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ABSTRACT 

An importan t an d virtuall y neglecte d are a i n th e developmen t o f renewabl e 
energy technologie s (RETs ) i s th e formulatio n o f a  rationa l an d coheren t 
renewable energ y policy , an d it s implementation . Thi s pape r present s a  genera l 
approach t o formulatin g suc h a  policy . Th e methodolog y i s base d o n a  serie s o f 
evaluations o f energ y demand , renewabl e energ y base , RET s available , socio -
cultural constraints , economic s o f RETs , an d institutiona l arrangements . Afte r 
formulating a  coheren t polic y i t i s als o importan t t o examin e th e method s an d 
constraints o n implementin g suc h a  policy . Issues , suc h as , resourc e 
requirements, self-reliance , acces s t o information , technica l cooperatio n 
amongst developin g countrie s (TCDC) , researc h an d development , adaptatio n o f 
techniques, skil l requirements , an d channel s fo r RE T transfe r ar e examined . 
Finally, i n orde r t o demonstrat e th e genera l methodolog y i n relatio n t o a  specifi c 
situation, th e cas e o f powe r alcoho l implementatio n i n Keny a an d Zimbabw e ar e 
evaluated. 

INTRODUCTION 

Renewable energ y technologie s (RETs ) ar e capabl e o f satisfyin g mos t o f th e 
dominant energ y en d use s i n developin g countrie s wit h th e possibl e exceptio n o f 
diesel fuel . 

The exten t t o whic h RET s ca n substitut e fo r conventiona l energ y source s suc h a s 
petroleum an d coa l depend s o n th e renewabl e energ y sourc e bas e o f th e country , 
the pe r capit a energ y consumption , an d th e energ y end-use . I n mos t case s RET s 
will no t b e abl e t o satisf y th e tota l energ y deman d o f developin g countries , an d 
in th e futur e energ y suppl y wil l b e comprise d o f a  mi x o f fossi l fuels , macro -
hydro an d RETs . 

While investmen t i n certai n RET s appear s attractiv e t o man y developin g 
countries, government s shoul d b e awar e o f th e financial , manpowe r an d 
organisational resource s require d t o moun t a  larg e scal e programme . Th e 
benefits accruin g fro m th e us e o f thes e resource s shoul d b e evaluate d agains t 
other investmen t option s i n th e area s of , fo r example , agriculture , publi c health , 
education, infrastructure , t o ensur e tha t th e optimu m "publi c good " arise s fro m 
the us e o f thes e scarc e commodities . 

Besides providin g energy , on e o f th e objective s o f th e installatio n o f RET s shoul d 
be t o reduc e th e disparit y i n "qualit y o f life " betwee n th e ric h an d poo r i n 
developing countries . Unfortunately , lik e mos t technica l intervention s i n 
developing countries , RET s hav e th e potentia l o f exacerbatin g rathe r tha n 
alleviating thi s disparit y i n equity . Capita l require d t o purchas e RET s mean s 
that onl y th e peopl e abl e t o pa y wil l enjo y th e benefits . Wealthie r peopl e hav e a 
greater acces s t o informatio n an d credi t an d wil l usuall y b e mor e awar e o f th e 
energy/financial saving s available . Finally , th e us e o f certai n RETs , eg , biogas , 
gasifiers, wil l ten d t o pu t a  premiu m o n certai n feedstock s suc h a s dun g an d 
agricultural residue s previousl y collecte d fo r fre e b y th e poor . Thi s proces s ma y 
eventually exclud e th e poo r fro m thei r mai n sourc e o f fuel . 
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Based o n thes e considerations , government s shoul d b e awar e o f th e ultimat e 
effect o f a  renewabl e energ y polic y o n incom e distributio n an d tak e certai n 
steps, e g subsidies , widesprea d informatio n disseminatio n an d credi t availability , 
and communit y energ y project s t o mitigat e thes e effects . 

Despite th e considerabl e amoun t o f wor k bein g carrie d ou t o n RET s i n developin g 
countries, an d th e benefit s whic h wil l accru e fro m th e extensiv e us e o f a n 
indigenous renewabl e energ y source , fe w countrie s hav e a  cohesiv e renewabl e 
energy polic y o r strateg y fo r implementin g suc h a  policy . 

This i s essentia l t o maximis e th e usefu l contributio n o f renewabl e energ y t o a 
developing country' s energ y budget . Hence , th e objectiv e o f thi s pape r wil l b e t o 
examine th e formulatio n an d implementatio n o f nationa l policie s fo r increasin g 
the contributio n o f renewabl e energ y resource s t o energ y supplie s i n developin g 
countries. 

FORMULATION O F A RENEWABLE ENERG Y POLIC Y 

How ar e energ y polic y maker s i n developin g countrie s goin g t o formulat e a 
renewable energ y polic y whic h i s abl e t o rationall y an d efficientl y mee t th e 
various end-users ? Th e followin g sectio n briefl y detail s a  methodolog y whic h 
can b e use d fo r suc h a  purpose . Th e metho d consist s o f accumulatin g an d 
assessing dat a unde r variou s sub-headings . 

Energy deman d 

In formulatin g a  nationa l renewabl e energ y polic y i t i s essentia l t o hav e a  clea r 
picture o f energ y deman d i n th e country , no t onl y i n term s o f end-us e (b y 
sectors) bu t als o th e form s o f energ y required , an d th e consequence s o f energ y 
use (o r lac k thereof) . Wit h thi s information , government s ca n mak e explici t 
decisions o n priorit y area s i n whic h energ y polic y shoul d b e oriented . 

Unfortunately, a t presen t ther e i s ver y littl e har d dat a o n energ y us e i n rura l 
areas o f LDC , althoug h ther e i s considerabl e activit y i n th e field . Rura l energ y 
surveys requir e considerabl e input s o f tim e an d labou r (Howe s 1984) ; however , 
after a  bod y o f dat a ha s bee n buil t u p i n differen t region s o f th e worl d i t ma y 
become possibl e t o reduc e th e effor t required , o r mak e relativel y accurat e 
predictions o f rura l energ y us e unde r certai n conditions . 

Finally, i n orde r t o matc h energ y suppl y wit h demand , i t wil l b e necessar y t o 
have a  fairl y accurat e ide a o f projecte d energ y deman d growt h i n th e nex t 
twenty years . Thi s woul d b e base d o n populatio n growth , target s fo r increase d 
per capit a energ y consumptio n (UNID O 1979) , industrialisation , an d projecte d 
fossil fue l prices . 

In additio n t o determinin g th e tota l energ y deman d i n eac h sector , i t i s 
important t o understan d th e typ e an d for m (solid , liquid , gas ) o f energ y require d 
so tha t suppl y ca n b e matche d bot h thermodynamicall y an d i n term s o f 
convenience t o th e demand . 

It woul d b e usefu l t o understan d th e reason s fo r th e curren t pattern s o f energ y 
use an d thei r consequences . Fo r example , th e curren t patter n o f energ y us e 
could b e du e t o disparitie s i n lan d an d anima l ownershi p forcin g th e rura l poo r t o 
rely o n publi c forest s fo r fue l whic h result s i n rapi d deforestation ; o r subsidie s o n 
fossil fuel s suc h a s diese l an d kerosen e coul d resul t i n a n over-relianc e o n thes e 
fuels. 
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The consequence s o f energ y us e shoul d b e delineate d t o ameliorat e som e o f th e 
more seriou s effect s o f curren t energ y use . Fo r example , deforestation , 
environmental damage , lac k o f a n equitabl e acces s t o energy , los s o f productiv e 
time, dependenc e o n importe d fossi l fuel s leadin g t o balanc e o f payment s 
problems. 

Finally, fro m th e dat a obtaine d o n end-us e above , a n over t politica l decisio n 
should b e take n o n th e priorit y sector s i n whic h a  renewabl e energ y polic y shoul d 
be oriented . 

Energy bas e 

The nex t ste p i n formulatin g a  renewabl e energ y polic y i s t o evaluat e th e 
renewable energ y bas e i n th e country , thei r seasona l variation , an d estimate s o f 
present productio n an d projecte d growt h o f th e biomas s resourc e bas e i n th e nex t 
20 years . 

Based o n thi s informatio n th e percentag e o f th e presen t energ y deman d whic h 
can b e substitute d fo r b y renewabl e energy , an d th e potentia l fo r saving s i n 
foreign exchang e ca n b e estimated . Thi s exercis e wil l enabl e energ y planner s t o 
determine wha t leve l o f nationa l resource s shoul d b e devote d t o th e developmen t 
of renewabl e energ y sources . 

Renewable energ y technologie s 

The thir d ste p i n formulatin g a  coheren t polic y i s t o asses s th e RET s availabl e 
including technique s an d thei r input s an d outputs , thermodynami c efficiencies , 
and capital costs . 

Based o n primar y technica l considerations , a  lis t ca n b e draw n u p o f ultimat e 
end-uses an d th e source s an d technique s whic h ar e abl e t o satisf y the m mos t 
efficiently. Suc h a  lis t shoul d contai n a  rankin g o f energ y path s fo r eac h end -
use. Th e fina l selectio n o f th e RE T wil l depen d o n othe r non-technica l factor s 
such a s socio-cultura l constraints , economics , and institutiona l infrastructure . 

Socio-cultural constraint s 

To implemen t an d diffus e RET s int o a  countr y i t i s extremel y importan t t o 
understand th e societie s i n whic h the y wil l b e used , an d ho w thi s wil l impos e 
constraints o n certai n RETs . 

One constrain t i s ho w th e RE T affect s variou s group s withi n a  village . I f th e 
RET i s to provid e energ y fo r cooking , eg , stoves , biogas , the n th e primar y effec t 
will b e t o enhanc e th e qualit y o f lif e fo r th e woma n an d childre n wh o are usuall y 
responsible fo r collectin g fue l an d cooking . However , th e majo r financia l 
decisions ar e usuall y mad e b y men , althoug h thei r wive s ofte n hav e considerabl e 
influence i n suc h decisions . Nevertheless , i f capita l i s t o b e outlai d withou t an y 
financial retur n i t ma y mea n tha t th e RE T wil l no t b e accepte d readily . I n 
contrast, i f th e RE T impinge s o n th e responsibilitie s o f th e male , eg , providin g 
energy t o pum p irrigatio n water , the n th e RE T ma y hav e a  greate r chanc e o f 
diffusing. 

Finally, i f th e us e o f a n RE T run s counte r t o certai n cultura l briefs , e g us e o f 
human wast e i n bioga s plants , o r involve s a  considerabl e chang e i n establishe d 
behaviour patterns , eg , us e o f sola r cooker s i n th e ope n durin g dayligh t hour s t o 
cook meals , the n i t i s highly likel y tha t th e RE T wil l no t becom e popular . 
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In order t o gai n a n insigh t int o som e o f th e seriou s constraint s tha t coul d aris e i n 
the us e o f RETs , i t i s strongl y suggeste d tha t som e anthropologica l fiel d wor k b e 
carried out , an d tha t villag e representative s b e include d i n th e plannin g stage s t o 
obtain feedbac k o n th e variou s course s o f action . 

Economics 

The economic s o f RET s ar e als o extremel y important . I f th e us e o f a  specifi c 
technique i s no t financiall y viabl e t o it s owner , o r economicall y viabl e i n term s 
of th e country' s broade r socia l criteria , the n obviousl y i t i s no t wort h th e 
investment. 

The norma l metho d o f evaluatin g project s i s b y cost-benefi t (financial ) analysis , 
or socia l cost-benefi t (social ) analysis . Th e latte r metho d use s shado w price s an d 
includes certai n non-quantifiabl e parameters . I n thi s analysis , a  depreciatio n o f 
the equipmen t (lifetime ) i s assume d togethe r wit h a n interna l rat e o f retur n 
(IRR), an d base d o n th e annua l benefit s an d cost s a  ne t presen t valu e (NPV ) i s 
calculated. I f thi s i s greate r tha n zer o the n th e projec t i s deeme d viable . 
Alternatively, a n NP V o f zer o ca n b e assumed , an d IR R calculated . A s Frenc h 
(1979) point s out , i n a  developin g countr y du e t o th e lac k o f availabilit y o f 
capital man y investor s ma y no t thin k a  projec t i s viabl e unles s th e IR R i s aroun d 
35%, ie , a  paybac k perio d o f thre e years . 

Surprisingly, despit e th e widesprea d us e o f certai n RET s i n developin g countrie s 
there i s stil l a  deart h o f technica l informatio n o n th e performanc e o f mos t RETs , 
and th e operationa l lifetime . I n addition , ther e i s lac k o f agreemen t o n ho w t o 
value th e outpu t fro m mos t RET s and , hence , considerabl e confusio n among s 
economic analyst s a s t o whic h RET s ar e economicall y viable . Thi s make s i t 
difficult t o economicall y compar e th e variou s competin g RET s an d thei r 
performance i n relatio n t o alternativ e fossi l fuels . Henc e ther e i s a n urgen t 
need a t presen t t o defin e a  commo n methodolog y o n ho w t o asses s RETs . 

Extending th e analysi s t o includ e shado w price s an d intangible s (eg , reduce d 
deforestation, enhance d strategi c position , improve d publi c healt h etc. ) make s 
the exercis e eve n mor e complex . Nevertheless , i t i s importan t tha t a 
comprehensive economi c analysi s b e carrie d ou t o n th e RET s bein g considere d 
for us e base d o n th e dat a available . I n thi s regar d a  sensitivit y analysi s ma y b e 
used t o pinpoin t th e ke y variables . 

Finally, th e othe r facto r o f importanc e i n th e overal l economic s i s th e 
"lumpiness" o f th e capita l investment . I f th e initia l investmen t i s high , eg , 
photovoltaics i n contras t t o biogas , the n eve n i f th e IR R i s hig h ther e ma y b e 
problems diffusin g th e technolog y unles s institutiona l arrangement s ar e availabl e 
to financ e o r subsidis e th e initia l cost . 

Institutional 

The fina l are a tha t i s importan t t o conside r i n th e formulatio n o f polic y i s 
infrastructure. Thi s genera l ter m cover s suc h thing s as : R  an d D  capacity , a 
network t o diffus e th e techniqu e an d provid e technica l back-up , th e provision s 
and trainin g o f skille d manpower , th e capacit y o f th e loca l capita l good s sector , 
and availabilit y o f finance . 

The exten t t o whic h a  developin g countr y shoul d buil d u p a n R  an d D  capacity i n 
RETs i s ver y muc h cas e specific , an d coul d var y considerabl y dependin g o n th e 
technique. Thi s issu e wil l b e discusse d i n mor e dept h later . 
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Another vita l are a i n th e widesprea d us e o f RET s i s a  networ k t o diffus e th e 
technique, an d t o provid e technica l back-u p fo r repair , advic e etc . Th e 
requirements fo r thi s wil l depen d strongl y o n th e siz e o f th e units , an d henc e 
their numbers , eg , tw o 120,00 0 1/da y ethano l plant s versu s 500,00 0 famil y bioga s 
plants. I n th e cas e o f smal l scal e rura l technique s a n existin g infrastructur e 
could b e extended , eg , agricultura l extensio n worker s ar e use d i n Brazi l t o 
diffuse an d provid e technica l advic e wit h bioga s unit s (Umana , 1982) . I t i s 
important tha t thi s infrastructur e b e establishe d befor e widesprea d diffusio n 
begins otherwis e man y failure s ma y occur , an d th e lac k o f technica l back-u p i s 
cited a s on e o f th e reason s fo r failur e o f som e bioga s unit s i n India . 

Skilled manpowe r i s a n obviou s prerequisit e o f a  competen t R  an d D  an d 
technical back-u p infrastructure , an d thi s issu e wil l b e examine d later . 

In term s o f hardware , th e capacit y o f th e loca l capita l good s secto r ha s a n 
important influenc e o n th e degre e o f technologica l self-relianc e a  countr y ca n 
achieve. I f i t i s wea k the n th e countr y ha s t o depen d strongl y o n "turn-key " 
projects. I f i t i s wel l developed , th e countr y ha s a  numbe r o f advantage s i n 
shopping aroun d fo r technolog y i n th e worl d marke t place . Thi s poin t wa s 
extremely importan t i n developin g powe r alcoho l project s i n Keny a an d 
Zimbabwe (Stucke y an d Juma , 1984) . 

Finally, th e financia l infrastructur e i n a  countr y i s importan t sinc e lac k o f 
access t o capita l an d loan s o r subsidie s ca n severel y retar d th e diffusio n o f 
RETs, especiall y whe n the y ar e smal l scal e rura l technologie s wher e a  larg e 
number o f owner s d o no t hav e an y experienc e i n negotiatin g loans . Henc e som e 
thought shoul d b e give n t o establishin g a  simpl e loan/subsid y scheme , an d 
informing financia l institution s o n th e viabilit y o f th e variou s RETs . Thi s latte r 
point i s important . Man y o f thes e institution s hav e n o experienc e i n lendin g 
money i n thi s area , an d henc e n o criteri a t o judg e loa n applications . Thi s facto r 
was importan t i n Brazi l wher e th e Federa l governmen t provide d mone y t o th e 
banks fo r loan s bu t littl e o f i t wa s utilise d du e t o th e banks ' lac k o f knowledg e 
and confidenc e i n th e technolog y (Umana , 1982) . 

Formulation o f polic y 

Based o n th e dat a collecte d an d evaluate d i n th e previou s sections , i e energ y 
demand, energ y base , RETs , socio-cultural , economic s an d institutional , th e 
energy planne r shoul d no w b e abl e t o formulat e a  relativel y cohesiv e renewabl e 
energy polic y t o mee t specifi c en d uses . Howeve r suc h a  polic y shoul d als o 
answer th e followin g questions: -

(i) th e degre e o f technologica l self-relianc e th e countr y i s aimin g for , an d 
whether thi s wil l chang e wit h time , 

(ii) th e channel s b y whic h RET s ar e transferre d fro m develope d o r othe r 
developing countries , 

(iii) ho w ar e th e variou s skill s require d i n R  an d D , diffusion , an d th e capita l 
goods secto r goin g t o b e buil t up . 

(iv) ho w ca n a  suitabl e infrastructur e fo r RE T diffusio n b e established . 

Hence, i n additio n t o formulatin g a  renewabl e energ y policy , developin g countr y 
governments shoul d als o giv e seriou s though t t o th e step s involve d i n 
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implementing i t i n th e rea l world . I n th e nex t sectio n th e issue s raise d i n thes e 
questions wil l b e examined . 

IMPLEMENTATION FO R UTILISIN G RET s IN DEVELOPING COUNTRIE S 

In orde r t o implemen t a  renewabl e energ y programme , government s nee d t o 
seriously conside r factor s suc h a s acces s t o information , technica l cooperatio n 
amongst developin g countrie s (TCDC) , developmen t o f researc h an d developmen t 
skills, adaptatio n o f existin g techniques , th e buildu p o f technica l an d 
administrative skills , an d acces s t o th e internationa l market . Thes e factors , an d 
their ramification s o n th e implementatio n o f RET s wil l b e analyse d i n thi s 
section. However , befor e examinin g thes e factor s i n detai l i t woul d b e usefu l t o 
look briefl y a t proces s o f technica l chang e i n developin g countrie s i n orde r t o 
provide a  framewor k fo r suc h a n analysis . 

Technical chang e 

As Bel l (i n Barnet t e t al . 1983 ) point s out , ther e ha s bee n littl e writte n i n th e 
area o f technica l chang e i n renewabl e energ y technologie s an d henc e i n orde r t o 
gain som e understandin g o f th e proces s example s hav e t o b e draw n fro m th e 
general literatur e o n technica l chang e i n developin g countries . A s w e sa w 
earlier, du e t o th e primar y end-us e o f man y renewables , an d th e structur e o f th e 
market, i t seem s unlikel y tha t consumer s o f RET s wil l forc e a  larg e scal e 
reallocation o f resource s an d th e developmen t o f a n appropriat e infrastructur e 
on th e suppl y side . Hence , polic y interventio n appear s necessar y i n orde r t o 
develop, allocat e an d organis e th e resource s neede d t o implemen t technica l 
change i n th e renewabl e energ y technologies . Amongs t th e question s whic h nee d 
to b e addresse d i n thi s are a appea r t o b e fundamenta l ones: -

(1) wha t typ e o f resource s wil l b e neede d t o implemen t th e renewabl e energ y 
policy formulate d b y th e government ? 

(ii) wha t degre e o f self-relianc e i n term s o f technica l knowledge , service s an d 
goods shoul d th e governmen t ai m for ? 

Resource requirement s 

Often, i n attemptin g t o answe r th e firs t question , polic y maker s focu s o n th e 
role o f R  an d D . However , thi s appear s t o b e du e t o a  carry-ove r fro m th e 
technical chang e policie s originatin g i n th e mor e industrialise d economie s wher e 
there ar e a  lo t o f implici t assumption s mad e abou t th e chai n involve d i n th e 
process o f technica l change . Fo r developin g countries , R  and D  is onl y on e face t 
of a  proces s requirin g a  numbe r o f othe r level s o f expertise . Bel l (i n Barnet t e t 
al. 1982 ) suggest s tha t ther e i s a  "core " sequenc e o f technologica l activitie s 
which creat e ne w technica l knowledge , an d progressivel y elaborat e an d 
transform i t int o specifi c system s whic h ar e i n actua l use . Thi s cor e wil l consis t 
of on e o r mor e o f th e following : creatio n o f technica l knowledg e (forma l an d 
informal R  &  D) ; pre-investmen t an d feasibilit y studie s drawin g o n existin g 
knowledge; productio n o f design s an d specification s fo r technica l systems ; 
transformation o f design s int o concret e element s o f a n operatin g system , e g 
hardware, software , training ; storag e an d communicatio n o f technica l knowledg e 
and information . 

In additio n t o thes e technologica l cor e component s wil l b e a n over-ridin g 
management function . Thi s wil l decid e wha t i s done , b y whom , an d th e term s 
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upon whic h th e technologica l activitie s ar e carrie d out . Managemen t o f 
technical chang e ca n eithe r b e passiv e wher e veste d interest s dictat e th e 
direction an d change , a s i s th e presen t cas e i n RET s i n developin g countries , o r i t 
can b e activ e wher e a n explici t goa l i s aimed for . 

It i s commonl y assume d tha t al l th e activitie s involve d i n th e technologica l cor e 
will b e necessar y i n orde r t o implemen t technica l change . However , o n 
examining th e type s o f chang e commonl y encountere d i n implementin g RET s i t i s 
apparent tha t thi s linea r sequenc e wil l b e th e exceptio n rathe r tha n th e rule . 
For exampl e (Barnet t e t al . 1983): -

(a) Syste m replicatio n -  thi s usuall y require s onl y a  feasibilit y stud y t o 
suggest mino r modifications , an d R  and D  and engineerin g activitie s woul d 
rarely b e required . However , managemen t woul d b e essential , e g bioga s 
plants. 

(b) Syste m adaptation s -  i n orde r t o adap t a n existin g syste m t o ne w 
constraints variou s engineerin g activitie s an d turnin g specification s int o 
functional softwar e an d hardwar e wil l b e required . R  and D  will rarel y b e 
required. 

(c) Specia l purpos e developmen t -  ne w knowledg e ma y b e require d here . 
However R  an d D  woul d probabl y focu s o n th e overal l syste m an d o n it s 
software component s rathe r tha n o n developin g ne w technology . 

(d) Innovation s -  i n thi s case , i t i s highl y likel y tha t al l th e component s o f th e 
core wil l b e mobilise d t o effec t technica l change . 

Hence, fro m thi s brie f overvie w i t i s apparen t tha t th e technica l an d manageria l 
resources require d t o implemen t RET s wil l var y considerabl y dependin g o n th e 
technique implemented . Thus , i n considerin g th e factor s mentione d previously , 
eg developmen t o f R  an d D , skil l requirements , acces s t o informatio n etc , 
governments shoul d b e cognisan t o f th e differen t resourc e requirement s fo r 
implementing a  renewabl e energ y policy . However , th e assessmen t o f resource s 
required t o implemen t suc h a  polic y need s t o b e place d i n a n internationa l 
context i n orde r t o decid e wha t degre e o f self-relianc e th e governmen t shoul d 
aim for . Thus , w e wil l no w tur n t o examin e th e secon d questio n posed . 

Self-reliance 

In attemptin g t o defin e th e degre e o f self-reliance , i e degre e o f loca l input , 
there wil l b e a  considerabl e degre e o f variatio n amongs t th e variou s cor e 
activities. Othe r factor s affectin g th e degre e o f self-relianc e include: -

(i) th e typ e o f technique . Obviously , implementin g villag e scal e bioga s 
plants wil l involv e differen t degree s o f self-relianc e compare d t o larg e 
scale continuou s cultur e ethano l plants . 

(ii) variatio n wit h time . Th e degre e targe t coul d alte r wit h tim e startin g 
with a  smal l loca l inpu t initiall y whic h woul d buil d u p t o a  hig h percentag e 
in 5  to 1 0 years . 

Furthermore, th e degre e o f self-relianc e i s contingen t t o quit e a  stron g exten t 
upon th e internationa l marke t fo r th e variou s input s required . Thi s marke t i s 
dominated b y th e R  an d D  effort s o f a  fe w develope d countries . However , 
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developing countrie s rarel y impor t R  an d D . Rathe r the y impor t good s an d 
services whic h hav e thi s knowledg e embodie d i n the m vi a th e highl y develope d 
infrastructure resource s o f thes e countries . A s Bel l (i n Barnet t e t al . 1982 ) 
suggests, "inequalit y i n th e availabilit y o f thes e resource s matter s perhap s mor e 
than inequalit y i n R  and D  resources themselves" . 

Finally, ther e ar e a  numbe r o f socia l consideration s affectin g th e degre e o f self -
reliance. I n man y situation , decision s b y privat e entrepreneur s involve d i n th e 
supply an d purchas e o f input s fo r technica l chang e wil l resul t i n loca l input s 
lower tha n th e optimu m i n term s o f socia l developmen t objective s du e t o thei r 
lack o f financia l return . Thi s ma y occu r i n area s suc h as: -

(i) generatio n o f loca l employmen t 

(ii) socia l valu e o f foreig n currenc y 

(iii) th e appropriatenes s o f th e system s use d 

(iv) learnin g b y doin g 

(v) economie s o f scal e 

In summar y then , th e proces s o f technica l chang e i s a  comple x one , an d i n 
considering th e implementatio n o f a  renewabl e energ y policy , government s 
should b e sur e t o hav e a  clea r pictur e o f th e resource s require d i n implementin g 
certain techniques , an d th e degre e o f planne d self-reliance . Usin g th e abov e 
discussions a s a  genera l framewor k w e wil l no w tur n t o th e consideratio n o f mor e 
specific area s involve d i n th e implementatio n o f RETs . 

Access t o informatio n 

In orde r t o kee p abreas t wit h curren t development s i n RETs , an d enabl e 
negotiators t o maintai n a  stron g bargainin g positio n i n th e purchas e o f 
technology fro m externa l sources , i t i s importan t tha t developin g countrie s 
obtain acces s t o up-to-dat e information . I n addition , the y requir e skille d 
personnel t o diges t th e informatio n an d giv e soun d advic e t o polic y makers . 

The informatio n require d t o implemen t a  renewabl e energ y polic y fall s int o a 
number o f genera l categories . Firstly , i s th e curren t researc h (bot h technica l 
and socio-economic ) bein g carrie d ou t i n bot h develope d an d developin g 
countries. Mos t o f thi s i s availabl e throug h scientifi c journal s an d conferences . 
Secondly, i s knowledg e abou t firm s involve d i n th e manufactur e an d sal e o f 
RETs. Embodie d i n thes e good s an d service s i s ofte n a  considerabl e degre e o f 
experience an d potentia l knowledg e whic h i s difficult t o obtai n directly . Finally , 
there i s th e informatio n generate d b y R  an d D  in develope d countries . I n man y 
cases thi s i s patente d an d protecte d b y law . Hence , i t i s usuall y onl y availabl e 
by th e purchas e o f equipmen t embodyin g thes e lates t advances . 

A majo r difficult y seem s t o b e th e assimilatio n o f informatio n an d it s applicatio n 
to rationa l polic y decisio n making . A  number o f solution s ar e possible . Firstly , 
the establishmen t o f a n internationa l renewabl e energ y centr e operate d alon g 
the line s o f IRR I i n th e Philippines . Thi s centr e woul d carr y ou t R  an d D  an d 
produce "stat e o f th e art " review s o n variou s technique s an d end-uses . Th e 
second optio n woul d b e t o establis h smalle r "hones t brokers " based a t universitie s 
or consultin g companie s wh o woul d advis e polic y maker s o n th e variou s option s 
available i n a n impartia l an d informe d fashion . 
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Finally, wit h respec t t o a  lon g ter m strateg y i t woul d obviousl y b e desirabl e t o 
build u p technica l an d assessmen t skill s i n th e appropriat e energ y plannin g grou p 
of developin g countries . 

Technical cooperation amongs t developing countries (TCDC ) 

Since th e problem s face d i n implementing RET s i n man y developin g countrie s ar e 
quite simila r ther e i s considerabl e scop e fo r transferrin g knowledg e betwee n 
developing countries . Thi s i s alread y occurrin g wit h bioga s i n China , powe r 
alcohol i n Brazil , an d gasifier s i n th e Philippines . However , th e wid e variatio n i n 
social condition s mean s tha t knowledg e abou t diffusio n ma y no t b e readil y 
transferable, e g betwee n Chin a an d Africa . Cooperatio n coul d occu r i n a  variet y 
of forms : 

(i) informatio n exchang e o n al l aspect s o f RET s includin g patents , a n expert s 
pool, listin g o f manufacturer s an d consultant s i n th e field . ESCA P hav e 
published a  serie s o f document s o n Solar , Win d an d Bioga s t o enhanc e th e 
accessibility o f thi s typ e o f informatio n (ESCAP , 1980 , 1981a , b) . 

(ii) exchang e o f scientist s an d policy-maker s 

(iii) assistanc e wit h implementin g specifi c techniques , e g Indi a (throug h KVIC ) 
is helping a  numbe r o f Africa n countrie s implemen t bioga s programmes . 

(iv) join t developmen t o f RETs . Throug h a n FA O sponsore d networ k o n th e 
gasification o f agricultura l residue s a  numbe r o f countrie s i n th e Asia n 
region ar e developin g design s fo r gasifiers , an d runnin g pilo t an d ful l size d 
units. (FAO , 1983) . 

Research an d development ( R and D) 

The investmen t i n R  an d D  wil l var y i n intensit y an d directio n dependin g o n th e 
technique o f interest . Wher e "mature " technolog y exists , e g fo r larg e scal e 
alcohol productio n plants , the n i t woul d see m advisabl e t o develo p bargainin g 
skills t o purchas e th e technolog y fro m oversea s companie s and , perhaps , som e 
on-site adaptatio n t o sui t loca l conditions . 

In contrast , i f smal l scal e (500-2,00 0 1/day ) villag e distillerie s wer e o f primar y 
interest the n developmen t wor k base d o n wel l establishe d principle s woul d b e a 
priority. Man y develope d countrie s ar e directin g extensiv e R  an d D  t o "hig h 
technology" system s suc h a s photovoltaics , larg e scal e ethano l an d win d turbine s 
which ar e suite d t o thei r leve l o f economi c development . Technique s suc h a s 
wood stoves , smal l bioga s plants , smal l lo w cos t windmills , an d smal l gasifier s 
are o f littl e interes t i n develope d countries . Usin g existin g basi c knowledge , 
developing countrie s coul d moun t a n economicall y effectiv e R  an d D  programm e 
oriented mor e toward s developmen t tha n basi c research . 

The privat e secto r ha s rarel y bee n involve d i n RE T development , perhaps , owin g 
to th e lac k o f profit , especiall y i n th e smal l rura l technique s suc h a s bioga s an d 
stoves, th e larg e scal e governmen t involvemen t an d th e lac k o f expertis e wit h 
many o f th e techniques . Ther e ar e a  fe w exception s t o this : i n China , wha t 
amounts t o privat e companie s ar e no w heavil y involve d i n constructin g bioga s 
plants (Stuckey , 1982 ) an d i n Nepal , a  compan y establishe d b y th e Unite d Missio n 
is als o installin g bioga s plant s wit h som e degre e o f commercia l succes s (Fulford , 
1981). I n orde r t o diffus e RET s widel y i t woul d see m highl y desirabl e t o involv e 
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private firm s i n al l aspect s o f thes e techniques , fro m R  an d D  throug h t o 
diffusion. 

Governments shoul d seriousl y conside r policie s t o encourag e privat e firm s t o 
enter th e marke t b y providin g subsidies , guaranteein g market s an d enablin g join t 
ventures t o b e undertaken . 

Adaptation o f technique s 

The requirement s fo r loca l adaptatio n wil l depen d o n loca l capabilities , th e typ e 
of technolog y transfe r arrangement , th e degre e o f self-relianc e aime d for , an d 
the techniqu e involve d an d it s leve l o f sophistication . 

The adaptatio n o f technique s require s th e build-u p o f skill s i n bot h technica l 
capability an d th e capita l good s sector . 

Skill requirement s 

In formulatin g an d implementin g a  renewabl e energ y policy , developin g countrie s 
will requir e a  considerabl e degre e o f expertis e rangin g fro m economist s an d 
policy maker s throug h desig n engineer s an d researc h scientist s t o skille d 
craftsmen an d fabricators . Man y developin g countrie s wil l b e face d wit h a 
number o f problem s i n buildin g u p th e skill s required . Firstly , ther e wil l b e 
competition wit h othe r economi c activitie s suc h a s agriculture , industr y an d 
government fo r th e scarc e resourc e o f skille d manpower . I n thi s cas e ther e mus t 
be a n explici t governmen t polic y t o diver t som e o f thes e skill s i n th e directio n o f 
renewable energy . Secondly , b y it s nature , th e fiel d o f renewabl e energ y i s 
highly multidisciplinary . It s apex , i e polic y making , i s a  relativel y ne w disciplin e 
with few , i f any , specifi c course s designe d t o trai n peopl e eve n i n develope d 
countries. Henc e som e o f thi s expertis e wil l hav e t o b e learn t o n th e jo b wit h 
little forma l intellectua l backgroun d t o dra w on . 

Governments nee d t o dra w u p a  strateg y t o graduall y increas e expertis e i n th e 
different area s required . Th e firs t ste p woul d b e t o buil d u p a  smal l polic y 
making tea m whic h woul d carr y ou t th e initia l survey s an d formulat e a  nationa l 
renewable energ y strategy . Base d o n this , an d a  reasonabl e degre e o f technica l 
expertise, i t woul d the n arrang e t o impor t a  numbe r o f technique s wit h 
technology transfe r agreement s aime d a t buildin g u p loca l participatio n i n al l 
phases o f th e variou s projects . 

Ideally thi s woul d lea d t o a n increas e i n competenc e i n al l area s o f implementin g 
RETs. Eventuall y a  critica l mas s woul d b e reache d wher e muc h o f th e expertis e 
would b e local . Obviously , thi s scenari o i s ver y genera l an d woul d b e modifie d 
depending o n loca l skill s an d conditions . 

Channels fo r RE T transfe r 

In 1980 , Hoffma n examine d th e marke t fo r RET s an d conclude d tha t condition s 
of futur e technologica l dependenc e fo r developin g countrie s ar e currentl y bein g 
created i n relatio n t o RETs , an d tha t thes e condition s ar e likel y t o b e simila r t o 
those currentl y prevailin g wit h respec t t o conventiona l energ y technologies . 
Hoffman foun d tha t bot h privat e firm s an d publi c secto r organisation s wer e 
involved i n marketin g RETs , an d tha t man y o f the m wer e lookin g fo r market s i n 
developing countries . I n addition , h e foun d tha t the y ofte n receive d assistanc e 
from multilatera l an d bilatera l ai d agencie s i n enterin g thes e markets . Thes e 
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trends ma y resul t i n distortin g th e directio n o f technica l chang e i n developin g 
countries, an d lea d t o a  heav y dependenc e o n importe d good s an d service s fo r 
investment i n RETs . 

However, Hoffma n base d hi s conclusion s primaril y o n tw o quit e sophisticate d 
RETs, i e photovoltaic s an d larg e scal e ethanol , an d th e prognosi s fo r othe r RET s 
may no t necessaril y b e quit e s o gloomy . Obviously , marke t condition s an d th e 
availability o f variou s RET s wil l var y quit e strongl y dependin g o n thei r degre e o f 
sophistication, thei r profi t potentia l (ofte n related) , an d thei r appropriatenes s t o 
developed countr y markets . RET s suc h a s photovoltaic s an d larg e scal e ethano l 
have considerabl e potentia l i n develope d countrie s an d hence , larg e R  an d D 
efforts i n develope d countrie s ar e bein g mounte d t o produc e economica l 
hardware. Nevertheless , i t ma y b e possibl e t o transfe r thes e technique s withou t 
being totall y dependen t o n th e develope d countries . Developin g countrie s d o 
hold a  numbe r o f card s i n th e bargainin g process , e g potentiall y larg e market s i n 
some RETs , and fiel d site s t o tes t ou t stat e o f th e ar t techniques . 

In contract , technique s suc h a s woo d stoves , bioga s plants , simpl e sola r heater s 
and smal l scal e ethano l plant s lac k a  widesprea d marke t i n develope d countries . 
In general , th e transfe r o f thes e RET s involve s acces s t o basi c knowledg e o f th e 
fundamentals underlyin g thes e processes , an d i n som e cases , t o hardwar e i n a 
relatively "mature " stag e o f development . Du e t o it s maturit y ther e ar e a  larg e 
number o f firm s i n develope d countrie s abl e t o suppl y suc h hardware , an d wit h 
appropriate bargainin g skill s mos t developin g countrie s coul d obtai n th e require d 
hardware unde r fairl y equitabl e terms . I n thi s cas e th e relativ e openes s o f th e 
field coul d provid e a  challeng e t o som e developin g countrie s t o develo p a n 
expertise whic h eventuall y coul d b e exported . 

The polic y questio n fo r developin g countrie s i n relatio n t o RE T transfe r i s ho w t o 
avoid a  stron g dependenc y o n develope d countries , whil e tryin g t o exploi t th e 
very rea l marke t "niches " whic h currentl y exis t i n th e RE T market . I n thi s 
regard, i t i s apparen t tha t passiv e policie s oriente d toward s "waitin g an d seeing " 
will onl y lea d t o greate r technologica l dependenc e o n importe d RETs . A n activ e 
policy mus t b e formulate d base d o n a  lon g ter m strateg y fo r managin g th e 
supply-side o f RET s t o resul t i n mor e favourabl e developmen t paths . A t th e cor e 
of suc h a  strateg y mus t li e a  se t o f wel l though t ou t objective s abou t th e degre e 
of self-relianc e base d o n th e benefit s an d cost s o f importin g rathe r tha n relyin g 
on locall y produce d good s an d services . 

CASE STUDIES OF POWE R ALCOHO L IMPLEMENTATION I N AFRIC A 

No renewabl e energ y project s hav e bee n documente d tha t wer e implemente d 
following th e abov e methodology . I n orde r t o examin e ho w som e government s 
have implemente d renewabl e energ y project s i n practice , tw o cas e studie s wil l 
be discusse d i n th e are a o f powe r alcohol . 

Zimbabwe 

Zimbabwe buil t a  120,00 0 1/da y powe r alcoho l plan t i n 198 0 (Stucke y an d Juma , 
1984). A t th e tim e th e decisio n wa s mad e (1978)  Zimbabw e di d no t hav e a  clea r 
picture o f it s energ y end-use , especiall y i n rura l areas , an d n o renewabl e energ y 
or eve n overal l energ y policy . Th e decisio n wa s base d solel y o n economi c 
grounds i n relatio n t o fallin g worl d price s fo r bot h suga r an d molasses , th e 
feedstocks fo r th e alcoho l plant . However , th e resourc e requirement s an d th e 
degree o f self-relianc e wer e considere d seriousl y du e t o internationa l sanction s 
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and th e lac k o f foreig n exchange . Du e t o a  wel l develope d capita l good s sector , 
and constructio n skill s a  significan t fractio n (60% ) o f th e tota l capita l 
investment wa s spen t locally . 

These loca l capabilities , th e availabilit y o f untie d capita l fro m th e paren t 
company i n Sout h Africa , an d acces s t o knowledg e enable d th e compan y 
involved, Triangle , t o purchas e th e technolog y fro m Wes t German y unde r ver y 
favourable terms . Thi s decisio n onl y cam e afte r a n extensiv e worl d wid e surve y 
of equipmen t manufacturer s an d suppliers . I n additio n t o th e purchas e o f th e 
technology, th e contrac t stipulate d on-sit e trainin g fo r a  numbe r o f loca l people . 
Since th e plan t ha s bee n installe d th e compan y ha s bee n carryin g ou t test s t o 
determine whethe r i t ca n b e adapte d locall y t o improv e it s performance . 

Since th e capita l cos t an d overal l productio n cos t pe r uni t o f outpu t i s extremel y 
low b y worl d standard s th e programm e i n Zimbabw e i s considere d t o b e 
extremely successful . While  th e initia l step s i n th e formulatio n o f a  renewabl e 
energy polic y wer e no t undertaken , thi s cas e stud y show s tha t a  relativel y 
sophisticated RE T ca n b e transferre d successfull y withou t dependin g o n "turn -
key" projects . 

Kenya 

Kenya instigate d th e constructio n o f tw o plant s i n 1977 ; a  60,00 0 1/da y plan t a t 
Muhoroni producin g baker s yeas t a s well , an d a  30,00 0 1/da y plan t a t Kisum u 
producing baker s yeast , citri c acid , an d vinegar . Th e Kisum u plan t wa s a  "turn -
key" projec t wit h n o loca l input . A t th e en d o f 198 2 th e projec t wa s suspende d 
before completio n a t a  cos t o f US$12 0 million . Th e Muhoron i plan t cam e o n 
stream i n Jun e 198 2 (Stucke y an d Juma , 1984) . 

At th e tim e th e decisio n wa s made , Keny a di d no t hav e an y renewabl e energ y 
policy, o r eve n a n overal l energ y policy . Th e project s wer e evaluate d o n 
economic grounds , an d deeme d t o b e uneconomi c b y th e relevan t governmen t 
departments. However , despit e thi s advic e th e governmen t stil l wen t ahea d wit h 
both projects . 

The plan t a t Muhoron i wa s base d o n a  prefeasibilit y stud y carrie d ou t b y a n 
Austrian company . Thi s compan y wa s eventuall y contracte d t o buil d a 
sophisticated continuou s fermentatio n facilit y o n a  turn-ke y basis . Henc e ther e 
was almos t n o loca l inpu t i n term s o f construction . I n addition , n o technica l 
training wa s provide d an d th e plan t i s operate d almos t entirel y b y expatriat e 
labour. 

The choic e o f th e technolog y wa s dictate d strongl y b y th e lac k o f availabilit y o f 
untied finance . Sinc e th e Austria n governmen t offere d t o financ e th e plant , th e 
company an d technolog y use d wer e no t unnaturally , Austrian . 

The abov e factor s le d t o a  plan t whic h ha s relativ e hig h productio n cost s an d 
resulted i n littl e i f an y increas e in  indigenou s technica l capacity . I n thi s case , i n 
contrast t o Zimbabwe , i t i s difficul t t o argu e tha t th e acquisitio n o f a  renewabl e 
energy technolog y le d t o enhance d development , an d a n increas e i n skil l i n 
implementing renewabl e energ y projects . 
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CONCLUSIONS 

It i s apparen t tha t i n orde r t o full y exploi t th e potentia l o f RET s i n developin g 
countries an d t o optimis e thei r use , government s mus t tak e a n activ e role . Thi s 
does no t mea n tha t privat e enterpris e shoul d b e excluded . T o widel y diffus e 
RETs, especiall y smal l scal e ones , commercialisatio n i s essential . However , 
governments shoul d maintai n a  fir m contro l ove r th e evolutio n o f RET s du e t o 
the man y socia l factor s involve d whic h ten d t o receiv e a  lo w priorit y i n th e 
private sector . 

Government shoul d b e activ e i n assessin g sectoria l energ y demand , an d 
formulating a  cohesiv e an d rationa l renewabl e energ y policy . I n implementin g 
such a  policy , developin g countr y government s shoul d ai m t o buil d u p a n 
indigenous technica l capacit y throug h technolog y transfe r an d developin g loca l 
skills. I t i s onl y throug h th e activ e pursui t o f thes e goal s tha t RET s wil l star t t o 
fulfill thei r potentia l i n contributin g t o energ y budget s i n developing countries . 
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