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EXECUTIVE SUMMARY
 

OVERVIEW 

This report respond': to the Agciey for Interna-
tional Development (A.I.ID.) .\dministrator's call 
for a critical reass ssineiit of the , \ y, \pi i 
en c with rciiwalh c.'rey It dcCrib,' torIh 's 
climate for rcne\able\ ' ciere t,.cliloIy i lgli t of 
lower aiid u,,table \world oil price, dccliiliu. ki'!-
wood aitdMeoil pre'LeCll Llo i I. llllle, iC t' l'C tiilut 

,+f 'vairii rciies,',ib], ,ee(;,' al l,',
ihli . 
,Iarited ill dc\, opiiio :11d : ilVmiu 'cIe\\b;th e lch-

,ioloy alrle also dcsib:l', a,, , ll A, pliority apl 
c30ti11, aid the' aCrpriate role' O le private 

sCCtor'. [Ie1 ie)ort Ilin it, Oi th. proposed New 

I)irectio'IS for A. I. I ). iixVa;ibf. cierezy atctivites, 


A .I.D]'s focu- I ot eL' I C-
\'uopiiciit. Rural ailnd aeric'lural desclop.iui lt, 
essential pier -cifiiiiti'sto :'Aclu . ox1!2erll ecotmoili-


ic owtlu. aiid spejal ttlitii(m i, im ci,e] to ;uld
diesCs', tiew clltriC .\ t'Wl i IettCIi, ti,i '\t. + llCll illl

lhil t r lio w, thft v lhii ihIi'ii'5\ 
C~lt.I'iu +.,'h~tut.'u m ',l,+g It~ t ha thu l",u\: ,, 

impact iimim., aid impd ill colinhttii to r (Itleh 

xcI opI I I IItt. sIP ' I eI 'x te,_ultlt Olrtis \ii 


d enio lmIt rmtcd I t t ti icy hi:ti' a v l ul eI i to 

lLy. A ttuiiber of' rii.v',ule eti1r teu ilogis 

c now b:colin utigLeon II\ tiical]x 1 ;-
aii f'uicial 

traCtive. ill de.Vx'eholitg cotllrllie". ('ouilll iilere iliiolliu 

of'I" thros clituoogisImic-1-itytouoffers co era it

betiefit1 Ito dev.',lhupin cutlitlrl.-,A~.rt01,,ry it)

A' m~ajor ' rc;m ,mt thli)h'fltuhli this siiiei,,., is thatt, 

ll()tlt d I+u++':,ttir.mt ':.tT,, A, .I.! ). S1,(]+ IPIm\ l -, 	 MVc
lrlL' tot 	 ts IarkL' siimiiirisks,i.MCCI 

re~ly iti) 	 arnke.t ist'r , o seulect xvwhih htel'it ygis i' 
e t 1,01rv,wh ici h d ,.v~ d o p iici .e 

rtsett a si'tificl'iut s1ift1 ;aavc 'lotll ps"I cxperi-

ClICC, \%hliuh vt toot o l'IL'11 tI'V"]1ll01t+, + d11i\'cn1 Mid.]c 

vile,, ( Wc l ll'as lfIaif d i1 t tli tl g iI illx ii 


whice ( ~ hertiiieitalare iiiteih'x
paN i(f ol 
able , tycr.v tcicL'htillo y s',le'ti uI antd d c\ clopitiit. 

A.I.l).',, ie w rvir,.l+,'ti Ot i' r, (1 ,\, Ileh ciuctrx' ci-
l+,hrsi.,iC ',s:,,f'O.-,Ij~~dl_'

1i\zeIL scor 
pr grimnts to stiiiiIltctii:i l 

phIs/1! rx dleVCopitit~ Atiml u i 
rt-drixeii :ippliutioii , I 

th S enerz, soirees. 

WHY HAS RENEWABLE ENERGY 
BEEN GIVEN A H-IGHI PRIORITY? 
RencVahl ciLriy te.tiob Irt.esitili/e diIci'u olar 
elergy, witid, flowiig watel, bioil;is,v aii/or g,,o 
thermal eiergy as alt'erittivues to petr<oleitil or 
other non-rcnewable Sonrcres if' ,tiergy. Use of re(-
newabtle energy siiurces has bcn promotcId in d.I-

velopi iig countries for several reasons. These in
elude [Ie foilowing: 

H Rencwahle energy sources arc indigenous and 
availahle in large (fuaiitities, in the developing 
couintries. 
R(Itiwable efupliient can b sii :ill in unit size 
aind fit ,lie .ic'dfor riiil Small-scale develop

lpplicitiolls. 
' c\vtlh., utilihait io hii the poteintial to 

ctealk rutah cintj l\ iim t ;nd increase *roduc
ti\',t\. 

El leiiewable ncirgy often has lessC tec htiohgy 
s. 	 er C'1\ iftoilloeiiiall ipacts iOIni ClvntiCit.tll 

-,allrnatives Such ;I,, t ,,il f'aels. 
111l mos \rt ;',Count reiCS, CCOae icsd xeopii rur oil 

have subsisted b\ rlyinu oii renewable eiier(v 
SLUICe, iiiluudiuie triditiml bioniass md other il

digiis1 	 si )i'c,. ]"Iuilwood scalrcity, h owever, 

piisrs atus f)t'OhlCIII, ietiLiiilig tha i IOrcL atteim1-Cionhe gi Cii to iiptoving the C"'. Cieic \' of' Ii.l~ii
io n id to a i wilit ciirh:y sources. l :8), t 

,' 'St lill ' llilt~ t ','0 1~ tilt.+' 2. ,il.t l '., ] )CO \0,)I1l I 

\,vs stii mtd thef of thn 2 billi.ii who 
i i .,-, fulsW,, over half'" c1 uld not lleet

their miiitiuiii citergy reu.luir,+mneilts froiii a+vatilble 
-lr iu ng l _ I r6Ii2hlCi r,+_IItIIi t t)\VIil h -0111 t 

so reel'LLS lIon citi e thligrowiig "lsock. It waviswit01 t df'urtlicr estiluiald that fhrou . it 3 billion people 
iei be iIt Ies of" acte fi'tlwood scalrcitylilu 	 I 

by tile veai 209(.
 
i ycc-',trl2()',)().iiolei es arc siif'cill


different 	 frontl coiivitltioii.at C'ner~v ",\"+t;iisI. iil,a~,. ttillh,,c: ,ffc m l 
'i rte " 

ietr iu i of' their sl u,-,or perceived
,i Sit;ill Scale of i"idividual :pplicatiois, to 

lcma-, 	 prahe iiotrC(IuiruC iIt I tiV(\'c 11I~m,.inll p r+cc, (.-IlolILtt itiir. ii i-iotlicr irceItltiv S id folicieS) ill o.rdlr to a 1'raL't ill

esls r s 
.+ A' ti f 	 01lll)Ct1'4ll.;tlilillIS isi-eO ' t'ttpla itll. I)I'tOhltCllIS, hlo k\ TIV_,

li'u hecitn couuttuti'er in tie effoirt to drieloy rmex 
rime abl+)c tcC iiioloTv. Th.ill e hiaxe iTiAlti _dlothe I.

ratic u rse (f iturttioial prlLc, fot' uil prorhdt~tsCrOPlI.,uSlC111CIIlto.]l01'],l,,,~
with which i esahIbs cflitit, weatk institutions 
flit perfectitto .mh proni.titi icicxx'hhle, and the 

itihWir_'it difI'Cultxv ()" tttr tll,.itig Ile\\ tchit)ilology 

iitO ii oteti ,ulc-i' -hevel rrlreoi )irty. Dis
toltiolis ill tci rgy prics, st', srit',(1 he.r policies,
h,ave created anl imiroiilt which ,tifles private 

sector initiative atnd se1riously rCti rid 0ie iiitroduc
to f new11aldternativs such Is rCe\vah technol
ov ics. 

Given the experience to date and tile above conii
s~raints and problems, what lessons have been 

http:coiivitltioii.at
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learned and what New Directions are appropriate 
for A.I.D. in its strategy to exploit renewable 
energy scii-ces and technology? 

LESSONS LEARNED 
'Ihe main lessons learned in ihis reassessment are as 
follows: 
M 	 Iarge-:,cle introduction of n)ew+,renewable 

energy .olirccs through A.I.). or othcr's el-
forts has not been achieved. This is tluILprinli 
ily to two factors. First, most rcnewahle encrgy 
projects \wcre R & I) projects and wcrC intcld-

ed 	ti, tach nylogics (aelc 

not to directly dissenitatc coituiicrciall'\ 
mature teclittoloecs: ,uad second, institutionl 
weaknesses and iti'tmaoriibtc pdicv oliitlovis 
const rained renc\ablc encry\ ilipillcitatio , 

" While R f(r ti1I11iIN & 1)c'f' llve o( stuccccdi, 
a significant inLnber Ot ieclnical approacics, 
have b),en diciionllsirated to be reliabl .Sevcratl 
renewable encrey tcclinolocics such a' nall 
htydro, S5ottC bi tla',, s. ''llt'deo solaralipdicnollia n 
applications, and othiers, >'::. i,e iatuircd1 StI'-
ficienlily for coitinticicial :ipilicatiotis it)pro-
ceed. 

" 	 Projects should avoid tcclmhlogy optielsb that 
arc commercially tiprovtci, niless projjcts are 
explicitly desigiltd to support tcClitology (C-
'l(optct ,l i t€"it iii ovecrall tttutn ctilliialties plat Ml 

U 	 ])nlvolellVbles able to cottipetc in the it;iaket-
place with conivetiital techtuohegy illters of 
cost, Con llveic,I l:l ty, scrvoice delivllee, 

and reliability. \will iorminally b successful, 
local uscr or i"iarkct" acceptance deteriminies 
whct hCr atiew tceicwablC techntology succeds 
or fiseiwr itvolveunient or tiarket tcsling ill 
p!ojcct desi, iipeieitott.ie, aid Cvaluation 
should be a p.ct requireilent. 

A 	 Renewables' n,jrkct pectrationi is sCriotsl 
peded when other fuels are subsidize, or (ither 
utifavo -ablepolic. co ditions exist. Policy Co 
ditiotns require up-ltrot aIttintiot ill A.l) e'-
forts to suppoil rentewaibles introduction. 

" 	 ProJect ideas ;Ii dcsi!ni, c'lmoIt simply he 
transplanted fiotti placc to place. Applicatio,, 
must he tailored to local mitarket, physical, Ina-
terial, institutitial, atd ctmotit ic contditiotis. 

* 	 lack of' atttcnilu Io "atftcr-salcs', SdT\icc, ill-
eluding !laintc l:itc, sp ire parts, atl local 
skills devcopilutit , p:fi fatal tolhis pro\,cd 

both thcntiotistHratiotis, aid t o 

cialize a techlit loy. 

* 	 Local pri\'ate sector tmarketing of technology 
for commercial purposcs is tle best way, where 
possible, to cnsulnl ,successful disseliniatioti. 

2 

[ 	Learning from past experience is severely
 
handicapped by lack of adequate docurnlenta
tion of successes and failures. Improved inter
change of results and methods cf application 
could make a major difference in the rate of 

fuiture success. 

ELEMENTS OF A.I.D. RENEWABLE
 
ENERGY STRATEGY
 
Based ol the lessons learned bove, it is appropri
ate for A.1). to cstablish New Directions for its
 

a e etestablish Tese
 
edrtocno tlc
eis(dstrteigy. These directions shouldt d a enti a r tioess), 
recognize today's economic and tehnical realities,
 
and integrate renewable options, wlhere appropri
tic, as Collponctits of rural, agricultural, and other
 
dt\lcvpntIctit pi dgrarts. Long term energy price
 
cXp.ct;tiions should be lsed as a basis for decision
 
ii!kini., atid a diversified fuel Mix that inciludes !e
ncwables should be citc araged. This strategy titlst
 
be applicd \withil thle resource, social, envircnnen
ital, instituitiotual situation of puriictilar countries
and 
td 	e,\-cven ,itcs. Thus. no predetrnined technology 
choice is posihlc: rathier, a better informed judge
mcili t ini Catca by easC cotiparattive evalhl.tiott is
 
called for1'.
 

ateMWhat objectives Newthe overall of A.I.I).'s 

I)irectiont,?
 

l(ir).I elsire tile supply of appropriate "least
cosi" soutCes of, elltergy to site rural dc
velopiuent efforts, cnhali;cc agricultural produc
tivity, aid Create rurtal Cliplovtllet opportuni
ties.
 
Secontd. to support local and U.S. private sector
 
initiaties to suipply iecessary cliergy services,
 
teclliclogy, and capital i1 order to achieve self
sustaining solutti.ns to Cticrgy probhie:ts.
 
"ird, o place special focus ott household
 
ei

eeg - pioblem,; throlugh expande2d biiaslnd 

supply and ineon-\'ci" 


supply a ithproved edilizatioti. 
"'
 

lot,, to crte thne policy mid institutional
 
cinditions requirdCt for sound encrgy sector de
\'elOpllent.
 

A..'s rcnewible cniergy program will be di
rectvd to support the fi0!lowing New Directions: 

rivate Sector Collalo''tion 
Iiiol'd (' 


u11id bo'I0/i[ii.l 'ot lit rene]w'able ('nergp irms
 
and(dt'lop'lS to illergt A.I.). knowledge of
 

]A'.P[ /)er(l)Ii h'iui't''z .1..LD., and U.S. 

counttry cotistrain:s and conditions and A.I.D.
 
Icchnical aind financial support with private
 
sector skills in design, manufacturing, and mar
keting.
 

http:solutti.ns
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Rural D~evelopment and P~rivate Enterprise IMPLEMENTATION ACTIVITIES
 
Support 
 Implementaticrn Vehicles 

and1( rural h'rrvlopmcni P1,0n41aMA ii! b" inclreast'(ldrii 	 liii iiL 'liiSb i e. i 
to lls;, )I'ild~limeI-ciewblean 	 Aon abho\e tileprokill r'ctIOl prt)tS(ti i lde Renewable 
to n.N~c itt~iiar Enrgy A flhicLitions T Projectroi~ililol reewbleand and 'l'rning

Other sonlve olc*N0CCN 10erePirreLs r'e~jIIfIiri (RL])diljonryS'eisaT llinOlOgx

11CW CiICereV sOlIrees.1 to I(leillifyeleiA biis~iess poet(Bl.mdtiirivfltit 
 ~i'te i
 
oppo,rtiilics l.iti to pr~~t iiiioiiiiiijiiii iid 
 tile areas of, liimisciioit uis. ilid ClitlL and~ti rrii.a
trl-iii!t 1,01 AAA!) o0lii eiirv fOpil~on 'l 11(11 A\ll itre oiwojii0 projCtts Or acivtIities.
 
iciltili. IL~rici'llinr., mId inniier rura-l develop-
 Th'ie lHioellrgyre s\'siens mitid 'kttcirioiog (135')


Iiilli aic~l I!i. 
 Prrhject is rn~teiided to de'sigil. d(.\eirp. andl .plc
lrarrmurg ill SHIpport Wn eRC're:WalS 1ncat Hield projeets usilii biornlkIme vl'rs The
 

(Commenni'rc ializat ioi Rcrnewalbie 
 Finergy A ppliitii i aid I'rainlin i. 

',)T',I~ N A.~l 1.D. ProJect (RFAl) his het'n icp s It Mo the( ats
reatet "I w sesslncii A. I. !)is paist espelilcuiCt wit ien and( ICI~ i it I \\mrs hc cxlildcd toslp t' 


ihits and proposals hOr new miitivcs 1- sn!pport
poit the( I c"" !)c\ hitItliiitny (ILDC) pri0 rural ail
eh~p' ~Aenicnltnri tie-Veiopnut'nu.
Vile( sttImi aiMid NlIIHilit HICi COHIHIuiCjiC1 oISe Of I oicol 'l itvtC"ik'lllh1Mi OCE.IeC~~iie\hIims .11 \V:iicl pliiipiing. hililili, iuiril 11isis, ?uiit'reit w'ork iiuidcs IIXl'slii!itiOni of' ranf

Cm)lilei~~iIliiiiltrlii i~hlm~ii iiismd ilt'tei- kets f'On ibriqitttc f!' usliil it",i nlia(I fcorn, Cold 
ntiiii/Ct oow'titii .iujmi> non oiler nitlos buonuiss rv'imiuc,, s-p-ciaoi\ iii comuintric., ex

ntil tit\(iumilicll imhlil tl~is. 
 periecnnuilq ilncrea sinue \\ 	 Hlctestld Iis'hmlld
 
In11iasis io Imupleintationi fuel st rategy ti'\d(pICl \iu\wiiii :111d.anlircs !\\' of'
 
Ilu'u'lomm/ :,' ,,, 1muirV( 611iwicm' w/1Im~i's 10 	 eba1-Ciccl SiL c rigiii i mt Afnicl artv also 
aIssist i 111C '(1111I 'li ll [mm'-''iitmui 0i1iofli imiel 	 mmiiriisiiii ied.S 

tgillioni;\n .i.).-aissistt'd 'oiilitiies. 
uutiti'.slflllu.. iuI~i 'l~i s \jiiovs, I (Old Role inl lniplenreritatiiin. I'lue 

~uiuliu~i. ii111 <\I ) i~ [iei~iiti - ibhove pro'jtCts anll iactitlit's it' Ilit ct'nitrally

tulilaiii S' . I~k Iujt Iii mi ijit ut l t'tt't't s nI'IuitjIu11 fd ileliagd l it'ti it't miitjtns ihl r,)-11pe

tint'i'itwcl s .i'i tit-Wlmit' t'IWIt'1\ .A 	 I.I1). iii-m'Oiiiitr\ Jliissnonis, houw

l'nrth! , c."oJr:1" "it Jl'';daiu'eIhi' , I/ ,, eserv. retazinl tire itt ipil t'HL-1illiour 1ilt' ill All).. 
prodct(im/ui wJid 1 (i/I"',ui U /tui mi 1,() stit't'td i'euie\ibie attiiiC>. ih\ Sinlit' Of lis.sions'1 I'esPOn

hl)IpioInIte iii1-Ai ci' 'upuimtlplim;tous ~ 5iuit\, ill th il~vt Otf,pluijccl iuiiiiusai, t~it'gni, and 
cluinie iItitlItIuuI 011 t ilit('l Siitt'l reneCWable 	 mitmrCICititoii. d Inllae imart5cirlIrI0IS ant', L 
euit'rgv etqiimplwltr 	 1itiig t001iOSCtl StilIiIat anti li~siSt tine 1unnisOmis 

Coordinated Aci on 	 to(loplaeCll- ' 0IiL~ol niilting re 
liewtihit Clici'12 \v litre ippiopriatt') lIt' ilsy intoRI'Ilath' il (m 'mU' dllio coiumI m)/ wtill be prOjtCt desiiun ai dplaning.ui Mhissions are' turneCd to 

plirsueti 1t0 111u1rt e'f't'tCIICi njilii.e Alti leVeralge ton11iiatt tile (11C Ofi'e 'rTrV ( l'l) rI-CUirdinug
A.AA). resouirCCsard~ help tievciop [liC policy Issiies Or tiit'Ntioiis t(co,rniuig vi.iiC\a i)Ic energy
COntlitins IOCCCSSlV fo0r liCji0LrtInCtiOn1OW Of' tec:1t1lolii, Citiler ill iClieCiai or ciirccrniiqL specific 
new, cnerg~i souorces ap p1icat ins. 

3 
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INTRODUCTION
 

In Novenber I 84, lie Administrator of the 
Agency for International Developnent (A.I.D.) 
called for a critical reissessrinin of' A.I.D.'s renew-
able energy activitis. hli objctives of tie reas-
sess1erit w\'ere outlinC( ill :a \\orllwide cable (Stale 
345387). ltse w,'rc: 

* 	 1t as',sess r(lit tp]it.iiiis of r'.iewilble 
eiereV terohoCl i,.1s,,With Ciiipliasis on l)oduc-
tive its iNl ItricuIltltirC aiid rurl idtlust r: 

* (t re'oriiileid dvelilIlCit AnI aplpliCtlti0l of, 
thosc rtriex,,able ,ysilis ssl\icl, \l'n corll-
pacd with ;iltcriit ises. are die lcast-Cost and 
sih-specific solui:i 
ice'tlid 

] It', 'u -st it.icns 

s.,ct H ;gi i I ; t y r, 

nll(' t 
Alo t ,,11 ' Oll'0, \1\ 

'-	 t* suppl.ing energy 

+1 Itt'\ irir locll pri.ate 
mi kc'i, tun lilfaict tile, and 

i ,,iii ciie rteiy syshtr ls; 
HI~rvatf' '-,'((t : it { l carlyM 

stae 

Reiic\ 

iip 
irt r the 
\hleu ()it 

in I .'\ ) p.jct. 

thle tlitl S si]tes t i .il!et1ct as a 

re FI llt/tqll~lltt'iiitassac{i~dsl~llLC 

(oil tillhal i latc 1073. I)uriig a tlne 
pi.'TIC, \\CrL ,iLs, IAlidlyN atnm supplies 

Ill{f(H(t'\lat~ l 	 pi-+gl-lilritini 

tie 
CIC insecure, clicits ul hecaric Il high-pri-

it public pOlic\ Clillen,,. ill ds'\Cl0,.irilg COtl-
t.,.\lte sailctit Omitares. :w\reniss ofC lit 

uralisieI ,CIdpletable o')ssil etiit souIC's led 1t 
it !!ob ] "\,I\ci "'lltt)L'sillt'ii h rnc \aleC so1urccs, 

)articularli -A:ii titre'. Rcs+irch and dc\dlop-
ltelit Llippt . a;iltld tId lloif o l lli/;ti,.lls su s 
p ()Ih d ltests ilIld ciiost liatioil, \v\irlidvide. 

I)e'lV pyiii c(ultriehs lc il' s, tt'iidC, l ,+c 
Iltti Mll,etwlrc lice 


,
\.( t,.we ihitir cr,., titeds, 
gy dc\:l +plnclts un1dii 

,,tll t.-V''CI+.'s iicc setilS~t'l H-,Ser is1 epecial 
the\ culd bc applhd )t ;I 
skill 'exel lihesc rclatcd 
ery cv iteels arid resources, 

opp"itillMiti+s 1for iew\' ,kills 
dcv clopel 

aisssTrpruoriising al-
ti,..(l to, t' t[.Whiii lo-

ititerest, Rticss\a ,hlc re-
y iij.ia il'et})tipri~lit e t hciisc 
vritv Of, scales arid 
clos.ly to localized 

alld of'ted allrractive 

and iI'stittitiors to be 

A oiiclclcc of' this llltr[est Was t0ne iniiiation 
' -of ilitill lilhs Ictllcl\v etl cn r )jte t ill dcVelil'p-

iig Couitries, iiOui\ o" whiCh Cire siipp)irt_,d by 
A.I.I). , dcde litrl, lI\tw'\'ct, it is difficult t 
give an ictotil Offitis c"percnci. The general i'1i-
pressimt is that ()ils a t'e'\w of' tile pruij,'cts have leo 
to sustained trnr.v supplies ill A.I.).-assisted 
countries dir to cuiiccntrationlon11research aind 
denonstration, econornic utnicoilpetitiveness, arid 

lack of implementation planning. Moreover, world 
oil prices have recently dropped, making it more 
dif'ficult for alternative energy sources to compete 
economically. 

Responding to the' Adliniiistrator, reoquest to 
both IrCaSSCSs eXIperieneeCC '. ith rnCll, Wl)t, elCIgy 
technology and nilprc tilte capablilitv of, A.I ). to 
inlllerienl its cle,'lh1C lrt0rranis, ite ( )fftce 0f 
Energy, Burcait of Scicncc and lcchnloloy, 
A.I.D., ilhtillted i l\ R'pWlieah{etie+a Energy 
tions and Training (R EAT) Project it) .lil10 5. 
According to the approved pro.cct paper, one of 
the key project compollierts w:.s to he a '-revie\ of 
lessols lerillled" f'roiiI the exleilcIe wit rcew
a1,.( elierg\ teclioiohl-, ipplicatiiois in the de\clhp
i'ig ,coutiri+cs. Air irtCriri report \as tt, lO pri),'id
etd 1I the A.1.1). As+drliuistratIOr b \ riid-l8,-. arid a
fina~l rlt oi(r l N 87. 

TheT literitn Repot ifl' the riaIssessi,ili \%;is p'c

pared in April 1987. Input ilto the resi\\ arid ne-
S ' t lhalsI li'Ill t tile 

sI'e iritt if iitu'ted parties. Ii alditio t(o thle 
circulati o of' tilec t itti Report f,01r iiipiil \within 
A.I.). aid to iitrtetltside partlis, ii t\,i-dalv 
\\'uirkshp was leltI trori0 SCtIrI'1bC 29 tNro(igh 
OctobCr I, I Q87 i Annapolis. Nl i\l;rd. This 
\vorksliop scTvcd as 

visiotiof\ 	 1l*JIHtifte01"il recpiltl'Cs tC' I l beenl plovidedild(.111101ieby' ato\wide 

it pulic fortut1 folr tille critical 
r''ir 0 O' Ire Iit1rilli Repi)41 illt Ai ll t' tit \p' to 
share Cxpe,'iericeCs il poiuts Of' vi'\ his \h, irk
;hop was ittended h\ sOnic 45 pli ipaits 'roill 
the ... arid international rriesaible eriere anid 
dev,.'r'loprniit coitli ities, iric'tltijing rel+CSetilta
liVcs 'olli tile U.S. rininalble eergi y industry, the 
Woid Bank aiid tire Inter-Aiierican l)evlopient 
Haik, a dc\elopiug ,'uilrtry g OVerIlienit, tiilicr-ltrlS 
ili lltii l'-l/elt.lingoverrtiteial i/;lu'lrliUs, U.S. ( jo's ernititnorei-moati tietiin .. 
iei.'ies, several U.S. natiolal lalortries. A., 
aid private sector constilltats. Two sessions were
Collvcned at t lie iri'ettig. lie irst sessior critiqied 

th' Irrteririi Rep ri. aid tie secotll sessi(o illn
V'Olve2d disCtissiorus of riajr issues, ilcluding issles 
associaled with the supply of' dece'utraliied e Yergy 
S)IIrcs fi(r rulll :1ald agricultural dev iuiurieit,
 
lotuseliold fuels supily antd dliarnd, and oppol.tnii
ties arid ctiStaiitsi 
 r U.S. 'trade ill rcne\\abh
 
teclintlogy.
 

This d iOCtllellt is the In r._ltiirt ,;peci.Ld by the
 
Administrators original request and tile REAT
 
project paper. The fiial report attets ti present
 

t synthesis of' lessons learned in the application of 
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renewable energy technology, to assess renewable outline New Directions for A.I.D. renewable 
technology status and priority applications, and to energy activities. 
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___________ 

THE CHANGING ENERGY

SCENE: 

IMPLICATIONS FOR 
RENEWAB AND,LES 


OTh'ER ENERGY
ALTEhNATIVES
 

ECONOMIC DEVELOPMENT AND THE 

ROLE OF ENERGY 

The Ii in I oleoIOf" i ' re ;nable 'c. y r"OtIkrl, 

id tc(iIo l ioe ill depend onlbot )the1cs pply of, 


tralitionatl hi m:ss 
 'til, aid the, co'st, scarcity, and

\e<iiriil\ <. q,' tf " i, ii'uthiI;+i Fuel.', 5kh as p'-
ippl 

troliiii Atl tiek pre'snlt Iri' ,
1hnu , Ihm.ithe shiarir
 
de:lii.e ot11oil pvliu s i) I(),)o ,Ii l ti siuhsetIlikut 


r
partial p,-ic( oncer iIVeO\r.l c IO\ id 
supply iinstability l vse stimiilated ;a scrious rceviln

ill of11"aoiia'li tlt L-, ;anIId 	 ' ,c'o p c O f" allt~rams. 	 ""by 
g ramhis. 

Icoilonii erowil Iand iirea.,ed agricuhtural 
production in developing Counries are recogniied 

to he partially d.-pendent il increased dired andt 

indirect comumu.ercial cuncrey us aid increased 

ehergy iitelnsit y. ]lcectricitv hIs becen particlalv 
important as a stinitu ,isto econmic prowtlh ill tile 
developed countrics. significt.antIy eiiluancing pro-
dluctivity.t Since elCtricity supply is high] y capital 
and forcign c.hliange intensive, aid frequently gen-
crated with imported oil, it is diflcult for develop-
ng coi utries to al'ird. Lower oil prices have, to 

sonic extent, mitigated tie seveiC oil cost iitipacts 
of the hte I )70s, and carly I 9) ,. I lowever, as de-
scribed f'urther below, developing euonntries still 
face extremely largc oil impoirt burdens, as well as 
worseninug shortag-'s of !radilional fuels. 

Ill 111t 4 de .e lo iig eO 1llt ries, 1t1ra, enCC0l1 lictes 
have relied on 

aOUS SOlurCCs 
woo waste, 

I Ra l t-ul 
tnrrg t'ticN Aug, 

' Sun S .iurr mi l 
Icommic G,',,th ( 
fere ce ii th ht_ r, 

tlraditional bionIss and other iiudigC-
of' eure. /liCel, such is wooI aMid 
animal ing,,rt,,.,i,,,,-.l.... . residues, 

- Iml, uld A 1! 11 , iiru I ).u, 1 c 

I 195 
d 

t,.d 
Stom Obert )hcv 

10r ()Ak Ri idL t A , ot;it 
i, i)l and 

I 7M rilws COil-
Strmgt,ru Ioit I '*i 1TrIlu ] .I J\ intlt, ]976))rv 

and water power have been used for centuries to 
provide en.rgy requiremen ts for the household, 
arm, and sIall productlive enterprise. DecreasingItlvood av'ailability, ho,, ,c\.r, poses a serious 

problem in 	 many developing countries. In 1980, it 
\k'as estunlatecd that 2 biljii 1,,+ e dcp-i .,1.1.+ ,, 
lmass fuels. anod th'it over half could hot in1ce l their 

reqtt tav ilbl 
sotturcs without reducing the growing stock. It wasf est mated tHa from 2 to 3 billion people 

be living ill ar+eas of acute futlwood scarcityhN 	 th e v+a\ 2000 .: :the eai 2t1)0 

WHY HAS RENEWABLE ENERGY
 
BEEN GIVEN A HIGH PRIORITY?
 

E 
Renewable en.rgy technologies utilize direct solar 
encrgy., wind(], flowing water, biolass, and/or geo
thelrlal energy as altertatives to petroleum or 
other nOim-reimwab!lsourcCs o' energy. Use of re
newable energy sources has been promoted in de
veloping cottries for several reasons. These in-

Cude the following:
 
m 	 Renewable energy sources are indigenous and 

available in large quantities in the developing 
cotntries. 

m 	Reirwable equipmnt can be small and Fit the 
need for rural small-scale development applica

131 R enew al les uIilization has th e po ten tial to
 
create rural employnl and increase produc
tivity.
 
Renewable resottrce use has the potential to 

save foreign exchange, particutlarly if renewable 

SINR. )c Montialcmrncmt I. cnemcnIue , l' ,, od supplies in tie )evthping ('mCOtries, t:orestty taper No. -!. (,R1' n : Food and Agricultural 
Org miai , 3.oitimi~19 
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technology i 	 and/or 
isenebledleeneygytech!
manaieloaly 

~ ~ URenewable, energy technology, often .has 'less 
seer environmental impacts than conventional 
lternatives Such as fosil, fuels. 

bestehno o6 w' Ik locatedenn- eer- ,b'bingi d near 
demand, reduces-.the need fot,\,costly electrical~ 
transmission lines and/or unreliable sources of 
petroleum~suppliyj< 

In' addition, renewab~le resourcrs and technology 
offer an opportunity to stimAa te a much wider 
range of agricultural and smallindustrial activity, 

For example, they can be'used in rural areas for 
drying, threshing and winniwing, shelling, hulling 
and grinding, storage and refrigeration, and can-
ning and related processing. Enhanced biomass 
conversion systems using a' variety of agricultural 
and forest products can be used for electrical 
power and thermal loads. Hydro. resources can be 
used in a variety of electrical and mechanical apphi-
cations., Photovoltaics' can be used to provide 
power for refrigeration equipment and to 'provide? 
lighting for rural primary health centers. 

Ysense 
POWER PRODUCTION 
New renewable technologies have also. found use 

inthprdofelecrciy supplementing co-
ventional sources on utility power grids. Recdnt 

''' experience in the electric power sector in the 
United States provides "an example of the role re-
newables'and/orconservation can play in lowering 
costs for new capacity addtinsand stimulating 
private sector investment.' Iwthe mid-1970s, due to 
an over reliance on oil-fired caaiy U.S. utilities 
Found themselves with' uncertain' fuel supplies and 
rapidly escalating' fuel' prices. At the same time,,ci 
they faced environmental constraints and falling 
growth in electricity' demand. These uncertainties 
led to adjustments in resource strategy, perhas' 
best exemplified by the California experience. In 
that state there was a strong emphasis on conserva-

.. to new ''an, wellon as an alternative 	 as'w 

as 	 a shift to renewable and alterative sources of 
' , 	 energy. One major utility, Southern 'California 

Edison Company,' reduced ,6i1' anad Igas use 'from 
67%/ in 1973 to 30% in 1924. The uitility now relies,on ne primary energy sources: oil, natural' gas, . 

coal nuclear, hydro, geothermal, solr, wind, and 
'biomass.4 

Developers nationwide have also implemented 
cogeneration and four' main types of renewable 

Fe-reidoon 1P Sioshansi, AltrnativcfRcncwabie Sources of Power as 
Energy'Solutions (New York: N,!wA or Securities Analysts,York4,Society 

Jun 	 20,1985). 

'cessful new4 applications can 
with microhydroelectric units in.Thailand, micro
hydro mills in, Nepal, wind-~water.pmig in 
Kenya, and. solar 'photovoltaic:, (P-Vfor remote 
smallscale electrscamettime on.(e.yg., I kW! or 
below)' which havebeensuccessful in, many 'coun
tries throughout the wo .' 'ld: S4i 

CONSTRAINTS FACED BY
 
RENEWABLES"
 
,of more di
 
The promise o ae
 
to realize than many" proponents, expected., KA
 

~umnbern of constraints',and probl'emrs hav been en
 
to deploynw reeable
 

t"echnoogyThese have' iincludedthe erraic course 

oaprces for roducts wt i 

'KDP. aie arn Gpe ndar pdatoer(Agut-e4 r1 6 

P6Senn, WWilasan 1 Cg, Pislys-Pruflies ofAr-i"~j'"
Ica's Leading Renewable Electricity Developers (Waington, DC,: Inves-~j'' ' 

Ior Responsibility Research Ccni~r, 1986).~ ''4 ~ ;~ 
1 Public Utilities Regulatory Poiicics'Act of 1978, designed to encour- ' 

ageorali scale electric powver pr,)ductian, cogeneratioi and coniserva
(ion,';'=:4~<AK 	 K '''4 

enaery Since 1979: biomas gtherial, small 

hydro, and~lwind, A recent report 4on the 104 lead
ing"' developers :of 'renewable en~ergy for electric " 

power, in,the, United ;.States. reportcd that by4 1985j 
thev had installed 223'MWo 

y 	 here }!ere alfirincpc -"also'ir-" 'lisan for4 an- 7 

other 5,0, 6 MW~ by 18Between '1981 and 1985,~'
 
d-evelopers in Calfornialoneinmsthlled'
 
turbzines,5 In' addition, -some M3.73'in
7,000:MV 

eaincpct eeaddntoal ewe 
1980 and1985 (almostall fueled by oil and 

Several lessons can be drawn from te e 
velopments . . 

* 	 Renewables such awind and smil hydro were 
fouind to' be' technically sound and! readily 
adaptable t-a utiiys,sys s m.;'.) ''''"" 

' Inetie wereeffective ~in stimulatingprvt 
sector, power. development (for example, tax..i
cetv7adPRP)~~',4 

N Substitution of conservationa' an altemative to 
supply of new power plants wvas, sIhowil to b'e,'"" 
less costly.. 	 '" " 

N 	 Smallericrements of new ,,orecapacity maden ; 

i'the faceof demand uncertainties. 
LD xeineprlesthat of the United 

Stte~i 	 'svealprmien'examples. In the~ case 'of,'2 
the. more conventional 'alternatives, such. as' geo-''
thr'l and hydro, LDC development, has- been 
growing rapidly. IExamples include .'China dand 
Thailand for small hydro power,,Nepal "for hydro
powered mills, andi Mexico, 'Philippines, Central,' 
America, and Kenya for geothermal. Other suc

enewvable 	 be-Kfound 2 



~renewabies compete veakistitutions for perfect-~ Impact of Lower Oil Prices on 
promot renewables and the inherent Copetitiveoess


difficulty of introducing new technology 'into an'~ '~ ~~1~'

SRenewableoften subsistence-level rural economy,~fh ' resources and techniologies are actuarpt~i~ 4 usttsfr~retroleumpr r 


~Oil- Prices 66dfhtiiTApF6prIiaa Rof le6es i
 
Renewables Todayb 

" 

pricekevl and uncertainties, 10, This' impact" v~arie 
by~ppictin'orrenewvabl6e'eehiioloy,.due 'todifX;The. volatile oil market of, the last 115 years, ferences in relat&ve apital, oprtiig,iiid' jnte-<>~

Marked by frequent changes in the price of oil\,nd nanc&' costs, arnd the. qualityof~the''renewblere-'y~c
uncertainty about supplies, argues for a flexible , source -(e~g,, sun, windc, wae, among o rfac.'-
A.I.D. energy assistance program The current tors. As FI 1 shows, the path' of i I 

" 'oversupply of olil and the.accompanying low price oil prices since 1985, has benayhn bu tbe 
may be a short-term phienomnenon. This level of uncertainty argues Ybr:a longer! erth and~ j

Evidence 'already suggests that future real prices flxbe nrpsrlgp sn ogtr rc 
may rise 'significanitly' from current levels. Low oil tin a enefrg deiiom , igadenorgn

prcsaelead ing bottohg&resf consump- Idiversifiedfuel mnLy tha/iancludesreiewPdbles'
 
tion and much lower rates of investment in oil ex- Another importan variable i tt , to
ploraion and development. Non-OPEC production which lowe international 'pr actually reult in,

isexpected 'to declinesignificantly as this reduction lower domestic prices, particully pries' at~rural
 
in investment hastens the inevitable production de-,, renewable sites. Lower. rates of adjustment or lack
 
cline of oil fields in the'.United States, and else- of reduction in domestic prices can'be an incentive
 
where. These factors have led to widespread :ex- Ifor petroleumi substitutes such as renewables. For'
 
pectations of much 'greater OPEC influerioe over example, when world oil prices had dropped by
oil 'prices in the early to mid-1990s, resulting in 'about 50%, local currency prices for diesel fuel 'in
 
higher prices, Projecting oil prices is arn'prcs Kenya actually dropped by only 1l7%,. and in,Paki
art at best, and most current projections spqcify stan they dropped by only about 9%. 
 Duringthesaiime 3period,!i: prsi Ecuado'anI ni inwi'de price ranges, or bands. There is, however,, 'a sm propi nEudrad ni n
basic consensus among projections regr.:-ding' the creased 'by -2%' and 3%, resp 4ively,"1 Land
upward movements in prices, the tightening of t locked counti-ies that imust transpor oiverland,

market, and the acceleration of price increases in and remote regions' in general, often have much
 
the early to nfiid-1990s.8 The recent (December' higher than world-leel prices. > I"
"( 


1987) decline in 'oil prices does not contradict this The copetitiveness'; of. renewabl u6hnlogi.
scenario; if Ianything, it will simply--further the in- in commercial makt aedrctyad l-sbtntil, i~~ 
creased demand and reduced supply lexpected toaffected by lower oil prices, These technologies:!::eventually,cause price increases, _::::: ::¢!:inreaes.~ ~include~case ric 'power gtneration via biomnass, '41nd -electri geeators, oa aehaig n ul lo

N significant trend in world~oil demand inreent " ric generroentr Wate hatig duaii a oLOn. hol.theoth hand, rural and small-scale appliyears has, been the. growth i i eado Ds c the as wae''mIpnthe win iP remote'The share of free-world oil demand'going to Orga- ainscasinwaepu ngP
nization 'fori Economic Cooperation an'd valop ii9l, ofm ''~countries from in foment (OECD) ,sdropped 86%, to oe r miias ando fhealt, giny 
78% between1970 and 1985,' whiit the share going ffete
toLD r(applis to the1 rural u..of fuewood, crop residues
 
OPEC and OPEC membes) oi demand is project-i a '
 

Jo 'yLDCSsourceews-s 4o%,'ti~ 12% nn imatof~loe can
31% gril fromllto'g~oW byi between and il' prices, therefore,n to2% be misleading. For further discussion of the impact of oil'' >t-'31%by the year 2000, accounting for much of the. 'a" -'"
 

increase in market-econ'omy oil demand. 9 rriiv'oti elo ~poie h
'' ''Terve .' K~10ofrelaivecossT e rvie i SetionIV rovdeithequantitative'
background for this discussion, Due to lack of consistent'data; the report:"', 
uses financial comparisons escepIt where clearly defined'as ecconomi." "'"" 
Conmparisons of' the relative merits of renewable and petroicum ,slterna-~~ Enrgy nforatin tives from asocial perspective should normally be based on.'n' o'z i% " <' 

Adinisraton (IA),intenatonaiLn~yOut
EnegyInforationAdinitrtio (EA) Ineratina En,1y O t- as opposed"'to 'lnancial"look-i986,'OOE.EIA-0484-86 (Washington, D C. April .1987). pp, 23-, 

costs. Economic iosts' more closely reflect <'~ ~ international prices by incorpoirating an 'adjustment to, account for, the k"'B~.~ 26; Anne B, Ashby, Description of the Global Petroleumn Supply Demand ' scarcity of foreign exchange and the surplus of local labor, among other"Outlook (Chicago. Gas Rescarcl 'Institute, October 1986); Energy Infor. things, Financial costs are those actually incurred by an Investor, that is', ' >~~maaonm Administration, Impac~t of Lower World Oil Prices and Energy Tax market prices including local tases, ec. j ~ '
 
r roposais on the US Ecnm (W sintn DCA rl1,98)anRussell 
 deucia and debcia w",. sociates, Inc. Lather Oil Prices:.

('~,~Jounal Wil Sree )Augst'1 197, "Implications for Household Fuel Sir teg, (abige, Mass,' ,December<' '~11i
Fn g Iinformation Administrationp 23-'26, ' 1986).'"~p" '''"""'~'"' ~" 
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prices on renewvahle energy compCiliveness, see simple lack of knowledge of the availability and re-
Appendix D. liability of renewables. 

The Policy and Institutional Environment Financing of Renewables 

Properly functioning energy markets are essen- Renewable energy tcchnologies are sufficiently 
tial to ensure ellcient allocation of re,ources in lie different from conventional energy systems in 
energy sector for _2conomic development. Dislor- tcris of deir higher first c,.,is, greater perceived 
tiC)t'S in energy- Fices, as \ell as other piics, risks, and small scale of individual applications, to 
create an environment thait call both stifle privafe require alternative financing approaches (among 
sector initiative and seriously retard the introdtc- other incentives and policies) in order to attract in
tionl of, flew alternatives to convw2mtional fuels and vestors or buyers. Among the characteristics that 
technology. A.]. D. las incr-asingly been focusing constrain reneval Ic systems in tlheir competition 
on the elimination of distortions such as subsidized with conventional oil and electricity systems are 
petrolctim product and electricity prices, tax sys- the following: 
terns that itihibit new investment, and the presece 1 liIhIer Jirst cost is a characteristic of mc:;t re
of government nmonopolies that stifle the role of' lhe newable energy technologies. Although fuel 
private sector. costs are non-existent or small, the capital costs 

The economics of renewable energy alternatives per unit of output are typically much higher 
are particularly affected by policies which unequa.l- than those of oil or electric systems. 
!y subsidize or favor conventional alternatives. In C erceived fechnical ad 'Mancl risks associated 
additior, weak institutions make it difficult to ira- with renewable energy technologies (their man
plement new technology programs, requiring prior ufacture or their purchase and use) are general
investrmeit in training, and new program and tech- ly higher than for more convent ional technol
nology development capability. Other constraints ogres. Although many renewable etergy sys
includ governmient pocuremient bias toward low terns are now reliable and warranted by their 
First-cost rather than lowv life-cycle cost, as well as 
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manufacturers, p,.nception of this has lagged in 
LDCs. 

0 	 Large numhers of dispersed applications make 
purchaserfinancing difficult and expensive. Con-
ventional bank financing of large commercial 
lending institutions is not designed to support a 
large number of small investments in individual 
installations. 

3 	 Import oj renewab/e technology requires scarce 

/breign currency. In addition, purchasers of 

equipment generate s:!viings in fiel and electrici-

ty paynmentI which arc in local currency and 
which do not offset foreign exchange used to 
purchase systems, -. 

1 
irdtn iplraton and\ 2 ( I I Powcr. I.port to the Finaacing Task 

Irc, (ommit tee on Retwab e Energy Commerce and Trade (U.S. De
parttttelofU ,, Ap+,ril 1987).	 10, 

Financing strategies will be needed to stimulate 
the introduction of both energy supply and produc
tion cquipment into the rural economy. Similar 
:chemes for basic agriculture development have 
been widely implemented. Credit Institutions' lack 
of familiarity with renewables applications, cost, 
and perfornmance is a serious related constraint. 

What are th implications of these uncertainties 
and constraintsJar A.1LD. programs and the level of 
'upport which is appropriate to give to renewable 
energy alternatives? The discussion below attempts 
to shed light on sonie of these uncertainties and 
their impacts on renewable alternatives. The re
mainder of this report will provide an assessment 
of past experience, technology status, and New Di
rections for A.I.D. 



LESSONS LEARNED FROM 
RENEWABLE ENERGY 
EXPERIENCES
 

INTRODUCTION 
nuer e hrg)ispa wdeeI c, 1herge hav bicen a large 
iiritbei 0f icmivablc erIcrLy projects and installa
iots in the dc Opeig countrie,,. ,iany ofI' these 

have beenal of t I).OjeCk Of0 S ha 
ti\'iitcs '.ti~ppo,-d n\ ritcrnrtiorial dev,,clopient,icvii adll lcii Tvlopiinlieti, itries hcensClves. 

h ',illtlllet tt l kW,,_':retI ,.I to a e'dtC-
lio n il it itll", anliletit dotestic fiuclw.od re-
,ourie\, iiier;'ase crirgy' Sclt-relhi:)L-Ce, and assist il 
meet inc ripmuilmt h.sic hinn needs, among other 
goals..'.l.I) !js be involved in over 200 lro-
gramtis 'which c'Otain silificait iic.\wahl*c ergy 

o'nil-,p net- in .\si. .\r ica, tile (aribbh :ir, and 
kialie Aicrica. \aiv .,ii-allel-seal -. stCs have 

ccn inslalcd arld dein raed in ll)(i's using 
A. IF). aId.. 

OVERVIEW OF A.I.-. RENEWABLE 
ENERGY AC".qVHIES 

Ateral. cii rc'ynoririts irw irithi ateredr 
A. ). fresidct missions within lrne rerional 

area: Alfrica, Asia/N r Fast, iid ILatiri AmIericaand the. Caruibbean. lie A. 1.1). ()ffice of Enierg y(S&I/l ), prt of the Science arid Tccholog,,
(lr&'iisY)irctlfrat f'o1r [irgy arid NatInral R-
sources, la.is been iris' ved in stpportl to sriiailhydro devclonerit, renewable rinryv trainirig, 

I'iCofIels rC,.arch amid developnt, pl:otovoltaics 
developmnlt aul demonstration, decentralized 
energy systemiis, arid i roproved ernergy systems Ifor 
agricrlture. S&T!/FY also provides iforriatior anI 

support to missions :clivc or iitcrested il renew-

abl energy activity. 


Rene'lable 'nerg, Project Data Base. )uring tire 
course of this ractssessnir t, the iced for a cornpre-
hensive set of prcject rcports; hecarie anparent. 
A.I.I). requestcd Volunteers ill "Iechnical Assist-
ance (VI''A) to compile a data bTse of' A.I.-fl-
rianced renewable energy prowjct, i order tI pro-
vide A.I.ID. staff, riissionIs, coQti21ors, arid others 
with a cenlralized source of dletailcd irrforrmnation 
OTt tile developicenit and disseination of r.tew-
able energy technologies within the A.I.). net-
work. VITA identified and assembled detailed in-

formation on over 170 renewable energy projects 
final ceddetailed since of VITA produced by A.I.D.simnmarics 1975.74 alsoprojects and brief 

sunimaries of 110 er proJects. Adtitio ,I info
ralion o_ the A.I.D. Renewable imnc rgy Data 
"ase is contained in .pplndix A. Al..) project
SpC2llding on proecCts invol',ingu rerCIWWahlciet.crty is 
S Ulnr'tarized in Tablc . olgalliZed b,' colllytry (or 
region) and specific'chirioloy.'I cchInih;gy-spe
cific figures are oily' approxi tat, ,nc to lie lack 
of budgeting and/or acotnling hy technflogy. 

In Asia, A.I.D. has bcen havily irvolv\cd in re
newable energy teclirnology deelopntel, including 
hn i aid istititional dCveloprifcli !o provide 
local capaoilities ill renewaleh ircgy aralysis ard 
development. Projects India,ill 'llraliliad, Philip
pines, Nepal, FUgypt, Tmisia, and Morocco have 
testcd solar, wind, bioriass, hiogas, ard small hydro 
systems for iceting rural and village errigy needs. 
Specific teclirroho,,is have incluideddryers, soIa, cropanaerobic digesters, bioruass g:asfficrs, wind
'water piunpers, micro- and rninihiydroclecfric gen
orator:+, low cost stoves, alld agricultural waste
fired process heat boilers. 

A. I.I). woodfiel activities itn Asii have included 
corniitilial ard private forestry, agro-'orresiry iliz
ing multi-purpose trees, and improved charcoal 
stoves. Significarl t forestry projects were conduct
cd ill Pakistan, India arrd Nepal; the major inr
proved .love activity was in Thailand.
 

Africa-based renewable energy activities have
 
had two major areas of emphasis: first, small-scale
 
renewable energy teclinologies for decerItralized
 
application; ard increased
second, fuclwood pro
duction and efficiency in use. Technologies in
volved included charcoal voodand stoves, wind 
water prnipers arid electrical generators, minihy
droelcctric, biogas, gasification, animal power, and 
solar electric arnd thermal techrology applications. 

A.I.I. eff, rts to increase fuclvood production in 
Africa have included a variety of communal and 
private forestry projects, withl more recent efforts 
focused on agro-forestry using multipurpo;e trees.
More efficient charcoal stove activities have been 
purstied in East Africa in particular, where local 
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mantufacturers are icw lantiactwring im pi oved more recently, igro-forestry projects have been tinl
stoves dc\,21opcd with A. I assistance, 	 dcrlaken in Iaiti and Central America. Examples 

A. I.D. reniewahle energy ajlivilics ii Latin of 'newable energy activities inclde geothermal 

America and the Carinhean have generally been exploration in Central America, rtiral electrification 

components cf largcr ncry projects either multi- iM Central America using existing large hydro ca

tecnnoloe.y rescarch and dcnonstration pro.jects, r pacity, and the construction of small hydroelectric 

policy analysi.; and planing projects whos pri- phaimts an al ClCctrical gri-ds ill Peru. Multi-tech

,marv coals wrc to ci'cat cli'<civc centers of nology research, dcvclopmeii, and pilot projects 

energy policy aiiw i:ya;;d planning though isti- involving ,vimd. O!m, small liydro, and biomass 

tutional aid umian developmcnt. '[hcrc ha,,c also conversion have been pirsned in the Dominican 

been a farge, t umIlt-" 0f Naural resOMrce mlanagc- Republic and in Central America, with the Central 

1tCnt prctjec!, vith fcli'WOud comupuenk., and, American lndtstrial Rescarch I nstitntC (ICAITl). 

Table 1. ,\. I,:cahe 1rCteI, InM;0r RUccipient.CuiltiCs1.1). I Lnerg 
'Iuidlg it S; I\ , ofvnc 1 *mtg+ 

Co 	 ilrl *,rnal 1., : Ikt . i .'ll, i Slr 1,,IIrld otla
 

projetI IhI 


i"reglion of iIfionia. ' tit I.,.. I 	 TIbc-1 
, 	 lot Spcified 

22, .................... .............................................. 

Near Eamt 
Regional . . ................................. ..................................... 

Egypt ......................................X 	 .............................. 4.19,l(X1 1,371, 1 )
 

.......................... 	 305,3( ) 365,3M
 
.....
925,737 I...... ... .............. I..I.................. 925.737
l 11gl:;dCSh ........................................... ...1....... ................ .........I....................... 


41,0 t1,8(X)1,7(X,(1 4 7,5(X;,t(x ) 5,O,81(0) ) 87,(XX) 92,213,61 )India ......................................X ) 329,(M ) 975,( ................. 

Pak i,an ...... .............................{X x').................................................. 12 ,5000 10
.................................. 12,5S),J) ................. . O,(X) 


pin e 5,0 ..........( .. ................... ..... ............... 7 ,150 28,374 ,(M)
lq11.1ip ................................20,M ) ............... ........ ,2o4,(XX) . ........ . , (XX) 


554,0 ,550,X)Thalatd ...................... 10,23 1 208.,(1X) ............... 1i1).2(W( 7,1(X) 2,030,001) 12,730,(()
 

IiittCi,m ie .......... .. .... $41, 53 .................... 	 44,308 511(1 4.1,31083,347,(!31
l . ..... .......50,( 	 4,.384l
 

..Asi; Region ....... ...... . . . . . . . . . . . . .........................................................I ,((X 10,(M )
 

( i tla.. .............. (X,XX . . ................... 

......... . . -11-.	 1 3X) 


.......................... .... . 7 1,(XX) 7I.( X)
 

Ihm durt,.............................................................7,0 W ........................ .............. ) .X .1 . ) 

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


... 8 I. .),( I ,(X .X ,(),4( 13,112,1 (O
 
...... ... ..... . ... ...... 1,
C i ,:ak ic a .................... 4')0,(XX) .490l,(W* ............I.............-... I............... .................. 550,(XR) 530 0 X )
 

....... X.. ............................................................ .(XX
 

PC[ ......... ....... I.................. ....................10, (X X) . .... ... .... . ........ . 7
 
,'ttulu.... ...... ...... .. ........ ....	 4 


I.....................I... 	 ......... ..... ..... ... ......... 


.. 	 8,8 ....................
Rcu iL . ...............................................................6t5,(XX) .... 741...... 1(............... 70,1( 13, 2,4 )
 

JAM Wia. .......................................................................3 ,(XX) .... .... ................. 4,181,(XX) 45..X . 1,744,(XX) 4.2tJ.(1X 
C.. 2lhhean 

3 X. X .X 3(X,(XX)
 
u .....................................10. .............. O6 ,5t,1X
 

..........................................................
R e g ion al..........................................................................................................

Pjibibi........D1111.,111() .....................................................................................................11,1(0,MX) 000 ,MX)
 
.m~la ....................... 539, MX) -........................................................................................ oo .5
hi ....... ...... ............... 2,730,5(X) . . 3,2 (X)
 

Studan... .. ....................................................................................................................................201X)
..... ..... 2,275,MK) 6,0}2 8,297,M )X
 
kyacn. .... ................ 1,0 50 .................................................................................. Id( ,X )
.......
..... . 50 3 0 50 oC,9 ... .............. 	 ..
 

ml ...... . ... ........0,(XX) 2 ,.2 .
 

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


.tl....... . .. ..................... .. .................... 1,2. 51,(74 1,5181)(7
 
...... 	 36,0 .. 31,6(0,
... .......................................(X) ............ .... .(X),0<) 9. 3 M
 

............. 110,80) 5.5442....................1 

... 


Scnugal ... .2-18.,67 317,-(X) 1,885,015 ............... ( 	 5)27 2
 
... .......................................... 


N iger . ... ........ ) . ..............................................................................)
 
M aIi.. .... ...................... ..... . ...............................	 ................17 ,(11X 4 ,5 17,(XX)
.. .................. 	 )
... ..... . ..... .. 	 ,,5 


2,279,4X) 	 7,541,3Y
.4 ,70 ,10×..................................... 5(X,(X X) 


ttl. .. . .. . .. . ................................ 	 14,1(( 334,1(
tl2)VVCt A'ria

R.,gio .... ................................................................................................5(X),(X X) ................5(X),(X Y)
w il .... ....................... ........ ...... -... 


Z aire ............ .....................................................................................................................
........ 	 8 ,(X 8(X),(X )Ol
,IX) ...................................... 

B o tI' . . ...... ......................................... ..................................... 3 ,3 0 -1, 3.3 ()4 ,(XX)
w,'la ............ ............. .............. ......................... .......... . MX ) 


1.,,-thc - ... ...... ....................................... .......................I X) I,O(X),(X X)
,o -...................... 	 .............................. 1,()(X ),(X
........ .......... . ....... 

A fti:a m al .. ................ 250),MX................... 51~ ) 31 2,5(X)
Rcpih .....................2(X).,XX) ) 15 .}X ................. 927,5(X) 

Cent railly 
F' 10 12d ....................................... ................ ........ ....... 350 .(X 350,(XX)
....................... ....... ............. . ............ ........... X) 


t,583,iXXI 23,45 1,108 9.22t15(X 803,282 41,268,726 24 1,()43,(t1)7,(10,567 4,55 1,050tOUa .......... 60,5 11,971 F0,482,1 15 


unavxli l C w chnoloIo 	 varily latg,re11alo t 

[.ofl Project (I.0/g1 t tot ft the 'ghy 2)0(1.1 a.2 stlprojtcts In A I D I, nW A f-urltlt (l1OClO Oily
 

Fuicgn( dala are often ittl Ofo tl011 .P lC(?c elf t tenergy es,pallcutilay f oo jwhc;ctlco,,'ert,i/ o (',q, I iio shO s ite 

cmtttirt Ito F nrltis Diory Dabi Bt ,' Appenit i) t are2; 

.S t,"arcc.l ,l ,rr, in Ie'h,,tcal 1,!... itl ll IftlU;Srpictrlr lIal7. 
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EVALUATION CRITERIA FOR 

RENEWABLES ASSESSMENT 

Comparison and evauation of the experience with 
different renewable energy technologies involved 
in the diverse group of projects described above is 
made difficult by a number of factors. These in-
clude: 	 ... . 

. .	 . . . . ..n 	 lack of consistency in project objectives (insti-
tution building, field testing, technology devel-
opment and/or dissemination) and lack of ade-
quate documentation of projects, particularly
follow-up after completion;1 

N 	 differing site-specific resource endowments andlocal energy polic;es, including relative energy 
price subsidies; 

• 	 difference in management performance by con
tractors, A.I.D., governments, and other local 
factors, such as economic performance. 

The basic goals of the introduction of new 
energy sources have been to produce savings in 
scarce resources (e.g. capital, time, land and natural 
resourcesi labor, etc.), to further rural development 
to assist the rural poor, to increase the quality and 
value of products produced, and to increase levels 
of output. Evaluation of A.I.D.'s experience with 
renewable energy needs to take into account, to 
the extent possible, these broad goals, differing spe-
cific project objectives, and site-specific and institu-
tional conditions. 

The evaluation which follows is not of specific
projects; rather it is a programmatic assessment 
which attempts to draw out overall lessons from 
project experience and apply these to the establish
ment of guidelines for further project design and
implementation and overall .New Directions for 
A.I.D. renewable activities. The evaluation which 
follows focuses on several major questions or crite
ria listed below. 

1. 	Was th- renewable application appropriate 
for the development need addressed? 

2. 	Is there significant potential for substantive 
impact? 

3. 	 Is the innovation or technology replicable 
and likely to lead to self-sustaining imple-
mentation? 

:[4. Is the renewable application consistent with 
.institutional 	 and economic constraints, and 

were constraints addressed? 
5. 	Did the renewable technology perform

well and reliably? 

John H. Ashworth, Comparison of Data Across Renewable EnergyTechnologies (Burlington, VT: Associates in Rural Development, Inc.,
September 8, 1983). 

6. Is the renewable likely to be economical 
and financially competitive?

7. 	Are the environmental consequences bene-Plcial or at least acceptable? 

This report relies heavily for its evaluation infor
mation on the previous mid-term and final evalua
tion work of A.I.D. for specific projects and re

e aluatio.s 'd tiiaken -for Asia, LatinAmerica and the Caribbean, and Africa. The 
review of projects undertaken by VITA for 
A.I.D. 2 and the Renewable Energy' Data Base 
have also been used. li addition, substantial outside 
review of the Interim Report of this reassessment 
has been accomplished through both rolicitation ofwritten comments and via a workshop help in Sep
tember-October 1987.' 

LESSONS LEARNED 
The body of experience so far shows a great deal 
of variation in degrees of success and failure for 
virtually every renewable energy source and tech
nology., Therefore, any broad statements concern
ing "lessons learned" should be viewed with care. 
To every statement there are exceptions, and all 
statements embody assumptions which must be un
derstood. 

Technology Application Results 
In the past dozen years of experience with re

newable energy applications in developing, coun
tries, the technical and economic uncertainties have 
been considerably reduced. The major lessons 
learned are the following: 
0 	 Large-scale introduction of, new renewable 

energy sources through A.I.D., or others ef
forts, has not .been achieved. This is due primarily to two factors, First, most renewable 
energy. projects were R & D projects and in
tended to develop technologies (and iistitutions), not .to directly disseminate commercially 
mature technologies; and second, institutional 
weaknesses arid unfavorable policy conditions 
constrained renewable energy implementation. 

Renewable energy projects have had many di
verse goals, including technology research, devel
opment, and demonstration; and institutional devel
opment related to energy analysis or resource and 
technology appraisal. Widespread dissemination of 
technology often was not an explicit part of 

IWilliam Ramsay and Michael Zink, An Assessment of Evaluations of
A.I.D. Renewable Energy Projects, Draft (Arlington, VA: VITA, July 20,
1986), p. 8.

3 Mike Jones, el al,, New Directions for A.I.D.'s Renewable Energy Ac.tivities: Workshop Summary (Washington, D.C,: Office of Energy, U.S.
A.I.D., September 29-October 1, 1987). 
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projects. Renewables were often hindered by nega- hydro, some biomass applications, remote solar 
tive policy conditions such as subsidized prices of application's and others, have now matured suf
petroleum products and electricity, prohibitions ficiently for commercial applications to pro
against private sector involvement in certain ceed. 
energy activities, and a lack of the financing Most renewable energy sources (solar, wind, bio
needed to cover higher capital costs. There is often mass, and hydro) can now be utilized through 
a lack of government and private sector institutions some technology that can perform well in the field. 

- ' with severalno posiiv resu t of -research andd-v-e'lo"pm"-en 
table exceptions, government agencies and parasta- activity of the past is that many r.newable technol
tals have not been very successful at developing ogies are now commercially available, and their 
and disseminating new renewable technologies. Fi- ability to produce energy in usable forms has been 
nally, some technologies, such as photovoltaics, demonstrated, such as small-scale remote photovol
presently are only cost-effective for specialized, taic electricity production for pumping, refrigera
high-value end uses such as communication, medi- tion, and communications; wind water pumping 
cal power, and refrigeration. and electric gen.-ration (small and largeJ scale); and 

Projects in the household fuels area have been solar water heating. These are also experiencing 
more commonly aimed at producing new energy vigorous private sector promotion. 
supply or conserving existing resources than have Several positive cases of renewable application 
wind, solar, or biomass conversion projects. Suc- can also be cited. In India, annual photovoltaic 
cess in the household fuels area has been slow to module production capacity was 250-300 kilowatts 
develop for both technical and institutional reasons. in 1984 and will exceed 1 megawatt in late 1987 or 
For reforestation efforts, many years are required early 1988; in Zaire, transceivers and aircraft bea
to show tangible results, and therefore it is prema- cons powered by PV are operating; and in Botswa
ture to assess the ultimate impact of many of na, PV units are serving effectively in schools and 
A.I.D.'s efforts in th;s area. Fuelwood and charcoal clinics and for street lighting. 4 Biomass fuel conser
conservation via stove improvement programs vation, via introduction of improved cooking 
have been achieving success only recently since stoves, has been successful in Kenya with a porta
there has been a major learning curve to follow. ble metal-ceramic charcoal stove. (see case study 
Success of recent projects and experience gained, below) Results of A.I.D. and other donor wood
however, indicate that substantial success in both stove (as opposed to charcoal stoves) projects have 
fuielwood supply and improved efficiency of use been generally poor.5 

are possible. 
many R & D efforts have not succeeded, 4While'John I. Ashworth, Renewable Energy Systems Installed InAsia (Bur

lington, Vermont: Associates for Rural Development, Inc., 1985), pp. 2
a significant number of technical approaches 5-2-12.; John H. Ashworth, personal communication, December 14, 

1987; Ramsay and Zink, p. 7. 

-capable of leading implementation; . ' -6 -the 

have been demonstrated to be reliable. Several 
5 H. Mike Jones, Final Repot: Energy Conservation and Planning, 

renewable energy technologies such as small Kenya Renewable Energy Development Project (July 1985). 
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CASE STUDY 1 
HOUSEHOLD FUEL CONSERVATION:
 

THE CASE OF IMPROVED CHARCOAL STOVES IN KENYA
 
BACKGROUNI): Declining Wood Supply and Rapid Growth of Charcoal Demand. Declining

supply of hionlass is a major environnmental and social prohlenic throughout Africa. Agricultural clear
ing of' woodlands and wood ise a" filleand fol charcoal production aire main contributors. Urbaniza-
Lion exacerbates this problcih1 stiriulating imported energy use. It also increases Nkood requirements
by shiftirg households to charcoal fil d e to energy losses in)Cu rred in converting wood into char
coal. 

"Ylpes (Y' Traditional Cooking Devices and l'fjfl'iencv. it is estimated tliat there are about I million 
charcoal stoves in use ii Kenya. Hou.sehold energy use comprises about 77% of national wood energy
demand. The traditional charcoal stove is madfe hy artisans froni scrap iretal in workshops in inajor 
u rban centers. The efLficiency of the traditional stove is only about 20"'. 

'fibrts to Conserve Wmlfiddl. Ili198 ,U.S.A.I.D. initiated its Kenya Reneeabic Energy Develop
maent Project (KRIi)P) to pio'idc technical assistance, minor f'unding for evaluation and testing, and 
initial improved stove dlenonstration. 

TECINOLOGY SELFUY'ION AND I)IKEVICLOIPMIENT: lr'ly in tire project, it was decided to
adopt a pragnratic approach to selection and a private sector-orientcd approach to stove promotion. 
Stoves were to: 

1.only be ai incrmenlial step iin technology; 
2. involvc oHliv a rrmoderate cost increase; 
3. use primiarily existing proulioCtio ad( marketing systems; 
4. he adapted to traditio, cookin i, riclihods irnd foods; 
5. rcpresent a clear iirl'ro\rCiciit for ite coirsuner; 

readilv availablc rial,, mid skills;6. use miaii 
7. ofTen significant profits and else of nirurictture for producers; 
8. offer pocintial Ifr lilrgc-scalc introdiction anI(lfuel savings; and 
9. illailati acceptable levels of' carhorr-onoxidc prociction. 

Laborator' and Fi7eld lc't. of differci were 
The Thai bucket type stime proved to best irleCl Ih- above criteria. The lead role or testing and 
development rcsted with the A.I.I). conitractor assisicd 

A m'ricirv stove innovations tested by the KREDI)P. 

ly the Iitermediate Technology Development
Group ( tII)G), Irrrsritv College (KUC), aridthe Kciiyatia 
 tie Kenya Energy Noi-Governmental 
Organization (Kt£N(i()). 

Dl)SSI"MINATI(N A NI) MAN.'UI'.RI(NG: Dissemination Straty. The KRIZEMP program re
quired the producrion and sale of only 5,(XX) stoves, It did not define a dissemination progranr.

Ti'e,'tnical/lranreialolwp.irt. Technical support was provided to ntirrerotis prospective private
maiifactirers. A studyinle was also sponsored to Thai and to observe stove production aid market
ing. 

'rat'inng. Once tie Kcinva Cciirac Jiko (KCJ) was shown to save charcoal and inel with iser
 
acceptance, tie activities at go,erlliclt ai.groforestry centers were expanded. 'l'hese activities suffered
 
from a inumber of problens, however, inChidirig the lack of staff experience inproduction methods,
 
ceramics, and kiln desigr.
 

Tie KREDP supported se\rll stAI-ceramics 
producers by providing limited Finaincing. Howev
er, the greatest production occurred at oic irarufictuirer, Jeri inlrtnationial, which had its owui i
nances and atskilled potter. 

Market Deve/opment and .1!arketing. Oily liriitcd proimoio aind iarketiig assistance was provid
ed for the irrproved sive. Non-governnenal organizations, particu',irly KENGO, became very
active along with K IC, iinboth f'ulrcr resting and evaluating improved sioves, arid training. Linited 
assistance \vas, howeve, eitoug i to gradually generate a significant demand ail interest on the part of 
the public. 

RESUILTS: Production and Aarketing. It has been estimated that there we're 30 comiercial pro
(Itiction units for jikos by1)986. with prorduction between 6,0(X)-8,(XX) per iioith. Total units produced
were estimated to hiav' b,.cn about 125,(X) by nfid-11,6. Quality of ii ceraiic liners fIOr improved 
stovey; remains i ;roblei. 

Post-KREM Prcct. Alternative leclhnlogy Inlcrtatioiral, with A.I.D. funding, designred aind 
inphrirented i production expansion project in 1985. '[lie project was to establish 21) additional in
proved stovc production centcers, Tis project was prnratuirely halted in 1986. Another project hasbeen initiated by CARLE in Kenya ail has succeeded iniit introduction of' i partially auitormatled clay 
liner productlon technique. 
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eminentineiostoi" aiyciir addvl 

t e, andwely ro and hydr 
support f rs traiing bsenraln Dssengmn 

patupable in In duI prailtionern etnaize. 

LSSONS ARNED: iuional-Se i . Th.K1EDP-was iimplemente Xnsr *hi-h' 
ok~ t4iGove'rnmiico'ntribted~plc u-~#f Eue'',b'yU.S. contratornd e 
pot an legitimii~ec nepormwt'v oa e'rciar'en.Gve ient fina ciai 

ReinlGoenttprodudtion 6ente'rs to copete ,Atjepiate sector never.mtraizdo 

criterinfr Improved sov s t il- Siss soiat echnical ssistn and he 

Expansdion 6 nt repre eiseny inor ireassnin 'coml"t 
mercia tv tionc f iru D, is technlii.iilayon it neffortleftz+Khprodu 
many phe urobletms' iyroeectnca -and; fthNa ins ae" enuitits paro- ae

assistal $asbe a alnimoed llye toistalg 

I"rg cmecplayecd aangthe mostdynani- ad sucessful role in thi . n salbyAdinstimati(EAA D lJntral.r ambitious tioan~eplansfiintysld 

been emonstrated. s- nohe sondorsivUte Msion toe pal
Tel~nmalhydoelcti DedpetTes A.D.and 

Small hydro technology is well known, competi- n Projects should avoid technology options thatof dstu ein eru;Dfour innovaterinstala tfi'rjc io teeo essena,eiintdein.Thsdegstively priced, and widely promoted, and hydro 
equipmented~~~e is ~~~being manufactured19o8 sy Incompleted Iesite
to lat by several LDCs 
(particularly in Asia). In Thailand, the National 
Energy Administration (NEA) has an. ambitious 
program of micro-the and minihydroloai aninldn Io Icosout promotion,isrbtinehwith 
approximately 30 units installed and 20 under con-
struction. Capital costs are low, and reliability has 
been demonstrated. 6t Ten small hydroelectric sys-
tems, ranging in capacity from 230 to 1,200 kilo-
watts, Iand associated local grids are being con-
structed in Peru; four systems were installed as of 
September, 1987, and the remaining six are expect-
ed to be completed by late 1988 Despite being 
beset by administrative difficulties and construction 
delays, the hydroele Ictric plants are being built at 
moderate cost (approximately $l,700-2,00/kW, 
not including the cost of the lo Lcal distribution 
system), And will provide Ieelesctricity to c 
ties not served by the electric egr7 onld.
 

As noted elsewhere, however, there is still sub-
stantial variability in the competitiveness and 
degree of success of renewables in different cases. 
In addition, deployment for some rcnew'ables has 
lbeen mnore difficult, even though it is feasible with 
good technology and project management. Bio, 
biormass, gasification, solar drying, and dendrother-
mal electricity all have been difflicult to apply due 
to technical, economic, and/or institutional factors. 

_________Thailand 

6Ashworth, Renewable Energy Systems . . 2-5-2-12; John Hi. 
Ashworth, persojnal communication, December 14, 1987. 

,pp. 

'United States Agency frt International Development (U.S.A.I.D.), 
A.i.D. Renewable Energy' Data Base, Sumn'.viry or Project No. 5270226 
Peru Small Hydro Development; James Hester, p.s.rsonal communication, 
December 10,1987. 
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are commercially unproven unless projects are 
An ot A..'astaneacieaerntou-to technology deexplicitly designed support 

velopment as part of an overall commercializa
ion plan. 

tuor.ed qipmten lof simplea -wel prove

In Nepal, firms that manufacture traditional 

water-dr iven grinding wheels were assisted by 
A.I.D. and other donors (United Mission to Nepal, 
Swiss Association for Technical Assistance and the 
Asian Development Bank) in converting produc
ion to modern, efficient designs. These designs 

represented only a minor increase in complexity 
and cost. A.I.D.'s assistance accelerated introduc
tion of this technology. Similarly, in Thailand, the 
micro- and minihydroelectric systems the NBA is 
installing are based on improved, locally manufac
tured equipment of simple and well proven 
design. 8 oommuni-

Kenya's improved charcoal stove program is a 
case where minor design changes and new materi
als applied to local designs prod-iced a product 
which was affordable and eusily accepted. The 
stove is manufactured and distributed largely 
through existing groups of artisans and sales out
lets. This has led to rapid itroduction of the stove 
in the market, with prospects for major replace
ment of traditional charcoal stoves (some estimates 
indicate up to 80%-90% replacement in 10 years). 9 

also has had positive experience with im

'Ashworth, Renewable Energy Syat~.ns . , p5-1-5-1S. 

HIIMike Jones, Fuciwood and Charcoal Conservation (unpublished), 
fr a World Bank, Peri-Urban Fuciwood and Charcoal Preparation Mis
sion.Kenya (June 1986), 
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proved stoves, although large scale dissemination energy prices, among other factors. Therefore, tel
has not yet occurred. ' ative economic determinations need to be made on 
0 On!y renewables able to compete in the market- a case by case basis. 

place w ith conventional technology in term....s of C n t o .. .. S c-fConditions forfor Successful Projects andand 
cost, convenience, quality, service delivered,, Innovationadrlaiity, will succeed. OefhasOne of the most striking lessons learned from the 

The-- importance of careful analysis of economics. ..... .....................-*--.... 


and competitiveness is illustrated by the case of 
biogas. Biogas has been technically demonstrated in 
Asia, with 1400 units installedin Nepal by 1985 
and a large national program underway in India.-
That experience, however, has now shown the 
technology to be uneconomical at the household 
level in relation to alternatives, although valued for 
high quality lighting for household use. No major 
impact on household use is thus foreseen without
continued subsidies and reduction of technical com-
plexity. 10 Greatest attention with biogas projects 
has generally been given to these less economical 
household uses versus the more cost-effective 
larger scale uses such as energy, for dairies or agri-
cultural processing plants, facilities that generate
large amounts of biomass wastes, 

In contrast, small hydro has demonstrated both 
reliability and cost effectiveness, leading to a signif-
icant introduction of this technology, particularly
in Thailand, and Nepal. Use of local designs, mate-
rials, and fabrication has been a key to holding
down costs to an affordable local level, about /Ato 
V'o of the imported equipment capital cost in 
Nepal. These hydropower activities are proceeding
well with largely local resources due to their eco-
nomic attractiveness to their customers. Photovol-
taics in remote area communications and health fa-
cilities have also proven to be very reliable and 
cost competitive with alternatives. A.I.D. projects
in Burkina Faso, Zaire, India, and Guyana attest to 
this fact." 

The competitiveness of renewable, energy tech-
nology depends on the quality of rer, ,,able re-
sources available, local skills, nature of the end-use,
demand, alternative fuel availability, and local 

'°Ashworth, Renewable Energy Systems pp. 2-11-2-12, 5-1-5-... 

15; Ramsay and Zink, p. 10. 

experience-with- reneW able-: n r y -a p i a i-enegy- applicationsm iss , o 
that remarkably few technology/end use combina
tions can always be said to be appropriate. In fact, 
the key to technology application success is usually
how well the renewable energy application is de
signed and implemented. The major lessons learned 
about how to better develop and manage future
 
A'.I.D. or other renewable application' projects are
 
as follows:
 

Local user or "market" acceptance determines 
whether a new renewable technology succeeds 
or fails. User involvement or market testing in 
project design, implementation, and evaluation 
should be a project requirement. 

If a project is to have a reasonable probability of 
succeeding, it must involve the prospective local 
users of the resource/technology system. This has 
often not been the case. Involvement should begin
before needs are defined and project directions are 
laid out. Participation in all phases of the project,
through construction and operation, helps to ensure 
motivation and a transfer of technology. This also 
prepares potential users for the new option.

In the Thai village hydroelectric program, vil
)ages are organized into electric cooperatives. The 
local cooperatives must assist in the construction of 
the plants; in return, they receive an equity stake 
equal to the value of their labor/materials contribu
tion, and are entitled to a share of the revenues 
from electricity sales (in proportion to the equity
stake). These cooperatives are not intended to be 
profit making entities, but they are "private sector" 
in that their revenue depends on their performance 
(delivery, bill collection), and they can invest reve
nues in other activities. Thus, there are fiscal incen
tives of sorts to encourage efficiency. The fact thatcooperative members are the customers also en-

Ramsay and Zink, p. 7. courages attention to maintenance and upkeep. 
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CASE STUDY 2
 
RENEWABLE ENERGY TECHNOLOGIES FOR CONSERVING
 

FUELWOOD: CENTRAL AMERICA
 
Background. The Fuelwood and Alternative Energy (FWAE) Project sponsored by A.I.D. in 

Guatemala, El Salvador, Honduras, Costa Rica, and Panamia provides a nunrber of lessons regarding
the dissemination of energy efficient designs and renewable energy alternatives in rural areas. Begun in 
1979, a major theme of the FWAE Project was to assist in alleviating the critical problem of deforest
ation occurring in Central America. The two components of thre project were development of im
proved fuelwood supplies and dissemination of suitable renewable energy technologies and more effi
cient means to utilize fielwood. 

Implementation. Responsibility for development or nodification, demonstration, and dissemination 
of energy technologies wa, given to the Central American Industrial Research Institute (ICAITI), a 
regional institute th:t conducts rescach and development for industry. In addition to teclmology de
velopment and demonstration, !CAITI conducted training sessions and .;eminars, published reports.
and provided tcchnical assistance to commercial applications. The project included combustion tech
nologies (domestic wood stoves, industrial kilns and ovens, and charcoal kilos), solar energy technol
ogies (fuelwood and agricultural dryeis, salt evaporators, and hot water systems), and domnestic and 
industrial scale biogas. 

Many other organizations were involved in dissemintoon of' technologies developed by ICAITI, 
and in sonic cases provided important feedback on technology design. The importance of listening to 
people in the field was borne out in a number of cases. ICAIFI was ameiiable to mid-course correc
tions, such as occurred with tie hou:ehold stove program. In this case, tire initiative (to switch from 
promotion of Lorena-type stoves to pre-fabricated ceramic stoves) came from within ICAITI and re
suited ill coom mer cial disse nination of artisan-prodaced stoves in rural areas. 

Technology Experiences. A recent evahation of the FWAL project found that nearly all of the 
technologies that have received a high level of acceptance had significant local input in design and 
adaptation and significant private sector participation in their promotion.12 Several technologies pri
marily built and promoted by entities other than ICAITI (including PVOs and NGOs) included char
coal kilns, solar salt evaporators, Lorena-type and pre-fabricated ceramic stoves for households, batch 
bread oven:;, aid institutioral stoves. Private sector individuals were involved in all of these except
the Lorenia-type stoves. Many attempts were made by different organizations to initiate small, private
businesses based upon Lorena stove construction, but none endured very long once donor intervention 
terriniated. 

The solar salt evaporator has been the most successful technology in terms of fuelwood savings, 
envirotnrren' if impacts, and generation of employment ari(d small industries. ICAITI testing of a 
simple, inexpensive black plastic design in Guatemala and collaboration with government programs
(including incenives) has resulted in a whole new industry for coastal inhabitants. ICAITI originally
developed an impr, ,.d fucIvood salt evaporator, but before testing wa; compiete, the decision was 
niade to concentrate ertirely on the proinotion of solar alternatives. Th- initiative for this change 
came frorn a IHonduran organii/atiou. The main rationale for introduction of' the technology, which 
required harrdy any pronr'ionr be,'ond the initial demonstration of the designs, \,its to help the small 
producers become more competitivc. I londuras, ICAIII promoted successful interchange between 
small local salt produccers and Guatemalan counterparts. Tie solar salt patio design has quickly 
beetnie the predoni:mil mode of' productioi, replacing the cooked salt process that reqtuired wood. 

Other technologies !ave cmet with low acceptance. These include solar fish and agricultural 
dryers, blogas digesters, and cornlitius bread Ovens. The project was successful in increasing aware
ness of s)ar agricultural dryers and demonstrating tlie technology in a variey of di.signs, but the 
demonstration tmills were small aid chcap and not market-oriented. Those with the initiative and 
imagination nrcsyarv to ad:rpt the demonrstratio i model,, to their needs went oii to successful applica
tion, howe\. r. 

ls.sorsIiI.e--ner. Th m(st si ccessfully implemented technologies w\'ere those that incorporated
the higliest dgree of local user input in technology des gir ird adaptation and the greatest involve
frent of he lOcal private sector in dissemination. In general, the project appears to have predefined a 
wide range of tch rio logies based o r quite iimit ed market li a aonalysis. here wvas bias toward narrow 
engineering appri:i.h rathcr tlhfri a market-oriented one and al emphasis was placed oil technical 
design ia d doil nr'Iialoll rathlir that, practical field evaluatio ,twilh the consistent incorporation of 
feedback . In irr;Vir caets herc was preriature tfnionstratiori and di',senrination with little fellow-up 
and ninicr n!, ;ihaiidolicd Iu itls. 

(i. tq. ld A. L i .h h n tion (ifI AITl, Itu,twtwd and Altirnaj,,e Energy' Sources Project, and Regional Industrial 
Ltnergj t:fficienc. Prijeco, 't-(l I 7 
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Despite these problems, the project has succeeded in disseminating several renewable technol
ogies for productive use, three of which have proven sustainable through the private sector (solar salt
dryers, batch bread oven,;, and pre-fabricated ceramic coaking stoves). In several cases (brick and tile
kiln, ceramic cooking stoves), initially inappropriate designs were modified incorporating critiques and 
suggestions of artisans and other users, resulting in vastly improved designs. 

Lack of' paricipat ion ci-r hc fatal to a project. Pacific is proving to he attractive with ia reported
Uor an Indian iItegrated villaye energy system, the 2(X) small PV systents installed. 1
 
villagers were sItppOscd( to feed(ldung into 
 tile Project design should factor in the Livailability
biogas digestir, and usC the rcsiduc as fertilizer. and ialure of local Irenewable energy resources, 
lowVevcr, lhe loca3l f'arntcrs used dung directly Is local htnllllaU r-sources, ahd institutional capabilities.

fertilizer, not behc\ing that the residues of the di- This nicaUs thai project design reqires a consider
ge,;tef would be tseffectivc. .As a result, dultg altoulllotllrelativcly information.hald able otf detailed 

to be trucked il from t considerahhk ditauItce to I)eiml 
 hould ,diso not st,irwith pl'cconcjptions 
keep the digester ru11uiu. aboult wich tcchinolojy t, apply. For cample, in 
ImProjCct idCa, and designs caUto iTimply he Ilonduras, 25 wind units wCrC planned for an 

tratisplanter tro Ii pla ' lo p10l',c. toiotsA\ppl A.I.D. prolccl, t-rt only two units were installed 
nitst be tailorcd to local malker, physical, Tia- al!'tr local energy reqnuirencnts, wind availability, 
terial, illSiutolil;I1. ;tl/fecololllic 'oruditollS. and lhe local water hlflt, were later tested. 17 

1 Lack o0 atlention to "after-sales" service (main-

Itelt, . it hcn nialcted spare 

appropriatelY to hlcll nedc., in ,' cullls ill- ilenl) Is often proved falal 


F-ailure of' pro, s'IIIei11h lte tenance, p:irts, and local skills develop
to hot h denonstra

elude solar projecooking .ct_.ts i Auic! iud it not lions and attempts to conncrcialize a technolo-
A.I.D. solar cookiri. p," iluin Mcxic0. lhes gY' 
were technically efcctivc, bu nitcceptablc to If' att application is to hez sustainable, it needs to 
local recipieAts, tid dCt'notstrated the irt.I lanTce he hacked by a1reliahle system for maintenance anu 
of, iatching ap],rprprlal ilterclItiotts with spare parts supply. Also, it must not be too com

' 

hilld, theleCds ( )n the lh'r111 succssful applica- plcx and should include training. This will ensure 

tion li: rhcrolrWropower ill Nepal is ill part the that coitinlued operation does not depend on con
result of tIh1.i.c iologx heing \veil Inatched to tinCd technical or ofn one orfoeli'(ign assistance 
local condill., amd ir tneeded cnl use, The Nep- t\VO local individuals who may move on to other 
alCse hive long c oxpitcrl rdropowei and htve ,- aLtIN-ties. 
ten,ve Cxperince 11 iill Canal cnictrit ig. liogas projctsn m have frequently failed because 
The luVdro a,, a,,i, t" anetiipinent !,,,i ieglralt- Ct were' intherently to complex and capital in
cd packagec that1 mill lcqtnnciticlutilcs grain- t(nsiVe tor the rural household. This has been dem
girndcrs, oil c~xpellce,, all(] 1111Ih-r,, The mili llSilral.d in many eases, notably in African 
packargc i,wel snijed to the loIcal Iualk,! in size projects in Rwanda aid Lesot.lo, aind also in Guaand CrIup' adLI art availlablc it ill Itilala and in the Pacific Island of Saipal. On the\sit.%. riailns 

oVners who wish to nurchas, tile c1lPicit other hand, for larger-scale nonholouseholot biogas
Similarly, use of' photovoltaic cells for rentecte vid- applications, a supporting system is much in.rc fa
lage power supply in variou, isands of the Somth sible using tIme greater funds arid labor available.i 

I'lie sucessful experience of' lhe KiJito wind ma
chine iuKenya also illustrates the riecd for a sup-

India: fortheIturai toor. -\ llorrlvchcr.lmgic' yr lAcigiestcriill. phcrl systetll. In this case, it local e t repreneur was 

" Mall, \kald, 4hr. "'I" ,rlil rld urh ,, huIII. Il A Rt'llin ,n r , ItIh 

Itlrir Ilcin,l,rgi% in l ic
.-flr 
 h C Ir, A I I1. Ai 'llL
1'14.):-p It 2: ll ,, N + l~ * I Ir ,.+) i % +a ~ iu } i h :l c . . ... . ... 

*-'crrrtr,I, d t ir hin ur i . k:cvs ,R timiir S W hi FtIhand plivit'u- t)rgalr/irllnu, The (' (' ChalinProduct Information
lionsin thn t shiehpin , rh i i r I* \.n,ic.,, 'rr,. I/ SI, 1) thii,(It I')It 5S 115),
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provided with a technology,design and continuing tion to make it work. By far, the most promising: 
technical assistance by the Intermediate Technolo-
gy Development Group, funded -by the British 
Overseas Development Administration. In co..bi-

incentives for this purpose are economic, which 
ideally means giving private sector organizations 
the central role. Another strong factor cai be the 

nation with the entrepreneur's attention to the pro-
duction of reliable equipment and willingness 

involvement of nongovernmental organizations 
which provide local input and a support system'* 

provide exceptional service, a high quality and 'reli where market forces may be weak or undeveloped, 
trepreneur with sufficient apital, a reputation for grams. Local cooperatives have been, shown to be ' 

service, and good technical capability was critical, effective in managing electric systems, because 
because the design itself' was unproven in Kenya. 
Numerous customers bought :this equipment on the 
strength of the service/repair guarantee, and the 
revenues and experience these sales provided al-
lowed for further development and refinement of 
the design. The equipment now has an excellent 
reputation and is being used not only in Kenya but 

. 

members are concerned about the reliability and 
cost of service and often have an equity stake in 
the system. 

Participation of an appropriate private sector 
entity is important for widespread application of 
most renewables. The case of the Kijito wind ma
chine in Kenya also illustrates this lesson. Starting 

is exported elsewhere in Africa."' ' *with essentially the ,zame technology and technical 

N ' Local private sector marketing of technology 
for commercial purposes is the best way, where 

assistance, 
tions with 

the only major success of six iapplica
the ITDG wind machine design was 

possible, to ensure successful dissemination. 

If an application is to be sustained without con-
tinuing external assistance, ii must be made the re-

with the small entrepreneur in Kenya, Progress 
was much slower ivith a parastatal in 'Botswana, 
and unsuccessful with .a research institute in' Egypt 
and a very large commercial firm in India.2 0 " ' : 

sponsibility of an institution with a strong motiva

19U.S.A.I.D., Bureau for Africa, Renewable Energy Technologies In 
Africa (Washington, D.C.: April 1984), p. B3-5. Countries exported to in-

' 

10 Associates in Rural Development, Inc., Tchnicai Findings on the
Prrormance of Renewable Technologies In 'Arres: ;Results form 55 
Projects In Seven Sample Countries (Burlington, VT.: 1987), pp. v-1-v

clude Tanzania, Sudan, Nigeria,'Uganda, Niger, Botswana, and Comoros.
Company Information, April 10, 1985 (A ilstory of KUlto WVindpunips). 

34; and personal communication with Bernard Mecelis, IT Power, Read-.
ing, Bershire, U.K., February 19, 1987. 
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CASE STUDY 3
 
PHILIPPINE DENDROTHERMAL AND GASIFIER
 

EXPERIENCE
 
Background. UsL. of biomass energy resources was given a maior priority by the Philippine Gov

ernment in the late 1970s and early 1980s in response to tile need for reliable aad cconiomic rural fuel 
supplies. Two programs were sponsored focusing on providing fuelwood for conversion into electrici
ty via direct combustion (tile dendrothermal program) and into fuel for internal combnstion engines 
using a gasification process. 

Program Descripti s. The dendrothermnal program was to establish tree plantations to provide 
fuel to electrical plants producing 3-5 MWA each. File program called for 72 individual power plants
throughou t the cou i y. The program was managed by the Natiomal Electrification Authority (a gov
ern~ment agency attached to the Ministry of Humnan Settlements) in conjunction with an; association of 
rural electric cooperatives. NEA provided technical and financial assistance to the cooperatives and 
coordinated program impleientation oit a national scale. NEA was also responsible for coordination 
of tree species trials and establishing a network of fuelwood plantations for the dendrothermal power 
plants. I'lits were to be owned and operated by rural electric cooperatives, supplementing the power
purchased f'r( iii e National Power Corporation. Tree plantations were established iin close proximity
to tile lrver plants to satisfy the fuel reqcirenlents of the wood-fired boilers. The plantations were 
operated by local farners on marginal land and were intended to providC 5upplemen t;,l i ncome to 
rural households. 

In a second similar activity, a a sification program vas developed to provide power for irrigation 
puiim ps ad small commerial veliiclCs y convyer ing bionmass to gaseous fuel. 'Ihis program was man
aged and inlphnelled by ie,.IFar in Sy siem-is Development Corporation (FSDC), a governimen t-ovned 
corporation also attached to tIe Miliist;'y of I lhimani Settlements. To implement this activity, FSDC 
established the Gasifier Maulactluring (orpor-ation (GIMCOR). FSDC purchased and installed the 
gasifiers at selected irrigation cooperatives and onl a fleet of FSDC-owned service vehicles and pro
vided user support and training, as well Ias tueelvNood production assistance. 

Tlie CoII1oII eClment of' both programs %a,, rural tree farming associations. Farners wishing to 
participate received land, materials, and technic: i,,sistane ill growing trees. Seedlings were provided 
at cost, with financial assistanee for other ncces ary itipluts. "l'l' harvested trees vere toi be either sold 
directly to the power plants or converted to charcoal for gasifiers.

Implementation. There were numerous problems with iniplementaion of the proirrams. Tree spe
cies trials were incorniplcte, lea,ling to a low overall survival rate after four years. approximately 32%. 
The techlology setcc ted to. usc it tile gzasitication prograin had not been field proven tiu,ill mlost 
cases, opCritor traiinii was iisuiclent. Furthermore, FSDC did iot have the technical capability to 
resolve gasitieir probhIes,. Ii addition, charcoal aild fuelwood prices grew much more raFidly ihan 
expected. 

The wood-fired pnowcr plants also experienced a host of tcchnial Ind limligeint problems. In 
order to be economically i'iahle, tIese plants had to be base-loaded, but ill t st regions loads were 
insufficient. Also, he National Iower Corporation was, not involved iin tile plannitui, and implementa
tioii, to tile detriment of the project. 

Status. By h984, otily two of the projected 72 dendrothernial power plants had beemi fully comi
structed, and those plalits enjoyed intermittent use otlty. Constructiou had been started oii sevein other 
plants, and equipment was oi order for an additional eight plants. Contracts for additional sites were
indefinitely suspended Until an aCceptable level of progress was niade at the exisling project sites. li 
the gasifier program, more than 10W0 gasifies hild been sold by the end of 1985. However, fewas as 
five percent \ere operational, and these were installed ill stationary (irrigation punip) applications.
Those sold to private individuals and companies enjoyed the greatest level of success. 

Lessons Learned. The common problem throughout both the above programs seened to be eni
phasis oin rapid widespread introduction of technologies (tree plantations, gasifiers, and wood-fired 
power plants) withoit proper preparation of the host country institutions and ada;ptation of ilte tech
nologies to suit local conditions. Tree species trials were inadequate for different sites. The gasifiers
ieceded hoter technical and training support programs, including a full-time staff of well-qualified eti
gircers. The dendcrotherntal program su ffe red from tie introd uction of equipment prior to pilot plant
testing. There was also insufficient field support by the equipnent manufacturer and NEA. li some 
cases, faillre of p1alltat iolis planted close to the powsver plants requ iireCd pitrcIase of ftel from comti+e 
cial sllrces at much hiiiher prices.

In retr p icct,it appears tiat ti social tenefits of estalIishing tree p~lantatiou s mantaged by sin all 
holders we i' overestimated and complexity of nianagement was underestimated. When matched vith
the techm logy related prohlems encountered vith ie gasifiers and wood-fred poer pla its, the 
problems proved too coinplex to overcome. 
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Contrasting experiences with gasifiers in Brazil 
and the Philippines are a!so relev;nt. Ga,,ifiers in 
the 	 Philinpines were man fact I' d by a plrastatal 
organization (GEMCOR) and sold to end-users 
through a sister agency (F'SDC1, lich lp'rved 
Financing and was to prov'ide technical support. 
Neither SI)(_m,r (oGFMC()R providd :.:ftici,: 
training and support to tile end-uscrs, which led to 
significalit operating prohlcols and near total aban-
ctoninctl of the systems (See case study). IliBrazil, 
on 	 the other hand, there is an active gasifier indus-
Irv 	 that has widely di, scniinated gasitiers tor de-
centralized direct heat applications. Soie memhers 
ot 	 tile Brazilian industry have heen successful in 
training to gasifier operators, which has contribut-
ed 	 to a munch better operating record imBrazil."i 

File nicr()-hydro mills in Nepal ientioned 
above arc a pi duct of thle private suclor. There 
are OVer 25,0() tradlitionial waterwheel-driven grain 
grinding whels iii use in Nepal. The new equip-
milent builds on tihis exisiill- deinand, familiarity 
with water-power, and existing daum sltlrks: \kater-
wihels are replaced by simple crosstlow tlbim.s, 
and niodern millimig eqtiipmeiit replaces stonewheels. A cmmercial industry has spiring up with 

four oi eA cdo iestic lurinue maiuftclu'ers (flwtr 


purely private, oie PV() affiliated); several of tile 

manulfacturers have iniplei.uiciied over 100 hydro 

mills apiece. The turbines arc direct-drive, \001 I 

variety ot' 'iuronm'ocesin equlipmeint i.1iiiiiiig o' ! 

co n rssion p 

coSmmn power shaft (belt-d riv\eni). "Ilheagropro-

cessing equipmlet and small gcmnerauors ineluides
 

grinders, deliillers, and oil expellers. The turbine 
manufact u rers generally assemble eutire milling 
packapes at" turbine plus processing equipment, and 
install ile nj.tire package. All the packages are 
sold, to pria le millers. 'I hesc mills are much less 
expensive to operate than diesel driven mnills (ii-
cluding capital costs) and are much more reliable. 
They earn their owners substantial profits, which 
results both in grwitig demand for the mills and in 
the owners taking good care of the equipumnt. 

This is a good example of private sector iniplerneit-
tation, with the private sector on both sides of the 
transaction, economic incentives for producers to 
buy the 2quipment, and strong competition ai.d 
marketing anuong the turbine nianufacturers. 22 

ii IBioass (;asificaltin 
opine C(ua iriv, (t:.r'h ,rilti) i udutu). 1,;X5 rp. ,2 SS : (wrhis'l 
Foley, C&iIuC'.uia ju I (ouni'% iew'.,',;arherh 

(cral Ih ,t..d ,t h,.y uamd. il lDerl-

in.I le, ,)ping (iLnri mill: 
London), I,, pi 3pc \thx Nic'ld (%W,,rlj li 1 , u..I 
c ,lli ) ,'m('n 19 I" ,',io . r gto,,,wl I t8 .1 iWl, Fil 
nucui 	 r'cclilv . ,k jt't'ld .11) .'.x rr'rru I g;tsiu'cr .l;uirr', Icpru foulill
coming. 

ln.cas, rop 	 lal
22A llaf u N mucruhs ,wer (Nalioal R kd FuuSaurcehook :a.al¢n, 
ric Coopcral i,. A s ;,t.mtio itui Ilol 

c 

nIcru F,.t ii Winhinght,
D.C.), 1986 pps 225 2470 

0 	 Renewables' market penetration is seriously im
peded when other fuels are subsidized or other 
unfavorable policy condiliions exist. Policy con
ditions require up-front attention in A.I.D. ef
torts to support renewables Introduction. 

Government s play the primary role in setting the 
energy aid ecoimoniic policy environment within 
whicl, tile private sector must opert,e and within 
which renewables must compete. Even in a coun
try with relatively free pri\'atc- markets, the gov
ernment influences private sector decisions through 
such actions a; tax aiil import policies, capital allo
cation ald pricing, eiergy price c:mtrols, and by 
the purchase of equipment for government 
projcets. l1requently, the gov'.rmneitl also inter
veuies in markets by establishing limits on institu
tioial roles and rights and other constraints on free 
market forces. 

A prominent example of die iiuportaict: of gov
erinent policy regarding the introduction of 
energy rcsources is the promotiom of electricity use 
by subsidizing rates. These subsidies often become 
disincentives to tile inlroduction of competing re

unewable electricity systems. Access to the grid and
sales to iitilities 0m reasoIm ble terms are important
10r 	 alteraative power supply prolects. This ap
proach has greatly stimuhkted small-scale power 
guuieiatii in the United States, for example. from 
small hydro, wind, and cogcneration plants. Simi
larlv, subsidized diesel adversely affects the deci

to install PV system, in many countries, and 
subsidized kerosene cantributei to tihe uncompetiti

veness of biogas. 

13 	 Learning from past experience is severely
 
handicapped by lack of adequate documenta
tion of successes and falures. himproved inter
change of results and methoi oflapplication
 
could make a major difference iinthe rate of
 
fut.ire success,
 

Generally speaking, evaluation reports prepared 
for A..D. renewables projects have been well-de
signed to address task accomplishment. Hiowever, 
they are deficient iii evaluating costs, competitive
ne,;s with alternatives, degree of appropriateness 
for the targeted need, or prospective sustainability. 
These limitations can be overcome ii, in the future, 
project.s themuselves- pay greater attention to cost 
and other documentation, and evaluations focus 
less oiltask and imorme o1n overall goal accomplish

serious problem isthe lack of sys
!21nimaic collection of information oI project success 
an d !yste u pe rfo rm a n ce . [his into rm a tion is also 

not 	 reaching program and projeC: managers ade
qu tel I' t ff e t n d t ech n i , i,,, 
qu ely m n technical d 
sions. Projects also have been observed to be too 

26
 



shroachievc' desired objectives, 'n some cases" highlighted the following fuelwood project-specific ".''

and lack of maintenance support and follow lessonis learned 
through at project end is a frequent. problemt with' . Local support is essential. and 'is generatedAID sponsored projects There also a irainswhere there is realization ofthe importance

lack of central coordination or adequate central 
 of fuelwood and trees and a recognition ofsupport, to assist missions and ensure that lessons g ing sc.arcity.
 
l---_,._earned--are- ,transfet red -,to- missions -designing -,-,  -2. -,Few-LDCs-have the ,inftrastructuire td s'up-
projects. 
 port large-scale fuelwood planting.,It is hard to 'judge the' overall success of fuel- 3. People tend to favor food or fodder crops

wood projects for two primary reasons: the long 
 "over fuelwood production;

growth 'periods for trees and~the limited availability 4. Fuelwood can be produced
of appropriate evaluations. Ma projects have farms much more cheaply than onin gprivate
 

provided 
some quantitative information, for exam- ment-owned plantations, provided the farm
 
ple,, indicating numbers of seedlings produced and 
 ers perceive the need and benefits from thishectares planted, and some make survival rate production, 

Sguesstimates"Ho the potential overall 5. Availability of land for plantations or allo
impact of the projects in the intermediate to long- cation of farmland in agroforestry systems

term, which is more relevant, is not determinable are important constraints to fuelwood pro
without long-term monitoring. 2 . duction.
 

Projects appear to have the greatest chance of 6. Adequate infrastructure in terms of seed
success where they are introduced through a local lings, nurseries, and a distribution system is

institution, where cash income is generated via re- required. Supplemental systems which are 
lated' construction and wood sales, or where strong not dependent on government, such 'as
 
economic interest exists, for example, in fruit, commercial-private sector 'activities, are es
shaIde, and fodder trees. 2 4 This is exemplified by an sential.
 
A.I.D. project in Senegal where the Forest Service 7. Effective outreach and extension should be 
and village self-help groups collaborated effective- designed into a prjectat the beginning.

ly. Another case is found in Tanizania, where, the 8. Well-developed 'commercial: markets for
 
project's success is attributed to institutionalization poles and demand for fruit and fodder trees
 
as part of local school and church activities, A.I.D. are very important in stimulating interest in
 
project experience also tends to' support the view tree planting. 261
 
that seedlings produced: in government nurseries
 
are high in cost, and supply is not likely to be sub- GENERAL LESSONS
 
stantially expanded or 'be sustained without outside 
 Private Sector 
support. ..... r . ,.

Problems with projects in several African 
. private direction proposed and discoun- cussed below under New Directions for A.1,1D. Re

tries demonstrate the importance 
 of goo-(, project ne .ableEnergy Activities, is based on several 
management of .....: 	~findingsand careful> selection species, from 	the review iand :evaluation inthis;%f: r a lth
 
among other things.I Senegal' (in 2 7 
a.different. report . There is increasingly clear evidence thatproject than that cited above) inappropriate selec' there are higher rates of economic growth in de
tion of species to Fit the local environment led to ' veloping countries which rely on market forces
the planting of a particular' eucalyptus species and the private sector. A 1985 World Banjk Report'

which resulted in very low yields.' 
 found that LDCs whose private sectors utilizedIn Mali, problems in management led to project more than half the available credit had average per
delays in construction and reduced' production 
from woodlots. In the Gambia, problems were en-, 21 United' Nations Development/World Bank, Energy Sector Assess
cment Program, Energy Sector Management Assistance Program, Quarth mangemntcounere wit o havestngre- terly Information Brief;, and UNDP/V/B, Annual Report of the UNDP/suiting in unnecessary replanting. 2 5 

, WB Energy Sector Programs: Achievements and Future Directions (Wash.

Repor.ed results from World B..ank Ington, D.C.; April 1985). ' '
forestry '" "Private sector" is taken here to mean individual entrepreneurs and 

projects,, reinforced by A.I.D. experience, have 	 prlvnteiy-owned, for-profit firms in industry, agriculture. and services.This term' also refers to other entities which' operate with commercial 
characteristics, such as 'cooperatives or even 'some parastatais which oper.
*'Ramsay mnd Zink, pp. 26-29. " ' ', ' ' ' ate ina for-profit, market-conscious manner. This private sector emphasis


24 USDA, Mid-Term Evaluation: Sujdan Eastcrn Refugee Reforestation recognizes the possible contributions to he made by government agencies,
Project (Project 6500064, Oct.-Nov, 1985); Evaluation: Madhya Pradesh '!not-for.profit 'non.government organizations (NGOs), and private volun-
Sci Forestry Project, India, Project 3860475, 1981-87 (Washington, 	 tary organizations (PVOs). it 'does 'propose,' however, that'the desiredD. C.). '' .' 

25 Ramsay and Zink, pp. 26-29. 
'" goal be the. levelopment of local private sector 'production, Installation,

maintenance' 'and repair capabilities.' 
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capita GNP growth rates of 4.5%; I)C's whose 

public sectors utilized more than lalf the available 
credit had GNP growth rates of uder 1%, with 
many of the cotlit ries having aegative growt hi 

rates. -,' Another iportanlt factor is tile lia tire of 

the rural energy market. which consists of' a laree 
nt,umber of heterogeneous and dispersed applica-
tions. File rural rene\\ablcs market appears best 

served ,y a dispersed arid corirpetilive privai, 

sector. lFiially, experience to date casts loubt t-tIf 

the ability of public sector entities ill most LDCs to 

deliver reliabic hCrgy supplies to rur'al ar.as: 
cOrnIilt)ii conist raints include shortages of' fImci"gard skilletdC nagerial and technical pcrsonel arid 

pi-mI i 
bias in allocation of' energy inivestnilit to urban, 
areas. 

Another factor ]ly.ring al pr::,' sct. ri la- 
SIS in r('im alct crier gy ;ccIhntolugy application is 

lhe example of' tilre nluitd States, wher. implenrenr-tatiorn of frii\'atI' powe'r product'titii aridc sales:- has 
beenoll af' prititr puccsssi, rt Iais losucsis l inn 
been f ill:*ljor ,, C.'.s 10r\. Ilis suiccess isl d cill 
pant to tatoi\lC lai/ivgulatonv 
gtoVClrun1clitt mli' llti\ . a id subsidies. 

Tlihe prrv !nc setlor elnlphra,,s iiiVntc'ai ergy 

-IcilI\'ties is also cmsi tent willti.Ow l':oId tcwinres 
of A.I. D. r le'y aid with c ;111 planIand 'd tie-
\21)opincnt iClIvit icS. A.t.1). IlaUcheC d thn l'ri\' tC 
cintetpris,. Initirtic in I,'I. lie lpUilnist o1" tilt'- ltur risIl lj~lIIIIcH L. ulp sc f' ll( 
1 itliati\'c was t, help tiVelopihig cuntintritsC rely 

............... .~~~~! 

iKcIt; 1ir ',IcI."I'II n tc.1,CII ,Ir v it . i It IIhitdnk 
Rp'ort IiDs 

more upon private enterprise, individual entrcpre
netirship, competition, and market forces to foster 
broadly-has .d self--sustained econonic grewth. Pri
vate sector a Iivities cOmilion to the threc regional 

bureans inclde pclicy dialogue efforts 'o improve 

business condituiis, technical assistance and train
ilg, ,etlrlog-y transCfr, aud various credit related 
acti'iIjeS.-9 

hile A.I.l).'s [ri\ate sector initiati\es are -,it

cerle primarily with tie development of' LDCs' 

privc:te sectors, the U.S. private sector call be a 
valnable part of le it~ately to lid p aChieVL this 
goal. The use or iivoivenent of U.S. firmls is ii1 
oilier increasingly relevant goal of the pri, te 
Secto hasle ainpra legitimate 
,.coor emphasis, and U.S. industry ihas a legitimate 

role to play ii A.I.. ciergy programis. For exam
plc, some U.S. Firmiis' renewable technologies are 
urrent more nipetili\'e in off-grid sittuations 
tniC0o io0ill I.)Cs thn iIn or-grid applications in 

develo Countries. U.S. tecinnology trintei ardte'lp~ itis .. t~lOoyta':'r:i 
cr11tretreluri-l skills call also play a valuable role 
iin stiwulating L1)C private cnterpris . U.S. private
etor' involV'nCIlt is ill thc lorrg- ntll iiiterest o" 

it wi l l  the Unitetd States sincC ';I:pstim ulate trade 

;tnrtmi l ill Ienciral. '-,DC .,' can also becormtierec 
v:riable to U.S. industry ini order to lp produc
tioni \wollh Cachl toui necssaryiC\C2slo;,r pro
d clitn costs ard allow inves lilelt in further ,,'od
ntai nohiiti ecrh n eenieiuct anld produlclioll itCse:11rch alld de\.c]nlo llt. 

X'iawun' ChirP4 tl l. Apc'm,.' for Inltrnlionl Dtt'lopml Il~:Cur~ts 
rent A.'ii ill r ikat i cid 1985-1988, l'l('/CD .:-/nltrprikv hrinpliv 
1 [ 
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STATUS OF RENEWABLE 
ENERGY TECHNOLOGY AND 
APPLCATONS FOR 
ECONOMC DEVELOPMENT 

INTRODUCTION 

Reuev, able eiir4 eeclioloijes m)ist Compete ill 
terlir'l o if'tiorial Ietsp e" 

;Ktual 'll .c 

rcific.c lc-l 
hIIIIIIAll Fll lt 

0-,111' s 1hislclhlity %,1tIw 

Yiii; e tluld e( t ':Ia;i]Ist I ' nI~dJ-
csrt 

t)" y l(tA'-h'Ir i ,,y must he s, C-

ofl t(4 ,'licriil tid y ser,'\'ics. e1' 

o !r, 
n Ille \aViinl li.\ ol' material i:nd 
- AlldtJ a\'a il ilit\ 01 r ~v' a d 

,+ctlio'l co w it ,t . (dc(I1ia 

anld Ilicir uis',l,: I f, a cacr d 
tliciiIhol-,\ st;ll aidlttiuu,: 
5L'iiptiOii ot' oppi it its, Itr
,vcl 'prtnl : f I',ine.TIJl, a is'\' 

ri l ltm ;tior, partsfteihh mnologits 

summarv , lOe 
sitojIl. A d' 

fui~lrlh c r lu >'g 
to l' nlior n'hotovoltaic 

,('1.CvirO nall bthild ,,l mdi r01'SNh. , i th runeAv-11of 
e1l-s tiicital ImeiclfIts il lIilnit w\it i en

ibls an'fd cotItI['C~jlI'crn alte rtd It'tllh, l 

sript n tf' il: poittulial r't . of r ' a , 11rg 

, ; tl h ihn ",ii ; t,, i * v' rural 

STATUS 0F FENEWABLE ENFRGY 

TEC HMOLOGIES 

trl di'CthSioll I)he,,v Ii'O'ideS :1mOvrviCw (if tIC 
current (lhe I ,S7) ,Itt'is and corlipetiti\'Cess of, 
li, Vlitlns ItChnI llO'jes. Th d;Sc1xSiiii )rovides a 

,Mlildc thl ,ecucralIppl icahili l v and colipetitive-
IeS, of' dit!.rctirl ulajor rene,,ahl altcrnalivcs. 
usIll t lie epicricec of tie past dcdd ;Is at h'EisC. 
A brief' Synopsis o1' the statls ald -or.iperitiverrens 
of' rn.'iwvlh cncr'gy tchnologies is I)es.nlted ill 
Talble 2. This sIINUiaV ia;1trial i" ,'elabor'atcd Ol in 
tire ')dvi' this sccliol. 

Il cOmIparing "Civl',wahl, willh v\.aioiis conveTn-
tioral altenatives fr dcliverir, entergy scrvices, it 
is ighp rtarmi to keep the followinig general points i 
nvtid. Rcnc\ tccholorzres rina,.c use of',aleergry 
ClIergy :ivailable oitl (I. iar thc slic of' applicitiont: 
lhls li. , cost if' cim r! l'roti llct ".11varles consider-
ably dpctdi rru on where 11m' ;ii'C rtInployed. FUl'-
ther'. %v1(21r1 spakL' of' csist -ef'CtivCeriss of re-
newablc energy t.cnohl.J., \vhich usually have 
low oper'tirng costs hut high capital costs, it is inn
portan t( rnerc itbhr tihat this often d pcnids onl fi-
nancing terms. Ill imNiiry eases, it will also depend 

on lb pat:i of oil prices over the next 10-15 years. 
hn use of renewable energy' lechnolFinally,hcre 

ogics rethlts ill genratlioll of' local elliploynelit,
saving of forcije xclrhangiz, aid ci\'ii'onii iltal beil
etits, an applicatiotn that is Ii1a cially iiargilnal may 
be altIaCti\'e from!I ai cCoiI iiil" or social point of 
vcvi Cw. 

DESCRIPTION Or RENEWABLE 

ENERGY TECHNOLOGY STATUS 
Photovoltaic Electricity Generation 

(V) teclmnolo-' 
,Solar radiation into electicIl;ItIlC O'" Ilkl+ IL hlo( V 

ntldto y 
scaled to Ilnec a rallgc O1" 

involvcs cot version 
ity. The niodular\Sl'lF O hel'\,t]+ 

i' .yst tO be 
y (liclmianI S. PV sys

torils have proen reliable in a \,'ar'tey' of develop
.in4-coulry ap liCtir1s, inltUdin- sIMall-sCale 

water ptnl)ing, communications, antd r'efrigeration 
and lighting 'or rural health Clinics. 'ccliiological
ininovation and iincreased scale of productionT'sultled inla,decrease in the cost ofI' a PV 

have 
module 

forom S100 to >,5-6 per peak watt in the past 15 
years, arid f'rtlier decline is exp'ctcd as h+ctmolog
ical advanccs are incorporated into comtntercial 
products. 

Althotugh PV costs have declined considerably 
ill the past five years, tie IIgh capital cost remains 
a harrier to disscninalonti,. 01n a life-cycle basis, 
however. PV syvstems arc often cost-effect.Cive t'
off-grid loads under I k; where alter|:itive fuels 

are expensive aid/or supplics are irrcliable. (Note: 
Diesel cngines, o'tern tire altcrnalivc to P\ systems, 
are not available helow about 2.5 ,W' f' use in 
l.lDCs. The high reliability, low maintenanice re
uirinciuis and loig life of IPV systrins are factors 

in their f'bvor'. For vac"cinet_ rec icr itnon, for ,.xani
ple. the grler' reliability arid lo tgcr lif'e of PV re
f'rigerators, contrasted withi prol',tlems of kerosene 
availabilily arid refrigerator perl'oriiaicc, make '; 
unilts attractive lespite Iruch higher irnitial cost. It 

1t) Fskeia/i, 1). Kc' n'i, and r. Shlonmkii ,Ek ltiriun of InlernaiontIov,'taic Pr'icts, V, 
1a1 11(F ll 1..,VA M ridian Corpo,jti,,. se,'i'i,'r iiS,) 
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TAIIILAF 2. SUM %iI A RYyW IjI C IiNo I ( )( Y S LATl ANNID A\ I. ICATI0 ) 

PII()IOVOLIiI!S. Piw~oI taI;ics (IIV) hai'.c pro\ cl to ht. l-iathlc ill dec\'Cipini Counltry appli-
Cationls, ill IC1IR01C MIt;I', IllL \kllCI 1)()\%CI lCtjli1CIIICI1'1 AIL' 'AlntiI hll IIlIIrIait for t\JiptjlI, for 

p~iv~u :111d1 k \iid puliuju 


r)1thhIiilil \\Ici \\'jTlu "pL~di, arc i!uuul 0.0I V iCe Wid I)IIIIh" ;t(' 0\
 

'Alig u Im\loc~u WrI'I tiI cuipltw, I'\uI:tI\ \kuI:u uficI for waterI 

(Itttf(dIiti\d- \611tl PI '\ didcd \l ' \'YiIIlI s')CCI AId 10(tlI. \\'idu ak(t k td&imIic~hII timI\ M~ ar ge' 

I1I().MAXSS 11 IKS-II I (()\JIVkS11IO>N. IDilcci cowihuiili of, \\tit& mi oulici hioia~bss for 

dtiIVV Ik) thur cuu11 lltit: (15 200) O\\) tud IIII (i IIJ)IIP, uhuLlutu\ :upIuhio~diuult. I m- clectricily 

h,'110-ittI I hn iuijniln i h od' ijliitt, (ii llhIihtjil utcpdild Iti til\ (Iii ih iI;Ilj\(-c ou'l 11I)hIt) IMSS 

B~IOMAI~SS [1 1(1S -(;.S1 I IRiS. (iJIc' ', ilC 0i utIIiuio 1111 I'ArKI\ )IilIIfI ll( ic M iru ct heat 
a ihfhctti~tII, %tt 1 II t utict\ olI il l I 11111111Ci.1A' dh(oiljti t'Iliit . i n wix ugasificrst hl 


w~ith iltlct,I titCiii l htiu~ic ll 11ii 1t cii Iiilllv iltiiI)i H 01' h lc MS 1'i
I l t~lu 'A 1101 Wlu tCcdtr~ckS 

and mlc, iill k Citilli il101 d liict-'It8 tII~I:M I ciitl> III~co ti tchicc( I -) C ltiitIt t I [l Wi C li iOtHCp Ii o 

S)I..XI hl>\hI,' V(, Sivlurkl (m;ui,lcnti. tni-ohnt1I uhocdil lldc'httl iiou 
beIiulic ilit.- imt wil cilhtll h !I ick,11u111 It lit lk i ntti 1 IIIIJ2Clc tiiv ttI 

Wici hI itch Id tor 
dhiih1 t111H1i0 1 Itt1 

S()Ii, I)I~tIN(. lo[ pL-Iw htd ti '11, Iidhe htfor ilas t i,alrxc up llch oIi il valllic icc 
Ahe(hIi~wl, hiitM Itt>it I it htit- tijuluPt, ";I\t'll ad ti' Idp ItinV ill t tii. lthoh cthaIto l r ol ulhl 
liodll. hiec tnr\11 uitll pcim ' i CiV tchylH th1C-ittti1I N COtitithL CiI--l tlIlChI till iI -

S(IX R, VI . RI)I",\ I FING hIW 11htLp is l [111%(-IItC IChlliohouc ' forthI "(;Ihhtli tc jtin cuOtlnlot'i 
I-C fI If chcct'l iCOit\' til\thin CIA s ~i. I(hcxhtjIM u iId II 111d C p)IIWthniC) li litg i thir WitVf'1 I Pu itOihJ
 

lu i Ihif ii. IIV If~tIl' PTi.IthiS i
Ili! is Il 1P111 0u1c it hII l diMuttCliffc(iit~hg 111h 

:11t ttIr htt WdchI',(iw (i i~J~t lfviutn hill ituu I jith \d 10 wih itII- s C0tlIjihldt itht r i ionalc 
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has been reported tlat at least 1000 PV medical re-
frigerators have been installed worldwide.2 

Use of PV systems for water pumping is often 
competitive with alternatives for small-scale water 
demands of 10-20 ma/day in locations with agood
solar resource. PV pumps are available to pump
from boreholes, open wells, rivers and canals; 3000 
c.5WO0 Sys.tems-are&inf'Worldwide operation today. 

tto yearsh ta m dint last 3to4 years the technology has matured 
tomicro 
able may be considered technically reliable.a A 
portable PV pump for livestock watering to pump 
60 ma/day through 2 m head now costs $3,000. 

A typical system to$5,500 in the United States, 
pump 20 ma/day through 20 m head to" supply a 
small village costs about $9,000 in the United 
States. 

In remote areas, use of PV technology for small 
building electricity loads may be less costly on a 
life-cycle basis and can be more reliable than grid
extension or diesel electricity geileration, depend-
ing on the distance from the grid, the price of grid 
power, and diesel fuel prices. A PV.> system to 
supply a load averaging 3 kWh/day, such as for a 
school or health clinic, costs $8,000-$9,000 in-
stalled.4 

Wind Mechanical Pumping 
Wind mechanical pumping is an old and well-

ma/day. A recent global review of wind resources 
found that many LDCs have significant propor
tions of their land areas with mean wind speeds 
greater than 3.5 m/sec. 3 

Wind Electricity Generation 
Th 
repastFieyascn r ex

rience with wind turbines for stand-alone and grid
connected electricity generation. Over 13,000

wind turbine generators for central battery 
charging have been installed in Mongolia,7 and 
California has some 15,000 turbines of 50-500 kW 
size in grid-connected operation. Small turbines inth 0.1catote10ktagoo os ewe 10the 0.1 to 10kW range now cost between $1000 
(for 100 watt machines built in large number in 
China) and $2000 per kW installed. Installed cost 
for the machines in California wind "farms". have 
fallen to $1000-$1200 per kW.8 

The output from a wind turbine depends on sev
eral factors, the most important of which are'aver-. 
age windspeed and machine: efficiency and reliabil
ity. Energy cost is also sensitive to"the duration of 
calm periods at the site and the amount of electric 
storage required. For small turbines, cost of elec
tricity in a good wind location ranges',f'om $0.10 
to $0.80 per kWh, depending on the scale of output
and the power quality required.9 Economics 
apear favorable for small loads such as those re

proven technology. A wide variety of wind pumpsabovequired for small-scale lighting, telecommunications, 
are currently manufactured in developed and some 
developing countries. Commercial designs are be-
tween 2 and 8 m in diameter, and installed costs 
vary from around $250' to $500/M 2 of rotor. In-
stalled costs for a bypical 5 m machine is between 
$5,000 (in-country production) and $10,000 (uim-
ported). 5 The main applications for wind pumping 
are water supply for people and livestock. Windpt.mping for irrigation is not likely to be economi-
cal due to the variation in month to month iater 
requirements and the need to size the system for 
the maximum water demand. 

The cost-effectiveness of wind pumps is site-de-
pendent. The cost of water from a wind system 
drops sharply as mean wind speed increases. With 
wind speed of 4 m/s, a wind system can be com-
petiaive with diesel for applications requiring 40-50 

2 A. Derrick, Vaccine Cold Chains With Solar Powered Refrigerators 
(Washington, D.C.: I.T. Power, 1987), 

3Bernard McNelis, PV PumpingWater (Washingtoi, D.C.: I.T.
Power, 1987).

Matthew Bureseb, Strategies for Rural Electrification: An Economic 
Comparison Between i Grid Extension and Diesel Power and Photovoltalc 
Power, Proceedings from Photovoltaics: Investing in Developing (New
Orleans, LA: ITL Power, May 4-6, 1987).

1'Alan Wyatt, Problems and Prospects of Meeting the Itasie Energy
Needs of Rural Communities in Developing Countries Through the Utill7a-
tion of Wind and Solar Energy Systems (Research Triangle Institute,
1987). 
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nom/s. In some places wind machines may be eco
nomically competitive with grid extension. 

Small-scale wind-electric water pumping is a 
nearly commercial technology that offers higher 
system efficiency and reliability than wind mechan
ical pumping. Along with areduction in delivered 
water cost over mechanical pumping, such systems,which have fewer moving parts, offer greater reli
ability and perhaps lower maintenance. Because of 
the higher efficiency, these systems may be com
petitive with diesels at good wind sites even for 
quite large water demands.' 0 

The competitiveness of grid-connected wind sys
tems depends on the wind resource and the cost of 
electricity from alternative sources. Construction 
and operation of wind "farms" for selling electrici
ty-to the grid has become a major industry in Cali
fornia, with total installed capacity of nrearly 1300
MW. Experience has been progressively improv

e IT Power, Ltd., Wind I ichnology Assessment Study, Vol. 1, UNDP,
ITP/82041, UNDP # GLO/80/003 (Reading and Swindon, U.K.: Febru
ary 1983), pp. ix-8. 

7 Wind Energy News Digest (June 15, 1986).
8 R. Lynette and As.cciates, Inc., The Lessons of the California Wind. 

farms (1987). 
9 M. Bergey, Bergey Windpower, personal communication. 
"'Alan Wyatt, R.search Triangle Institute, personal -ommunication. 
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ing. Many earlier machines produced less energy 
than expected, and problems of poor design, siting, 
and maintenance created difficulties. The technolo-
gy has improved, however, and costs have de-
, lined. Newer machines are able to produce elec-
tricity at a cost of $0.07 to 0.08 per kWh." Wind 

halved from 80 to 40 m3 for a system sized for 80 
mi, the cost of water doubles. 

Wind and solar pumps have differing advantages 
and disadvantages.'3 PV systems are higher in 
0cost, tut should be very reliable. Wind pumps are 
less expensive, but demand more maintenance. 

farms -areaso -installed-or' are-planned-in-Europe, .*Dayt6-&y'&fitut oPV-iiiiif will'b .. o'ni.-re 
Israel, Australia, and India. Five separate wind 
farms with total capacity of 33 MW have been in-
stalled in India, and there are plans f" an addition-
al 25 MW. 

Water pumping systems operating from diesel 
engines have substantially lower first costs than. 
wind and PV pumping systems, but! have much 
higher operating costs. Diesel systems are also vul-
nerable to increases in fuel costs, shortages, and the, 
need for imported spare parts. They also require 
more human intervention for supervision, maintenance, and refuecling.Forna allcterdmanand n g

For small water demands, wind and PV pumping 

systems are often cheaper on a life-cycle basis than 

diesel. Figures 2 and .3 illustrate water cost
diese Figuresg an 30 illhradfte watercost 

systems under a variety of conditions. The analysis
indicates that a wind pumping systemindicatesutilthat wind costingcinga pumpingese 
$500/rn 2, utilizing a wind resource ayveraging 
4m/s, is competitive even with low-Cost diesel at a 
daily water demand below 25 mO. (Diesel fuel costs 
are assumed to be $0.60/liter in the high case, 
$0.30/liter in the low case.) Against higher cost 
diesel, the wind system is competitive at much 
higher water volumes. A PV system costing $14 
per peak watt, at a site with daily insolation aver-
aging 5 kWh/m 2, is competitive with diesel in the 
high case at volumes less than 10-20 m3/day. If 
the head is less, wind and PV may be competitive 
at somewhat higher volumes. 

The comparison in Figures 2 and 3 illustrates 
that both wind and PV are cost-effective under fa-
vorable resource conditions where transport costs 
for diesel are relatively high. Cost from wind sys-
tems is especially sensitivie to wind speed. System 
size has a substantial impact on cost, particularly 
for diesel. For larger diesel engines, capital and op-
erating cost per unit output decreases substantially. 
This effect also occurs with wind, but the influence 
of size is more modest. i he ability to size PV sys-
tems for almost any. load is an advantage, but there 
is also no significant lowering of equipment cost 
per unit output for larger PV systems.' 2 Because 
of the high capital cost of PV and wind systems, it 
is important that they not be oversized. If output is 

"R. Lynette and Associates, Inc., personal coimunication. 

Economics of Small Renewable Systems for Developing Countries,
 

UNDP Background Paper, Symposium' (Sophia-Antipolis, France: May
31-June 6, 1986), p. 37. 
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sistent than wind pumps in many areas, reducing 
requited storage volumes., Wind pumps are well 
suited to LDC production, while PV components 
will probably need to continue to be imported for 
most countries. 

Biomass Fuels: Direct Combustion for Heat 
and Electricity 

Dec combust wd wesricro rei

is common in wood products and some agroprocessing industries. Wood from dedicated planta
tions ,is also used for heat in applications 'such as 
tend ao dr inMu cho echlg 
taadtbc6dyn.Mc ftetcnlg
currently employed in LDCs to utilize biomass res
idues such as sugar cane bagasse or rice husks is of 
old design and low efficiency. Since the rapid in
creases in the prices of fossil fuels in the 1970s, 

many new systems for the handling and combus
tion of biomass fuels have cone on the market in 
the U.S. and Europe. These include boilers for ap
plications of the several MW scale. 

With improved system efficiency, some systems 
which utilize biomass residues for on-site electricity 
demands can allow generation of more electricity 
than can be used on-site. If this electricity can be 
sold to the central grid or to other nearby users, it 
can be a source of revenue for wood products and 
agroprocessing industries. Particularly attractive 
for some applications are cogeneration systems 
where high pressure steam is used to generate elec
tricity in a turbine and the lower pressure exhaust 
steam is used as industrial process heat. Bio-energy 
systems also can alleviate disposal problems associ

some .biomassated with residues; (such as rice 
husks). 

In LDCs, application of biomass-electricity tech
nology at sugar mills, larger rice mills and wood 
product facilities for on. site use and off-site sale is 
economically promising. During the last decade, 
sugar producers in Hawaii have installed efficient, 
high-pressure boilers in order to sell electricity to 
public utility grids. A.I.D. is supporting assessment 
of this option in Jamaica, Thailand, and the Do
minican Republic. Researchers in a number of loca
tions have identified cane varieties which, while 

'5 Alan Wyatt, Problems and Prospects... 
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unattractive to conventional sugar growers, Qffer 
promise as "energy canes." 

Rice-producing developing countries have bI ien 
exploring more efficient ways to utilize rice huss. 
Several new mills in Burma cogenrate clectricity 
using husks, and research in India is exploring both 
direct combustion and fluidized bed combustion of 
husks for electricity production. New approaches 
for using rice husks as a fuel source are also being 
implemented in the U.S. In Louisiana, an II MW 
power plant utilizing rice husks cost $1,000AW. It 
is selling electricity to the grid and ash residue to 
steel the industry. 14 

Power generation with wood waste for on-site 
use is common at plywood factories and some saw- 
mills in LDCs. The waste produced at sawmills is 
often considerably greater than required for on-site 
process steam and electricity needs, allowing the 
sawmills to become a source of rural power. Elec-
tricity cost for a large number of 3 MW %ood 
waste-fired power plants to be installed in Indone-
sia were recently estimated to range between $0.03 
and $0.05 per kWh,' 5 The esfimated capitalcost 
per installation of large numbets of such plants was 
$2.5 million, or $830 per kW 

Another potential source of fuel for a biomass 
electricity system is wood from a dedicated tree 
plantation. In the Philippines, two plants of 3 MW 
size were completed and are in limited operation. 
Tree production was problematic due to use of in-
appropriate species and overall plantation manage-
ment. In some areas, however, tree plantations 
have been very productive. A 1985 World Bank as-
sessment of this so-called dendrothermal system 
concluded that such systems are likely to be com
petitive only at 10MW size or greater, at 1985 oil 
prices.15 An A.1.D.-sponsored study in the Philip
pines concluded that a 2 MW power plant operat-

ing with a high utilization rate and fueled with 
wood from a 1500 hectare tree plantation was eco- 
nomical when compared to versus diesel genera-
tion.' 7 Where fuel costs are high or suppI", unreli-

able and sufficient electricity demand exists"the ec-
onomics of smaller-scale dendrothermal systems 
may be favorable. 

Another potential source of fuel for a biomass-

electricity system is municipal solid waste (MSW). 
MSW systems have become increasingly sophisti-
cated over the past 15 years, and research is con-

" B. Amin-Arsala, Office of Energy, Bioenergy Systems and Technol. 
ogy Project, A.I.D., personal communication. 

15 Peter Jezek, P., S. Schweitzer, and J. Weingart, Small Power Sys. 
tems for Economic Development In Rural Indonesia: New Opportunities for 
the Private Sector, Draft (March, 1987). 

tinuing to minimize emissions and improve system 
economics. Capital costs for these systems are high, 
however, and materials recovery may be more im
portant than energy production in many LDCs. 

Biomass Fuels: Gasification for Heat and 
Electricity 

m . ,r, may be c e d r 
Bioniass ma 

partial burning into combustible gases in a gasifier. 
These gases may be burned directly for heat appli
cations (such as drying) or used in an engine for 
electricity generation, water pumping, or transpor
tation. Gasifiers are coming into fairly common use 
for direct heat applications in a number of'develop
ing countries, and are quite cost-effective in many 
cases, particularly where retrofit of oil-fired equip
ment is possible. Since cleanliness of the gas is not 
a concern, as it is when using gasifiers with diesel 
engines, reliability of these systems appears to be 
good. Direct heat gasifiers are also able to use 
feedstocks with higher moisture content than gasifi
er-engine sets. Gesifiers for this purpose can be 
built in larger sizes, for example, up to about 10 
milliLn Btu/hour and take advantage of economies 
of scale which tend to make the financial and eco
nomic benefits more attractive. 

The use of gasifiers with diesel engines has pro
duced more failures than successes, in part due to 
the use of difficult feedstocks and the lack of care
ful operation and maintenance. Tars and contami
nants in the producer gas condense and accumulate 
within the combustion chamber of internal combus
tion engines, which can cause severe damage if a 
rigorous decarbonization schedule is not followed. 
Long-term engine life is reduced regardless of 

maintenance scheduling, and users must devote a 

greater level of attention to the operation of these 
power systems. Of around 1000 gasifiers put into 
service in the Philippines, fe'" are still working. In 
Brazil, on the other hand, gasifiers have been suc
cessful in many cases due to use of high qualty 
charcoal and, thre ability of local industry to manu
facture and service the hardware. Carefully-de
signed systems using wood chips, rice husks, and 

coconut shell and husk have been successful else
where, though there have been many more systers 
that have not worked well. 

The decline in diesel prices has shrunk the niche 
where gasifiers for electricity generation are cost

effective. Where the cost of transporting diesel is 
high, loads fairly constant, and homogenous feed

'a World Bank, Enrgy Department, Technical and Cost Characteristics stocks and competent maintenance applied, a gasifi
of Deadrothermal Por systems (Washington, D.C." December 1985). er can be a reliable and cost-effective system. Bra

" Associates In Rutal Development, Feasibility Reassessment . . ,, p. d -li 
V-69. :.zilian-made gasifier-engine sets currently cost about 
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$500/kW, a price well below that of imported sys- (most commonly from sugarcane molasses in 
tems. ' LDCs) is commercial except for cellulosic materi

als. Despite today's lower gasoline prices, ethanol
Blogas production may be economically viable for land-

Biogas is a combustible gas produced as a result locked countries where delivered gasoline is costlyo biological :conve-rsion -of-organic-material :in-an ...... prices -received-7 for:-- :+-,0f- and/o r- for--countries :where 

oxygen-free 
digester container, piping to transfer gas to the 
device using the gas, and a means for using the 
sludge remaining 'after fermentation is complete. 
Uses of biogas are water heating, room lighting, 
cooking, and sometimes, running an engine. 

Large numbers of residential-scale biogas digest-
ers are in use in China and India, with much lesser 
numbers in some other LDCs. A significant 
number of units are reportedly not operational at 
any given time. Financial analyses of biogas have 
generally produced unfavorable results at the 
household scale. The major technical problems 
have been difficulty in ensuring proper operation 
and inadequate supply of fuel and water. The pro-
grams in Asia, e.g., Nepal, India, and China, have 

o enclosure. A biogas system includes a 

been notably more successful than in Africa. TheAfrican setting has been less amenable to handling 
the system's complexity, relatively high capital 
cost, and the need for daily inputs of water and 
dung.1 

For industrial-scale applications where biomass 
feedstock is available on-site, biogas may be eco-
nomical. Such facilities include distilleries, feed 
lots, and piggeries. The main factor is the compe-
tence of system design and capital cost, as well as 
availability of adequate feedstock. In some cases 
biogas systems can help alleviate waste disposal 
problems, thereby adding to their value. An A.I.D. 
evaluation in Nepal found that, at current diesel 
prices, a system with biogas providing 50% diesel 
substitution would just break even. Since substitu-
tion observed in Nepal was averaging about 65%-
75%, commercial biogas applications appeared at 
least financially competitive.2 0  

Alcohol from Biomass 
Biomass-derived ethanol can be used to substi-

tute partially or completely for gasoline in internal 
combustion engines. Ethanol can be produced from 
three main types of raw materials: sugar-bearing 
materials suth as molasses and sweet sorghum, 
starches such as cassava and corn, and cellulosic 
material such as wood or agricultural residues. The 
basic technology for the production of ethanol 

IIM. Mendis, Energy Sector Management Assistanc,: Program, World 
Bank, personal communication. 

9 U.S.A.I.D., Renewable Energy Technologies In Africa (Washington, 
D.C.: April 1984), p. B-5. 

90 Ashworth, Renewable Energy Systems .. pp. 5-N to 5-10. 

sugar exports are less than production costs. The 
economic feasibility of ethanol production depends 
on whether there is a market for fermentation by
products and the cost of feedstock and process 
steam and power. An integrated plant with byprod
uct markets can produce ethanolfor around $0.25/ 
liter. Depending on the circumstances, costs gener
ally range between $0.25 and 0.35 per liter. In most 
cases, the minimum size for a cost-effective facility
is around 60,000 liters per day.2 1 

SolarWater Heating 
Solar water heating with flat-plate or other type 

of collectors can be used to displace electricity or 
fuel oil for providing hot water. Water for-residen
tial and commercial purposes heated to tempera

tures of about 55-85"C is a commercial technology, and local manufacture of solar water heating 
systems exists in many developing countries. Pro
viding higher temperatures for process heat for in
dustry is a relatively well-developed technology, 
but requires more expensive collector systems. 

The economic feasibility of solar water heating 
depends on the type of system, the type of applica
tion, the amount of solar insulation, and the cost of 
alternative fuels. For residential use, electric water 
heating is common in middle and upper income 
households. Economic analyses in a recent UNDP/ 
World Bank study of solar water heating in Kenya 
found that residential and commercial applications 
displacing electricity were quite cost-effective in 
economic terms while the applications saving fuel 
oil in industry were not cost-effective under the 
criteria considered. 2 2 (Electricity in Kenya is 
mostly generated from hydro.) The economics in 

other countries depend on the local cost of elec
tricity and other fuels, but the Kenya findings sug
gest that solar water heating for residential and 
commercial applications (hotels, hospitals, etc.) will 
often be cost-effective. 

Solar Dryers 
Solar dryers utilize the sun's energy to heat air 

to dry a wide variety of agricultural and other 
products. They can increase the value of products 

by better controlling the rate of moisture migra

21 W. Klausmeier, Sylvalex Corp., personal communication. 
1 UNDP/World Bank, Kenya Solar Water.lleatlng Study (February

1987). 
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tfl1 tot drlig , eliille, LliiiIilli 1i1ilig kkpo.ilitiolls 

alsoi prescilli' ;I liurfl 0111)( 1rtlinI(V 11t Svsclils' CHI-

IrMNtl' ill tle iil be riuIdifICii to HlcrleIbernial 
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instead oif gasoline leads to tie reduction of* riost 
vehicle emissions. 

Many renewableplace energy tech nologics also d.lisother means ef genenrainetrity, a im 

lcer ter, nuts .;ltof' ::ystuers elislity. ,l 
bIte 

ne-rril diesel .- n!r;itrs, thouihi:-ld oer 
of lieselinusc iI tlli herwise be replacetl
elctrii. Re'i.'w:ibLf e Vriee It.hit)liIoe> 

tCed into, the central iliil. I llong-ti 

Ir electricity geuli'ritiiii trmoit reiie\\ablteboihi;is snilimsn,wiiij. sotlar ctiiere.y, 
such atual
andand,eixothcrilla c1L-, , i ,_tt t!;i,,.la i,is11a 1,,,2sin a ciuritil i.sis 
dIute ]arige in n~ill'a+. )(".,.ly m+hs'+tititiu 'or 
other coi\ crilionial , (1reC" e_ltlct'i'ix,

which~lirg l~lizt "s l
iiiuclluicll,

Whichli include Lonibnt ion (0 oil, n irAu gl iaii 

co ,il, s we llti 
Iew\vahles cili briti, 
benefitls. 

The Cilroiiiilclital 

ieallis ( uIg lcritlilu-
ticltorS. Ihe, IL'iieitle 

willlhe 


hI u 

rid 

tpoteitial 

",iluitic'-;
hy\dr-0, 

lt ilt. liuithi~i, c'li iN itt. 

cor' rii ilt-c iuiliriuillil'itcuI 

illipacl oI' tIe dltulT, 

c'letricil %;rv i with alilly encrgy coilsl llIllP tii. 
e i',y ,nic. sc:ue of us',WIn 

tIp oT teI'titoIlce il;C - ''I ollectunset M e ind 
tra.istor, tiii n, l~'iitrii t01I'1 C ili\' rClii t to 
seinsitive iilitfirl t.l\ illli ,lill, :t11iitihliiiai popiula-
tiois, ;iil-uIL .tre-oi :iltleiilioii ei\t' I iito liaii 
ilpacts. Ren-iilic,,\ t_'clhilloic in coii-
tirst to mliisV t'ilisiliti iSii sytclls, itlt'f the po-
tlitial toi icl:ttivl losv elilviriilil;l ililact. Ill 

Coiltrast to :'Oil tt io' resywIb ll. 

t'ritt' el':-tr vssvith litll' or ito o:lluioiill Tf 

ani \water. 'With Ole t'seeptliol ()I',oilit' bie-CIt'rey 

teliiiigi'.-, ihts tio [iot col1tribut, 1o :liltosphlieric 
CO huildup oti' cl])hohQogics Such is ar;ieroblie 

dige'tlion rliaikt' l' Iof rt'sihiie sshioS'.', ti i 
 s;il 

l vr lllicliii
hl.ct t'(trii iitllii ]iilpact". 
It slrorihi oe rct-t'riti~t, l5t'\i'i that cerili

It soul 6c1-Cognz(Al tht cilallirec-eat' crcYtltrigrcic'w;ib s tlie most'liistr , hlll trii-

wo~ell-k Foss' ai c la ' ii~dio l ects , hic li utilize 

aI ren alt- sl 'rt' 
 b itl (Itll Cillis , Co sitderable 
lo s oi l i i , h rin ti 1)I *ii- c o log icall Changes, -andit
 
riimiv cretell,, aroun'cdtir 1itlf ritlei
s ill-
sc tS :,ld \V;itCr-hori tlisuCsCs. l)erltliiif. Oi th e 
Site alid tledeln, ii all h)ldilro ,s also have'da Clii 
s)ille o, fle legative clougtIical inil1paits o ilIOUti,])](iii1. ( C Tl re 

ales ire_ isviciated wili gcotlICrrillal rc ell-rce 
'Clopieit at ii ; 1or Iinliass tuel,, <lterilaitivc 

use tnf rt'siticS ill:i CiilSSall tor soilt' Ihat e ite1V 
rel~liinl :itird, hcas e"ergDy plariita-Iii lie olht' 

titirs, Ciomlpetitiorn f r araihlc laid with ood ur-
d.uctiOn. 

RENEWABLE ENERGY IN RURAL 
DEVELOPMENT
 

l)evchfilrnen ct'b~rt- are intentdi t) Provide access 

to resourc, and services such as, water, food,
health Clare, educatioll, shlelter and ecolloilic up
porttinit y. Ihc avilahility I'i capital and other 
input" slci as elelry isii tutn damenial to ;arural ec;
r ii developriItpo rm

Renettwale li r+\'ryresnources andl traiditijonal tech

,Iho rk'vylut,' plavcd a lcahino rott:' inl;tistyinig 
eiielg\,y (0lrlltidds. iuels nicse a- \\sood :ild%Vood watec, aitiictilttnralu idresiie water 

la tCer , have hCen 
r'riHy ruliilieis 

siall productive 
'I'Irr~yI itreurces 

large age 

used] for Centiies to provide
tor htntiohtn, farms, and1_,01hl-li~l andflticlots 

eliterprises. These tralitiotial 
ott' ie )llprist a surpriingly 

ofoerent loping t:riint y energyileve 
coilsunriptiol.i lliil ally c ses, traditionlal eifgy Ilse 
i<colits tin well over one-l-ialf of total national 

addlitiol to t a'; litioniil "offices of telerey, there 
ae the rirlC i i;t 
lthave :isy t ginit i't_,!' 
techlologies ;it' ci)nnC 
could us tse untapped 
es;Aiiiiple, 1ptiotovoltaics 

fereilrCn 


iir xlhilcd. Today, mally
 
ercially as'ailiable which
 
reiCwible iCO'lreCCs. 

CIblg res Which 

For 

.i e tsed] provideibe to 
p otc'fr rt'trigt' ration toto equipiliii aii provide
ighting for rlri iiry health eerrntrs. Friharicd 

h)iiunass onvfersioi vStiiS rising a virnety of :igri
.'uilltial ih torest products be Ior lwcfcilil used 

;;ii.1 it-iuiial loads. tHydlro rCsortliCe Cailbe usCd in 
a varitls of1srrmall electri-ill aind Iimcelririll appli
eatitlis f irugIllrii Ciglltii utndr 5(1 kV ,o over 1t0 
MW". Ill mrost developing count ries, however, r'e
soiic iSStSS1,si rtltar1 ili(arket surveys have niot 

Ortvi tle hevet 

iltorit ionl 

been undertaken toI u) hlec.Sarl-y of 

reqluiredl t'or. reriewablestwi . retlresentsit iniplenieliatr lit',listrair to illlt t 

tt l th'tioductioi (t reict,ahle 
 tehioloy alternatives. 

lThe g brief discuissiuiir (t scribes solic ofl'olltowir 


Ire roles renew able reso irces Cal play ii p r'oviding 

energy torrl areas.
 
Household and Public Services
 

Kl'Irad. itional energy resources areti'sei cxteriyi\, l in most eoiitties t,) satisfy needs 

toi" cookirng aind lhouse iold space heating. Food 
I)reservation, ircluding h t tryiig arid in somlc 
cases ret'rigeratio i, cli also be satistrled by renew
able resouresc,. Most iagriarialt ral aid home drying
[+aeannees are ICCOlll)i.lt'd by, lirt+'C diyingsolarehniquies (most otteri per''.rrned pre-larvest); in 
some cases, when higher grade thuermal require

merits are necessary, agricultural residues or fuel
wood may be enl)]oyed. 
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Energy use for domestic cooking Constitutes the 
major (lemand for declining traditional resources 
such as fuel wood Estimates in various countries 
suggest that cooking consunmes from 02% to 80% 
of total energy used il rural areas. One major at-
tempt to apply simple revewable technology has 
heen itnprovemunit in the efficiency of cooking de-
vices. Tlhes havC ben proICd successfully il 
the cas-.' of comriuercial fuels such as-; charcoal, but 
this snceeC,; has I)t beecn repeated ill rce'ICi.g use 
of uscr-gtw,,.red wood or- oth<w! Iiomass. Neither 
fultel substitutes Stu.,h bri fu-tted ril as,0 nor e,01-
SerxI'tin re ]i k,. y i , have iijrr impacts eseet 
whertl fliclk ir cotllititcial. 

11H t'(c. Water iS necessarV for hlirsehold pur-
poses, for agriclultulal prodtutctoit, health services, 
at1l o ite processcs sclh as r,_efrigeratiol (ice is 
Otelt used for prCSCrVtiin of sef'afooid). \Varer lift-

i,im ari pulpiig an e!ItIg\' intcnsivt prccss., 
and !, aIlrge+ )arttiti s :ltRi itt cd, conventional 
fuels will usually he required., lhwvevr, le, illag 
ort ihl et1tet1:t'.e activities, photovotaics ,aId 
Wind Cin liMtd have. be.t sed ito SLViLC drtICItnds 
of It0 20 t:/la,\v itd It) 5)) ui:/day. rcsp.lctively. 
P1oto\ohi i.'s ha c been ui';tfd to provide waler 
suppl' 1tt vill:.c, with r''ote watUr sCrVics. lit 
minto eases, wvlei \,atei is ail~i1ile oil site, manual-
I ,pratid h%!flitntul s + ale. 11sed deliver water 
to a cett,-ai disiribution poiil. \'intd dri. er-f mlps 
ha:ve been etti llj).Ved ill ,OttieC hrc'.1tiori,, whiCh hatve 
a,:ccptalblC Wifd rirgit,, mirt.,ii m roe'li dcnirmtul 
for potlblC \W:it,_ aid liv.st.ock va'te.rirte lIi ese 
S'ystenls, frovcvse, requite relativCly large capital 
mitlavs f,r appropritely sicd cifuipiterut. which 
ofteni is I ryid rIte rtch of a SiIL,. user. 

Ue,!,t. Rural hth1 clinic,. provide prirary cre 
ito rural popillutlolts wlich do riot hatve ready 
access to+ hospitals ait iriedical teehnriciants. lliesr 
prinmiary care faciliti.s require electric aid thernialcnegvft~ r.'rig.:alinq~lmlnt lihtng aldHI 

enerigy 1o0r ref iuratl loll equriptmient. lightirng, arid, III
 
sotle casus, st rlizat ott Cquipirerit. 


Refriger',ttion is Tequrired to ,,:terd thre shelf life 

of, vaccinles artd tiucueiCtil supfulics. ft ftay allso Ie 
required ) extend the life of specimens fur' laborat-torybe ert u itedfueito ry a n alys is t p d i ll mlor e So p h is tic a tedolb r f ormtel 

ical oI'i C in iUrei 'Itigictul-1CiS.medical ceiiters lo,-ate.d itbn l;[ ai'ea+s. Ref'riger 
tio demands cart e trier by photovoltaic ar s 

iiiih 
wvith battery Lie_k -Ip tinits htho:ov+ol taic aria ys ciii 

lso be tUsed to se)Crvice fHL~lltinr deurtirIs. TIh c 
power rL~fiiirerritrts aire relatively siuall (le.ss than 1lu/n+k \V)a \ cryb ut are oci l vaig h t~l ue .M 


W). but are of' a ver ylriught soial value .
 

. r \,r . i S ,-i,,,,,, 1 .
170, pp. 969 975 mridJI). ,,ti , It, e't al.. A State-of-the-Art Suriey

of Sltir-I'miertd rrialin Pumps, Solar Cookers, uiol Wood-Iiurning 

Orr,S-, t.e ityt . r,, it ,d , i ,i ,,,2, .i 1milling 

Stoves for Ise in Sub-Sahairan.ru Africa ((;cvorgii Inqtiftut' of Icctilnohtgy, 
1978). 
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Thermal energy is needed to provide hot water 
for sterilization ind( cleaning other supplies and in 
struments. This may be provided by using solar 
thermal collctor systems or by using a bioniass
fu.lc,_d conbustin system. Typical fuels for corn
biSliojI SVStCils would iCliiule fuelwotod or an agri
cUlt l a residUe, such as coconut shell, rice husks, 
Or f",ilitL-;. 

Agroprocessing and Small Industry 

RIICenewablC resourcsCC arC able to effe'tively serv
ice a wide range ofl' agricultural and smnall industrial 
demands. "Ihese iICltUde drying, iontass combus
filn, hydro power. aid oteIrs for tr.shing and 
wirilowit. s fiulling, grindim, and.ilI'ing, storage 
refrigeratiol, carrling ari. rclhtcd proc(ssing, and 
actual har'vesting practices-,. 'ly ate also used for 
fieLd oIeratirtIs ill 'Colp pr,,,uction, st'ch Is cruftiva
tion and pL1;:ting, pest C0niru0 and IarVCsiiu,. 

seerai crops rcqitirc prI-cc.sintrl after htlave,;t 'it) 
L tei itprOve 'torirtIae chtartcterisfcs to eil
hIltltc tile \'lt of the_ pu, luct to -Suit eosuner/ 

tarket ieqitirrclrits. (0aili is dri,'d to extcld !'tor
age life, milled. :rid, ill sort. cases, par-boiled or 

toslit particular 
Ntts are shelled, fried, a1d sotitrnes roasted to 
add vilitde to the raw product. Oil seeds arc sub
jtccieu to a tliertrai process to extract the oil. Milk 
is psteurized, steparated into v'ariots constituents, 
aitd ill Sonl C:ISCS ljeat-t elIele( and refrigeratcd to 
extend storage lift. All these processes have the 
cfi\t ,"extending Storage lif' alid/or adding value 
(thrtuh quality ilprovennit ) to tite end product. 
!aihil 3 prOvides a Sumlaliry ol' the renewable 
ciergv technolois used to satisfy thesc various 

dertinds. Sonic o! the imoe irirportarit rurf pro
duteioni applicatioIs :11e d'sc:rihed below. 

l),tving. In moest Ctorrtries, grail is dried through 

s imple exposir. to the suit, either iin the 'd or on 

polisl- cd a oriutrer pie .c nec. 

a diying pad. lloxvever, when harvest oiccurs 

during a wet scason, mechanical drying becomes 
ne.essary to insure that losses due to Spoilage are 
nlniiuizd. This carl be iccomplished using con
vcnitional fuels (e.g., kerosc.;ic) cor I5y using bioriass 
vfue l fpries e g.. keroen oa using assls. Experien ce ha s, i twru,' h atl solar" dryers are 

f e noften less effective than oilier alteratives, mostly 
iduoto the fact that the demarid occurs during pei

tal' It>caloSt ar insolation. lHowever, agricultural 

residies have been used quite ee"ctively to provide 
the thermal ene.'rgy for drying puriosesn rnig rialnlsvr 'oi

illing an d (Grind ig . S m all m ills v atry fro m 
larger eornm erc al fatclities inlcapacity and usually 

efficienm y, bt specific erergy required is 
equivalent for most mills. 'nergy used in grain
mills has been provided by small water turbines, 

electric motors, or by diesel engines. In some appli

http:Sub-Sahairan.ru


Tabi' 3. Renewable .esources and Examples of Their Applications i, Rural )cve lpl'cllt 

( I' I lI 

DtIlia,, (e.g., wood, bagasse, coCuIltlts. shell 
husk, coffe grm.uuns, etc.) .................................... X ..... . ................ X 

'Wind-...................................................... x x\ Tind 11a .............. I..................................................................... ... ........... xx .....X ............................................... 

I \................. ........
.... ......................... 

\,tv1 ................................................ X.................
. X x 

(c'I',ln'iuuat ............................................ X .......... X..................................................... X................ 

callos, such as sear ilk, ;tcan systemis have 
bhen Cm loyed 1(, plevide' sllaft pow'er for the mill 
and 1( provide letricil' tw drive Oliel' aixiliary 
h 'ads. ,V a when I' 'droc and avail.lc, rcsources 
havC e-,cu<. to shaftl 1utsed r(lMid sux, r oL irliding 
aimd mi 1ing. 

)lporlt ilitis,to( t,,lid 'ie i,',( , bimas fuels 
at l bvd'o a.ilticS 10 (1m ciatteal loads 
Ci ,t ii 'il~ilV d'111 icil. IiaIi. CaSeS,tlufli I. lit 
1hi, rVlttire.' +, ti:ttChIn- A suilyll' Sic'd tC,:jnology 
to a 'pcilie apiplc int For xvuinpl., b'y E-11-tie 
ftcl:t litiinihcr of' -iceer mill, are v.r v siiall scaleC, 
Ic(11uitiihii1 .5 \V priluic 1moers to miill shla' 
power. A ".ivilificmutiiuubcr o ,f iliteriuediate-sized 
mills (25-2 1:\V ) ;tire il uls uid ;11C peCilntly 
li()XV(cred b, oritid-f) MV'c~lt lt ic imtolol, i dircct 

drives. Aic.,!\ v,, Small ':ation lf' mills exi,, in 
tih larteL:.t (,r'( ,er 5M)t k\V). t IowV;'r COi-
merciallv plroven Imias,, eti,,siot ,',tcis arc 

'Lailable Hi , xiv are s H,:tem.Svstenis ill 
te si ai; anld iit-iicldiatc rane, ate available 

'rtoill iliitcd ',oulme's and bX aid fi'C lave Xet to 

l)lIX'T liiiclvs UliT collititd f]ld uls. I'lere 
is ;i aced to dcvelop bioiMSS ColviSioll s",';telli 
capableC ol' ociain uder1 ;idversU fhCeld conditions 
in thC simall llld il imtian tC Si iranctimrnl 

Other Thertmal Applicafions 

Rutal enterplriscs usually have relativcly fcX\,. 
iiecds Ifor thernial tc.'ie,rg'. Soiic of' lese, however, 

pim'sciit i:Irac:tlvt ppl iltitie ' , for Convi'esion of 
Wiiewamiit enirg!\ $ri s to se'icc thsc thermal 
loads. lIe two 11ajor oppoltilitiks to exploit ic-
newable l'eSOill'ccs ill lsilile thP'2SC p!-utccsr. ap]-plar 
fo be ill food j40CC.Yiii anid ill (te htiillillg illcli-
als iidusttry. 

]od Proeissin,'. Va ils, ililnortmn i, od proes-
ing activiti s are ableI to ake usc of reitivahil t-

so11'<%-nctc Includinglii~ ,m.,andt ",ill-hyro.Canll-

flin plants Consume vast qualtitics of' steam ill the 
processcs of sterilization, pasteuvizationl and the 
bottlinl' ; ocess itsel'. Ic making i:. vcry important 
ill aa. X,'hccrr fislihiug is a maior iidustry. Very 
offtcn, tl,,:se areas are lOtal d far from lntpi la!ion 
,AeltCrs ,'he'rc lhe lai.rer iMaretsA, cxst. Iln order to 

prcser.' the catcl, ti ilsure: (fuality u/por delivery, 
the h] ,it inut1sI hC P.-at ilt kla, lint, Pl0itt (W(o the 

'eSsc, 1?.tf'igc'Jti n issslf. ,l, li C ,S:la'V ill ;aI'C S 
v ill t!'. talC ieCetalc, Ofr cut flower iuidus
ti [US. With It iiit"oducti-m e f snmal-. bionMass
fkueled ahm)iptioil rcfligration c(ltiiMicnt and Vet, 
through use o Xvild and plitIlooltac-Clectric tecel
nohogics, thcse2 lIsl cnid be ilicL throtu-,h,l: ,of i-Ii 
n.vabhles. 

Building .1Iaterial.s. Cecimic kiltis ilril'ir, ct 1lti
ml high giadetltthrniaf input to maintai tenlppr-
lures during. the firitg Iecs' . Mrick makigrI
,(llires therlal energy to fIr'C the clay. Lumber 

llst he dried after milling, and production of' ply
wood consumes large fualtiticl"s of' process steam. 
All thesu poccsses canI and iii mc Cases are being 

satislcd 'wili bionMass collvei'sll s stcnis Some of" 
thlem, if large Cleiligh to justif'y Ile capit'll expendi
1t11C, could be lmt by'Use I1eperatlre, .e o-MC! Of'IOW 

energiy. Ini lalrger pa.t sifes,11iil (.it tllese 
loads ligilt bC serviced by bionlass-piV'xycred co
g_.nerfl'i on sy>t.cIls. 

Summary 

Mutcl pltemltial rclains for' inirodlletioli of m-e
ievable eniergy re.sonUces and Itfchnoloijes to 

seive pi'odtctiv, valio-added plmc'esscs. which 
would provide incir'ascd income, opportunit,, and 
C0olmlliily developiment for iral awias. These also 
oflen preseint oipportluities for local and U.S. coi
planics willing to develop tcehnologies alppropritaie
ly designed to slui the local conditions ainid lnarket 

tLtant4. 
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NEW DMRECTONS FOR
 
AIDo'S RENEWABLE ENERGY
 

OVERVIEW techntology, and capital, in order to achieveIInthl;,;ij)11 ,,erh: IW' ) !] CUxilInCd Some1 Of' self-sustalining#soltlions to energy problem... 
tile 11,11,01 ('Coo ll~i_':If C',rod , i'ainQ%)InrCoJIrCblumi c twi Thti', to 

,,fhie nCvjable, ClieriCS 


lie' riL o(iio''ndteig' pV,r~ showniii ] mitigate household energy problems 
sC h:i'e lot had thl througlh C.xlatided hionlass supply and im

f'ir-rc;~lcfijlih iilf),, lt tiall ,11 :ldholped lHwy \, hill, le d utilL:, ion. 

I1!1.1 tlx\ i ':t\;l:dl .lertia tl, 1il .( cIII(-%t- institutionaltlhatl ',i ipft pII.lht,[,I iI. 
d rl- [m lurth, to i'Ceitcthe 1), ex'v and 

. IV-r -ondi lltis l tdi.,tlii sHIniid eIIerg, sector de
lilll~l l 'IIL'.,',tl-ll llia, fO\%(.l l lliollld 'lohtni")v \ 

Illtllitthiltt L i.,t.,fll ('li l"lthllxx x tckll-, 0I It,' 

f lci i' Iu~l umol'' lurf.t rt utll i'.vii te ,A .hirit, i e.iAa i/ D,,'Oa jectin.;. Real

lhi t ilhjir ), til il' - Iii', 11111"t 1w ftxwd (ill1'
nl1m .,thew ]{ ..t t -,.,.l.,h;\,' 

I t'oIs (0 CrCIIe tlht IICCe'SiL',,' ClIl rN'-levCli[ ,,be
. i f ustI' policy and iulstitm ill-nal fr ti v,,w (incilid+rk, Ilricim. 

!);ir-ci xiltt-,flfIt-R,i c ill [[ilKd, t)hl ;c ;ard ill-- ilg tla
.,tttnii Kl[I es aind l l ic.), W.sti onl coi litiois.;t xll+, it Of i 1,1hI ill u -I,,, ixtu, t]laliiid ilistlhltIiiil deV~fpirtlm~l ai'e ree~cti th pi

) ~ltltl' i v ' c,,of th i .t-,t, tllij till tixi II H I ',A Ml R 'ila 4ist.,x i-&l Vhistl+ fliadd lressCd. l 1icin e po ri
liilrtt.,rllol~ 1
c. liiii ,ilti. Ili;hh lltl s-, l [s1-1 lultl CiUS Wlich StIbidiu Coll% litiollil petrolCitI ffuels 
.., i ttLI.th N"illhllllth iixh\ f' hIdxc' 01'l"CC t'icits h. l ifichf x cIlCIte inertll) CS fOr the c.\ces-i\'e use 

x1u1c: fij/c it,,
in'lu ',', hI i pot'ilti:l, of these lit-Is aln( reduce th ilie ,ittivesfor cojisid-
O ];..].],
ELE+V't '.N' +'S.,;.,,++.. • rhlt rctwcivhf ,eal.,ruative~s rist~tuttiotal cochu 

ELEM-N-S F A. I.I. rENW;..,3L!- tions such as the, train tiona! government procure-
ENERGY ,SfRAfl-&, i orilie 

Ii ,,tp priathi Ait this tili, 


i , 6 IlolIrsl-OSl C lilpmueli( versus 
.\l.) to et:ibJx hil,life'-cycle' cost s,'riois'-iy inipCdes thC inlrOduC-

Nev I )iivtinw , it. ,, l, h.cmnhh,y K, ic'tlst,. til of, t,rti x," :,.Similarly detriimenttal is the
'lh I, ' i l1 wO101c.. c ititliitiitc i h" lc ,twahlicresearch and le'elopll t(1,1K li,. titId',,i 

,iI l mlixit 1tll1taid Ichm ijid iii C'.iiiC ,IlI.\x,;lhIC 1l1 I'11 primill y tw. R& ) instiilitions withlidi lieI 

(iptioti, M, nhc';IlpIl 
 rfkli:1,:1C imlflte ilil t t al efplal'i I'or Finally,nltpport couitncr,.ializatloll. 

rmal, I(,riiiitil;l
f. :11id other ,uc iiiit pllro- fiurihir i slhulionill f.v,,opil.(-tIt is nieeded to
 
. ,.. lhie .l
'.Cl it; ti'1 , ilo uiliit I pll l fhhn CreaeIltdij Cl st'ng, triiti-diatc riurail inslitt liolis ofrSyS
th ICIt", liL'', ,iti;l -l,
(.iihhlllc ill mid l1till till- It.tS, 51it'h its technicd nisis llice aind extcnsion
if Sit ationi'ici tl tAvlli x.,it.',.,.scrvics. to .tiii:'ldit the market fkv commercial 
"'lIiiS, iH( IV('jcfti'rIlintC'd tI'h'fIi'h Ir . -- ' rei 
hh: illstad. lltt and c rc' hy (,)(. 

,g h, i, i,, -, u., it"'c '\ihl.s.
 
,ml; cd 1 l!, uilt I' k k," Crdit plo nms to prov inancing isc'l0Jparative '\,At ,ii,ill I" cillld I'M. :nho lic xi'jous ct strlt !') ien itrduction of re-Ih 


\Vhat :ire f lh crill oi.;'ct,'-, iit \A.1.1V ,Niv, t,.v'l>,de t.,chlif ., cin
, high ca-ital costs and,
l)irectb ixi.' ill so-lic e ses, a! x +1hsliti;ufln'cip ii ,;.11A c'; cotm 

/'}l'i'/, Il'e ih" ,lflY I l 'f.xtI .
 
x is'I"t xi ll,.'i+I' 'I i'..'pIciih- [ 'tlifJ \'ic Sectc, 


i ; 'itc I - poitetih I i k of Mdi,'qitelu'tids ollstrain the pri
iii 'Kill) 
 In its i;tx-In 1tS t de c1op technologies

€Ife'\,.'lo'pi .'t cffoi .,,t'ih;ui.' iy iitiit';if itt o- ItM i"i tn t tiidu arid illthe est, lishment of pro
dic wrt llilltixity, ind c ollhiyptiliphlliiir-iic i atind111(idtcllr -ystc ls.Similarly, Consum
it111ltlc",. 
 ers are eonstrainied 'bythe hck of financing re-El ,)'co1l!, ill ,upp ihc:al iid !._S. [nix te suctor quiieJ to deflrav the hi,,her initial costs of renew

intitiatives (tosluply il 11Ar', etIL r ,' SIVices, able systes. 
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THE ROLE OF ECONOMIC GROWTH 
AN THE PRIVATE SECTOR 

Vithlnn IeI( g clw r a dc o pilieiit i[o aitl of 

'A l l ) . t il it nt t l c o t d r l mn ,.. ., t('1 1lll Lrt\vtII iS.L'OlSidCr 'd thIC." t .I 
driVine forc 'or self. 'iStaicld deCvlocmnt. Rurala n d l d e v e lo p m e ntt:i rlceCI m r,+:ca g qhi ttfr 
ali agrictthtial (l.v'loplllen arc tssential pr'-


rIachieving overal coAomic growth, anl

for ierng cnlplovuiteil, retarding nli,.ratiol to 

lrtlaiM ,l t, s a11d pILTllittilig mIoreI' ra li, use of 

limited lat 'uralrcsources,. Spcill lItcilt, ;I to tlecncly l~quitnlt't~f rral nti lgti u~t~al r 

ductiot systcls is thiCeftet es,ential. The ',StrateC-
~ie'I( fI'or .. thfe C Ofllami A. rTC0gui/es, IIII rti 

the private' sector ill achiting ti "lopullnti goals 

arid s+la's., "\X,,',e t'l1tic Zcl'll cts to place 
igrc:tCr reianc It fiec iiiM]t forces an thl ill-

ldignou-hprl\lch a 
f",+ c"lh , tlicints vcl h iciebltv+", 

eniie rgy Il t ' 1 iia ,' s",t(.. t. t li:t I'icsvabltsJf' '11( 

'dh slto Itial ,eCIt 'ill v. c npica lo 

il t vlt'\' lcli' ccIiiit I N S y yi p[ I\ 


Se'('i oI pi () itt l i I ln. t, tic,lm s, litd -,Iit"t ' 


lit l ie lilt !"I']ihiiV. iifl eiut'li u \t'l, t' s., A .I.I')ipu ,t c i a t ', hablt' itsis;in'c i. 

' l . I~ c; -, l t p rl i \ ' c; (lot tr+' , , " 1 1 \%o k c i l c nl t Icr xuo piciiioltiigrc 

Cani llv o it'tl by lhclpii. it) dc't'cop loc:ll ilil-
t te 'llm 11!dl pli r it v , l la tin g)( 'v r-c t-a p a lli ,or M "lt i - th e 

flies. I xs a s;l,n lilt h r, alld proect develoIers 
are pubrlic seca,, omci/itimis, as ill lie health, 
water suly. or clnltinicatti ti.ras, the private-' 
sctor ivs l i.lj roll-, ,is an scilicc off cquip-

Iticlit, , pail' suplie. hId plovicl ()I' ulaititllc-
1111CC ScIV1sT". 

At thc 'aloe1u 1111C,; IICC cernIncIIs have a lc-

csstr' mole it) pii i 'sablisltine teint'tiitiomnil 
coiiditions um'c.Csar\' 1 r '0 ',UTly.Non-enetr'yslum, 
go\etlllliLt'l l lii;ltienis aluu' c rv ;1vis i1pot ilt 
!Ulpplellital 1thi0lsimuphcueinaneou of altr-fo, 
malivc e s ail ICA'neuy 'cae ill eases. esall,-

plc where a miiarkct ii;ay nost.su Mi \leni tile 
illarlct is v'l,. (t'., \klut'iu n.Is :1re iluCOitlllr-

cial I 
iliut'la"'ahe I, litNI p ')tIlt i:iilti;Vit 

piilltitia] rles f'0r Il' loal atil U.. priv.tS sccto(', 
flolutg.4rnlicilkl ()Ii,.diiiualii ii t c\'Clopinitg 
cotll tv It,.%t'l clll', iIl lt rcnlt'\\l uhh' clilrgy area.w 

IMPORTANCE OF RURIAL AND 
DECENTRALIZED ENERGY SUPPLY 

Ill the paIs ilisufficicit tillt~iiionl hm, been givei 
to providing the energy infrastructtrc and poe\r 

I S,\, 1.1)1itit prinl for IIc',lhitn t (l t\ ,, h ttmg , D.C. Ilt.: lt'd), 
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required for rural agricultural, industrial and social 

developelnt. lmanples of mort" losses in agricul

t iral o u tpu t 11 r tc lit yta rIs (flile to ilis ffi, icri t or 

t1tiiit lia bIlC Oil O i' Lct iCit y sup p ly in the S uld an , 
Somalia, Sri I.:ilka, and Madagascar are examples

prolem. 2 In recogiion of is0f+1 +, tp 1h Is 
problem, A. I ).' Enefurgy Policy Pa pe r stated, 

-AL,. Will givC speCcial attention to providing 
cost-CffeT'ctive Ceurgy supplie. fa)r the 'urat ecolo

n.11 i o 

3 

.. i-,,niphasis on ,.hcciiraliied p'i\\,er suptpldy via 

the aplicatioi of rcunevai'ies supports broad 
A.I.l. policies of' promoting si.,iall-scale privatc enl

tcrprises,c s;, ,ti:Illy those ill rural :arCas anId smtnall 
tc',owns." It has benCll iiicreasiigl,, recognized thatt i s 

+emlierpie ply a nici ]arge" 

role ill I.C t'ecomitnes thanl previousl' thought,
oftei accounting for llore than halt' of' industrial 
pro',duction. 'l'ic of'lack rcliablc oi af'fordable 
ti\r\' supplies could t. ;I sclolil t'o lstraillt to tie 

f'n1furth r C.Xp lsioll of"such stiall iiili-tries or to the 
mo~in exlttisi\C of" Ii scss.re iitilii;ltiton cxistlii itsill 
S lh aii.as ir'w t 'ft'l 11,tosld sits for I' iLW Ible 

eilc'UNr :llli,'atiums,;tI as po"I e'c 'itioiI frolisna llIlitplrmo ii bIo itOss.i 

o Il l , : 1 n I n d iv idu a l s get -A l hl vin g p i i holls"lat ( to Il r 

tc and sell elcctricitv, cilhcr to icighborinig people 
a n dt c 'oll + ;Il nie s, o~rto flit- g rid , , l ,otc l tia lt y a ll e f'

t'-c'ic way of' ddliin sle l c\pacity or providing 

(l'etntrili/c I c ticity \vhih. niimi:.'ing the 

deimand onI pilic sector fimiatcill lsourt.cs. MaiLy 
firiiis ill tit tineral alnd ,gro-proccssiulg industries 

(espccially sugtar factories and paper mills), have 
gcnerated clectricity am! priocess heal fioth bagasse 
Or Wood Waste to sCI\'e their O\VII ticeds alld hIvC 

oftln provided power to einlo ccs' d\vellings or 

tncilyihors. Fxpanding and replicating this model is 
t logic:,l nans (f' ilnproving Cteriy'll-ivery to 

rural a iels. 

Rencwable einergy techloloogi arc hiot uniquely 
suited to p'ivate pO\VeI" plrolucion. Ill lainy Icases 
f'ossil fucl systemrs would be tieIcast-cost, logical 
choice; ill others, depelding onll rellewable resource 
etltdowititis altd fuel piices rencwalcs are more 
apptopriate. Assisting profit-nmotivatcd firms and 

tcitreprellcurs ald providig a broad choice of gen
crating techitology, v.'ithin cnivirttmnlncttal anid other 
policy guidelines, appears to b the tilost appropri
ate incalls of' promoting lcast-cos soltions. 

D:ECE.N..'\. IiUPljl I(I I t Wt.' :llt, I cchtduutgVt'.l';tll LI'F D F N FcC [ 
S,,,,Ji Ir S',tvms fir icnr iti lectvhtlltnull ill Rural Arts: A Strite

', II.v . A ID ,. tL.ie-;. Paper, i,,'rg, (\,VahiuitrI. h'ly 

19.ltI S.A.It). Il-It' 1l rgy, Energy n-0tu hirite Svclor, 1'nergy1 01 
fi~r Dtt'.l+ lllltIapvt N,. 3 (W.\ashillgto(i, A .,: U.S.A.I.I). (October 

I9s51. 
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TABLE 4. POSSIBIA' F()RM )SF PRIVATE SFI_()R. (: )V IR ENT ANDNONGOVERNMENT G()R(ANIZATION INVOIVEMENT IN RENEWABLE ENERGY 
I)ISSIM INATION 

Local Private Sector 

" Equipmentcsign or adaptation 

" Eqtipillcroniritalfacturc 

" I.quipnient assembly 

" I)isiribut ion anl sales 


Stlacility c,.,l,rtiC oll 
* Maintcmiiice ail spare parts supply 

IU.S. Private Sector 

1:lui niilieiliccnSilIg Mi] joint vCntures
• l''q~ipm
nl csiilor .1dalptatioll 

11t1inmlu c:* lI nlanult l ic illn sales 

* l estniIllt ill pro.clcs 
* Scrvices lch as nlilllcn( e iMaS .istalice 

antd spare par(, supply 
Ireparaiion of" 1'ciasibiliiy studies 

NEW DIRECTIONS IN RENEWABLE 

ENERGY AC'I":VITIES 

New Dircctiots for A.l.l).'s reiiewable energy 

activities (and associatcd pit)graiis) arc required in
o~rdei toiio efct'\cively develop the relliewazbleIwe~t


orde k)morc011clivdycvclp dc reewiic 
and irndigcnous energy lesonrces nccdcd For rural 
econom lic developi ncil . lhe follow ingt h e s N e l'i describestr c c i~ m .;s we l : s sle c t d c rr e 

these New re vl(l SinsisNS as slc't ed current 

Al.lD.'s rcii\,sahle energy activities program 
will he dirced to sppor the followingNe 

rect toils: 


m Private Sector ('ollaboration 
lXpanded (p'Jiotl hi't''#ill ., (lfid U.S. 

and de'lelopini countrt, rt'nelabh' eemrg, firms 
and dri'ilopr, to ncrge A.1.D. knowledge of 
country coist raints and conditions and A.MID. 
technical anid finacial support with private 
sctor Skills IildeSiiftia, factnr, aiid market-
ing. 

U Rural )evelopnent and Private interprise 
Support 

T'chnical Ulsisal coto mission private enterprise 
and ruraldcvelol mn programs wi// be increased 
to ensure provisimi of adequate renewable and 
other sourccs o" ,nergy for projects requiring 

Nongovernment Organizations 

* Training and exiciision 
* Needs assessient
 
0 Public education
 
• Small-scale production promotion 

Government 

* Intituitonal and policy framework
 
a Extcnsion
 

new energy sources to identify energy business 
opportunities, and to provide information and 
training for A.!.I). staff on energy options forhealth, agriculture, and other rural develop
ment activities. 

i Trahiling inlSupport of Reuewables
 
CorcialiS t o f
 
Renew al i ert inlen , ahbn'o '1 c "~[ rui ning .ponsored h ;' .1 .1 . D. 
l '/ated iniliatir,'< will be eXpanded to sup

port the L)C private sector and stimulate the 
commercial use of rcnc\\,ahles in water pump
ing, health, rural eonercial-iidusl'ial applica

1ions, dcccliiril izCd electric power supply,aiid 

allong other rural development applications. 
H Emphasis on liplenenitation 

Deve'lopmnt oJ" t'nnoative .financing schemes to 
assist inithe conmmercial penetration of renew
ables into rural and dispersed private markets. 
Epaunsion of risk-staring via feasibility study 
and c her explicit support, such as targeted use 
of the A.I.D. comnmodily import program to fa

cilitate U.S. and LDC private sector ventures 
to transfer, adapt, and market cost-effective 

riral energy systemus. 
Furt/er dev,'/opment and adaptation of energy 
production and uti/t.(atioti technloogi for selected 
high priority rural development applications, in
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'
cludiuig ild'i,t atino f I Ilitd States rIC wahL 
eC ._q(ILI,|[',IM-111.I 

('oordinated Action 
R hic olu1 '(,'; dolor coordilaio (1Ir e'-
arpilh, \vitlh lit 'I.,r Sector Manageniert 
A tsicls)w lbrZ,i tit of tt \\)Iorhi laniik, aeh1)tig 
otl rS) ',,ill sli'1iu t0 llt)c t.'llt'ttji,.y uiti-hC j 
lize A.I.I) o tolcc- ili h,_lp de'elo p,licy 
collclilio Sll 1i. Csal\ I'M th liltroductio f 

IICW tIeI' yVS0111CL's, 

CURRENT RENEWABLE ENERGY 

ACTIVITIES 

Biomass Energy Systems 

Tht' iliCIitcre Svstcis ald Icchlliogy (liST) 
iProjectt i,,intcilcd to dcs,ii'i, dcvi l. and inipie-
talunit p tet.,cls lill, It Theliid lh lltli2"', 

pIl'itct 1, rC l\ll l 'td( d tIo vO ik I, llCC I)ri-

mlarv scl rs: l. b aci ciit,ant[ustlrlar ,, iCe. rcusi 
oti.. pr ~d n ,.',t i /l ti oli,.q. To.es e nccri l s Iv 

Ing a.'. . iIls .. rot ci UIl ',lalitric , lr .li l 
p cl','h ilil, ,IY , 11i 1CL alrh III,o-, l , 11 t1 rcsW hhol a.S 

s.,uu+tirc'c .1 ,tli].':lli p+tn: ,+tc v~ , 


,to tild ciciplt ccane
\tililltti s-,l',110 .,, e it('\\.
AsI aii eSaLI0iC( I itS I [MWs A. IiCs di.hsits(iiY

aid t.ric.it W.1 A; :itl\ lcc lo din ilicltill 

i y tcrgti , Pie . h llais mI,,tl iii/inpf1kth 

ti~iti ,.is iiCXilII',I!iri l'tiIit liOnt 


A,, i n iih coollc c aCti iti ,ksniditi .. hC 

htlgt' tCscr . c n tiiiti graiv'w,hich 


C 1tla's S IC ) l tdICLll tt '-JiC to-,0xa lp I('ion, 


clnc ticil 11 t i \ Itui1A. i) tidcc iadal lerc tia
1 011 s 

ate, panli Dcv,,, ah.-niei an:ti lis ira-id iror t trl. 
particu ai
lati,, iS al,, s cutls, s ,iitii;ctijie piil-

gate he )(,)It CCOl Mli ('0t)lit 60 t' 11rC i-IIFt 

dustrnta!, in l ol i atnd Iici ,lles l()il
llloyila Il'ai IIiti 
theC agr-ict~lturlal iCt101 oI, 11attv dcvchol~illi_ coi:l-

itas. [.S.A.I.. it gta e,ca1 pt ia
been -i.. 
coopcratil, \0111itheh o)l IlhcA.I.t). icc i.ergy, 

Tlrade and lP\c~mCHtrogriti, and the UT.S. 

and Jaillt.call pri,.i;th.
>tutors, is,colIductinqg i pilot 

Callc clwtrl y p11ok,rlalil. 01' cam, po-
Stilics ellcrgy 
tential ill ]hlndur'ls, the( P'hilipplines, and)(Thailand 
ha\.c A o lic ii un d er:tak en, a i ,.mgoth rs.:', 

Renewable Energy Applications 

Anolicr CCIt rally 'ided prograi is the RCnCw-
able ,nergy A ppiications and Training Pro'jcet 
(RtAT). liTh i roject is rcsl)isibc foIr the assess-
mrcIt of Al.i ).'s past exptricnL with r cne.walcs, 
recolmmnati( otfnc". initiatives in rcncwalelh 
energy tccht-ohlli, for riiral and ag-ricultural devel-

opnliei, aili coordination ail stlilip),t Of A.I.). 

11 S.A. 1 , C ci-,, ,d I ric')u. ro fr St':;r t tl I'r,dctiu inJa-
inlflicii, Iiiei i! , I ;111,1lrtI h , ' I Pl'I I1..c I 5V luiiwi141u, 
U S.A.1 it,r 19841)1),), 
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progranis to identify markets and conrtincrcialize :,
IIC'\\Va!tIC tCCuhn ,-,.I''tflg 


F'ile REAT roeli)t'c sc,.e,tI achicvc t5hc objec
tiw, it) pc:-,In vilth A.I.D.'s and re,_ool missiols 

giotit hula s tIlioligh the biiiov,'inlg activities:
 
* Assistance to the I.I)C ant U.S. privato sector 

j in i tifyin dvchlOp IItllt orientI.l applications 
Of i,.ii'cv Thtc, -.nd stlp orl otf the design and 

iA, lll)lcnllt l ittll I'" com 1ericrcialIy oriented 
p:ouJucts. 

Si liint til1.1) I.I)Chatilals t'roni the private
M pblicOC 1.s ilatifaloni t prodne

alid puIlbiC sCC,.ohin)ILi Oduu' tliCatillOn )[' 

liVe ts,'s OflicIi\v'aihC teciology, design of' 

applicat ionc,and cull,._trcializatiOcn of tCclIno!

0gY
 

ilfolrmal ftilire 
,\vablcsapplicati,.ol, a aid results of 

lrovisill (itof ion oin Iast and re
ldstalilr,, 

ieC 'iitshl,+.tcdIhnology I\C'CarsIIc ll iLti onstria
l io tilt, , 1..S. pli\ate sctcors, IDCII)( arid 
gO \ 'cI IIIC IIts , ill t t N ( io 's , :ino ii e o the r s . 

ship" lo 'silil l i ci oni a r adal atiorI clsre i l rt , 
o f', A .I. I). ji to ro . d iIuOj CCt ,.stra soMIn p- va t e 
~ '.'i,.all ltrll i tjall (/\ll )i-ltlbislry s sne'll~sc o OIriCnI s i n d to ansret ttchnlttdefld l 


l ). it''ei epreicionst l ratio Itad to coii.f .'rcializati,.l. lhis in-

Cup otlCSilltiral gl .it lit u " toatl ustrl 

illp Oil c StiCdiiingiansiness 

OeSsI IIi ll i(iS aCtW Cpta iI C d U.S.l'l l 
b sine at the indus ry bersr ss rcintihi ln 
p ll vliacit i xpiortiititll and teiongd.tCtl\IIes 


ooy ad r btnaaeiole
 

a Snpport to aplhei r-ageacy Commiteelom Re
n ewab s tcciyii ommtrce htnd d rade 

e((C l l 'iT), adaptationincluding sl A.II. 
progal s illtllpelillixtt e sand COili odlitNxport to 
hol~tl- e e t U.S. inldttSry x otl_oI_O al a d SuplgXI 


port overall education activities 'Or dvloating
COtmltr'iCS Oil rtcI_\V'allCe er y 

[] Surq)Iort to appli,.ed reetalrch all( developmen~t 
oil r-cnt+walhdts [cclilology ItoIliche develop) 
certain priority appIlications, adapt file scale and 
collplexity ofl'availahh., equipment ItoIDC 
I arkcls, a nd assist III id eli ftying innlovatiw., 

productive, and cisulimcr markets. One option
tedr consitcration woult be to sponsor conm

peitiwe prolp)osals 10r tecitoiogy adaptation to 
LDC mirkets, with a,",ris tt support develop
n tt.lilatld collllclrci:iization. 

Household Fuels 
/L'n,"' +;u/i,,.. lior house-The stratcgy meeting 

hold cn rgy needs i runral areas is emiphasizing 
new tilechanisnis for thie supp)ly of traditional fuels. 

aI rCstrv-tvpeT hese i[Il c aIyr )IOtl initiatives to 

produce wooil flei (nouinally in a multipurpose 

http:appli,.ed
http:applicati,.ol
http:t.ric.it


svstcuii) ald oher ehrt, to utltitutc Of t.e alitr- Iiitderstiitding the fue sa]s'-ing and heailth and crlvi
native fukels, iluiclig pet:rletiit ad lcctricitv , Is iiiiittIlti impacts of'intprovd cooking devices,
well as the use of, ag.ri,:ulltial pro'cssiitg rcsiducs tiler ;Itttttiou is bein+ giVetC to these is. 
and coal-biolnlass residue ittlitre a".stitppleiitiits.
 
A greater ttndcrstanding l tradiimnal fuel iiirkcts Energy and Irrigation
 
is required to asi~t inI platiiIt auCt e 'I.titlg inte- Ilh, centrally futinded activity is designed to pro
vetltils, partitilairly priiig,policy'. miote te e tCitclije til ii i o.iwater for irriga-

Fl'"I' 'h//ica:01 ( 'serTWo,' z. Stuidics sliy that tion it A.1.).-;IssiStcd (tAnutriCs. Thle p'ogr. . stp
coiistrv tint " +t it ,t ,''cs t0lht\', scalrit \ aitd/or l rs iIItprt)ivt't s iIi t , performance of' c xistljlg
highter pirs.. FIil ll that i., extretnclY _if'fi- siiill water puniping ystet'ills, cleelopucn it of a tenic it 

iittlttdtC ov\tlits,e.'tCsei'V, 
rCsitircCs hCIe'oTC r,titices at Irea,;dV tiltriC 

cult 1t itItc to hiOitiMSS iiICtilo gv fr selecting small putlpilig systems, 
tcPlf , ptrotrtioin of ititcgrated suualt-sysiteiln for waler 

lc'ogiine lW dit'he olI;ittc'ttptinte to COH- supy'fii itiigatiit ,lfftlt \ tid dis(e iitnittin 01' iitforuit
seire ftie'l-s, rcs-trce t ehiin La ,tth to thosc titH Oil co}lllltie cialliy aivail alel optiot ,oi r \vater 

,
trc w' ith Il(' l' ,I chll r o " Icc ,,. ..). ptttpi g antd ctiur,\, -,teiIls and ,quiipililcit. v',iC 
st'ate \will h t i ,,it Pp ll i)t ',t this Is ilt prilliarily a l..w.ulc citleriz -orii tcdC S'- i 
\atitn .tItt' ,lienk;lt'd Itixhcct d!L'YA.t-C!',. etttNtmuc it does serve idtnify'v ippr.p-iatc rolesV Jtil" OtW \t~'t \uth C',,,it2c, pttn, i".2-IT0t1'lt, to t')d, of 
uels, lse t.hptlitte s.ct )I'Olt-isil te lust i Ilt and supports ohi1cetive review of' 

tlo n ll mi InTaukciiii ' 'illd ot'{I',[C 'Illt pl[It'li.:li t11n opio ns".'
 

t'lI"sh-'t 
liiii e aid latre -sC aC r tdCtioii. linal- -. S A. i i . l.il.of itw, Drafi Prorom Piii- 988 -89 1Wal. 
Iv. silic I cqtaIteI i b:eei d I glon. 1) I ''.Sitti tttitii )I (Ievoted o AI i) , I ccm ,ii),t7T 
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APPENDI A
 

A.I.D. RENEWABLE ENERGY DATABASE 

I'll"\ tL'. :% I 1 I I (iltli 1nt1) \L OpIII'lI I wtich( i Ihe AI I) I ihrary. I he reports may
 
t.v.1.).) ReInI'A I nir,,l'\i
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I r111I11 
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Cal appticallIN , 'iI,i li 'C C W- plle se, 

),fItIkIo L'S. c IIt, \ \ liltiII . 8-11'III()1111iN L it hi k ) I c 

tlt,a n and c ' I e\ lltlt1 n , )11 \ iOi',[)dClIh)i(I. ;Ii 
,f c eine y III i t'h11 ll- uveioP \ Ii I 1, lilt I],1,I i11pn Chl;,1 ;t nienth Agt' tAi-oitIr : se

11811' I IN li~tili ltC \l idiI,,d " I I LIIih uef ichi - ptl lti ~ j~L ;tiiiij ht-~i s a t
unde ir i ie nin I N Cri2 222Ilt,\'%' IStll n
 

505lVY l AltI I -hlt,I IL' 1t'Ite I Ltl)'hl Che-1 i 15I i 1. 1lar\ n w " 2 

Mll]lbi ~l'
p o I.ll\ III)III iciIIlCI U I~i t .\P W, l ISIS N I \im Sl t t 200( 

Ltill~ierev lj i r dIl l i Ii;iirAiew o ( T'l 12)1t)'3 \'iii!It5it-
tcI") IIIA Lt) li ktb<i<,C P,O i tc'l "7;511, l l, 1itht' L I' , [It 
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lil tildatahi,,l m c liilil"+ to: t> l ib t,. ic'c'c',s File, 

HEI.Ilt'lMJ~ClHILc'Ilil tIikil' L' linked Ilt, I )(-\cJlopnliviii ion 
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)ff-it, of, [i2nu Docu'llwl'ill nlt ]11llrimiontl H[andling
 

Hutc/caltlt1t0")Cicncc'Mnid' 2chlilogNy Facilit%
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APPENDIX B 

SUMMARY OF OThER DONOR EXPERIENCE IN RESPONSE 
TO A.I.D. REQUEST FOR INFORMATION 

hr l 


Se,Slntg retxx sibh l, ri v ,,sfieritrte.. plrtainiiiary 


illtjili s we're' )t de I hrt it or init-'aitional 


I 	 order to h[roadn i ti i t" \prrIrurrce for 

Cie

Vt'lpllcll axx;Isslc Iilc.ltwS Ih t,f llowii blief-

1 s1;tIn;si/.ii le r:1,cpoh r-,-, lrri\rd. 


World Bank 
" it m IdWti illi.i h .1"I ilut, 4 inoi n ('re., aS-


ss,,tslt'e Il!t'ee lix\t01', jar' ]l.rlitlZ fo(r lmajo'r 


Sitl11 ) 11(il' I llaRotJL I 

seti 't ;'i,.e- IoitrnIP sil i' h t k
, I I t llh it it il tl ,f+,'" i lo, 

',-'110l<>lH ll~cll'll iI, Alldl Wl 'I:tii lt1-1L 

R~\idc', Ill(,itli 0,mti lt.l wilti onl tcl 

' 

., 	 t, tf • 

il 'lV t" t i lr "', al'! 'it til t (01,1'i I 


l andlii h\tll, \\ til] 'ti, i,ltisil'i h, < 
11-


,Ilh.IIlt <, 
hi hIitC l i tj;iutl it~ et tlr it(i,,iit :itii! 

Willi r)l\ ll i ii.'i t t 	 I ll h iii , i ill . 

1 11 111 11o'I I Ii-

slhi ,,!c]H; ,. \l .' l lhlli. I Iilh1ii%I )hcI.( IiIi 1l0i,1.I+wilit"'t\\I ,;Ilid i,t+ \ i l.,jlIi. l 

\kl lli tai, I tiltlii rl. I I!, i ;iillIJ u ii it ;i 

S 	 Vlilcti lt / rlel Iinl l,, lc ! 

,ll l't't ,,Clt: 11,/i'+,i, <I dt t1t'rflit.I i I till 

r <+,5iit1111. 

* 	 i -,I llir II llix k l i ,l I'th144,1l ;d 

AAli't'tililt% ti," JLll.d! llc.'i! Ipo)ill llll 


11ll0' tilt I'll 	 hl( i b 
5 4lAl" 


lt \ ti lttill ilewablesh 


,ltIi'il1lt.'\,-, lt iit , lc alid te-l-rti 11 ttelili il 

l itliic( \ i ,itl,:,i( I dll Ill:1 l l ill. ,1114, 

I. .llir xx;iti i~t ai] l . '.ii ill \ s ir 1iilleSiiolt\1i. t i\ r< pull',l'l',Iit ih 
whill lit. tclimi,-,, .1' 0 allv b 

pl,.!I+;i, 

i , 11\1i 

il, t. 
) 1 Ii w , , \ k i t h 1 . , - l41 , ) [ 1 t p f ( 1 1 1 1 I' t +ut+ t ") )1 ' 

fI- W hiicli I ItII II , tin 'l r lit t(ir, 

flit ij-,is I'I ctir t i taiil I(tI)cpraI it iN, large-
' rI Ih iill. 

ieV piiVlph)i (Ilt l', r wood andlnt 

wiin-,,iid, col rnt' tnlll'oilar collcIors for in

titistriAl pIrO eNs li';It, M Iand ail~tIIttfion. i 

United Nations Development Prcgram (UNDP) 
lTI I.L NI)]' hamS i idikrLt l Irgr numbe1,1l.r of 

oreilrgy ploter.S on-ei1il during, tilec [heu \,lwrld
httla,"I \fivcNcal"+ . ,l)(i~lit l.,+, f' w rw'llc\v;IhicJu etnergyLs ierrn xruilrsfrrnwbeeeg 
plogr irill" vrtr r".tin sllti a!1 ;abo[t $'13 millioll 
f~roni 111) 983: ,A\lilr.o.\iisieuv 32 ; of t ND) ) 

Ilinite PIS :11111 lflIlx N Of UN M Il 
.itiBa ltci i", llt lt, i\c - Oi t' t pil uog1111 , itfs veel\i -ig 

< tic pail\i~t+;tiilki-l, I' l' I N>r',I'tilhlWOO l, 

'lli .iti'+;ll A~4lh .d rgt \ti M ot, {UN I)P 

liccl I"+ll llc.{' ,4 1 (1 4 ;1 1 iI L d lc I , l l 

United Kingdom--Overseas Development
 
Administration (ODA4)
 

()1M A\ slid i li rtl iit' itltl.\ ,llIC-\\v I C eenerg

t1t,':l l haslilIIh 'e i l hi' l el Viciclif vh t l.)ew ind 

l 9IM!+.l1tii :111( .i c IiI:I )i I n,,ai IIllhI I ( I lt I 1t hijii .II) .I lirrili, ti 

So I (''k- 1110Sc 1o,e't(Itl \l lil il t'l\i r(.I(lh n t+"Iniftl-II(lit tiiin inxt li i k1 * I L lc' hlcli\'I ii iroUropieil 

( ollr li l c'i lh illcr i ( it.it tulril, a ind lI rtropical 

I1trerii ax iv hnllultt wood rit.rxoii,e S1ilr Lls nillf 

tlfii, i l' r IS ill lSOll 11;t1, !+t'So Illi 

hteil'ari, Zinitiha e, India, amitd Nel):i: x (tOLi-iiretd 

thernial flt \powr "tilltw , 5ilt chliituu il pr, tluh im ll 
inlil-oveliitil Ill t ' P i'ppti it'S, • fi'ut-cf'tit+n 

Si w niips Nul;ipSltot ieis. ill tIui k;i, Kpi i, sinul l ihe , 
,it inhl4 iid Will IIttle Ill Kiriiv:t i Pittetaoi anllr,. 

}l ' 
p II )WS,: a rt'ilaccrliilc l !'0 i~ltltional 

( l't\ 1 S iiti WltIl irert( pri' lcill roll'S fol re

futls, 11 elhrrlV oiit fI'or rilrl tfVel-.v lllenl, and 
fr ik tl(liittC iti ,lSpai ic at, fol tookiiip it. 

' leaidroit on t.liclltolo . allllip ili( in hy
( M A,, inlcludted:l 

I niritl!s I ra ii lti ill i hl, doping ('Ililun ritn, I\\ lli tt , I)( ( Ii kt'. 9l " 
1t'.i dl t II 0'175 (.,. ,I l tI',N, I 'it llkkWt)l t 

-
I t h ' t Q S , ItM+ 	 .- . q i t i 'l o v r"h 1 1 , h ,wnt r S~" , ' . Im % l a ina gl-- lmi nl i A w s t, , 

Ol, tterl)s ini,1ri (. I i~ti .i Infoirmatlion Ilrit-f OVx.,ishin D)C., ,April 

I QM, )..rod tNI)W \ th link. Annuil Rtport (f the tLNl)l'/"Vorld 
hank hi.cri Stctor I'rogirums: Achitt'ments lit(] !ttirt l)irettions 
V. lWtlltltllt. 1)l Aprii 1145) 
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1. 	 remote colniiUillilis ar i'USillv rHot t11 With regard t) spc:'ific tcchiiologies, fndirngs in

best pl'c or trials o1 neCw tcChInology dilL C'ttded the 	following: 
to 	 logistic-,s aid lack of local skills; .	 uel-conrservrrg stoves all be developed 

2. 	 bioniass tchniologies Iive tle most prom- id successfully disseminated, as done by
ise for wid(csp read lllpacl C;,'I'T in 1Burkina F-aso and Nier. 

3. 	ethanol icc~lrioloy frcr cane ,tN1 roasss 2. Small-scale hnydro f(or electric power andis kliowr., hill cen.riollrlljs are' Very site.-s pecilekirti dbpitit oiisliecost CfI alNt,rnil- land-punips for small-scale water slupply,ti'slO 
respectively, are hoti wCll-proven andavailable technologies with4. 	al good rIlrl'lei' e'.i,,ts- for significant (butsniill-scalc sleaurll
4n. , i isiri: htior.a :is we'cll ais c'nLiolo-
tMI 	 rdifferent) lydro requires moremnarkt1s. 

)1iitjtii 1y 1l 	 s':t.', itt) commercia .transfer of, planling and production exper
fucls: tise as well a developmlnllt of' new finllC-

Sw , ib iing schlemes. 
.ttt t Ii,-t1, of3. GA'II report,.ed lack of' confidenct in tch1()() k V slot ihl , aJi iii k tool once -llr o h 

prt)\'eIO \01iil rit-c it -l tl \\ind cenera- iolog', alti/o lrobably ,'lowpotential im
r", v%ill prohlb IioW hl\cs a;I -lor pacts for bionrass gisificrs and solar cookirarkct 


until i prices rise siTri'icrrol\ ers and iidicalted 
 than 1\W phrupng, lIght
0. 	 wind pumps are Jr alt raciv t .l'uloV illg, aid soltll hririal Systlls were lot yel 

self-sustairring without exteriral finan1l1cial 

ar. gt,)t. I iiII: ii u (ti', proVC support." 

tclrlt' ai 'uppl\ <f ' ;irl	 Canada-International Development and 

Research Center (IDRC) and Canadian 
GTZ and Germarn Appropriate Technology International Development Agency (CIDA)
Exchange (GATE) II )R(' is i researclh-orieintetl ci ]rrren of' Canada's 

.,llLr.\\bit t'r , lcc lir\ iii ec'':isitdt'l'l .itl pro)raii. h blen activeII)RC is in the energy
stppl It tilie (At.1 Specil]I IrcV Pi'lorirll trea ar(i has I'undd rsearli 1i1 etergy policy,
(S 1: P). I c i tlct illed hav\' b:'r lihydro- lullwood aiad fuelwood conservatioll alld solar 
po)\\er, \liii pilrlilpliuc aii, clclricits ciiLalic, dri er.rinilLr. iiy.Support is channeled to [)" re
bilogs, tai le"thri, p litils, solar lrvers, search institutions ail/or other I.!)C groups. Ap
rrrrI tili ,' t st , htiltI%;Ix \\(tl)(Li aidI pullips, pli)xiriate l6 Inillior Callafiall dollars have been 

ali-tirri! tIlhles ewpilldir Oftt i1 SI , spet 

to h1i\, b t(' .I pprtillilt,]\ $.3 5 inillito i f .12 with about 4(1,'.' 


1h' i ap irs on enrirgv-rclate.d pro1,ts fron 1970 to date, 
spent in Africa for proici,cts largely 

t)iL.CCIs he -;i I' ctC ic' itit'S (I niiL etrilrites,: relaled to fiielx'tood. The (',ni lia IlierriationalSUltii, K .nva. l"ar!nii, Mali, Nigcr, Bhirkinia I)vel,p)nnit Agct.cy alsoihas i large cergy pro-
Faso, hI. I'lhilippilis. PI.ru. nid (.olulibia. (iAll cailiC ichi haCb21 involveCd in a variety of sub
epo)risi liicti, success'L,, hIs ben aicILl.l stalliial enerlg. aid electricity plaulning and instruc

tlirnclig local pl.altite e ._cirrir acene ic,, urp alirig lioll pio e t',, alliolig olhers.'."
 
close ito il'c A olmlj,
 

( criirian t' sperici ~c,xxiihIi r eable, itcch ol~iog\ Organization of American States (OAS)

iucluded hlihfllwine lesson, 
 lie ()AS perforns prefeasibility aid feasibility 

.	 l'rre.ible rchIItto!,lgy fromi developelI stidies, prepares alnal vses of' developennt ieeds of 
cou t ni.s, ill ulllliv e'a,,s , has been-1 too ctlli- illo.Illber stles, arid prorvides limited technical as
pliCatl.d allid IrrsifficirCnlv adaptedIo local sistari.e. ProJects have included feasibility studies
conditions to h used, produC:ed, or niarkct- of' air alcohol plan' -olar dryers, wood gasifiers,
ei in I.IMt.s. solar rLfrige attirs, a wood ig'asifier dmcionstration 

2. 	 Ecoiomic iailit v veryn (ICpeuids ich nli projec't (Costa R'ca), aid t wood-tfrred power plan. 
sile-spccific conditions nd is dithcult to
 
g e-icrali 1 


41 ito ' lr ' i, .i ul, Ie iiir%'h ii I ) I . , I 9 t A Ilacli ln'trn 

3. 	 Socioctrltlmr-il factors play a signrificant role "lIpr t Im'p 5 si iII' Sukppl\, r IDc\chltring 'oriltries 
ill ILcccptalce off rerciwablex iy (c.,4v . c 

1 

I. U l% ilwi.! R'cui-c ind 'enmcrvalioi oflroc '" Specii n rl:) I'rograni: Ivi lhpnitui PolicO (iopretriiinin the 
St'ct;r, ,. t elcriter f rin1 1) 1. itrli,ii to Sieve Ilirwch, VITA, Jiuty 22, 1986, lteirefri)l J. 1 ,cph I1I lli , Vice irc,,icr-Ret'search Prigr:an%,wil li iimi ts ;llld1dl t'N0h Ir;i 'li jilt S ;II tlach . II)Rt', , - rti i t 20). 1986, 
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The OAS appears to have a limited renewable Finnish International Development Agency 
encrgy program." ; (FINNIDA) 

FINNII)A's renewhle energy :ictivities have 
been oriented toward fbrestr,v and fudcwood con
servation and li;i\c icludcd umcro-hrydro Ileasibility 
studies. The val tie o , Ongo inig enecrgy projects Was 

indicated to !c approxitmately S29Iril iotl.7 
I'cr'tuI8 (.'ntTI,~l~.tl III ], \,'a |t . l'; . So or I licrgv Spcci:ik-, 

I'Ci.irInC11t of Regionllr I i,e. ()rg'ani i of ,\r!c'I'aih Stalte,ontlo 

(kfoei~c 2, 11,M, 5,5iiida, I IIlci I'rmn KmI ;ii k . A ,I , it I[ I )it I I Ju I , 1986. 
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APPENDIX C 

SUMMA RY OF A WORKSHOP ON: NEW DIRECTIONS FOR 
A.ID. RENEWABLE ENERGY ACTIVITIES 

EXECUTIVE SUMMARY 
F andThe( ,ffi-c 0 1 re SCierrce,icrey. 

"'hl lt+ ., Is Ct 111111t6t ll ;,+ rc(% !S,++S'-,lllellt A '[ re-

IeWIble clierey nLnd, t}e ReCnw Fabhleierg' Ap-


plicatian, mrid l :1tilililL' (RF-.IB ,iproject. ,0 part )f 


RIl7AT., it Interiln R pl t. "N k, l)irccti,ris fOr 


AAAl)." ~ ab.e Iie\ W3tites
111 00111-


pIct Id il l-( rumirv 1,1'7 tht rtu,\nc d past 


prii .l'111c, cs rii tl I l',''.I', vllitlted
\nd 
tilie ol," f r!cclilo ,iOL,, ;'l!d 
rCConii l,_l'nj dl nle\' (iiJll t f t .\.A II . r ce ibhL 
lnliW..y, 

.\ \-d. \vomrkdliep. hil Scptcnnbcr 21) 
tiriough ( )eiti. 1, I'82g7 \iinn~+li, N yhd,1

i, puuli, 
ti l ttilllnit R le tt nild :ill ipli,ltnlity t\i s.har .:cx-

s wi\d.1 t 1rtlfortie riti cl review o( 

.pricl ic ll p mitLl ()I' i'v ti n lc e lei ee I y. 

I\ N,',.,ol, \Vere i.iix'ld it Ili Iiitt iiLl. [he' 


S -i:-;tC.,i+lt'lii td the Illt(teili RCpOlt prephired 

hv tiie' iee iud coirlalnctol,l n it, Oak 

i'id iuN itlionll I :ihatl J\. I ith ('t intl ",(slonil til-


(lti'i ldi' I ) l'IT\\ i'ir1\ UJ.S.h itle'l: e tlld 

lliidC III renewale te'hniol,_ i2) 

Clitn2 MittersI atl ;i,trictllur;l] develop-nld Iral 
n1cnt: and (3) }i ,uic, irlsk, ,,ppl\ anid ncinjaud. 
Ililc fm-hl,\c. 2 stlilillNarV the1.\e1i111 Ic rc._sclIts 

,viis,,', v"eo3l'ee l, , u.,+rksl:en lerticipalts en a 
nnitlber A" topcs, idtetdlC,, 

Interim Report Review 
Rcnewahl, ]-ner'iv I Cc/,olo,'r. lhic Interim 

Rcport had pr:pIseu a priori:y -anking of' renew-
able tecliloheics or 1.). to colcentrate on. 
'ty p:itl'cipailtL I-t that a global priority raiinkrig 

of tecltiolocs I" inlppr priate ,lcn varying Ia-
tiOltal l.soulrc nilixes, cntcryIN p-icc,, id hlnniar 
and nateli:l factors. Ih1ewc ., A..1). still necds to 
prni\'ide Cxplicit gnidalicC to lhe iicl on Ic viahili-
tv of difflercnt nICie ables. lhe tchnfology and 

project cvilatiOil criteria o tilec report sllould be 
broadc d to ilncluJ, scil Mid c1'lrornnrital corn-
siderations. lie hasis fCor .v,liatioil should be 
clarified. Is success to be lse) on original objec-
lives (which mav have been research aid demon-
stration, not dissemirat ion) or on present priorities, 
including energy supply and replication. More at-

tent ion should be given in tile final assessment 
report to institutional oro)bhlns ill implementation 
and A.l.l).'s internal constraints in project design,l tr ] i ll p o 

nlnagement, and l'ndiig. 

llou ic,,md l Fil,.. Iloiichold fuel Conservation cf
ftorts call succeed .il' ln fuels are coillTilerciall anil 
stovi'.e prograns are iipileincnte( tllougl+i the pri

2vte sector. \\'lur these e(1iiltiii ic lot mce, as 

is fretl I ease \ ith Od to\ es, slbstintial 
sainigs arc niot likely. Ile:ilti, s,ci;ii, and enviroln

iental ben .fits ill. iltlportant ;idditiollal juslifica-. 
tions for ilploivcd ,,tie',),+ rogrills. 

uCIntly l. w 

New Directions 

-'l'ae ,chr. I Ic Inlteril Report proposed a 
sIron i pri\,lt sector niphasis in A.I.).'s future re
lnewvable ;itLtv\ilcs. Hire w\is 0iiCra1 igl-CnlleIll 

\\ith tile report's colitclitioll that relialnce oil tile 
private stctor, ill lppropriatlc (,_i':ulllSlanCes, pro

vidCs 1it_ (riat1s ' ' inII1ehiir n ;I2CeS 7linlenta
lnll of , ie bies, It \vas recogniz,.etd, hlowever, 
lit ill nIaj1y cases the lead role of goverllment ill 

I:Ll-talhi,'cdprovidilng SoCial elld uses (e.g., health Cire), setting 

appropriate policy conditions, arwd supporting re
search or delnonstration still requires significant 
support. 

'Trade I', A..). in reand Dl 'lopimcnt. role Of 
nlewable energy trale was I slbjceCt of Luch 
debate. It became readily apparent that there was a 
significant lack of undCStandiig on (lie part of the 
renewable indus.ry regarding both what A.I.). can 
do to help tie industry and what tile general 
A.I.D. polic. on assisling the U.S. private sector is. 
A.II). was urged to do nit.-re to explicitly assist the 
U.S. industry to Ctinpctc internatiolrally, partici
larly by providing information on markets and 
local contacts, financiing f1,asihility studies, and by 
ensuring that renewable alternatives be fairly con
sidercd in procurenlent decisions. It was recoin

mended that A.I .D also technically involve indus
try in pro.jects and allow for participation in re
/iewacle program planning. A.I.D. was a1lso urged 
to remain an objective evaluator of technology op
tions for LDCs. The divergence of perspectives on 
the role of the U.S. industry versus the roles of 
LDC government; and private sectors needs to be 
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reconciled, as regards the issues of export sales 
versus transfer of technology, types of systems 
chosen, aId lone-term industry Colrlnritment to 
these markets. 

ttouselhold luc. Strong support was cxp;rcsscd 
for commercial fuclwood ,oltions,solupuly includ-
ing agroforestry, in order to ii l)vt ilie rate of 
sccess in supply lpor'arrrs aihl rIiigate the prob-
Prm of iraeuate pul lie resoures,. Iiproved stove 
programIs enphlasirngt lie pri 'atte se icor deserve 
further support ii erruitstattr.ee.s wvhere either colt

servation of fuel or social and errvirolrrneital bee-
fits are likely to bc achieved lurther support of 
hcallth and eri'ciromiental research ai.d impact evali-
lailtion of stove prog'r'lt is needed, 

-Rural I)X'c/01q'uIzI. Rerne.:rhle are particularly 
well suited, due ') their scae ali relialnce oil ill-
digenous eriergy sourceIs. to rural deVI.oplrCn, itl-
eluding rural electrifiatliol. Tlrc \\';rs a strong 
corIserisuis that crAdit availability is 'a iajor con-

strain t to the implementation of renewables in rural 
arcas and better credit options should he developed 
and supported by A.I.D. Grain drying and storage, 
milling and grinding, "cold-chain" health equip
irrrit, and potable water supply were cited as pri
ority applications of reniewables. For future tech
rology applications, "lnkability' shotuld rnot 
always be insisted upon since some important de
velopment applications may be economically or so
ciully attractive but still not Commercially viable 

hi/frtnaion ard Intiutiotal Development. Par

triCiPrits urged that A.I.D. continue its role as a 
majtor builder of LDC institutions and expertise via 
support for training. BeLter flow of information on 
technolohy application results wxotld benefit A.I.D. 
missions, and othels interested ii renewable irnple
iiienlati.ii in lie field, ard siniple comparative 
evaluation irformation ftor conveittional and renew
able cnetgN sources would also he beneficial. 
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APPENDI" D 

IMPACT OF LOWER OIL PRICES ON COMPETITIVENESS OF 
RENEWABLES 

Thue impact lower oil prices on renewable 
energy options with rleference to I.DC inarkets is 
discussed below. Iwo areals arc differentiated in 
lic discussion. The first pertains to renCwable tcch-

tiologics competing in comnercial markets with oil 
which arc directly iftfctced by Ioovc oil prices. 

1985 oil prices with diesel generation (at future as
suni,_d 60% load factors) bitl become tncompeti
five at 10% and 35%,( rcdnclion in oil prices, re
spcctivcly.A

: Results fromi a recent World Bank 
report are even less fa'vorable. " ' 
Soar Ivalr lte'i,. The influence of' lewer oil 

Second, a discussioi, is pro\ided Oi rural ,nst1 prices ol solar versuis doincstic electrical water 
slmall-scale rcnc\;tIle cui.r a)plications wlIIWhich healing depend!; on] the fraction of' oil used il clcc

ilay or iilay n;oi dircctiy coilipcic with oil pro dicts 
aid which are Iess rcadilv served hv oil, 

Commercial Applications of Renewables 

il"[/1('/C('Ti4 ,i,',eruli. I Oil costscci tlwe 
have a megtivc imtpact on wind electric by lower-
ini tility lv,rag_,. gcitration costs from oil-fired 
povcr latioiis. In the United Slates, these oil pric
rcductiowis risult ii lower purchased power rates 
alld decrease tie cotipetiliVc alV;iltagC 01f rind 
geiieratioi. I his Sainc imnpact could occur it) grid-
coiineeted 1 witid electric projCts. Ill retnot 
locations ill Ll)Cs and in iioii-grid connected 
p oT er sites w lee wiind speeds arC good (e.g., a 

i ii speed ofovecr -. 5 ni/s,), w ind niay still be at-
ract ife neto thlie high cost and uireliability of oil 

tiaisport, Actiual cconioniics will be dependelit oil 
the Site t t anIMdthle si/c a Iiid tit e of' tie 
diltiti, i.e., iiiterliittleit or cotisaiti.

llI'Oid,i . tlitcnlitSl.Y, l \Vcl#) or. 
 f i onlas feprices 
i'oli as Al s, stu 'in. \Whlere hi otrnass' Alis fitcrs
 

ari~e i ne eii.si ye, Such as ill nr1a areas or where 

factry sit iidist!-ial residic; exist, ioltass-I'ucled
 

proesses arc likely !, rCniai it coin CetitiVC. II ,wev-
er, illurban areas \vhtrI il ricts are at their 
lowest and bionitas ,liost costly, cost-effectivcness 
of biolass-firo1ed s-,'t,_iis has been] signitifcantly re-
duced by lowcr oil p:ices. 

Wood based Y'stCieis, such as tho';c itiplt1i ttd 
recCCIly ill the l~hiliplmes, cntii be Cotlipclitivc ill 

,cCrtaiti circtitsiilSte for C.\aunIplC, \V'iC snbstail-
tiil capacity t(fuiretl t ra.tte,is d i high of capacity 
utilizaliot I' ie (iil prices, lioNV'vt, rn are achieved. 

signiilcatitly affect Viability. ased otil data frot a 
re e'itt r pIii t r A .t.1). ill tle Philippines, two 
dettldrothcriial proposals wcrc c tnpetitive att 

Ioiru. i%, of Smll Iiti phi,lt, 10 tens , I) S3 Ak,O 5 in c at , 
p 155. 

, ','11 lor"J I lli 'lliili' t'h, tull sil)1XIc'lill,,li %?;i fOO11u'1e aa 11i1 
dCtiit441d iilll 

I 


tricity gelicralion. Ii is likel$ that doneslic solar 
water hcatilig will be less afcctled by lower oil 

prices due to tlie variety of I'el sources. Probably 
iiorc ilniporaint ill detcrilining whelher or not 

solar alcr hea.ititig is actually used will be the 
extent to which high initial capital costs arc Il
lianced by fnture solar prollolion prtgranils. ' 

Alcol/ol/ ial's arc very strongly anld negatkely af
fectcd by lower oil prices, as ethanol is a direct 
substitute for gasoliie in lile ilodcern sector. Etha
nol costs werc recently eslinalted at roughly U.S.$ 
0.22 	 per liter (based oi a tew pl:att proposed for 

ast Africa). n tiatioal prices lt itlported gas
oi ni,varied i Araly9 8(ll ra gitg ro ut abo nt 

U.S.S 0.11--0.1 3/liter for most (,!' fti year versus 
over $ 0.24/liter it tmid-1985. 
changes result i ia substantial 
OI's cost advantage, illakiig 

-

a severe disitceitive."; 

These relative price 
elinlinaltion of ethan
cnirrill , lower oil 

Rural Small-Scale Applications 

Wind attd photovoltaics, prior to oil price reduc
tions, showed fvorable financial retuntts for renote 
small-scale applications in instances where good 
wind atid solar rCsoifcs existed. There is substatn
tial field experience with both to support these re
stilts. Siliall-seale applicatiolls include f'llnishing 
village Wialer supply and livestock wacriig. Wintd 

_ ...
 

,\,,,,j.,ill Ruritl 1Ii1Wcill. Ill. CIt'ihilit) IiRS,'ssil1lnt Of 
h Witiliank, Tchnica ad Coqi haraccriitc' of itw)r4itherflu 

DUc('ui~vrcin11C[Systims,N85)1incrgy I)clmilnicni lwc .11, ,Lc RcLi' V OINOtll ifilOWVthljii, D.C.c t 0c10njliiC c ( lal i1hi ithly qtle 
and air vc-lrl,.cflc;lldshould considel lci r , lt p '

, 
l and hilur'. ,. 

New dcniritcrnut P ic i hicrct iui Iuc t, wiivi tic fiiliirt,
1411iti cr lilpi iCCb 

'ltro-Sui tuict'ii al:i, ' atl. A National Stihur -Plrgrini for Kei 'i 
i1 5),
 
"OE'C), Iliniliasfir tnerg (Ptarik: 51, i. Geller,
, t p I t t. 

"l lilOl uel trliion iit (na lle illIhaiji, AniiiUitl Revitu, iof Energy, 
(t'ali Alin:1985);anll Ott lind (;is Jli1-flit, (Nove'' iih 'r 17, t1980). 
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appears to remain competitive with lower priced 
diesel at good wind speeds (>4 m/s) and small 
water volumrs (<25 m2 /day). Photovoltaics can 
also still compete uider Ihe same price assump-
tions, but only at very low daily volMIes (in the 
range of 15 in' per day at moderate depths) and 
high insolation levels (.,reatcr than 5 k \Vh/m 2 (1). 

Fuelwood Needs, Resource Availability and Oil 
Substitution 

woelwood is the priuiaiy ener.,y resource for tlie 
world' poor. Recein s udi,;e indicate a conl it !uing 

nificant loss due to claclring of forested land for ag-

ricultural purlpses. Thc World Batk has eslimnud 

that even with a 20-301,' 'limprovementI inl elt6iem-
cy in the use of fuelwoo(d, some 50 million hectares 
of additional land devoted to trees \vold need to 

be planted by thec year 2000 to roughly balance 
supply and deIClmii d, 

Options to ,dd,ss thc'W prtqq1'lVs iiilCid fuc! 
substitution \vi petrothctm, 'lII'gy Colnser\'atioi, 

I I,*cr. I d. %,l,:; lv.chllh,,N A-s,, t Mud. \ol 1, VNI)P. 
[1 ' -I l ( t W)'l ik),,tdlng J;"I ";\11l1110n, I K 1-k-1G1, WINID P t/t 
rluar I9 i A t t I +'/ItIt' llTHIIIrl 1I' 11111h' c ,,' I tl~ l 'slit" L 'tMS 'ls III 

die'dc cott, to Inh R 

' \uulid iH.ank,Thei Fu,-rm, Iransiliin iu ieveloing, Cuuumllrih,, (Vth-. 
Iuwgluuuu, [), Auugutu Ib6 , ip "4(l ; 

and additional fuelwood supply.i' Rising woodfuel 
and charcoal costs have made such fuels as kero
sene competitive in some urban areas (even before 
the recent decrease in oil prices). However, addi
tional oil substitution in rural areas where wocd is 
normally a "free" good, would have enormous for
eign exchange consequences. 

Energy conservation still offers the opportunity 

for improving the fuClwood supply-demand pic
ture. I lowevcr, ex 1. :riencc has indicated that gains, 
for example, from improved woodstoves, are much 
less than originally hoped for. This results from the 
por paist success rates of voodstove programns and 

Ct 
t i elated realization that conservation ]olis

of' fuels. Increasingsearcie and commercialization~jll 
succCsS is being achieved with redesigned ap

proachcs b:aed On exYpCrience gained, particularly 

!or charcoal. The dceirable level of' additional fuel

\\ood supply and conservation are likely to be in
dependent of the price of oil where oil derived 
fuels are not prinlary subs ies for fuelwood or 
charcoal. ibis is U.,ually the case in non-commer-
Cial Itlrd uses,. 

. . . . . . . 
+ 

t'.+d Fdt' +ICAllS O~f c¢il' n~ l I'ilr'll.l it d ill lt: IuCl, 

tot Rc'.,n ch iuuullltu~llIt'laliluuu I'lut, (ltt. I ) and Iorcstryiuhekwood 
i I 1t)A111, I )'N C101jt11(llW PFtluVCI 
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APPENDIX E 

WINID, PV, AND DIESEL WATER PUMPING ASSUMPTIONS 

General Replicement cost:
 
Eingine ................................... 75% of' iritial system cost
IPilinpllnlg head is 4() in Im all water vol l s. Tw o 1Iu) ..................................... 35% 1 t'initial sytem cost
 

Cases 1a1T ex,1ained, iiglres 2 an(1 3 shiw the C()m- Mainteiance ................................ $0,30/lir to $0.50/hr
 
parat ive costs per m3 1or water deliyeered for wind i cicnc. ........................... 401,
 

tlligiii, tficiec y. ................... 15%',to 2(;:,
and PV svstenis, respectiveiy sized for that oUttl)lt, (,'vertll eftici:l.cy ................... to 8%}
 
V'istis diesel. This ipreselIts a miliitni cost as :uel cost:
 

.L..... ... ............ .............. 30/ t
systems will uisuailly (]-i\ C iess thanllanui I....... . ................ 0.((,/It
............. 
output. Costs at each pinuuping v'.)lunic are shown 

L1 1e cihiltz\y. Siht.r lcad)iiip
 
Capital costi.......... .............. $14 per pt-ak wati
 

Ilasic Systi Assiiilnmltiis Array litfe .................. 20 years
 
D isoutit R:ic 1(0 ; lum p lit'. .................................... fi ve years
 
'.i (, t A so,d,,, 20 SUm PunIp rp inciii coSt .............. S1.5 per peak wail
 
(.'11AI -Cl . 'I\ I';ik I(T 0 11 0i A nnual ti iinti tnce cost ........... I ', of initiAl capital cost
 

II .(0 111 W indptil s 
1);ill, \', hIII ", A:! ly.,j'd 10, 20, 4(0, 60. 80, 1X) n3 Capital costi... ...... .............. X,5 ii
 

WilldIinAliint. lit.................. 2 ym,
Water Puming S~ti 
t'il Iiin ti . . .......... .................. \ive y 'l r
 

(r! t'1(![ j-'NI
i't~ll l-t] wILt l11111iiiitrcplac Ic ... ..... I:w..; oi1 ini it cil:phitil cost 
1: (i)Iilc QS 10(0 (i11:) I1 (iii) or for 40 i Annut al iiiini ittncccost .......... of initiv capital cost 
1 (\ l (0 ( Q) (.1 1 ) Note: Costs for ,vtls ;id stct il niot iticludcd. 

)iescl 

,iq~mc ,' . ........... ....... 2.5 kW
 
SV sei ot . . ..................... ... S2,5(X)- 5,%XXJ l.arge wiiiilpunpd ulsdai cte, ab uti At wiid
s i " ii, 65 ni2 low 
I Lg ic ....ife... I . ........ .. I ,0M ) hou rs o r Fiive yciars speeds, ;i single puipni ill not s iI Ii ii.l./ . tlh iii.ii it~iitutpput 
iiip lif e .................................. live years for largei uwits cciistiaii output at windspceus 3 af if 4 fn/s in Figure 2. 
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