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ABSTRACT

The high oxpectations devenlomment planners have had for +the
widespread usc of renawable encrgy technologios in devoloning countries
have seldom been mets The failure of those fechnologics to nrovide their
expected developmental bonefits has been partly the result o an oagor-
ness to demonstratc tochnologies that had not been adoquately ficld-
tested as well as the rosult of a certain short-sich*cdnoss about what
thesc tochnologics could actually do. In tho situations wherc theoso
technologies have boen employod with nositive rosults, success has
dencnded on the-ability of the fcochnolonics to provide cnergy to moct
individual end-uscs, rathor than on the willingness of the consumcr to
adapt cnd-uscs so thoy would be capable of mercting the capacitics of
somectimes sophisticoted technologies. Inctorms of onergy substitution,
the primary advantage. of these tochnologics is that thoy can mouh specific
end-usc - encrgy demands, and not thak thoy con have any substontial
impact on a country's oveorall cnoroy domand mix.  Fnbrso-=ron.urs in Konya
have successfully capitelized on the ahility of sanll sc2'. roncwable
encrgy technologics to moet specific end-usw: necds —- for instance, the
need for domestic and industrial hot wator, thoe nocd for irrigation,
and the neced for clternotive eooking fechnologios.

Individucal invistment decisions fowvor rencocwable cneray toch-
nologieos when thoy can be gueranteed to provide for highly-valued cnd-
uses, cspocially whon conventional enmrgy sunplics or couivalently-
scalcd conventionnl cnergy conversion nnd utilization technologins cre
unrcliable, unavmileble, or arc technically inappropriatc.  Public
policy options thot would have an cffect an the oxtent to which thasc
technologies arc uscd should be detormined on the basis of their poten—
tial developmental impacts, rather than on their cneorgy substitution
pntential in the aggrogats.  This paper suggosts o possible framoewerlk
for a study of thc market for rencwable cnergy tochnologios in Kenya
that could provide 7or a highly-valuzd ond-usc in a develomrmentally
important scctor, i.c. thoe markcets for alternctive cenergy tochnologios
ror small-scalc irrigation.

The author is a Visisting Ruscorch Assncinte ot the Institute for
Development Studics, University of Nodrabi. This work is being
supnartod with funrs made nvoilable by the Fulbright prosram.  The
author wishos to cxpross his annrecietion to Dre CuOe Okidi and tno
Pr. Be Okech for their helpful comments and criticisms of proliminary
cdrafts.
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1. Introduction

It has been widely argued that renoewable enorgy technologics
arc cspecially appropriate for developing countriogs primrily becausc
they can substituto for the use of importcd conventicnal fuels, consce-
quently conscrving scorce forcign oxchango while promoting enorgy
independences However, the oxpericnces of devoloping countrics with
altornative cnergy technologices have not necrussarily borne this argumant
out:. The capital costs of implementing a renewable encrgy program on
a scale large enough to have any maior impact on a country's cnergy
demand mix would be substantial and could not likely he paic for hy the

public sector —— in either developing or industrialized economies alike.

A free~market anproach would suggest that if there is a place
in the national cconomy for renewable cnergy technologics, markets for
them would cventually be tapped by cntrepreoncurs who could maznufacturc
and sell theme In fact, therce has been an increasing interest on tho
part of govermments in oxploring ways in which the commearcialization
process could be facilitated, for instance, by stimulcting the transi-
tion from carly rcscarch and development stages to later investmoent,
manufacture, and markcting stages. The cbility and intcrest of the
privatc scctor in pursuing the commcreialization of these technologies
is o neccssary prorequisitee  But, most espceciolly in developing
cconomics, beforc governments take stops to stimulate the commoreializa-
ticn process, several critical and related issues necd to be resolved!
first, wherc would a "rcnewable cneorgy'" pelicy fall in the national
pnlicy context; sccond, where would the provision of the tyno of
encrgy a rencwable encrgy technnlogy could provide have significant
positive cconomic benafits or developmental impacts; and finally, in
those sectors where the last criteria is mct, what policy options
could stimulate the private scctor, for instance, to purchasc and

install thesc technologics.

This papcr is an attompt to discuss some of the cxporicncos
developing countrios have had in resolving these issues! to suggoest
that the Kenyan expericnce with renewableos has beoen different becausc
of individual entrecprencur’s initiatives in developing commercially
viable technologies; and to oxplore the potential for- incorporating
somce of thesc renowablce eneorgy technologics into developmentally important

sectors by relying on the private sector's investment potentials



-2 0 /WP/a02

II. FEncray Policy Onticns in Kenya: the horns_of o cillomma

It is nerhans rodundant to ropeat what most Kenyan nolicy
analysts ancl planncrs know so well abnut the widening gap. between
the country's cnergy sunply and ﬂemand-l To sughgest that those are
rcal fisporitics is porhaps mislcading:  cnergy in most forms is
notentially availablc now, but its usc is constrainer! by growing
economic, cnvirammental, and human costs. Conventionnl or. commer—
cial enorgy for instancs, can bhe acquired but often at suostantial
prices in torms of forecign oxchanges, transmort costs, and in terms
of the investment capitel rcguircd to increase thormal »r hwydrocleoc-—
tric gencrating cnpacity. Importod cnorgy consumcc 36 nf eoxport carnings
in 1980, comparcre with 14" in 1978. In thco case »f the traditinnal
sector, the most sorinus imnact to date has not beon any lack of cnergy;
traditinnal fuels rcmain available, alboit ~ften at a significant cost,
for instance, somctimes in terms of human labor spent in collecting
fircwoor ant interms of long—torm cnvironmental costs.  Productive
stocks of biomass resources arc being ramicdly deplotold, wicarly four
times faster than their incromental rote ~F arocucti-n The future

use of thesc resources will clearly ke constrainca as a rosult.

Beyond the fact that the commercial and tracitional sectors

dn consume huge guantitics of fucl, thore are fow intorscctoral simila-

ritics, hetwoon their reospoctive patteorns of cnergy supply anc domants

The uscs as well as the tyrnes of cnergy uscd,. for instancc, rco vostly
fifforent: - Fuclwood and other biomass rosourcos arc uscd ~rimarily for
conking; petrolcum and other convontionel cnorgy supnlics: ore usect for

nearly cvery ecconomically procductive nctivity, providing encrgy for

J

Sce for instance:

UNDP/Worle Bank.. Kenya: Issucs and Ontions in the Cncroy Sector.
Woshington, DsCs ¢ Joint UNDP/¥hric Bank Encroy Assocssmonts Progrom,
flay, 19821

Beijer Institute. Encrry Development in Kenya:  Probloms and Opnortuni-—
tics. Stockholm: The Beijor Institute (The Intornational Institute for
Encrgy anc Human Ecolagy of the Rayal Swe'ish Academy of Scicnces), 1982
ant Lee Shipper, ct al. Encrry Caonscrvation in Kenya's Modern Scctor:
Progress, Potuntial, and Problems.  YWashington, D6Cer 2osrurcos for the
Futurc (unpublished Discussion Paper D-731) Moy 1982,

2. Wostern and Js Ssomakulos The P nt and! Fuburs Pottiorns of Conasumpe— .
tion anc. Production of o Mood Fnoroy in Kenveoe  Stockholm:  The Boijer
Institute, 1979.

Although: tho cnvironmental impoct of Tuclwosd ennsumntion connot be
rfisnutcd, ecspecially around urban arecs, it shoulql be notod that
defarcstation is mora diroctly the rosult of other human cnecronchmonts,
for instance, the demand For agricultural and sottlcoment lands
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transnortation, for industry, Tor large-scale agriculturs, and for a
small scctor of Kenya's rosidential population as wells  Further, the
cnsts that are incurrad as a result of the consumntion of conventional
and traditional cnurgy aoro substapticlly differente  The economic ensts
af commercial cnergy consumption arc quantifiable and may bo paid of f

in tho short torm (although these costs have arguably resulted in the
accumulatinn of largc long—term forcign debts).” The costs of tradi-
tional cnergy consumrtion are not alwnys obvious nor nrncessarily immedicte.
Except where biomass resources arc commorcially hought and sold, the
most significant cconomic costs are often indirectly bhorn over the long—
torm by the agricultural sector —— as watorsheds beccome degraded and

as Kenya's productive cgricultural snils wash to the sma.  Other sociol
ant! envirnmmental eosts are less nhvinus ovor the short term.  For
instance, declining arens of tho forcst rosource may have an imnack

on  global tommerature and climate over the long term; the loss of
genetic fiversity because of the decradatinn of tronical forests may

be cnstly in human and cconomic terms. As sourdces of cnergy for the
traditionnl seckor becnme incrcasingly scarce, tho provision of cnergy
As a hasic human neced will become critically immortant if ncceotable

levels of human welfare arc to bo maintained.

Because of th: iffcraoncos hetween the basic naturcs of
traciitional and commercinl tyrmes of energy and bectusc of the attendant
difficultics in generalizing the costs that must be incurred in order
to maintain future su~plics, anprorriate nublic nolicy ortions and
market interventinns in the cnergy sector are somcetimes obscure.2
This nreblem has merhams been-best characterized by the difficulty
some govermments have had in incornorating the deveolorment of alternative

rcnewable encrcy resourcos into theoir nationml economic plans.

1Hicardo Marin and Marcelo Sclowsky. Encroy Prices, Substitution.
and Ortimal Borrowing in the Short Run: An Analysis of Adiustment
in Qil-Imnorting Devclopine: Countries. Washington, DeCe:  World Bank
(World Bank Staff Working Pancr No. 466), 1981.

2800 for instance the discussion in:
Mohan Munasinghes "Intcgrater National Encroy Planning in Develoring
Countrics," in Natural Resourcos Forum (4: 359 - 373), 1980.
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Significantly, whilc most othor tynecs of dovelomment nlanmine - -

agricultural dovelorment, . ponulation rlenning, ~nd houl®h care
delivery, for instance -- rrimarily affoeckt srocific sonivocs of
a developing socicty, renowabls encroy nlonnin: con nave rithor this
focus nar impact. Renewaiksle cneorey technolorrics of wultiplc scales
can bo used in most sectors of the cconomy and it is intuitively
difficult to identify rencwalide encrgy strateorics ner se bocausc the
queostion always ariscs, '"Encroy tn do wha’t?"3

This percention has not alweays heoen particularly clonr.
Esrccially in the mid=1970s, the hich horcs and ~romises for the
widespread use of small-and intormedictr-scale renownble onergy
technologics in develanin: countrins (rrimntcc by thc sumnly-siced
notien that any rencwable cnorsy tcecchnolngy could be uged in aost

any social and economic sotting) romained, for the most nart, un-

ful f11led.

Thore is cooad reasen to sungost that the Kenyan oxpericnce
has been differcnt. This has Loen as much o result of the gnvermment's
awarcness of its own limitati-ns as it has bcon the result of thn
real initiative the Kenyan nrivate sector has shown in covelomine and

markctine commercially vi~blc rocnewablc cneragy technolord.

The rengwable cnergy toechnnlogics: ciscussed hore —~ solar, wind,
- .
biomass, hbioras, smofl hydro, ctce cnorgy-hascd technologics ——

rrimarily - rroduce supplomentary supnlies of encorgy. Teechnologics
that can reduce demands Tor cnergy, throuch conscrvation, hove
tremendous notential for roducing. energy  consumetion in tho
aggregate —— both in the commorcial and traditional soctors —— but
they fall outside of the scope of this discussions The issuc of
conscrvation is discusscc ot length-ing

Lee Shipror, ct al. Encrry Conscrvation in Kenya's Modorn Scctor:

Prosress, Potential, ancd Problems. Ore cit.

= Tho-molicy-immlications of consorvotion arce-tisctmsed i
Ministry of Encrgy, Rerublic of Keny~s -Encrey Conscirvation -and Fucl
Substitution Policy: “Problem Statement. Nairobi: Ministry of

Encray (mimeorranhod ), 1982,
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The former Ministor for Encrgy, the Hene Kebeere ML jowe, noted the

need for pragmatism during: a sncoch to a gathering of representotives

from Kcnya's renewable cnergy mrivate sector @

"vuu(T)he mrivete scctor must toke initiatives, and +.. must
cceopt some risliiss It is not thet we in covermment 'tin not
want to heln you all we cans But no country ... con devote
unlimited resources to thoe develorment of its new energy
SOUrCOSs « «

For many ycars, hoth the oxr orts and tiic ordinary
"wananchi" werc accustomad to thinking of cnorry as a scr-
vice provided cxclusively hy government. Governments organized
and financod the great  hydroclectric lams; govormments under -
took to distribute clectricity to the nuorle, anvi in recent
years to cnsurc thoat suprlics of netrol ano fuel oil were made
availables  But the now sourcos of encrgy broak this moulds
The vréection of a windmill, or the instollotion nf a solar water
hoater, can be o vory small mrroject indecds  We in —avermment
do not intend to identify and supcrvisc all of the many small
projoects that arce necdeds That is (tho nrivato soctnr's)
tasks We will assist thc private scctor.e We will listen
to reasonable requests, ond we will consider major chongo
in policy, if thusu a2re neccdeds  But tho hard work of bringing
renewable cnergy to the peoplo —-- this is the private scctor's
Jjoh as well as  ours."

This combination af an awnrencss that difficult cconomic tim:s have

shifted public rriorities in the encrry seoctor, as well as an awaroe-
ness that considerablc private resourcos and talents could heln to

fill -in some of the resulting gaps, has been- the exception-in the

renewahle encrgy area, rother than the rule.

ITI. Using Rencwable Encrgy Technoloyies in Developine Countries:

the challenge of matching technoloies with end — usaos

Critics of conventional cnercy stratonics have vocally
argued for the development of small-scalc an! roncwable alternatives

to thc cxisting commercial cneroy sunnly structure, cspacially bocause

From a spcech onening the Workshon on Opnortunitics for Invostment.
in Enerny Conscrvation andt Rencwable Encroy Technolorics and
Projects 1in Kenya, Naireckbi, 15 Junc 1983.
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of the shern increases in the ~rice of rcotroleoum of over o docade ago.
It wos sunmestod that thase "arrromrioto"  or "intormocdinte” tech-

. 3 , . . .
nolozies © would have a comnarative arlvantazo nver conventional cnergy

e

sources in develsring cennomics rrimarily becousc:

1) By Yeducing the consumption of conventional cnergy, rencwa Dlo
cnergy technologics woulcd conscrve scarce forcign oxchance that
would! otherwise be snont an im mortod fuclse  Thoy wauld alse
contribute to moking o country oncrey indepencionts;

2) Althoursh fow rcnocwoble cnergy tochnolocics are ceonomically
competitive-whore conventioncl oncrey supplics ~re cosily available,
thuoy become much mor.. so in romote orcnse  Even 1T renowable cnergy
tochnolopies are not currently economically compotitive, nrojocted
riscs in the rmricc of conventional cenercy, as well as nrojectoed
declines in tha cost of roncwoble cnorcy tochnoloprics, would make
them so in the ncar futurcs

3) Other rccourrcent costs, sucihh as maintenance costs, would boe lower
for renocwablce cnercy technnlogics than for conventionnl onormy
technolnrrics of an equivalent scalc and

4) Other benefits would rosult becausa thi: enviromment~l imnact of
utilizing alternative cnorgy toechnologics (nnf depencient on binmass
: rcsourccs) woulr bhe less thnn thoe imnact of producing enorgy
with fossil fuels. Furthor, thao industrial rrocuction of
rencwable encrgy technologios oould nrovide ocmeloymont when they
coulct e manufacturcd locally. S

‘Sce especially: Amory Lovinse Snoft Encrmry Paths: Toward. a Durable
Peoacee Cambridger Ballingcer Publishine Co., 1977,  Lovins surrgosts
that thosc technologics would be most compatildle in sociotios structurcd
in a dreentralized way, that avaid "high" tochnalopy and that give

lower: nriority toc materinl consumption. e

‘Many recnewables enercy tochnologies ars nore technicnlly sophisticated
than the definitinn of "intormedicto™  technologics would allows
Schumacher sugrinstod thoat (unlikp~many avoilable rencwabhle cnorgy
toohnologios) intermediate technalngics should be relatively inexpen-—
sivn, should he fairly simplc and understandable and conseqguently casily
maintainet, should bhe macde from local' matorials, and shouldt require a
degrec of labor intensity during construction not afforded by the con-
struction of conventional toghnalogics. . Seect  EsFe Schumacher.  “Socinl
and Ectnomic Problems Calling for tho Development of Intormecinte Toch—
mology," in Prnccetings of the UNESCO Confcrence on the Anplicntion of
Scicnce_and Tochnoloroy to the Dovelommoent .of Lotin Amoricas  Santiago:d
UNESCO/Us Ne :Economic Commission for Latin America, 196S5.
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These arguments have becn thoroughly woven intn tho fablric o7 renewable
cneorry nrograms anc literoture and have boen wicdely uscd to advocate their
. . . L.
development, for instance in,ths Brandt Commission's Report,” in the
]

. . o v 2 1 : . ] I v
Commission's Tollow-up study, anc most visibly at +hz 1931 Undtod

Nations Canforence on New and Renowahle Sources of FEnorgoys

But, for a varicty of reasnns, ant r'espite substantial investmoents
in thom, alternative cneoryy tochnologies have seldom livod ue to these
high oxpecctations« Dovelopment planners, Tor the mast part, assumcd
the ftechnologics wore will in hond and that all that hacd te he donc was
siven to thom, . like a now car, o fow test drives, and a prime spot in
the showroom, . bofore thoy would he widely acceptods  Many rencwablc
encrgy activitics in cevcloning countrics wore demonstrations that weroe
intended to link sarly roscarch and fevelomment stoges with lator in-
voestment and commercialization staces. © Unfartunctely, wuci cnnfusion
was sown hy the prematurc deomonstratinn. o7 toechnologios thot were in
Tact being Ticld—testeds Faolso oxphectations have ofien been raisad,

antd @ cortaln cynicism nas been thc result in many guartors.

Technically comrlex roncwable encroy rrajocts have ofton been
tiosignoed with little consideration given to their ceonomic or socicl
approrriatencsse  They hove, rathor, heen intended simply to test
untricd technologics. In Sencgal, for instance, thoe French #irm
SOFRETES cngincered, huilt, and installed a 28kW solar thormal cloe—
tric generating facility (with Froench aid) din Diakhoo, @ small villacc
of 500 inhaiitants nhout 150km  southeast of Dokar. A solar wrray,

half the size of a football ficld, gathcors heat and transports it to

a thermocloctric conversion rflevice that delivers 9% nor hour

lBrandt Commissions North-South: A Program for Survival. Cambridge:
MIT Pross, 1980.

2 . 3 : . - .
Brandt Commission. Common Crisis: North-South — Coopcoration for
Worlc ccovery. Bambricige: MIT Pross, 1983.

3
Sce:  UeNe Confercnce on New and Rencwalla Sources of Enurgy.
Nairobi Proeramme of Action. 1981,

chmonstFQtion projects aifior from resoearch and dovelo-mont pilot
rrojects lecnusce the teochnolaogies inuvolved have -eignificant notential for
market dovclopment and! for industrial scale productions  Demonstratod
tochnologics may still nnt neccoessarily e ready for markoet develorment
Lecausc thoir inheoront risks are considlercd hy entreprencars to he too
high.
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continuously (using a heat. storage tank 2t night or in cloudy weather).
Designed to replace small diesel hgenerating units which had previously
nrovided electricity. for the village, the solar unit was totally in-
appropricte for local conditions. Operating costs have remainct hich

becausc- of the necessity of hiring a Fronch enginecr to keen the unit

’2'

ruNnnL N«

The fishing villace of Las Barrancas (population 150) in Baja
Californin, Mexico was "solarized" at a cost of “20.8 Million, largely
orovided by Germzn develonoment assistoncese A croup of Gorman companies
including Dormier, NAEG-Tclefunken, Linde, and MBB narticirmated in this
praject to design ant! install a 100 k'W solar thermnl nower plant o
nhntovoltaic powercd deep freeze, a solar desalination facility, and
a photovoltaic—-powered communicaotions links After considerable delay,
the systoms were comploted and are working, but many villarors have
had to rarlically change their lifestyles hrought kv the >3nstruction
of the sglar demonstrations. Essentinlly, the ontirn village hacd to be
rebuilt to aceomodate the complicated systeoms. The Las Barrancas nroject
was undertaken with little thought as to whethor it would bo an
annropriate replacoment far tho villare's oxdsting encroy sunply.3
Projects such as the Dickhao and Las Barrancas activitios have nnly
tended to highlinght the inampropriatencss nf testing unhrover toch-
nologics in developing ceoonomicse  Not all of these "technoiony-
driven" tynes of activitiocs- have buen frilures, but outs*onding

succaessecs have been uncomamons

Arrence Franceise FPour Lo Maitrise de L'Encrgics  Projcct Memorancum.
Aucust 1981.

2Fnr nther interesting discussinns nabout carly coxpericnces with renewnbleo
cnergy tochnologics in Africa, sce alsn: Cheicn'c Trasres  "Development
and Usc of Solar Encrgy in Mh1i," in: Solar Encrgy:  Proceedings f the
UNESCO Sympasium, 33 Aurust = 3 Scntomber 1976:

Gracc Hemmings. Bass-linc Stucly for Sociocconomic Evaluation of Tangaye
( U"‘ner‘ \/Olta) Sglﬁf' ' InStaL]___C};t_j:Dnl ins hi n{}'tnn, D Ce: AT Se [e /IJI Se AID
Cooperative Progrom, 1979. o

3 - . s
M As Deweces and BeTe  HF Hoffmanne Tronds in Dovelorment /Aisssistance for
Rencwable Encrogys Weshington, DeCr i@ Internmational Tnstitute for Environ—

LAl

ment and Doevelopment, fAugust 192683,
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Yhile exnericnco has shown that the teehnicel complexity of
a nroject which demonstrates new, unfomiliar, or in-foquntcly tested
tochnologics, more often than not contributcs to its nvonitual failurc,
the inability of such nrajccts to live un to develormentalists! ex—
nectatinns is more closcly linked tn local demand and cceertance,
rathor than an tho basis of its allecged! intrinsic mo:r‘:i_ts-'L \s somoc
obscrvers have warnce, mroject failurc may result when a demonstration
"ls cxpected to convince people that an-actinn is in thoir best in~

teorests and should he given top prinrity."2

Not surprisingly, the same conclusions can i rirawn from
demonstratinn-oricnted develorment activities outsicle of the cneroy
snheres  For instance, the Kenyan Snecial Rural Deovelopment Procramme,
started in thc carly 1970's, waos dintended to coordinate development
activitics in 8 arministrative divisions in "high potentiol" arcas os
an oxperiment in project clomonstration andd replication.  ¥hile the
rreogramme had a fow limited successes in the target arcas, ultimatcly,
they coulcd- nat be rerlicatod in othor areons, esrecially in low poton—
tial znnos-3 The examrlc helps to emphasizo that simply booause a
nroject is a gnod idea and may have worksd somowkovae cls dnosntt

mean the experience can ice rermlicated in 2ll othor sobthingss

Noew arnrocches toword incorrorating small and intermediate—
scale rencwable cnercy tochnologics in situations whore *hey might
be most anpropriate have becn develoring bocause of a growing percoption
of the need to identify the encrgy uscrs'! srecific ecnergy relater  neccs
before making cnergy nreducing technologiss availalle. End! usos,
some obscrvers arnue, should dictate the most approrriate tochnologies
to be usct or adanpted; ' end-use needs should not have to Lo adapted to

meet the canacities of the preferred technologicss Endi-use encroy

The argument against technical sophistication in complox projects docs
-not necessarily hold with speecific technnlogiess Thotoveltaics, for
instance, arc technically scrhisticatoed, hut heyond the: fact: that they
nrocluce clectricity, there is no necd that the tocchnology hy itsclf
must be‘understond for it to he uscfuls
2C- Toth anc JsTe Cotter. "Loarning from Failure," in: Intocrnational
Development Roview Focus.  (3:27-31), 1978.

S Secaond Overall Evaluation of the Snecial RBural Doveloment Procrammes
Nairobis: Institutce for Develorment Studies (Dccasinnal Pher Number 12),
1975.
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needs arc most coasily identificd in small-scale and discreto activitios
(i-o- shaft power is ncericd to oncrate agro-rrocossing oquirmcnf). They
become abscured whon large-scole pennomic domands nr octivitics require
cnergy supnlics that can be contrally rnrocuccd an' mocoe= , and that
can be converted to meect a wide varicty of domands (sush ns the demands
that can be met Ly grid-; rovicded! cloctricity or hy retroloum—bascd

fucls ).

Esrecially for small-scale rencwaldlec encrcy activitics, if the
domand for an cnercy sunnly of a certain form has had to he croated, tho
technolacy rather than the cnd-use has heceome the focus of the offort.
An cxtensive bingas nenorom in Latin America (Subﬁnrtmﬂ Ly the Latin
Ameorica cnercy agency, OLADE)  teveloped scveral biogas gonerator desicns
Fow of the 65 nenorators that wore installed as part of the rroject are
currcntly oreratinc.  Rerortedly, in rural arcoas whore thoe ¢oncrators
werc installed, the demand for biogas could not be creatoed. because fucl-
wood wes the most sociclly and cconomicaolly rreforred Fuul.l (It shoul:!
he emnhasizerd that the hiocas apticn is sEill o vory real one, as guite
successful antd wicdesrreas! activitics have heon mountod in other sncicl
antt ceonomie settings, porticularly in India, Chinn, Thailanc, and in

Philinpinos.z)

Althouoh the usc of hoth lorce and small-scale ri-nowable
cnerey technelogies coulc arcually have an imract on tho commercial
cnerey tiomont structurs 2F the doeveloping ceonomics, tholr impact on
energy: consumntinn in the traditional scctor will mnst likely reomain
negligible, well into tho next centuny. There are fow renowable encrey
technolorics that are able to cconomically mect the end-uscs which

arc currently met by fuclwnod and other biomass cnergy resourcess

Dr. Norman Brown, personal communicatinn, November 1982.

'

Sce for instance, Androw Barnett,. ot aly Biocas Technolory in the Third
World: A Multicdiseiplinary Revicw. Ottnwa: . International Develorment
Rescarch Centcr, 1978«
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Imnraovenonts in the convorsion of ficiency of cooking stovos hsld goocd
notential lecausc such imrrovements can be mace guite cheaplys
But theore arc no rencwable cncrry technalngices por sg that can provice |
the type of cnorgy ~rovidod by fuelwood and  that can be afforded by a
significant pronortion of thc rural noor. Considering that Lotwoen
50, and 95/, of the cnerry required by developing cconomics is provided
by fuclwood, it is opzn to some oucstionn whether renowablc cnergy
stratoriecs should he pursucd at all in developing countrics boocausc
the costs of not focusing on the long torm energy ncccds of the traditio-
nal scctor would be much greater.  Thore is, however, & middle ground.
Renewable encrrgy technnlarics are annronriate where the commcrcial
infrastructurc is such that rencwable cnergy

cnn

be tarmpetl nn n larce scale (by hy“roelectric cencrating facilitics, for
instanoo) anr: where availablec small-seale technologics cam be ccono-
mically adapter and utilized to meet snecific end-usce noeds. To some

extent, this micdle grouns has beoen succossfully oxploitor in Kenyas

IV. Exploring the Morkots for New Encrey Technologics in Kenya

Esnecially since indopendence, renowable cnergy has ~layed a
significant rolce in nroviding Kenya with conventionnl enocrry.  Behween
1978 anc! 1981, hyd'roclectric ¢cneratine stations nrovi-'or! bhetweoen 60
anr! 83 of the cleckricity ricnerated in Kenya. Stutics inficate that,
by tho cnd of the century, 560 MW of installer! hycdronclectric capacity
could hec added to the current 350 MA% Gonthermal clectric generatinn
(althourh arcuably a "rencwable" cnorey ) ncenuntert for &Y of total
clectricity productinn in 1981 (nlthough this ficure hns riscn since
then)  From twn 15 MW generating Units. " Totnl ceothorm-1l cenerating
rotential is consorvotively cstimated ot 170 M And finnlly, .a rela-
tively minor amount of cthonol is heing distilled from suriar cnne to

sunrnlement supnlics of gasnlinc. Together, hydroclectricity, centhormal

3' . . . 0 1 -
Sge for instance:. Volunteers in Technicel Assistance, Who'stove Desicn
Manual.  Met. Roainier, MDe v VITA,” 1979. amncl

Gere}d  Foley and Genffroy Barnard, Im-roved Conogkine Stoves  in
Doveloping Countrics Londlont Earthscan, 1983.




- 12 - T0s/WP/A02

electricity, and cthandl nccount far ~round 200 of total conventional

cnergy production.

The characteristics of the larfge-scalc renewable cnargy
industry in Kenya arc very similar tn the charactoristics of the commcrcial
enerdgy incdustry as a wholes .The rdecision of a utility or an incustry to
invest in tho futurc rdevelopment of theso rossurces is Poasoed primarily
unon the rnrojected demand for cneroy 2ver 2 given time horizon, and
on the relative availability and cconomic "oxploitability' nf theso
resources when comparcd with othoer conventi~nal fuclss The technnlogics
invnlved arc relatively well uncderstood, and as a result, technical
constraints to -eveloring thesc resources arc fairly minors © Wthin
the next 20 years nr sn, the market for the large-scalc nrofuctinn of
hydro- and trcothermal electricity will be limited hy the oxtont of the
exnloitableo suprly; it is anticinaterd that these rosfurces will ho
oxploited €0 the maximum extent mossible with large — scale conventional

techmolocics by the mic—19907ss

Small-scalc renewahlo. gnergy technolorics in usc in Kenya -
have fow, 17 any, similaritics with larro-scale technol~iies other than
that tho canvert commnn saurces of reonowablo encrey intn more uscful
forms.  Snlar, wind, watcr, ant Ddomass rosources arc in abundtince in
Kenya (although less sn for the lattor beeausc of a depondonce on them
hy the traditional scctor). In theory, theose resaurcos couilr' be exploited
on a large scalc by "alturnative" toechnlaics.  In roealiny, tho oxtoent
to which they could he oxrloitacd is dencnrlent 2n sitoe-specific demand-
and sunnly charncteristics such os *he tiemand for hot water or irriga-
tinn facilitics an the ane hand and on the other, site srecific cenerpy
supplics in €ho form of, for instance, solar rariation or winds
Finally, thc oxtent to which thesc resnurces are cxploited is mostly
renoncient on whether or not gonvorsion technnlories of thoe anprorriate
scale are available in Kenya, and on whother or not indivicdu~l consumcrs

arc intcrested and willing to make the substantial investments in the

1UNDP/W?T1C Bank. Kenya: TIssucs_andt Ortinns in the Encrroy Sectors Ops Cats

2 . . :
Mike Jones, personal communication, Fobruary, 1984. PR
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rurchases of thesc technologics.e Ohviously «nourth, thoess last two
mroints arc in fact the most critical: without the orspo-ricte cone
version and utilization technolorics, roncwablo cnorcy canct be tappecd
on a small scale at all (or at leo~st not with nny>:FFicicncy);

without the markects: for thsce toechnclogios, no nroduccr woulst be willing

to manufacturc thcme

To o certain oxtunt, the first point is moot. Thore arc nor-
hans as many as two dazen small onternrises that aro locally manufac
turing (or asscmblint) an! markcting a varicty of small-scais rcnowablc
gnergy technologies.  Among clevelering countries, Kenya is almost uniquc
in this FGSPOCt-l Those technologics include windmills For pumring
watcr, solar watcor hcaters, biogas nrocduction units, biomass »yrolysis

devices, and nhotoveltaic—powerer! watcr num-s.

The second point is less cvicent. Tt is perhaps a non-scguitcr
to suggest, as we have, that hccousc there arc locol manufacturers of
rencwable cnergy technoloriics, there must be markets Tor them, - or that

hecause ﬁhgrc are markets . for rencwable encrev tochnolorices, tocal
are prouucing ,theme. In-foct, like most entrerrencurs,  lncol manufacturers

~

manufacturcrs /have soucht to create markots ©or their m-rducts, in this
case, hy producing for a sharc off the market that would “horwise have
been met hy the nroducers of conventional encrgy convirsion and utiliza-
tinn tcchnolozics of an couivelont scali.  This aprrooch has reguired that
manufacturcrs produce technologios canmable of mecting spccific end usco
necds. PAthout exception, this fact has mredicated market cntry.
‘

Beccausc the producers of altornative cenerogy technolonics nre
manufacturing devices to merform the otherwisec equivalent Functions of
conventional small-scale cnorcy chonversion ane utilizatinn tcchnolorics,

the gonsumer has twn nrimary cansidceratinons in malkin: on investment

Other dovelopinm cconomics which sunmort small altornative energy
industries include South Keorca, the Philippines, Joamaica, Colombia,
Makistan, and India.

2Thczro is a notable ahsonce of manufocturers . (or importors) of small-hydro-
clectric toechnolories. .This is nerrlexine in view of ahundant wator
resources, for instance, in Westorn Kenyas  Some studics of the small-hydrno
rotential in Kenya have suigestod thet these tyros of tochn-incics arec
only cconomic where they can be installed at lcast 45 km from the main grid
But cxporicncey: for instance in Pakistan anc Nercl, hoas shown that low—
cost devices can e manufacturad at a cost of US . 350 teo 530 per kw (1981
nrices ).  Low-cost units such es these souls! be ceonomicaily installed
much closcr to the main ~rid. .
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docisions  The first is whcther nr not the alternative enerry technolory
can cconomically ~rovidec for the same cnd-use as the conventinnal tech-
nolocys  This is usunlly thoucght to ha a guostion of the cconomics of
cnorcy substitutinng in roelity, the cconomic quostion is much more compe—
licater! (and is acddresscor! in the fallowing scction).  Boyond the ques—

PRl

tion of thce cconomics of the technnlogy under consideration, is thoe

guestion or risk. Because conventicnol cnergy technnlogies hove o

track rccord, the consumer-is ablc to incorporate his own risk asscssmoent
into the cconomic analysis. ¢ can rneterming, for instonce, how often

a crop failure is likely to result 4f his dicsel irrication pump

reaks cown or if he is unakle to ret fuel. He can decicde, conse-
quently, whether or not he is willing to take o few risks. Because
rencwable enerry technnlogios arc relatively new and have no roal trock
recorda to sncak of, hocause of the often larce initinl copital reguirc—
ments, and bocausc of the often rapid race »f technolocicol change,
even-with- now tochnologios, investors in alteornative technolisgios arc

often risk tokers.”

Risk aversinn has clways contributced to thoe slowness (ﬂr Fciluro)
nf socictins and individuals to accert now tochnolomicss . Murcithi
suggests that inaprrorrinte tochnnlorics are in cviciencas, regardloss
af. factor rrices, hecausoe 2f what he calls "tochnnlogical stickiness'" —
the propensity tn rely on extracconomic considerations like risk
avoidance, an apnoeal to "modernity", and cstaklished procedurcs and
)

familicr technigues.™ In the case of rencwable cnorcy technolo—ies,

the risk, however, is not tho consumer's alongs

Demonstratinns of ficld-tostor! or othorwis:: provion toechnolecics
arc often usad o ~anularize tochnplocies as well ns t2 reduce the
consumer's norception of rislc,  Eorlicor, woe subgested that demonstration
nrojccts in the cenergy scctor have heen intended to link corly
roscarch and develammont stages with 1ator investment and commercializa—

tion stogese Many of theso activitics have been sunnorted cither by -

The reeord en this noint is cleare The lariest group of invostors in
the most cxrensive rencwable cnorgy technolosies cvoilalkle in Kenyo have
been large land-=hnlders and commcreial coincorns, ~ubidic soctor, charitablco,
and cdevelopment assistanec agencics.
2leopnld ¥ Murcithi. TDrojoct Iilentification and Technalayv Choice with
Porspectives from Kenyas Neirciis University of Nairold, Zconomics Deport-—
ment (mimencranhed, uncioted e Ofe Parhael Karlinskys  Inanmronriate Pro-—
ducts_ancd Techniques. Nairold: Institute far Development Studies (Workine
Paper No. 335).
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entrenrencurs intorested in marketing ~articular technolorios or by
puiblic - sector agencies interested in facilitating the inveostment
mrrocess.  For the most part, thoy have been the most willime (or
ablo) to finance the r~urchascs of technnlogies at the risk of heins

unalzle tn cstalilish the commercialization link.

then there ara no ~uhlic acencies willing to finance demnn-~
stration ~rojects of any significant scale, the entrorrcncur laekino
the resnources to mount his own demonstratinn effort, may end up using
his first private nurchoscs as domonstratinnse  The risk here is two-
falct: on the nart »f the consumor wha is rurchasing o technology
that may nat have bhecn adequately ficld-teostoerd, and ¢n the rart of
the - entrerrencur who, by sclling technalopies that may have heawvy
maintenance domands kechuse all the "hugs"  hadn't boen workerd out,
may discourage futurce huycors if he is unable te keer his rfovices

workings

The recort in Kenya has bcen mixeds Especially with inter-
mediate~scoale technologices such as windmills, entre prencurs have
rclicd Tor the most rmart on both ~ublic and privete rurchascs to
finance domanstration activitiess (In reecent years, Kenyan-pro-iucerd
wincdmills have perhaps bLeen more rcadily commercialized than nthor
less familiar teochnologies Liccouse of a long history of usc in Konyos
Reportedly, etween the turn of the century and the carly 1960s, at
lecast a hundred windmills had ecn imported, although the oxact number
is not known-i) Around the tine of the UsNe Rencwable Encroy

Confeorence in Nairobi in 1981, when rencwables werc at o peak of populeority,

W E« van Licrop and LeR. van Veldhuizene Wind Energy Devel mment in
Kenyas /Amersfoort (Tha Netherlands):  Stecring Committoo on Wind
Energy in Develoning Countrices (VDlumD 1: Past and Present Wind Encroy
Activitics ), Nnvember 1982.
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there wore over 20 firms in Kenya daporting or manufacturing solar

water hcatorss . But within a yvoear, more than a dozen firms had disapncarcd
from the scone, partly bocousc of -heavwy compotition in o limited market
and nartly lkccousce »f the hich costs that were- becing incurred by thc
industry to maintain roecrly constructed hooters.e At a time when the
industry ncedod to convince consumers nf tho snlar rotontinl, to a

certain oxtent, solar wator heaters acquired o woputoatisn for being
inefficient and unrclialle. Sincc thon, the romoinin: manufacturcrs
retrenched; those that havo Leen able to moke it through tough cconomic
timos arc nrocducirg; heators of high quality while rotaoindne (mr oxpanding)
thelr sharocs of the markoct. Theose carly cxnericnces notwithstanding, there
is apparcntly a crowing awarcness of the motential some of these toch-
nologics hnlc when used in the right sctting: and depending olso on the
investment critorin onc chooses tn rely upons  Other- vinlile approachos

can ke taken without extensive demnnstration efforts.  Frofessioncl
organizations, for instance, may be ancthor mechondsm for incrensing

an awarcness abaut roncwaile. cnorry technologies, although this avenue has

not beort usod to its greotest aﬂvantaﬂc-z

Beysna Risk  Asscssing the Vesue 2f an Investment in a Rencwablo

Encrgy. Technolngys

Ns we nointed out varlior, becousc the ronewalce cnoroy

I ak

technologics that are being sold in Kenya arc primorily Seing mroduced to t
a share of the market that would otherwisc be mot © 0 Hb - producers

nof cquivalently-scaled sonventional cnergy conversion onc utilization

tcchnnlogices, it is usunlly thourht that their comreotitiveness is

derendent on the ceonomics »of cnorgy substitution.s Inceod, much of the

litorature written o justify the viability of renowali cnergy toch-

nolocics in develoring countries is domincted by this argument.

1 : :
D« Gs Bimpson anc He % Lanc. The Opportumtics and Challences of

Startinm o joint venturc in Kenvar  the case of PETRO-SUN, Kenyo Lt
(mimcographod), 1983.

)

Silas M. Tta, Dircctor/Chicf Exccutive Konya Assnciation of Manufecturers,
from an addross to the Yorkshon nn Ornortunitics for Investmont in Energy
Canscrvotion and RenewalXle Encroy Technologics andd Projects in Koenya,

15 Junc 1983.
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But there is rocasnn to think that the arcument is particuloarly short-
sightuds  Espocinlly whcon comncring sinell-scole encrry conversion and
utilization tuchnologies, non—priced values and non—conventinmal costs

1
and henefits may ohscurc the real net valuc of an investmont.

From the public scctor's perspective, cnorgy—substitutinn and

(=4

cconomic analyses of renowa'>le snergy technologics connot, by theonsalves,
produce nll the neccssary-information for detcrmining policy ontions to
affect future development. Nor con the manufacture of these technoln-
gies procduce cnouth information for the same ende  Using cither approach
would underestimate the intor—-relatinnshins  of now types «of cneorgy
nrocuction with nther factors of producticn, particularly with natural
resource avollalxdlity and with thoe ovailohility (or potential availa-
bility)‘ifforoign oxcharnte must o carcfully assesscd before implomenting
nolicy ontions that micht rrometo (DF hindor) the renawalle cnorgy
industry. This issuc lecomes critically important whon foreign cxchange
restrictions have boostoc the shorlow prices »f imports far abhove nominal
monctary nricos.  Exciopt for thoe most ruddimoentary cnerry tochnologios,
a dependence on forciorn sourgrs »f moterial and toehnnlogios is commonly
involvcc‘..2 There  is a noetdy, then, to assess the notentially high
opportunity ensts nf diverting scarce Forcign exchance from other nrio-
rity scctors. It could he the case that  the onporfunity costs of
spencing foroicn exchansie on imnortert fuels insteocd, could be relatively
1ow simply leecausc the oil-refining industry's ceonomics of scule may bo
much mor:: fovornble. The point has not heen lost on the  cnergy
industry in Kenya. A rocent analysis of the merket for soloar hot wator
heoaters in Kenyn, supportod in part by a major local nrocducer, surcestod
that Kenya's bealance of payments difficultics will make it increasingly

difficult to consider utilizing solar collectors which have a low

“Sce also the discussion int Ramosh Bhatiae Encorey and Rural Devel:nnment:
An Analytical Framcwork for Socio-Ecnnomic Assessment of Technolocical and
mlicy Altcrnatives. Now Delhi:  Institutce of Economic Growth
(mimoographcdy, 1980.

2 . . .

Advisory Committee on Technology Innnwvntion.  Enerry for Aural Develcrment:
Renewablo Resources and Alternative Technolocies for D olo-ing Countrics.
Washington, DeCet Natinnal Academy 97 Scicnces, 1278
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Ansther point for policy-~makers to consicor is ° tho agorerate
non-cnercy impact of the productinn and usc of clternative onergy.
tochnolorics nn the development nrocoss as a whelcoe  For instance,
how many jois arc Loing crocotod dircehly y the industry andt indircctly
in scctors where thesce technologics are Leing uscer!?  The Kenyan firm
which procuces the Kiiito YAndmill, Bohs Harrics Engincering Lt (BHEL),
employs around 40 peonlss ‘Andmills like the Kijitn arce cpnrerrint
for small-scelr: irrigation projects of 5 tn 50 ha. 2 Tho implice
coefficient nof cmrloyment for irrigatinon ~rojcets is cstimoted to
hetwecen «6 and 4 man years ror hoctnre.3 N dozen Kijitns irricating
a unzen twenty hectare mlats ceuld theorectically mrovide omnloyment
for between 144 and! 960 ~corlos  In spite of this wide rans in the
employment notential, considorine that bhetweon 200,000 ~nd 500,000 heas
of marginal lands in Kenya cnould e mnde agriculturally nrocuctive
under aifforent irrigation schomes, the omployment boncfits. that micht.
accruc hocnuse of the witlesproad use of windmills couldl D substantinl.
However, the individual investmont decision of whoethor or not to -ur—
chasc o windmill would mast likely fc macdce independontly ~f this

aggregated cmployment potenticl.

If we were tn look ot tho notential thet altcenotive enoergy
technologics hold for suisstituting for convontional fucls on the national
scale, tho results of such o tlance would e dishonrteoning.  Kenya
atmittedly has an abundance of rencweblo encrgy rosources that could
be tapped, hut the extent to whieh small-scale tochnnlogics coulsl tan
them and  affoect the natinrk  cneriy balonce as a rosult is limitods
For instance, Kenyn reccivos on average of 5.5 kwh/m~ me cay in solor
radiation beecauseo of its fovouralile cquatorial locotion; the country
as oo wholce rcceives oveor 3 millien GwH  in solar radiction por day.

Tts nnnunl clectricity demand in 1982 was anly .08 of the cverace total

coily insolation. ) ° Yot oven with this abundance of solar radiatinn,

L " . ~
Petro Sun, International. /A Nationol §-lar Procrom for Kenya: Kenya Solar
1)

Utilitics. Program Feasildility Study. Ontnrior(Canadﬁji Jetra Sun/CIDS, 1984.

D . ; i
We Esvan Licrop and LeRe von:Voldhuizone oo cit.

3! | ] e} .
World Bank. OGrowth and Structural Chonge in Kenya: A Bnsyc Economic
Report (ﬁnnox IT: TIssucs in Konyan Agricultural Devo]ffmmnt).
Washington, DeCs: YWorld Banlk Sastorn Africa Rerdonsl 0F7icn, 1982.

4}
“FIDINMT Consulting SrAs  Encryy Consultancy for the Mristry »f Eneray af Konyr
Rome: Centro Stuli Encroic (CEGEN),  Fobruary 1982.
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n rcoont stucly incicatsst thot the installation 2F enough s2lar water
heators —— arouns 127,000 mg'mf collizectnrs  —— t2 moct Konya's

nrimary markct dcmnnﬂs far hot water woull dismlace rnly g T annual
electricity requirements (in 1982)-6 A mairr of Fort at conscrvation
cnulc massibly snve tho same amount ~f clechtricity, —~rhi-s at a much

lower cnst.

(Th@ questinn is mnr'~ gamewhat mrre difficult to assess hecousc of
the fact that mnst hot wator is heatod during off—roak norinds using
snccially meterecd "rimnlz"  clectricity sunnlies.  Conscaucntly, the
wir'esnreas instnllation of snlar water heatcors wouls'- have little immact
nn tho maok domand for cleoctricity. It woulc morely rerluce the of f—nonk
loar, ame! woulr have little imrtch an the noce for incronsine the systonks

installcd cencratinge camncity to moot nnak Hcmanﬂs)-

A similar argumcnt con he morle orainst using rencvnble encry
technnlogics tn substituto foar the use »f ennventionel cnorgy in the
ariricultural scctor. The encrey fdomands for drricotion,. for instance, are
minimal whon comrzrad with the notional onerrcy balanco. . The agricultural
scctar consumes abaukt . 8.68" of the fissil-haser fuols usct in Kenya,
af which peorhans & fifth is usot to full irrigation ~umrs.  The ooricul-
turnl scctor accounts for 2.5° Af total Clectricity ccmand', »f which
virtually All is usct for irrigntiﬂn-7 Even if tho ocnerev user! by the
irrigation subscchor coulr! e tobnlly rrovider by nlternn=~ive ener(y
tcehnologics, the offect on thoe notinnnl cneroy tomand structure would

hardly 'c fclt.

Althourh thoso arcuments hnle truc in thoe acoropate, what about
the indivicual consumcr? YWhuls the cnorgy savinos olons thot would
rosult from investing in 2 ronowable oneroy tochnolay bo cnnuch tn

convincr. 4 consumer to nurchosc such » technnlngy?  The answer is of

5Thm nrimary markct corsists ~f thraso consumers who are usinz a varioty
of tonventional or commorcinl Tucls tn heoat watmoe.

Petro Sun, International o- cit.

1979.Consumntinon from-too Shirrer, ot 2l. - ore cit.
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course ependent on the type and scale of the technolocy involver!

antd. on the end use tn which it is anplicd. For instance, the
encrcy—cost nayback for o sclection of solar hot wotor he-ting tech-
nologics in Kenya has been astimated to vary betwoon 5 vicrs 7 months
(For commercial/institutional consumors of Tariff Bl clcctnicity) anc

14 years 5 months (for commercinl/institutional users of fucl oil). The
estimatcd:nayback for mirrle~income residential TarifF D nelectricity.
consumers is around 9 years. From.the hot water consumor's point of
viow, the'investment may he a worthwhile one; the henefits may ba cn-
henced uncer other assumntions of fucl costs, inflation, locatinsn,
interest rates, cte. Howsver, the casce is not as cloarcut Tor other
technnlogics ant encd=uscse A 1981 sturly pointed out that cnergy costs
repreosent less than 100 of tho total net rresent cnst for smnll-scale
conventinnel wntor numring devices, ant that conscguently, Tuel rrices
will influence a consumcr's investment decision vory 1ittlc.2 In o review
of selecter! cases whore renewalle cnergy technolorics had heen installed
in a varicty of developine ecountry anttinrs, ono writer suggostod that,
when compared with the costs of conventional technolocies, none of the
technologies reviewer! shows:! mny immediate rromisc or odvantngos - for

e e : . . 3
significant development2l apnlicatinns,

These decidedly ressimistic examnlos are not in=oaded to uncior—
mine the rationale for using alternotive cnorcy tochnolociose  Rathor, they
are simrly intondert to help £n omphasize that the cnorgy substitution
arcument is myopic. As we surrrostos oarlicr, from the rublic scctor's
nersncctive, cconomic ant! cnorcy—-substitution analyscs cannot, by thoem-
selves, nroduce all the necossary  infrrmation for determining ~ulilic
nolicy artions to affect futurc developments.  The somo holds trus for

indivicual consumcr. Thosce tyros of analysnos moy guite likely undor-

value hich-volued end uses For ceortain technologies. Porhars the soundost

Potro Sun, Inteornational. op cits P

2 . .
Robert Gordaon, ct al. The Economic Costs of Bencwallc Encrity.
Washincton, DsCa:t Develorment Scicnees, Inc., 1981

3. . . o . .
Davic Frenchs  The Economics of Rcnewnble Encrgy Systoms for Develorino
Countrics. ‘Yashingtan, DeCs = Us G ATD/al Dir'iyyah Institutc, 1979.
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ariument for an investor to purchasc on altornative onorngy techinolocy is
that it coultt rrovidoe o source of cnovey whore nthor sie Cdics are- un—
availablo, unreliable, or are othorwis: tochnically ina: ~ropriete. In

i
any nf these casos, while cost is on issuc, it is 2Fftcn no lonrer central

to the consumcr's invostment cdocisisn.  These cases cscape mentinn in the

usual analyses srimarily hecouse they aro difficult ——  1if not impossible

—- to cost out. (In these cosos, *he price clasticity of riomand for

energy is lowe The quantity of cnorgy demanded will bhe fairly unrosronsive

to increascos in nricc)-

Consider for a moment the consumer who nurchases a flashlicht.
On a cost per kilowatt hasis, tho decision to purchasz, the flaghlight
would he-irresponsible Locause oF its insatialle and oxrensive encrioy
anpetitos Given that two sizo AN lon-1ife Tlashlichit Satteries
(cﬂsting‘mround 25/~) can powcr o haif .watt flashlight ulb continunusly
for around 4 hours and 20 minutes, tha cost is roughly 11,424/—  »or
kilowatt houre This comreres with an of fereak cnost of eleckricity avail--
ahlc tn a Kenyan utility customor of around AKE nor K kihe  Evien ohoto-
voltaics, at a cost of aver 100/- ror ek watt wouls e a bargain

when comrarcod with the cost of flashlicht: bhatteoriess 30 hat woulch.

Possess aur consumor t choosc his hand torch owver nlu ~ing. a hulb
into o lamn socket or rowering his light with rhotovoltaics?  Obwviously,

he has no vasy cccuss 4o grid—-gonnocter clectricity, and if he noeds a

flashlight in thc first ~lace, photovoltaics woulc e technically in-—
arnronriatoc.  The oxamnle scrves to cmphasize that o highly valuer end-
use,. enorgy aveilalhility, and tochnical arrromriatoness may heln €

Justify an investment in 2any of scvoral technologics.

In summary, the decision to develarn pelicy options that will

have an impact an the renewale energy incdustry in Kenya must be macde

-t

nrimarily using critoeria othor than its encrgy-saving potontial. These

criteria might include issucs such as:

1} The availa'dlity of tnreign oxchange. Can the country
afford o su~ncrt the “ovelormont of technologies that
have a low domestic content?  What would e the reolative
nreortunity costs to othor develormnntally imnortant
sactors 1f foroicn oxchangd were diverted from thom

to sunnort o rencwalrle cnercy. industry?
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2)  The impact on emnloyment.  What direct and  indirect
emplaoyment of feets will the industry have. How lcobor
intensive is the industry itself, and £ what extont

might the technologies involved have an imonct
emnloyment in othor sectors?

r
i

3) The potential For alternative develoomont.  Hhat would be the
developmental imnacts - of using these technolooies in
srorific command zones where conventionz 1 cnercy and/or
conversion and utilization tochnologies are unavailable,
unreliable, or arc at a technieal cisadventace? In thesc
areas, woulc thore hoe other potential honcfits such as an
increase in health standards  or bettor nutrition.

4) Income and distributive ceffocts.  Is the distrilution nf
10

income in thoe rroductive sectors that could e using
alternative cnargy technologis an cconomic, nolitical, ar
social issue? Vhet distributive offocts mizht e felt

if thesc technologics wore used dn @ sinificant scale?
What mechamism could be estallishes! to moke the financinl
resoaurcos avella''le to a larcor numler 7 notential
investors in alternntive enoroy tochinolasics?  To whot
oxtent woul! nutlic  nwnershin of the toechnologies unclor
considcration alter and: improve the distriiutive of fects
(or cven have: an offect on the usoTul. 1iTo of the tech-

nology)l

Althoumgh  tho cosks of the enorcy displacort by fthe usc of
alternative cnergy  technologics would ~lay a part in an dnddvidual
consumer's investment cecision (an admittedly substontial sark i7 theso
costs wure-largc), athor critoeric will assumc an counl or greater

. 1
w instance @

rc

imnortancao.

1) The availalility of cnoroy sunnlios. Dous the exishting:
infra-structure ruarantnc that cneroy supnlics will be
available for conventional cnergy technologies? Do sito-
snecific charactoristics ruarantee reonews!le cnergy
innuts will be sufficient to produce the reoquirect cutput?

‘
~—

Relialdlity of the technolocy. VWhat lovel of mointenance will
be required over the 1ifo of the toechnolocy?  Who will
2 needed to provide the maintenance?

T T .

3) Technical arcrosriatoness. Do any of @+ fechnologics
under consicderation have ony tochniecal odvantages?
For instance, ern the tuchnoloics cveilable in the
arnropricte scnle to mect projected domands?

CTe JaBe Margolin aond WBe Misch.  sycho-Economic Factors Affecting
the Decision Wakinm of Consumers anc the Technnlogy Delivery Svatcom.
Washington, DeCa s U Denartmont of Energy (SDlQF Encr-y Thnoentivoes

C\I
Analysis Mroject), 1976.
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4) Hihly—veluod end—usios. W11l tho tochosdl- ies under
consideratinn provide energy to meet snoecific and
highly--valucrl (Qithor.econnmicnlly D E”ciﬂlly) end~—

uses?

5) Risk assgssmoni. Do the technolngies under consideration
have: a nroven track rocord?  How risic averss is the
investor?

5) Is investment _capital availlahle?,

1

Ns was imnlied earlier,. the Tact that locnl manufacturors
are pracucing and markoting reonewable enercy technologies fndicatbos
that therc "~ is at least a mrtional market in Kenyn T these devices:
continuaed sales have orne the notion outs  The immression is shared
by others as well. A recent "ilenzwalle Energy Vicdeo Catalog Exhibition”
in Nairoli, sponsored by the American Embassy and the Ue3e  Derartment of
Commeorce was .geared toward stimulating interost emorr: Kenyan investors
in "one time sales, joint voenbures, licensing arranjoments, (and)
technnlogy transfers"z.of.ﬂmzrioan renewa-le encrcy technologiess.  But,
other than 2 general rorcoption that there are markets in Kenya for thesc
technolories, manufacturers and rotential investors in fhe industry have
only a limited view nf the market's sizec and of what noosuses couls Do

-

taken to more effectively increase thelr moarkeot sharoes. ™

VI« Assessing the Markots for Nenowatle Fnergy Technzlogics in Kenya

50 the obwvinus cucstion that follows is — lhat are the size
of these markets? From the manufacturer's noint 0t viow, the question
helrs to define 2 marketing strategy. From the ~oteontial censumor's
view point, the questinn is sicnificant, esrecially in teiins of
comnlementary and risk reriucing effects. N market stucly would holn to
contrilbute to the consumer's investment degision ly identifying the tyres

o
i

of end-usc specific technologies availakle and the scalz of rotential
uses for these technolacies. IT thore are a large number f devices
insteller in the field (OP that may rotentially be installed), the

consumer would identify benefits resultinc fraom the cventuald diffusion

Us G« Amlnssador Gerald £+ Thomas, lettor welcrning cuests to the Rencwallo
Enerry Video Catalng Exhilition at the American Cultural. Center, Nairoli
-February 28 anc 29, - 1904, B

Two recont studies have hecn the excertinns.  Theses shudins assessed the
markets for solar water heators (sce: FPetro Sun, International, ar city
and tho markets for weter rumeine windmills (see:\%[& van lderop and

van Veldhuizen. an cit.)



DS/ WP/ 02

of technical and maintenance know-how (the "demonstration effect".™)
There would he an associated reductinon in the consumer's porcepticon of
risk if he knew whether or not he woulcd be one of wmany —— v Just a

few — rotential investors in a srecific technology.  fino finally,

from the ~ublic sector's norspective (esnecially for lexr e-scnle
nublicly fundec activities) thern would he similar comnleomentary

and risk reducing henefits rasulting from a comprehensive market study.
Perhaps more importontly, a marlcet study would help tn icdentify the
potential Tor significant rositive develonmental imacts that might
result Decausn of the wiresnreail Gdﬂhtiﬂﬂlof snecific téchnnlogies-

This last point is nerhans the most important for develoring  nolicy
anmrroaches toward renewable cnergy technolocy development in the naticnal
context, or nerhaps at the rcgional or local level (For instance throuch
Regional ,Development Authorities)- It wouldt heln teo clority, for
instance, the aprroaches that could he tnken to stimulate the industry
by targeting nuklicly- suprortoed awarcness huilding efTorts at markets

of greatest -atential. It would also helrn to identify the industry's
rrimary constraints, and would sugaest nolicy options for aileviating

these constraints.

In orcder to more finely focus an effort at assacssing the
markets..for renewalhle anergy technologies- in Kenya, there would he:
several criteria that should first be met. First, the merlcets for
technolocies to meet a specific end-use should he addrcessed, rather
than the markets for alticrnative encrgy technologics per se.  Secondly,
the end-use (and not necessarily tho technologies) shoult' "¢ develop-
mentally useful, that is to say, thore should e significant positive
develommental immacts that-would result. if . these end-uses could. be
~rovided for on any scale. These criteria would helr hoth to eliminate
a technical hias in the stucy Tor or against any snecific technology
(or group of technnlogies) and would help to focus on tha potential
that technologies may have Tor meeting encd-use necds rathor than on thn
rotential the same technolories would have for disrlacing conventionnl

fuels in the anoregates

"Peter Thompgons, | Showing off the Sun: _An Apnraasal_ of Renewable Encrry

Demonstration Mroijects. Washinmton, DeCe ! Intornational. Institute for
Environment and Development, 19863.
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Technologies thet could ~umm water for irrigation ruricses are o

case in point. Conventional irrigation technologies that arc
currently being markefnd in Kenya incluce diesel and rrascline nowarod
nunps as woll as electric pumns powerod eithor by remote generators or
hy electricity provided oy the grid. Alternative encrry irrigation
technologics currently being marketed in Kenya incluco windmills,

rhotovoltaic—-nowersd water pumps, and hiomass gasiticr-powered pumns.

Wthout question. the provision of irrigation facilities
could have sulstantial nositive develommental benefits. The aldlity
of the irrigation subsector to contribute to growth in agricultural
rroduction over the next several decades will have o o tospeds In
the 23 yecrs lLetween 1977 and 2000, Kenyo will have & iwcrease agri-
cultural. rroduction by 2.2 Timcs simrly to keer production constant in
rer capite terms.  Becouse of a raridly growding labor forez, and
ecause of the limitoed capocity nf the nonagricultural scctor to increase
its rate of joh productinn, the agricultural scctor will bave td absorh
much of the kburden. Some estimotes have suggoshed that even a 4% annual
growth in the rate of nonarricultural job aroduction will foreo tho
acricultural sector to ahbsori moro tham 5 times its rresent numbor of
worlsers by the year 2000.7 The current Netionad Develarmoent Mlan
envisares an averacge annual rate of growhkh in agricultural outnut

o]
between the years 1980 to 1995 ~f around 5. This would Hr less than

\

the averas o annual crowkth in the nation's Gross Domestic Froduct
for the 1970 - 1980 decade, hut would he greetor than the rate of
growth in aoricultural outsut for the same neriods  In cvery way this

wnoulcl e o formicdakhle oljective.

“This discussion benefited greatly From: Worlo Bank. Sr-wth and
Structural Change in Kenye (frnex  IT: Issues in K-nvan Agricultural
Development J» gn cits

“Citel in FIDIMT Consulting Soh  on oife
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Althougch *the issues are not terribly clearcut (nor adegua~—
tely addressed in this bhrief discussion), irrigation could help to
increase the area of land under nroductinn, thus helning to increase
agricultural mroductivity and thez rate of sectoral inb creation.
Conventional irrigation schemes, however, have hesn costly and tech-
nical rroblems have nlacuer some efforts. An estimated cost for the
irrigation of 500,000 ha of merginal lands has been KZ 8GC million
(Us 4.3 killion in constant 1979 nrices) or K& 1200 rer hectare.
Although the cost ner joli creestec woulc be much less (as much as Sk
less urrier the most favourable of assumntinns) +han the cost rmer job
created in the manufacturing sector, large-scale irvirantinn costs
could ahsorh as much as 60 of total nroiected investmont funds
available for agriculture hetween 1981 and the year 2000, In view
nf the uncertainties ahout cost and the amaunt of land notentially
irricatle (estimated to be hetween 200,000 and 500,000 ha) the Govern-
ment's strateqgy for irrication seems appronriate:  to oroceed cautiously
with nrescntly nlanned larce-~scale irrigetion nrojocts,; o make no new
large—-scale committments, and to nromote nrivate and small-scale irriga-

tion development.

Esrecially in view of this last noint, a study of the market
notential for rencwable enorgy small-scale irrigation technologies
vis-a~vis conventinnal technnlonies, in Kenya woulr! ¢ - both timely andl
anpronriate. The author intends to undertake such a study aver the

next eight months.

Tho nhjectives of this stucy would be to:

- assess the notential of Jncally  nanufactured or
assennler! wind, nhotovnltaic, and Diomass gasifier
technologies nr small-scale irricetion;

- assess these technologies with resnect to conventional
small-scaln irrigation ontions; and fo

- ddentify nossible nolicy apnronches; where arnrorriotae,
for stimulating consumer cdemand, and consecuent indus-—
trial nroduction.

The study woulrl be carried out to address the Tollowing sneci-
fic nuestions:
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State of technolony development

Assess the steate of wind, photovoltaic, and gasifier
irrigation technologies in Kenya, including such
aspects as technical sophisticationy performance
characteristits, maintenance demands, production
characteristics (state of the industry), and the
markets that have been addressed thus fars

The availability of renewable encroy resources .

Within Kenya's gecgraphic and climatic s tting, what is
the availability of wind and solar resources? “hat levels
of competition with thi: traditional sector couvld he
expected for bhiomass resources? YWhat scasonal fluctua-
tions in insolation and in the wind regime could be
exnected?

Structure of wator supnly and irrigation demand

What is the availability of groundwater. What is the
nattorn of ~recinitation, and what arc the reference
levels of evapo=transpiration. What is the size of the
primary market ——  the market for irrigation technologics
for arcas currently not under agricultural nroductions
Yhat is the size of the secondary marlicts -« the markets
for irrigation toecchnologics that coule pot ntially
renlacc existing conventional toechnolngics, Hr that could
supplement wator surniios wheye agricul-ure is currently
rainfed, ~tc.

What lcvels of infrastructure or lack of infrastructure
may affcct the wviability of alternative toechnologics.

What nrcas arc accessible by road?  ‘%hat are the transrort
costs for conventional encroy? What are distanco-derondent
maintenance costs?  What arcas are closc to the main grids.

Extra—cconomic .considerations by the consumor

Based on the nperating records thus far, whot have been

the nrimary risks tn investors in alternntive irrigation
technnlogics?  What has heen the rate of emnlovment genera-
tion? Has conventinnnl fuel substitution affocted these
technnlogies' viabilitics? To what extent have consumers
installecd technologies within acceoss of conventional
sources of cnorgy.

Whot is the Net Mresent Cost of the technolories (or
technology combinatinns) under consideration?

How sensitive ore theso costs to fuel price, rates of
interest, maintenance costs, discount rates?

What nolicy options would bo anpropriate with recard
to_thesc tcchnolonics and the irrdi-cati-sn suw--sectors

Tax incentives/disincentives.  Tanord nratoctinn.
Dircct subsidiess Financing mrrangemontss , Lomnrchensive
demonstratinn of farts., ote.
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The study will rely where a-pronriate-and, in somoe coses hoovily,

unon infarmation generatod as a result of nther analysos. For instance,

information abnut wind romimes, draundwoter charocteristics, and costs.
o y 3 H

When possible, such informntion will be updated.

A subsequent working paper will describe refincments i the
stucdy nutline and will discuss the work in progross.s /v final paner
will mresent. the findings of the study at the end of the oirht  month

study reriod.



