are 
testing solar crop dryers, wind machines, bicycle-powered pumps, and 
biogas plants. These experiments have, however, been too few in number 
to yield reliable data for broad-scale planning purposes, especially 
with respect to adaptation to Kenya's cultural and other conditions. 

There are some application of technologies in the 
private sector. For example, methane digesters are used on a number 
of larger farms in Kenya. Solar water heaters are produced by several 
companies in Nairobi and many of Kenya's hotels and lodges are equipped with 
them. Further development of a private industry to manufacture alternative 

*AID Project No. 698-0427, Environmental Training and Management will 
provide seme data on enVironmental degradation of land due to deforesta­
tion and soil erosion. 
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energy technologies may be possible. Research on alternative techno­
logies is also underway in the Engineering Department of the University 
of Nairobi. 

In brief, the development of alternative energy technologies 
has not progressed far enough for the Government to initiate wider ap­
plications. Considerable data gathering, feasibility studies and 
experimentation, as well as institution building, are in USAID/GOK 
judgement necessary before large-scale investment should properly be 
undertaken. 

B. Policy Considerations 

The Government of Kenya has in recent years taken major steps 
toward dealing with certain of the energy problems described above. 
Already in progress are programs for developing geothermal and hydro­
electric sources of electrical energy, and for manufacturing ethanol 
for "gasohol". The GOK has also recognized the need to develop and 
promote the utilization of non-conventional and renewable energy 
sources, such as wind, solar and biomass, and to undertake afforestation 
programs. Above all, the GOK has made a major commitment towards coor­
dinating all of these efforts within the context of a national energy 
policy and of strategies to achieve such policy. The Ministry of Energy 
has been established as part of the "Nyayoil (post-Kenyatta) Government; 
under strong leadership, and with technical and other forms of assistance, 
the GOK can be expected tOintensi.Ey these efforts. Policy considerations 
which must be addressed in the process are summarized as follows: 

1. Conventi·Jnal Ene:::.gy 

Official Kenyan policy is predicated on the obvious necessity 
of importing oil for the growing economy. One thrust of this policy is 
to rationalize and conserve the use of imported petroleum; the other is 
to develop indigenous resources to reduce dependence on petroleum. The 
Development Plan for 1979-83 states that activities in the oil sector 
will mainly consist of investments in the refinery at. Mombasa to improve 
product yields of crude oil; improvements in the efficiency of distribu­
tion by the oil companies; rationalization of the use and conservation 
of oil; oil exploration; and the development of power alcohol. 

Conservation of oil, while important, would have only a 
limited impact: The Development Plan estimates that at best 7% to 10% 
of oil now being used could be saved. Possible conservation measures 
include, e.g., increase tax on petrol and increased duty on cars with 
large engines. Experts have suggested immediate conservation 
actions, including construction of bicycle paths in Nairobi. 
increased use of school buses, and petrol rationing or a 
prohibitive tax on use of petrol tor non-essent~al 
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u.... In the longer term, an integrated approach to fuel and eletricity 
,ricinl and full market pricing of both, would help to rationali •• energy 
concu.ption. Social policy questions need to be discu.sed in policy 
formulation such aa the role of private automobiles vil-a-vis public 
transportation and the congruity of regulations governing the construction 
of new buildings and industries. 

Electricity will continue to be developed for th0se who can 
afford it (Kenya is one or the developing countries with the highest 
prices for electricity). Both major hydro and geothermal resources are 
also likely to be exploited to the fullest extent allowed by economic 
and technical constraints. Small hydro plants might also contribute 
significantly. 

As shown in Section I above, demand for energy is expected to 
continue ~scalating at a dramatic rate and foreign exchange costs of 
petroleum imputs are already straining the economy. Development of 
renewable and unconventional energy resources is therefore clearly a top 
GOK priority. 

2. Non - Conventional Energy: 

(i) Fuelwood: 

To meet the demand for forest products by industries, 
and for fuelwood, there is a need to expand afforestation efforts in 
areas such as (a) Government owned forest reserv~s, (b) trust lands 
held by county councils and (c) private small land holders. Establish­
ment of village lots and household lots for fuelwood should receive 
immediate attention. It is believed that the Forestry Department at 
present has sufficient technical personnel to manage the Governm·~nt' s 
forest reserve areas. However, additional personnel and resources are 
necessary for setting up tree nurseries and a distributing system. 
Also, the supply and demand for fuelwood varies depending upon the 
ecological conditions; therefore a fuelwood Survey for each district* 
of Kenya is required. Also, improvement in the efficiencies of charcoal 
kilns and cooking stoves is necessary to reduce the demand for fuelwood. 

(ii) Renewable Energy 

Because the supply of hydro and geothermal power, 
primarily consumed by the modern, urban sector, is limited, and because 
inc:-eases in price of imported oil are draining badly needed foreign 
exchange, the GOK must accelerate the application of renewable energy 
technologies, e~pecially in rural areas. To undertake such a program, 
MOE's capabilities in the field of formulating policies and evaluating 
various technologies must be strengthened. 

*This survey would likely include, of Kenya's 41 districts, detailed study 
of perhaps all 2S heavily populated districts and a representative study 
of some, perhaps S, of the remainder. 
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Variou. tacbnologi •• , .uch ••• olar and wind power, .nd bia.a •• , 
have b.en tested in .any p.rts of the world and to soae extent in Kenya; 
••• Section II B 2(ii) above. However, for possible e.rly application 
in Kenya, it i. nec •••• ry that these technologies be tested more exten­
.ively and appropriate modifications made to suit Keny.'s socio-economic, 
cultural and climatic condition •• 

. As a long-term program, the GOK wishes to establish a major 
institute in Kenya for applied research in the field of energy. Also 
under consideration has been a possible Rural Energy Bank (whether as 
a new institution or a new lending facility at an existing banking insti­
tution); this Bank would make concessional financing available to rural 
businessmen and rural smallholders to stimulate their use of renewable 
energy technology. 

3. General Comment 

GOK officials prefer, understandably, not to undertake major 
energy commitments or investments until and unless the above outlined 
policy concerns have been sorted out; Kenyan energy institutions 
strengthened; and successful results, applicable to socio-economic, 
cultural and climatic conditions of ~enya, are fairly certain. It is 
to assist the GOK toward these objectives that this PID is submitted. 

III. PROJECT COMPONENT SUMMARY 

The Renewable Energy Development Project is intended to assist the 
GOK in addressing effectively the range of problems and policy considera­
tion outlined above; and, more specifically to facilitate systematic 
development by the GOK of renewable and non-conventional energy resource 
policies and technologi;s. The project toward these ends includes four 
interrelated components each discussed below: 

(i) 
(ii) 

(iii) 
(iv) 

initial planning and surveys; 
institutional development; 
applied research and demonstration; and 
monitoring and evaluation. 

(i) In~tial Planning and Surveys: 

Long and short-term technical assistance, training, and 
commodities are provided to develop GOK capability in the survey and data 
areas, for preliminary planning, fuelwood survey and a national energy 
plan. For example, it will be necessary to undertake a survey of energy 
uses in rural areas for lighting, heating, cooking, water pumping and 
processing of agricultural products. 



-9-

ror an effective afforeltation prograa throughout Kenya, a fuelwood and 
charcoal lurvey for represetative districts is required. In this regard, 
under the auspices of Beijer Institute, Stockholm, a fuelwood study 
aroup ha. been formed. This group met on January 8-9, 1980 and a USAID/K 
representative attended the meeting a8 an observer. The group has formed 
a committee to draft a scope of work for a detailed fue1wood demand/ 
lupp1y 8tudy. A draft scope of work is expected to be ready for review 
by the group on March 24, 1980. The draft will then be submitted to 
GOK for review and comments. Same funding ($250,000) may be available 
fr~ the Swedish Agency for Research (Co-operation with Developing 
Countries) and Rockefeller Foundation. To avoid duplication of efforts 
and minimize administrative problems associated with that one group, it 
i8 intended that the fue1wood study proposed by the Beijer Institute be 
incorporated with the project proposed in this PID. 

Also, provision has been made 1n this PLU for commodities, such 
as publications, necessary t~ set up an energy Data Bank and Library in 
MOE so that all information on matters related to energy will be available 
from one source. 

(ii) Institutional Development: 

Technical assistance will be provided for assistance in 
organizational, management and policy making aspects of the planning and 
evaluation divisions and one or more technical divisions of MOE and 
the Department of Forestry. Major T.A. will be on a residency basis, 
furnished by a planner, an economist, and an engineer (all renewable 
energy specialists), and by a forestry/woodlot expert.* Short-teLon 
technical assistance (in such areas as sociology/anthropology) will be 
provided as needed. Training of Kenyan counterparts and limited 
commodity assistance will also be provided. 

(iii) Applied Research and Demonstration: 

Support for several specific technologies is provided on 
a pilot demonstration basis. In this regard, Government is anxious to 
develop alternate energy resources for delivery to the rural poor. 
Several technologies have been developed suffiCiently to permit their 
introduction on a modest scale. These might include: village and 
household level reforestation and agroforestry; improved stoves and 
kilns; biogas; small-scale alcohol or medium-scale methane generation; 
solar devices for drying and heating; heating pumping systems; food 
processing systems; and small-scale electricity generation for rural 
clinics, schools, cmmmll.ications and in support of other rural services. 
Further applied research might be necessary at existing institutions 
such as University of Nairobi, the Kenya Agricultural Research Institute, 

*Subject to a design team's finding, it is suggested that only one resident 
T.A. planner at the Dept. of Forestry is necessary since that agency has 
for some time been established and functioning and needs assistance 
primarily in one area, i.e., stimulating of vLl1age level woodlot developmE 
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Egerton College. andlor the Karen Village Technology Unit. All techno­
logies to be demonstrated and tested will require in-depth socio-economic 
analysis so that technologies eventually deve~ped for wider applications are 
.cceptable to rural people. In addition, to meet an ac hoc GOK requirement, 
ahort-term consultants to the Ministry of Works will be provided to assist 
in design of public buildings on energy-efficient bases. 

(iv) Monitoring and Evaluation 

The project provides for periodic monitoring and evaluation. 
This project component will be fully developed during the design process 
but, at this point, one external evaluation at the 18 month point and a 
tel~inal evaluation at the 36 month point seem likely. Emphasis will be 
on evaluations providing meaningful feedback and looking to dissemination 
of lessons learned. 

IV. PROJECT BENEFICIARIES 

The development and thereafter application of renewable and non­
conventional energy policies and technologies will be intended to reduce 
the demand for imported oil for activities, inter alia, such as cooking, 
lighting, heating, water pumping and processing of agricultural products. 
The resultant savings in foreign exchange due to reduced importation of 
oil will benefit Kenya's people in general. Thus, at one leyel, ~cro­
economic benefits in terms of significant foreign exchange savings are 
seen as flowing from the project. 

Under the afforestation aspect of the project, the major category of 
direct beneficiaries will be those rural residents and urban dwellers (all 
low income) who now depend heavily or exclusively on wood and charcoal 
for cooking, heating and processing and who are thraatened mth the loss 
of this primary source of cooking and heating fuel. Such beneficiaries 
include substantial numbers of women and children who spend several hours 
a day in gathering fuel wood. Smallholders will also be primary beneficiaries 
in that they will be ablp., ultimately, to devote more land and labor to 
crop cultivation as opposed to fuelwood growing and gathering. 

Another category of potential beneficiaries is the class of small 
businessmen, primarily rural, who should benefit from availability at 
reasonable cost of energy-efficient equipment, i.e., powered by solar. 
wind, biomass etc. This same class should benefit specifically from 
credit available through the proposed Energy Bank, assuming that insti­
tuti.ons upon study proves feasible. 

Additional economy-wide benefits will come from improved environmental 
conditions (reduced silt run-off and air pollution, for example) associated 
with increased use of renewable energy resources. 

*These savings are difficult to quantify but, to illustrate, at current 
or.ices a 10% reduction in imported oil would mean about a $15 m~ll~on 
FX savings. 
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,. ALTERfATlVE PRO,Q,R).M J.IPPOOACHES 

Assistance could, posEihly, be extended tor capital and commodity 
.. siltance to .... ard the development of particular energy technologies on a 
large-scale investment basis. S..n.ss and Austrian assistance has taken this 
form in projects to develop methanol plants. The World Bank has been 
acti vely assisting development r)f geothermal power sources. UNlDO has 
expresse~ an interest in assisting Government in laucnhing a number of 
pilot projects to produce enE!rgy from biomass (such as coffee, waste, 
sugar cane .... aste. maize husks, pineapple. etc.). USAID/Kenya believes 
'Gnat these capital investment projects are laready straining the GOK's 
capacity to implement and evaluate specific projects and that training 
of personnel and other forms of institutional development are necessary 
before major ne .... undertakings go for .... ard. A second reason for USAIDls 
rejecting an approach .... hich places heavy emphasis on a particular 
technology involves our and the GOK IS lack of knowledge of t~1e best 
technology to emphasize; a period of planning, training and some 
experimentation seems, a.gain, much needed before significant investment is 
made in particular technologies. 

The preferred approach for AID involvement, therefore. as we see 
it, is one Which will emphasize (a) institutional building and policy for.mu­
lationj (b) training of Kenyans in futherance of such institutional 
develo~~ent; (c) limited nuober of pilot projects. feasibility studies and 
the like; and (d) dissemination and replicabili ty of lessons learned. Thus 
the project proposed herein strikes a balance between the need to support 
start-up activities through work at the head~uarters level and the need 
to put usable technologies into field use at some reasonably early date. 

VI PROJEc;I' ISSUES 

A) Possible Follow-On Activities 

This project does not include major investment activity in energy 
development per se. By 1982 the shape of a Government fuelwood program may 
be sufficiently developed for the U.S. and other donors to consider 
sUbstantial :nvestment. In addition, assistance may be sought for the 
construction and staffing of the proposed Energy Research and Development 
Institute (to be studied under this project) and/or capital for the Rural 
Energy Bank. The current USAID view is that (a) resources for Kenya from 
the AID budget will likely prove tight in later years and (b) other donors 
could perhaps be better able to meet such requirements. However, later 
AID investment in such projects is not ruled out; see Section VIII below. 

B) Trained Personnel 

Lack of trained personnel is a serious constraint to the Ministry 
of Energy and the Government as a whole. and may impede successful 
accomplishment of project objectives. However, training of Kenyans is an 
importunt ccmponenet of this project and every attempt will be made to ensure 
that such training is received and disseminated. 
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c) GOK Policies 

For project goals to be achieved (see Appendix A). the GOK will 
have to fOrlllJiate policies to encourage coaservation of conventional energy. 
Possible areas of interventions by GOK are tax credits. use of railroad3 
instead of tr~cks for long hauls, improving public transport system. etc. 
The technical assistance team proposed for MOE will be working with MDE 
in these' and related areas. 

D) Coordination of Applied Research and Development Projects 

The GOK is interested in pursuing the demonstration, testhlg, 
and implementation of several renewable energy technologies. Some of 
these, such as minihydro and biogas, require initial feasibility studies 
to determine the most appropriate scale and method of implementation of 
the ventures. Others, such as improved cooking stoves, may be ready for 
early implementation onre cultur3l acceptability and other factors have 
been examined more closely. It is important that these efforts be coordinated 
and managed in such a way ~fiat delivery to the people is expedited. It 
is also important that knowledge and experience already gained elsewhere be 
applied to eac~ new activity to prevent needless and expensive duplication 
of effort. Therefore, definition of a coordinating mechanism within MOE 
for activities to be undertaken under this proposed AID-funded project, 
will be an essential aspect of project design. (See also Issue F. below). 
In addition, full exchange of information with other donors as to their 
plans will be necessary during the design stage, again to avoid duplication 
and to ensure efficient use of scarce resources. 

E) Technology Applications 

Some techno10gies associated with this project have to a large 
extent been tried on a demunstration basis at the Karen Village Techno­
logy Center, located near Nairobi. Principal problems as to at least 
some of these technologies appear to be not ones of feasibility, but of 
cultural acceptabj.lity. Through use of sociological/anthro anthropological exper­
tise, attempts will be made to overCOme such cultural resistances. 

F) Institutional Capabilities and Involvement 

The various ministries concerned with the dif.ferent uses of 
energy technologies obviously have a voice, in addition to MOE's,in 
formulating and implementing policy. For example, the Department of 
Forestry (Hinistry of Environment and Natural Resources) has already 
been responsible for afforestation programs throughout the country; the 
Ministry of Agriculture has sponsored research into improved charcoal 
kilns; and the Ministries of Housing and Social Services and Works could 
become responsible for promulgating and enforcing energy-efficient building 
designs in all new Government housing. The difficulties asso·ciated with 
familiarizing personnel of various Hinistries with aspects of the energy 
issues, and with courses of action to he proposed by ~IDE, will have to be 
identified and addressed. Pahaps also, MOE's role and mandate in ~nergy 
coordination will have to be clarified. 
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There are also numerous small organizations which are or could 
become involved in carrying out energy projects. Non-profit organizations 
11ke the Association for Education and Development are experimenting with 
alteraative technologies. The Wildlife Clubof Kenya, which works with 
the schools throughout the nation, is promoting a tree-planting program. 
Two other conservation groups, the East African Wildlife Society and 
Wildlife Fund, are involved in forest conservation. One of the several 
women's organizations iu Kenya has also conducted a tree-planting prog­
ram. Finally, there are several missionary group~ in Kenya~s rural areas 
who could playa role in distribution and education. Coordination and 
stimulation by MOE of the activities of these various organizations, in 
the interest of cost-effective utilization of renewable energy resources, 
is another issue which merits study at the design stage. 

VII. PROJECT BUDGET COMPONENT (LIFE OF PROJECT) 

The following budget is merely illustrative and subject to change 
during project design. The_ figures include 20 percent contingency and 
30 tercent inflation and assume FY 81 project authorization. 

TRAINING COMMJD. 

($000) 

A) Initial Planning Surveys 750 50 50 

LOP 
TOTAL 

850 

Consisting of: (i) preli~inary planning; (ii) fuelwood survey; and 
(iii) national energy survey. 

B) Institutional Development 1,000 600 100 1,700 
Consisting of: (i) MOE organizational and management planning and policy 
making; (ii) MDE planning and evaluation divisions (incl. L-T energy 
engineer); and (iv) Dept. of Forestry extension divisions (Forester) 

(incl. L-T Forester). 

C) Applied Research and 
Demonstration 850 400 600 1,750 

Consisting of the following: (i) village/household level reforestation 
and agroforestry; (ii) wood and charcoal stoves, charcoal/kilns; 
(iii) other biomass {small-scale alcohol, medi~m-sca1e methane; 
(iv) solar en~rgy devices (water heaters, crop drier, etc.); (v) water 
pumping system (wind mills, solar cell and hand pump, etc.); (vi) food 
processing systems (e.g., grain grinders); (vii) feasibility studies of 
(a) Energy Research and Development Institute and (b) Rural Energy Bank; 
and (viii) short-term solar and windmill experts to assist !tinistry of 
Works. 

D) Monitoring and Evaluation 300 300 

Total Project: 2,800 1,050 750 --4,600 

(Note: At this time it is not realistic to offer i11ustriative budget in 
greater detail than by main component.) 
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VIII. ll!LATIONSHIP TO OOK DEVELOPMENT PLAN AND CDSS 

The OOK (1977-1983) Development Plan strategy contains an energy 
lector analysis (Appendix C to this PID). This analysis recognizes 
and elaborates on many of the problems outlined above. The OOK also 
rel,.,')gnizes that the development of energy institutions in Kenya is jlllt 
beg:.nning. In this regard, the newly created Hinistry of Energy is res­
ponsible, under a recently issued Presidential Circular, for the plannine 
and development of energy policy. At this point, MDE is thinly staffed, 
and most personnel that it does have are not traineJ in energy management. 
HOE, with GOK endorsement, is actively seeking donor assistance for several 
non-conventional energy projects (e.g., the IERD-funded geothermal project 
near Naivasha). With assistance to be provided under this project, MOE 
furth~r intends to stress its own institutional development; to consider 
establishment of an energy-oriented applied research and development in­
stitute to further applied efforts; and to provide training in applying 
non-conventional energy technologies. 

The Mission CDSS for"FY 82 identified energy requirements as one of 
the key development problems facing Kenya at this time. Assistance of the 
kind envisioned by this project is proposed and justified in the CDSS, as 
is possible additional assist.:mce in years 1984 and 1985 for wider anplica­
tions of proven technologies and ~fforestation programs. 

The project projected in this PID is thus seem as fully consistent 
with both the GOK's Development Plan, other GOK planning documents, and 
the CDSS. 

IX. PROJECT PREPARATION STRATEGY 

Project conception as presented in this PID involved frequeBt con­
sultations with the National Council of Science and Technology, the newly 
formed Ministry of Energy and the Department of Forestry. Exploratory 
meeting between USAID and these offices enable Government to define its 
needs in terms of USAID ability to offer assistance. Representatives from 
AFR/DR/SDP pa~ticipated in discussions leading to preparatLon of this PID 
and, later, reviewing the draft PID ~ith the GOK. 

A project design team for recruitment and commencement of work as 
early as possible in FY 80 is envisioned. The team would consist of an 
energy planner (team leader); a solar eneIgy engineer, a wind-power engineer, 
an energy economist, two forestry experts" (a silvicul ture expert and a nu rsery 

*The feasibility study for afforestation and tree nurseries funded under the 
Arid and Semi-Arid Lands Development (ASAL) project 615-0172 is integrated 
with the study for the energy project. $90,000 has been budgeted in the 
ASAL project for two forestry experts. See Appendix D hereto for justi­
fication and details. 
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expert) a public administration/training advisor and an anthropologist. 
The project design process will, if possible, include: (i) an energy plan­
ning workshop to be carried out in min-June by the Institute for Energy 
Res~arch (IER). Stony Brook, USAID, AID/Wand Kenya officials will draw 
upon IER's computerized "AL-EDIS" planning information system as an initial 
step for the energy sector analysis, and (ii) review in late June of the 
scope of work prepared by the fuelwood group under the auspices of Beijer 
Institute, Stockholm. and recommendation for changes, if any, required to 
integrate Beijer's fuelwood study with this project. The design team will 
thereafter conduct in-depth consultation with appropriate Government 
Ministries and institutions, and USAID/Kenya. Proposed Scope of Work for 
the design team is attached hereto (Appendix D). 

Based on the outcome of the PID review processes in AID/W, and the 
speed with which a design team can be recruited and fielded, FY 80 funding, 
of the project would be possible, assuming availability of funds. Estimates 
as to funding requirements used throughout this PID have, however, been 
prepared on the premise of FY 81 authorization; thus FY 80 authorization 
would result in some cost reduction as well as earlier realization of 
benefits. 

Froject Implementation would be within the USAID's Multisector and 
Engi.1leering Office, wi th a direct-hire engineer (USAID Energy Officer) 
serving as Project Manager. All requisite skills are available within 
USAID and REDS a to support this project as necessary. 

As estimated project costs are less than $5 million, and assuming 
this estimate is verified by the design process, USAID would expect to 
approve this project at post, based on Delegation of Authority No. 141. 

INITiaL ENVIRONMENTAL EXAMINATION 

No negative environmental impact of the total project is expected 
since the project does not include any major interventions which would 
affect physical, socio-economic, or cultural environment in Kenya. There­
fore, a negative determination is recommended. (See Appendix E for lEE). 

XI, WAIVERS 

A need for approximately five project vehicles is envisioned, for pro­
ject-related use of both U,S. technical advisors and GOK personnel. Total 
cost should not exceed $100,000. These vehicles must be right-hand drive, 
and should most likely be four-wheel Land-Rovers, assembled in Kenya from 
parts made in the U.K., for the reasons that (a) spare parts for U,S, 
vehicles are not easily available in Kenya; and (b) Land-Rovers are by 
far the type of four-wheel drive vehicles most easily serviced an1 maintained 
in Kenya. 

A waiver approval request is at Appendix F. This would permit the 
Mission, in approving the project, to include, as to project vehicles, 
both (a) waiver of the U,S, so',rce requirement and (b) approval of sole­
source procurement of Land-Rovers. Total authority to procure vehicles 
would not exceed $100,000 without further referral to AID/W. 
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LOGICAL FRAMEWORK (prD STAGE). 

Renewable Energy Development: Project 615-0205 Life of Project: FY 81 - FY 83 LOP: $4.6 miilion Date: February 1910 

NARRATIVE SUMMARY 

4. GOAL LEVEL 

Increase Kenya's agricul­
tural and industrial pro­
duction potential. 

B. PURPOSE LEVEL 

Development of renewable 
and non-conventional 
energy resources poli­
cies and technologies. 

C. OUTPUT LEVEL 

1. National energy Plan. 
2. Renewable Energy Divi-

sian of HOE expanded, 
staff trailll!d. and 
functions ident Hied. 

3. Fu"lwood Survey. 
4. Fe.sibility ~tudies 
5. Applied Research and 

Demonstration Acti-
vities. 

6. Evaluations. 

D. INPUT LEVEL 

1. Technical Assistance 
(TA) • 

2. Training for GOK Staff. 
3. COlllDOditiea. 

INDICATORS ASSUMPTIONS 

1. Availability of adequate energy resources for 1. GOK will implement relevant enargy policie •. 
agriculture and industry. 2. Ren"wable energy policies and appropriate tcchnolo,i •• will 

permit viable and acceptable lub.titut •• for petroleum-ba.ed 
energy. 

2. Reduced dependence on imported petroleum energy 
(achievement of energy balance). 

3. Controlled further environmental degradation. 3. GOK will establi~h institutions and undertake prolrama iden­
tified and tested in feasbility studi~1 and decor-.tr.tioD 

1. Basic energy and related technology policies 
Establiahed. 

2. MOE capable of formulating energy policies 
and managing appropriate technology develop­
IIlCnts. 

3. MOE identifies and enchances replication of 
specific energy technologies. 

activities. 
4. Afforestation progra~ and policies will ~e implemrnted by 

GOK and will lead to reduced loil erolion .nd d.,tadation 
of water sheds. 

1. Natiunal energy plan re&ult~ in ba.ic policies fon.ulated. 
2. MOE staff training and MOE oper~tional enhanc~~nt ta,ilitat. 

energy policy formulati~u and revi.w and identification of 
appropriate energy techno'ogiea. 

3. GOK implements recommendations on e.tabli,hment of Applied 
Energy Research Institute. 

4. GOK ioplements recommendations on eltabli.hment of EnerIY !ank 

1. Plan completed. 1. lnputa delivered in timely ta5hion. 
2. 

3. 
4. 

5. 

6. 

1. 

2. 

3. 

a. MOE staff trained. 2. 
b. Division's duties and reponsibilities 3. 

identified. 
Survey completed. 4. 
Institutional development feasibility studies 5. 
completed on Applieu Energy Researc~ Institute 
and on Energy Bank. 
Applied research and demonstration activities 
completed on village woodlots (fuelwood), solar 
and wind power, and biogas and biomass (agri­
cultural residue) 
Evaluations completed. 

$2.8 million for 12 person years of long-term 
TA, and 40 person months of short-term TA. 
$1.05 million for 40 person years of short­
terw and long-term training. 
$0.75 million for relevant project commoditiel. 

GOK resources allocsted in timely fa.hion. 

MOE i8 central focus for GOK'. energy policy and technolo" 
d~velopment activiti~5. 

TA identified appropriate to HOE need •• 
Training appropriate to HOE, COK, and Kenyan need •• 

Project authorized. 

*Doea not include "means of verification" at this preliminary stage 
DOr are indicator. fully quantified or targeted. 
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consumpc~o~ ot en~rgy wa.\ 2 10 3 p.:.r ~nt higher in 1978 a.~ compared to 
J977. Tit .. comp:ln:.on bcl()~ ~hows. In md.:" nun.xr form. the growth in 
!flOn~lary GOP I:nd consumpt.on of enc.r~ wilh I:omumption of oil s.:par:ltely 
ldC/lulicd. 
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10.2. The. fil;urc.~ abo~e indit:lIC th:lt Ihe inm:a.~ in monetary GOP and 
th~ sro~th In ~on~U~lpItOn of cncrgy OIppc.ar to ha\'c a cne to one relntion­
slup. ThiS Tclall~nsll!p com be IIttributcu to the c1n~ ti.;.s which lhe modcm 
economy ~as wllh the u~c o( conventional S('lur~s or cncrgy. GOP hJs. 
how.:v.:r. tnC!':~Sl:J 011 a fa.\t.:r ratc than the growth in consumpti(ln oC oil 
~r""llIcts .. TllIs •.• ulle In th,- I;]o~~d clT,-ch:u oC pric.: ri.~s. that hav.: o<:curn:d 
s~~~. ~973: on Ihc. ~~nsumpti.on o~ oil. Wilhout. a Structural changc of any 
~1!;.I~III.;.1n'<; Ihc cflll".1 rclatlo:'~llIp octw.:.;n 011 consurnptidn and growth 
In (,OP d,'es IIcv.:r·th~·Ie.~ conllnue to h:lvc a crudJI impacl on the country's 
b;ilancc of payrnenu. 

Oil 

10.3. ?il is the major ~ou~ce of convcntionalcnerl;y in the country. D.:.~pite 
the low<;r growth rat? 10 liS con~umption in rebtion to monctary GOP 
and to total con.~umpllon o.f enerl;Y. it accounted for more Ih:ln 80 per c.:nl 
of tOlal ~ner~y consum~ In 1!??8. lIS. share of IOlal consumption in 1977 
was 8.5 p.:r c.:nt. The .de:dlOe can be 3ltnbuted to the installation ?f :ldditional 
capaclly: for generatIOn of hydro-elc:ctric pow.:r which was adu.:d to t.:le 
system In 1978. A~ a r~~u1t the s)ure ot hydro and themul electricity in 
the toul con~umpllon of cnagy Ius increased from _2 per ccn"t in 1977 to 
15 per (lent 111 )978. Coal and coke account for about 2 per. cent of the 
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~mainder. The non~nvc:ntinn:ll 1OUm:a 0( c:ncrn. I.e. fuclwood aJJCS da!, 
COJI IIohich !-Crvc 90 per cent oIlh.: lot:ll pppul;1I1ClCl arc e&clu~ Irom IhiI 
oom~arison. If they were included Ihe: rdative ,hare 01 oil in 100al coruwnpOOll 
o( encrby would be sisnir,c:lntly rcdue • ..!. 

lOA. nte m()(.J.:rn ~cclor (1f th.: CCll:lom)" in Kenya. howcwer. rdic:s \'Cf'/ 
h.:;Jvily on oil as a m:ljor sour,.: of cnerby. :J.nJ itl~ ~n aJven..:ly :a!Y.:acd 
by pric.: incro:.:Jscs :IOU 0111 in . ...:cure ~upply (xl1ition for the l.lN. (~w )'~. 
Th.: trlluhks in Ir.ln in 1978 and 1979 1.:J 10 ~hom~c::s or aViatIOn 'Pltil 
e:1r1y Ihis y.:.lr whi,,·h aIT.:ct..:J the louri~t i\ll.lu~try ;a n\:luy li_ht aircraft uJoCd 
by Illuri~t~ for travd wilhin Kcn)':!. were c:!Tc:ctivdy ~rnu .. dc.d. TIle r~t 
far.: inc· ... >Cs on inlernalioaal air rvu:Cl hlve be.:n forceJ on the oper.aur., 
OIirlin.:.~ hy II..: OIl price ri.,.:.~ alrc:ldy announced thi~ )'COlr. Such (are incrc.uca 
will funha hit the Kcnp tourist illuu~try. 

10.5. Tahl.: 10.1 sho\ll.~ Ihal \Illal il"('IOru 01 cruue petroleum lell by 7 
per ccnt. from :US million lonne.. in 1977 10 2.37 million 10;'lnCS in 1971 
while th"ir value d.:cr~-.;J by 8 per .:.:nt f"')m K£lOO.16 nillhon in 1971 
to) J.,:[92.J~ million in 1978 inuicatinr. a r:ll1 in .he unil pn" or K£0.3 per 
10:1n.: rrom K£39.3 p.:r tonne in 1977 10 K£39 per ">nne in 1978. As a 
r\!'~llh of t.:chnical pfIlbkm~ OIl Ih.: MOlllb3Sa oil rcfm.:f)' in the finl J':lrl 
of 1978 imptlr\\ or r.:finrd fucl~ incrcac.eJ rrom 10S.OOO 'onnes V01lucd at 
K£R.27 milli'('n in 1977 tn 258.000 lOnnc.s wNth 1'£16.90 million in 197 •. 
On th.: whol.: the total bill for illll'0rl~ of oil pwducu we:nt III' frolll K£l15.41 
million in 1977 10 K£115.95 million in 1978. 

\O.Ii. Thc f;.11 in COlfc.: prires on the inll!rnational ourkel nlTCC1c:I1 Ihe 
f(lrci!;n c.xchan!;e positi,'n of Kenya's elpon marke:\5 for ill cil pr~IIC", 
The "h~rc (1f e~l){lrt~ til Ug;1I1<I., whidl ,ulTerCtI a critical shortag.: of forci;n 
e:xch:Jnf,c. cropped si!;nir.c3nlly frolll 2R per cc.:nt of Ihe 10lal or Kenya', 
exports of oil produrts in 1917. to 22 p.;r CI:;11 in 1~78. There w;.s also 
decline. Ihough of :I k~\Cr signirlcanc.:. in cxport.\ 10 Rwanua. Burundi and 
Zlir.:. S~lc:s for ship.~ bunkering too fell. A'i a rc.~uh bolh the lotal quantity 
and ,· .. Iue of pctrokum prooucts exported (U .. 11 de~tinOllions declined by 14 
per cent from 1.365.000 tonllc., in 1977 In only 1.173.300 lonnc~ in 1978. 
11 • .:re was a corr.:,p,'nuing drop of 17 p..:r celli in ':alue of eapons or all oil 
pr<XlucIS frolll K£R3 mi\lil'~ in 1977 10 about K£69 million in 1978. nlCfO 

has occn a consi~lent u.:.clinc in the value of expons o( oil products from 
KenY:l .~in~ 1973. 11le ne:t cost 01 oil products has as a re.sult riscn rnm 
K£1.l million in 1973. to K£48.9 million in 1978. It seems likely IMt tno 
net ddicit will rise further in 1979. 

10.7. Th~ trade in oil proJul:l.S is not the only major cawc of iM.-bilitl" 
in Kenya's balance of payn:ents on its external merchandise aCCOIA:lt. Ii is. 
however. a contribulory factor to lhe wid.:ning of the dc:'Seit 'II th4 alrr.:nt 
aooount of its balance of payments ~nce 1973. Kellya w had an avcn,. 
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as .Irudy india.cd is II po7cn, sou~ of :: pelro!.:unl products " '!lich 

10.ll. M~I of lhe I' ancc of ~)'nlCnu problems. 
• ncrc..l~ In COIl!Wnl('ltion in 197. _ .• 

1110101' Jplti l. }!I fuel. iIIumwlir. kcrose . .OCCUII~ In 5o:I1c!i 01 
W'," II d.:l.!litlc of nO:;lfl), IQ p.:r: • n:;;.~ light ~1e.'I(:1 od, while thero 
of intr.::&.~d sak~ which h:1l1 L..~nl In.::::;.:s. of Cu.:! 1111 rev':",i"; the u.:nd 

I 

..... -.:n p(evaknl ~mc..: 1975 Th • . 
IIcr.:a.1ooa Were: r..:.:nnJ..'d in sa'" " . , . , . ¢ nlO:ll IlgnrfiC'lnl 

I , , 
'" n It:'hn" ' .:fUiSl:ll<:.:ud l. , " 

. II ,.".:.t of II~ ' ",0 p(.,.lm:t' nl<C: b 'I" ' "'::1 lie . 11e volumo 
i5l1O~a~ of ch,u.:n;!1 which h:l.d occu(~:n:l.:~7;~ ,:rl..'~Jnl ~p..:'i~dy. Tho 
! Co.lU lmUtd hllo 1!l7!. nliJ :l.c~:t1unt' fur tI .. ' ~ to ns.:s In liS pw·c 

.j.lI.n bcc'n ~d<lrL"d lU 'U~;lu I C ru..:i c:s ~i~~~;I·'\C.' III !i:I.la of l.:<!fQ.\o:l1e which 
~Ie rI~ in ~,Ic.' or ).:1 rud c:"In U ~CCO~lIed ~I~y 1",'1 HlIxm~e 1,,"Iu..:htlkktJ. 
IlItl'l,In II) illlcn1.:lIil1l1:11 airlin.:s "l! ,jir..:L1 nH I r by II~ op:-nlns Clr Momb3.u 
SakI of molor spiti l I~L'Ie riJ<:11 by 29 ~ I~. mll.'lillet :l.t.::l~ Ilr Ihe ","odJ. 
511!nific:1I1I ri~ of 12"1 3nd 75 'r p:t ~nl .,1\00: 1974 ..,iLII p;lrlicubr 
rl!$l"lCCli~o:ly. S;akJ of ii~h' di~ ~udc~~~ hc~n~ rccor.d..'tI in 1977 ::Ind 1978 
per cent $incc 1974 with ~bsl:l.nlial roo c~~~I~f~ lI\cf~-:I~d by lII::l.rly 30 
~nd 1978. TIle o'lcl'::IlI petroleum 1IJ Ind· n:eonkd bclw«:n 1976 
III Tab!..: 10.4 ilIu.\tr.ltcs Ihe trcnJj i:~: a . • dc.m:l.nd ~Iancc . ..mat !;ivcn 
pelt("llcum proclUdS I1nd their net ellc'(1 o~~~~1 ,:n~u::~rlllon. an~ ClporUi ot 
rcduc:cd by ~,6 pel" ccnL 0 (ma .. winch In 1978 w.u 

Electrldty 

10.1 •. lIydro·d:driri IY t",C1hcr wilh f cJ ood 
prim;lt)' domCitie iOUm!'> d coer" ,; 'II and c:b&n:o;Il are the only 
constf\lCtion. when Q(lmmiuioncd in ~d-19~1 ;~"I~."'131 pbnl. n.ow "ndct WI .... lhe olher m:LJOr .oW"-

l-.noU.UD Co.PACIfY ,u;o Gt • N .... 11OH"0I' Eua.1dfT 1974-1'" 
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TaNc 10-' UMlicak5 tI.al the ,,01 lnablkll ~iItI cap.citr tar ..,.. 
.1111 tl~ electricilY ro.£ by 15 per ""'" fft'M 1"-" MW '" lJ" .. ...).1 ...,W in 197'. The bull.:. d. tho \na"UJC In 1"1 • KCl*I_'."" (Onlmi.ui~in, of 14S MW h)'llro ~tion crocitY at 0itaN .. J.IIJ. 
1978. AllUiliM21 C3{"Qcil), 10 ::cncntl: a fl.lrther 40 MW rl hJWo - )Q MW 
of ~\hcml.1 ckcukiLy-nWn; lho: level oIwW Q{"QciIY co SSO MW ... 
eJ;p;:clcd 10 be: UlIllnliuioncd in 1711 I nd 1913. rcapo:aivdy. b .... 
run. as per lhe filO-ur~ ckl;lilcd below Ihe ~ ia wpply 0( ~ 
10 rno:ct lhe anliciID1cd hi;h ;r0Wlh in d.:m;UId u. dlcdl.lkd ID be ...... '" ~n, the counlt)'·. puL.:lItial for hydfo ck:dricily aad ~ ... 

. ~n:;Iy by nulo:in: u..~ of d~ ,cothem.:.1 rtlOUrceL 

/'I~ s.w fIII""'*.-i £....-t. I'" .-.u,......,'" 
ItIl ,... t"' JIll» 
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JO OJ. 
'" ,.. 

... n. 
no 

'" '" 
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10.15. Ailhou;h w.rJ:OliorlJ In nlnf:oU baYO had ~~ Imract on ~ 
'~I("ctricity scn0!f3.lcd. Ihe 5r"""lh in nulp"t .Jnco 197" has ,c:ncn11J ~ • 
r..:l:l.l.:11 1(1 1111: l:IIJJililllU 10 Op:lcity."1C IIon1(ll.lnl til hydrMkctricilY JCIICrue4. ro~ frol\l 407.7 Cowh in 1971 In M9.1 a .. h in 1 .. 75 lind 11,,"'11 I1mA'--d 1ft • 
5Sl.2 Gwh in 1970 ..JI.II:: 10 \lNU .. "1 ..Jurin; 111:11 ynr. (intld ~inf;ln In 1917 
::Ind ,I,.; OIJJilwm;a1 c:'Ip::Icily in",alicd in 1976 raj~ ClUIJNt 10 7.9.3 Kwh 
in 1917 10 he boMlcd fJiiI funher in 1971 by the odJition.:al oJ'GdtY lh:J.t 
anle on stre3R1 in Ihe nliddl~ or 111011 fUr. 1u • ~h while 1'- IOUJ or 
ckcuicilY ~no.""I'::II~'\l rMC by ~~ pcr cent (rnm I.' I ) .) Owh in 197110 1.lI1 .' 
0'1.-11 il) 1978. the vnl ... n\(.' of b)'W"u fOl~ ~I-..:r.&lc.J j'''' ... ca ...... ''foI by 43 p:t 
cent u rolllp:ln:U 10 ;a ri~ ell. f>o!r «til bc"1 .. 'C1CII 1976 and 1971. ~ 
'1l.1enlly &.~il': ll~ drop in CUlCflIlion ellhe thernl&l power. the ~ 
of ekclricily ;ener.:oltd d."IIIItSIM::sliy h:u ri~ from 11 per cent in 1976 

'10 86 ~r ~nl in 1978. . 

10.16. Tab!..: 10.6 IndkalC$lNl ItIl.1 CfWU.Umption nI electricity rOK f~ 
995 nliman K"'h In 197' 10 1.370-' million K .. -b In 1P7I. an lnCf.:atO of 
:;7.7 p..'T cenl. AI :l.n avCl'::l;C rale of 7.6 ret cenl per annl.lm. '1110 hichal 
po:rc.:r.I:I&~ Increase 11."35 rccoN.:d in co:uumpttM of ekoctridlY for c,bncslIcI 
U$C which r~ by 60 per cent rton1 2OS.1i million Kwh in Hn .. to m..s 
nlillian Kwh in 1978. Demand ror industri::ll usc toIC bf 3) per UA1 from 
:5)):.7 miJIion 10 110 .• million Kwh dur~ thb pWod. while COGwmpdOn 
by comn~: ancl Ii;ht induslIul cnwpriIc.J incrc.u04 bf 30 per o:Dl 
from 2~6.6 mUlion Kwb to 1974 to 321.2 mil~ Xwh Ia lint. 
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10.17. ,"IC dcvdopmcllt In ;a1cratlnl: ,""a(Qe:ily rOf o;lcdricily 11:11 been 
untlcnalr:cn in IInlicip:llion of lhc pole:nli:r.1 dem:inu which is e:J:p:-elcd to ~ 
hi,h. A uO;\'t po .... \:!' station WlU Q.llIlnlls.,ioncd at M:u'~bil in 15171 arnJ the 
p.>wu "Ilinn in ~ndo:ra w;as ne3rins compklion. In :alklilion . ·ork OD 
CJ:Io:lI.li04 01 5U(lply 10 1Iiolo and Vihip is nc:arin, mmplclion. ~ Goycm­
nh:nl pL1ns III src:nd:tn o;.llinl:ll.:J·KC·t2 million on nU-oll o; lcelrilk-.uilll\ duri,,; 
Ihe: ~rr~nl flbn p:-rind. 

, 
10.11. Tabk: 10.7 ; lycs fisurcs on U-'I:Il:o of CRClg)' In the rnodc:m scc:tor 

of lbe C'Cnnomy in lema or oil c:quiYl1l.;nt. As ~ho""'n Kenya'J nlOl.l.:m ilCctot 
rclie\ be:.1Vily on hnllOrlcd tncr;y, Tile (lR1ptlt tiM or ener;,. rrodu.o:l'on 
Irom hrutu power has b.:c4 inCfe:u.inl: but in 197. il still accounted fot 
only 12.11 p" c.:nl or lotal eonsumplioll alloou;1I Illis is a Juhst:lRliai rise 
l ronl lhe ' .2 per cent rcconJ.:d in 197-'_ The: proportion 01 Cnc:rcY ,a1e:r;ued 
from cionll!Jlic rc.wulU* Is_ howc\-cr, C~p:CIc:d 10 riN: sU~lIliall,. in futuro 
ycaD as bolh hyd~o Ind ;c:othc:mlal cncq:y sources OIIC t.:IJlP(d. 

EACf1)' Polief 

10.19. The Naliooal C'oune:i1 of Seic:.1CC and T.:.:hnolol:Y h:u sa up a 
(OI1UnitI.:C 10 advise: tbo: Govc!'utlcr.1 on a .uilabfc cner;y policy lor the 
cou.nlry. Sinor; the oil Wsb of D.:ccnlbcr. 1911, hisb pika of oil have 
continued 10 impede C(XIJIOmic deYclopmtnl. A gtiJ,r.:r.ctoty cn.:t;y policy ,..iII. it is hoped, pI,)' a part in rc.solYina tl1c problems which dcpcndcnCll on 
lmpotkd IOU~ .of cnClU' ctc.:r.tc. Meanwhile lhc modern KCtOr of CCOAOm)' 

121 

- _ .. -...,.. 10.7 _ .... -_ . .. - . -. --
I',"" ----- --- . 

\ 
.. _0..11_" .. 

t;poru of cnodIII oil .. 
Nel ~roru of pcuolcunl 

• ""It. _ _ • • • • 
$I ••• :L ~....a lroroliNdnf; 
,,~ .. .. . . 

' ''lC'''-r1I11H''~ 
!'IlIU .. .. .. . 

• "r.I" &o.o\,- of hr-lto-
Lo>c.al p<OIollICiloo 

po.toCl' • • •• 
hnporls of h)'li'o-pootIV .. 

u, .. '"Co.OM&. ... " .... cwH'_ . T 
E...;nGl' .. ' -- .. 

0''''- LoC.U. ~y ho-T 

T 
UI.-.;1"""" .. .... 

0''''" ........ 11 .- .. 
U.c at slUell .... baIaIIdAI 
IIIl'11 . _ .. .. .. 

T~t.&. E. .... Gy· C..-moM 

Lac:"'- p.uouc:nult loa ra.· 
" .. T_ Of TOTt.&. .. 

ra. C .. Pll''' C~ 0:. 
Tlal4 01' I'/I,DCioa&M cw 
EQu .... ..w.-r .. .. . 

JIlt ... ..... 
_I,·n ... .. ,. 

1,),1-1 

m ·) 
n. 

:!A!" 

nl " 
l ,ul" 

-fl. 

l ,tol'" 

.. , 
",' 

1f1S ,016 '''' 
)1-1 ... ,J< .. ~ 

. Ul4~ 1, .. 6-1 2.111" 
..,..., 

_1.)01 .. _I,m·) ... "..., .~.1".· 

lJl-i 
. 

'14-1' .... .1l0·' 

I.JUI .,u.s·s I , .... ·1 ,...,. ... 
,,,·1 ". '~·I , ... . Gt ",.. ~ 

" 'J n·, . 
UH~ 111-4 . ''''1 

.i,.. ,~. ,,; \ ",., 
1,," -1 1,11'" I."J 1,)10" 

_no-, )91-1 )14" .... 
1,6043-1 1 ... 

1..-" I,IIH ""'. 
,., ,., •• II • 

. 
." \!' UI j .. 

0 • • . . 
\ 

I 
I 



, _____ ~~- -c-c------'--- ' 

t .. 
j 

. 1 

.~ 

:\ 
,0 

" ~ 

l 
II 
, 
• 
' . 

, 

I \ 

• 
bitT;)' SrdOf 

1.120, The need to (omlui:uc coll1l'r~ho:n.<ive !D..lom\ cner(.1 devel0plnent 
pbns h:!.! bxomc ;.:n::t:llly rcco;nil.o:J by Jc\-.:lup..'\1 :am! d;vdoll'in: C\lunllics 
IIliti: in Ihe nrh:rm:ub of Ihe: "\ 97)·,.. o.:n.:r;y tri.is. TIl-.;: ri,jnl: 1:0>.1. of ~"""&Y 
5Upplict. lind n'lore ~rliCIIl.uly 1M! of petroll:unl. have had :aJ".:rs.: CiT.:cls 
on Ih..! ford,,, Cllch;1ng.: n:sot.tw or luany cconomi.:~ IUIti DiscJ to~ts 01 . 
produc:lion. Ken)';!. Is no ua:plion. About &5 per a:nl of conlmcregll7 11':I\k<l 
en.!tQ' in KCII)'ll Is dcri\'aI from imflOr ... -d petroleum. AbolJl 01'1\:. qU:IrI~'1' or 
the: ,,:alion's ror~ign UCholll~ atnin!>' is uJoCd for p.:trokum iml)()rts. This Ili&h 
d.:flCllIkncc on forci];" C llCr~)' r~urc:.:, :lnd Ihe fol.: cllCf'l!1 pbys in an 
economic :u:livili« r.x';5SibIC high prioril), beillS lIL'COrdlld 10 the c:ompr~ 
~Rliiv.: pbnnin& of the <,h:l'l:!opm.:nl of till: cn .. :r:y s~lor. 

1.121. Th..: rur-JI popubtlou (aecs an equally ~ven: probl.:m due to their 
"lmo~1 exclusive 1.:I~nce on firewood. This dcpcmJcIlCY results In ddorcsQ· 
tion on II potentially c:atasllophie sc:Ilc:. /matinS this procen will I.:quire :l 
combin:uiou or plOgr.unmu such :n ro:.llI\m .'St:uiun. ir.tlwu.:tion of ren.. .... n bJe 
s.ouf~ or CII~fc:r. and cha nges in the nuna;.:mcnt or aniLlble wood supply. 
On ~h.: .poshiv..: Ude. Kell}";\ ha' nlad.: impol"Ulot :,;trides in d.:nloring 50me 01 
bet IIIdIS~llOUS tnCfU sollr~~ O\'~r on.: third of illI: lulal eslinllt..'Il bydro­
clc:c:tric poLCI1Ii31 of 700 ~t\V Ius already b:en dcvelop .. :,,!. Gcolbcnnal roten­
ti.;J1 i~ es&lm3ted III "biJul 500 MW. wilh the fifl'ICOlbnmal'lalion praducins 
IS MW comilli; Into op.:r;allun in 1981. . 

8.122. Durinl: this rLln period. lbc: development objectlvu 'for lhc Clocru 
s.xtor will bc:- - ' 

i. inc:rt.uins the ~upply of cIICfE110 mc.":ltht rcquircmCllts of the ec:'oDOllly. 
il rationalidn: the 1l So: or inlport:d pcltOJ...-um; 
iii. d ..... duping Jrulis.:nous cnc:lj;y l'CSOurces; and 

iv. lessen!n: dcpcnd.:nc:.: on imp!lrtcd ruels. 

F.ncr,.y Cnl~~llmrlinn 
".12], The dcm3nd.ful encr,y will continue to rise with the lrowtb of lhe 

economy, Table 8.1] intlic:r.I .. '1 the ov.:r:dl consum[llion of Ihe m:aj.:l t forms 
of comm~rcill cncr~y l!.uEn: Ihe JlCl"iotJ 197],,71 and proj..·cdons for 1983. 11 
will b: obs..""fV.:d thai the conwmplion or petroleum [ucls durin; tho:: 197J..77 
period £1"1:"" :1.1 3D annual I"3le or 4.2 pet ccnt. Elcctricily consumplion. on 
lbe Olh:r hand. rose durins tho: $ame period 3t:l.O annual rate j)f S.1 per cent. 
CollSUmption of loc:r..lJy produced ek'ctricily J;O$C from 97,900 tonoc:s oD 
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E1~"C1ricil)' CoMUnll1tiDn "" 
8.124, To\;al coMUmplioQ of ekctricity 0YU" Ibe Jut 6w yon ~ (tom 

160 Gc£awaU Hours (GWID in 1913 lD 1082 GWH in 1916. ~_~ rel. 
the: incre3SCd economic. activily in urb:ln and rural IOClon. LM --- or 
ckclric:ily is Clt(l<.-C1tt110 sr""' at a I"3te 0( 9 per a:m. P!'" .nouOl 0'fCt :::; 
6.\'C ) • .::;ars. In Icrn~ 0[' M .. -:;;aw;llh (M\V). derr.at"Kl will iJ)CJCa.IC (rom 
In 191610 3S1 MW ill 1983. 

8.llS. In 1976. the domestic: inSlallcd ,eneratioD Clrac:!IJ was a~t ~S MW. TIlls will rise to SIO MW in 1981. 1be total. e,plcll.ablc potcnli31 
01 1M Tan:lo Riva II estimated 10 be 540 MW. 1.0 addlltnA. tbe poIaItial of 
olher srllallcr rh-.:rs Is estimated 10 be 130 MW. T~!his Ihou\d ~ added 1M 
poI.;alial or ;""Olhamal resou~.:.s. which [or O!k:ma .Ione is CSIiln!"~ 10 "­
about 110 MW. T:l.blc: 8.14 shoWS lhe polential supply of ~y (tOCG 
dilrUo!Dl hydro-power aDd ,.:olhctm:l.l soun:cs.. From tho tabk.. 1\ caD ba 
seen that demand rOf elcclf'.til), lot prc.scnl and for abc ~ 1()"~S JC2n caD 

.. be met rrom aVAilable b)'lho .l'1li :eolhc:nnal ruour=&. II IIICM at. '-Itt 
aploilcd. • - ' :' .. - ',:. ':.- .: -~. :-.- . .. , -_ .... ... . - .. -... _ .. --- _ . , -
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Fad Ccms&lmplion . 

• . 126. T:lblc 1.15 indiClI.:s the consumption 01 p.:lrolo:um fueb in 1916 
and utinUlcd for 1971 ond 1983. From the tl.ble it will be observed t~11I1O 
roue of Growth of consumption of :III p:lroleum (ucb wu 7.2 per «nl per 
Annum \):twcen 1976 :lnd 1978 as com[Qroo 10 4.1 p.:r cenl per annum for 
t~ 1913-77 puiod. In the 197&-Sl period the highest p-O\Y!h rate will be 
te,iJt.::red in the: Nrbo "ruel which is u~d b)' 1I.irer.1(t. Ils consumption will 
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rite ffOm 407 million liU1:lin I"" to 1.001 miWoo Duu .lto. NeIll" 1M 
clietcl oil and molar spirit which ""' at abcMit ,-' pet o:nI per ..... ... 
6.l j'IeI' c::cnl per annum rcsp.::aivcl,.. between 1976 oad 1971. aN forccul 
10 rise to a.bout W nrilljon lilreS :uwI abow 50-1 cniUioD liua rc:ap:QhrdJ 

·to 1911. I 

Wood lind OW'coaJ CCNWImplioa 
1.127. Wood and d\:ln;:o:al arc tho UIo)io IOUtCa ell CDCrJ7 lA .... rwaI 

lreal "Id in lOme industries. II b estimated tbil the alUlQll COM&I.~ of 
f~d wood and el\:lreoa.l is well in e:so::u of 10 n1Ulioo tOCUlCS per alUll&lm ad 
will inc~a.5C OI.t a r.lte of at lust l.s per cent per annum u" al~llftI 
c:.'In b;,: o:r.:rcd to Ihe tur.ll popublioo. Tbe: pro;.nmmc.s {or d:c dcw.IopmcM 
01 i.ll1i~lo)U$ CIKI'&J resources discussed bdo •• hn II proviIJ.in& eJ,,* at&ct­
n:.tives. 

Dert:!npmmll'ro;nlUwcs ,. Pdrolc:wa fiatb 
•. 128. o..-velopmcnl acliyili« in &he oU InduSUJ will lMiaIy aJftIUI 01 

in\'cs!llICnltJn the relinef)'. improvcmtnt in the etr.cic:uc:y of diltribulkln bJ 
oil comp";ri~~lI:p3nsion proGr.amna of all com~ntes. rallonaliulloa of 

. us.; II~ cOMCn".\lion o( oil. oil csplor:llion, and !.he dc.vdopmu» of power 

IkO~~\ 
1.129. RalionIlJ.';IItiot. 0b--C1u 01 OU.-AceordinA 10 the data OG ~ 

IIIIlnp.lioa o( petrolc~s.. IS p:t cent Is ud in Industrial and cocneaudal 
c.nlCftlrilb; 64 p..:t a:nt in tr.ln5port. of which 24 p.:r CClIt ilia ~d tltftlpan. 
Ind S pet ~nl in r.liltr.ln~port. Moro r.ltioMI U5C 0( peuoleum will be cluled 
csp.;cially in the lrampott sexlor which consumes Ibe brcac p:n:c.nu;c ." 
p::lr,,!eum futIs. As i~ic:llrd e;rlicr. rOld Ifilnspor1 comumc.s more: oil per 
fr(i;hl lon h3.1:L."ll Ib:ln raillr.lnsporL Me:aSIU'U 10 be tl.k..::D, u wlCd In tb.2 
fili1-ru:cd-oil·pip:: line CQoOrdination KClion. will ralionaliu talS-rmd and oil 
pipeline modes ol lransponatioa aDd hive &he: dl'.::ct 01 rcducictl oil ca. 
IIIItnplion in ilu: 1t:lllSpor1 s.."Ctor. 

1.130. Oil R .. Jinc:r;..-1"he Kenya oU rclinuy It Mombas. bua ca~dt,. 0( 
luniu: 4.£ million tOnlll!S 01 c:ru:Sc oil flU aMUm. nlrou~ eJ.e pla. 
p;:riod. the rdinc.ry will 0~1c wilb e..tteu aplat,. a..t 110 CJlp:tnhoa k. 
lhcr.:rorc., pbnned. Howi:.\·.:r. K£810.ooo will be used to ;Mlalla compuk:riud 
pt'OCcss wpervisory sysrem 10 imPfO\'t the o;ycraU e:fficieug and RCtn'U)' 01 
Ibc finished prod"ets. Thil. alonl with the 1oX01lllUf)' proc:culnJ nits to ba 
1nstll.11cd at the tefin:ry. wiU improve ptoduct)'1ckb ol crude: oil imports.. 

1.1l1. POM'CF Alcol,ol.--Alcohol COIn be used as a &IIbstilutc lor ,petrol 
Sollie or Ille sources of power II.kohol which Ire loall)' nalbb1e: arc ~uaft 
.nd R10!:lnes. Two c.nt.::rprbes (or the domeslit IlUnu(lI"ure 01 akobol wiU 
be imllu:.n.::nted during mis plu period. The powu alcobol produced 
will C b1.::ndcd with pc:lloL This will re:aullill IOmo reduction 1a lmJl!OfU 01 
etude oil trom o~ . I ... , 

. ... e ll' e. C SOh j . aU e e. = .: ee _c I." . 
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. 1.132. on £a-plOl'CllrOll.--Appcoalmalcly o~ tbird of Kdlya'. b'"nd lrea 11 
consid(:n:d J;tolop.kally 10 h:&v(: oil bearing polCllliaL A 10LlI of K£I1.0 "lillian 
hils b.."'I:n silent since 1970 by the oil companies In thdr 5C3rch rOt oil. Whitt 
~i1 du.:o~ h:n betn uns~ul. th(: sarch for oil and natur.ll &U can. 
IInu;s. Th.:sc eaorts will b.: int;:nsilicd wilh rbllll.:d Gov..:rnmenl participation. 
IIIlhe i",(lOrlane~ of bein; abl.: to assess. wi lh ;r ... :uct eerl:liuty.thc counlry', 
n:sourc.: pol.:nlial is d ::uly r¢COl;nil~'tl. . The: d(:\'dopm.:nl of a 03lio/UI encr;y 
policy r.:quircs a Ihorou;h und.:nlandillJ: of the r~ base: so thaI lkvdopo 
menl rl:Ulnins C01n tltc Into account n.:alistic t$tinlalcs of the po.tcnli:aL 

Dut;llIpmcnl Pro;rAnInlCS lor InectriclfJ 
8,1)), Tbc comrklion of GilaN Pow.:r Sll lion h.:IS addtd 14$ MW 10 

the i~ltlall(:d eap3city. The Upp.;r Rcsc:rvoit IMuinsa Power Sialion). which 
b bema tlnanced 35 a multl.putpOsc project COiIjnll about K!SO million. is 
10 be cotnpklcd ill 1982. and ""ill add 40 MW 10 11\1: 5Y51,""1. This willlliso 
In~a5C the firm Q(I.ldty of tbe cah ting hyd(Oo$~tions ".arinl the dry 
perlotls. as Ihe TOlna Ri\'Cf nows will be mon;: unirormly n:subu:d. 

S. IH. The con~lructi(ln of Ihe I1Cxl hydro stalion on Ihe River Tan.1 (at 
Kbm~ro Gor;e1 b j &chcdulctl Co s~rt in ISISI and 10 ~ comp"·! .. '\J· by 19&5. 
Th(: I'ruject will eo:.t about K£60 milliun and will ;add ;,nothct !:!O MW of 
In~r:\lkJ c:lp3clty 10 the 5YStcnl. . 

8.1U. A 220 kV. iinsk<ircuit tr.uwnission linc will be eonslruetat 
betw.:cn the Tana Riyq 11)'\1(0 St:olion lind MOIIlb;a~. 10 It:uuf.:r Ihe lurplus 

. b)',jro CI~r~ 10 M(lmh;)~ in ort!cr 10 s:!.VI: fuel coslS on thctm:ll "cnel';llion.. 
~~ Il';lnsrnission linc. loselher wilh lermin.,1 equipment. will COil about K£16 
mlllnlll. FurlJictPlOfe. about 2SO kill. of 132 kV. lines \1; 11 be coJUuuclcd 1.0. 
Ihe Weslern and M I. K(:nya aras II) rcinfort:C the aislin; ')'S1Cnl and meet 
Ihe fUlurc imlust ri:l l do:l,13nd in these arc:lS. • 

GtolhtnUai 
S.IJ~. In tile neal fivc 10 six years. lutthoe!' cxplol'lltion 01 ;tolhcmLIl 

pnlo,'lIha) of til': country will be c:urkd OUI ;;1 areas olhcr lhan Olkaria.. This 
will ill\'oll'C II tOlill e;.rillli oull;.y .ul IIbout K£2.0 milliun. Eaploilal ion of tile 
c:Jr:i5lins polcnli:al will ioclud.: lhe conslruction of one U MW Il:IlIoli II 
Olbria which is (ll:tnnctl lor completion in mkJ.19S1 at a cost or some K£12 
~illioo. follo\I'C\J by anolbcr U MW s~tion lbe followinG: year at III addi-
tional eml of K£S million.. . 

Rut;l1 DcdriJic:r.tion 
&.137. The Rural mcclrific:alion Pro::mnunc is a Governffi(:nt inili31td 

schel1le fot tll.: prol'Won of elc:clricilY In runl Dtc:11. This will hdp ,jeYI:iop 
thc:sc arcu ::md Disc the ,~nd.ud of !ivinS' ollho tut:l.l people. 10c PI'" 
p:lrnme will n:quirc an CSIirna.1Cd K£4.2 million for the period 1979-11 
compared 10 K!I •• million loe lhc pcriocl1974078. 1bo "ioc:tion or cc.oUU 

CPItU (In Chapter l). HOW'tYa'. pdorlUa ..... a. ...... - .. 
toe' ckcttilic;.tion will in ,cncnl support !he hitran:II)' 0( Pa'cMtaIj ....... 
be: d.:lernlil'Ctl on Ihe: bali_ of the followi",:-

l m.l.in nlfal centra with pokPlial cuw.cn ia dcaIdJ popaII- --
coundin, arc:r.c 

il .u Impartlonl admi~i5lDtiYC ccntrca III apandr popaIatc4 .,... 
iii. rcmal~.c rural "nU'C:S III dclUd, fOPIllalcd arcu;... . 
iv. lrea. with iltlcrconDCCl1na: lints. 

&.138. The runl dcctril'\QliDn JII"O;ramme dlirin; the pba period CNIP­
'" projcc:u. Table 1.16 indi<:alcs Ihe nllQlbct and costa ol projDQa AI .... .......... 

r.-..~ ~ ~ t"""'"''''' 
T ....... " ,-

. -- "_of _. 
Coo .. .... " 1 .-~ .. -... .-. 'I 00'" 

"""""~ In.-",..... .. • Ct:-aiQVaIIof .. • w_ • ,,,...., 
'. ,... ...... U 4.11 .... 

Elcctridl, TArifI'. . . 

8.139;-Kncw ~'IU'" wbkh is both raHolllla. slmp&I ........ 
ducc4 h, Ea.$! ArricaD Po .. ~ and Li&hlinl CompaD), with dkct IfOaI I. 
Januo1 CY. 1979. II h;., only $ ~~0Iic1 or consumers I' ap_ 7 ia die aid 
&aril struclUre. 111.: c:r.te,ories IIlnl.S roUcnvs:-

I. consumctl with monlhly r,;pnsumptlon nol cxcccdlac 7J#J tWh.: 
Ii. cons\IlllCIS wilb monthl)' consumption bctWCCA 7JX1J.NI iOOJ#J t~ 

. iil nsumetl with consumption u.cudina IOOJ#J kWh. per ~ 
Iv. )If·pcak supplies; .nd 

. Y. l,ublic li;btina. 

8.140. E:ach c::IlcG:OCY or COIUUD'iCt wiD be chlrp:d at ... Ie ""t reIKCI 
Glore clo")), t".c c:05I of pcovidinl lbc UlpplJ to tUl CllIIDaI:t. Comumen 
under cal~ory (iii) arc a bu oIJ'cted a redua::d rale for "AlII CON"med d:IMa 
oa·peak houn. This will bo possible u lhcir dcc&ridt1l11ppbr wDltt. pIO'IicW 
when demand blow. 
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DC:1'CI~ of ImligmoUc'l RcsourcC!l . 

1.141 . Tfrcdu~ d~~ndcntc on impot1td ruclJ. lodl;enous tCSOIIr«s oC 
en:r£), hue 10 b;: devclop.:d. As IrnJiclI.lcd arlicr. cxplor.ulon "nIIln., 011 
Ibe S.:1)lh,:nnal fields india"" Itlilllhc eJcclric:d power which t:ln be clploilcd 
fronl Ihes.: r.:sourt~ arc PI hi;b :I.S 170 MW for Olbrb. There an: iooblions 
1I).;IIhc counuy baSil. polenli.:ll of over 500 MW or ~olhcrnL'1 cner;y. 'Tbcrt 
'~III bo: II ph:uoJ development 0( ;colhl!mllli en.c:q;y '~utcCS in Ihe future. 

8.142. Olb.:r fonns of cncr;y will be uplon.:d and uc\\:lopcd. Aaotell.lliOll 
progf3mmc:s will b: Imp!c:mcntcd to provide Ihe n:quirtd wood and cb.lrc:ml 
ru~L 1'13m arc und:rw~y 10 pbnt. as a pilot project. 20.000 hccL:lrcs 0( 
c:JI;OI lyptlU I~ Iminly fOf" lh.: production of luelwood a".1 poL:s in semi­
llrid acc:u durin, the pl:lo period. Rat3.rch on non-conl'cnliolQl sources 
or CAI!rn' sud! IS blosas. sun nad \vind will b.: inlemHlc:d. Pilot proj~'CLi on 
thCio:l forms of energy are alrodl kios Implemenltd, nuln:y to the 1\Ir:l1 ."". 

. JI~,litutio~l "nall;Cllltots 

8.143. The Mini;;!ry or POttIer ;r,oII Communications has (»'crall responsl. 
bilities lor the Ile ... elopm.:nc or ibe tnerJ:.Y 5CCtor. This inc1ulles n::spomlbillty · 
lur (ormubtion of. Ibe tncrt:)' poliqo. DecallSl:: of iu: heavy rc$ponsir.lity in Ihis 
rICk!. it will $ln:n;lhen its ~pac:ily to p~n compcchensivc encrg dcYCIo~ 
m.:nL Tb.: nx.:ntly eJI.1blllhcll IOIu·minwcri:a1 Commiu~'C on Ene:rg Re· 
IQUrccs, now rUOl:lionins ullller the :au~pit'eS of the N:uional Council lor 
Science aud T .. -chnoloz)'. will be supportoo by lin adcqua~ly si:1ff.:ll divioon 
In tile Pbnnin,; D:p:aflmcnl ollhe Miniury of Power ;1D1l CommuniC:Hions. 

8.144. The petroleum Industry. Il ~jor componenl of thc energy So!dor. 
b b~cly composed of bry; internalional oil companies ..... hich import their 
cnille oilsupplic:s. The crulle oil is refin.::d at a r~C. ond the relined products 
Ire Ihen distributed throushdul Ihc counlry. Tbc colnp:lnics ..... m. durin; 
this Ilbn IlCrioo. be: c:a1l.:c.I upnn 10 ~p.:t:lle in impkmcnlin; Plo~b 
dCKriOcd c.uller 10) U:lll5port 011 by nil 10 .:cnlres north;r,m! ""elt of N;lirobi. 
The implemenl.lr.!on of Ihis d~rjbution pro~ramme will tJ.."Cemtate oil tkPOIl 
bcin1: colllUuelCd :rot sckc:ttd ItflIJUQls ;don1: the r:r.ilw;lyS nelwork ;lnd :rot 
M:robb:l tor ston,c of oil 10 be exported 10 C'O\Intrics to Ihe Wesl of Kcnp. 

U4S. 'The KClly.L Power Comp;iny and the Ta.D:I. Rivc:r Dc\'Clopmcnl eom-. 
(\:In)'. whose m:roin funclioM at.: the devdoprn.:nl of rcsoum:s for the ,(:lien' 

lion or dc:c;tricity. \\;0 io\"e" ':;r,te otm:r power resource potcntb.ls from both 
hydro lind c,eothtrnuJ $Qurees.. In pcrrormin: this lunc:lion.lh.:y will ( ]bbolr­
ale wilh web oTJ::Ini2ations as the T:rona Riva Developmenl Authorit), a"" 
the East Altklln Powa :rond Lishtin! Company. the ~in dislribulClt of 
ckctrlcity. Kenya is 0Il0t of the COIiolries with IIic: hi1:best Fiees lor eJwriciII· ... 
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This IIU)' limil the usc of tkctnQl)' II a ma)ot rona 0I1t8Cq)'. Aa arpIIItI:IIo 
liolll tll;-1&c:d in the senc:r.:otion aflll dbln"botioa. 01 ~ .m. dIadan.. .. 
'J~uir~-d to rffCCl emei..-ncy In pto.hx:tton aDd disaributiaD 10 IS 10 Iowa" ..... 
com:rom! dlUI ehc:ipen the price ol power. 

Conwf\"atloo 01 El1tr;1 ; 
&.1"6. In Ibe pl~. inw.fJ'lCic:nt AtknlioA b:r., bcca. ;IYcn 10 1M ~ or 

eoltloClvation of ellCfl:Y. As I develoO'lnl count". lbe prDIpCCU aN that 1M 
usc of ellCr;,. will jncr~~. p.1rtkubrly 10 IhI: commcfdal anoJ lnd.drkI 
sector ... To nuke the bciI: USI: of. the lifllit~"'II tncrgo raourua. tbe followlal 
rncaSutes wiU be lal.:.!lI. Fiuliy. most of tho imponcd hlds arc ~ ia 
the: tr:ll1.'lporl indu~try. In order 10 NYC co fuel in this lCCIor, cmplRWa .... 
be [lUI on c:n;ouJ2,in" tbe ~ of p.1blic 1~1\$(JOl1 IS oppo:s..'\1 '10 pnv.­
l r:r..nsporL Secondly. Ii'; enerlY IIK/outpul ~l~ wi~ be jlD~ by aU ...... 
of en~g. ntc f'Ublic. Ibrou~ II..:: tn3S1 mec.ha. ""U be educltcd locr. coer;)' 
conSCrv3lion Icdmiqucs. Thirdly. arrorol31ion prO:-rillDOla wiU ba ,~ 
up p:lnicuL1rl), in II..:: 5Cf11i·arid art;lS. Founhly. olhcr fiJcaI ~ will ba 
introduc.:d 10 help J2liol\;llize lie usc ollmpo.1clJ rucb. 
J-:II ... ironnltnbl IlIlp:ltU -

8.147. Tho lrin.!ralion and ust 01 cnern' of leo bu adYUlCl enyJtoome:alll 
dl'ccu which abould b:: 1iI\·oickd. Smoke an4 funlCl flom (ac",,1e:&. !Duel 
and vcbic:1.:l1 C3U!.C air pollulioo which alI'.:c.:u lhe C'COIosical p;ill~ 0( 10. 
arc.3. The eOI1J!ruclion uf <!:lIDS [or cl.."Clric:ity cen.::r;alw,n dDncca 1M palta .. 
or ~ oqll:rotic liCe tJolvnstfam ;and lbe: ecoioced babncc 1a lbe- MlnouncS­
in: .feu. The dc:vclopnlCnl or ,colhenml ruoureel ''!' ckctricii)' dcveiop­
rocnt produces pobonous p.5Cl. dlIuenl .... let aflll nolJC. Tbc uQCOnlroIlc:d 
(cllinS 01 IIUS for ch3fCO;1l burnin: pnxluccs pollution. dc:sa1if\calioo atld 
wil erosion. All of Ihc.oc l;leton. will be corWdcrcd bcl'on: dilfemu fomu 
of enc.rG1lue de ... .:.Iopo:d or ClIpJoiled. Durio: the ptoan pcriocI. SllI'Ilbnh will 
be pttlCribcd lh:ll wiD b:: obs..Tft.d by all enterprises Ibll &eQtR1e and 
Ir.U1.'lporl 0·' lrarumil e1lCt;)'. Existin: anti-pollution bws .. ·m be strictly 
implemented. El,,·jronment:r.l lnlp;lct Rcporu wiO be {CquilaS bdOR IICW 
projc:cu arc IIpptO\·cd (uc Cll3pler~. 

M~I")' 01 Power Nld CoaUllwUaulll1l F.,fVII n~ 
1.1 4&. The d~"Clopmtnl anoJ recurrent U(lCnIlihU'C forward tlladpll lor 

lhe MUluiry of Poy.-« :rond Communk:r.liom al"C wwn ill Tabb 1.17 and 
&.II re:spttti ... eI)'. ~vclopnlCnt cxp:ndituru co'tCZ" all tbc corporllioal a ... 
dCp3r1mcrus under Lbc Mioistl)'. HOYieYer. allhouP the ~ 
C:lCpcflllituru or tbe iCll·Jinancinl corponlions arc Ihowa bt the: labk., ...,. 
arc not included in thc tot:r.l of tho llIUoatioas to lhc MlnistrJ. 'I1Ic d· 
IilUneio" carpor-liions alC H"boun,. PollS aDd Tckcommuoic:atiom. aol 
Kena;.u:L The aUOQ!ioo 10 Ken,. R:r.~ys IfIIOWIli", to KD1.7S ~ 
includes K£.26.7S million which is put ollbc funds ,trudy pauat OA 10 1M 
CcqJotation for the purdwc or Jocon\Gtivcs ana wa;oa . .. . . 
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SCOPE OR WORK 

POll AN 

IgC . OIl llEQUIREHEN'l'S CONTRACTOll 

(1) USAID/KENYA RENEWABLE ENERGY 

DEVELOPMENT PROJECT (615-0205) 

AND 

(2) AFFORESTATION AND TREE NURSERIES 

PEASIBILITY STUDY PROJECT (615-0172) 

APPlHDU D 

This document contains scopes of work for two AID financed studies in Kenya: 
(1) Renewable Energy Development Project (615-0205) and (2) Afforestation 
and Tree Nurseries' Feasibility Study Project (615-0172). The two studies 
should be carried out by one_consulting firm because ~omp. components such 
as nurseries for fuelwood and woodlots program undec Project (1) will be 
very similar and related to the requirements of Project (2). Moreover, the 
use of some of the same personnel required for the project study (1) on the 
project study (2) will avoid duplication of effort and otherwis~ result in 
effic.iencies. 

1. RENEWABLE ENERGY DEVELOPMENT PROJECT: 

I. INTRODUCTION: 

The Government of Kenya (GOK) and USAID!Kenya are considering under­
taking a L'ene",'able ~nd non-conventional energy development project, with 
particular emphasis on the energy needs of rural Kenya. The U.S. contractor 
will be required to assist the GOK and USAIe/Kenya in articulating the pro­
ject purpose and outputs and identifying the project inputs. The study must 
be sufficiently complete to permit the GOK and AID to make their own 
independent appraisals of the project's soundness on the basis of data 
collected and recommendation made. The final report prepared by the con­
tractor shall be in the form of. an AID "Project Paper" (guidelines for a 
Project Paper are set forth in Handbook 3). It is presumed that this pro­
ject Paper will support a GOK request for AID funding of the project, with 
funding in FY 1980 or 1981, depending on availability of funds, envisioned. 

Before arrival of the contractor's team in Kenya, 3 to 4 members of 
the t~nm (including the team leader) shall attend a 3 to 4 day workshop 
to be h~ld in Washington, D.C. in June 1980 to provide participants from 
AID and the GOK with a demonstration of the computerized "AL-EDIS" energy 
planning information system developed by the Institute for Energy Research 
(IER) , The State University of New York, Stony Brook. Given the incomplete 
state of both Kenya's energy data and the AL-EDIS system, the workshop would 
not be intended to providE" a comprehensive energy plan for Kenya. Instead, 
the intent would be to: 
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flag the key energy issues likely to face Kenya in the futurei 

indicate in general the energy implications of alternative policies 
which the GOK may consider, and, 

show major information gaps which will have to be filled before 
more conclusive answers to these questions are possible. 

The Beijer Institute of Stockholm has financed the preparation of a 
scope of work for a system study of the fuelwood cycle in Kenya, which 
will be carried out in association with the Government of Kenya. The team 
preparing this scope of work plans to have a draft available by March 10, 
1980, which will be reviewed at the Beijer Institute on 24-25 March, 1980. 
Detailed comments will be taken at this meeting. for incorporation into the 
final scope to be prepared by June 1980. The study team should become 
familiar with this scope of work. The Beijer Institute has energy data 
on Kenya available in its library which is available for use by the study 
team. Some team members may find it useful to review this material en 
route to Kenya. 

II. SCOPE OF SERVICES: 

The contractor should refer to the attached AID's Project Identifica­
tion Document (PID) and AID/W's review comments for project statement, 
background, energy policy considerations, intended project beneficiaries, 
suggested project component summary, and tentative project issues. 

The required study shall contain, but not be limited to, evaluation, 
analyses, findinbSand recommendations, as appropriate, of the following 
project components. 

(A) Initial Planing and Surveys: 

The study shall identify the need for long and short-term technical 
assistance, training of C~K officials and commodities toward the following 
objectives: (i) development of Ministry of Energy (MOE) capability in ex­
ecuting surveys of rural and urban energy needs, in such categories as 
fuelwoo(i ,~harco,\l~ electricity, etc; (i.i) review ;Jnd comment on the draft 
scope 0_ work prepared by the Beijer Institute, Stockholm, for a fuelwood 
supply/demand study; (iii) assistance to MOE in forw·d.ating energy policy; 
(iv) refinement of the IER "AL-EDIS" program for the Kenya ~ apecific 
situation; and (v) establishment of an Energy Data Bank and Library in 
Kenya. 

(n) Institutional Development: 

The study sh,t J 1: (i) evaluat .MOE' s ,~apabi1ities to formulate energy 
plan~, and policies, and to provide technical services to GOK's ministries, 
local governments and institutions in the area of renewable energy. In 
particular, identify ~~E needs [or long and short-term technical assistance, 
training at,d commodities in the following areas: 
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(.) Policy formulation; 

(b) Organization, administration and staffing 

(c) Planning and evaluation, and 

(d) Technical services. 

As regards formulation of energy policies, identify, to the extent 
possible, areas which are critical and can be implemented immediately 
and those which require further studies. For the latter, recommend 
approp~iate procedures for undertaking the studies. 

(ii) consider and make recommendations concerning appropriate linkages 
between MOE and other Kenya bodies (including but not limited to tp.e 
National Council for Science and Technilogy, the Ministry of Works, the 
Ministry 'of Housing and Social Services, the National Environmental Sec­
retariat and the Hinistry of Environmental and Natural Resources). 
Identify leveJs and types of "assistance, if any, needed to develop and 
enhance such linkages. 

(iii) evaluate and identify technical assistance, training and commodities 
required by the Forestry Department of the Ministry of Environment and 
Natural Resources for reforestation and agroforestry programs through-
out Kenya, including Arid and Semi-Arid areas with emphasis on fuelwood 
and soil conservation. Specific objectives concerning this aspect "of the 
study will be to: 

(a) FormulatE" procedures and systems, including organization and 
management, suitable for program needs. 

(b) RecoTlllT'ead plans for development of nurseries, and distribution 
of seedling..s. 

(c) Outline a nursery research program, aimed at improved species 
for attaining goals in fuelwood and soil and water conservation. 

(d) Design a forestry information and monitoring system as a manage­
ment tool for evaluating progress and assessing costs. 

(C) Applied Researcb and Demonostration: 

Identify, on the basis of available information, appropriate renewable 
energy technologies applicable to the needs of the rural and urban poor and 
having promising cost/benefit ratios under Kenyan conditions. Identify most 
suitable organization(s) and locations for undertaking, if necessary, further 
applied research in, and/or demonstration of, various renewable and non­
conventional energy ~esources. Evaluate the need for technical assistance, 
training and commodities; identify most serious problems with appropriate 
and applicable technologies. Emphasis in all research categories will be 
on rural areas of Kenya, but will also include alternative energy needs of 
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low-income urban dwellers. The specific objective is to demonstrate and evalu­
ate effectiveness of some (say, three to four which have been rank-ordered 
a. noted under Section G, EconoIDic Analysis of this Scope of Work), of the 
following technologies which are considered most suitable in the socio­
economic structure, climatic conditions, and cultural practices in Kenya: 

(a) Village/household level reforestation and agrof6restry. 
(b) Wood and charcoal stoves; charcoal kilns. 
(c) Biomass/Biogas for rural areas; small-scale alcohol, medium­

scale methane. 
(d) Solar energy devices for water heaters, crop driers, etc. 
(e) Water pumping systems such as windmills, solar cell and hand 

pumps. 
(f) Food ,processing systems such as grain grinders. 
(g) Small-scale electricity for clinics, school and other rural 

services. 

2. Review with MUE the role of the proposed Energy Research and Develop­
ment Institute. Prepare Scope of Work for the detailed planning of Institut-a, 
inlcuding questions or organi~ation, staffing and term of reference, togeth~r 
with order-of-magintude cost estimates. 

3. Evaluate the need for technical assistance and tralnlng to develop 
capabilities of the Ministry of Works and the Ministry of Social Services 
and Housing in designing, in collaboration with the MOE, energy efficient 
Government buildings and housing. 

4. Review with HOE and the National Council for Science and Technology 
proposals for establishment of a Rural Energy Bank and offer general find­
lngs and reconunendations on the need for establishing such a Bank, whether 
as a new institution or as a new "window" at an existing institution. 

(D) Monitoring and Evaluation: 

1. Reconunend methodology and prepare scope of work for two independent 
evaluations of the Renewable Energy Development Project as follows: 

(i) interim report, 18 months after the activity starts and 

(ii) final report. 

2. Identify baseline date to be collected and recommend appropriate 
GOK organization for collecting such baseline data and monitoring project 
effectiveness. 
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(I) General: 

1. The contractor shall evaluate and recommend toe most appropriate 
approach to IIProject Issues" identified in the PlD, in AIO/W's comments 
on that PID, and dher issues about which the team becomes cognizant during 
the course of the study. 

2. The contractor shall provide detaHed scope of work for the 
technical assistance elements of the proposed project, including details 
of qualifications and duties for each technician. 

3. The C'.ontractor shall provide detailed specifications for all 
commodities proposed for procurement in furtherance of project objectives. 
The contractor shall, to the extent possible, identify at least three 
possible sources (suppliers) of commodities, and in cases where the source 
and origin of the commodity must be other than U.S. or Kenya, the con­
tractor shall prepare justification for such purchases, following con­
sultation with USAID/Kenya. 

4. The contractor shall prep~re training plans and identify locations 
for the training (long and short-term) of GOK officials. 

(F) Financial Analyris: 

The contractor shall: 

1. Prepare detailed cost estimate for the proposed project broken 
out into the four proposed components identified above. Cost schedules 
should show U.S. dollar costs and local currency costs for each item and 
should include all costs (to be fin.lnced by GOK and AID) related to the 
proposed project such as transportation, technicians, housing, allowances, 
GOK support, counterparts etc. 

2. Prepare a cash disbursement schedule indicating biannual U.S. 
dollar dnd local currency'requirements. 

(G) Economic Analysis: 

The contractor shall prepare a comprehensive Economic Analysis on a 
cost effective basis consistent with Handbook 3 guidance, to include: 

1. A macroeconomic overview of the project, taking the following 
factors into account: 

role of energy in the Kenya economy; 

identification of the need for the project; 

future demand for energy (conventional and non-conventional); 
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estimate of additional energy demand likely to be generated as a 
result of the project (changes in consumption, new users, diffe~ent 
types of users); 

additional investments which could be made (by GOK, other donors 
or private sector) which will complement the project; 

estimate of arresting ~oil erosion and depletion of forests; 

project impact on GOK's development goals, particularly on income, 
employment, regional development, income generation, agricultural 
production including agroforestry, health an~ general welfare; 

recurrent cost implications of the project for the GOK budget and 
community resources should be identified~ quantified, and analyzed. 

2. The economic analysis must be made based on the assumption that 
some of the technologies to b~ demonstrated under the Applied Research and 
Demonstration component of the ptoposed project will be introduced, after 
sufficient development, on a much widC!r scale in Kenya, especially in rural 
areas. In particular, the analysis should: 

(a) Identify and quantify (where possible) the direct, indirect 
and external costs and benefits of the project. Costing should 
be done on market prices and economic prices (if appropriate) 
with any deviation from market prices explained and defended. 

(b) The allocation of potential benefits between different beneficiaries 
must be identified and discuRsed, indic.ating benefit shares 
accuring to different economic and social groups. 

(c) Energy systems to be recommended for field testing will first be 
appraised on the basis of benef~t/cost analysis, using Kenyan 
cost data and shadow prices, where warr, ,nted. See "Economic 
Analysis of Renewable Energy Systems" by David French (AFR/DR/SDP) 
for examples of the methodology to be'used. 

(d) Based on the foregoing economic analysis and other socio-economic 
factors (with all assumptions fully expalined and defended), 
prepare a priority ranking for technologies which should be further 
developed under the Applied Research and Demonstration component 
of the proposed project for wider application in Kenya. 

(e) The cost effectiveness of the project must be demonstrated and 
should be 'compared with reasonable alternatives. The design 
choice must be justified a8ainst reasonable alternative design 
for different scale, timing, or approach. 
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(8) Implementation Plan: 

Prepare an implementation.plan for the project identifying the imple­
mentation and monitoring responsibilities of Government of Kenya (MOE and 
other ministries) and USAID/Kenya. Describe in detail h~ the project 
ahould be implemented, e.g., procurement of technical assistance, and com­
modities, and participant traning. Identify constraints, such as GOK/AID 
policies, administration procedures and personnel, which may have an impact 
on the implementation of the project. 

Prepare an implementation schedule for the project, taking into 
account lead times to procure commodities and technical services and to 
initiate traning programs~ The schedule should show approximate dates 
when various ac.tivities related to the project should commence and end. 

(I) Environmental Analysis: 

1. An Initial Environment Examination report for the project has 
been prepared recommendirg"a negative determination", i.e., that an en­
vironmental analysis or impact statement is not necessary bacause AID 
believes tha t the pro j ec t concentr:a tes on ins ti tu tiona 1 development studies, 
pilot projects dnd the like; and does not in~lude any major physical inter­
ventions which would have significant impact on Kenya's physical, socio­
economic or cultural environmen~. However, during the study if the con­
sultants conclude that the project as a whole or a cc~ponent of the project 
would have significant impact on Kenya's environment, then the consultants 
should analysis and explain the impacts. The design of the project should 
be such that the environmental impact of the project is minimized, or made 
benign exclusively. 

2. The consultant should recomme¥d procedures and technical assistance 
and training needed to monitor and evaluate environmental impacts of various 
teCHnologies proposed for further development under the project. 

III., CONSULTANT'S TEAM: 

1. The consultant's tmm should consist of the following technicians 
with estimated level of effort for each technician as noted: Personnel 
requirements for both Study 1 (Rene~~able Energy)' and Study 2 (Afforesta­
tion and Tree Nurseries) are incorporated below: 

(a) One Energy Planner -3 months in Kenya, and 1z month in the U.S. 

(b) One Solar Energy Advisor - 1 month in Kenya. 

*Training no:ninations, for U.S. academic institutions, must be received six 
months ~n advance of the commencement of such training. 



APPENDIX 0-8 

(c) One Wind-power Energy Advisor - 1 month in Kenya. 

(d) One Energy Economist - 3 months in Kenya, and ~ month in the U.S. 

(e) Two For~stry Experts - S[viculture Expert - 3 mo~ths in Kenya, 
and ~ month in the U.S. One Nursery Expert - 3 months in f~nya. 

(f) One Public Administrato~/Training Advisor -. l~ month in Kenya. 

(g) One Anthropologist - 2 months in Kenya, (preferably Kenyan or 
resideD~ of Kenya). 

Total - 19 person months. Add contingency 1 p.m. = 20 p.m. 

2. Each technician should have broa3 experience in renewable and non­
conventional energy technologi.es. He/she :;hould have at least thr~e years' 
~xpericnce in his/her field '. £ experti~e and must be qualified to responu 
to the scope of services. He/she must have worked a minimum of six months 
in a developing cOllntry, preferably in an African country, on a rp.lated 
project. Note: Tl.e anthropologist must have a minimum of s.ix months' 
experience in Kenya. 

3. One of the team members j preferably, the Energy Planner, should 
be designated as a team leader. The team leader should have experience 
in preparing designs of projects financed by AID and he/she should be fully 
versed with the AID's requirements f0r a Project Paper as set forth in 
AID Handbook 3. The team le3der should be present in Kenya during the 
full study period. 

4. The period of assignment for each team member specified in Para· 
graph 1 above is an estimate. The consultant may recommend changes, based 
on consultant's prior experience on a similar type of project, for AID's 
consideration. 

Mo~eover, during the progress of the study, if the consultant's team 
leader believes that a change(s) should be made in the assignment period 
of a technician(s) to successfully complete the study, the team leader 
should at once advise in writing to USAID/Kenya of the change(s) necessary 
explaining in detail reasons for proposing the change(s). 

IV. REPORTS: 

1. Report Format: 

The body of the report, consisting of the major subjects included 
in Section II, Scope of Services, shall be prefaced by a summary which 
shall provide an o'Jerview of the proposed project. The summary shall 
present bri~fly, the Consultant's major findings and conclusions relative 
to the technical, social, economic, and environmental soundness of project. 
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Statistical data, calculation sheets, economic projections, detailed 
specifications for commodities and scope of work for techi'.ical services 
to be procured for t~e project, etc., shall be bound as appendices to the 
body of the report, if more convenient, bound sepnately. 

The Repcrt shall also recommend particular activities, with stated 
selection criteria, for implementation under the Applied Research and 
Demonstration component of the project. These recommendations shall be 
accompanied by estimated costs and source data and, to the extent practical, 
by preliminary specifications. 

2. Report Submission: 

The Consultant, working in coordination with USAID and the GOK, 
will be prepared to issue a draft of the Project Paper within six weeks of 
the commencement of field work in Kenya. The draft shall be submitted in 
five (5) copies each to the Ministry of Energy and USAID/Nairobi for review 
and ccmment. Consultant shall allow USAID and GOK three working days to 
read and pr,ovil1 ,: preliminary comment on this draft report. Thereafter, 
the Consultant will undertake, during the remaining time if its personnel 
in Kenya, to elaborate on lr advise the draft Projec~ caper to the extent 
reasonably requested by USAID/GOK. The objective in this regard is that 
all parties ~ill cooperate fully toward production no later than early 
September 1980 of a Project Paper which could be approved for AID funding. 

3. Report Language 

All report and correspondence relative to this contract shall be 
1n the English Language. 

V. RESPONSIBILITIES: 

1. ~he team shall work in close consultation with the Ministry of 
Energy (and other ~!inistries and Institutions through MOE) and with USAID/ 
Kenya, retaining, however, full responsibility for all findings and 
recommendations. The HOE and USAID shall provide to the Consultant or assis1 
the Consultant obtaining copies of all available reports, data, etc., as 
may be pertinent to the study. 

2. Liaison officer for MOE, Jther GOK agencies and USAID/Kenya liaison 
officer will be identified to the contractor upon arrival of the team in 
Kenya. 

3. The Consultant's team leader, and other members of the team to the 
extent possible, should brief GOK and USAID officlals jointly at least once 
a week on progress. If, at any time during the stu2y, the Consultant con­
cludes that ~he project objectives cannot be met, the Consultant should 
immediately advise USAID and GOK of such conclusion, with reasons, and 
seek instructions whether to proceed, modify, or terminate the study. 
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VI. LOGISTIC SUPPORT: 

I. All U.S. dollar and Kenya shilling costs for the above services. 
including logistic support, shall be provided from AID funds available 
from the Project Design and Support account. 

2. The consultant shall be responsible for arranging for all support 
services required to accomplish the study, such as, but not limited to, 
office spacc, secretarial servtces, supplies and equipment, local trans­
portation etc. 

2. AFFORES TA TION AND TREE NU RSERIES : 

1. INTRODUCTION: 

The Forestry Department has three programs in Kitui District: 

A. Forest Planting Program •. The goal is primarily for timber pro­
duction. It entails planting 5,490 hectares on gazetted hills and 
17,859 hectares on ungazetted hills. The length of time this takes 
depends ou how rapidly constraints are removed. 

B. Rural Afforestation Extension Scheme. The goal is to plant 450 
hectares per year under two Forest Department programs: 

1) Small numuers for planting along hedges and gullies. 

2) For creating small \%odlots on farms that have low potential 
land. 

This will require 7.2 million seedlings per year. In addition, seed­
lings are to be provided for soil and'water conservation activities of the 
Ministry of Agricult~re.for planting along cut-off drains and gullies. 

C. Protective Forest Plantation Program. This is a new program. For 
soil and water conservation purposes, forests will be planted in the upper 
regions of river catchments on land unsuitable for crop cultivation. The 
goal is soil and water conservation rather than timber production; this 
calls for different species and different planting dnd husbandry techniques 
than where timber is the main objective. 

Eightnursery sites are stt2~etically located in the District to service 
the three programs. Five of the n':T:'series require further development to 
bring them up to standard. All eight are critically short on labor for 
preparing the land and seeding the nurserie£. Some are short on water. 
Perhaps partly because the nurseries are undeveloped, underequipped and 
understaffed, the cost per seedling is high (Sh.0.95 each.) 
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II. SCOPE OP SERVICES: 

The purpose of thisfifeasibilit y study is to assist the Forestry Depart-nvltonm.ent and 
.ent of the Ministry ofl atural Kesources to fcrmulate a detailed plan for 
the 8 nurseries in Kitui District, so they can provi~~ appropriate kinds 
of seedlings on a cost-effective basis for both soil and water conservatiD n 
purposes and for timber production. (While t~~ sFecific plans will be for 
the program in Kitui District, the principles will likely have application 
in uther ASAL districts). 

The detailed plan called for above should incorpora~e enough specificity 
to permit the subsequent development of a project that would warrant AID 
assistance. In this connection, the contractor should review the Project 
Paper for the ASAL Development Project (615-0172) under which AID is cur­
rently providing assistance to the GOK in the area of afforestation and tree 
nurseries. In add~tion, the contractor should review Kenya: Marginal/Semi­
Arid Lands Pre-Investment Inventory, "Forestry, ",. Volume 5, August 1978, 
which was prepared by the Consortium for International Development under an 
AID contract (615-0164). Finally, the contractor should consult with 
officials of the International Center for Research on Agro-Forestry whose 
headquarters is in Nairobi. 

Much of the information required to develop a project in the area of 
afforestation and tree nurseries will be collected in the conteh~of study 
1 described above (Renewable Energy Development Project); in this sense, 
the two activiti cs are complementary. However, more spec::"fic objectives 
and requirements of this study are as follows: 

1. Formulate procedures and organization/management systems 
suitable for program needs. 

2. Develop long-term plans for each nursery, with details regarding 
species and quantities of seedlings needed each year to attain 
program goals. 

3. Outline an effective seedling distrib~tion system. 

4. Outline a nursery t-esearch program, aimed at developing 
improved species or combinations of species for attaining 
goals in soil and water conservation, timber production, 
and nutrition. 

5.. Design a forestry information and monitoring system as a 
management tool for evaluating progress and assessing costs. 

6. Prepare detailed cost estimate for implementing the detailed 
plan, using Section II. F. above as a model. 
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I.;arry out an economic analysis for the detailed plan, using 
Section II.G. above as a model. 

8. Carry out an environm~~tal examination of the detailed plan 
based on AID guidance and requir~ments. 

III. CONSULTANT'S TEAM: 

The team described in Section III. above (study 1 - Renewable Energy) 
includes two forestry experts to carry out this particular study. However, 
while two studies are involved, the consultants should work as a single 
integrated team. As stated above, the "Study 1" Project Paper must be 
ready by early September 1980. Study 2, while important, is subordinate 
in terms of submission date to study 1. 

IV. REPORTS: 

The results of the s:ud~should be incorporated into a separate 
written report which will treat comprehensively the information required 
under Section 2 II above. The draft report shall be submitted to the 
Ministry of Environment and Natural Resources and to USAID within ten weeks 
of commencement of the work in Kenya. Within three working days of receipt 
of the draft, USAID and the Ministry will comment thereon. The final report 
will be mailed to both parties within two weeks of the Team Leader's de­
parture from Kenya. 

V. RESPONSIBILITIES 

All responsibilities outlined in Section V. above apply, as appropriate, 
to this study as well. 

VI. LOGISTIC SUPPORT: 

All U.S. dollar and Kenya shilling costs for study two shall be provided 
from AID funds available under the ASAL Developmeot Project (615-0172). 
The consultant shall be responsible for all support services required to 
prepare the study, such as, but not limited to, office space, secretarial 
services, supplies and equipment, local transportation, etc. 
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I. Project Description: 

Th~ Renewable Energy Development Project provides assistance to the 
Ministry of Energy- (:-tOE). and to Ii lesser e.rtent to the Ministry at EnvirODlDent 
and National Resources, to pe~t those bodies to address more effectively 
quelitiolls of energy policy and development and application of renewal and 
non-conventional energr sources for rural areas of Kenya. Project el~~ents 
include 

( . , 1; lni tia.l planning and surveys; 

eE) Institutional development and training; 

(iii) I\::-,plied~';'nearch and de:nonstration of renewable energy 
sources such as "fillng!' household level reforestation and agroforestry; wood 
and char~oll.l stoves; cr...arcoal kilns; biomass; s<)J.ar energy devices for 
heating and crop drying; water pumpin~ sYJtems; food processing systems 
and small-scale electricity for clinics, school and other rural services. 

(iv) Moni:.oring and Evaluation. 

II. 10entifica~ion of I=racts: 

Elements (i) and (i~) of the project, which include training and 
technical assistance in developing GOK's capability to fo.rmulate energy 
planning !Uld poli cy, primarily for rural areas, do not raise environmental 
issues. 

Demonstrai:i III and testing of various renewable energy resources 
under element (iii) of the project will ~ot have significant i~act on 
the physical, socio-economic and cultural environment of r~ral Kenya. 
Rather, if demonstration projects such as viJ.lage/household level 
reforestati0n program prove successful, s~il erosion will be reduced 
and fUrther depletion of forest areas for t:.~dW'ood will be arrested. 
The project technical assista~ce teao will include rul anthropologist to 
study socio-economic and cultural impact of technologies being tested. 
Should any of the spec i fi c technologies proposed for testiI:S even'C.ually 
be selected for major adcption wi -:hin Kenya, the need for fUrther 
e!lvironmental analysis wC'Jld th~r. be addressed. 

III. Recommenda~ion: 

For the above reasons, a negative determination is recommended. 
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SOURCE/ORIGIN WAIVER FOR CO~~DITIES 

A source/origin and proprietary procurement waivers are requested for the 
procurement of five vehicles of Code 935 source and origin. 

(a) Cooperating country: Kenya 

(b) Project: Renewable Energy Development Project 615-0205 

(c) Nature of Funding: Grant 

(d) Description of Commodities: Five, 4 wheel drive land rover 
vehicles 

(e) Approxi~~te value: $100,000 

(f) Probable Procurement Origin: U.K. 

(g) 1'1obable SOli Fe: Kenya 

Section 636(i) of the Foreign Assistance Act of 1961, as amended, prohibits 
A.I.D. from purchasing motor vehicles unless s~ch vehicles are manufactured 
in the United States. Section 636(i) does provS.de, however, that " •.. where 
special circumstances exist, the President is authorized to waive the 
pro'lision of the .Jct in order to carry out the purpose of this act." 
AddiLionally, in accordance with A.I.D. Handbook 1, Supplement B, procure­
ment o~ motor vehicles of other than U.S. manufacture req~ires a waiver. 
The Handbook provides that a waiver may be granted when necessary to carry 
out the purpose of the FAA and if, inter alia, there is [. present or 
projected L1Ck of adecl'.l.1te sLrvice facilities and supply of spare parts 
for U.S. made vehicles. The authority to (1) determine that special 
circumstances exist for purpose of Section 636(i) and (2) ;.hat there is 
adequa~e jilstification for a waiver under Handbook 1, Suppl~ment B, has 
beel" ddegated to AA/AFR. 

The Goverrroent of Kenya has requested A.I.D. assistance to aSllist in 
developing appropriatl renewable and non-cor.ventional energy resource 
policies and technolories. 

The above project vehicles are required to provide mObility for project 
technicians who will be required to work in areas where roads are usually 
rugged, unimproved track5. While U.S. manufactured right-hand drive 
vehides normally would have been satisfactory for this project, it has 
been determined through experience that the constant shortage of spare 
parts and non-availability of qualified mechanics to work on U.S. vehicles 
in rural areas has caused major implementation problems where U.S. 
vehicles are utilized. The Government of Kenya depends primarily on Land 
Rover vehicles for its transportation requirements for ~hich service is 
available throughout the country. It is for this reason that we recommend 
purchase on Land Rover vehicles on a proprietary basis. Unless project 

http:provi.de
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vehicles are compatible with the country's maintenance system 9 adequate 
.. intenance and ability to obtain spare parts are virtually impossible. 

, 
For r~asons stated above. it is recommended that AAJAFR: (1) find that 
special circumstances exist justifying a waiver of the requirements of 
Sect ion 636 (i) of the FAA, (2) certify that" th~ exclusion of the proposed 
procurement from Free ~orld Countries and countries included in Code 941 
would seriou!.ly impede attai\'ment of t! .5. foreign policy objectives and 
objectiv~s of the foreign ass:~tanc~ program, and (3) authoriz~ procure-
ment of Land RO'/er vehicles on a proprietary basis. . 
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