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INTRODUCTION 

Background 

In Septembe r 1979 , a  grou p o f Africa n researcher s me t i n Arusha , Tanzani a 
under th e auspice s o f th e Commonwealt h Scienc e Council . Th e mai n objective s 
of th e meetin g wer e t o shar e thei r experience s an d t o explor e th e feasibilit y o f 
establishing a  regiona l programm e o f researc h an d developmen t activitie s o n 
renewable energ y technologie s an d thei r applicatio n i n Africa . Th e meeting , 
which identifie d seve n project s t o for m th e basi s o f collaborativ e researc h 
projects i n th e region , le d t o th e forma l institutio n o f th e Africa n Energ y 
Programme (AEP ) b y th e Commonwealt h Scienc e Counci l (CSC) . I n additio n t o 
the AEP , simila r initiative s wer e launche d b y othe r nationa l an d internationa l 
bodies t o promot e an d harnes s th e enormou s renewabl e energ y potentia l o f 
Africa. 

The AE P aim s t o promot e wor k o n th e Africa n continen t i n th e fiel d o f 
renewable source s o f energ y an d t o co-ordinat e an d strengthe n th e Africa n 
scientific an d technica l capabilitie s throug h cooperativ e activities . Th e 
Programme i s concerne d mainl y wit h addressin g th e energ y need s o f th e 
predominantly rura l population s o f Afric a wit h th e followin g eigh t project s 
forming th e noda l point s fo r collaborativ e researc h an d development : 

1. Bioga s fo r rura l developmen t 
2. Energ y polic y fo r plannin g 
3. Resourc e assessmen t 
4. Sola r cro p dryin g 
5. Sola r heatin g an d coolin g 
6. Win d electricit y generatio n 
7. Win d wate r pumpin g 
8. Wood/charcoa l productio n an d utilisation . 

The majo r activitie s o f th e AE P fal l int o thre e broa d categories : 

1. Nationa l scientifi c researc h an d technologica l developmen t a s par t o f a 
regional network . 

2. Workshop s whos e mai n objective s are : 

to provid e trainin g t o developin g countr y scientist s i n th e 
techniques an d methodologie s fo r hig h qualit y scientifi c research ; 

to identif y commo n area s fo r follow-u p trainin g throug h 
collaborative scientifi c researc h an d technologica l development ; 

to provid e for a fo r th e interchang e o f idea s an d compariso n o f 
scientific result s an d informatio n derive d fro m th e applicatio n o f 
common methodologies . 

3. Trainin g course s an d fellowshi p attachments . 

The commo n them e underlyin g al l activitie s i s t o assis t wit h th e developmen t o f 
indigenous scientifi c an d technologica l capabilit y aroun d commo n discipline s an d 
methodologies. 
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The Unite d Kingdo m Oversea s Developmen t Administratio n (ODA ) ha s provide d 
substantial financia l suppor t t o initiat e researc h an d developmen t activitie s o n 
three o f th e projects : Sola r cro p drying , Charcoa l productio n an d utilisatio n an d 
Biogas systems . Activitie s i n th e othe r project s hav e bee n pursue d throug h 
national programme s an d a  numbe r o f trainin g workshop s organise d b y th e 
Commonwealth Scienc e Council . Th e rang e o f project s ha s bee n instrumenta l i n 
demonstrating th e practicabilit y o f a  regiona l networ k approac h t o scienc e an d 
technology fo r developmen t withi n th e constraint s o f scarc e huma n an d 
institutional resources . 

The Internationa l Conferenc e o n Researc h an d Developmen t o f Renewabl e 
Energy Technologie s i n Afric a wa s organise d t o offe r th e opportunit y fo r th e 
scientists workin g o n th e AE P t o shar e thei r result s an d experience s wit h eac h 
other, a s wel l a s wit h colleague s workin g o n simila r problem s elsewher e i n Afric a 
and othe r countries . Th e specifi c objective s o f th e Conferenc e were : 

to repor t th e result s o f researc h project s o n renewabl e energ y 
technologies i n Afric a coverin g bot h th e activitie s o f th e Africa n Energ y 
Programme an d thos e o f othe r institutions/agencies ; 

to provid e a n opportunit y fo r internationa l exchang e o f researc h idea s an d 
information betwee n Africa n scientist s an d colleague s fro m elsewhere ; 

to provid e a  foru m fo r scientist s an d potentia l donor s t o explor e 
modalities fo r futur e collaboratio n o n energ y researc h an d developmen t i n 
Africa. 

Organisation an d managemen t 

The Conferenc e too k plac e a t th e Pau l Octav e Wieh e Auditoriu m o f th e 
University o f Mauritiu s fro m 25-2 9 Marc h 1985 , an d wa s attende d b y 10 0 
scientists, researchers , polic y maker s an d representative s o f Internationa l 
Organisations fro m 3 0 countries . 

The programm e consiste d o f plenar y technica l session s whic h discusse d invite d 
and submitte d scientifi c paper s unde r fou r generi c scheme s o f Resourc e 
Assessment; Energ y Conversio n Technologies ; Energ y Utilisatio n Technologies ; 
Energy Polic y an d Plannin g an d International Collaborativ e Programmes . I n all , 
about 7 0 paper s wer e presente d a t th e Conference . I n addition , visit s wer e 
organised t o th e Bagasse-fuelle d powe r statio n a t Champagn e an d th e Renewabl e 
Energy Project s o f th e Universit y o f Mauritius . 

The Conferenc e wa s officiall y opene d b y Hi s Excellenc y Si r S  Ramgoolam , 
Governor-General o f Mauritius . Th e Inaugura l addres s wa s delivere d b y th e Ho n 
A K  Gayan , Chairma n o f th e Counci l o f th e Universit y an d Ministe r o f Externa l 
Affairs fo r Mauritius . Professo r J  Manrakhan , Vice-Chancello r o f th e Universit y 
of Mauritiu s delivere d th e keynot e addres s t o th e conference . D r P  Hutchinson , 
Deputy Secretar y o f th e Commonwealt h Scienc e Council , welcome d th e 
Conference delegate s o n behal f o f th e Secretary-Genera l o f th e Commonwealt h 
and th e Chairma n an d Secretar y o f th e Commonwealt h Scienc e Council . 



- v  -

Conclusions and recommendation s 

1. Organisatio n o f th e AE P 

Since it s inception , th e Africa n Energ y Programm e activitie s hav e 
covered a  numbe r o f field s concernin g energ y resources . Som e activitie s 
had bee n mor e successfu l tha n others . Howeve r i t wa s clea r tha t th e 
Programme ha d fulfille d a  need , an d shoul d b e carrie d o n an d expanded . 

Such expansio n should , i n th e firs t instance , b e i n th e inclusio n o f non -
Commonwealth Africa n countries . Th e attendanc e a t th e Conferenc e o f 
representatives fro m thes e countrie s alread y initiate s suc h a  step . 

Representatives o f th e Internationa l Organisation s outline d thei r variou s 
activities i n th e fiel d o f energy , emphasisin g thu s th e advantag e o f clos e 
co-operation betwee n th e variou s agencie s withi n a  singl e syste m o r 
network. Th e UNE P representativ e indicate d tha t hi s organisatio n wa s 
considering a  roun d tabl e meetin g o f agencie s concerne d wit h energy . 
The suggestio n wa s note d tha t a  ful l tim e Secretaria t woul d b e beneficial , 
though th e difficultie s o f acquirin g fund s fo r thi s wer e noted . 

2. Technica l developmen t 

1. Exchang e o f informatio n 

The nee d fo r exchang e o f informatio n wa s strongl y expressed . I t wa s 
mentioned tha t ther e was , perhaps , to o muc h informatio n available . 
However, th e difficultie s o f exchangin g th e informatio n ha d ofte n le d t o 
the duplicatio n o f effort . Wha t wa s require d wa s a  syste m fo r organisin g 
and selectin g th e informatio n a s wel l a s th e mean s fo r deliver y t o an d 
between th e scientist s an d engineers . 

Several organisation s ha d mad e a  start , fo r example , th e Sola r Energ y 
Society fo r Afric a ha d com e int o being , an d framework s als o existe d wit h 
the Africa n Networ k fo r Scientifi c an d Technologica l Institution s (ANSTI ) 
and th e Africa n Energ y Commission . Th e U N agencie s wer e als o 
interested i n becomin g involve d i n informatio n system s fo r energy . 

The conclusio n wa s clea r tha t th e tim e wa s rip e fo r a n Africa n Energ y 
Information System . 

2. Applicatio n o f technolog y 

There wa s consensu s tha t sufficien t scientifi c an d technologica l 
knowledge ha d bee n accumulate d i n man y aspect s o f Energ y fo r th e 
balance o f effor t t o b e tippe d toward s th e aplicatio n o f th e knowledg e t o 
development. 

It wa s importan t tha t severa l avenue s fo r implementatio n b e investigated . 
These rang e fro m gover n mentally-sponsored scheme s t o thos e whic h wer e 
purely commercial . I n th e latte r case , th e involvemen t o f entrepreneurs , 
manufacturers an d sale s peopl e fro m th e star t o f an y projec t i s important . 



It wa s considere d tha t i t wa s insufficien t merel y t o presen t t o th e publi c 
devices fo r th e utilisatio n o f energy . I t wa s importan t t o creat e a 
demand, fo r example , fo r drie d products , whic h i n tur n woul d provid e a 
demand fo r th e implements . 

3. Trainin g 

The nee d fo r appropriat e trainin g wa s expressed . Som e course s alread y 
exist i n th e develope d countries . However , th e developmen t o f suc h 
courses withi n th e regio n woul d b e useful . 

Not onl y wa s ther e a  nee d fo r graduat e training , bu t trainin g o f suppor t 
staff a t technicia n leve l wa s als o a  requirement . 

4. Prioritie s 

1. I t wa s recognise d tha t countrie s woul d eac h hav e thei r ow n prioritie s a s 
far a s th e variou s aspect s o f energ y utilisatio n wer e concerned . I n 
general, though , Biomas s utilisation , particularl y tha t throug h bioga s 
generation, an d th e desig n o f sola r appliance s wa s wel l advanced . Tw o 
areas specificall y mentione d requirin g furthe r wor k wer e pyrolysi s an d 
collection o f sola r an d win d energ y data . 

2. Co-operativ e action , bot h o n a n organisationa l leve l betwee n agencies , 
and b y informatio n exchang e wa s see n a s a n essentia l wa y t o optimis e th e 
effort whic h wa s going int o th e developmen t o f energy . 

3. Takin g th e result s o f researc h an d developmen t t o energ y aplicatio n 
through th e mediu m o f commercialisatio n wa s seen a s th e nex t majo r ste p 
forward. 

4. Trainin g a t al l levels , an d b y severa l means , was , a s always , see n a s a n 
essential output . 

C Y  Wereko-Brobb y 
Commonwealth Scienc e Counci l 
London 
15 Ma y 198 6 
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GOVERNMENT AN D UNIVERSITY IN PARTNERSHI P I N THE 
DEVELOPMENT PROCES S OF SMALL STATES -

SOME MAURITIAN REFLECTIONS * 

Hon. A  K Gayan, Ministe r o f Externa l Affairs , 
Tourism an d Emigratio n an d Actin g Chairman , 

Council o f th e Universit y o f Mauritiu s 

Universities i n developin g countries , particularl y thos e i n smal l states , canno t b e 
just centre s o f highe r learnin g dedicate d t o th e pursui t o f academi c 
achievement, pur e an d simple . The y hav e t o act , an d b e see n t o act , a s 
instruments i n nationa l developmen t strategies , bein g full y integrate d i n th e 
development process . Universitie s mus t b e abl e t o convinc e Government s tha t 
they ca n b e privilege d partner s fo r nationa l development , wit h constan t 
interactions betwee n decision-maker s a t th e nationa l leve l an d universit y staff . 

Academic freedo m i s importan t bu t canno t b e divorce d fro m nationa l prioritie s 
Academics mus t pla y a  significan t rol e i n th e searc h fo r solution s t o nationa l 
problems. Thi s mus t b e so , no t onl y becaus e i n man y countrie s th e Government s 
have t o financ e almos t th e tota l budge t o f thei r universities , a s i n Mauritius , bu t 
also becaus e Government s attac h considerabl e importanc e t o th e input s fro m th e 
University i n al l sphere s o f nationa l life . 

Universities ar e centre s o f researc h pa r excellence . Scientifi c researc h fo r th e 
sake o f research , devoi d o f practica l application , canno t b e encourage d a t a  tim e 
when resource s ar e scarce , a t a  tim e whe n countrie s ar e goin g throug h a  ba d 
economic spell . A t a  tim e whe n ther e i s rea l pressur e t o reallocat e resource s 
from theoreticall y unproductiv e activitie s t o productiv e ones , th e temptatio n t o 
slash universit y budget s become s har d t o resist . Thi s i s no t a  proble m face d onl y 
by poore r nations : Britai n ha s no t hesitate d i n reducin g th e budge t o n tertiar y 
education. I  a m no t i n an y wa y suggestin g tha t universitie s mus t no t hav e 
substantial, s tat e financia l suppor t certainl y fo r th e present . However , 
universities mus t b e tune d t o th e social , economic , industria l an d technologica l 
problems o f th e nation , i f the y ar e t o avoi d indictment . I n an y case , Universitie s 
must lea d th e wa y an d canno t b e followers . 

One are a i n which , a s a  lawyer , I  hav e bee n closel y involved , namel y th e 
challenge o f th e se a fo r development . Mauritiu s exercise s jurisdictio n ove r a n 
immense exten t o f maritim e space , an d whic h certainl y doe s no t lac k i n 
renewable an d non-renewabl e resources . Th e tim e ha s com e fo r th e Universit y 
of Mauritiu s t o tackl e th e proble m frontally , as , indeed , i t propose s t o d o -  fo r 
its ow n goo d a s wel l a s tha t o f th e country . Hitherto , fo r a  variet y o f reasons , i t 
has tended , i n th e are a o f marin e resources , t o restric t itsel f t o piecemea l 
studies o r som e trainin g activities . 

Proposals fo r short-ter m strategie s mus t b e include d withi n th e framewor k o f 
long-term plans . Th e Mauritia n Governmen t accept s tha t a  comprehensiv e 
programme o f applie d researc h relie s o n continuin g basi c researc h speciall y t o 
underpin technologie s tha t coul d b e harnesse d fo r a  country' s development . 
Nevertheless i t i s highl y desirabl e tha t an y researc h undertake n b y th e 
University produce s result s i n a s shor t a  tim e a s possible . Scarc e resource s 
cannot b e boun d u p i n tim e consumin g researc h wit h esoteri c aim s an d margina l 
benefits. Pur e researc h a s a  mer e sloga n mus t giv e wa y t o researc h whic h ha s 
relevant, direc t and , a s fa r a s possible , immediat e bearin g o n nationa l 
development. 

Extracts fro m welcomin g addres s t o th e conference . • 
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Nations mus t develo p an d utilis e indigenou s expertis e withi n an d outsid e th e 
campus, i n thei r ques t fo r solutio n o f developmen t problems . Recours e t o 
foreign expertis e ca n n o longe r b e justifie d i n area s wher e w e hav e bette r 
practical experience . Rathe r tha n supportin g programme s o f technica l 
assistance whe n th e nee d fo r suc h assistanc e doe s no t reall y exist , foreig n 
governments woul d mak e a  greate r contributio n b y helpin g t o strengthe n loca l 
expertise. 

Shridath Rampha l i n his address at th e Thirteenth Congres s of th e Universities of 
the Commonwealt h urge d Vice-Chancellor s (an d others ) t o wide n thei r enquir y 
when addressin g th e questio n o f th e rol e o f universitie s i n relatio n t o 
technological innovatio n withi n the context o f smal l states. H e went on: 

"What technology?" , o f course , become s a  pertinen t question ; but , eve n 
more t o th e point , "wha t university?" . Suc h necessar y questioning s wil l 
inevitably lead yo u into exploring a  range of co-operative measure s at th e 
regional, inter-regiona l an d Commonwealth-wid e leve l i n supplementatio n 
of th e resource s o f thes e ver y smal l states . Fo r them , a  par t o f th e 
challenge o f technologica l innovatio n i s innovatio n i n th e rol e o f 
universities, innovatio n tha t emerge s ou t o f th e traditiona l spring s o f 
university improvisation an d perhaps out of technology itself . 

Similar consideration s le d t o the establishmen t o f th e Universit y o f Mauritiu s in 
the mid-1960s , wit h generou s hel p fro m th e UK . Th e University , indeed , wa s 
conceived i n th e developmenta l contex t a s th e on e appropriate an d relevan t fo r 
Mauritius. 

The universit y ha s ha d t o continuall y adap t an d mak e provisio n fo r ne w course s 
warranted b y th e changin g economi c climat e o f th e country . Government -
university collaboratio n i n teachin g an d trainin g i s likel y t o grow . Moreover , 
since w e have adopte d a  pragmati c approac h t o development , w e hav e t o loo k 
towards mor e and mor e effective government-privat e sector-universit y linkages . 

To promote multi-disciplinar y researc h an d consultancy fo r th e practica l solutio n 
of ou r manifol d societa l problems , i n what , afte r all , i s both a  small and a  poor 
country, the university drew up proposals known as the "Mauritius 200 0 concept" . 
The thinking , aim s an d objective s o f thi s concep t ar e i n broa d agreemen t wit h 
those i n th e Repor t Scienc e fo r Technolog y fo r Developmen t o f th e 
Commonwealth Scienc e Council . Withi n th e framewor k o f th e "Mauritiu s 200 0 
Concept" the Universit y o f Mauritiu s i s being transforme d t o contribut e full y i n 
the developmen t proces s i n Mauritiu s whils t retainin g it s positio n an d standard s 
among the Universities of th e Commonwealth . 

The Highe r Educatio n Divisio n o f th e British Counci l has been staunch supporte r 
of th e Mauritiu s 200 0 concept . Th e hel p an d suppor t o f internationa l agencie s 
such a s th e Commonwealt h Scienc e Council , UNESC O and othe r Unite d Nation s 
agencies, i s vital i n the promotio n o f North-Sout h an d increasingl y South-South , 
collaborative effort s suc h as "Mauritius 2000". 

Sir Seewoosagu r Ramgoolam , Governor-Genera l o f Mauritius , i n hi s messag e t o 
this Conference stated : 

"Mauritius i s proud o f he r African heritag e and traditions. Ou r Continent , 
of vas t potential , i s currentl y facin g innumerabl e difficulties . Bu t man y 
of thes e woul d b e solve d o r attenuate d considerabl y wer e Afric a t o 
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obtain, an d exploi t rationally , cheap , reliabl e an d plentifu l supplie s o f 
energy; henc e th e nee d bot h fo r researc h an d developmen t o f appropriat e 
renewable energ y technologies , an d fo r prope r monitorin g an d evaluatio n 
of endeavour s therein , an d henc e th e nee d fo r th e Internationa l 
Conference." 

The Conferenc e itself , structure d i n fou r broa d scientifi c subjec t areas , namel y 
energy resourc e assessment , energ y conversio n technologies , energ y utilisatio n 
technologies, an d energ y polic y formulatio n an d planning , ha s th e followin g thre e 
broad objectives : 

(1) t o repor t th e result s o f researc h project s o n renewabl e energ y 
technologies i n Afric a coverin g bot h th e activitie s o f th e Commonwealt h 
Science Council' s Africa n Energ y Programme , an d o f othe r institution s 
and agencies ; 

(2) t o provid e a n opportunit y fo r th e internationa l exchang e o f researc h idea s 
and informatio n betwee n Africa n scientist s an d colleague s fro m 
elsewhere; 

and 

(3) t o provid e a  foru m fo r scientist s an d potentia l donor s t o explor e 
modalities fo r futur e collaboratio n o n energ y researc h an d developmen t i n 
Africa. 

I hav e deliberatel y steere d clea r o f energ y issue s i n Mauritiu s althoug h thes e are , 
inevitably an d inextricably , connecte d wit h severa l o f th e point s I  hav e raised . 
These issue s wil l b e covere d elsewher e i n th e Conference . 
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SCIENCE AN D TECHNOLOGY, RESEARC H AN D DEVELOPMENT , 
ENERGY AN D THE LDCs : 

RAMBLING THOUGHTS FRO M A N ACADEMI C 

Prof. J  Manrakha n 
Vice-Chancellor, Universit y o f Mauritius , Reduit , Mauritiu s 

TERMINOLOGY 

There ar e innumerabl e way s o f lookin g a t "science" , "technology" , "research " an d 
"development". I n lin e wit h evolutio n o f thinkin g an d practic e ove r th e las t fe w 
decades, i t woul d b e bes t t o thin k i n term s o f a  science-technolog y continuum . 
That continuu m shoul d b e regarde d a s a  strongl y interactin g "know-why/know -
how" system , an d fo r ou r purposes , th e emphasi s shoul d b e o n th e "know-how " 
part o f th e continuum . Th e "know-how " par t o f th e continuum , i n particular , ha s 
to operat e withi n socio-politico-economi c contexts , bot h nationa l an d 
international. Alon g simila r lines , researc h an d developmen t (R&D) , shoul d bes t 
be regarde d i n "know-why/know-how " continuu m terms , agai n operatin g withi n 
socio-politico-economic contexts ; par t o f th e science-technolog y continuu m 
prior to , an d excluding , mas s industria l an d commercia l productio n operations . 
Moreover, "technology " woul d als o includ e managemen t concept s an d techniques . 

FROM TERMINOLOGY T O MODEL : MAURITIUS 200 0 

The vie w o f scienc e an d technolog y outline d abov e ha s foun d expression , an d 
practical applicatio n i n th e "Mauritiu s 2000 " concept o f th e university . 

(i) Ther e i s nothin g particularl y extraordinar y abou t th e yea r 200 0 a s such . 
The Mauritiu s 200 0 concep t i s a  flexibl e on e whic h enable s th e universit y 
to us e a  fairl y lon g time-horizo n t o buil d alternativ e internall y consisten t 
scenarios, workin g backward s t o th e presen t i n attemptin g t o fin d 
practical solution s t o existin g an d foreseeabl e problems , withi n a n 
integrated an d dynami c context . 

(ii) Variou s workin g group s a t th e University , operatin g o n th e 'swi m o r sink ' 
principle, ai m t o cove r amon g other s biotechnology ; energy ; employment , 
productivity an d industria l relations ; macro-economi c modelling ; 
microelectronics an d physica l resource s planning . And , amon g th e ne w 
areas th e Mauritiu s 200 0 studie s wil l shortl y cove r ar e foo d an d nutrition ; 
women studies ; th e smal l farme r concept ; th e welfar e state ; an d 
industrialisation. 

(iii) A s anticipate d ther e ar e interaction s betwee n th e severa l exercises . 
Indeed, energ y consideration s hav e require d revie w o f initia l aim s o f mos t 
of th e Mauritiu s 200 0 exercise s i n progres s an d planned . Ther e i s a  nee d 
to develo p a  methodolog y concernin g measuremen t system s t o enabl e th e 
integration o f th e variou s Mauritiu s 200 0 exercise s fro m th e poin t o f vie w 
of scienc e an d technology , an d thei r repercussion s i n society . Energ y 
considerations appea r t o constitut e a  usefu l starte r here , fo r example , b y 
adopting a  "carryin g capacity " approach . 

CERTAIN ISSUE S CONCERNING ENERG Y RESTATE D 

It i s convenient , a t thi s stage , t o restat e certai n genera l remark s o n Energy . 
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(a) Th e distributio n o f non-renewabl e energ y resource s i n th e worl d i s ver y 
uneven; "poor " countrie s are , i n general , als o "poorl y off " i n thos e energ y 
resources (excep t fo r certai n oil-exportin g countries) . Moreove r thes e ar e 
becoming scarcer : a t curren t rate s o f consumption , presentl y know n oi l 
resources ar e estimate d t o las t 3 0 t o 5 0 years , whil e coa l resource s ma y 
last 20 0 t o 50 0 (possibl e 800 ) years . An y majo r increas e i n coa l us e ma y 
lead t o environmenta l problems . I n an y cas e Africa , a s fa r a s i s know n a t 
present, i s deficien t i n coa l reserves . 

(b) Th e consumptio n o f energ y i s als o uneve n throughou t th e world . Aroun d 
70% o f th e world' s population , accountin g fo r 20 % o f th e world' s annua l 
energy consumption , hav e a  pe r capit a consumptio n o f good s an d service s 
of betwee n one-tent h an d one-twentiet h o f th e correspondin g figur e i n 
highly industrialise d countries . Ther e i s a  relationshi p betwee n gros s 
national product s (GNP ) pe r hea d an d energ y consumptio n pe r head . 
Because o f increasin g populatio n an d risin g averag e energ y consumptio n 
per head , th e world' s energ y consumptio n i s increasing , althoug h les s 
rapidly tha n previousl y sinc e th e mid-1970s . Relationships , expresse d i n 
the languag e o f mathematica l statistic s hav e been , an d ar e being , foun d -
for example , betwee n GN P pe r hea d an d commercia l energ y consumptio n 
per head , o r i n inter-sectora l input-outpu t tables . Thes e relationships , 
besides providin g furthe r insight s int o economi c developmen t processe s 
are als o ver y usefu l i n mor e specifi c energ y studies , particularl y i f non -
commercial energ y coul d b e brough t int o th e reckonin g wit h implication s 
for renewabl e energ y resources . 

(c) Ther e i s a  nee d fo r considerabl e increase s i n costl y an d time-consumin g 
efforts (includin g R&D ) t o explor e an d exploi t ne w fossi l fue l resources , 
geothermal resources , nuclea r fissio n an d fusio n systems , an d i n 
connection wit h renewabl e energ y resource s (e g direc t solar , wind , tide , 
hydroelectric an d biomas s conversion) . Eve n so , mos t forecast s (1 ) see m 
to indicat e tha t b y 200 0 A D th e maximu m contributio n o f renewabl e 
energy resource s t o overal l worl d energ y deman d woul d b e i n th e rang e o f 
5% t o 10% . Bu t Afric a i s mor e favourabl y place d tha n thes e world-wid e 
estimates suggest . An d i n Mauritiu s biomas s prospect s ar e wel l beyon d 
such estimates . 

(d) I t i s soberin g t o reflec t that , onl y a  fe w year s ago , mos t forecast s wer e t o 
the effec t tha t th e long-ter m tren d i n th e worl d averag e energ y pric e 
would b e a n increasin g on e i n rea l terms . Bu t b y ho w much ? Coul d 
renewable energ y resource s no t com e t o th e rescue? ; i f so , how an d when ? 
-these ar e som e o f th e question s w e nee d t o reflec t upo n (2). 

ENERGY AN D THE LEAST DEVELOPED COUNTRIES : 
THE BROOKHAVEN STUD Y 

The Brookhave n Nationa l Laboratory , commissione d b y th e U S Agenc y fo r 
International Development , produce d a  repor t i n 197 8 coverin g th e energ y needs , 
uses an d resource s o f developin g countrie s u p t o th e yea r 200 0 A D (3) . Man y 
non-OPEC developin g countrie s wer e alread y i n seriou s difficultie s wit h 
increasing energ y costs , growin g population s an d urbanisation , worsenin g 
unemployment an d balanc e o f paymen t problems , an d wit h recurren t foo d 
shortages. I n th e absenc e o f remedia l measures , th e Brookhave n stud y 
concluded, th e positio n i n thos e countrie s woul d b e aggravate d an d becom e 
catastrophic, wit h th e whol e ecosyste m supportin g th e rura l poo r increasingl y a t 
risk. 
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That study , b y n o mean s th e mos t pessimisti c a t th e time , recommende d findin g 
solutions t o th e energ y problem s o f th e LDCs , i n term s o f exploratio n an d 
exploitation o f renewabl e an d non-renewabl e resources , productio n an d 
consumption aspect s an d stresse d bot h technologica l a s wel l a s socia l aspects . 
Energy, i t stated , "drive s th e machiner y o f a  natio n i n al l it s vas t human , 
cultural an d economi c complexity" ; energ y assistanc e programme s woul d onl y 
succeed i f conceive d an d implemente d wit h "du e respect " t o tha t complexity . 
The Brookhave n stud y estimate d th e tota l investmen t required , u p t o th e yea r 
2000, t o enabl e non-OPE C LDCs , a s a  whole , t o reac h energ y sel f sufficienc y a t 
US $125,000 millio n i n term s o f 197 6 prices . 

APPEAL TO THE CONSCIENCE O F MANKIN D 

The Brand t Commissio n (1980 ) wa s t o appea l t o th e conscienc e o f mankin d fo r 
the elaboratio n o f a  Ne w Internationa l Economi c Orde r (4) . I t addresse d itsel f t o 
energy thus : 

(i) Energ y canno t b e examine d i n isolatio n bu t withi n a  generalise d an d 
integrated contex t o f majo r worl d problem s (includin g food , hunger , 
poverty, unemployment , health , educatio n an d s o on) . 

(ii) Unti l th e tur n o f th e century , th e mai n energ y sourc e o f th e worl d wil l 
continue t o b e oil ; arrangement s hav e t o b e mad e a s a  matte r o f urgenc y 
to protec t th e economie s o f 'poor ' countrie s agains t shar p pric e increase s 
in energ y an d t o provid e securit y o f supplie s t o thos e countries . 

(iii) Transitiona l measure s ar e necessar y i n shiftin g fro m oi l t o othe r energ y 
sources, includin g suppl y plannin g an d management , ver y costl y 
exploration an d developmen t o f energ y resources ; th e 'South ' mus t no t b e 
forced t o adop t expensiv e ne w technologie s fo r alternativ e energ y 
sources; a  Worl d Energ y Researc h Centr e shoul d b e se t u p unde r U N 
auspices. 

(iv) Energ y conservatio n i s crucia l an d ma y necessitat e internationa l 
agreement an d surveillanc e fo r al l countries ; however , th e world' s energ y 
(and other ) problem s mus t b e solve d b y peacefu l mean s an d no t b y force . 

SHOCK WAVE S 

On th e othe r hand , Toffle r (1980) , striving t o shoc k u s int o becomin g consciou s o f 
the adven t o f a  ne w Thir d Wave ' civilisation , ha s highlighte d th e followin g 
features: 

1. Prio r t o th e "Industria l Revolution" , mankin d live d withi n it s energ y 
"income" o n many , disperse d an d renewabl e energ y sources , i n th e main . 
Thereafter, industrialisation , usin g concentrate d an d fe w energ y sources , 
led t o depletio n o f energ y capita l a s a  resul t o f buildin g "towerin g 
technological an d economi c structures " o n th e assumptio n tha t chea p 
fossil fuel s woul d b e "endlessl y available" . 

In th e process , ther e wa s a  "dramati c reworkin g o f th e landscape " 
requiring mor e comple x coordinatio n betwee n cit y an d countrysid e tha n 
hitherto, wit h considerabl e flow s o f people , food , energy , ra w materials , 
on th e on e hand , an d manufacture d good s an d services , includin g 
information, o n th e other . Moreover , whil e fossi l fuel s accelerate d 
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markedly technologica l an d economi c growth , "energy-thirsty , brut e 
technology" exploite d thos e ver y fossi l fuel s eve r mor e rapidly . S o muc h 
so, tha t th e civilisatio n w e kno w o f toda y i s i n th e throe s o f violen t 
disintegration wit h man y a  crisis , includin g ecological , socio-politico -
economic ones . 

2. Man y ne w idea s fo r centralise d an d decentralise d large-scal e an d small -
scale energ y productio n hav e bee n though t o f already . Wit h othe r 
developments wil l com e a  ne w civilisatio n whic h wil l dra w upo n a  ver y 
wide variet y o f energ y source s -  "hydrogen , solar , geothermal , tidal , 
biomass, lightnin g discharges , ultimatel y perhap s advance d fusio n power , 
as wel l a s othe r energ y source s no t ye t imagine d i n th e 1980s" . Th e 
technological bas e o f suc h a . civilisatio n wil l b e fa r mor e diversified , 
"springing fro m biology , genetics , electronics , material s scienc e a s wel l a s 
outerspace an d under-the-se a operations" . Mos t technologie s wil l us e 
less, no t mor e energ y -  thu s th e energ y require d t o produc e 9 0 mile s o f 
copper ca n eve n no w b e use d t o tur n ou t 80,00 0 mile s o f optica l fibre . 
They wil l b e smal l i n scale , simpl e an d saf e t o operate , wit h "waste s o f 
one industr y predesigne d fo r recyclin g int o primar y material s fo r 
another". Majo r societa l changes , however , wil l onl y b e fel t whe n th e ne w 
technologies suc h a s biotechnology , se a nodul e extractio n an d utilisation , 
microelectronics an d computers , lin k togethe r wit h a  ne w multi-source , 
renewable energ y base . 

Significantly, bot h th e Brand t Commissio n (1983 ) an d Alvi n Toffle r (1983 ) hav e 
maintained thei r previou s views ; i f anything , th e latte r hav e indee d becom e 
reinforced. 

THE DONS IN CONGRESS A T VANCOUVER, 1978 

Less tha n si x month s afte r th e publicatio n o f th e Brookhave n study , th e 
Executive Head s an d othe r representative s o f Commonwealt h Universitie s me t i n 
congress a t Vancouve r i n Augus t 1978 . Topi c 1  o n th e agend a deal t wit h Th e 
World Foo d Proble m an d th e Universities' ; ther e wer e t o b e fou r subtopics ; 
namely 'productio n potential' , 'population' , 'energy ' an d health' . (7) 

Significantly, th e interrelationship s amon g food , energy , povert y an d genera l 
socio-economic factor s a s wel l a s mor e obviou s scientifi c an d technologica l 
considerations loome d larg e i n th e paper s presente d (illustrate d wit h statistica l 
tables) an d th e ensuin g discussions . Amon g topic s raise d an d debate d wer e 
energy budgets , source s an d potential s o n a  worl d scal e an d fo r certai n individua l 
countries, th e uneve n distributio n o f energ y productio n an d consumption , effect s 
of prices , internationa l issue s includin g a  Ne w Economi c order , renewabl e energ y 
technologies includin g conservatio n ones , ne w socia l arrangement s t o utilis e 
energy (e g communa l cooking , bioga s generation) , energ y farming , energ y 
analysis o f agricultura l system s (includin g subsistenc e ones) , ho w t o increas e 
energy efficiencie s o n farms , th e transitio n fro m traditiona l energ y resource s t o 
more commercia l ones , energ y dependencie s o f LDCs , scientifi c technologica l 
assistance t o LDC s an d s o on . 

Obviously, th e rol e o f universitie s wa s highlighted . Apar t fro m teachin g an d th e 
ability t o provid e a  foru m o f discussio n fo r clarifyin g an d sharpenin g argument s 
objectively, th e multidisciplinar y natur e o f mos t universitie s provid e th e latte r 
with undoubte d advantage s i n energ y studie s an d research : 
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"Universities, throug h th e skill s an d dedicatio n o f thei r staf f an d students , 
have unlimite d possibilitie s t o contribut e t o th e solutio n o f nationa l an d 
international energ y problems . Specialise d researc h contribution s o n th e 
scientific an d technologica l aspect s o f energ y production , storag e an d 
consumption represen t obviou s area s fo r detaile d wor k an d muc h i s 
already goin g o n i n thes e domains . A s researc h move s awa y fro m th e 
fundamental en d o f th e spectru m toward s th e developmen t an d 
demonstration stages , universit y personne l ma y nee d t o contribut e mor e 
in governmenta l an d industria l setting s tha n withi n thei r ow n laboratories , 
but thi s i s a  familia r concep t no t restricte d t o energ y research . Th e 
techniques o f energ y analysi s an d modellin g (wit h a  vie w t o assessin g th e 
complex interaction s o f economic , socia l an d environmenta l factor s wit h 
medium an d long-ter m projection s o f energ y suppl y an d demand ) ar e stil l 
at a n earl y stag e o f thei r developmen t an d ca n presen t a n intellectua l 
challenge t o th e proble m o f providin g energ y fo r developin g countrie s i s a 
challenge t o th e idealis m (hopefully ) i n u s all. " 

George (1979 ) 

MEANWHILE IN MAURITIU S 

Energy consideration s wer e als o t o loo m larg e o n th e University' s agend a i n 
Mauritius, a s wel l a s o n thos e o f organisation s an d person s outsid e th e Redui t 
campus. 

Put briefly , th e numbe r o f Mauritia n qualifie d scientists , engineer s an d 
economists (i n term s o f full-tim e equivalents ) workin g o n on e aspec t o r anothe r 
of th e energ y situatio n i n Mauritiu s ove r th e pas t 5  years woul d b e o f th e orde r 
of 1 0 t o 15 , of whic h th e Universit y woul d hav e contribute d betwee n hal f t o one -
third. Takin g recurren t expenditure s an d cos t o f supportin g staf f int o account , 
the valu e i n 198 0 price s woul d b e o f th e orde r o f R s 1. 5 millio n t o R s 2. 5 millio n 
per annum . Th e above-mentione d estimate s exclude : 

(a) Capita l Cost s o f R& D -  wher e thes e largel y utilis e resource s 
energy project s alread y availabl e fo r othe r purposes . 

(b) Foreig n R& D cost s associate d wit h bagass e pelletisation , Champagn e 
Hydro-Electric Project , Medin e &  FUE L powe r generatio n bagasse/coa l 
generation plants , an d th e Riambe l Se a Wav e Project . 

Three nationa l seminar s an d conference s wer e hel d (i n Februar y 1977 , Decembe r 
1980 an d Februar y 1981 ) b y th e University , singl y o r i n conjunctio n wit h othe r 
institutions an d agencies , bot h governmenta l an d private . Th e las t nationa l 
seminar le d t o th e elaboratio n o f a  Nationa l Pla n o f Actio n o n Energy , whic h wa s 
presented a t th e U N Conferenc e o n Ne w an d Renewabl e source s o f Energ y hel d 
at Nairob i i n Augus t 1981 . I  understan d tha t Pla n o f Actio n wa s receive d wit h 
fair interes t there . 
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The followin g ar e relevant : 

1. Analysi s o f Paper s presente d i n February 197 7 an d Decembe r 198 0 

3. 

Energy Resourc e 
Assessment 

Energy Conversio n 
Technologies 

Energy Utilisatio n 
Technologies 

Energy Polic y 
Formulation an d 
Planning 

1-Day 
Energy 

Seminar (8 ) 
Feb 197 7 

2 

4 

3 

0 

9 

(0) 

(4) 

(2) 

(0) 

(6) 

1-Week 
National 

Conference (9 ) 
Dec 198 0 

6 

23 

11 

8 

48 

(0) 

(23) 

(5) 

(2) 

(30) 

See (ii ) 
below 

Notes: (i) The number s i n bracket s denot e thos e specificall y devote d t o 
renewable energy . 

(ii) Th e Nationa l Energ y Conferenc e o f Decembe r 198 0 wa s followe d 
by a  1-da y Nationa l Energ y Semina r hel d i n Februar y 1981 ; bot h 
were organise d i n integrate d fashio n t o hel p elaborat e a  Nationa l 
Plan o f Actio n o n Energ y unti l 200 0 A D (10). 

1. 

2. 

4. 
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Among th e mai n feature s o f th e Nationa l Energ y Pla n o f Actio n were : 

(i) Wit h GN P pe r hea d increasin g a t 2 % pe r annu m i n rea l terms , th e 
total amoun t o f energ y deman d projecte d u p t o 200 0 A D wa s 
440,000 tonne s o f oi l equivalen t (toe ) fro m 210,00 0 to e includin g 
190,000 to e o f ne t import s i n 1979 . Thi s wa s projecte d t o b e me t 
thus: 

'000 to e 
A. Renewabl e Energ y excep t fro m 

Sugar Industr y 8 9 

Hydro 
Woody Biomas s 
Solar 
Wave 

21 
33 
15 
20 

B. Renewabl e Energ y vi a Suga r Industr y 11 4 
(Bagasse, Can e Tope , Ethanol ) 

C. Conservatio n 9 4 

D. Oi l Import s (electricity , transportation ) 14 3 

Total (exclusiv e o f autoconsumptio n 
in suga r industry ) 44 0 

(ii) Th e investmen t require d ove r th e perio d 1980-200 0 i n rea l term s 
would b e o f th e orde r o f R s 250 0 million . O f thi s amount , 
investment i n th e suga r industr y fo r energ y purpose s wa s estimate d 
at R s 130 0 millio n (R s 100 0 m  fo r electricit y generatio n an d 
Rs 30 0 m  fo r ethano l production) . 

(iii) I t wa s stresse d tha t n o documen t o n energ y coul d b e expecte d t o 
remain up-to-dat e fo r ver y long , an d woul d necessitat e frequen t 
revisions; i n an y cas e a  2 % GNP increas e pe r hea d pe r annu m migh t 
not b e sufficient . O n th e othe r hand , th e projection s i n th e 
National Energ y Pla n o f Actio n suffic e t o illustrat e th e 
considerable prospect s whic h exis t i n term s o f renewabl e energ y 
resources i n Mauritiu s -  wel l beyon d th e 5  t o 10 % o f tota l energ y 
consumption b y th e yea r 200 0 an d int o th e rang e o f betwee n one -
half an d two-third s o f th e tota l (exclusiv e o f autoconsumptio n i n 
agricultural industrie s almos t wholl y renewable) . 

(iv) Variou s proposal s relatin g t o R& D i n th e energ y fiel d wer e made . 

MORE ON R& D CONSIDERATION S 

An accoun t o f th e thinkin g an d wor k o f th e Universit y o f Mauritiu s i n R& D o f 
energy technologie s wil l b e presente d a t thi s Conference . Her e an d now , I 
restrict mysel f t o th e following : 

1. Sinc e 1980-81 , furthe r step s i n th e elaboratio n o f energ y model s hav e 
been made ; som e exercise s hav e begu n producin g result s toward s th e 202 0 

2. 
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time horizon . Anothe r interestin g ex  i s tha t o f attemptin g t o 
discover th e possibilitie s o f 'tunnelling ' throug h th e 'hump ' whic h 
empirically seem s t o exis t i n commercia l energ y consumption/GN P pe r 
head curve s wit h increasin g industrialisation : variou s energ y input-outpu t 
models ar e bein g worke d out . 

2. A  furthe r scrutin y o f th e R& D proposal s i n th e Nationa l Energ y Pla n o f 
Action ha s bee n made , first , t o asses s curren t R& D capabilitie s and , 
second, th e exten t t o whic h suc h capabilitie s ca n b e harnesse d a t th e 
University i n th e ligh t o f other , an d competing , tasks . Th e result s o f suc h 
a scrutin y ar e illustrate d i n Appendi x ÍV . 

3. Amon g som e o f th e questions , wit h R& D implication s whic h w e ar e askin g 
ourselves a t th e Universit y are : 

(i) I s pelletisatio n th e 'best ' techno-economi c solutio n fo r storin g 
bagasse withou t significan t deterioratio n fo r period s u p t o 6 
months?, 

(ii) Ca n biotechnolog y provid e a  satisfactor y answe r t o th e proble m o f 
the disposa l o f "vinasse" , th e residu e lef t ove r i n th e fermentatio n 
of molasse s t o alcohol? , 

(iii) I s ther e an y reall y effectiv e R96 D wor k lef t t o b e don e o n th e 
Riambel Se a Wav e Projec t unles s th e propose d 1  M W 'prototype' b e 
constructed eve n i f th e cos t o f th e latte r a t R s 1 0 millio n appear s 
high?, 

and (iv ) Wha t ar e th e prospect s o f increasin g th e usefulnes s o f th e Rive r 
Champagne Schem e t o th e nationa l electricit y grid? ; wha t abou t 
other source s o f renewabl e energ y whic h wer e no t incorporate d i n 
the Nationa l Energ y Pla n o f 1981 , for example , agricultura l wastes , 
marine alga l ocea n therma l conversion , an d geotherma l energy , 
among others ? 

4. Thought s suc h a s thos e whic h inspire d th e variou s text s I  hav e mentione d 
in m y address , hav e als o guide d u s i n Mauritius : th e necessit y t o loo k a t 
energy i n a  mor e generalise d an d integrate d context ; problem s an d 
prospects associate d wit h renewabl e energ y resources , particularl y 
biomass; th e ever-growin g impac t o f scienc e an d technolog y i n society , 
changing a t ever-faste r pace , amon g othe r considerations . 

But, undoubtedly , mos t o f th e energ y studie s i n Mauritius , insid e an d 
outside th e campus , hav e tende d unti l recentl y t o b e undul y disperse d an d 
insufficiently interconnecte d an d coordinated . Certai n field s o f enquir y 
have, i n consequence , bee n unnecessaril y over-subscribe d i n term s o f 
efforts bu t no t necessaril y i n term s o f results , whil e other s hav e bee n lef t 
untouched o r onl y timidl y covered . A  natura l proces s o f rationalisatio n 
has com e abou t ove r th e pas t fe w years , particularl y withi n th e 
University, wit h th e hel p o f th e Highe r Educatio n Divisio n o f th e Britis h 
Council an d th e Commonwealt h Scienc e Council , withi n th e contex t o f 
Mauritius 2000 . I s i t fas t enough ? An d wha t abou t th e rationalisatio n o f 
R&D effort s o n energ y i n Mauritiu s a s a  whole ? 
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In parenthesis, ma y I point ou t that , a s a  University , w e mus t als o thin k i n term s 
of teachin g an d training . Apar t fro m workshop s an d seminars , w e ar e givin g 
thought t o th e incorporatio n o f energ y component s i n variou s subdegre e an d 
degree course s a s wel l a s i n propose d Masters ' course s i n Administration , 
Management an d Technology. 

INTERNATIONAL SUPPORT 

Finally, i t give s m e great pleasur e i n acknowledging , wit h gratitude , th e suppor t 
from oversea s whic h th e Universit y o f Mauritiu s i s derivin g fo r it s wor k i n th e 
energy field . I n particular , thank s mus t b e expresse d t o th e Commonwealt h 
Science Counci l and th e Highe r Educatio n Divisio n o f th e Britis h Council , whos e 
efforts (supplemente d occasionall y fro m th e Unite d States ) underpin muc h of our 
efforts i n the energ y field . Althoug h I  woul d lik e t o thin k tha t w e hav e earne d 
such suppor t throug h har d sweat , I  mus t als o regar d tha t suppor t i n the contex t 
of effort s i n th e internationa l communit y t o hel p th e LDC s i n scienc e an d 
technology and in other field s o f endeavour . 

This Conferenc e itsel f woul d neve r hav e bee n possibl e withou t th e support , 
financial an d otherwise , o f th e international community , competently motivated , 
marshalled an d manage d b y the Commonwealt h Scienc e Council . I f perchance , I 
have sai d anythin g tha t migh t b e o f som e us e t o th e participant s t o thi s 
Conference, I  shall be delighted . 
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Appendix I 

CHARACTERISTICS O F SCIENCE COMPARE D WITH 
THOSE OF TECHNOLOGY AN D INDUSTRY 

Science Technolog y 

understanding utilisatio n 

from unknow n t o know n fro m know n t o usefu l 

system o f though t 

passive (natural ) 

objective 

meaning 

discovery 

truth convenienc e 

satisfaction o f min d 

academic 

scholar 

100 yea r scal e 

system o f metho d 

active (artificial ) 

subjective 

means 

invention 

convenience 

satisfaction o f bod y 

professional 

specialist 

10 year scal e 

Industry 

mass productio n 

from usefu l t o popula r 
use 

system o f productio n 
and sal e 

passive t o activ e 
(demand-supply t o 
produce-consume) 

objective t o subjectiv e 

efficiency (organisatio n 
& management ) 

development 

profit =  output/inpu t 
(organic system ) 

satisfaction o f econom y 

entrepreneurial 

entrepreneur 

1 yea r scal e 

Source: 

Chan, Y.W. , Evolutio n o f Scientifi c Though t i n Physics , Chines e Universit y o f 
Hong Kong ; Professiona l Inaugura l Lectur e Serie s 3 ; Supplement 10 , 198 2 
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Appendix II 

In genera l R& D i s define d a s an y creativ e systemati c activit y undertake n t o 
increase th e stoc k o f scientifi c an d technica l knowledg e an d t o devis e ne w 
applications. 

It shoul d exclud e scientifi c education , scientifi c an d technica l information , 
general-purpose dat a collection , routin e testing , standardisatio n an d othe r 
technological activite s relate d t o productio n o r us e o f establishe d product s o r 
processes, a s wel l a s large-scal e minera l an d petroleu m prospectin g fo r 
exploitable deposit s an d no t essentia l fo r basi c geologica l knowledge . I n th e 
social sciences includ e activitie s o f a  researc h natur e relate d t o th e solutio n o f 
economic o r socia l problems , bu t exclud e routin e activitie s suc h a s censuses , 
market studies , etc . I n the medica l science s exclud e intensiv e medica l care . I n 
general, defence R& D should be included. 

The criterion fo r distinguishin g R& D from no n R&D activities i n the presence or 
absence of an appreciable elemen t o f novelt y or innovation . 

source: UNESC O 1978 
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APPENDIX II I 

RESEARCH AN D DEVELOPMEN T 

The followin g broa d line s o f researc h an d developmen t nee d t o b e give n priorit y 
in th e ligh t o f th e discussion s whic h ha d take n plac e durin g th e Nationa l Energ y 
Conference hel d o n 15t h t o 19t h Decembe r 1980 . 

1. A  systematic collection/compilatio n o f data/statistic s o n energ y an d thei r 
analysis. 

2. Us e o f th e energ y statistic s fo r th e constructio n o f a  prope r energ y 
balance fo r th e country , an d withi n th e framewor k o f a n input-outpu t 
table. 

3. Usin g (1 ) an d (2 ) above , t o wor k ou t a n appropriat e aggregat e energ y 
demand mode l whic h wil l eventuall y b e use d fo r plannin g an d policy -
making purposes . 

4. Detaile d studie s (bot h technica l an d economic ) o f th e followin g project s 
are t o b e carrie d out : 

(i) Hydro-powe r -  A  prope r re-assessmen t o f th e tota l potentia l o f 
hydro-power wil l b e required . 

(ii) Electricit y fro m bagass e (includin g clos e cropping , us e o f cane-top s 
and leaves) , improvemen t o f therma l efficiencies , e tc , nee d t o b e 
looked carefull y into . 

(iii) Th e us e o f coa l a s a  substitut e fo r oi l i n electricit y productio n an d 
for out-of-seaso n electricit y productio n fro m suga r estate s shoul d 
be objectivel y examined . 

(iv) Wood y biomass . Rationa l studie s an d survey s o n wood y biomas s 
and energ y form s a s a  sourc e o f energ y an d otherwis e hav e t o b e 
undertaken a s a  matte r o f urgency , bein g give n tha t maximu m us e 
of sola r energ y ca n thu s b e obtained . 

(v) Ethano l fro m molasse s a s a n energ y source . A  complet e stud y o f 
the technica l feasibility , productio n costs , effect s o n th e 
government an d th e balance-of-payment s o f th e ethano l projec t i s 
required t o settl e onc e an d fo r al l th e difference s o f opinio n o n thi s 
issue. (Th e ne w Lonrh o repor t wil l b e helpfu l i n thi s respect) . 

(vi) Sola r wate r heaters . Furthe r investigation s fo r locall y 
constructed, lo w cos t an d cyclon e resistan t water-heaters , an d 
their financia l implication s fo r th e governmen t an d th e publi c 
should b e looke d into . 

(vii) Wav e power . Carefu l consideratio n o f thi s ne w ventur e i s require d 
with specia l emphasi s o n technological , environmental , economi c 
and othe r aspects . 
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(viii) Conservation . Variou s conservatio n measure s hav e bee n propose d 
at th e Conference . Ne w conservatio n method s hav e t o b e looke d 
into. 

(ix) Nuclea r energ y option . Relevan t informatio n t o b e collecte d an d 
analysed s o a s t o kee p option s unde r continuou s review . 

(x) Wind . Statistica l dat a o n win d potentia l a t relevan t site s t o b e 
collected an d analysed . Informatio n o n win d generator s t o b e 
compiled an d update d periodically . 

(xi) Geothermal . Presen t investigation s t o continue . 

(xii) Miscellaneous . Investigation s t o b e initiate d and/o r continued : 
OTEC, photovoltaics , efficien t woo d stoves , biogas , diese l poo r 
gas, oi l refinery , methano l fro m bagasse , vacuu m distillatio n o f 
ethanol, us e o f straigh t alcohol , contingenc y plannin g fo r fue l 
(warfare an d isolation) , examinatio n o f possibilitie s o f loca l 
manufacture o f equipment . 

5. Th e researc h an d developmen t aspect s relatin g t o energ y shoul d b e 
continuously examine d b y th e propose d Nationa l Researc h Council , th e 
lat ter shoul d mak e relevan t recommendation s t o th e Hig h Leve l 
Committee propose d fo r sortin g ou t energ y polic y matters . 
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RENEWABLE ENERGY R& D AND AFRICA' S 
SOCIO ECONOMIC DEVELOPMEN T 

C Y  Wereko-Brobb y 
Commonwealth Scienc e Counci l 

Marlborough Hous e 
Pall Mal l 

London SW1 Y 5H X 

ABSTRACT 

The clos e correlatio n betwee n th e proximit y o f th e energ y resource s t o th e 
potential beneficiaries , couple d wit h th e favourabl e suppl y prospects , hav e le d t o 
an enormou s increas e i n interes t an d activit y amon g Africa n governments , 
multilateral an d bilatera l ai d agencies , th e multinationa l companie s an d 
individual entrepreneur s i n th e developmen t an d utilisatio n o f renewabl e energ y 
resources i n developin g countries . Thi s increase d activit y ha s resulte d i n a 
proliferation o f th e numbe r o f possibl e technica l options . Althoug h th e 
development wor k i s b y n o mean s complete , a  numbe r o f technologie s hav e bee n 
demonstrated t o b e technicall y feasibl e an d thu s read y t o b e considere d a s 
alternatives t o th e mor e conventiona l source s o f energy . 

This pape r discusse s th e principa l issue s pertainin g t o th e scientifi c researc h an d 
technological developmen t tha t mus t b e considere d i f th e enormou s potentia l o f 
renewable energ y i s t o b e translate d int o a  beneficia l facilitato r o f Africa' s 
socio-economic developmen t i n th e nex t century . 

INTRODUCTION 

The 1970' s wer e dominate d b y tw o interlinkin g themes : energ y an d economi c 
recession. Fo r Afric a an d mos t othe r developin g countries , th e majo r impac t o f 
the massiv e increase s i n energ y price s wer e t o creat e sever e constraint s o n th e 
financial resource s o f mos t countries , a s a  direc t consequenc e o f th e nee d t o 
spend a  substantia l proportio n o f foreig n exchang e earning s o n oi l imports , whic h 
situation resulte d i n dee p economi c recession s i n virtuall y al l countries . Th e 
crisis demonstrate d th e clos e lin k betwee n energ y an d socio-economi c 
development an d th e importanc e o f havin g secure d source s o f energ y supply ; 
which condition s wer e bes t guarantee d b y th e developmen t an d utilisatio n o f 
indigenous energ y resources . Thi s developmen t ha d t o tak e accoun t o f th e nee d 
to maintai n existin g level s o f socio-economi c development , a s wel l a s pla n fo r 
future growth . 

Most Africa n countrie s posses s enormou s renewabl e energ y resources . I n mos t 
cases thes e alread y constitut e th e mos t substantia l source s o f suppl y t o mee t th e 
demand o f th e majorit y o f thei r populations . Give n tha t th e rura l sectors , whic h 
are th e majo r users , ar e als o thos e tha t mos t requir e socio-economi c 
improvement, i t woul d appea r tha t th e developmen t o f th e indigenou s renewabl e 
energy resource s coul d contribut e substantiall y t o easin g bot h th e energ y an d 
developmental problem s o f man y Africa n countries . 

The clos e correlatio n betwee n th e proximit y o f th e energ y resource s t o th e 
potential beneficiaries , couple d wit h th e favourabl e suppl y prospects , hav e le d t o 
an enormou s increas e i n interes t an d activit y amon g Africa n governments , 
multilateral an d bilatera l ai d agencies , th e multinationa l companie s an d 
individual entrepreneurs . Thi s increase d activit y ha s resulte d i n a  proliferatio n 
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of th e rang e o f technica l option s fo r renewabl e energ y applications . Althoug h 
the developmen t wor k i s b y n o mean s complete , a  numbe r o f technologie s hav e 
been demonstrate d t o b e technicall y feasibl e an d thu s read y t o t o considere d a s 
alternatives t o th e mor e conventiona l source s o f energy . 

In th e lon g run , i f th e majo r objective s o f renewabl e energ y resourc e 
development i n Afric a ar e t o substitut e fo r curren t oi l import s an d provid e fo r 
the nex t generatio n o f industria l development , the n i t i s desirable , an d 
eventually imperativ e tha t th e developmen t o f al l facet s o f th e technologie s 
must b e carrie d ou t i n th e use r countries . 

AFRICAN SOCIO-ECONOMIC DEVELOPMENT : 
HOPES VERSUS REALITIES 

"We vie w wit h distress , tha t ou r continen t remain s th e leas t develope d o f 
all continents : th e tota l Gros s Domesti c Productio n o f ou r countrie s bein g 
only 2. 7 pe r cen t o f th e world' s pe r capit a incom e Ye t i f th e worl d 
economic forecas t fo r th e nex t decaxd e i s t o b e believed , th e overal l poo r 
performance o f th e Africa n Econom y ove r th e pas t 2 0 year s ma y eve n b e 
a golde n ag e compare d wit h futur e growt h rate" . 

Extracts fro m Prefac e t o th e Lago s 
Plan o f Actio n 1980-200 0 (1 ) 

In acknowledgin g th e failure s o f Africa' s post-independenc e effort s a t socio -
economic development , th e leader s o f Afric a als o se t ou t a n agend a fo r futur e 
action. Th e Lago s Pla n o f Actio n represente d a n attemp t t o rationalis e th e 
multi-faceted issue s o f developmen t int o a  coheren t an d sustainabl e polic y fo r 
the nex t twent y years . (1980-2000) . Sadl y i n th e firs t fiv e year s o f th e Plan' s 
birth, th e propheti c foreboding s fo r th e futur e hav e alread y bee n born e out . A t 
the sam e time , th e grea t Pla n i s takin g a n inordinatel y lon g tim e t o translat e 
into practica l action . 

Africa's agricultura l productio n ha s faile d t o achiev e th e minimu m indicativ e 
goal se t b y th e Worl d Foo d Conferenc e fo r th e decad e 1974-198 3 (2) . Th e growt h 
rate achieve d wa s 1.9% , agains t a  targe t o f 3.9% , droppin g t o a  lo w 1.6 % 
between 1979-83 . Th e latte r represente d a  declin e i n pe r capit a foo d productio n 
in th e regio n o f 1. 4 pe r cen t pe r annum . Th e industria l pictur e fare d littl e 
better, wit h th e continen t contributin g onl y 0. 8 pe r cen t o f th e world' s 
manufactured adde d valu e i n 1975 , compared t o Lati n America' s 5. 1 pe r cen t an d 
Asia's 2. 3 pe r cent . Th e 0. 8 pe r cen t figur e translate d t o abou t 9 % o f th e tota l 
GNP i n 197 9 (3) . Agains t thi s mus t b e se t th e optimisti c hope s o f th e Lago s 
Plan, whic h place d th e emphasi s fo r futur e actio n o n Foo d an d Agriculture , an d 
Industry (Tabl e 1) . 

WHAT ROLE ENERGY RESOURCES? 

A fai r proportio n o f th e blam e fo r th e failure s o f Africa' s socio-economi c 
development i n th e recen t year s ha s bee n attribute d t o th e problem s create d b y 
our favourit e boge y "Th e Energ y Crisis" . Indeed , ther e i s a n almos t "Pavlovian " 
tendency t o confin e th e conceptualisatio n o f th e issue s behin d Africa' s recen t 
failures simpl y t o th e consequence s o f th e trend s an d impact s o f globa l energ y 
supply an d pric e structures . I n m y humbl e view , thi s approac h i s flawe d o n tw o 
basic count s i n respec t t o Africa : 
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Firstly, i t present s a  blinkere d assessmen t o f th e energ y pictur e i n Africa , 
concentrating o n th e so-calle d "commercia l energy " resources . Fo r a t best , 
these source s ar e estimate d t o accoun t fo r n o mor e tha n 1 0 t o 20 % o f th e 
continents' tota l energ y deman d (Tabl e 2) . 

Africa's deman d structur e fo r energ y ca n b e represente d broadl y a s comprisin g 
of thre e mai n source s (Tabl e 3) : 

(1) Traditiona l renewabl e energy : mainl y fuelwood , bu t encompassin g 
charcoal, cro p an d othe r plan t residue s an d anima l wast e (dung) ; thes e 
form th e bul k o f energ y source s t o mee t subsistenc e needs ; 

(2) Commercia l energy ; whic h comprise s no t onl y hydro-carbons , oi l ga s an d 
coal, bu t als o includ e th e renewable s o f nuclea r an d hydroelectri c power ; 

(3) Unexploite d renewables : suc h a s solar , geothermal , wind , ocea n an d 
waves. 

The classificatio n give n her e i s no t quit e i n lin e wit h accepte d trends . Fo r 
example, commonl y accepte d renewable s suc h a s hydropowe r an d nuclea r energ y 
are groupe d unde r th e commercia l classification . Als o th e renewable s ar e spli t 
into "traditional " an d "underexploited" . Th e regroupin g i s quit e deliberat e an d i s 
intended t o introduc e th e notio n o f "Indigenisation " int o th e perception s o f globa l 
energy resource s an d deman d considerations . I t i s als o wort h notin g tha t th e 
word "alternative " ha s no t bee n use d i n eithe r th e classificatio n o r sub-groupings . 
The reaso n bein g a  wis h t o avoi d th e implication s tha t th e fossi l resource s equal s 
mainstreem orthodox y fo r al l countrie s an d tha t renewable s ar e someho w o f 
fringe interest . Th e notio n i s rea l enough , give n tha t i n th e develope d world , 
enthusiasm fo r renewable s i s highes t amongs t th e so-calle d environmenta l 
(Green) parties . 

The secon d proble m o f th e conventiona l versu s alternativ e approac h i s tha t i t 
automatically couple s th e leve l o f scientifi c an d technologica l activit y o n 
renewable energ y resource s t o th e prevailin g globa l perception s o f fossi l fue l 
supply an d price . Thi s i s a s tru e o f th e pre-colonia l Drak e perio d o f th e lat e 18t h 
and 19t h Century , whic h sa w th e developmen t o f man y sola r technologies , t o th e 
current 198 5 situation o f fallin g oi l price s o n th e Amsterda m spo t markets . 

Thus, i n th e spac e o f a  decade , w e see m t o hav e move d fro m a  seriou s crisi s i n 
the energ y fiel d t o th e benig n quizzica l enquir y o f "CRISIS , WHAT CRISIS?" 

In mos t o f th e develope d world , th e resul t o f th e recen t fall s i n oi l price s ha s 
been a  massiv e disengagemen t fro m researc h an d developmen t activitie s o r 
renewables, thoug h th e effect s hav e no t bee n limite d t o thes e countries . Fo r 
developing countrie s i n general , an d Afric a i n particular , a  mos t welcom e outfal l 
of th e R& D programm e o f develope d countrie s wa s th e opportunit y t o shar e i n 
the result s o f scientifi c an d technologica l innovations . Th e combination s o f a 
high leve l o f technica l capabilit y (95 % o f th e world' s R& D capability ) an d 
generous researc h grant s create d th e climat e i n th e develope d worl d fo r a n 
exciting an d challengin g investigatio n o f "future " energ y sources . A s long a s th e 
price o f oi l held , w e wer e al l confiden t o f near-ter m technologica l 
breakthroughs, t o th e exten t o f bein g abl e t o se t targe t date s fo r technica l an d 
commercial viability . 
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Alas, w e hav e com e t o th e en d o f th e unofficia l "Renewabl e Energ y Decade " o f 
1974-1984. A s wit h mos t suc h euphori c expression s o f internationa l concern , th e 
major result s see m t o hav e bee n thus : 

"the problem s hav e bee n thoroughl y aired , ye t th e problem s ar e stil l wit h 
us" 

Reputations hav e bee n made , a s wel l a s fortune s an d careers . A t th e en d o f i t 
all th e labe l ALTERNATIV E ha s shifte d t o som e othe r concern , b e i t th e 
'implications o f ne w technologies' , 'sustainabl e development ' o r 'fragil e earth' . 
However, w e ar e lef t wit h a  stil l persisten t an d growin g proble m an d a  smaller , 
albeit dedicate d cadr e o f scientists , technologist s an d resource s t o investigat e 
and secur e rationa l an d sustaine d solutions . 

SETTING THE FRAMEWORK FO R R& D 

The internationa l Conferenc e an d R& D o f Renewabl e Energ y Technologie s in 
Africa i s calle d t o revie w Africa' s scientifi c an d technologica l response s t o th e 
problems o f energ y resource s an d socio-economi c development . I t mark s th e en d 
of almos t si x year s o f collaboratio n amon g researcher s fro m bot h develope d an d 
developing countrie s unde r th e umbrell a o f th e Africa n Energ y Programm e 
(AEP). Nevertheless , ou r judgemen t a s t o succes s o r failur e o f th e variou s 
endeavours shoul d no t b e restricte d merel y t o th e technologica l advance s o r 
innovations tha t ar e reporte d i n th e variou s technica l presentations . Ther e i s a 
need t o reflec t o n th e changin g climat e fo r suppor t o f researc h an d developmen t 
and it s possibl e consequence s fo r th e future . Also , du e not e shoul d b e take n o f 
the changin g internationa l perception s a s t o prioritie s fo r externa l ai d suppor t t o 
development projects . 

For man y o f us , th e challenge s o f th e 1970' s wer e instrumenta l i n shapin g th e 
directions o f ou r futur e intellectua l development . W e hav e acquire d th e basi c 
academic an d technologica l tool s necessar y t o mak e a  meaningfu l contributio n t o 
Africa's energ y problems . 

Now, a s w e ente r a  perio d o f relativ e declin e i n popularit y i n ou r chose n 
disciplines, perhap s w e ca n tak e solac e a s wel l a s inspiratio n fro m th e example s 
of som e o f ou r develope d countr y colleagues , a  numbe r o f who m hav e devote d a 
substantial proportio n o f thei r life s t o addressin g th e ver y sam e problem s o f 
renewable energ y developmen t an d exploitation . A  fe w hav e carrie d ou t thei r 
tasks fo r ove r 3 0 year s i n suc h unlikel y setting s suc h a s th e Unite d Kingdom . 
Others hav e practice d i n mor e beckonin g environent s suc h a s Australia . 
Whatever th e settin g ha s been , thes e scientist s an d technologist s hav e sustaine d 
their investigation s an d enthusias m fo r man y years , an d hav e bee n abl e t o mak e 
significant contribution s t o ou r curren t understandin g o f th e principle s an d 
technologies o f sola r energ y applicatio n an d utilisation . 

The dedicatio n o f thes e scientist s serve s bot h a s a n exampl e an d inspiratio n fo r 
us, an d thi s conferenc e provide s a  welcom e opportunit y t o shar e i n thei r 
expertise fo r ou r ow n effort s i n Africa . Fo r me , th e mos t excisin g discover y 
when I  bega n t o loo k a t th e possibilitie s fo r sola r energ y wa s th e realisatio n tha t 
many o f th e fundamenta l scientifi c concept s an d principle s ha d bee n brough t 
together a s fa r bac k a s 196 1 a t th e Unite d Nation s Conferenc e o n Ne w an d 
Renewable Energ y Resources . 
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Apart fro m th e sustaine d effort s o f scientists , i t i s als o usefu l t o not e tha t th e 
countries whic h hav e bee n mos t successfu l i n exploitin g renewabl e energ y hav e 
been thos e wh o hav e develope d an d sustaine d rationa l nationa l programme s ove r 
several years , suc h a s Australia , Israel , Cyprus , Sout h Afric a an d Zimbabwe . 

A recen t stud y o f globa l energ y prospect s ha s suggeste d tha t i n th e long-term , 
biogas an d charcoa l coul d mee t u p t o 1 6 pe r cen t o f Africa' s househol d an d 
industrial fina l energ y need s b y th e yea r 2010 . Al l renewable s combine d 
(including hydroelectric ) coul d accoun t fo r betwee n 20-3 0 pe r cen t o f tota l 
primary energ y b y 2030 . Th e importan t poin t i s no t necessaril y th e projecte d 
percentage. I t i s th e fac t tha t th e firs t o f th e targe t date s i s stil l 2 5 years away . 
It i s als o abou t th e remainin g perio d o f productiv e workin g lif e fo r mos t o f th e 
African scientist s attendin g th e conference . I t woul d b e comfortin g t o b e abl e 
to thin k tha t w e wil l b e abl e t o sustai n ou r commitmen t t o thi s intellectuall y 
satisfying an d technologicall y relevan t researc h an d developmen t o f Africa' s 
renewable energ y resource s t o assis t it s socio-economi c development . 

A CONDUCIVE ENVIRONMENT FOR RESEARC H 

The climat e fo r scientifi c researc h an d developmen t i n Afric a ha s neve r bee n 
particularly encouraging . Unfortunately , th e situatio n i s i n man y cases , 
deteriorating a s th e number s o f traine d scientist s an d technologist s increase . 
The combinatio n o f economi c difficulties , lac k o f suppor t an d recognitio n an d 
the burden s o f bureaucrati c overloa d hav e al l conspire d t o depriv e Afric a o f a 
sustained scientifi c an d technologica l intellectua l base . I t i s nowaday s a  rar e 
sight t o encounte r a n Africa n researche r wh o ha s activel y pursue d thei r 
discipline fo r mor e tha n 1 0 years . 

The importanc e o f huma n resource s t o a  country' s developmen t i s wel l 
recognised. A  distinguished academician , Pro f Frederi c Harbiso n state s (4) : 

"Human resource s constitut e th e ultimat e basi s fo r th e wealt h o f nations . 
Capital an d natura l resource s ar e passiv e factor s o f production ; huma n 
beings ar e th e activ e agent s wh o accumulat e capital , exploi t natura l 
resources, buil d social , economi c an d politica l organisation s an d carr y 
forward nationa l development . Clearly , a  countr y whic h i s unabl e t o 
develop th e skill s an d knowledg e o f it s peopl e an d t o utilis e the m 
effectively i n th e nationa l econom y wil l b e unabl e t o develo p anythin g 
else". 

EVOLVING A  CREDIBLE STRATEGY 

To achiev e th e Lago s Pla n target s fo r Foo d an d Agricultur e Production , i t i s 
estimated, wil l requir e financia l investment s o f $12 5 billio n (1980 ) ove r th e 1 5 
year perio d o f 1975-1990 ; a  figur e tha t exclude s th e investment s i n 
infrastructure an d othe r suppor t service s suc h a s research , extensio n an d 
training. Th e Lim a Declaratio n se t fo r Afric a t o achiev e a  shar e o f 
manufacturing adde d valu e o f 2.09 6 i n 2000 , a s agains t th e 197 5 leve l o f 0.9% . 
For Afric a th e implication s fo r futur e developmen t o f energ y resource s woul d 
seem quit e clear . 

The achievemen t o f th e Lago s an d Lim a Plan' s target s woul d deman d substantia l 
energy inputs . Fo r man y countrie s th e onl y realisti c long-ter m optio n fo r 
supplies o f energ y ar e th e indigenou s "traditiona l an d unexploited " renewabl e 
resources. Eve n fo r th e oil-ric h Africa n countries , renewable s wil l b e jus t a s 



- 2 6 -

important i f th e thrus t o f futur e developmenta l effort s i s t o b e i n th e rura l 
areas. 

The combinatio n o f inadequat e technica l capabilitie s an d competin g sectora l 
claims o n limite d financia l resource s wil l requir e u s t o evolv e achievabl e an d 
pragmatic programme s o f futur e R&D . T o ensur e it s continuin g relevance , th e 
overall schem e mus t involv e a  strateg y tha t focuse s o n meetin g existin g needs , 
whilst a t th e sam e tim e searchin g fo r ne w technologica l approache s an d 
innovations. Suc h a  strateg y migh t involv e a  sequentia l scal e o f prioritie s that : 

(1) strengthen s th e efficienc y o f curren t applications ; suc h a s 
improvements i n fuelwoo d an d charcoa l stoves ; 

(2) substitute s renewabl e resource s whic h indicat e near-ter m technica l 
and economi c viability ; suc h a s sola r wate r heater s fo r domesti c 
and industria l applications ; 

(3) establishe s long-ter m researc h scheme s t o increas e th e resourc e 
base an d t o develo p ne w technologie s fo r secondar y powr e 
generation; suc h a s afforestatio n an d developmen t o f biomas s 
conversion technologies . 

WHAT OF THE FUTURE 

This Conferenc e provide s a  timel y opportunit y t o evolv e suc h a  straeteg y a s a n 
essential elemen t o f th e revie w o f ou r effort s ove r th e pas t "te n year s o f 
plenty". I n orde r t o arriv e a t som e sensibl e conclusion s a s t o pas t achievement s 
and futur e needs , w e mus t addres s ourselve s t o th e followin g fou r questions : 

(1) Wha t constitute s Africa' s primar y renewabl e energ y resource s an d ho w 
much o f eac h i s available? ; 

(2) Wha t usefu l energ y form s ca n b e produce d fro m thes e primar y resource s 
and wha t ar e th e availabl e technologica l options? ; 

(3) Wha t end-use s an d processe s len d themselve s t o renewabl e energ y 
applications; an d 

(4) Whic h combination s o f resources , technologie s an d end-use s woul d b e 
most beneficia l t o th e socio-economi c developmenta l effort s o f individua l 
countries? 

Therein lie s th e rational e fo r th e technica l framewor k develope d fo r th e 
Conference, namely : 

(1) ENERG Y RESOURCE S ASSESSMENT : 

(2) ENERG Y CONVERSIO N TECHNOLOGIES : 

(3) ENERG Y UTILISATIO N TECHNOLOGIES : 

(4) POLIC Y PLANNIN G &  IMPLEMENTATION . 

A forme r Unite d State s Cabine t Secretar y mad e th e followin g observatio n o f 
renewable energ y resources : 
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"Solar Energ y wil l hav e a s muc h impac t a s a  flea' s bit e o n a n elephant' s 
fanny" 

James Patterson . 

Should we arrive a t a  similar conclusio n a t th e en d o f thi s Conference , w e should 
all prepare t o join th e curren t alternativ e bandwagons . 

Somehow I  know we shall finish u p admiring the wi t and not th e substance o f tha t 
remark. 
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TABLE 1 : SECTORA L GROWT H TARGETS FOR LAGO S PLAN OF ACTION (1 ) 

SECTOR Rat e o f Growt h (% p.a.) 
(at constan t 198 0 prices ) 

GDP 7. 0 

Agriculture 4. 0 

Manufacturing 9. 5 

Exports 7. 0 

Imports 8. 2 
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TABLE 2: ESTIMATE D NATIONAL RELIANCE ON TRADITIONAL FUELS IN AFRICA (5 ) 
(each grou p arrange d i n ascendin g orde r o f pe r capit a GNP ) 

Modest Relianc e 
(less tha n half ) 

Mauritius 
Morocco 
Zimbabwe 
Egypt 
Algeria 
Tunisia 
Libya 

Medium Relianc e 
(approximately 

one-half t o 
three-quarters) 

Togo 
Gabon 
Liberia 
Mauritania 
Senegal 
Zambia 

Heavy relianc e 
(three-quarters o r more ) 

Benin 
Burundi 
Cameroon 
Cape Verd e 
Central Africa n Empir e 
Chad 
Ethiopia 
Gambia 
Guinea 
Guinea Bissa u 
Kenya 
Lesotho 
Madagascar 
Malawi 
Mali 
Mozambique 
Niger 
Rwanda 
Sierra Leon e 
Somalia 
Sudan 
Tanzania 
Uganda 
Upper Volt a 
Zaire 
Angola 
Botswana 
Congo 
Eq. Guine a 
Ghana 
Nigeria 
Swaziland 

Source: Energ y Strategie s fo r Developin g Nations , John s Hopkin s 
University Press , 1981 . 
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FOOD SELF SUFFICIENCY AN D ENERG Y RELATE D CONSTRAINT S IN 
SUB SAHARAN AFRIC A -  CRITICA L REVIEW 

Geoffrey C  Mrem a 
Associate Professo r an d Head , Departmen t o f Agricultura l Engineerin g an d Plannin g 

Sokoine Universit y o f Agriculture , P O Bo x 3003 , Morogoro , Tanzani a 

ABSTRACT 

Agricultural productio n i n a  selecte d numbe r o f countrie s i n Su b Sahara n Afric a 
(Tanzania, Kenya , Zambia , Botswana , Ethiopia , Zimbabw e an d Malawi ) ove r th e 
past decad e i s reviewed . Wit h th e exceptio n o f Zimbabwe , agricultura l 
production ha s i n mos t o f thes e countrie s relie d o n han d too l technolog y an d i s 
mostly rainfe d agriculture . Th e adoptio n o f a  mor e settle d typ e o f agricultur e 
in plac e o f th e shiftin g typ e o f agricultur e wil l undoubtedl y necessitat e increase d 
utilisation o f suppor t energ y input s suc h a s fertilisers , pesticide s an d machiner y 
which ma y b e beyon d th e capacitie s o f thes e countrie s an d th e internationa l ai d 
programmes. I t i s argue d tha t th e curren t polic y i n agricultura l researc h an d 
extension i n mos t Africa n countrie s o f emulatin g th e gree n revolutio n typ e o f 
technology i s unlikel y t o solv e Africa' s foo d problems . Irrigatio n woul d see m t o 
be a n appropriat e solution , bu t i s expensiv e an d demand s technica l expertis e 
lacking i n mos t Africa n countries . Variou s othe r option s ar e discusse d an d 
reviewed. 

INTRODUCTION 

Within les s tha n fiftee n year s Su b Sahara n Afric a i s agai n featurin g prominentl y 
in th e worl d pres s du e t o th e sever e foo d crisi s an d famine . Virtuall y al l th e 
countries i n Su b Sahara n Afric a hav e bee n affecte d b y th e curren t crisi s unlik e 
the 1973-7 5 crisi s whic h wa s mor e seriou s i n th e Sahe l Region . Th e poo r cro p 
can agai n b e explaine d partiall y b y th e drought . Howeve r th e continent' s 
vulnerability t o famin e woul d see m t o b e increasin g an d a  recurrin g event . 

The annua l rate s o f increas e o f th e majo r stapl e foo d crop s i n th e regio n wa s 
about 1.3 % durin g th e 1960' s an d earl y 1970' s compare d t o 3 % i n Asi a an d Lati n 
America. Populatio n growt h i n Su b Sahara n Afric a howeve r ha s bee n quit e hig h 
averaging aroun d 2.7 % i n th e 1970' s an d i s projecte d t o b e 3 % pe r yea r ove r 
1980-85 wit h som e countrie s havin g a  growt h rat e o f a s hig h a s 3.5 % (IBR D 
1982). Th e increase s i n productio n o f majo r crop s hav e com e abou t throug h 
increases i n are a unde r cultivatio n rathe r tha n throug h gain s i n productivit y pe r 
unit o f input . Pe r hectar e yield s o f man y subsistenc e foo d crop s hav e stagnate d 
and i n som e case s hav e decline d an d ar e quit e lo w compare d t o thos e o f othe r 
continents. 

The majorit y (60-90% ) o f th e populatio n i n Sub-Sahara n Africa n countrie s liv e i n 
rural area s an d engag e i n subsistenc e farming . Thes e farmer s practis e lo w 
input/output agriculture . Fertilise r applicatio n rate s ar e th e lowes t i n th e world . 
Hand too l technolog y predominates . Anima l powere d technolog y i s use d i n onl y 
about 10-15 % o f th e cultivate d lan d an d mechanicall y powere d technologie s i n 
less tha n 5% . 

Increased productivit y wil l onl y b e possibl e i f th e vas t majorit y o f th e farmer s 
switch fro m traditiona l an d subsistenc e agricultur e t o moder n agricultur e 
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involving th e us e o f hig h yieldin g varieties , irrigation , fertilisers , an d bette r 
implements includin g anima l an d mechanicall y powere d tool s fo r fiel d 
operations. Al l thes e input s ar e energ y intensiv e an d thei r increase d utilisatio n 
in particula r o n th e Asia n Subcontinen t ha s significantl y increase d foo d 
production. Thi s gree n revolutio n technolog y howeve r seem s t o hav e elude d Su b 
Saharan Africa . 

It i s unlikel y howeve r tha t an y o f th e countrie s i n Su b Sahara n Afric a ca n affor d 
such a n energ y intensiv e agriculture . I n thi s pape r energ y relate d constraint s 
affecting foo d productio n i n Su b Sahara n Afric a wil l b e reviewed . Mediu m an d 
long ter m implication s o f th e curren t lo w inpu t agricultur e wil l b e presente d an d 
policy option s discussed . 

FACTORS AFFECTIN G FOO D PRODUCTIO N 

Production o f foo d i s influence d by : 

i. 
ii. 
iii. 
iv. 
V. 
vi. 
vii. 

solar energy ; 
land availability ; 
moisture i n th e soil ; 
labour; 
soils an d soi l fertility ; 
machinery an d implements ; 
plant protectio n measures . 

Although ther e ar e som e intervenin g economi c factors , e g agricultura l 
marketing, pricing , lan d tenure , I  believ e thes e ar e o f secondar y importanc e t o 
the lac k o f farmin g technology . O f th e factor s liste d above , sola r energ y i s mor e 
than adequat e an d onl y i n a  fe w countrie s suc h a s Zimbabw e an d Keny a i s lan d 
tenure a  problem . 

Moisture i n the soi l 

Most o f Su b Sahara n Afric a practise s rainfe d agricultur e an d les s tha n 5 % of th e 
cultivated lan d i s irrigate d (IBR D 1982) . Rainfal l exceed s evaporatio n fo r onl y a 
very shor t season . Th e timin g o f fiel d operation s (lan d preparation , planting , an d 
weeding) i s therefor e critica l fo r cro p production . T o mos t farmer s therefore , 
the mos t critica l scarc e resourc e i s labou r a t th e star t o f th e rain y season . T o 
overcome thi s constrain t farmer s hav e tw o options : 

i. Develo p irrigatio n farmin g 
ii. Gro w drough t resistan t plan t varietie s 

Irrigated agricultur e ha s no t traditionall y playe d a  significan t rol e i n Su b Sahara n 
Africa, bu t th e potentia l fo r irrigatio n i s quit e hig h (Mrem a 1984 ; Tokso z 1981) . 
The mai n constraint s t o increasin g th e rol e o f irrigate d agricultur e i n Afric a ar e 
the capita l cost s involve d an d th e lac k o f traine d manpowe r t o profitabl y manag e 
such schemes . I t i s estimated , tha t i n 198 0 th e capita l cost s involve d i n bringin g 
one hectar e o f lan d unde r irrigatio n i n Afric a wa s i n th e regio n o f U S $10,00 0 
(IBRD 1982) . I n addition , man y o f th e existin g irrigatio n project s ar e no t wel l 
managed an d henc e no t profitabl e du e t o lac k o f adequatel y traine d manpowe r 
(Chambers an d Morri s 1973 ; Mrem a 1984 ; Palme r Jone s 1981) . Irrigatio n ma y 
however b e th e answe r fo r th e futur e i f properl y an d graduall y developed . 
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The secon d optio n o f growin g drough t resistan t varietie s seem s t o b e mor e 
feasible. However , drough t resistan t varietie s ar e generall y lo w yieldin g (e g 
drought resistan t Katuman i maiz e variet y i n Keny a yield s les s tha n 100 0 kg/h a 
while hybri d maiz e grow n 100k m awa y ca n yiel d u p t o 600 0 kg/h a (Alcobe r e t a l 
1983). 

Labour 

Since quit e a  hig h percentag e o f th e populatio n i n Afric a i s engage d i n 
agriculture (60-90% ) i t woul d see m tha t ther e i s n o shortag e o f labou r fo r 
agricultural production . Thi s i s howeve r quit e misleading . Whe n accoun t i s 
taken o f th e age/se x distributio n o f populations , les s tha n 40 % o f th e 
economically activ e populatio n o f mos t countrie s i s engage d i n agriculture . I f 
the rol e o f wome n i s considered (sinc e the y perfor m mos t o f th e lif e suppor t job s 
- e g fetchin g water , firewood , chil d carin g etc ) the n th e percentag e o f th e 
population full y engage d i n agricultura l productio n i s greatly reduced . 

Therefore, i n essenc e abou t 20 % o f th e populatio n ar e require d t o produc e 
enough foo d no t onl y t o fee d themselve s bu t t o fee d th e remainin g 80 % (children , 
old people , lactatin g mothers , urban dwellers) . 

This woul d b e quit e possibl e i f th e productivit y pe r uni t o f labou r inpu t i n 
agriculture wer e high . But , farmin g carrie d ou t usin g handtoo l technologie s ca n 
rarely excee d subsistenc e level . Brand t (1979 ) ha s argue d tha t a n annua l labou r 
input o f 1100-120 0 h r pe r yea r represent s a n uppe r limi t fo r man y farmer s unles s 
new productio n technique s ar e introduced . Give n tha t th e labou r i n handtoo l 
agriculture i s i n th e regio n o f 12 0 ma n days/h a i t i s unlikel y tha t a  famil y ca n 
handle mor e tha n 2  ha o f land . I f draugh t resistan t varietie s o f maiz e ar e grow n 
this wil l yiel d les s tha n 2  tonnes whic h i s barely sufficien t fo r subsistence . 

Labour therefor e represent s a  majo r constrain t i n foo d production . Give n tha t 
land i s no t a  majo r constrain t i n Africa , effort s shoul d b e directe d mor e a t 
increasing th e productivit y o f labou r input s rathe r tha n productivit y o f uni t are a 
of lan d a s wa s done i n Asi a i n th e gree n revolutio n system . 

Soils an d soil fertilit y 

The applicatio n rat e o f fertilise r i s quit e lo w i n mos t o f Su b Sahara n Afric a a t 
less tha n 5kg/h a (Mudaha r 1980) . Th e increas e i n population an d th e chang e fro m 
shifting cultivatio n t o a  mor e settle d typ e o f agricultur e ha s resulte d i n a  seriou s 
decline o f soi l fertilit y i n man y countrie s i n Afric a (Eiche r an d Bake r 1982 ) du e 
to continuou s tillin g o f th e sam e land . Method s o f restorin g soi l fertilit y suc h a s 
use o f anima l manure s ar e difficul t t o practis e becaus e o f labou r shortage s an d 
the larg e amount s whic h nee d t o b e applie d (30-5 0 /ha ) (Mrem a 1985 ) t o b e 
effective. 

The solutio n suggeste d b y mos t agricultura l researc h scientist s i s t o rel y 
increasingly o n inorgani c fertilisers . Wha t i s ofte n forgotte n i s tha t inorgani c 
fertilisers ar e quit e energ y expensive . Fo r exampl e a  tonn e o f nitrogenou s 
fertiliser i s equivalen t t o tw o tonne s o f crud e petroleu m (Leac h an d Slesse r 1973 ; 
Pimentel 1973 ; Smi l e t a l 1983) . T o thi s mus t b e adde d energ y use d i n th e 
distribution an d freight . Thi s i s estimate d a t abou t 10 % o f th e manufacturin g 
energy cost s i n th e mor e advance d countrie s (Fluc k an d Bair d 1979) . Give n th e 
poor infrastructur e an d inefficien t transpor t syste m thi s i s likel y t o consum e 
about thre e time s tha t figur e i n mos t o f Africa . 
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If th e agronomicall y recommende d rate s o f fertilise r applicatio n wer e t o b e 
applied fo r onl y nitrogen , th e tota l nitrogenou s fertilise r requirement s fo r Su b 
Saharan Afric a woul d b e abou t 1 5 millio n tonne s fo r 1980 , instea d o f th e abou t 
600,000 tonne s used . Thi s wil l b e equivalen t t o 3 0 millio n tonne s o f crud e 
petroleum i n energ y terms , an d i f th e distributio n energ y cost s ar e t o b e adde d 
this represent s a n equivalen t o f tota l energ y expenditur e o f abou t 4 0 millio n 
tonnes o f crud e petroleum . Al l th e nin e countrie s i n SADC C consume d onl y 
about 3.4 2 millio n tonne s o f crud e petroleu m an d 3.7 8 millio n tonne s o f refine d 
petroleum product s i n 198 0 (Simoe s 1984) . I n additio n th e logistic s an d 
managerial capabilitie s o f distributin g suc h a  hug e amoun t o f fertilise r woul d 
seem t o b e beyon d th e capacit y o f mos t countrie s i n Sub Saharan Africa . 

Fertilisers ca n onl y increas e yield s whe n th e othe r input s (rainfall , cro p 
husbandry) ar e presen t i n optimu m amounts . Give n th e uncertai n natur e o f th e 
rains th e feasibilit y o f fertilise r us e a t th e rate s recommende d b y researc h 
agronomists i s doubtful . I t ma y b e mor e economica l t o ai m a t lowe r yields , an d 
hence lowe r level s o f fertilise r applicatio n an d othe r soi l fertilit y restoratio n 
techniques (cro p rotation , growin g o f N  fixin g varieties) , an d cultivat e mor e 
extensive areas . Thi s typ e o f syste m ha s bee n quit e successfu l i n Australi a an d 
New Zealan d (McChesne y e t a l 1981) . Thi s howeve r require s greate r 
mechanisation o f farming . 

Agricultural machiner y an d implement s 

Population trend s indicat e tha t les s an d les s peopl e wil l b e engage d i n agricultur e 
especially handtoo l typ e o f agricultur e (populatio n growt h rate s o f mos t citie s i n 
Africa ar e th e highes t i n th e World , 6-15 % pe r annum) . Th e logica l technologica l 
step t o overcom e labou r shortage s woul d b e anima l powere d systems . Howeve r 
about tw o third s o f Su b Sahara n Afric a i s tsets e infested . Th e cos t o f makin g 
these area s tsets e fre e i s hig h an d ther e ar e associate d environmenta l hazards . 
In additio n i t i s generall y accepte d tha t i t require s a t leas t a  generatio n befor e 
people wh o ar e traditionall y no t livestoc k keeper s adop t th e traditio n o f keepin g 
livestock an d us e the m fo r draugh t powe r purposes . Further , anima l tractio n 
may no t b e tha t timel y compare d t o handtoo l technolog y (Gemill , 1971 ) an d 
creates subsequen t labou r bottlenecks , e g i n weedin g an d feedin g o f animal s etc . 
As Eiche r an d Bake r (1982)  hav e note d ther e i s a  rang e o f technical , economi c 
and logistica l constraint s o n th e sprea d o f tota l package s o f anima l tractio n i n 
Africa. 

Mechanically powere d technolog y i s stil l no t ver y widel y use d i n Afric a (les s tha n 
5% o f cultivate d land) . However , a  significan t proportio n o f th e markete d foo d 
surplus i n man y Africa n countrie s i s produce d fro m larg e scal e farm s whic h rely , 
on mechanicall y powere d technologie s (e g Zambia , Zimbabwe , Kenya , ) . Th e 
number o f tractor s i n us e i n th e whol e o f Afric a i n 198 0 wa s onl y 443,00 0 
(compared t o 418,00 0 i n India ) wit h onl y abou t 27 % o f the m bein g i n Su b Sahara n 
Africa (FA O 1982) . 

The histor y o f mechanisatio n i n Afric a howeve r i s littere d wit h faile d 
tractorisation schemes . Th e mai n reaso n fo r thei r failur e i s lac k o f qualifie d an d 
competent manpowe r bot h a t operato r an d a t manageria l level , (Gemil l an d 
Eicher, 1973 ; Hall , 1968 ; ILO , 1976 ; Kolawole , 1974 ; Mrema , 1981 ; Winc h 1976 ; 
Wuyts, 1981) . 

The othe r mai n constrain t o f mechanicall y powere d technologie s i s thei r fue l 
requirements especiall y afte r th e oi l pric e increase s o f th e 1970's . Howeve r a s 
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shown i n Tabl e 1  the energ y expende d o n machiner y an d implements " is muc h les s 
than tha t expende d i n othe r input s lik e fertiliser s an d pesticides . Studie s i n Indi a 
show tha t energ y i n machiner y an d implement s a s wel l a s i n anima l feed s i n 
bullock powere d irrigate d farm s i s 38. 7 GJ/h a wherea s o n tracto r operated , 
irrigated farm s i t i s 14.6GJ/h a whe n growin g wheat , (Gupt a e t a l 1983 ; Mali k 
et a l 1981) . 

Plant protectio n chemical s 

The othe r energ y intensiv e inpu t i n agricultura l productio n i s plan t protectio n 
chemicals agains t weeds , diseases , insects , an d othe r pests . Thi s howeve r i s no t 
extensively use d i n Africa n smal l holde r agricultur e an d throug h plan t breedin g 
efforts, diseas e an d pes t resistan t plan t varietie s ma y b e developed . 

FUTURE STRATEGIES AND ENERG Y IMPLICATION S 

The advance d countrie s hav e increase d yield s an d tota l foo d productio n quit e 
significantly ove r th e pas t thre e decade s (whea t yield s o f abou t 1 0 tonnes/h a ar e 
quite commo n i n Europ e an d USA ) by increasin g energ y expenditur e pe r uni t are a 
as wel l a s pe r uni t o f labour . O n th e Asia n subcontinen t th e gree n revolutio n ha s 
enabled thes e countrie s t o increas e yield s a s wel l a s tota l foo d productio n quit e 
significantly b y us e o f mor e energ y pe r hectar e an d pe r inpu t o f labou r a s wel l a s 
more adde d labou r pe r hectare . 

In Afric a however , i n th e absenc e o f irrigatio n an d wit h entir e relianc e o n 
rainfed agriculture , an d ver y littl e suppor t energ y input s i n th e for m o f 
machinery an d fertiliser s i t i s unlikel y tha t foo d sel f sufficienc y ca n b e achieve d 
if th e tren d o f th e pas t decad e i s maintained . N o precis e figure s o f energ y 
consumed i n agricultur e i n particula r th e peasan t agriculture , ar e available . 
However th e figure s give n i n Tabl e 2 , ca n b e regarde d a s indicative . Energ y 
consumed i s les s tha n 100 0 MJ/h a fo r maiz e productio n mos t o f i t bein g animat e 
energy derive d fro m huma n muscles . Thi s compare s favourabl y wit h figure s 
from othe r countries , e g US A betwee n 19,60 0 an d 32,16 0 MJ/h a (Smi l e t a l 1983 ) 
and Chin a wit h nationa l averag e 12,00 0 MJ/h a (Ji n e t al , 1983) . I n both case s th e 
bulk o f th e energ y i s i n th e for m o f chemica l fertilisers . 

China, wit h a  hug e populatio n ( 1 billion ) mos t o f who m liv e i n rura l area s an d a 
much smalle r cultivate d lan d tha n Su b Sahara n Africa , ha s manage d i n th e pas t 
three decade s t o mechanis e th e mos t difficul t fiel d operation s (lik e ploughing , 
harrowing an d plantin g (ARSSI D 1977) ) an d th e averag e powe r inpu t i n th e for m 
of machiner y i s 0. 4 hp/h a wit h a  furthe r 0.2 3 hp/h a applie d i n irrigatio n 
equipment. Thi s compare s wit h a  tota l o f les s tha n 0. 1 hp/h a i n mos t o f Su b 
Saharan Afric a (Giles , 1975 ; Mrema , 1981) . 

In orde r t o overcom e thei r foo d crisi s Su b Sahara n Africa n countrie s mus t b e 
ready t o spen d mor e energ y i n thei r agriculture . A t th e momen t les s tha n 10 % 
of commercia l energ y import s i s use d directl y i n agricultura l fiel d operation s 
(Simoes 1984) . Energ y i s expensiv e bu t ther e ar e n o alternative s i f th e 
increasing populatio n ha s t o b e fed . Mos t Africa n countrie s hav e use d 
agriculture a s a  sourc e o f foreig n currency . I n mos t Africa n countrie s ther e ar e 
less tha n 10 % a s man y tractor s a s saloo n cars . Ye t ther e i s mor e concer n o n th e 
fuel use d i n thes e tractor s tha n th e hug e amount s use d t o ru n thes e limousines . 
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RESEARCH IMPLICATION S 

Energy researc h i s quit e a  recen t development , bu t eve n i n th e US A energ y 
research i n agricultur e ha s receive d muc h les s attentio n compare d t o th e othe r 
sectors. I n th e developin g countrie s th e situatio n i s eve n worse . 

The nee d t o us e mor e energ y pe r uni t lan d are a a s wel l a s pe r uni t labou r inpu t i s 
not i n dispute . Th e mai n questio n i s whic h energ y ric h inpu t shoul d Africa n 
governments encourag e thei r farmer s t o use : fertilisers , pesticide s an d 
irrigation, o r les s fertilisers , n o irrigatio n an d exten d th e are a unde r rainfe d 
agriculture. 

Research wil l assist , a t leas t i n th e shor t term , i n identifyin g whic h energ y 
related constraint s wil l hav e th e mos t pronounce d effec t i n increasin g foo d 
production. Answer s wil l b e neede d t o question s suc h as : Whic h i s th e mos t 
efficient wa y o f increasin g energ y expenditur e in  agriculture ? Wha t mi x o f 
handtool, anima l powered , mechanicall y powere d machiner y an d implements , 
fertilizers, pesticide s an d irrigatio n i s th e mos t efficien t energ y wise . Thi s are a 
requires urgen t an d detaile d stud y i n Afric a t o assis t polic y maker s i n 
formulating bot h shor t an d mediu m ter m policies . 

CONCLUSION 

An attemp t ha s bee n mad e t o identif y th e energ y relate d constraint s t o 
increased foo d productivit y an d productio n i n Su b Sahara n Africa . I t i s show n 
that energ y input s int o Africa n agricultur e ar e quit e lo w compare d t o othe r 
countries whethe r develope d o r developing . T o overcom e thei r foo d problem s 
African countrie s ough t t o b e prepare d t o increas e th e us e o f energ y ric h inpu t i n 
agriculture lik e fertilisers , pesticides , machiner y an d implement s a s wel l a s 
irrigation wher e thi s i s feasible , bot h pe r uni t o f lan d are a a s wel l a s pe r uni t o f 
labour input . 

Energy studie s hav e grossl y unde r estimate d th e energ y relate d constraint s o f 
agricultural productio n i n Afric a an d hav e concentrate d mostl y a t commercia l 
energy resource s lik e petroleu m product s whic h ar e use d mor e b y th e industrial , 
domestic an d transportatio n sector s o f th e economie s o f mos t Su b Sahara n 
African countries . Suc h studie s an d reports , whic h ar e ofte n use d b y Africa n 
policy maker s a s a  basi s fo r futur e polic y formulatio n ca n provid e a  misleadin g 
picture whic h ma y lea d t o Africa n countrie s bein g continuousl y i n famin e crisis . 
With a  rapidl y increasin g population , Su b Sahara n Africa n countrie s hav e n o 
option bu t t o increas e utilisatio n o f energ y ric h input s i n thei r agricultur e i f the y 
are t o mee t foo d requirement s o f thei r population s whic h wil l doubl e i n th e nex t 
two decades . 
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Table 1  Energ y consumption pe r hectare, mechanically-powered-technolog y 
Morogoro, Tanzania -  maiz e 

Tractor MF26 5 -  62hp ; disc plough , harrow, planter . Fue l consumptio n tota l 
150 cc/h p hr . (Bullar d e t a l 1976) : 1  litre =  47.3 MJ/litre . 

MJ/hr 

Machinery cost s 

- Tracto r 
- Dis c ploug h 
- Dis c harro w 
- Spraye r 
- Plante r 

Total Machiner y Cos t 337-5 

MJ/ha 

91.5 
24.0 
28.0 
16.0 
18.0 

183 
24 
28 
16 
18 

429 

Fuel Cost s 

- Diese l 9. 3 1/h r 47. 3 MJ/ 1 x 6  hr s 
(for ploughin g (2) , harrow (1) , spray ( 2 x  ) , 
plant (1) , harvest (1 ) 

- Repair s 11 8 MJ/ h x  6  hr s 

- Lubricant s -  4 % of fue l cost s 

Total Fue l Cost s 

2639 

708 

106 

3848 

Other Input s 

- Fertilise r 10 0 k g N 

100 k g P20 5 

Total Fertilise r 

- Pesticide s 5  kg 

Grand Total 

4560 
1400 

5960 

3679 

13906 MJ/h a 

Machinery: Fuel : Fertiliser : Pesticide s =  3%: 28%: 43%: 26%. 

Human energ y contribution s insignifican t 

Yields: 250 0 kg/h a poo r rains , 450 0 kg/h a goo d rains . 

1. 

2. 

3. 

4. 
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Table 2  Energ y requirements pe r hectare -  usin g handtoo l 
technology: maiz e plo t -  Mget a Village , Morogor o Regio n 
(Province), Tanzania (Mrema , 1983 ) 

Activity/Input Man days/ha Energ y MJ/h a 

LABOUR 
Land Preparatio n 
Weeding 
Harvesting 
Post harves t operations : 
shelling, baggin g 

44.5 
37.1 
24.7 

280.4 
233.7 
156.6 

12.4 78.1 

SUB TOTAL LABOUR 118.7 748.8 

OTHER INPUT S 
(i) Fertiliser * 

100 k g Ammoniu m Sulphat e 
50 k g P2°5 

MJ/kg 

45.0 
14.0 

4560.0 
700.0 

SUB TOTAL FERTILIZE R 5260.0 

(ii) Pesticide s 
3 k g 

(iii) Implement s 
6 kg o f hoes , axes , matche t 

459.9 

9.96 

1379.7 

59.8 

SUB TOTAL OTHER INPUT S 6698.8 

GRAND TOTAL 

Yields 100 0 kg/h a 

7447.6 

Sample siz e 5 9 households observe d ove r a  year . Yield s 10 0 kg/ha . 

* Fertilise r applicatio n rat e i s a s recommende d b y researc h station s an d 
what extensio n agent s recommen d t o farmers . Actua l applicatio n rate s 
are howeve r quit e lo w aroun d 5kg/h a givin g a  tota l energ y inpu t o f 748. 8 + 
(5 x  45.6)+ 60 = 104 0 MJ/h a 

1. 

2. 
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ABSTRACT 

Stand alon e system s base d o n photovoltai c module s wit h batter y storag e o r win d 
power generatio n wit h batter y storage , i n a  rang e o f syste m size s fro m a  fe w 
watts t o severa l hundre d kilowatts ; an d gri d connecte d system s base d o n th e 
same technologie s an d o n sola r therma l electri c technologies , ar e availabl e i n 
demonstration for m u p t o 1-1 0 M W o f electrica l outpu t wit h plan s fo r 10 0 M W 
schemes i n th e conceptua l desig n stage . Thes e sola r an d win d technologie s ma y 
prove mos t cos t effectiv e i n th e smal l scal e whe n combine d wit h a  hybri d plan t 
using petro l o r diese l engin e generators . Specifi c example s ar e cite d t o sho w th e 
relative economic s o f th e variou s system s usin g up-to-dat e Australia n data , 
where remot e are a application s ar e possibl y mor e simila r t o thos e i n developin g 
countries tha n thos e i n th e develope d nation s o f th e world . 

INTRODUCTION 

The technolog y associate d wit h remot e are a gri d extensio n i s wel l know n an d 
significant improvement s ar e no t likely . Connectio n t o th e mai n stat e grid s i n 
Australia i s no w onl y economicall y viabl e fo r thos e homestead s locate d withi n a 
few kilometre s o f existin g networ k system s (Figur e 1) . Th e cos t o f th e 
connection depend s heavil y o n th e typ e o f terrai n traversed , th e connectio n 
length, an d th e particula r syste m employed . I n Australia , th e cheapes t syste m 
used i s th e singl e wir e eart h retur n usin g a  singl e stee l wir e whic h i s operated a t 
10-20kV wit h a  ste p dow n transforme r providin g u p t o 20k W a t 240 V A C (Figur e 
2). Thes e line s ar e ofte n limite d i n lengt h b y safety requirement s t o abou t 20k m 
total length . I f longe r connection s ar e envisage d mor e sophisticate d an d henc e 
more expensiv e system s mus t b e used . 

Typical cost s o f electricit y t o th e custome r ar e give n i n Tabl e 1  fo r Victoria , a 
heavily industrialise d stat e i n SE Australia , an d fo r a  selectio n o f countrie s i n S E 
Asia an d th e Pacific . Th e larg e variation s i n charge s ar e du e t o man y socio -
economic an d politica l factor s a s wel l a s th e powe r generatio n technolog y an d 
cost o f fue l used . Th e proces s o f tarif f settin g fo r electricit y an d othe r fue l 
prices i s reall y beyon d th e scop e o f thi s pape r bu t th e availabilit y o f remot e are a 
energy subsidie s i n man y countrie s tend s t o mas k th e rea l cost s t o th e 
community o f providin g powe r t o remot e locations . I t shoul d b e note d tha t a 
connection cos t o f A$40,00 0 equate s t o a n electricit y suppl y cos t o f 65¢/kwh . 
Typical cost s fo r electricit y generatio n fro m diese l engine s i n Australi a li e i n th e 
range o f A$0.14-A$3/kwh . 

As th e discussio n wil l b e limite d t o th e availabl e option s fo r electrica l o r 
mechanical powe r suppl y i n area s no t service d b y mai n electrica l gri d systems , 
the followin g renewabl e energ y option s ar e availabl e fo r consideration : 

1. Win d generation s system s 
2. Sola r therma l system s 
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3. Photovoltai c system s 
4. Min i an d micr o hydr o plan t 
5. Bioga s o r biomas s engin e plan t 
6. Hybri d system s involvin g tw o o r mor e o f th e previou s option s 

(Figure 3) . 

In man y remot e area s th e powe r i s generate d a t presen t usin g smal l scal e petro l 
or diese l generator s wit h o r withou t batter y storag e dependin g o n th e expecte d 
power usag e pattern . Recen t development s i n loa d managemen t contro l 
involving th e us e o f larg e scal e batter y storag e ca n substantiall y reduc e th e 
costs associate d wit h conventiona l diese l generatio n an d ar e appropriat e fo r 
consideration wit h connectio n t o renewabl e energ y technologies . Virtuall y al l 
hybrid plant s base d o n windpower , photovoltaics , othe r renewabl e energ y option s 
and a  conventiona l engin e generato r includ e th e facilit y t o charg e a  batter y 
bank. 

ESTIMATION OF TOTAL LOAD 

Before a n electrica l suppl y syste m ca n b e designed , i t i s essentia l t o hav e a 
realistic appraisa l o f th e likel y pea k an d averag e load s associate d wit h particula r 
appliances an d th e usag e pattern s t o calculat e th e expecte d dail y energ y 
demand. A  listin g o f typica l appliance s i s give n i n Tabl e 2  an d th e energ y 
demand o n a  dail y basi s i s show n o n th e sam e table . Thi s typ e o f preliminar y 
analysis i s vita l becaus e o f th e hig h capita l cos t o f th e renewabl e energ y plan t 
particularly th e photovoltai c systems . Carefu l not e shoul d b e mad e o f th e fac t 
that th e pea k deman d o f som e o f th e appliance s i s o f th e orde r o f 2- 5 time s th e 
appliance ratin g an d tha t th e installe d syste m ha s t o cop e wit h thi s instantaneou s 
requirement. 

BASIS FOR COSTING O F RENEWABLE ENERGY SYSTEMS 

The cos t o f electricit y generatio n fro m al l renewabl e energ y source s ha s t o b e 
costed ove r th e tota l lif e o f th e installatio n i f a  fai r compariso n i s t o b e mad e 
with conventiona l electrica l generatin g plant . A s th e system s wil l b e installe d 
away fro m mai n gri d system s n o credi t ca n generall y b e given , i n a n economi c 
sense, t o powe r generate d abov e th e amoun t considere d necessar y fo r operatio n 
of th e connecte d plant . Thi s lif e cycl e costin g metho d ca n lea d t o tw o form s o f 
comparison on e base d o n leas t presen t wort h an d on e base d o n annualise d cos t o f 
electricity. Assumption s whic h nee d t o b e mad e includ e th e actua l plan t life , 
rates o f inflatio n an d discount , fue l cost s an d fue l usag e rates , batter y ban k 
conversion efficiencies , an d cost s fo r operatio n an d maintenanc e o f th e plant . 
The assume d capita l cost s o f th e variou s syste m component s hav e bee n take n 
from curren t retai l price s withi n Australi a wit h n o allowanc e bein g mad e fo r 
subsidies, taxation , o r othe r economi c factors . Th e estimatio n o f plan t lif e i s 
based o n manufacturer s dat a an d curren t commercia l guarantees . 
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OUTLINE OF RENEWABLE ENERGY TECHNOLOGIE S 
FOR POWE R GENERATIO N 

Wind generation system s 

Recent development s i n win d generator s hav e le d t o th e increase d availabilit y o f 
well designe d unit s wit h th e horizonta l axi s machin e stil l th e mos t preferre d 
design. Moder n machine s offe r considerabl e improvement s i n performanc e 
through th e us e o f lo w speed , permanen t magnet , brushles s alternator s whic h ar e 
available u p t o 15k w rate d outpu t an d hav e a  lon g servic e lif e i n exces s o f 2 0 
years. The y ar e availabl e wit h ful l wav e rectificatio n t o produc e lo w rippl e D C 
for chargin g batter y storag e an d wit h overcharg e contro l usin g simpl e voltag e 
limiter shu t down . 

The installe d cos t o f smal l machine s i n th e orde r o f 1  t o 5  k W i s approximatel y 
A$2000-3000 wherea s th e cos t o f mediu m t o larg e machine s 15-150k W capacit y 
may b e a s lo w a s A$1000 . Mos t studie s indicat e economi c viabilit y fo r win d 
systems whe n ther e i s win d availabilit y a t a  sit e correspondin g t o a n averag e 
wind spee d o f 5m/s . I n practic e specia l attentio n mus t b e pai d t o th e particula r 
design characteristic s o f th e chose n machine , an d th e characterisatio n o f win d a t 
the sit e includin g win d turbulenc e effects . 

A moder n win d turbin e rate d a t 4. 5 k W ma y b e expecte d t o produc e mor e tha n 
4500 kWh/y r a t a  sit e wit h a n annua l averag e win d spee d o f 4-5m/s , a t a  machin e 
cost includin g towe r o f abou t A$160 0 pe r rate d kilowatt . Th e ful l syste m cost , 
including al l th e powe r conditioning , woul d b e abou t A$17,50 0 givin g a n 
electricity cos t o f abou t A60¢/kWh . 

Solar therma l system s 

The centra l receive r o r powe r towe r system s s o fa r installe d hav e nearl y al l bee n 
in exces s o f 1M W rate d outpu t an d i t appear s unlikel y tha t thes e sola r system s 
would b e cos t effectiv e i n smal l modul e sizes . Studie s carrie d ou t i n Australi a 
for th e Norther n Territor y indicat e tha t suc h system s coul d produc e electricit y 
at a  cos t i n exces s o f A$1.33/kW h an d a t a n installe d cos t o f abou t A$8,50 0 pe r 
installed kilowatt . 

In th e smalle r powe r range s th e preferre d option s woul d appea r t o li e wit h fixe d 
concentrators, wit h lo w temperatur e system s usin g fla t plat e collectors , an d 
with sola r ponds . Althoug h i t i s difficul t t o extrac t muc h har d dat a o n cost s fo r 
these sola r therma l systems , a  tentativ e costin g o f th e pric e o f electricit y 
produced ca n b e obtaine d usin g a  discounte d cas h flow  analysis . Unde r th e 
assumptions give n a  compariso n i s mad e i n Figur e 4 . Lowe r cost s o f electricit y 
are achieve d usin g flat  plat e system s o r fixe d concentrato r systems . Centra l 
receiver system s ar e vastl y mor e expensive . Fro m thi s preliminar y analysis , 
vacuum tub e collector s an d sal t gradien t sola r pond s li e somewher e i n th e mi d 
range bu t hol d ou t th e promis e o f substantia l reductio n wit h furthe r 
development. 

Photovoltaic system s 

From th e operationa l an d maintenanc e poin t o f view , thes e system s appea r t o 
offer th e simples t metho d o f powe r generatio n (Figur e 5) . Th e panel s ar e usuall y 
designed t o charg e a  12 V batter y bu t ma y b e connecte d t o charg e 24 , 32 , 4 8 o r 
even 110 V batter y banks . A  typica l polycrystallin e silico n panel , encapsulate d 
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with a  clea r lo w reflectiv e cover , ma y b e purchase d of f th e shel f a t abou t A$40 0 
for 3 7 watt s pea k output . Suc h a  pane l wil l suppl y a n ope n circui t voltag e o f 20 V 
with a  shor t circui t curren t o f 2.5A . I t i s reasonabl e t o assum e tha t th e balanc e 
of a  syste m componen t cos t wil l b e o f th e sam e orde r a s th e cos t o f th e panel s i n 
most installation s requirin g storage . Som e recen t wor k fro m th e US A indicate s 
the advantage s t o b e gaine d fro m trackin g P V systems bu t th e outpu t gai n mus t 
be weighe d alway s agains t th e increase d syste m complexit y an d requiremen t fo r 
maintenance. 

Micro and min i hydr o plant 

In th e correc t locations , a s fo r win d systems , smal l scal e hydr o i s bot h 
technically an d economicall y viable . Desig n an d installatio n o f suc h system s 
tends t o b e straightforwar d bu t ther e i s a  minimu m requiremen t o f 20 m hea d an d 
about 40L/ 3 flo w t o ensur e a  continuou s rate d turbin e outpu t o f 4kW . Th e tota l 
installed cos t o f suc h plan t tend s t o li e i n th e rang e o f A$1000-2000/installe d 
kW. 

Biomass or biogas engine powe r plan t 

In som e area s i t ma y b e feasibl e t o conside r th e productio n o f woo d a s a 
renewable resource . Woo d productio n rate s var y substantiall y wit h soi l types , 
tree species , rainfal l an d soi l conditions . Cappicin g system s generall y provid e 
faster productio n afte r harvestin g an d minimis e th e nee d fo r replanting . 
Indications ar e tha t a  farme r i n th e 350-40 0 m m rainfal l area s coul d b e energ y 
self-sufficient usin g fuelwoo d fro m a  plantatio n o f 2- 4 hectares . Considerabl e 
work ha s bee n undertake n recentl y t o improv e woo d stov e efficiencie s s o tha t 
direct combustio n i n a  woo d boile r ca n b e considere d fo r stea m productio n (Tabl e 
3). 

Methane productio n fo r us e i n relativel y conventiona l interna l combustio n 
engines i s ye t anothe r optio n throug h th e bioga s route . Th e digestio n proces s 
proceeds wel l provide d th e temperatur e contro l i s maintaine d eithe r a t 32-37° C 
or a t 50-55° C dependin g o n th e typ e o f bacteri a chosen . Anima l waste s ten d t o 
require abou t 10-1 5 day s residenc e tim e an d abou t 20 % o f th e ga s produce d ma y 
have t o b e use d fo r maintainin g digeste r temperatures . Afte r remova l o f th e 
CO2 containe d th e ga s ma y b e compresse d an d use d i n interna l combustio n 
engines a t a  conversio n cos t o f abou t A$1000 . 

Hybrid system s 

Each o f th e method s s o fa r discusse d o f producin g electricit y ha s inheren t 
advantages an d disadvantages . Wit h hybri d system s th e ai m i s t o combin e tw o o r 
more o f th e technologie s t o provid e a n improve d overal l efficiency . Th e penalt y 
is tha t a  hybri d syste m wil l requir e mor e sophisticate d an d expensiv e contro l 
equipment fo r regulatio n o f th e plan t an d fo r matchin g th e plan t outpu t t o th e 
required load . Variou s hybri d option s ar e ope n includin g diesel/win d an d 
diesel/PV wit h o r withou t batter y ban k storage . Som e typica l example s ar e 
appended t o thi s pape r i n th e Australia n cas e studie s quoted . 

STORAGE AN D POWE R CONDITIONIN G 

For virtuall y al l renewabl e energ y option s i t i s critica l t o provid e adequat e 
storage fo r lul l period s i n orde r t o satisf y th e loa d requirements , an d powe r 
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conditioning o f th e outpu t t o successfull y matc h th e applianc e characteristics . 
Recent development s hav e include d th e productio n o f efficien t hig h powe r 
inverters a t relativel y lo w cost . Typica l efficiencie s ar e i n th e orde r o f 90 % 
over th e ful l loa d rang e an d th e inverter s ar e availabl e a t l0k W o r 20k W 
capacity, wit h powe r suppl y o f 240 V AC . Th e lif e o f batter y bank s i s highl y 
dependent o n th e rat e o f discharg e required , th e boos t facilit y provided , an d th e 
type o f batter y used . Boos t chargin g i s necessar y a t leas t onc e pe r mont h t o 
ensure complet e conversio n o f th e plate s whic h i s no t a  proble m wit h win d o r 
diesel system s bu t ma y b e difficul t i n minima l desig n P V arrays . Batterie s mus t 
be o f th e dee p discharg e pur e lea d typ e whic h ar e no w commerciall y availabl e 
for lightin g system s fro m severa l companie s worl d wide . A  figur e o f 3- 5 day s 
demand i s ofte n use d whe n sizin g th e batter y storag e fo r win d o r P V systems . 

TECHNICAL AN D ECONOMIC ANALYSE S OF POWER 
GENERATION OPTION S 

Table 5  summarise s severa l analyse s extracte d fro m th e referenc e literature . 
The result s depen d t o a  larg e exten t o n th e underlyin g assumption s whic h includ e 
capital cos t o f th e plant , expecte d lif e fo r variou s components , maintenanc e an d 
overhead charges , an d othe r economi c parameter s involve d wit h inflatio n an d 
discount analyses . A  typica l cas e o f wate r pumping , o f particula r referenc e t o 
developing countries , i s illustrated i n Figur e 6 . 
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Economic Analysi s 1  - Wind-drive n generator syste m 

Power Syste m 

Typical Use r 

Life Cycl e 
Cost an d 
Residual Valu e 

Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 

Wind-driven generato r system . Powere d b y a  4.5k W pea k 
rated win d generato r i n a n averag e win d spee d o f 5m/s . I t i s 
assumed tha t th e win d generato r i s use d i n conjunctio n wit h 
a batter y ban k an d a  hig h efficienc y inverter . 
Isolated far m withi n th e gri d service s regio n o r wester n 
district grazier , wher e th e sit e i s wel l expose d t o th e wind . 
20 yea r lif e assumed . 

Capital cos t o f $17,50 0 fo r th e complet e syste m includin g 
battery bank , inverter , contro l an d auxiliar y generator . 
Residual valu e assume d i s $2,000 . 
l0kW, 240 V AC . 
24 hour s pe r day . 

Daily deman d o f 8kW h (292 0 kW h pa ) i s considere d typica l 
and equate s thi s syste m t o others . 
Depends o n win d spee d distributio n a s t o whethe r th e 
auxiliary generato r wil l b e used . I n thi s instanc e i t i s 
assumed th e auxiliar y generato r doe s no t contribut e t o th e 
load. 

Cost o f Negligibl e 
Fuel Use d 
Total Hour s ru n Diese l -  perio d maintenanc e runnin g only . 
Payments Batterie s replace d ever y 7  year s a t $3000 ; operatio n an d 
Assumed maintenanc e $10 0 p.a . 
Discount Rat e 5 % over inflation . 
Net Presen t $21,64 0 
Worth 
Annual Cos t $173 0 
Cost o f Electricit y 5 9 ¢/kWh 
Supplied 
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Economic Analysi s 2  - Smal l win d generator syste m 

Power Syste m 

Typical Use r 
Life Cycl e 
Cost an d 
Residual Valu e 
Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments 
Assumed 

Discount Rat e 
Net Presen t Wort h 
Annual Cos t 
Cost o f Electricit y 
Supplied 

A smal l win d drive n generato r powe r syste m fo r lightin g an d 
minor 240 V A C demand . Th e win d generato r considere d i s a 
lower cos t reconditione d uni t a s typicall y used . Ne w smal l 
wind generator s ar e ofte n to o expensiv e fo r thi s typ e o f 
installation. Th e syste m cos t include s a  smal l inverte r 
(1.5kW, 240 V AC ) supply . 
Holiday hom e o r smal l dwelling . 
20 yea r lif e assumed . 

Capital cos t o f $500 0 fo r th e complet e syste m wit h ni l 
residual value . 
1.5kW, 240V A C 
24 hours pe r da y DC , 1  hour pe r da y 240 V A C 

lkWh (36 5 kW h p.a. ) 

Nil 
Nil 

Nil 
Batteries replace d ever y 7  year s a t $800 ; win d generato r 
replaced ever y 7  years a t $1000 ; operatio n an d maintenanc e 
$50 p.a . 
55 over inflation . 
$7800 
$630 
173 ¿/kW h 
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Economic Analysi s 3  -  Win d drive n generato r a s a  fue l save r o n a  larg e diese l 
generator se t 

Power Syste m A  larg e (8k W pea k rate d output ) win d drive n generato r ca n 
provide fue l savin g whe n ru n i n conjunctio n wit h a  diese l 
generator wher e th e loa d i s consistentl y hig h o r a  dumm y 
load i s used . Dumm y loa d i s o f n o economi c value . I n thi s 
analysis, th e ful l outpu t o f th e win d generato r i s assumed t o 
be o f economi c value . 

Typical Use r Roadhouse , smal l tow n o r hotel . 
Life Cycl e 2 0 year lif e assumed . 
Cost an d Capita l cos t o f $11,25 4 wit h a  residua l valu e o f $200 0 plu s 
Residual Valu e $900 0 fo r diese l replacemen t ever y 6. 5 years . 
Peak Capacit y 20kW , 240 V AC . 
Power Suppl y 2 4 hours pe r day . 
Available 
Net Deman d Tota l deman d 70kWh/da y (25,55 0 kW h p.a.) . Contributio n 
Assumed fro m win d generato r woul d b e 17,52 0 kW h p.a . (i n a n 

average win d spee d o f 6m/s) . 
Fuel Use d 10,60 0 p.a . Thi s assume d diese l i s wel l loade d wit h running , 

ie n o loss i n performance compare d wit h diesel-onl y system . 
Cost o f $3922 . 
Fuel Use d 
Total Hour s ru n Diese l run-tim e 6. 6 hours/da y (2,40 9 hr s p.a. ) 
Payments Diese l replace d ever y 6. 5 yr s a t $9000 . Fue l $392 2 p.a . 
Assumed Operatio n an d maintenanc e o f diese l an d win d generato r 

$500 p.a . an d $15 0 p.a . respectively . 
Discount Rat e 5 % over inflation . 
Net Presen t Tota l syste m $87,800 . Win d generato r onl y $12,370 . 
Worth 
Annual Cos t Tota l syste m $7,040 . Win d generator onl y $990 . 

Cost o f Electricit y Tota l syste m 2 8 ¢/kWh . Win d generator onl y 6  ¢/kWh . 
Supplied 
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Economic Analysi s 4  - Photovoltai c powe r syste m 

Power Syste m 

Typical Use r 
Life Cycl e 
Cost an d 
Residual Valu e 

Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 

Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments Assume d 

Discount Rat e 
Net Presen t Wort h 
Annual Cos t 
Cost o f Electricit y 
Supplied 

It i s assume d tha t a  hig h efficienc y inverte r i s use d t o 
achieve th e require d outpu t t o suppl y equivalen t powe r t o 
that o f th e diesel-onl y o r diese l plu s batter y system . Thi s 
prime sourc e is , i n thi s case , photovoltai c panel s rathe r tha n 
diesel o r wea k generator . 
Isolated far m withi n th e gri d service d region . 
20 yea r lif e assumed . 

Capital cos t o f $34,00 0 fo r th e complet e system . 6 0 panel s 
constitute th e photovoltai c arra y wit h a n expecte d pea k 
output o f 2.2kW . Residua l valu e assume d i s $2000 . 
l0kW, 240 V AC . 
24 hours pe r day . 

Daily deman d o f 8kW h (2,92 0 kW h p.a.) . Th e arra y woul d 
just mee t thi s loa d an d expansio n o f th e syste m t o mee t 
short ter m highe r loa d woul d requir e a n auxiliar y generato r 
to b e coste d in . 
Nil assumed i f loa d strictl y 8kW h pe r da y o r less . 
Nil 

Nil 
Batteries replace d ever y 7  year s a t $3000 ; operatio n an d 
maintenance $5 0 p.a . 
5% over inflation . 
$37,250 
$3010 
103 ¢/kWh 
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Economic Analysi s 5  - Smal l photovoltaic syste m 

Power Syste m 

Typical Use r 
Life Cycl e 
Cost an d 
Residual Valu e 
Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments 
Assumed 
Discount Rat e 
Net Presen t Wort h 
Annual Cos t 
Cost o f Electricit y 
Supplied 

A smal l photovoltai c powe r syste m fo r lightin g an d mino r 
240V A C demand . Si x 40 W pea k rate d panel s i n th e array . 
Includes a  1.5k W inverte r fo r 240 V A C supply . 
Holiday hom e o r smal l dwelling . 
20 year lif e assumed . 

Capital cos t o f $600 0 fo r th e complet e syste m wit h a  ni l 
residual value . 
1.5kW, 240V A C 
24 hour s pe r da y DC , 1  hour pe r da y 240 V A C 

lkWh (36 5 kW h p.a. ) 

Nil 

Nil 

Nil 

Batteries replace d ever y 7  year s a t $800 ; operatio n an d 
maintenance $5 0 p.a . 
5% over inflation . 
$7600 
$610 
167 ¢/kWh 
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Economic Analysi s 6  - Remot e gri d extensio n 

Power Syste m 

Typical Use r 

Life Cycl e 
Cost an d 
Residual Valu e 
Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments 
Assumed 
Discount Rat e 
Net Presen t 
Worth 
Annual Cos t 
Cost o f Electricit y 
Supplied 

It i s assume d tha t th e gri d i s t o b e extende d 5-8k m fro m th e 
distribution line . A  SWE R lin e i s t o b e constructe d an d a 
step-down transforme r installed . T o equat e th e rea l cos t o f 
electricity suppl y wit h othe r systems , th e electricit y charg e 
per kW h i s take n a s th e gat e pric e pai d b y th e loca l 
authority rathe r tha n th e tarif f pai d b y th e consume r (whic h 
includes profit) . 
Isolated far m o r wester n district s grazier . (Roadhous e smal l 
town o r hote l -  not e tha t an y extensio n o f th e gri d i s likel y 
to g o throug h suc h centre s an d no t requir e 8k m 
connections). 
20 yea r lif e assumed . 
Capital cos t o f $35,00 0 wit h ni l residua l value . 

l0kW, 240 V A C (2 0 kW ) 
24 hour s pe r da y 

8kWh, o f 292 0 kW h p.a . (7 0 kW h o r 25,55 0 kW h p.a. ) 

Nil 
Nil 

Nil 
At 3  ¢/kW h suppl y charg e total s $8 8 p.a . ($770) . Operatio n 
and maintenanc e $20 0 pe r km , totallin g $160 0 p.a . 
5% over inflation . 
$56,000 ($64,530 ) 

$4,490 ($5,175 ) 
154 ¿/kW h (2 0 ¢/kW h 
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TABLE 1 : Compariso n on indicative energ y price s 
Australia an d South Eas t Asi a & Pacific Regio n 

(as of December , 1984 ) 

Country 

Aust, Vic . 

Fiji 

Malaysia 

Philippines 

Thailand 

Tonga 

Electricity 
c/kWh 

8 (2. 8 of f peak ) 

20 

11 

6 

8.5 

23 

Gas (LPG) 
c/kg 

21 

98 

70 

60 

45 

53 

Distillate 
c/litre 

44 

46 

28 

47 

33 

50 

Petrol 
c/litre 

45 

62 

55 

54 

50 

58 

* Al l figure s quote d i n Australia n currenc y (198 4 dollars ) 
A$ = US$ 0.7 5 
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TABLE 2: Typica l applianc e energ y load s 

Appliance 

Refrigerator 

Freezer 

Fan 

Lights (total ) 

Kitchen: 
* Blende r 
* Coffe e Po t 
* Exhaus t Hoo d 
* Toaste r 
* Mixe r 

Washing machin e 

Pump (small ) 

Iron 

Drill 

Stereo 

Radio/TV 

Sewing machin e 

Vacuum cleane r 

Total 

Other load s 

Air conditione r 

Dishwasher 

Hot wate r (storage ) 

Stove 

* Assume s 2 4 h r usag e 

Rating 

watts 

300 

300 

100 

500 

350) 
600) 

60) 
1000) 

300) 

300 

450 

1000 

250) 

100) 

100) 

100) 

600) 

NA 

1600 

2400 

3600 

6000 

Typical 
Peak Deman d 

watts 

1500 

1500 

100 

200 

1000 

1000 

1000 

1000 

1000 

8300 

2000 

2400 

3600 

6000 

Energy Deman d 

kWh/day 

2.0 

2.0 

2.0* 

1.0 

0.2 
0.1 

0.1 

0.5 

0.5 

0.5 

0.1 

0.3 

-

-

-
9.8 

38* 

1 

8 

4 
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TABLE 3: Typica l efficiencie s an d wood requirement s 
for running wood heater s 

Type Annual heatin g 
load 5G J 

(Typical o f warme r 
areas of Australi a 

eg Queensland ) 

tonnes* 

Annual heatin g 
load 10GJ* * 

(Typical o f man y 
areas o f Australi a 

eg SA, NSW) 

tonnes 

Annual heatin g 
load 30G J 

(Typical o f colde r 
areas of Australi a 

eg Tasmania ) 

tonnes 

Open fir e plac e 
10 pe r cen t efficien t 3. 1 

Pot-bellied stov e 
30 pe r cen t efficien t 1. 0 

Slow combustio n stov e 
60 pe r cen t efficien t 0. 5 

6.3 

2.1 

1.0 

18.8 

6.3 

3.1 

Source S  A  Departmen t o f Wood s an d Forest s an d Departmen t o f Mine s an d 
Energy 

Notes 
* Calculated o n 1 6 GJ +  20% moistur e content , ai r drie d wood . 

10 G J i s th e heatin g loa d require d t o maintai n th e livin g roo m 
temperature o f a  typica l bric k venee r hous e i n Australi a (wit h insulate d 
ceiling) a t abou t 20° C durin g wakin g hours . 
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Figure 1: Remote areas - cost effective options for electricity generation, 1983 

Figure 2: Remot e Electricity Grid Extension 
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Figure 3: A  hybrid power supply system layout 

Figure 4: Sola r collector cost comparison 
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Figure 5: A  typical photovoltaic system circuit 

Figure 6: Bor e pump sizes showing region where wind, diesel and solar 
(photovoltaic) systems are estimated to be most cost effective (198 3 costs) 
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RENEWABLE ENERGY POLIC Y FORMULATION AN D IMPLEMENTATIO N 

Dr Davi d C  Stucke y 
Chemical Engineerin g Department , Imperia l College , Londo n SW 7 2BY , UK 

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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INFORMATTON NETWORKS FOR ENERG Y PLANNING : 
ROLE OF UNBSCO/ROST A 

A Abdinase r 

INTRODUCTION 

In man y developin g countrie s a  doubl e energ y crisi s ha s emerge d a s a  resul t o f 
the shar p increas e i n th e rea l pric e o f oi l i n th e pas t fe w year s an d a  growin g 
shortage o f traditiona l fuel s suc h a s wood . Consequentl y attentio n i s 
increasingly bein g pai d t o possibilitie s fo r enhancin g bot h th e importanc e an d us e 
of ne w an d renewabl e energ y sources . 

ENERGY POLIC Y FORMULATIO N AN D PLANNIN G 

The energ y componen t o f th e Lago s Pla n o f Action , includin g th e developmen t 
and exploitatio n o f bot h ne w an d renewabl e source s o f energ y an d non-renewabl e 
sources o f energy , wil l hav e t o b e determine d a t nationa l an d multinationa l 
levels. Commo n t o al l aspect s o f energ y problem s i n Afric a ar e fundamenta l 
weaknesses an d deficiencie s whic h requir e concret e an d urgen t rectificatio n a t 
national, subregiona l an d regiona l levels . Thes e deficiencie s include : 

a. Th e absenc e o f nationa l energ y policie s an d developmen t programme s 
integrated int o nationa l developmen t plans . 

b. Th e insufficien t capabilities , huma n an d institutional , fo r drawin g u p an d 
using inventorie s o f al l energ y resource s an d particularl y o f non -
renewable sources . 

c. Th e lac k o f capabilit y fo r plannin g an d th e composit e exploitatio n o f al l 
available energ y resouce s takin g int o accoun t projecte d developmen t b y 
sectors an d change s o f technolog y i n th e exploitatio n o f differen t form s 
of energy . 

d. Th e lac k o f adequat e manpowe r fo r th e evaluation , extractio n an d 
processing o f all  form s o f energ y fo r th e desig n (includin g 
standardisation), manufactur e an d marketin g o f equipmen t component s 
and spar e part s fo r R&D . 

e. Th e tendenc y t o us e technologie s fro m industrialise d countries . 
f. Inconsistencie s i n policies , plannin g an d programm e an d projec t design s 

and execution , an d a  lac k o f informatio n a t nationa l an d multinationa l 
level o n achievement s mad e i n th e developmen t an d utilisatio n o f non -
renewable energ y resources , possibilitie s o f equipmen t usin g suc h sources , 
its limitations , e tc . 

g. Th e nee d t o orien t energ y developmen t policie s an d therefor e th e 
mobilisation an d redeploymen t o f financia l resource s i n favou r o f small -
scale developmen t project s especiall y t o mee t th e need s o f rapi d 
development i n th e rura l sector . 

h. Th e inadequac y o f cooperatio n betwee n technica l institution s concerne d 
with resource s inventor y an d planning , an d join t feasibilit y studie s an d 
multinational enterprise s responsibl e fo r production , standardisatio n an d 
marketing, R& D manpowe r development , marke t surveys , e tc . 

In th e Africa n countries , energ y policie s an d plannin g mus t tak e int o accoun t th e 
socio-economic dualit y create d b y th e co-existenc e o f moder n an d traditiona l 
sectors. Thi s dualit y i s characterise d b y differen t pattern s o f energ y 
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consumption an d supply : i n th e moder n sector , lif e styl e an d technologie s 
resulting i n energ y us e mostl y base d o n petroleum ; i n th e traditiona l sector , a 
subsistance econom y base d o n low-energ y intensity , disperse d deman d an d 
supply, bu t ofte n threateningl y hig h consumptio n o f limite d fuel-woo d resources , 
which lead s t o accelerate d degradatio n o f ecosystem . 

Obtaining informatio n o n th e mos t recen t research , application , cas e studies , 
manufacturers, exper t consultants , o r patents , abou t alternativ e energ y etc , i s 
not easy . Thi s informatio n ha s bee n collecte d fo r onl y a  fe w develope d 
countries, sometime s i n onl y on e fiel d o f alternativ e energy . 

There i s ver y littl e consolidate d energ y informatio n eithe r o n o r availabl e t o 
developing countrie s a s a  whole . Energ y informatio n i s provided , i n mos t case s 
and particularl y i n Africa , b y a  wid e variet y o f institution s an d individual s i n 
many differen t fields , includin g th e physica l an d environmenta l sciences , lif e 
sciences, engineerin g an d economics . Thi s diversit y create s problem s fo r 
locating, evaluatin g an d usin g suc h information . A t present , som e developin g 
countries lac k eve n th e framewor k an d resource s t o collec t informatio n whic h 
could b e usefu l t o them . Way s o f channellin g informatio n t o group s o f user s ar e 
often inadequate . Th e absenc e o f standardisatio n prevent s compariso n o f 
standards. 

THE CONTRIBUTION O F UNESC O 

UNESCO ha s accepte d th e challeng e o f helpin g t o manag e th e world' s energ y 
information, especiall y a s regard s ne w an d renewabl e source s o f energ y fo r 
developing countries . Th e purpos e o f it s programm e i s t o pu t th e righ t 
information i n th e righ t hand s a t th e righ t time . Launche d i n Januar y 1981 , th e 
Energy Informatio n Programm e o f UNESC O i s conducte d i n associatio n wit h 
UNESCO'S Genera l Informatio n Programme . Thi s deal s wit h scientifi c an d 
technological information , librarie s an d archive s an d promotio n o f informatio n 
systems an d service s a t th e national , regiona l an d internationa l level s an d whic h 
includes UNISIS T (Intergovernmenta l Programm e fo r Co-operatio n i n th e Fiel d o f 
Scientific an d Technologica l Information) . 

UNESCO i s als o supportin g a  Cooperativ e Internationa l Networ k fo r Trainin g an d 
Research i n Energ y Plannin g (CINTREP ) whic h aim s a t th e achievemen t o f a  se t 
of stabl e inter-disciplinar y an d interactiv e academi c centre s i n developin g 
countries, whic h includ e trainin g activitie s a t differen t levels , an d researc h o n 
the technical , economic , social , environmental , internationa l an d relate d 
problems o f th e energ y syste m o f th e countrie s o r region . 

While onl y on e Africa n Centr e (ENDA ) i s currentl y participatin g i n thi s Network , 
it i s hoped that , othe r Africa n centre s wil l participat e i n th e future . 

One o f th e majo r programm e activitie s o f UNESC O wit h regard s informatio n o n 
energy i s th e establishmen t o f regiona l project s fo r enhancin g existin g 
information service s an d encouragin g th e sharin g o f informatio n resource s i n a n 
effort t o lin k organisation s i n a n internationa l network . Pursuan t t o thi s overal l 
objective, sub-regiona l an d regiona l pilo t project s ar e bein g launche d i n fiv e 
regions o f th e world . I n Africa , tw o sub-regiona l pilo t project s o n non-renewabl e 
energy resource s informatio n sharin g network s hav e bee n establishe d b y 
UNESCO: one fo r Easter n an d Souther n Afric a an d th e othe r fo r Wester n Africa . 

An Africa n Regiona l Symposiu m o n Sola r Engerg y wa s organise d b y UNESC O i n 
November 198 3 i n Nairobi , Kenya . Thi s symposiu m wa s a  prelud e t o th e 
formation o f th e Sola r Energ y Societ y o f Afric a (SESA) . 
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ROLE OF UNEP IN RENEWABLE ENERGY DEVELOPMENT IN AFRICA 
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Senior Programm e Office r i n Charg e o f Energ y 

United Nation s Environmen t Programm e 
Nairobi, Keny a 

INTRODUCTION 

In Afric a commercia l energ y consumptio n i s relativel y low , reflectin g th e lo w 
level o f industrialisatio n an d genera l lo w economi c development . Consumptio n 
of commercia l energ y i n Afric a i s typicall y concentrate d i n urba n areas , wher e 
the beneficiarie s ar e mainl y industry , th e commercia l secto r an d thos e fe w 
belonging t o th e uppe r an d upper-middl e clas s societies . I n rura l area s an d i n 
urban slums , wher e th e vas t majorit y o f th e populatio n live , mos t household' s 
energy need s ar e stil l me t b y non-commercia l energ y suc h a s fuelwood , 
agricultural residue s an d anima l manure , a s wel l a s b y huma n an d anima l power . 
Although n o reliabl e regiona l statistic s exis t o n th e curren t us e o f non -
commercial source s o f energy , estimate s indicat e tha t thes e energ y resource s 
occupy mor e tha n 6 0 pe r cen t o f th e tota l energ y consumptio n i n Africa . I n 
Ethiopia, Sudan , Keny a an d Nigeria , abou t 9 0 pe r cen t o f th e populatio n depen d 
on fuelwood . 

The consequence s o f heav y relianc e o n thes e non-commercia l fuel s ar e expandin g 
deforestation, devegetation , declinin g wate r table , soi l erosion , silting , an d 
flooding a s forest s ar e destroye d -  an d risin g price s fo r woo d an d charcoal . 
Where woo d o r charcoa l ar e marketed , familie s ma y spen d a s muc h a s 2 5 pe r 
cent o f thei r househol d budge t fo r cookin g fuel , a s i s th e cas e i n part s o f Wes t 
Africa. Mos t fuelwood , however , neve r enter s th e marke t place . I n centra l 
Tanzania, providin g a  family' s annua l firewoo d require s betwee n 25 0 an d 30 0 
days o f labour . An d i n part s o f Uppe r Volta , wome n spen d a n averag e o f fou r an d 
a hal f hour s a  da y fo r huntin g fo r fuelwood . Sinc e th e burde n o f firewoo d 
collection almos t alway s fall s o n wome n an d children , critica l bu t unpai d 
household task s suc h a s nutrition , sanitatio n an d educatio n suffer . 

The cos t o f thi s mountin g burde n show s u p no t i n conventiona l economi c 
indicators, bu t i n indice s o f infan t mortality , diseas e an d illiteracy . Recently , 
attention ha s bee n give n t o th e developmen t o f technologie s fo r th e bette r 
harnessing an d mor e efficien t us e o f thes e non-commercia l source s o f energ y an d 
other renewabl e energ y sources . Thi s i s increasingl y bein g integrate d int o 
broader rura l developmen t programme s throug h th e provisio n o f adequat e 
sources o f energy . 

International agencie s hav e a n importan t contributio n t o mak e t o thi s process , 
through creatin g a  foru m fo r transfe r o f ideas , technolog y an d trainin g an d als o 
through promotin g an d supportin g demonstratio n an d pilo t programmes . Th e 
work o f UNE P i n promotin g renewabl e energ y programme s t o comba t 
deforestation an d desertificatio n i s offere d a s a n exampl e o f th e rol e o f 
international agencies . 

UNEP's ACTIVITIES ON RENEWABL E ENERGY SOURCES IN AFRIC A 

Great potentia l exist s i n Afric a fo r th e developmen t o f severa l renewabl e 
sources o f energy . Th e developmen t o f on e o r mor e o f thes e resource s wil l var y 
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from on e countr y t o anothe r dependin g o n sit e suitability , natura l resources , 
climate, manpowe r resource s an d nationa l policies . Unfortunately , policy -
makers ten d t o believ e tha t "large " i s beautiful . Priorit y i s nearl y alway s give n 
to constructin g larg e powe r plant s rathe r tha n smal l decentralise d plant s base d 
on renewabl e source s o f energy . 

UNEP's Energ y Uni t ha s followe d a  thre e pronge d approac h t o alleviatin g 
deforestation an d erosion . Thi s include s th e developmen t an d demonstratio n o f 
appropriate renewabl e source s o f energ y usin g locall y availabl e resource s a s 
solar, wind , biogas , gasifier s an d min i hydro-power . 

Solar energ y coul d b e harnesse d i n severa l ways . Photovoltai c system s enabl e 
the conversio n o f on e o f th e world' s mos t abundan t an d wid e sprea d energ y 
resources int o on e o f th e mos t versatil e an d valuabl e form s o f energy . I n a 
photovoltaic cel l sola r energ y i s converte d directl y t o electricity . Photo-voltai c 
systems offe r individual s a n opportunit y t o generat e thei r ow n electricity . I n 
Senegal, photovoltai c system s hav e prove d thei r feasibility , reliabilit y an d 
environmental soundness . I n Niag a Wolo f i n Senegal , a  syste m o f 5k W peak , 
produced betwee n 1 6 and 2 3 k W hour pe r da y o f sola r energy . Thi s ha s bee n use d 
in hous e lighting , runnin g individua l piece s o f equipmen t lik e refrigerators , 
radios, televisions , i n publi c lightin g o f th e street s an d i n providin g electricit y 
for commercia l equipment . Drinkin g wate r i s no w available , thank s t o 
electricity provide d b y sola r energy . 

In Niag a Wolo f i n Senegal , windmill s wer e use d t o produc e electricit y whic h wa s 
then store d i n batterie s an d use d i n th e sam e wa y a s th e electricit y produce d 
from sola r energy . Tw o blad e windmill s produc e fro m 4 0 t o 8 7 k W hou r pe r da y 
depending o n th e averag e win d sprea d i n eac h month . 

Apart fro m substitutio n o f fuelwoo d b y othe r renewabl e energ y resources , th e 
improvement o f th e curren t extreml y lo w efficienc y o f fuelwoo d stove s an d ope n 
fires represent s th e secon d approac h o f UNE P t o th e mai n goa l o f decreasin g 
fuelwood consumption . Severa l fuelwoo d stove s currentl y i n us e i n Indonesi a an d 
rural area s wer e tested . Althoug h fuelwoo d stove s hav e bee n constructe d an d 
used fo r a  lon g time , onl y a  fe w o f the m ar e efficien t an d ver y fe w ar e 
environmentally-sound. I n Ruir u i n Kenya , UNE P co-sponsore d a  projec t fo r th e 
construction, testin g an d distributio n o f efficient , environmentally-soun d an d 
socially acceptabl e fuelwoo d stoves . Th e projec t include d th e constructio n o f 
different type s an d thei r testin g fo r efficienc y withi n household s i n a  villag e i n 
Ruiru. 

The wome n wh o ar e th e rea l user s o f thes e stove s wer e the n aske d whic h typ e 
they preferred , thu s ensurin g th e socia l acceptabilit y o f th e stove . Th e villager s 
were the n traine d o n th e construction , operatio n an d maintenanc e o f th e 
selected types . 

The workshop s currentl y produc e tw o type s o f stoves . Th e firs t i s roun d withou t 
a chimney , whic h tak e on e po t supporte d b y thre e brick s protudin g fro m th e 
stove's insid e walls . Th e secon d take s tw o pot s secure d i n th e stov e b y a  rin g 
around thei r edg e an d ha s a  chimney . I t i s calle d a  "pogbi " stove , bu t i n spit e o f 
its bigge r size , stil l use s a  ver y smal l firebox . 

It i s designe d s o tha t th e fir e ha s t o g o aroun d th e (first ) pot . The n i t goe s 
through a  hol e i n th e nex t compartment . Th e hol e leadin g t o th e chimne y a t th e 
other sid e ha s a  fir e brea k i n fron t o f it , s o tha t th e flame s hav e t o g o al l aroun d 
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both pot s befor e exitin g throug h th e chimney . Thus , th e "secret " o f thi s 
technology i s tha t th e bod y o f th e cookin g po t i s completel y immerse d i n th e 
stove an d th e hea t generate d b y the firewoo d doe s no t hav e a  direc t escap e rout e 
to th e ope n air . Eve n whe n th e firewoo d i s use d u p i n thes e stove s th e cla y 
retains th e heat . 

For th e man y familie s whic h no w bu y thei r fuelwood , th e highe r initia l cos t o f 
such efficien t an d environmentall y soun d stove s shoul d no t b e discouraging . Th e 
savings o n fuelwoo d outstri p th e capita l cos t i n a  relativel y shor t period . 
Subsidies an d loan s fo r thes e familie s coul d b e a n effectiv e investment . 

Similar project s fo r th e constructio n o f efficien t an d environmentally-soun d 
stoves wa s als o launche d b y UNE P an d CETE C i n Bolivi a an d Brazil . 

The thir d approac h t o alleviatin g th e proble m o f fuelwoo d i s a  direc t on e throug h 
plantation o f fas t growin g tre e species . Severa l fas t growin g specie s hav e bee n 
tried i n differen t countries . Leuceau a wa s foun d suitabl e i n th e Philippine s 
wheras Kaliandr a wa s recommende d i n Indonesia . Differen t specie s includin g 
Jacaranda, Acaci a an d Eucalyptu s wer e foun d suitabl e t o relativel y highe r 
altitudes i n Kenya . 
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THE ROLE OF RENEWABL E ENERGIES IN THE DEVELOPIN G COUNTRIE S 
AND THE POSSIBLE UNIVERSITY CONTRIBUTIO N 

P. D . DUN N 
Department o f Engineeing , Readin g Universit y 

ABSTRACT 

The pape r summarise s th e genera l pictur e o f energ y us e an d need s i n th e 
developing countries . Som e comment s ar e mad e o f th e contributio n o f 
Universities i n contributio n t o th e proble m o f increasin g th e energ y availability . 
The settin g u p o f specia l M.Sc . course s i n regiona l centre s i s proposed . 

ENERGY US E IN DEVELOPING COUNTRIE S 

In mos t o f th e les s develope d countrie s ther e i s a  significan t consumptio n o f 
biomass mainl y a s woo d an d charcoal . Thi s consumptio n leve l i s i n man y case s 
much greate r tha n th e commercia l fue l use . Mos t (typicall y 90% ) o f th e 
commercial fue l i s i n th e for m o f petroleu m an d i s imported . Thes e oi l import s 
represent a  majo r componen t o f th e tota l impor t bil l o f th e les s develope d 
countries, an d th e oi l pric e increase s o f 1973-7 4 an d 197 9 hav e ha d a  ver y 
marked effec t o n thei r economies , particularl y sinc e oi l pric e escalatio n ha s fa r 
out-stripped th e correspondin g pric e increase s fo r th e mainl y agricultura l 
produce whic h thes e countrie s export . 

The energ y balanc e fo r Keny a (Tabl e 1 ) i s typica l o f mos t sub-Sahara n countrie s 
(excluding Sout h Africa) : 75 % o f th e energ y sourc e i s woo d an d virtuall y al l th e 
remainder importe d petroleum . 

TABLE 1 : Kenya' s Energy Balanc e 

Energy Source quantit y (PJ ) %  of Tota l 

Indigenous 

Wood 
Hydro 
Residue 

Imported 

Crude Oi l 
Refined Oi l 
Coal 
Electricity 

306.7 
3 . 3 

8 .6 

95.3 
1.2 

1.4 

0 . 9 

73.5 
0 . 8 

2 . 1 

22.8 
0 . 3 

0 . 3 

0 .2 

Total 417. 1 10 0 

It i s highl y desirabl e at the  nationa l leve l t o substitute  loca l fuel s for  imported 
fuels. Ther e ar e a t presen t considerabl e resource s o f fossi l fuels  an d hydro -
power i n man y les s develope d countries , muc h o f whic h i s ye t t o b e exploited . 
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Renewable energ y source s ca n b e expecte d t o mak e a n increasingl y greate r 
contribution i n th e long-term . 

Universities, i n develope d an d developin g countries , hav e a  majo r contributio n t o 
make t o th e plannin g fo r a  long-ter m shif t t o th e renewabl e energ y technologies . 

THE ROLE OF HIGHER EDUCATIO N INSTITUTION S 

Higher Educatio n Institution s ca n mak e a  usefu l contributio n t o renewabl e 
energy; universit y department s ca n develo p ne w equipment , an d i n th e earl y 
days som e o f u s regarde d thi s a s ou r majo r role . Ove r th e years , however , w e 
have becom e muc h mor e awar e o f th e importanc e o f relevan t trainin g o f 
overseas personnel . Thi s includes : 

i. Trainin g a t technicia n leve l 

ii. Shor t course s 

iii. Taugh t Master s Course s 

iv. PhD  b y researc h 

v. Linke d programme s 

vi. Researc h Programme s whic h involv e staf f exchang e betwee n tw o o r mor e 
institutions. 

A ver y effectiv e wa y o f bot h transferrin g technolog y an d providin g trainin g i s 
through "join t project " betwee n tw o institutions , on e i n a  develope d countr y an d 
the othe r i n a  les s develope d country . A t Readin g w e hav e carrie d ou t a  numbe r 
of suc h project s o f whic h a  stud y o f win d pumpin g i n th e Suda n usin g Sudanes e 
personnel i s a  typica l example . A  survey o f win d data , windmil l experience , an d 
water requirement s wa s carrie d out , an d the n a n experimenta l programm e o n 
pumping windmill s wa s conducte d b y a  Sudanes e graduat e who , o n receivin g hi s 
PhD degree , returne d t o hea d th e Sudanes e Win d Pum p Programme . Simila r 
programmes whic h w e hav e carrie d ou t includ e sola r pond s fo r th e Suda n an d th e 
use o f alternativ e energ y resource s fo r ric e cultivatio n i n Thailand . 

Although thes e programme s ar e time-consumin g i n tha t the y ar e linke d t o a 
three-year PhD  course , the y hav e bee n foun d t o b e valuabl e i n providin g traine d 
personnel. 

There i s als o a  nee d fo r shorte r an d mor e intensiv e courses , an d a t Readin g w e 
offer a  one-yea r MS c cours e i n Alternativ e Energ y fo r Developin g Countries . 
The syllabu s cover s al l aspect s o f alternativ e energy , includin g implementation , 
small industry , an d economi c projec t evaluation . Th e majo r componen t o f th e 
course i s a n experimenta l projec t which , wher e possible , i s chose n i n 
collaboration wit h th e student' s hom e institution . I n thi s wa y i t i s possibl e fo r 
the studen t t o commenc e hi s ne w jo b whils t completin g hi s course , thu s 
contributing t o a  usefu l technology-transfer . Th e cours e i s provin g t o b e popula r 
and wa s over-subscribe d fo r th e curren t year . Project s i n progres s i n th e yea r 
1982/83 ar e a s follows : 
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Topic 

Wood combustio n 
Charcoal stov e 
Biogas fo r cookin g 
Wind powe r 
Pumping windmil l 
Biogas generator wit h externa l 

heating 
Concentrating photovoltai c cell s 
Water pumpin g 
Low cos t sola r wate r heate r 

Country of origi n 
of studen t 

Thailand 
Zambia 
Tanzania 
Kenya 
Grenada 

Sri Lank a 
Ethiopia 
Greece 
Iran 

The provision of relevantly trained personnel meet s only one of th e needs fo r the 
implementation o f nationa l programme s for exploitin g loca l energy resources. I t 
is, however , a n essentia l requiremen t an d on e whic h th e Universit y syste m i n 
both develope d an d developing countrie s can contribute to . Ther e i s much to be 
said fo r th e settin g u p of course s suc h a s th e on e describe d abov e a t regiona l 
centres, fo r example , i n East Afric a wher e the conten t ca n be directed t o areas 
of particular local importance. 
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CRES - TH E REGIONAL TOOL OF WES T AFRICAN NATION S 
TO PROMOTE THE USE OF RENEWABL E ENERG Y 

Abdousolem B a 
Chef d u Projet , CRE S 

Bamako/Mali 
B P  187 2 

INTRODUCTION 

Hit b y a  two-fol d energ y crisi s -  risin g cost s o f importin g oi l an d deforestatio n -
the head s o f th e state s o f th e CEA O (Communaut e Economiqu e d e l'Afriqu e d e 
l'Ouest) countrie s decide d i n 197 8 t o creat e th e Centr e Regiona l d'Energi e 
Solaire (CRES) . Th e membe r state s o f CILS S (Comit e Permanen t Inter-Etat s d e 
Lutte Contr e l a Sedreress e dan s l e Sahel ) countrie s joine d the m later , an d th e 
following countrie s ar e no w member s o f CRES : Burkina Fasso ; Benin ; Cap e Verd e 
Islands; Chad ; Gambia ; Ivor y Coast ; Mali ; Mauritania ; Niger ; an d Senegal . 

From th e poin t o f vie w o f al l o f th e membe r countries , CRE S mus t becom e th e 
regional too l use d b y Wes t Afric a i n orde r t o becom e mor e proficien t an d self -
sufficient i n th e technique s an d exploitatio n o f renewabl e energ y sources . 

EXISTING EXPERTIS E IN RENEWABL E ENERGY I N THE REGION 

The regio n alread y ha s majo r experienc e i n th e fiel d o f renewabl e energy : 
research centre s exis t o r ar e currentl y bein g established ; productio n unit s hav e 
been erected ; an d a  substantia l rang e o f equipmen t utilisin g renewabl e energ y 
has bee n installed , finance d t o a  grea t exten t b y foreig n aid . Despit e thes e 
efforts, renewabl e energ y doe s no t ye t pla y a  significan t rol e i n th e energ y 
supply o f th e region . 

However, renewabl e energ y equipmen t i s positivel y accepte d b y th e populatio n 
provided i t i s wel l adapte d t o thei r need s an d reliable , an d ther e i s potentia l fo r 
a massiv e promotio n o f renewabl e energie s i n th e region . 

The regio n has  importan t renewabl e resource s includin g sola r energy , biomas s 
and win d energy , a s wel l a s site s fo r min i an d micr o hydro-energ y plants . 
However, thes e resource s ar e unequall y distribute d an d requir e detaile d 
exploration. 

The propose d CRE S projec t 

The regio n canno t affor d t o b e a  mer e spectato r t o technologica l progres s 
especially i n a  fiel d suc h a s energ y whic h i s o f suc h importanc e t o thes e 
populations. Th e polic y propose d encompasse s no t onl y energ y conservatio n an d 
the developmen t o f renewabl e energ y sources , bu t als o th e installatio n o f 
production, engineerin g an d researc h facilitie s necessar y fo r thi s developmen t 
within th e Wes t Africa n region . 

Priority objective s 

The mos t importan t priorit y i s th e developmen t o f renewabl e energ y source s i n 
rural settings . Renewabl e energ y source s ar e particularl y usefu l i n a  rura l 
setting, becaus e ther e ar e modula r units , autonomy , simplicity , an d lon g lifespan . 
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The mos t importan t energ y demand s renewabl e energ y resource s coul d satisf y 
include: a . cooking ; b . wate r pumping ; c . healt h care ; d . lighting ; e . preservin g 
food; an d f . smal l electrica l distributio n network s (fo r a  village , grou p o f houses , 
etc). 

The secon d priorit y i s th e reductio n o f markete d energ y sources . Th e mos t 
important use s o f markete d energ y source s are : housin g (ai r conditioning , ho t 
water); transportation ; an d industry . 

The followin g effort s wil l b e mad e o n a  short-ter m basis : 

energy conservation ; 

hydroelectric power , whic h coul d pla y a  muc h bigge r par t i n industr y an d 
housing; 

utilisation o f organi c refus e i n industry ; 

solar wate r heaters , t o b e use d mor e widely . 

In th e mid-ter m future , effort s shoul d b e place d o n th e developmen t o f sola r ai r 
conditioning. I n th e long-term , th e widesprea d utilisatio n o f biomas s fo r 
electrical powe r an d transportatio n mus t b e developed . 

GOALS OF CRES PROGRAMM E 

With th e polic y an d th e priorit y objective s a s define d above , w e ca n no w tur n t o 
the goal s fo r th e developmen t o f renewabl e energy . Thes e goal s wil l b e 
illustrated wit h som e shor t an d longe r ter m target s a s a  mode l o f wha t coul d b e 
done i n th e region . 

Fight agains t deforestatio n 

Furnish th e vas t majorit y o f household s wit h woo d o r charcoa l improve d stove s 
as rapidl y a s possible . 

1990 goal: 50 % of al l urba n an d rura l household s s o equippe d 
year 2000 : al l urba n household s equipped . 

High-yielding charcoa l productio n shoul d becom e th e rule , an d ther e mus t b e 
more developmen t o f sector s involve d i n th e manufacturin g o f charcoa l fro m 
agricultural an d industria l refuse . A t th e sam e time , activ e participatio n i n 
reforestation programme s wil l b e encouraged . 

Rural developmen t 

Water suppl y fo r village s an d livestock , micro-irrigatio n 

Areas o f wate r suppl y mus t b e equippe d wit h photovoltai c pump s wheneve r 
supply an d deman d excee d 5m 3/hr pe r well . 

1990 goal: ove r 50 % of al l well s wil l b e pumpe d b y mean s o f electrica l powe r 
year 2000 : al l well s pumpe d b y mean s o f electrica l power . 

Irrigation 
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1990 goal: discontinuanc e o f a t leas t 50 % of al l diese l o r gasolin e engine s 
year 2000 : almos t tota l withdrawa l o f diese l o r gasolin e engines . 

Alternatives planne d include : hydroelectricity ; photovoltai c pumps ; 
thermodynamic pumps ; diese l engine s operatin g o n plan t oil , biogas , o r ethanol ; 
and win d turbines . 

Health 

Rural healt h centre s t o hav e suppl y of : 

bacteria-free wate r 
hot wate r 
lighting 
radio hook-u p wit h majo r centre s 
medication an d vaccin e refrigerators . 

1990 goal : 50 % of al l healt h centre s 
year 2000 : 100 % of al l healt h centres . 

Rural electrificatio n 

Each villag e wil l b e equippe d wit h a  publi c lightin g system , an d household s wil l 
be encourage d t o instal l moder n lightin g units . Th e foreseeabl e energ y sourc e i s 
the photovoltai c generator . 

1990 goal : 50 % of al l village s equippe d wit h publi c lightin g 
year 2000 : al l village s equippe d wit h publi c lighting . 

Reduce consumptio n o f electricit y an d fuel-oi l 

Solar hea t shoul d b e widel y encourage d fo r us e i n housin g an d industry . 

1990 goal : al l ne w publi c buildings , an d a  larg e proportio n o f privat e buildings , 
must b e equippe d wit h sola r wate r heater s 

year 2000 : sola r hea t mus t b e use d i n mos t industrie s wher e lo w an d mediu m 
temperatures ar e required . 

Systematic us e o f agricultura l an d industria l refuse , a s wel l a s refus e fro m woo d 
industries mus t b e th e rule , s o tha t thes e industrie s ca n becom e self-sufficien t i n 
energy. 

1990 goal : al l relevan t companie s shoul d b e makin g us e o f thei r ow n industria l 
refuse a s a n energ y source . 

From 1990 : a  programm e shoul d b e develope d t o produc e ne w type s o f fue l fo r 
transportation (methanol , ethano l an d plan t oil) . 

Improving th e qualit y o f publi c services an d reducin g recurrin g cost s 

Photovoltaic generator s wil l powe r al l telecommunication s an d signallin g 
equipment i n isolate d area s whic h us e unde r 1  KW permanently . 

1990 goal: al l unit s shoul d b e operatin g o n photovoltai c energy . 
year 2000 : extensio n o f thi s applicatio n t o equipmen t operatin g o n mor e tha n 

1 K W permanently . 
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THE FUNCTIONS O F CRES A S A REGIONAL CENTER 

CRES ha s bee n assigne d t o carr y ou t th e followin g function s a t th e regiona l 
level: 

documentation an d informatio n 
personnel trainin g 
research 
engineering an d consultanc y 
production 
marketing 
financing 

The officia l statut e o f CRE S wil l divid e CRE S int o tw o differen t part s unde r th e 
umbrella o f on e genera l directo r o f CRES . Thes e tw o part s are : 

1. A  public institutio n fo r th e promotio n o f "technology" . 

2. A  share-holdin g privat e compan y t o promot e an d participat e i n th e fiel d 
of "production" . (Th e shareholder s o f thi s compan y wil l b e th e differen t 
governments o f th e membe r countries) . 

PHASES FO R THE IMPLEMENTATIO N O F CRE S 

The implementatio n o f th e CRE S projec t include s severa l phases . Th e firs t one , 
"PREFAS", i s no w nearin g completion . Th e nex t phase , "PRODIAG" , fo r th e 
years 1985-1987 , develope d ou t o f a  recen t evaluatio n an d i s no w i n th e proces s 
of bein g adopte d b y th e official s o f CEA O an d th e Orientatio n Committee . 

In "PREFAS" , th e followin g action s hav e bee n o r ar e bein g realise d b y a n 
intermediate institutio n calle d BE R (Burea u d'Etud e e t d e Realisation) , create d 
to realis e th e phas e "PREFAS" . 

Preparation o f th e organisatio n o f CRE S 

All necessar y step s hav e bee n fulfilled . I t i s foresee n tha t o n th e 1s t Jul y 1985 , 
CRES wil l b e officiall y installe d wit h al l correspondin g governin g an d advisor y 
bodies. 

Support t o nationa l partner s i n establishing "Nationa l Centres " 

In al l nin e membe r countries , Nationa l Centre s hav e bee n identifie d an d th e 
question o f wh o wil l tak e ove r th e leadin g functio n clarified . I n som e countries , 
BER ha s initiate d th e creatio n o f a  nationa l centre . Fo r th e year s 198 3 an d 
1984, 315,000,00 0 CF A franc s an d 180,000,00 0 CF A franc s respectivel y hav e 
were mad e availabl e fo r providin g th e Nationa l Centre s wit h scientifi c researc h 
material an d fo r th e trainin g o f th e personnel . Th e deliver y o f scientifi c 
material i s a t th e n o nen t unde r way . 

A comprehensive stud y t o develop a  strategy fo r th e promotio n o f productio n 
units 

These productio n unit s shoul d i n futur e produc e severa l device s t o us e renewabl e 
energy o r t o produc e constan t energ y fro m renewabl e resources . Als o industria l 
processes base d o n usin g renewabl e energ y ca n b e include d i n th e promotio n 
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which CRE S ha s t o carr y ou t i n th e future . Th e study , calle d UPS , i s no w bein g 
finalised. 

Programme plannin g fo r membe r countrie s 

BER ha s bee n charge d t o assis t th e membe r government s i n developin g nationa l 
plans fo r th e nex t fiv e year s i n orde r t o increas e th e us e o f renewabl e energy . 
The differen t nationa l plan s ar e t o b e harmonise d b y BE R i n suc h a  wa y tha t 
different regiona l programme s ca n b e presente d t o differen t donors . Severa l 
regional programme s hav e bee n developed , fo r example : 

A programm e o f villag e wate r supply , primaril y usin g photovoltai c pump s an d i f 
possible win d mills . 

An educatio n programm e t o provid e ligh t t o rura l classroom s an d suppl y 
electricity fo r schoo l television . 

A rural healt h programm e t o reinforc e existin g infrastructur e o f rura l healt h an d 
improve qualit y an d efficienc y o f service s (lighting , sterilisation , coolin g o f 
vaccines an d ho t an d col d water) . 

A telecommunication s programm e t o promot e loca l an d regiona l communicatio n 
in orde r t o overcom e isolation . 

A transpor t programm e t o improv e traffi c signal s an d guarante e securit y an d 
better operatio n o f ai r traffi c an d railwa y transport . 

A distributio n programm e fo r improve d stove s i n orde r t o figh t deforestatio n 
through mor e efficien t utilisatio n o f wood . 

Information an d documentatio n 

A specia l schoo l bookle t ha s bee n develope d an d teste d i n schools . Thi s booklet , 
called "Gain s o f th e Sun" , i s designe d t o infor m childre n u p t o th e ag e o f 1 0 year s 
about th e possibilitie s fo r th e utilisatio n o f renewabl e energ y an d explain s wh y 
this kin d o f energ y ca n b e regarde d a s renewable . Th e bookle t i s no w read y fo r 
large scal e printin g an d distributio n t o nearl y al l o f th e region' s schools . 

Construction o f th e CRE S building s 

Construction o f th e CRE S hea d offic e i s no w i n progres s o n a  3 0 h a sit e i n 
Bamako an d wil l b e complete d withi n th e nex t 1 8 months . Thi s compoun d wil l 
house th e administration , educationa l classrooms , conferenc e rooms , a 
documentation centre , laboratorie s an d workshops , a  compute r centre , studen t 
hostel an d dinin g an d livin g quarter s fo r CRE S permanen t staff . 

Financing o f th e CRE S headquarters , a s wel l a s th e phas e "PREFAS" , wa s 
assured b y th e followin g donors : Africa n Developmen t Bank ; OPEC ; UNDP ; 
CEAG; Europea n Community ; France ; Federa l Republi c o f Germany ; an d Unite d 
States o f America . 

IMPORTANT CONDITIONS FO R CRE S TO SUCCEED 

There ar e tw o factor s involve d i n th e successfu l developmen t o f th e project . 



- 9 0 -

1. Soun d managemen t o f al l activitie s whic h mus t b e efficien t an d 
financially accountable . 

2. Backin g o f politica l authoritie s o f al l membe r countries . 

CRES trie s har d t o fulfil l an d assur e thes e tw o prerequisites . Fo r example , BE R 
has installe d a  moder n computer-base d accountin g system , calle d OCAM . An d 
we hav e recentl y receive d fullhearte d suppor t fro m th e politica l authorities . 

The head s o f Stat e o f th e CEAO , whic h convene d a t thei r las t summi t 
conference i n Bamak o a t th e en d o f Octobe r 1984 , declare d th e followin g 
concerning CRES : 

"We commi t ourselve s individuall y an d collectivel y i n th e value s o f ou r 
Governments an d Peoples , t o uphol d th e coordinatin g an d orientin g rol e o f 
the Regiona l Sola r Energ y Centr e (CRES ) i n puttin g thes e programme s 
into practise . 

"We recommen d tha t th e nationa l governmen t structure s o f th e membe r 
states shoul d reinforce , o r create , i n 1985 , th e industria l capacit y 
indispensible fo r partia l o r tota l productio n o f equipmen t usin g renewabl e 
energy sources , i n confortnit y wit h th e industria l strateg y define d i n th e 
framework o f th e surve y b y th e Productio n Syste m Uni t (UPS ) o f th e 
Regional Sola r Energ y Centr e (CRES) . 

"Consequently, w e commi t ourselve s t o giv e th e Regiona l Sola r Energ y 
Centre al l form s o f suppor t an d assistanc e necessar y fo r th e 
accomplishment o f it s communit y an d internationa l undertakings . 

"The Conferenc e o f CEA O Head s o f Stat e meetin g durin g th e 10t h 
Summit o f th e Wes t Africa n Economi c Community , encourage s al l 
activities undertake n t o promot e renewabl e energ y an d t o economis e 
conventional source s o f energy. " 
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ACTIVITIES OF THE ASSOCIATION O F AFRICA N 
UNIVERSITIES IN AFRIC A 

A M  Satti, Directo r o f Programme s an d Cooperatio n 
Association o f Africa n Universities , P O Bo x 5744 , 

Accra-North, Ghan a 

ABSTRACT 

Ever sinc e it s creatio n th e Associatio n o f Africa n Universitie s (AAU ) ha s bee n 
involved i n inter-universit y cooperatio n i n Afric a i n area s o f staf f developmen t 
and exchang e programmes , conferences , seminar s an d workshops , an d 
documentation an d information . 

The AA U supporte d Foo d an d Nutritio n projec t fo r Afric a i s bein g implemented . 
It i s expecte d t o contribut e t o training , equipmen t an d literatur e i n th e field . 
The Associatio n als o sponsor s scientifi c association s t o brin g togethe r academi c 
to discus s an d solv e commo n problems . 

INTRODUCTION 

Since th e inceptio n o f th e Associatio n o f Africa n Universitie s (AAU ) i n 
November 1967 , it s activitie s hav e bee n carrie d ou t i n conformit y wit h it s aim s 
and objectives , namely : 

a. T o promot e interchange , contac t an d cooperatio n amon g universit y 
institutions i n Africa ; 

b. T o collect , classif y an d disseminat e informatio n o n highe r educatio n an d 
research, particularl y i n Africa ; 

c. T o promot e cooperatio n amon g Africa n Institution s i n curriculu m 
development, an d i n th e determinatio n o f equivalenc e o f degrees ; 

d. T o encourag e increase d contact s betwee n it s member s an d th e 
international academi c world ; 

e. T o study , an d mak e know n th e educationa l an d relate d need s o f Africa n 
university institution s an d a s fa r a s practicable , t o coordinat e th e mean s 
whereby thos e need s ma y b e met ; 

f. T o encourag e th e developmen t an d wide r us e o f Africa n languages ; 

g. T o organise , encourag e an d suppor t seminar s an d conference s betwee n 
African universit y teachers , administrators , an d othe r dealin g wit h 
problems o f highe r educatio n i n Africa . 

In orde r t o achiev e th e abov e aims , th e Associatio n ha s established : 

An INTERA F scholarshi p programm e fo r th e trainin g o f student s an d 
University staf f 

A Documentatio n an d Informatio n Centr e fo r th e collection , classificatio n 
and disseminatio n o f informatio n o n highe r educatio n an d researc h i n 
Africa 
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A numbe r o f conference s an d seminar s hav e bee n organise d t o improv e contact s 
among Africa n universit y staf f member s an d promot e inter-universit y 
cooperation. 

TRAINING PROGRAMME S O F THE AAU 

Inter-African Universitie s Scholarshi p Programm e (INTERAF ) 

Although Africa n Government s wer e determine d t o se e tha t th e trainin g o f 
personnel becam e effective , the y coul d no t suppor t al l th e variou s programme s 
involved. Thu s som e dono r agencie s wer e approac h t o hel p i n implementin g th e 
programme (whic h i s popularl y know n a s th e Inter-Africa n Universitie s 
Scholarship Programme , "INTERAF") . Thes e dono r agencie s were : Organisatio n 
of Africa n Unit y (OAU) ; U S Agenc y fo r Internationa l Developmen t (USAID) ; 
Canadian Internationa l Developmen t Agenc y (CIDA) ; Inter-Universit y Counci l 
for Highe r Educatio n o f th e Unite d Kingdo m (IUC) ; Germa n Academi c Exchang e 
Service (DAAD) ; and UNESCO . 

A programm e wa s designe d a t firs t t o provid e undergraduat e trainin g i n th e US , 
but late r on , i t becam e obviou s tha t i t woul d b e preferabl e t o trai n Africa n 
students i n thei r ow n environmen t a t leas t fo r thei r firs t degre e no t onl y becaus e 
this woul d reduc e cost s an d brain-drain , bu t als o becaus e th e course s woul d b e 
more relevant . Thu s b y 1967 , th e INTERA F Programm e wa s launche d an d th e 
AAU wa s mad e responsibl e fo r it s administration . Fro m 197 0 t o 1980 , ove r 200 0 
students wer e place d throug h th e Programm e i n differen t membe r universities . 

In 1978 , th e Vice-Chancellor s an d President s o f Africa n Universitie s decide d tha t 
a postgraduat e trainin g programm e fo r universit y staf f an d researc h fellow s 
should b e launche d a s a  secon d stag e o f th e INTERA F Programme . Thi s wa s 
prompted b y th e fac t tha t mos t Africa n universitie s wer e i n a n earl y stag e o f 
development an d depende d largel y o n expatriat e staf f -  a  situatio n neithe r 
possible no r desirabl e t o continue . 

The programm e was , likewise , referre d t o th e AA U fo r implementatio n whic h i t 
did alon g tw o lines : 

i. Offerin g scholarship s 

ii. Givin g stud y leaves , sabbaticals , et c t o academi c staf f member s i n 
African o r non-Africa n universities . 

Although th e undergraduat e programm e ha s no w bee n phase d out , th e followin g 
priority area s fo r staf f trainin g hav e bee n identified : 

Food an d agricultur e 

Science an d technolog y 

Medical scienc e 

Economics 

So fa r AA U ha s procure d donation s fo r awardin g scholarship s t o b e take n u p i n 
African membe r university . W e expec t t o rais e a t leas t 10 0 fo r th e firs t phas e 
of th e programme . Contact s an d submission s hav e alread y bee n mad e t o 
overseas universitie s an d result s ar e expecte d soon . 
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The programm e als o make s provision s fo r trainin g middl e leve l personnel , e g 
laboratory technician s an d librar y assistants , an d refugee s through : 

1. Regiona l trainin g centre s t o b e se t u p i n th e fou r mai n region s i n th e 
continent (Nort h Africa , Eas t an d Souther n Africa , Centra l an d Wes t 
Africa). Nuclei i institute s wil l b e modernise d wit h appropriat e 
equipment. 

2. Oversea s trainin g i s planne d i n case s wher e specialisatio n an d facilitie s 
are inadequate . 

FOOD AN D NUTRITION PROJEC T FOR AFRIC A (JOIN T AAU/UNU PROJECT ) 

It i s expecte d tha t EE C wil l fun d th e projec t i n th e framewor k o f Lom e I I 
Convention ($ 7 millio n i n fiv e years) . Th e firs t phas e ($1.5m ) i s envisage d t o 
start i n Ma y 1985 . Th e objectiv e o f thi s projec t i s t o strengthe n existin g foo d 
and nutritio n institute s b y wa y o f training , equipmen t an d literature . Stres s wil l 
be mad e i n th e firs t phas e o n post-harves t an d technolog y o f foo d preservation . 
(It i s estimate d tha t betwee n 35-40 % o f foo d i s los t a t thi s stage. ) Tw o studie s 
are planne d withi n thi s programme : 

Information o n "centres o f excellence " 

This i s t o complemen t th e programm e o f trainin g o f academi c staff . I t i s 
intended t o gathe r informatio n o n wher e suc h trainin g ca n bes t b e carrie d ou t i n 
Africa. 

Computer scienc e programm e 

The rol e o f computer s i n Universitie s i s gainin g importanc e everyday . A 
consultancy is , therefore , intende d t o surve y th e stat e o f th e ar t o f th e subjec t 
in th e membe r universitie s an d indicat e way s an d mean s o f cooperatio n an d 
development. 

STAFF EXCHANG E 

This i s als o believe d t o b e a  ver y importan t programme , sinc e throug h suc h 
exchange, researc h experienc e i s gaine d whil e contributin g t o teachin g o f 
courses fo r whic h staf f ar e i n shortage . 

OTHER PROGRAMME S 

Who-is-Who i n African Universitie s 

The preliminar y stag e wa s publishe d followin g th e 6t h Genera l Conference . Th e 
next stag e i s underway . A  country b y countr y lis t o f staf f o f Africa n universitie s 
including speciality , department , et c i s bein g compile d an d i s expecte d t o b e 
completed befor e th e en d o f 1985 . 

Directory o f Africa n Universitie s 

This include s al l th e basi c informatio n o n th e 8 6 membe r universitie s an d i s t o b e 
revised an d up-date d periodically . 



B. RESOURC E ASSESSMEN T 
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THE ASSESSMENT OF SOLAR ENERG Y IN AN AFRICAN CONTEX T 

by 
John Pag e 

Emeritus Professo r o f Buildin g Scienc e 
University o f Sheffield , Englan d 

INTRODUCTION 

A lo t o f li p servic e ha s bee n pai d t o th e valu e o f sola r energy . Rathe r les s effor t 
has bee n devote d t o th e factua l assessmen t o f th e actua l valu e o f sola r energ y i n 
different territories , especiall y i n th e tropica l world . Th e proble m i s o f cours e 
difficult becaus e o f th e sparsenes s o f supportin g scientifi c dat a i n tropica l 
countries. Th e valu e o f sola r energ y ca n onl y b e establishe d i f thre e piece s o f 
information ca n b e assemble d an d interrelated : 

1. th e amoun t o f sola r energ y availabl e pe r uni t are a o n th e differentl y 
orientated surface s use d t o captur e tha t energy ; 

2. th e efficienc y wit h whic h tha t energ y ca n b e harnesse d i n th e differen t 
collection system s tha t ca n b e used ; 

3. th e capita l cost s o f th e collectio n syste m amortise d o n a n annua l basi s 
together wit h th e annua l runnin g an d maintenanc e cost s o f th e system . 

The firs t facto r i s o f cours e a  variabl e quantity , s o i t i s essentia l t o explor e th e 
variability o f th e resourc e fro m mont h t o mont h an d fro m yea r t o year . B y 
dividing th e annua l cost s b y th e annua l yield , on e ca n establis h th e averag e uni t 
price o f th e energ y produced . Thi s pric e ma y the n b e compare d wit h th e pric e o f 
the variou s fuel s sola r energ y migh t displace . Th e valu e o f th e fuel s tha t migh t 
be displace d varie s considerabl y fro m plac e t o plac e i n a  territory , a s doe s th e 
availability o f th e sola r energy . 

The cost s o f energ y ar e ofte n greate r i n rura l area s becaus e o f th e hig h cost s o f 
transportation o f fuels , especiall y i n region s wit h poo r transportatio n 
infrastructures. A  ke y proble m i n man y part s o f Afric a arise s fro m th e overus e 
of th e limite d fuelwoo d resource s t o provid e loca l energ y fo r cookin g an d 
heating, whic h doe s s o muc h t o destro y th e rura l ecosyste m (1) . A s energ y i s a 
centrally manage d resource , ther e i s a  grea t tendenc y fo r government s t o 
assume tha t energ y system s ar e simpl y urba n systems , s o a  systematic neglec t o f 
rural solution s develops . Rura l electricit y i s ver y expensive , becaus e th e hig h 
distribution cost s ove r bi g distance s rul e ou t gri d systems , an d diese l generator s 
are use d instead , producin g hig h uni t charges . I f th e advers e environmenta l 
impacts o f excessiv e fuelwoo d consumptio n ca n b e partiall y countere d b y sola r 
energy systems , the n th e valu e o f th e associate d environmenta l benefit s mus t b e 
thrown int o th e economi c assessmen t o n th e positiv e sid e o f th e balanc e sheet . 

Figure 1  attempts t o illustrat e th e relativ e balanc e o f thes e economi c factor s i n 
areas o f hig h insolatio n an d lo w insolatio n competin g i n situation s wit h differen t 
basic fue l costs . Th e competitivenes s o f sola r energ y system s clearl y varie s 
widely. Afric a o f cours e ha s man y area s o f hig h insolatio n combine d wit h man y 
areas o f hig h fue l cost . Th e basi c proble m i s t o identif y thos e are s showin g th e 
greatest potential , an d t o procee d t o practica l politic s fo r achievin g significan t 
development o n a  soun d economi c basis . 
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The purpos e o f thi s pape r i s t o discus s onl y th e firs t o f th e abov e factors , namel y 
quantifying th e sola r energ y resource . 

DATA REQUIREMENT S FO R SOLAR RADIATIO N APPLICATION S 

The dat a requirement s fo r assessin g th e performanc e o f sola r system s obviousl y 
depend o n th e application . Quit e sophisticate d dat a requirement s exis t fo r 
complex installation s lik e sola r therma l powe r stations . Muc h simple r dat a wil l 
suffice fo r simpl e practica l applications , lik e su n dryin g o f crop s an d fish , wate r 
heating, an d passiv e sola r heatin g o f buildings . 

There i s a n importan t distinctio n t o b e mad e betwee n focusin g system s an d no n 
focusing systems . Focusin g system s ca n onl y mak e us e o f th e direc t beam , whil e 
non focusin g system s ca n als o us e th e diffus e energ y a s well . Th e proportio n o f 
the sola r energ y whic h i s diffus e wil l var y fro m climat e t o climate . However , i n 
general, th e proportio n o f diffus e radiatio n i s highe r tha n mos t peopl e realise , 
especially i n equatoria l an d othe r climates , wher e ther e i s a  lo t o f cloud . 

There i s anothe r reaso n wh y knowledg e o f diffus e radiatio n i s important . I t i s 
very difficul t t o estimat e slop e irradiatio n i f th e proportio n o f diffus e radiatio n 
in th e horizonta l surfac e radiatio n i s no t accuratel y known . 

The variabilit y o f th e energ y suppl y als o need s study . Assessment s hav e t o b e 
made o f th e degre e t o whic h fir m powe r ca n b e supplied . Th e da y t o da y 
variability o f th e suppl y ca n b e compensate d t o som e degre e b y appropriat e 
storage policie s fo r alternativ e energy . Howeve r t o mak e suc h assessment s a 
statistical foundatio n i s essential . I t i s no t enoug h t o provid e simpl y mea n 
values. 

The ke y proble m i s ho w t o acquir e suc h da t i n practic e a t a n economi c cost . A 
review o f th e whol e rang e o f problem s encountere d wa s give n b y th e autho r t o 
the Worl d Sola r Congres s i n Pert h (2) . Figur e 2  extracte d fro m tha t pape r set s 
out th e ful l rang e o f studie s tha t ma y b e carrie d out . An y progra m howeve r ha s 
to emerg e b y stages . I n Afric a i t woul d appea r tha t th e immediat e nee d i s t o 
make progres s i n th e to p hal f o f th e diagram , becaus e wor k o n slop e irradiation , 
important fo r practica l applications , ca n onl y procee d wit h ful l effectivenes s 
from prope r knowledg e o f th e horizonta l surfac e radiatio n climate . 

SPECIAL PROBLEM S OF AFRIC A 

There ar e obviousl y a  lo t o f specia l difficultie s t o b e face d i n th e Africa n region . 
For a  star t ther e i s th e shea r scal e o f Africa , which , give n th e level s o f wealt h 
available, make s i t difficul t t o achiev e adequat e instrumentatio n ove r th e spatia l 
areas involved . Furthe r difficultie s ofte n aris e du e t o th e inadequat e an d ofte n 
unreliable electricit y supplie s whic h ma y mak e i t difficul t t o achiev e continuou s 
records usin g dat a loggin g equipment . Ther e ar e adde d problem s associate d wit h 
high humidities , and , i n th e maritim e areas , sal t spray , whic h ca n seriousl y 
damage instruments . Instrument s suitabl e fo r develope d countrie s ma y prov e 
unsatisfactory i n remot e areas . I t woul d see m tha t a  greate r collaborativ e 
effort ough t t o b e devote d t o achievin g inor e appropriat e instrumentatio n fo r 
remote tropica l areas . Suc h instrumentatio n migh t usefull y b e powere d b y sola r 
cell system s t o improv e syste m reliabilit y i n remot e area s bese t wit h electricit y 
supply problems . 
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Another importan t practica l difficult y i s achievin g adequat e standard s o f 
calibration. Radiatio n measurin g instrument s ar e expose d throughou t th e yea r t o 
strong sunlight , an d often , a t leas t i n som e seasons , t o heav y rainfal l wit h 
associated hig h humiditie s a s well . I n drie r area s problem s ma y als o occu r du e t o 
dust abrasion . Th e presen t standar d techniqu e o f calibratio n b y inte r compariso n 
against standar d referenc e instrument s produce s acut e difficultie s i n remot e 
areas, an d i t i s difficul t an d expensiv e t o carr y ou t suc h intercomparison s du e t o 
the larg e amount s o f tim e require d an d th e hig h cos t o f travel . Mor e scientifi c 
effort need s t o b e give n t o technique s o f calibratio n tha t ar e mor e sel f containe d 
within specifi c site , bu t a t th e sam e tim e scientificall y accurate . Unfortunately , 
because o f thes e difficulties , man y sola r radiatio n record s ar e relativel y 
unreliable, thoug h som e rehabilitatio n o f unreliabl y calibrate d dat a ca n 
sometimes b e achieve d b y studyin g noon  irradiatio n value s fo r day s whe n 
cloudless condition s existe d (3) . 

The archivin g o f th e dat a withi n suitabl e computationa l structures , wit h 
adequate qualit y contro l als o need s attention , i f effectiv e us e i s t o b e mad e o f 
the dat a i n practica l applications . Th e rapidl y fallin g cost s o f computationa l 
systems wil l offe r importan t benefit s t o al l developin g countrie s i n makin g 
proper dat a processin g s o muc h mor e effective . 

The basi c fac t i s the bes t us e ha s t o b e mad e o f wha t i s actuall y available , an d i t 
would b e wron g t o hol d bac k program s o f application s unti l suc h time , a s a 
reliable dat a bas e i s available . Attentio n i s particularl y draw n t o th e ke y 
W.M.O. publication s i n thi s are a (4 ) (5). 

THE ATMOSPHERIC CLARIT Y I N AFRIC A 

Assessing th e clarit y o f th e atmospher e i s ver y importan t i n applie d sola r 
radiation studies . Th e atmospher e o f man y part s o f Afric a ofte n contain s larg e 
amounts o f dust , especiall y i n th e dr y season , an d particularl y s o i n th e area s 
fringing o n th e vas t deserts . Th e problem s o f rura l developmen t i n thes e area s 
have tende d t o worse n th e situatio n b y remova l o f vegetatio n b y overgrazin g an d 
fuel woo d removal , s o on e mus t no t mak e th e assumptio n th e ai r o f Afric a i s 
necessarily ver y clear , simpl y becaus e ther e i s a  lo t o f sunshine . Hig h humiditie s 
also ten d t o produc e skie s i n whic h a  lo t o f scatterin g take s place . Thes e effect s 
can b e assesse d t o som e exten t b y lookin g carefull y a t th e colou r o f th e sky , an d 
also examinin g th e natur e o f th e extinctio n o f th e sun' s bea m toward s sunset . I f 
there i s a  heav y dus t burden , th e sun' s bea m ma y b e extinguishe d whe n th e su n i s 
still severa l degree s abov e th e horizon , fadin g graduall y throug h re d unti l th e 
image o f th e dis c eventuall y disappear s i n th e dust y sky . Th e colou r o f th e sk y 
lacks a  ful l bluenes s throughou t th e day . 

A ver y widel y use d measur e o f atmospheri c clarit y i s th e Link e Turbidit y 
Factory T L . Th e bea m irradianc e norma l t o th e bea m i s determine d b y th e 
following expression : 

I c =  Io*K d*exp(-Dr*m*TL) 

where I c =  irradianc e norma l t o th e beam , watt s pe r squar e metr e 
I0 =  th e sola r constant , 136 7 W/m 3 

Kd =  th e correctio n t o mea n sola r distanc e 
Dr =  th e Rayleig h optica l dept h 
m = th e ai r mas s correcte d t o statio n height . 
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The highe r th e valu e o f T L , the greate r th e attentuation . Th e lowe r th e sun , th e 
greater th e ai r mass , s o th e lo w su n i s considerabl y attenuate d i f th e valu e o f T L 
is high . 

The ke y W.M.O . publicatio n o n sola r radiatio n application s (4)  i n fac t suggest s a 
very usefu l wa y fo r estimatin g th e clarit y o f th e atmospher e fro m subjectiv e 
assessments o f sk y colour . I n th e absenc e o f measurements , thi s provide s a  ver y 
useful methodolog y fo r peopl e closel y associate d wit h a  specifi c area . I t i s les s 
suitable fo r outsiders , a s knowledg e o f typica l sk y colou r i s establishe d b y 
residence an d b y observation . 

THE IMPORTANCE O F DIFFUSE RADIATIO N MEASUREMENT S 

The estimatio n o f slop e irradiatio n ca n onl y b e carrie d ou t i f diffus e radiatio n 
data ca n b e obtained , eithe r b y measuremen t o r b y estimation . Th e 
measurement o f diffus e radiatio n ma y b e don e eithe r b y usin g a  shadin g dis c 
which i s drive n t o follo w th e sun' s path . Th e alternative , whic h eliminate s th e 
need fo r continuou s mechanica l movemen t i s the shadin g band . Th e shadin g ban d 
position ha s t o b e adjuste d periodicall y t o allo w fo r seasona l change s i n th e sun' s 
position relativ e t o th e equator . Th e shadin g ban d howeve r obscure s som e o f th e 
sky an d correction s hav e t o b e applied . Th e simples t assumptio n t o adop t i n 
making thi s correctio n i s tha t th e brightnes s o f th e sk y i s uniform . Thi s 
assumption produce s relativel y larg e errors . Considerabl e effor t ha d t o b e give n 
in th e Europea n Communit y progra m t o findin g bette r method s o f correction . 
The correctio n depend s o n th e relativ e clarit y o f th e sky . I t als o depend s o n th e 
type o f instrument . A  summary o f th e CE C wor k ma y b e foun d i n a  recen t CE C 
publication (6) . I t i s desirabl e tha t scientifi c studie s o f suc h correctoin s shoul d 
be carrie d ou t a t suitabl e scientifi c centre s i n Afric a t o chec k whethe r th e sam e 
corrections ar e applicabl e a s i n Europe . 

SIMPLE METHOD S FOR ESTIMATIN G DIFFUS E RADIATIO N 

It i s possibl e t o estimat e diffus e radiatio n fro m bot h globa l radiatio n o r fro m 
sunshine. Th e dimensionles s equation s tak e eithe r th e form : 

D/G =  c+d*(G/Go ) 
or D/ G =  c'+d'(S/So ) 

where D/ G i s th e rati o dail y diffuse/dail y globa l horizonta l surfac e radiatio n 
G/Go i s th e rati o o f th e dail y globa l horizonta l surfac e irradiation/globa l 
irradiation outsid e th e atmospher e 
S/So i s th e relativ e dail y duratio n o f brigh t sunshin e 
c, c' , d  an d d ' ar e linea r regressio n coefficients . 

The autho r studie d th e dat a fro m severa l Africa n station s i n 196 0 (7) . Th e value s 
of th e constant s c  an d d  wer e foun d t o var y wit h site , Tabl e 1 . Thi s pape r ha s 
just bee n independentl y reappraise d agains t result s o f man y othe r mor e recen t 
formula an d appear s stil l t o b e a  ver y reliabl e metho d a t th e monthl y mea n dail y 
level (8 ) (9). 

ADDITIONAL SOURCES O F DATA RELATIN G T O SOLAR RADIATIO N 

While ver y limite d record s ma y be  availabl e o f actua l radiatio n measurements , 
much mor e informatio n exist s o n othe r relevan t variable s lik e sunshin e an d 
cloudiness. Toda y sophisticate d informatio n abou t cloudines s i s availabl e fro m 
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satellites. Considerabl e wor k ha s alread y bee n carrie d ou t o n thi s i n man y 
countries, fo r exampl e i n th e Commissio n o f th e Europea n Communities ' progra m 
on Sola r Radiatio n Data , Projec t F , Actio n 4.3 . A  boo k dealin g wit h Europea n 
work i n thi s fiel d i s abou t t o b e publishe d (10) . Europea n wor k i s continuin g i n 
this are a wit h a n emphasi s o n th e Norther n hal f o f Africa . Th e fe w groun d 
stations ar e ver y importan t i n providin g referenc e point s o f calibratio n t o 
improve th e reliabilit y o f a  difficul t technique . Difficultie s i n inadequat e spatia l 
coverage exis t i n Europ e a s well , an d considerabl e expertis e ha s bee n buil t u p i n 
developing th e tw o Europea n Sola r Radiatio n Atlases , on e fo r horizonta l 
surfaces, th e othe r fo r incline d surface s (11) , (12) . A  summar y o f th e 
achievements o f th e firs t tw o four-yea r CE C program s ma y b e foun d i n 
reference (13) . Th e experienc e buil t u p i n thi s progra m i n Europ e i s clearl y 
applicable t o othe r area s o f th e world , an d step s hav e alread y bee n take n throug h 
the initiative s o f th e Commonwealt h Scienc e Counci l t o organis e program s 
evolving fro m thi s Europea n experienc e i n tw o majo r regions , Afric a an d th e 
Caribbean. 

THE EUROPEAN SOLA R RADIATIO N ATLASE S 

The productio n o f thes e Atlase s too k considerabl e time . Th e broa d decisio n t o 
process essentiall y dail y dat a wa s th e basi s o f th e horizonta l surfac e Atlas . Th e 
raw dat a ha d t o b e reduce d t o a  commo n pyrheliometri c scale . Al l dat a wa s firs t 
converted t o th e Worl d Radatio n Referenc e scal e (WRR) . Nex t a  qualit y contro l 
process wa s applie d t o eliminat e obviousl y unsuitabl e data . Problem s o f a 
systematic natur e wer e foun d wit h som e o f th e dat a fo r example , th e Italia n 
data measure d wit h Robitzsc h pyranograph s wer e no t i n lin e wit h dat a fro m 
adjacent countrie s usin g mor e reliabl e instruments . Adjustment s whic h varie d 
from seaso n t o seaso n ha d t o b e applied . Thi s instrument , whic h i s robus t an d 
independent o f powe r supplies , i s know n t o overrecor d unde r condition s o f hig h 
irradiation. 

Tables wer e the n prepared , o n a  mont h b y mont h basis , o f globa l mea n 
irradiation, monthl y mea n maximu m globa l irradiation , th e extraterrestria l dail y 
radiation average d ove r th e month , monthl y mea n dail y sunshine , monthl y mea n 
astronomical daylength . Tw o dimensionles s ratio s wer e als o included , G/G o an d 
S/So. 

The nex t stag e wa s t o systematicall y stud y th e relationshi p o n mont h b y mont h 
basis o f dail y value s o f G/G o an d S/S o usin g th e standar d Angstro m linea r 
regression formula : 

G/Go =  a+b(S/So ) 

where a  an d b  are regressio n coefficients , whic h depen d o n atmospheri c clarity . 

This proces s provided , fo r eac h sit e wher e observe d dat a wa s available , value s o f 
a an d b . Thes e value s wer e foun d t o lin k fairl y closel y wit h th e clarit y o f th e 
atmosphere a t differen t sites . Importan t ne w method s fo r estimatin g th e clarit y 
of th e atmospher e fro m th e su m o f th e Angstro m regressio n coefficient s ( a an d 
b) hav e bee n evolve d (14) . Th e value s wer e subsequentl y use d a s a n importan t 
part o f th e methodolog y fo r developin g th e incline d surfac e Atlas . 

The nex t stag e i n th e mappin g proces s wa s t o us e th e value s o f a  an d b  i n 
conjunction wit h sunshin e dat a fo r a  numbe r o f additiona l site s t o estimate , fro m 
the sunshin e data , value s o f th e globa l irradiatio n agai n o n a  mont h b y mont h 
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basis. Value s fo r severa l hundre d site s wer e produced , an d use d t o supplemen t 
the observe d radiatio n dat a i n th e productio n o f th e horizonta l surfac e 
irradiation maps . 

Diagrams showin g th e annua l mea n cours e o f globa l radiatio n fo r 12 4 stations fo r 
which observe d dat a existe d wer e extracted . Finall y frequenc y distribution s o f 
global radiatio n fo r 4 9 station s wer e compiled . Thes e giv e th e mea n monthl y 
cumulative frequenc y distributio n o f dail y irradiatio n abov e give n thresholds , an d 
also th e mea n monthl y maximu m numbe r o f consecutiv e day s wit h dail y 
irradiation abov e give n thresholds . 

This Atla s provide s a  mode l whic h shoul d b e o f considerabl e valu e t o other s 
attempting t o achiev e simila r goal s i n othe r part s o f th e world , lik e Africa . 
Inter countr y collaboratio n prove d ver y important , a s radiatio n pattern s ar e no t 
related t o geographi c boundaries . Th e CE C Atla s contain s dat a fo r a  numbe r o f 
countries i n th e Sovie t block , an d successfull y crosse s th e barrier s to o easil y se t 
by accepte d contemporar y politics . Th e sam e crossin g o f barrier s wil l b e 
necessary t o produc e appropriat e map s o f sola r radiatio n i n Africa . 

DEVELOPING A  METHODOLOG Y FO R INCLINE D SURFAC E RADIATIO N 
PREDICTIONS 

A substantia l researc h effor t ha d t o g o int o th e developmen t o f th e Europea n 
Solar Radiatio n Atla s fo r Incline d Surfaces . Ther e ar e fe w centre s wher e 
measured incline d surfac e radiatio n dat a ar e available . Furthermore , i f suc h 
measurements ar e made , th e result s ar e limite d t o surface s o f specifi c til t an d 
orientation. Sola r designer s requir e dat a fo r an y slop e an d orientatio n the y ma y 
wish t o specify . Considerabl e difficultie s therefor e stoo d i n th e wa y o f th e 
development o f a n incline d surfac e radiatio n Atla s fo r Europe . 

Any metho d evolve d ha d t o accep t th e limitation s o f th e inpu t dat a base . Thi s 
input dat a bas e wa s th e dat a i n th e CE C Europea n Sola r Radiatio n Atla s Vo l I . 

The inpu t dat a use d t o develo p b y numerica l modellin g th e incline d surfac e Atla s 
were: 

1. Monthl y mea n dail y globa l radiatio n o n a  horizonta l surfac e 

2. Monthl y mea n value s o f th e dail y duratio n o f brigh t sunshin e 

3. Monthl y mea n value s o f th e monthl y maximu m value s o f dail y globa l 
radiation o n th e horizonta l surfac e 

4. Monthl y mea n maximu m duratio n o f brigh t sunshin e 

5. Value s o f th e monthl y Angstro m regressio n coefficient s a  an d b , take n ou t 
at th e dail y level . 

Observed monthl y mea n dail y dat a wer e availabl e fo r 10 2 site s i n Europe . I n 
order t o perfor m th e slop e calculations , a  metho d ha d firs t t o b e evolve d t o 
convert th e dail y horizonta l surfac e dat a t o th e hourl y level , an d th e diffus e 
radiation ha d t o b e separate d fro m th e beam , als o a t th e hourl y level . The n a 
model ha d t o b e develope d t o estimat e slop e irradiance s fro m horizonta l surfac e 
values. Th e limite d numbe r o f observe d incline d dat a set s dat a availabl e wer e 
used t o chec k th e accurac y o f th e modellin g process . 
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The proble m o f th e no n uniformit y o f th e radianc e o f th e sk y ha d t o be  addresse d 
in th e slop e modellin g process . A  clea r sk y mode l wa s develope d firs t an d the n 
an overcas t sk y model . Th e monthl y mea n slop e mode l wa s derive d fro m them , 
using th e relativ e duratio n o f brigh t sunshin e a s th e basi s fo r splittin g th e sk y 
irradiation contributio n int o a  clea r sk y an d gre y sk y componen t i n th e 
computational process . Th e actua l relationship s ar e quit e complex , bu t th e step s 
involved ar e describe d i n full  detai l i n th e speciall y publishe d CE C boo k (15) . 

CLEAR SKY RADIANC E MODE L 

A turbidit y sensitiv e radianc e mode l wa s evolved , whic h describe d th e mai n 
features o f th e brightnes s patter n o f th e clea r sky , th e aureol e aroun d th e sun , 
the rin g brightenin g effec t aroun d th e horizon , th e poin t o f lo w radianc e a t 90 ° 
to th e sola r positio n o n th e sola r azimuth . Onc e a  radianc e mode l ha s bee n 
established, b y numerica l integratio n i t i s possibl e t o determin e th e relationship s 
between slop e diffus e irradianc e an d horizonta l surfac e diffus e irradianc e fo r 
any slop e an d orientatio n (16) . 

OVERCAST DAY RADIANC E AN D RADIATIO N MODE L 

The wor k o n thi s par t o f th e projec t wa s carrie d ou t b y Professo r Krochman n an d 
his colleague s i n Berli n (17) . Th e Moo n an d Spence r formulation , lon g standard i n 
daylighting studie s fo r estimatin g mea n overcas t sk y luminanc e distributions , 
was verifie d a s als o appropriat e fo r overcas t sk y radianc e distributio n prediction . 
Statistical relationship s betwee n horizonta l surfac e overcas t da y irradiatio n an d 
solar altitud e wer e established . Onc e again , makin g suitabl e allowance s fo r 
ground reflecte d energy , a  complet e solutio n coul d b e obtained . Ther e appear s 
to b e n o reaso n wh y th e Moo n an d Spence r overcas t da y formul a shoul d no t hol d 
in th e Africa n continent . However , i t i s likely , becaus e o f th e differen t type s o f 
cloud associate d wit h overcas t day s i n Africa , especiall y i n th e Equatoria l 
region, tha t th e Europea n overcas t da y radiatio n formul a ma y nee d modification . 

MONTHLY MEA N HOURLY SLOPE IRRADIATION MODE L 

The hourl y slop e irradiatio n mode l ha s thre e components , th e beam , th e sk y 
diffuse an d th e groun d reflecte d diffuse . Th e firs t componen t i s easil y 
determined b y simpl e trigonometr y fro m th e horizonta l surfac e bea m values . 
Estimation o f th e groun d reflecte d componen t i s base d o n th e globa l horizonta l 
surface irradiation . Th e ke y decisio n i s th e choic e o f groun d albedo . I n Europ e a 
value o f 0.2 0 wa s adopte d a s standard . However , i n Africa , th e stron g 
seasonality o f rainfal l ha s t o b e considered , an d th e groun d albed o i n drie r area s 
could b e substantiall y highe r fo r a  significan t par t o f th e year . 

The modellin g difficultie s ar e centre d o n th e diffus e radiatio n estimate s fo r 
slopes. I n preparin g th e CE C Incline d Surfac e Radiatio n Atlas , i t wa s assume d 
that th e diffus e sk y contributio n coul d b e spli t int o tw o parts , b y usin g th e 
relative sunshin e duration . Th e blu e par t wa s assume d t o b e proportiona l t o th e 
product o f th e 4 ° relativ e sunshin e duratio n an d th e clea r sk y value . Thi s par t 
was converte d t o th e slop e value s usin g th e clea r sk y model . Th e clea r sk y 
horizontal blu e componen t wa s subtracte d fro m th e hourl y horizonta l diffus e t o 
give th e overcast/partiall y cloud y sk y gre y component . Thi s wa s converte d t o 
the slop e valu e usin g th e Moo n an d Spence r radianc e formula . Th e su m o f th e 
two component s i s th e mea n sk y componen t o n th e slope . I t wa s assume d ther e 
were n o directiona l effect s fo r th e overcas t sk y contribution , bu t furthe r studie s 
are showin g tha t thi s assumptio n i s no t entirel y satisfactor y (18 ) (19) . 
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THE EUROPEAN SOLA R RADIATIO N ATLA S VOL. II INCLINED SURFACE S 

The fina l productio n o f th e Atla s itsel f wa s a  tea m effort . Incline d surfac e 
radiation table s wer e firs t prepare d i n th e Departmen t o f Buildn g Science , 
University o f Sheffiel d fo r 10 2 site s i n Europe . Thes e table s giv e monthl y mea n 
values o f dail y globa l radiatio n an d diffus e radiatio n o n a  rang e o f incline d 
planes. Th e tables , whic h ar e publishe d i n th e Atlas , als o giv e th e estimate d 
clear da y dail y globa l an d diffus e radiatio n o n th e sam e slopes . Th e inpu t dat a i s 
included i n th e Table s an d als o th e normalisatio n factor s use d t o matc h th e 
theoretical horizonta l value s t o th e observe d values . Thes e Table s wer e the n 
used b y R  DOgniau x an d G  Preuveneer s (Institu t Roya l Meteorologiqu e d e 
Belgique), togethe r wit h associate d information , lik e th e Horizonta l Surfac e 
maps i n Volum e 1 , to dra w monthl y map s fo r th e Europea n regio n covere d b y th e 
tables drawin g isoline s o f incline d surfac e irradation . Th e Atla s als o provide s 
information abou t th e radiatio n transmitte d throug h singl e an d doubl e vertica l 
clear glazin g fo r th e 10 2 sites . Dat a o n sola r radiatio n o n overcas t day s i s als o 
provided fo r a  rang e o f slopes . Thi s wa s assume d t o b e independen t o f 
orientation. A  brie f explanator y tex t i s provide d a t th e beginning . Th e detaile d 
computational methodolog y howeve r i s no t provide d i n th e Atla s itself , whic h i s 
primarily a  sourc e o f data . 

ASSOCIATED BOO K AN D SCIENTIFIC COMPUTING PROGRAM S 

The ful l scientifi c studie s togethe r wit h al l th e detaile d computationa l 
procedures ar e bein g publishe d i n boo k for m b y th e CEC . Th e boo k als o contain s 
additional predictio n procedure s fo r daylightin g studies . I t als o enable s radianc e 
studies o f th e overcast , clea r an d monthl y mea n skie s t o b e carrie d out . A 
manual metho d fo r computin g hourl y sola r radiatio n usin g th e CE C Atla s 
procedure i s provided . Th e Departmen t o f Buildin g Scienc e i n th e Universit y o f 
Sheffield ha s develope d a  serie s o f colloquia l program s fo r systematicall y 
carrying ou t th e computations . Thi s contain s a n inpu t bas e fo r 10 1 Europea n 
sites. Thi s make s i t a  simpl e proces s t o carr y ou t prediction s fo r an y sit e i n th e 
data bas e fo r an y slop e an d orientation . Facilitie s fo r interposin g on e o r tw o 
sheets o f glas s o f an y require d norma l incidenc e transmittanc e ar e included . 
These allo w al l th e directiona l characteristic s o f glas s o n sola r radiatio n 
transmission t o b e assessed . 

An alternativ e versio n o f th e progra m suitabl e fo r Africa n condition s ha s bee n 
developed. Thi s use s th e WM O techniqu e describe d i n referenc e 4  t o estimat e 
the turbidity . A  sample outpu t fo r Bulaway o i s attache d a s Tabl e 3  showing th e 
estimated slop e irradianc e o n a n equato r facin g surface . 

STATISTICAL STUDIE S O F THE DISTRIBUTIO N O F SOLA R RADIATIO N 

Another practica l requiremen t fo r sola r energ y applicatio n i s knowledg e o f th e 
statistical distribution s o f sola r energ y i n differen t month s o f th e year . Li u an d 
Jordan develope d a  simpl e bu t widel y adopte d metho d tha t enable s estimate s o f 
the statistica l distributio n o f dail y globa l radiatio n t o b e estimate d fro m th e 
monthly mea n value s o f th e atmospheri c transmittanc e (20) . Th e metho d i s 
however base d o n America n observations . Th e autho r ha s studie d th e validit y o f 
the U S metho d fo r th e U K an d foun d importan t difference s (21) . H e ha s bee n 
able t o sho w tha t bette r prediction s ca n resul t i f prope r attentio n i s pai d t o th e 
clarity o f th e atmospher e usin g th e su m o f th e Angstro m (a+b ) a s a  simpl e 
measure o f turbidity . H e ha s als o bee n abl e t o sho w ho w reasonabl y accurat e 
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statistical distribution s fo r slopin g surface s can  b e derive d ver y simply , usin g th e 
inclined surfac e Europea n Sola r Radiatio n Atla s table s a s inputs . Ther e i s n o 
space t o discus s thes e issue s furthe r here , bu t clearl y stud y o f th e statistica l 
distributions o f dail y radiatio n dat a i n differen t part s o f Afric a merit s 
considerable furthe r study . 

ADAPTING TH E METHODS TO AFRICA 

By extensiv e an d positiv e collaborativ e effor t involvin g man y differen t group s o f 
scientists fro m differen t countrie s i n th e Europea n Community , a n entirel y ne w 
type o f Atla s ha s bee n successfull y evolved . Th e scientifi c procedure s involve d 
have bee n full y document d an d a  star t ha s bee n mad e o n makin g mor e widel y 
available th e detaile d computationa l procedure s usin g th e technique s o f moder n 
information technology . 

The progra m o f th e Commonwealt h Scienc e Counci l fo r sola r radiatio n dat a 
studies i n Afric a i s essentiall y tryin g t o buil d o n th e experienc e o f th e Europea n 
project describe d i n outlin e above . I t i s clea r a  tw o stag e progra m i s required . 
The developmen t o f th e wor k o n horizonta l surface s ha s t o com e first , becaus e 
the estimatio n o f incline d surfac e radiatio n i s dependen t o n th e availabilit y o f 
horizontal surfac e dat a o n whic h t o bas e th e slop e estimates . Detaile d slop e 
studies a t appropriat e centre s ca n follow . Ther e shoul d b e man y benefit s fro m 
such a  progra m o f collaboration . Reachin g a n understandin g o f th e mos t 
appropriate physica l parameter s t o adop t fo r variable s lik e th e Link e Turbidit y 
Factor shoul d emerge . A  better understandin g shoul d b e reache d concernin g th e 
diffuse radiatio n climat e o f Africa . Ther e shoul d b e improve d knowledg e o f th e 
statistics o f sola r radiation , wit h improve d formula e fo r makin g estimate s i n th e 
absence o f detaile d measurements . Thi s shoul d la y th e foundatio n fo r mor e 
reliable assessment s o f th e economic s o f sola r energ y applications . I t shoul d als o 
provide designer s wit h th e informatio n the y reall y need . 
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METHODS FOR ESTIMATIN G DAIL Y SOLAR RADIATIO N USIN G 
CLIMATOLOGICAL DAT A 

Lamin O  Jobe , 
Civil/Water Resource s Engineer , 

Assistant Director , Departmen t o f Wate r Resources , 
7 Marin a Parade , Banjul , Th e Gambia . 

ABSTRACT 

Techniques fo r estimatin g dail y insolatio n b y determinin g extr a terrestria l 
sunshine an d dat a o n sunshin e hour s o r clou d cove r ar e discussed . Usin g on e yea r 
of fairl y goo d record s o f globa l radiatio n an d sunshin e hour s fo r tw o station s i n 
The Gambia , a t Bass e (Lat . 13 ° 33' , Long . 14 ° 54' ) an d Sap u (Lat . 13 ° 33' , Long . 
14° 54' ) correlatio n coefficient s ar e derive d fo r th e Prescot t equatio n usin g 
regression analysi s an d a  compute r program . Thes e "constants " ar e show n t o 
undergo sligh t variation s wit h locatio n an d accordin g t o th e prevailin g season , i e 
rainy an d dr y seasons . Thes e ar e compare d wit h othe r estimate s fo r Wes t 
Africa, othe r part s o f Africa , Europe , Asia , US A and Australia . 

DETERMINING EXTRA-TERRESTRIA L RADIATIO N 

The tota l amoun t o f energ y radiate d b y th e su n ca n b e determine d i f th e 
effective absolut e temperatur e o f th e su n i s known . Fro m variou s researc h 
results, thi s ca n b e assume d t o b e abou t 580 0 ° K (Haltine r an d Martin , 1957 ) an d 
the tota l energ y flu x (F ) ha s bee n calculate d a s 3.916 9 x  10 2 6 watt s o r 56.14 6 x 
1026 ca l mi n -1.  Sinc e thi s amoun t o f energ y i s als o a t norma l incidenc e o n a 
sphere concentri c wit h th e su n an d a t a  radiu s equa l t o th e mea n sun-earth' s 
atmosphere, i t ca n als o b e determine d by : 

(1) 

Where R o i s th e mea n sun-eart h distanc e o f 1. 5 x  10 13 cm and Io  i s th e s o calle d 
solar constan t define d i n watt s cm - 2 o r ca l mi n ~ 2. Thu s fro m equatio n (1 ) th e 
solar constan t ca n b e determined , i e 

The sola r constan t wa s firs t introduce d b y A  Pouille t i n 1837 . It s estimate d 
value varie s betwee n 1.94 6 an d 2. 0 ca l mi n - 1 c m -2  accordin g t o th e wor k o f 
various researchers . I n thi s pape r a  figur e o f 1.9 8 ca l mi n - 1 c m ~ 2 wil l b e 
assumed i n th e subsequen t calculations . 

3y us e o f I O, th e tota l amoun t o f energ y receive d b y th e par t o f th e 
earth/atmosphere syste m facin g th e su n ca n b e determine d accordin g t o th e 
following formul a 

(2) 

Where r e i s th e radiu s o f th e eart h equa l t o 6.3 7 x  10 8 cm . Thi s give s th e tota l 
energy receive d a s 2.5 5 x  10 1 8 ca l mi n -l.  A t th e to p o f th e earth' s atmospher e 
the amoun t o f radiation , mor e specifically , depend s o n th e orientatio n o f a 
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receiving surfac e i n relatio n t o th e sun' s norma l inciden t radiation . Thi s i n tur n 
depends o n th e tim e o f th e year , tim e o f th e da y an d th e latitud e ove r whic h th e 
surface i s located . Fro m Figur e 1 , i t i s clea r tha t th e amoun t o f radiate d energ y 
through a  surfac e A n i s equa l t o th e energ y throug h A h sinc e n o attenuatio n o f 
this energ y too k plac e befor e i t enter s th e earth' s atmosphere , thus ; 

(3) 

Where R 1
s i s regarde d a s th e instantaneou s extra-terrestria l radiation . I t i s t o b e 

noted als o fro m thi s figur e tha t 

(4) 

(6) 

Where Z  i s th e sola r zenit h angle , i e th e angl e subtende d b y th e loca l vertica l 
originating fro m th e centr e o f th e eart h an d th e lin e paralle l t o th e norma l ray s 
of th e sun . Sinc e th e eart h follow s a n elips e i n it s movemen t aroun d th e sun , th e 
value o f 1 O i s modifie d accordin g t o th e squar e o f th e rati o betwee n th e mea n 
sun-earth distanc e (R O) an d th e instantaneou s sun-eart h distanc e (R) . Equatio n 
(3) can therefor e b e revise d accordingly , i e 

(5) 

From figur e R  an d b y us e o f spherica l geometry , i t ca n b e prove n tha t 

Where 0  i s th e latitud e o f th e poin t o f observation , i s th e sola r declinatio n an d 
h the hou r angl e o r th e angl e throug h whic h th e eart h rotate s t o brin g th e poin t p 
under th e direc t ray s o f th e sun . Th e hou r angl e i s define d t o b e zer o a t sola r 
noon an d exactl y 90 ° a t sunris e o r sunse t durin g equinoxes . Substitutin g equatio n 
(6) i n equatio n (5 ) an d integratin g ove r a  perio d o f 2 4 hour s i e complet e rotatio n 
of th e earth , R s ca n b e define d a s follows ; 

Since W , whic h i s the angula r velocit y o f th e eart h give n i n radian s suc h tha t 
2 radian s i s covere d i n a  day , equatio n (7 ) can no w b e rewritte n as ; 

(8) 

Which yield s afte r integratio n 

In whic h h  i s expresse d i n radian s (0. 5 radian s =  90° ) i n th e firs t ter m o f th e 
equation. Fro m equatio n (6 ) an d b y definitio n o f h , i t ca n b e show n tha t a t 
sunrise o r sunse t fo r al l latitude s Co s =  0, whic h mean s tha t 

(7) 
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(10) 

In solvin g equatio n (9) , th e sola r declinatio n ca n b e estimate d b y variou s 
methods. A  serie s solutio n (Paltridg e an d Platt , 1976 ) ha s bee n derive d a s 
follows; 

(11) 

Where =  2 d/365(6 ) an d d  being th e numbe r o f th e da y i n th e yea r fro m 1  t o 
365(6). Equatio n (11 ) estimate s wit h a  maximu m erro r o f 0.000 6 radian s (  ) . 

can als o b e estimate d usin g th e followin g relationship s develope d b y th e U S 
Department o f Energy , Divisio n o f Sola r Energy , i e 

(12) 

where n  i s th e numbe r o f th e da y i n yea r fro m 1  to 365(6) . Th e da y give n agains t 
a particula r declinatio n ma y var y b y on e o r tw o day s give n thi s approach . Th e 
solar constan t modifie r (  )  ca n als o b e calculate d usin g a  serie s expansio n 
(Paltridge an d Platt , 1976) ; 

(13) 

ESTIMATING GLOBA L RADIATION A T THE EARTH'S SURFAC E 

The sola r constan t ter m I O i s onl y usefu l fo r estimatin g extra-terrestria l 
radiation. A t th e surfac e o f th e earth , th e energ y receive d i s largel y attenuated . 
The attenuatio n o f sola r radiatio n b y th e earth' s atmospher e i s comple x an d 
depends o n parameter s tha t ar e no t onl y difficul t t o estimat e bu t als o subjec t t o 
considerable spatia l an d tempora l variations . Furthermore , th e situatio n i s 
complicated b y th e presenc e o f cloud s whic h readil y reflec t bac k int o spac e a 
portion o f th e incomin g radiation . 

Because direc t measuremen t dat a ar e no t alway s available , certai n semi -
empirical approache s hav e bee n suggested . On e whic h i s o f interes t i s th e 
Prescott Equatio n (1940) . Thi s employ s calculate d extra-terrestria l radiatio n 
values an d a  rati o o f measure d sunshin e hour s (n ) an d th e dail y possibl e sunshin e 
hours (N ) obtainable fro m equatio n (10) . Prescott' s equatio n i s i n th e for m 

(14) 

where R E i s th e estimate d globa l radiation , a  an d b  ar e empirica l constant s 
which ar e obtaine d fro m regressio n analysi s betwee n th e ratio s Rg/R s an d n/N 
where R g i s measure d globa l radiation . 

When dail y sunshin e hour s dat a ar e no t available , mea n fractiona l clou d cove r 
data ca n b e used . Blac k (1956 ) usin g clou d cove r value s fo r 8 8 Europea n station s 
established a  quadrati c relationshi p betwee n clou d cove r ( C i n oktas ) an d th e 
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ratio o f measure d globa l radiatio n an d calculate d extra-terrestria l radiation , i n 
the followin g form , i e 

(15) 

Davies (1965 , 1967 ) derive d th e constant s o f equatio n (14 ) fo r som e station s i n 
West Afric a (Tabl e 1) . H e foun d tha t bot h th e value s o f a  an d b  var y wit h 
location an d tim e o f th e year ; a  decrease s an d b  increase s towar d highe r 
latitudes. H e observe d tha t i n genera l a  depend s onl y o n th e displacemen t o f th e 
regression lin e whic h i n tur n depend s o n th e scatte r o f th e plotte d points . Ther e 
were mor e scattere d point s durin g th e we t seaso n tha n durin g th e dr y season . 
Coefficient b  define s th e rat e o f chang e o f R g /R s wit h change s i n cloudines s an d 
this decline d fro m a  Decembe r maximu m to a  Septembe r minimum . Othe r 
researchers hav e derive d Prescott' s constant s fo r othe r location s aroun d th e 
world (Tabl e 2) . 

DERIVING THE CONSTANTS OF THE PRESCOTTS EQUATIO N 
FOR STATIONS IN THE GAMBIA 

As note d earlier , th e us e o f equatio n (14 ) fo r estimatin g incomin g globa l 
radiation require s prio r determinatio n o f a  an d b  fo r a  give n location . Fo r th e 
Gambia, dat a o f globa l radiatio n an d sunshin e hour s fro m tw o stations , vi z Sap u 
and Basse , hav e bee n use d i n a  compute r progra m fo r th e derivatio n o f thes e 
constants. Th e dat a covere d a  perio d o f on e year . 

By determinin g extra-terrestria l radiatio n fro m equatio n (9 ) an d tota l possibl e 
sunshine hour s fro m equatio n (10) , regressio n analyse s o n th e ratio s R g/Rs an d 
n/N wer e performe d an d thu s produce d th e value s a s indicate d i n Tabl e 3 . I n 
general, a  relativel y hig h correlatio n coefficien t resulte d betwee n dail y values . 
The value s o f a  ar e highe r durin g th e we t seaso n (Jun e t o October ) whil e th e 
values o f b  attai n thei r minimu m durin g thi s sam e season . I n general , bette r 
correlation coefficient s resulte d durin g th e dr y seaso n (Novembe r t o May) . 

After determinin g th e Prescot t constant s base d o n correlatio n fo r a  monthl y 
period, globa l radiatio n fo r eac h da y o f tha t mont h wa s the n estimate d b y usin g 
equation (14 ) (Tabl e 4) . Th e clou d cove r an d equatio n (15 ) wer e als o use d t o 
estimate globa l radiatio n fo r comparativ e reasons . 

CONCLUSIONS 

In Tabl e 4  i s reproduce d a  sampl e o f th e compute r result s fo r th e statio n o f Sap u 
for th e mont h o f January . Th e estimate d result s o f globa l radiatio n R E an d R C , 
respectively usin g sunshin e hour s an d clou d cover , bot h provide d goo d estimate s 
of th e actua l measure d values . Th e value s estimate d wit h clou d cove r o n 
average wer e highe r b y abou t 5% . I n general , i t i s t o b e recommende d tha t th e 
Prescott constant s b e determine d fo r eac h mont h s o a s t o accommodat e likel y 
climatic variation s durin g th e cours e o f th e year . 
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TABLE 1 : R g /R s versu s n / N fo r differen t dat a groupings (Davies , 1965 ) 

GROUPINGS 

All d a t a 

By s t a t i o n 

Benin 

Kano 

Accra 

For t Lam y 

Niamey 

a 

0 .19 

0 .28 

0 .26 

0 .30 

0 . 4 3 

0 . 1 1 

b 

1.60 

0 . 3 3 

0 .54 

0 .37 

0 .32 

0 .72 

r 

0 .86 

0 . 8 4 

0 . 8 3 

0 .82 

0 .72 

0 .82 

(Correlation Coeff ic ient ) 

By mont h 

J a n u a r y 

Feb rua ry 

March 

April 

May 

J u n e 

Ju ly 

August 

S e p t e m b e r 

Oc tobe r 

November 

D e c e m b e r 

- 0 . 0 4 

- 0 . 0 4 

0 .07 

0 .08 

0 .12 

0 .19 

0 .20 

0 .20 

0 .26 

0 .17 

0 .07 

- 0 . 1 2 

0 .88 

0 . 8 8 

0 .80 

0 .82 

0 . 7 3 

0 . 6 1 

0 .64 

0 .60 

0 .50 

0 .62 

0 .74 

0 .99 

0 .99 

0 .92 

0 .96 

0 .97 

0 . 9 3 

0 .87 

0 . 9 3 

0 .86 

0 .92 

0 .92 

0 .94 

0 .88 
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L
ocation 

A
ccra (G

hana
) 

K
ano (N

igeria
) 

K
unam

ura (W
. A

ustralia) 
D

elhi (India
) 

T
ateno (Japan

) 
D

odge C
ity (K

ansas, U
SA

) 
C

leveland (O
hio

, U
SA

) 
M

adison (W
isc. U

SA
) 

D
e B

ilt (N
etherlands

) 
R

otham
sted (England

) 
M

atanuska-A
nchorage 

(A
laska, U

SA
) 

L
atitude 

6° 
12° 
16° 
29° 
36° 
38° 
41° 
43° 
52° 
52° 

61° 

Period 

M
onthly 

M
onthly 

D
aily 

W
eekly 

M
onthly 

D
aily 

D
aily 

D
aily 

D
aily 

M
onthly 

D
aily 

a b 

0.30 0.3
7 

0.26 0.5
4 

0.334 0.43
1 

0.31 0.4
6 

0.25 0.5
4 

0.230 0.54
2 

0.188 0.53
9 

0.208 0.53
0 

0.22 -0.01
1 0.5

0 -0
.0

2 
0.18 0.5

5 

0.261 0.46
5 
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TABLE 3: Compute d constant s o f th e Prescott' s equatio n an d 
correlation coefficient s base d o n 198 0 dat a 

Station 

Sapu 
(Lat. 
Long. 

Basse 
(Lat. 
Long. 

13.55° 
14.96°) 

13.332° 
14.22°) 

Month 

January 
February 
March 
April 
May 
June 
July 
August 

September 
October 
November 
December 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

a 

0.250 
0.264 
0.277 
0.237 
0.288 
0.276 
0.302 
0.303 
0.288 

0.316 
0.280 
0.238 

0.255 
0.315 
0.269 
0.328 
0.325 
0.384 
0.293 
0.337 
0.477 
0.332 
0.270 
0.125 

b 

0.399 
0.387 
0.432 
0.392 
0.393 
0.380 
0.360 
0.362 

0.371 
0.379 
0.384 
0.405 

0.380 
0.326 
0.398 
0.359 
0.368 
0.271 
0.347 
0.303 
0.148 
0.369 
0.369 
0.476 

r (correlatio n 
coefficient) 

0.91 
0.90 
0.86 
0.90 
0.87 
0.90 
0.89 
0.88 
0.89 
0.83 
0.89 
0.91 

0.87 
0.84 
0.86 
0.75 
0.75 
0.71 
0.88 
0.85 
0.53 
0.73 
0.87 
0.84 
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FIGURE 1 : Radiation a t th e to p of th e atmospher e 

(An: surfac e norma l t o th e sun' s rays ; A h: surfac e paralle l wit h th e earth' s 
surface; S : direc t radiatio n fro m th e sun ; E : earth' s surface ; A : to p o f th e 
atmosphere; Z : solar zenit h angle) . 



- 11 7 -

FIGURE 2: Relationship o f th e solar zenit h angl e (Z ) 

Latitude (ø) , Declination (δ ) and Hou r Angl e (h) . (Sellers , 1966 ) 



- 11 9 -

ESTIMATION OF SOLAR RADIATIO N FO R NIGERI A AM P CAMEROON 

V A Akinsete , Professor , A  Falade, Senio r Lecture r 
and E  Neba-Fabs , Graduat e Assistan t 

Mechanical Engineerin g Department , Universit y o f Lagos , Lagos , Nigeri a 

ABSTRACT 

Data ar e presente d fo r globa l sola r radiatio n o n a  horizonta l plane , H  an d o f 
duration o f sunshine , n , o n a  monthl y basi s an d thei r regressio n coefficients , fo r 
various station s i n Nigeri a an d th e Republi c o f Cameroon . I t i s conclude d tha t 
the individua l statio n regressio n equation s woul d b e reasonabl y accurat e fo r mos t 
applications particularl y whe n th e ra w dat a ar e no t available . Overal l regressio n 
equations, whil e givin g genera l averag e value s d o no t accuratel y predic t th e 
insolation i n a  particula r area . 

INTRODUCTION 

In orde r t o apprais e th e economic s o f a  propose d solar-energ y applicatio n i n a 
particular are a an d t o desig n a  conversio n devic e whic h wil l mee t a  potentia l 
demand, i t i s necessar y t o kno w th e amoun t o f sola r radiatio n obtainabl e a t th e 
pertinent location . Ther e ar e othe r use s o f suc h informatio n suc h a s a 
meteorological forecasting , determinatio n o f agricultura l potentia l an d 
estimates o f evaporatio n rate s fro m bodie s o f water . Thu s sola r energy , lik e an y 
other nationa l resource , demand s detaile d informatio n o n it s availability . 

Previous survey s o f th e availabilit y o f sola r energ y i n variou s area s o f th e worl d 
have bee n base d o n dat a availabl e i n th e mor e develope d countries . Whil e thes e 
items o f informatio n hav e bee n o f som e use , the y d o no t provid e a  complet e 
picture particularl y fo r developin g countries . Sinc e th e availabilit y o f th e sola r 
resource i s essentiall y site-specifi c s o to o mus t monitorin g o f th e resource . 
Unfortunately, th e less-develope d countrie s hav e ver y fe w monitorin g station s 
which i s attributabl e t o th e hig h cost s o f monitorin g devices . I n recen t times , 
however, man y ne w station s hav e bee n starte d throughou t th e world , thu s 
increasing th e amoun t o f dat a available . I n additio n t o thes e ar e th e mor e 
extensive meteorologica l station s whic h routinel y measur e othe r usefu l 
parameters suc h a s ai r temperature , relativ e humidity , sunshin e hours , rainfal l 
etc . whic h ca n b e used , selectivel y i n estimatin g sola r radiatio n intensities . 

The presen t pape r describe s par t o f a  projec t whic h aim s t o provid e a n extensiv e 
study o f sola r energ y economic s fo r Nigeri a an d Cameroo n an d i n particula r t o 
provide solar-radiatio n map s fo r th e tw o countries . Specifically , thi s pape r 
provides a  mean s o f estimatin g sola r radiatio n o n horizonta l surface s fo r severa l 
areas o f Nigeri a an d Cameroon . While  ther e ar e severa l type s o f sola r radiatio n 
data, eac h wit h it s ow n particula r utility , th e for m o f dat a mos t readil y availabl e 
and mos t frequentl y reporte d i s globa l radiatio n o n a  horizonta l surface . I t i s 
also th e mos t usefu l for m i n tha t method s ar e availabl e fo r estimatin g othe r 
types o f dat a fro m them . 

The presen t projec t i s motivate d b y th e nea r tota l absenc e o f accurat e sola r 
radiation dat a base s fo r Nigeri a an d Cameroo n an d als o th e nee d t o develo p sola r 
energy conversio n device s particularl y fo r rura l application . Withi n Nigeria , 
there ar e fiv e station s wit h a  reasonabl y reliabl e recor d o f insolatio n -  Lagos , 
Ibadan, Benin , Nsukk a an d Kano . I n Cameroon , ther e ar e te n -  Yaounde , Yoko , 
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Ambam, Batouri , Douala , Mafe , Koundja , Ngaoundere , Garou a an d Maroua-Salak . 
The Nigeria n station s hav e dat a fo r u p t o fiv e years , th e Cameroonia n station s 
for les s the n on e yea r wit h th e exceptio n o f Yaound e an d Garou a whic h hav e 
data fo r nearl y tw o years . Instrument s use d ar e predominantl y Kip p an d Zone n 
and Epple y pyrarnometer s fo r globa l radiatio n an d th e Campbell-Stoke s Sunshin e 
Recorder fo r sunshin e hours . Detail s o f al l station s ar e show n i n Table 1 . 

PROCEDURE 

Various empirica l relation s hav e bee n develope d fo r estimatin g sola r radiatio n 
using commo n meteorologica l variable s suc h a s ai r temperature , relativ e 
humidity, duratio n o f brigh t sunshine , altitud e an d latitude . Th e degree s o f 
successes hav e bee n equall y varied . 

To obtai n a  surve y o f sola r economic s i n Nigeri a an d Cameroo n an d t o prepar e 
solar radiatio n map s base d o n goo d estimates , th e followin g form s o f th e 
empirical relation s wer e examined : 

H' =  a ex p (b(S-R) ) (1 ) 
H' =  ASa R b (2 ) 
H' =  a +  bS (3 ) 
H' = a +  bR (4) 
H' = a +  bT (5 ) 
H' = a b S + cR (6 ) 
H' =  a +  Bs +c R +d T (7 ) 

where H ' i s th e rati o o f th e observe d insolatio n H  t o it s extraterrestria l valu e 
HO, R  i s th e relativ e humidity , T  i s th e rati o o f th e observe d ai r temperatur e t o 
its loca l maximu m valu e an d A , a , b , c , d  ar e constant s o f th e regressio n 
equations. Th e variou s meteorologica l parameter s bein g readil y available , th e 
task wa s t o determin e th e regressio n constant s an d henc e deduc e th e bes t an d 
the simples t o f th e equations . Al l thes e relation s hav e bee n use d b y previou s 
authors wit h th e exceptio n o f equatio n 7  which i s relatively new . 

Data wer e sough t fro m th e appropriat e institution s an d fro m th e literature . 
Those fro m th e Cameroon , albei t few , wer e use d t o examin e th e problems . 

The regression equatio n 

As note d above , sola r radiatio n an d othe r dat a obtaine d fro m th e Republi c o f 
Cameroon wer e use d t o tes t equation s 1- 7 abov e an d henc e t o determin e th e 
regression equation s fo r tha t country . Result s obtaine d ar e show n i n Tabl e 2 . 
Values fo r H O her e ar e th e loca l maximu m globa l radiatio n a s measured . Th e 
correlation coefficien t fo r equatio n 7  is i n th e for m o f a  3  x 3  matrix . 

To determin e th e appropriatenes s o f th e equations , result s wer e obtaine d o f 
values o f H/H o a s predicte d b y th e equation s an d compare d wit h actua l value s 
for eac h o f th e 1 0 stations i n th e Cameroo n (Tabl e 3) . 
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TABLE 1 : Detail s o f station s 

Stations 

NIGERIA 

Lagos 
Ibadan 
Benin 
Nsukka 
Kano 

CAMEROON 

Yaounde 
Yoko 
Ambam 
Batouri 
Douala 
Mamfe 
Koundja 
Ngaoundere 
Garoua 
Marouwa-Salak 

1973 -
1973-
1958-
1975 -
1953 -

1982 -
1982 -
1982 -
1982-
1982 -
1982 -
1982-
1982 -
1982-
1982-

76 
78 
62 
78 
57 

83 
83 
83 
83 
83 
83 
83 
83 
83 
83 

Latitude 

6° 27'N 
7° 26'N 
6° 33'N 
6° 52'N 
12° 3'N 

3° 52'N 
5° 33'N 
2° 23'N 
4° 25'N 
4° l'N 
5° 43'N 
5° 37'N 
7° 17'N 
9° 20'N 
10° 28'N 

Longitude 

3° 24'E 
3° 54'E 
5° 37'E 
7° 24'E 
8° 32'E 

11° 32'E 
12° 22'E 
11° 17'E 
14° 14'E 
9° 44'E 
9° 17'E 
10° 45'E 
13° 19'E 
13° 23'E 
14° 16'E 

Altitude 

(metres) 

3 
228 
78 
488 
472 

753 
1028 
602 
650 
5 

126 
1208 
1115 
241 
423 

Duration 

(months) 

48 
72 
60 
45 
81 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
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TABLE 2: Regressio n equations fo r Cameroo n Republi c 

Equation Regressio n equation Correlatio n inde x 

1. H/H o =  0.713 ex p (-0.142(S-R) ) 0.62 6 

2. H/H o =  0.885 R - 0 . 7 7 S 0 . 5 8 2 0.77 8 

3. H/H o =  0.62 +  0.26S 0.99 2 

4. H/H o =  0.806-0.09R -0.86 3 

5. H/H o =  0.849 -  0.136 T -0.0 1 

6. H/H o =  0.571 +  0.019R +  0.336T 0.099 2 

7. H/H o =  1.19S +  0.567R +  3.0T -  2.4 6 
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TABLE 3: Estimate s of sola r radiation from teste d equation 

Station 

Yaounde 

Garoua 

Ambam 

Nkoundja 

Ngaoundere 

Maroua 

Mamfe 

Batouri 

Douala 

Yoko 

Actual 

0.718 

0.805 

0.700 

0.725 

0.791 

0.784 

0.730 

0.709 

0.702 

0.776 

Eqn.1 

0.759 

0.706 

0.758 

0.733 

0.716 

0.697 

0.758 

0.749 

0.764 

0.735 

Eqn.2 

0.580 

1.06 

0.588 

0.784 

0.929 

1.21 

0.575 

0.661 

0.541 

0.768 

H/Ho 

Eqn.3 

0.713 

0.780 

0.715 

0.760 

0.785 

0.783 

0.709 

0.732 

0.706 

0.756 

Eqn.4 

0.735 

0.757 

0.735 

0.740 

0.752 

0.764 

0.736 

0.736 

0.732 

0.740 

Eqn.5 

0.745 

0.745 

0.745 

0.749 

0.749 

0.748 

0.741 

0.743 

0.738 

0.743 

Eqn.6 

0.676 

0.768 

0.678 

0.739 

0.772 

0.772 

0.671 

0.702 

0.666 

0.732 

Eqn.7 

0.632 

0.833 

0.645 

0.725 

0.807 

0.760 

0.687 

0.750 

0.776 

0.854 
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The followin g conclusion s ma y b e drawn : 

1. Equatio n 4  show s tha t relativ e humidit y ha s negativ e correlatio n a s 
earlier reporte d b y Ahma d e t a l (1983 ) whic h i s hig h i n absolut e valu e an d 
hence ma y b e use d fo r sola r radiatio n estimation . 

2. Ai r temperature , o n it s own , canno t b e use d fo r sola r radiatio n estimatio n 
since i t i s insensitive t o locatio n (Tabl e 3) . 

3. Equatio n 2  appear s t o predic t rathe r hig h value s fo r sola r radiatio n i n th e 
northern area s (ari d an d semi-arid ) whil e givin g correspondingl y lowe r 
figures fo r th e souther n o r rain-fores t areas . 

From th e presen t analysi s th e modifie d Angstro m relatio n (Equatio n 3 ) i s a s goo d 
as any , fo r th e predictio n o f globa l sola r radiatio n i n a  tropica l are a lik e 
Cameroon an d Nigeria . I t i s simple r t o us e tha n eithe r Equation s 6  o r 7 . Hence , 
it i s used fo r th e res t o f th e wor k describe d here . 

Global solar radiatio n fo r Nigeri a an d Cameroo n 

In th e Angstrom-typ e o f regressio n equation , mea n dail y insolatio n fo r monthl y 
periods, H  i s derive d fro m th e amoun t o f extraterrestria l sola r radiation , H O, th e 
number o f measure d sunshin e hour s a t a  station , n , an d th e maximu m numbe r o f 
sunshine hour s possibl e a t th e station , N , fro m th e expressio n 

(8) 

where a  an d b  ar e coefficient s o f th e regressio n equation . H O i s obtaine d fro m 
the equatio n 

(9) 

(10) 

(11) 

(12) 

In th e above , al l angle s ar e i n degrees . Equatio n 8  i s base d o n a  developmen t o f 
Angstrom an d use d i n modifie d form s b y Frit z an d MacDonal d (1949) , Blac k e t a l 
(1954), Matee r (1955 ) an d Pag e (1961 ) amon g others . Wit h particula r referenc e 
to Wes t Africa , th e Angstro m relatio n ha s als o bee n use d b y Davie s (1965) , 
Swartman an d Ogunlad e (1967) , Akinset e (1974) , Harr y (1978) , Ezekw e an d Ezeil o 
(1981), Bamir o (1983 ) an d Neba-Fab s (1984) . Davie s worke d o n dat a fro m tw o 
Nigerian station s (Kan o an d Benin ) whil e supplementin g hi s wor k wit h dat a fro m 
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Niamey (Nige r Republic) , Accr a (Ghana ) an d For t Lamy . Swartma n an d 
Ogunlade obtaine d relationship s i n dimensiona l for m fo r Niger a fro m dat a fro m 
Ikeja (Lagos) , Beni n an d Kano . Th e othe r loca l investigation s hav e bee n fo r 
definite location s -  Nsukk a (Ezekw e an d Ezeil o 1981) , Ibada n (Bamir o 1983 ) an d 
Lagos (Harr y 1978) . Neba-Fab s (1984 ) deal t entirel y wit h th e Cameroon . 

As wit h th e wor k b y Davie s (1965 ) th e presen t stud y take s a  broa d vie w o f th e 
Nigerian an d Cameroonia n sola r climate . Regressio n coefficient s a  an d b  ar e 
determined fo r th e tw o countrie s an d fo r specifi c location s withi n them . -
Lagos, Ibadan , Benin , Nsukka , Kan o an d Yaound e an d Garoua . 

RESULTS 

Results o f th e analyse s ar e show n i n Table s 4  and 5  as wel l a s thos e obtaine d b y 
Bamiro (1983 ) fo r Ibada n an d Ezekw e an d Ezeil o (1981 ) fo r Nsukka . 

The figure s obtaine d fo r Nigeri a a s a  whol e underestimat e th e sola r radiatio n fo r 
the norther n area s an d th e south . Thus , estimate s fro m thi s equatio n can , a t 
best, b e sai d t o giv e a n averag e fo r th e country . Fo r mor e seriou s work , th e 
regression equatio n fo r eac h statio n mus t b e used . Th e coefficient s obtaine d fo r 
Kano, Norther n Nigeri a ( a =  0.11 , b  =  0.67 ) ar e rathe r differen t fro m thos e 
quoted b y Davie s (1965 ) ( a =  0.26 , b  =  0.54) . Thi s ma y b e attribute d t o th e 
progressive chang e an d a  mor e ari d climat e i n Kano . Fo r Nigeria , ther e 
continues t o b e a  latitudina l tren d wit h value s o f a  decreasin g an d b  increasin g a s 
one move s fro m sout h t o north . 

The value s o f a  =  0.6 2 an d b  =  0.2 6 obtaine d fo r Cameroo n ar e rathe r puzzling . 
There i s n o vali d explanatio n fo r thi s behaviour . Value s obtaine d fro m th e 
regression equatio n ar e i n good agreemen t wit h thes e values . Generally , dat a fo r 
the Cameroo n ar e fe w i n numbe r thu s promptin g furthe r investigatio n i n th e 
future. 
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TABLE 4: Regressio n coefficient s fo r Nigeri a an d Cameroo n 
and for individua l station s 

Grouping Lat. 

Niger ia 

C a m e r o o n 

Individual s t a t ion s 

Lagos 

* Ibada n 

Benin 

+ Nsukk a 

Kano 

Yaounde 

Garoua 

.20 

.62 

.29 

.35 

.28 

.28 

. 11 

.27 

.28 

.52 

.26 

.33 

.37 

. 3 3 

.65 

.67 

.30 

.43 

.81 

.99 

.86 

.84 

.89 

.86 

.78 

.70 

.88 

.62 

.72 

.61 

.93 

.79 

.57 

.71 

6° 27' N 

7° 26' N 

6° 33' N 

6° 52' N 

12° 3' N 

3° 52' N 

9° 20' N 

* Bamir o (1983) ; +  Ezekw e &  Ezeilo (1982) . 

Month 

TABLE 5: Regressio n coefficient s fo r Lago s by month s 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

29 

24 

23 

25 

42 

36 

32 

31 

33 

48 

05 

39 

.24 

.34 

.36 

.26 

.12 

.01 

.09 

.14 

.11 

- . 1 3 

.68 

- . 0 2 

.53 

.58 

.59 

.51 

.54 

.37 

.41 

.45 

.44 

.35 

.73 

.37 

a b t 

a b r t 
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RECENT DEVELOPMENTS IN THE ACQUISITION AN D PROCESSIN G O F 
SOLAR RADIATIO N DAT A IN CYPRUS. RESULT S AND FUTURE ACTIVITIE S 

Loizos Chr . Hadjioanno u 
Meteorological Office r A' , Meteorologica l Service , Nicosia , Cypru s 

ABSTRACT 

The wor k o f th e Meteorologica l Servic e t o se t u p a  networ k o f station s t o collec t 
radiation dat a i s described . Dat a o n th e radiatio n characteristic s o f Cypru s ar e 
presented. 

THE ACTIVITIES AND CONTRIBUTIO N O F THE.METEOROLOGICA L 
SERVICE IN THE SECTOR O F RENEWABL E ENERGIE S 

The Meteorologica l Servic e o f th e Ministr y o f Agricultur e an d Natura l Resource s 
is activel y involve d i n nationa l programme s o n th e developmen t o f sola r an d win d 
energy. It s mai n responsibilit y i s t o secur e th e collectio n o f th e relevan t 
meteorological dat a an d th e processin g o f thes e dat a fo r variou s application s an d 
studies. 

The Servic e play s a n importan t par t i n th e selectio n o f suitabl e instrument s an d 
their prope r installation , operatio n an d maintenance , includin g calibratio n o f 
radiation instruments . 

At th e beginnin g o f 198 5 th e Meteorologica l Servic e wa s collectin g radiatio n 
data a t seve n locations , sunshin e duratio n dat a a t 1 2 location s an d win d dat a a t 
17 locations . Furthe r improvement s i n thi s networ k o f station s ar e unde r 
consideration. 

The dat a collecte d a t thes e station s ar e processe d an d publishe d regularl y an d 
statistical summarie s prepared . 

THE RADIATION CENTR E 

Early i n 198 4 a  ke y prerequisit e fo r th e collectio n o f reliabl e sola r radiatio n dat a 
had bee n fulfilled . A  radiation centr e wa s establishe d nea r Nicosia . I t include s 
the necessar y instrumentatio n fo r establishin g nationa l standard s fo r calibratio n 
purposes. 

There ar e thre e pyranometer s fo r globa l an d diffus e irradiatio n o n a  horizonta l 
surface an d globa l irradiatio n o n a n incline d surface , on e ne t radiomete r fo r 
radiation balanc e o n a  horizonta l surfac e an d on e sunshin e recorder . Th e 
reference instrument s ar e a  pyranomete r an d a  ne t radiometer . 

The variou s radiatio n component s ar e measure d hourly . Othe r meteorologica l 
parameters ar e measure d a t th e sit e o f th e centre . Robitzsc h bimetalli c 
actinographs ar e operate d a t si x location s recordin g dail y globa l irradiatio n o n a 
horizontal surface . 

In 198 4 a  schedul e fo r th e testin g an d calibratio n o f th e radiatio n instrument s 
was introduced . Radiatio n equipmen t i s a t th e radiatio n centr e an d instrument s 
at th e outstation s ar e teste d an d calibrate d onc e a  yea r agains t th e standar d 
instruments a t th e radiatio n centre . Th e calibratio n perio d fo r eac h instrumen t 
is a t leas t tw o weeks . 
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The existin g networ k o f radiatio n station s i s considered satisfactor y fo r th e basi c 
needs. However , fo r specia l application s an d studie s additiona l dat a ar e 
required. 

PROCESSING O F THE RADIATION DAT A 

The radiatio n component s measure d a t th e radiatio n centr e ar e integrate d an d 
printed o n a n hourl y basis . Th e hourl y value s ar e entere d int o specia l form s an d 
the dail y total s an d th e hourl y mean s ar e extracte d manually . Sunshin e duratio n 
records ar e analyse d o n a n hourl y basis . 

Planimetric computatio n o f dat a fro m th e bimetalli c actinograph s i s don e 
manually. Th e relevan t dat a ar e fe d int o a n electroni c compute r fo r th e 
calculation o f th e dail y total s an d means . 

RESULTS AND OTHE R RELEVAN T CALCULATION S 

Existing radiatio n dat a an d othe r relevan t parameter s ar e summarise d i n Tabl e 1 . 
Calculated parameter s wer e produce d usin g th e guid e line s provide d durin g th e 
training worksho p hel d i n Seychelles i n 1983 . 

Clear day s 

Using a n Angstro m Compensatio n Pyrheliomete r th e hourl y value s o f direc t 
irradiance a t norma l incidenc e i n Nicosi a wer e measure d o n carefull y selecte d 
clear day s i n eac h month . Subsequentl y th e hourl y value s o f direc t irradiatio n o n 
a horizonta l surfac e an d o n surface s incline d 35 ° an d 50 ° t o th e horizonta l an d a 
vertical surfac e facin g th e Equato r wer e calculated . 

The dail y diffus e irradiatio n o n a  horizonta l surfac e wa s foun d fro m th e know n 
values o f th e globa l an d direc t irradiation . Usin g isotropi c approximatio n fo r th e 
diffuse irradiatio n th e dail y total s o f th e diffus e an d globa l irradiatio n wer e 
calculated fo r th e abov e mentione d incline d surfaces . Thei r ratio s wer e 
calculated i n relatio n t o thos e o n a  horizonta l surface . 

Using measure d value s o f direc t irradianc e a t norma l incidenc e o n clea r day s an d 
the algorith m relatin g thes e value s t o th e extraterrestria l irradianc e a t norma l 
incidence, th e Link e turbidit y facto r wa s calculated . Th e arithmeti c mea n o f 
the calculate d hourl y Link e turbidit y facto r varie s fro m 2. 7 i n Januar y (mid -
winter) t o 4. 0 i n July (mid-summer) . 

The globa l irradiatio n o n a  horizonta l surfac e o n clea r day s varie s fro m 3. 2 
KW.H/m2 (11. 5 MJ/m 2) i n Decembe r t o 7. 9 KW.H/m 2 (28. 6 MJ/m 2) i n June . 

The diffus e irradiatio n o n a  horizonta l surfac e o n clea r day s varie s fro m 13 % of 
the globa l i n Jun e t o 21 % of th e globa l i n December . 

The rati o o f th e globa l irradatio n o n horizonta l surfac e o n clea r day s t o th e 
irradiation a t th e to p o f th e atmospher e i s abou t 0.70 , definin g i n thi s wa y th e 
value o f th e su m o f th e regressio n constant s a  an d b  in th e Angstro m formul a fo r 
this se t o f data . 

The calculate d amount s o f globa l irradiatio n fallin g o n variou s incline d surface s 
facing th e Equato r (usin g isotropi c approximatio n fo r th e diffus e irradiatio n an d 
not takin g int o accoun t th e groun d reflecte d radiation ) showe d tha t fo r Cyprus , 
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at latitud e 35°N , th e optimu m til t angle , i n th e sens e tha t a  surfac e receive s th e 
maximum possibl e globa l irradiation , varie d fro m nearl y zer o degree s i n Jun e an d 
July t o 55 ° i n December . 

For th e col d perio d o f th e yea r a n inclinatio n o f 50 ° t o th e horizonta l i s th e bes t 
angle fo r fixin g flat  plat e sola r collectors , whic h ar e widel y use d i n Cypru s fo r 
water heating . O n clea r day s i n Decembe r th e amoun t o f th e globa l irradiatio n 
on a  surfac e incline d 50 ° t o th e horizonta l an d facin g sout h i s nearl y 6  KW.H/m 2 

(21 MJ/m 2) an d correspond s t o 184 % o f th e globa l o n a  horizonta l surface . I n 
June th e correspondin g valu e i s 69%. 

A vertica l surfac e facin g th e Equato r receive s globa l irradiatio n whic h varie s 
from abou t 162 % of tha t receive d o n a  horizonta l surfac e i n winte r t o abou t 17 % 
of tha t receive d o n a  horizonta l surfac e i n summer . 

For vertica l surfac e facin g th e Pol e th e correspondin g value s ar e abou t 10 % i n 
winter an d 15 % i n summe r an d fo r vertica l surface s facin g Eas t o r Wes t thes e 
are abou t 52 % in winte r an d 42 % in summer . 

Overcast day s 

The amoun t o f overcas t sk y diffus e irradiatio n o n a  horizonta l surfac e wa s 
calculated a t abou t 0. 7 KW.H/m 2 (2. 5 MJ/m 2) i n mid-winte r t o 1. 6 KW.H/m 2) i n 
mid-summer. Thi s account s fo r 14 % o f th e irradiatio n a t th e to p o f th e 
atmosphere. Th e valu e o f 0.1 4 correspond s t o th e regressio n constan t a  i n th e 
Angstrom formula . 

From thi s valu e an d fro m wha t ha s bee n mentione d abou t th e su m o f th e 
constants a  an d b  i t i s conclude d tha t th e regressio n constant s i n th e Angstro m 
formula fo r thi s se t o f dat a ar e a  =  0.14 an d b  = 0.56 . 

Average weathe r condition s 

In th e plai n area s o f Cypru s th e mea n dail y sunshin e duratio n varie s fro m abou t 
5.5 hour s i n mid-winte r t o 12. 5 hour s i n mid-summe r o r 55 % t o 85 % o f th e 
astronomical da y length , respectively . 

With thes e climati c condition s th e mea n dail y globa l irradiatio n o n a  horizonta l 
surface varie s fro m abou t 2. 2 KW.H/m 2 (7. 9 MJ/m 2) i n mid-winte r t o 7. 2 
KW.H/m2 (25. 9 MJ/m 2) i n mid-summer . 

On hig h groun d th e correspondin g value s fo r sunshin e duratio n ar e abou t 4  hour s 
and 1 1 hours , respectivel y an d fo r globa l irradiatio n 1. 8 KW.H/m 2 (6. 5 MJ/m 2) 
and 6. 4 KW.H/m 2 (23. 0 MJ/m 2), respectively . 

Measurements carrie d ou t durin g 198 4 a t th e radiatio n centr e i n Nicosi a gav e th e 
following results . Globa l irradiatio n varie d fro m 2. 1 KW.H/m 2 (7. 5 MJ/m 2) i n 
November t o 7. 4 KW.H/m 2 (26/ 6 MJ/m 2) i n June . Diffus e irradiatio n wa s a s lo w 
as 13 % o f th e globa l i n Septembe r an d a s hig h a s 46 % o f th e globa l i n Marc h 
when haz y condition s prevailed . Globa l irradiatio n b y a  pyranomete r incline d a t 
50° t o th e horizonta l an d facin g th e Equato r varie d fro m 77 % of th e globa l o n a 
horizontal surfac e i n Jun e t o 186 % o f th e globa l o n a  horizonta l surfac e i n 
December. Radiatio n balanc e o n a  horizonta l surfac e measure d wit h a  ne t 
radiometer varie d fro m 1. 4 KW.H/m 2 (5. 0 MJ/m 2) i n mid-winte r t o 4. 0 KW.H/m 2 

(14.4 MJ/m 2) i n mid-summer . Th e radiatio n balanc e wa s abou t 60 % of th e globa l 
irradiation o n a  horizonta l surface . 
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The regressio n analysi s o f th e radiatio n dat a collecte d a t a  coasta l statio n a t a n 
elevation o f 45 m i n th e perio d Ma y 198 2 t o Apri l 198 3 gav e th e followin g value s 
for th e regressio n constant s i n th e Angstro m formula : 

a=0.16, b=0.56 , a+b=0.72 , corr . =  0.96 6 

The analysi s o f dat a collecte d durin g 198 4 gav e th e followin g results . Fo r th e 
radiation centre , a n inlan d statio n i n th e centra l plai n a t a n elevatio n o f 155m : 

a=0.19, b=0.49 , a+b=0.68 , corr . =  0.88 3 

For a n inlan d statio n o n the mountain s a t a n elevatio n o f 640m : 

a=0.15, b=0.55 , a+b=0.70, corr . =  0.98 5 

For anothe r inlan d statio n i n th e mountain s a t a n elevatio n o f 1380m : 

a=0.10, b=0.67 , a+b=0.77 , corr . =  0.97 8 

APPLICATIONS AN D FUTURE ACTIVITIE S 

Solar radiatio n dat a an d othe r relevan t informatio n ar e extensivel y use d i n 
developing fla t plat e sola r collector s whic h ar e widel y use d i n Cypru s fo r wate r 
heating fo r domesti c purposes , fo r pre-heating/heatin g o f wate r fo r boiler s i n 
hotels an d fo r heatin g th e wate r i n swimmin g pools . Passiv e architectur e i s 
another secto r i n whic h informatio n o n sola r radiatio n ar e applied . Radiatio n 
data ar e als o applie d i n th e method s fo r estimatio n o f th e wate r requirement s o f 
crops. 

Future activitie s includ e th e improvemen t o f th e networ k o f radiatio n station s 
and th e systemati c developmen t o f radiatio n statistic s includin g radiatio n o n 
inclined surfaces . Th e Meteorologica l Servic e wil l participat e i n a  governmen t 
project o n renewabl e energy/energ y conservation . 

CONCLUSIONS 

The radiatio n centr e ha s no w bee n establishe d an d th e calibratio n o f th e 
radiation instrument s ar e carrie d ou t regularly . Throug h measurement s a t th e 
centre itsel f an d a  basi c networ k o f radiatio n station s routin e dat a ar e mad e 
available o n sola r radiatio n i n Cypru s o n a  dail y an d monthl y basis . 
Achievements hav e bee n satisfactor y an d provid e th e basi s fo r th e furthe r 
development an d improvemen t o f radiatio n statistic s fo r Cyprus . 
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TABLE 1  - Sola r radiatio n data fo r Cypru s (based on data fo r 1984 ) 

Parameter 

On clea r day s 
Global 
Diffuse/Global 
Global/Extraterrestrial 
Global (Incl . 50° , S)/Globa l 
Linke Turbidit y Facto r 

On overcas t day s 
Diffuse (calculated ) 

Diffuse/Extraterrestrial 

Average weathe r 
Global 
Sunshine Duratio n 

Regression analysi s 

Mid-Winter 

11.5 
21% 

0.70 
1.84 
2.7 

2.5 

0.14 

7.9 
5.5 h r 

MJ/m2 

MJ/M2 

MJ/m2 

(55%) 

Mid-summer 

28.6 
13% 
0.70 
0.69 
4.0 

5.8 

0.14 

25.9 
12.5 h r 

MJ/m2 

MJ/m2 

MJ/m2 

(85%) 

Station 

Akhelia-Western coas t 
Nicosia-Inland, plai n 
Saittas-Inland, mount . 
Prodhromos-Inland, moun t 

Elevation 
(m) 

45 
155 
640 

. 138 0 

a 

0.16 
0.19 
0.15 
0.10 

b 

0.56 
0.49 
0.55 
0.67 

a+b 

0.72 
0.68 
0.70 
0.77 

Corr. 

0.966 
0.883 
0.985 
0.978 
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THE USE OF LOW COST MICROCOMPUTERS IN SOLAR AN D 
WIND ENERGY DAT A MANAGEMEN T 

M M Munroe, Senior Lecture r an d Co-ordinator , Industria l Physic s Programme , 
School o f Natura l an d Applie d Sciences , Federa l Universit y o f Technology , 

P M  B 1526, Owerri , Im o State, Nigeri a 

ABSTRACT 

Site-specific, assessmen t o f sola r an d win d energ y an d dat a analysi s ca n b e a 
tedious an d costl y task . However , th e recen t adven t o f lo w cos t "home " 
computers ca n provid e solution s t o bot h tediu m an d hig h cost . Thi s pape r 
describes a  lo w cos t dat a acquisitio n an d processin g syste m presentl y bein g 
assembled aroun d a  small , inexpensiv e "home " computer . 

INTRODUCTION 

Growing interes t i n alternativ e energ y usag e ha s resulte d i n a n increas e i n th e 
number o f location s worldwid e a t whic h sola r radiatio n intensity , win d spee d an d 
related parameter s ar e measured . Th e majo r requirement s o f a  suitabl e 
recording syste m ar e accurac y an d reliabilit y an d especiall y i n th e cas e o f 
developing countries , lo w cost . 

Many type s o f dat a recordin g instrument s ar e currentl y o n th e marke t an d thes e 
may b e place d int o tw o broa d categorie s -  thos e whic h stor e dat a a s recorde d 
and thos e whic h proces s dat a befor e storing . Th e forme r typ e require s tha t th e 
data b e fe d int o a  compute r fo r analysis . Th e latte r typ e als o require s anothe r 
instruments t o acces s th e dat a (Wyat t 1983) . 

Huge quantitie s o f dat a accumulat e i n a  relativel y shor t tim e (Munroe , 1978) , 
making i t necessar y t o exercis e som e degre e o f contro l ove r wha t dat a ar e 
actually stored . Th e adven t i n recen t year s o f relativel y inexpensiv e "home " 
computers ha s opene d u p possibilitie s fo r completel y computerise d dat a 
collection an d reductio n system s wit h efficien t dat a storag e capabilitie s an d a t a 
low cost . 

This pape r describe s th e organisatio n o f a  smal l dat a acquisitio n an d processin g 
system buil t aroun d a  low-cos t "home " computer . I t illustrate s ho w a n importan t 
research too l ca n b e assemble d a t relativel y lo w cost . 

DATA ACQUISITIO N AN D PROCESSING SYSTE M 

System organisatio n 

The organisatio n o f a  typica l dat a acquisitio n an d processin g syste m i s illustrate d 
in Figure 1 . Th e syste m consist s o f thre e majo r sub-systems : 

1. Instrumen t su b syste m 
2. Dat a managemen t sub-syste m 
3. Powe r sub-syste m 

Instrument sub-syste m 

The Worl d Meteorologica l Associatio n (1971 ) ha s comprehensivel y reviewe d th e 
types an d accurac y o f th e variou s instrument s availabl e fo r measurin g sola r 
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radiation an d win d energ y parameters . Thi s wil l no t b e repeate d here . However , 
as woul d b e expected , al l instrument s woul d nee d t o hav e a  compute r compatibl e 
output. Th e Kip p an d Zone n o r Lico r rang e o f pyranometer s woul d thu s b e quit e 
suitable fo r sola r radiatio n intensit y measurement . Similarly , fo r win d spee d 
measurement, a  suitabl e instrumen t woul d giv e a s outpu t eithe r a  voltag e o r a 
train o f pulse s proportiona l t o win d speed . Fo r th e win d directio n indicator , th e 
sensor shoul d giv e a  voltag e outpu t whic h i s proportiona l t o win d direction . 

Data managemen t sub-syste m 

The microcompute r 

The microcompute r i s th e mos t importan t componen t i n th e dat a managemen t 
sub-system. O f th e severa l microcomputer s availabl e a t price s belo w £150 , th e 
Sinclair Z X Spectru m wa s th e on e chosen . Reason s fo r choosin g th e Spectru m 
included: 

1. Lo w cos t -  aroun d £13 0 

2. Excellen t softwar e support-program s fo r statistica l analysis , linea r 
regression etc . ar e readil y availabl e commercially . 

3. Excellen t hardwar e suppor t -  peripheral s whic h ar e readil y availabl e 
include flopp y dis c drive s fo r mas s storag e o f data , analog-to-digita l 
interfaces, real-tim e clock , etc . 

4. Goo d literatur e suppor t -  severa l book s ar e availabl e o n th e Sinclai r rang e 
of computers , fo r programs , hint s an d tips , etc . 

5. Goo d "technical " suppor t -  ther e ar e book s an d a t leas t on e magazin e 
devoted t o project s fo r th e Sinclai r computers . Thos e hand y i n 
electronics ca n buil d an d calibrat e thei r ow n win d spee d an d directio n 
indicators etc . 

6. Dat a storag e capabilit y -  th e compute r ca n stor e dat a alone , withou t 
having t o stor e th e entir e program . Thi s increase s th e storag e efficienc y 
of an y storag e mediu m chosen . 

7. Ca n b e operate d fro m a  singl e voltag e sourc e -  unlik e som e other s whic h 
require thre e separat e voltag e sources . Th e compute r ca n thu s b e 
efficiently operate d fro m a  singl e 12-vol t battery . 

The Z X Spectru m i s a n 8-bi t microcompute r designe d aroun d th e Z80A , 8-bi t 
microprocessor. Th e unexpande d machin e wit h 1 6 kilobyte s (16K ) o f memor y 
would b e quit e adequat e fo r thi s application . However , a  48 K machin e i s 
currently bein g used , t o allo w extr a spac e fo r progra m development . Th e 
computer i s reasonabl y eas y t o progra m an d simpl e program s ar e require d fo r 
control o f instruments , dat a channe l selectio n an d dat a capture , analysi s an d 
reduction. I n operation , th e compute r read s al l th e channel s ever y fiv e minute s 
and processe s th e dat a i n th e tim e interva l betwee n successiv e readings . Storag e 
of th e summar y o f th e result s take s plac e onc e eac h hour . 
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Analog-to-digital converter/multiplexe r 

The analog-to-digita l converte r (A/ D converter ) convert s th e voltag e outpu t o f 
the sensor s t o a  for m whic h i s acceptabl e t o th e computer . Thi s i s availabl e a s 
an off-the-shel f ite m fo r th e Spectrum , bu t ma y b e assemble d fro m scratc h usin g 
any o f severa l design s available . Th e syste m shoul d hav e facilitie s fo r channe l 
selection o r multiplexing , s o tha t onl y on e A/ D converte r i s require d fo r al l th e 
channels used . On e channe l i s require d fo r eac h senso r an d th e multiplexe r 
switches th e A/ D converte r t o an y channe l selecte d fo r measurement . Th e uni t 
plugs int o th e compute r an d i s powered fro m th e computer' s powe r supply . 

Data processin g an d storag e 

Data storag e ca n b e o n a n ordinar y cassett e tap e recorder . However , problem s 
can aris e whe n tryin g t o ru n th e compute r an d th e tap e recorde r fro m th e sam e 
set o f batteries . A  bette r solutio n woul d b e t o us e flopp y disc s fo r storage . 
While thi s ca n cos t fro m fou r t o te n time s a s muc h a s a  tap e recorder , i t offer s 
the followin g advantages : 

1. I t ca n b e plugge d int o th e expansio n por t o f th e compute r an d receiv e 
power fro m th e computer . 

2. Informatio n store d o n th e dis c ca n b e accesse d i n a  rando m manner , 
rather tha n onl y th e seria l o r first-in , first-ou t basi s o f th e cassette . 

3. Th e syste m i s ver y fas t an d a  larg e amoun t o f dat a ma y b e rea d (o r 
stored) i n seconds , a s compare d t o minute s o n th e cassett e recorder . I f 
the cassett e recorde r i s used , the n som e additiona l circuitr y woul d b e 
required t o star t an d sto p th e recorde r b y computer , s o tha t th e syste m 
can b e completel y automatic . 

To cu t dow n o n th e amoun t o f storag e require d pe r channel , som e contro l shoul d 
be exercise d ove r wha t informatio n i s stored . I f informatio n i s require d hourly , 
then th e followin g dat a i s stored eac h hou r fo r eac h dat a channel . 

1. Maximu m valu e 

2. Minimu m valu e 

3. Mea n valu e 

4. Standar d deviatio n 

5. Tota l (i f applicable ) 

6. Cumulativ e frequenc y distributio n (i e wha t percentag e i s greate r o r les s 
than a  give n value) . 

7. Hou r o f th e da y 

This procedur e woul d drasticall y reduc e th e amoun t o f informatio n t o b e stored . 
Values fo r an y give n da y ma y b e synthesise d fro m th e hourl y values . Th e 
computer i s quit e suitabl e fo r thi s tas k an d woul d perfor m th e require d 
calculations rapidl y an d accuratel y thoug h onl y withi n th e limit s o f accurac y o f 
the origina l data . 



- 138 -

Real-time cloc k 

The real-tim e cloc k ca n b e rea d an d se t b y th e computer . I f measurement s ar e 
to b e mad e ever y fiv e minutes , the n th e compute r wil l tak e it s tim e fro m th e 
clock whic h i t frequentl y reads . Dat a i s the n processe d onc e eac h hou r o n th e 
hour an d stored . 

The cloc k woul d hav e it s ow n rechargeabl e nickel-cadmiu m batter y an d onc e set , 
would continu e runnin g independen t o f th e res t o f th e sytem . 

Visual displa y uni t 

An ordinar y televisio n se t i s adequat e fo r thi s purpose . Thi s doe s no t nee d t o b e 
operating continuousl y whe n th e syste m i s full y operationa l bu t i s necessar y fo r 
monitoring an y communicatio n wit h th e computer . 

Power sub-syste m 

The powe r sub-syste m i s quit e straigh t forward , an d consist s o f a  12-vol t batter y 
and a  batter y charge r connecte d t o th e main s supply . I n operation , th e main s 
charges th e batterie s a s wel l a s supplyin g powe r t o th e computer . I n th e even t 
of a  powe r failure , th e batterie s tak e ove r automaticall y an d syste m operatio n 
continues unaffected , sinc e th e powe r sub-syste m constitute s a n uninterruptibl e 
power supply . Th e siz e o f th e batter y determine s ho w lon g th e syste m ca n 
continue operatin g afte r a  prolonge d main s failure . 

Sealed nicke l cadmiu m o r lead-aci d rechargeabl e batterie s ar e idea l fo r thi s 
application, sinc e the y requir e virtuall y n o maintenance , e g toppin g u p wit h 
distilled water , etc . 

SYSTEM PERFORMANC E 

It i s no t possibl e t o giv e a  repor t o n th e performanc e o f th e syste m a s i t i s no t 
yet finished . I t ha s undergon e som e desig n modification s whic h ar e stil l t o b e 
acquired. Fo r example , whe n th e syste m wa s firs t conceive d i n 1983 , ther e wa s 
no flopp y dis c driv e compatibl e wit h th e Spectrum . No w ther e ar e severa l t o 
choose from . 

Sensors fo r sola r radiatio n monitorin g hav e bee n acquire d an d wil l shortl y b e 
mounted. Sensor s fo r win d spee d an d directio n ar e bein g designe d an d buil t 
locally. The y ar e t o b e calibrate d agains t a  meteorologica l intrumen t whic h i s 
expected t o b e locate d a t th e Universit y i n th e ver y nea r future . I t i s hope d tha t 
a repor t o n syste m performance , cos t an d componen t availabilit y ca n b e give n 
soon afte r th e syste m i s completed . 

CONCLUSION 

The syste m describe d her e demonstrate s tha t a n inexpensiv e "home " compute r 
can b e converte d a t relativel y lo w cos t t o a  dat a managemen t syste m fo r sola r 
and win d energ y studies . 
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ABSTRACT 

A surve y ha s bee n conducte d t o estimat e th e energ y potentia l o f agricultura l an d 
forestry waste s availabl e i n Sierr a Leone , t o provid e th e necessar y informatio n 
base fo r polic y makers . Th e preliminar y result s whic h covere d nin e type s o f cro p 
wastes, thre e differen t anima l waste s an d tw o type s o f forestr y waste s ar e 
presented. Example s ar e discusse d o f ho w th e differen t agricultura l waste s ca n 
be use d t o suppl y th e energ y require d i n mos t o f th e post-harves t operation s tha t 
are carrie d ou t a t villag e level . 

INTRODUCTION 

Sierra Leon e doe s no t hav e a  larg e poo l o f conventiona l energ y resources . T o 
become energ y self-sufficient , non-conventiona l source s o f energ y mus t b e 
developed, includin g biomass . A t presen t i n Sierr a Leone , mos t o f th e biomas s 
used fo r energ y i s i n th e for m o f woo d o r charcoal . Ther e i s potentia l t o exploi t 
a muc h broade r rang e o f biomas s resources . However , i t i s necessar y firs t t o 
assess th e amoun t availabl e nationally . 

The projec t describe d i n thi s pape r ha s bee n carrie d ou t t o determin e th e 
national energ y potentia l fro m agricultura l an d forestr y wastes . 

BACKGROUND O N AGRICULTURE AN D FORESTR Y 

Agriculture (crops ) 

Agriculture play s a  majo r rol e i n th e econom y o f Sierr a Leone , contributin g 
about 28.6 % o f th e tota l expor t earnin g an d 32 % o f th e gros s domesti c product . 
Rice i s th e stapl e cro p an d i s produce d al l ove r th e country . Othe r foo d crop s 
include cassava , maiz e an d millet . Amon g th e cas h crop s are : coffee , coco a an d 
palm kerne l whic h ar e produce d mainl y i n th e souther n an d easter n region ; 
groundnut an d suga r can e whic h ar e produce d i n th e north ; an d citru s fruit s 
which ar e produce d al l ove r th e countr y o n a  ver y smal l scale . O f these , coffe e 
and coco a ran k hig h wit h 16.1 % an d 13.4 % o f th e tota l annua l expor t earning s 
respectively. Together , thes e crop s represen t onl y 10 % of th e GDP . 

Agriculture (Livestock ) 

In Sierr a Leone , th e mai n sourc e o f mea t i s beef . Bu t cattl e rearin g i s no t ver y 
organised an d mos t farm s averag e onl y 10-5 0 hea d o f catt le . Mos t o f th e cattl e 
are i n th e norther n province . Goat s an d shee p ar e reare d i n larg e number s al l 
over th e country . Th e combine d populatio n o f shee p an d goat s i s greate r tha n 
that o f catt le . Goats , shee p an d cattl e ar e seldo m house d o r confined . Piggerie s 
exist onl y i n th e urba n centre s an d thei r adjacen t rura l communities . Th e 
average siz e i s abou t thirt y (hal f o f whic h ma y b e piglets) . Ther e ar e severa l 
poultry farm s i n th e country , wit h fro m 500-50,00 0 chickens . 
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About fiv e percen t o f th e tota l are a o f th e countr y (mainl y south-easter n region ) 
is covere d wit h hig h tropica l forest . Ther e ar e severa l forestr y plantation s 
whose tota l are a i s approximately 10,00 0 ha . 

METHODOLOGY 

Following a n initia l identificatio n o f th e differen t waste s produce d i n th e variou s 
farming operations , tw o paralle l investigation s wer e undertake n t o characteris e 
the waste s an d t o determin e th e tota l resource s usin g dat a fro m fiel d test s an d 
statistical records . 

Identification o f agricultura l an d forestr y waste s 

Wastes hav e bee n classifie d int o fiv e groups : cro p waste s produce d i n farmin g 
operations suc h a s harvestin g an d milling ; firewoo d produce d a s a  resul t o f th e 
bush fallo w farmin g system ; anima l wastes ; waste s fro m forestr y operations ; an d 
wastes fro m agro-industries . 

Three criteri a wer e identifie d fo r selectin g a  particula r plan t cro p wast e a s a 
possible sourc e o f energy . Firstly , th e cro p shoul d hav e a n annua l productio n i n 
excess o f 10,00 0 tons . Second , th e moistur e conten t o f waste s i s les s tha n 20 % 
making the m goo d candidate s fo r thermochemica l conversion . However , we t 
wastes ar e suitabl e fo r bacteriologica l conversion . Third , th e rati o o f wast e t o 
crop shoul d b e high . Fo r instance , cassav a stem s wer e no t considere d becaus e o f 
the lo w rati o o f ste m t o root . 

As fa r a s anima l waste s ar e concerne d onl y confine d animal s an d large r animal s 
were selected . Goa t an d shee p waste s wer e no t considere d suitable . Althoug h 
cattle ar e no t confine d i n mos t cases , th e siz e o f thei r dropping s an d th e limite d 
distances ove r whic h the y roa m make s th e collectio n o f cowdun g a  potentiall y 
economic exercise . Poultr y an d pigger y waste s wer e als o considere d i n thi s 
study. 

In th e cas e o f agro-industria l waste s onl y soli d waste s wer e considere d sinc e 
most liqui d waste s ten d t o b e ver y dilute . Tw o forestr y waste s wer e considered ; 
sawdust an d woo d cut-offs . 

It i s widel y believe d tha t deforestatio n i s cause d b y clearin g o f fores t fo r 
firewood. Howeve r i n mos t developin g countrie s lik e Sierr a Leone , forest s ar e 
not cleare d fo r firewood . Firewoo d i s a  wast e produc t o f th e lan d preparatio n i n 
the bus h fallo w farmin g system . Thu s th e quantit y o f firewoo d availabl e depend s 
on th e exten t o f th e foo d cro p farmin g operations . I n thi s study , firewoo d i s 
considered a s a  wast e fro m th e farmin g work . 

Laboratory experiment s 

Laboratory test s wer e carrie d ou t t o determin e som e o f th e relevan t physica l 
characteristics o f th e wastes . Th e propertie s measure d were : moistur e content ; 
calorific value ; bul k densit y an d as h content . Th e energ y content , th e thermo -
chemical conversio n prospects , an d problem s involve d i n transportin g larg e 
quantities awa y fro m th e poin t o f productio n wer e determined . 

Forestry 
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Determination o f wast e factor s 

Total productio n o f variou s crop s wa s obtaine d fro m statistica l records . Th e 
proportion i t wa s t o cro p produce d wa s estimate d i n fiel d experiments . Th e 
method fo r th e collectio n o f fiel d dat a varie d fro m cro p t o crop . Belo w th e 
methods use d t o determin e th e wast e facto r whic h i s define d a s th e rati o o f th e 
waste t o th e primar y product s ar e described . Tw o broa d categorie s o f waste s 
have bee n defined : thos e produce d o n farm s an d thos e produce d durin g 
processing of f th e farms . 

Wastes lef t o n far m lan d 

Only ric e stra w an d th e natua l vegetatio n remove d durin g lan d preparatio n fo r 
farming, ca n b e considere d a s a  far m waste . 

a. Determinatio n o f wast e facto r fo r ric e straw : I n Sierr a Leon e durin g 
harvesting mos t o f th e stra w i s lef t o n th e far m an d onl y th e stem s 
containing th e seed s ar e cut-off . Stra w fro m a  measure d are a wa s 
collected an d weighe d an d th e rati o o f stra w t o padd y produced , thu s 
calculated. Th e wast e facto r thu s obtaine d wa s estimate d a t variou s 
locations an d fo r bot h uplan d ric e farm s an d bolilan d swamps . 

b. Natura l vegetation : Durin g lan d preparatio n fo r farmin g th e natura l 
vegetation i s cleared . Mos t i s burn t an d serve s a s a  soi l fertiliser . Th e 
larger tree s ar e traditionall y use d fo r firewood . Availabl e statistic s on 
the volum e o f woo d pe r acr e o f fores t lan d i n Sierr a Leon e (Alant a 1979 ) 
and o n th e tota l acreag e o f uplan d ric e far m develope d annually , wa s use d 
to calculat e th e tonnag e o f firewoo d availabl e annuall y fro m ric e farming . 

Wastes produce d off-far m 

This grou p include s al l th e waste s i n th e post-harves t operation s suc h a s millin g 
and threshing , a s wel l a s thos e generate d b y agro-industries . 

a. Ric e husk , peanu t shell s an d coffe e husk : Al l thes e waste s ar e generate d 
during th e millin g (o r shelling ) o f th e primar y product . A  measure d 
quantity o f th e uncleane d produc t (i.e . padd y rice , unshelle d peanu t etc ) 
was mille d (o r shelled ) an d th e weigh t o f th e wast e an d th e primar y 
product recorde d separately . Th e rati o o f th e wast e t o th e primar y 
product i s the wast e factor . 

b. Coco a pods : Cocoa-bea n productio n statistic s ar e normall y quote d fo r 
dried beans . Th e wast e facto r wa s therefor e base d o n drie d beans . A 
weighed sampl e o f th e podde d coco a wa s take n an d processe d b y th e 
traditional method . Th e drie d bean s an d th e drie d pod s wer e weighe d an d 
the wast e facto r computed . 

c. Pal m frui t fibres : Thi s typ e o f wast e i s produce d o n a  larg e scal e i n thre e 
main oi l mill s processin g pal m fruits . A  known quantit y o f pal m frui t wa s 
processed. Th e rati o o f pal m frui t fibre s t o th e quantit y o f pal m oi l 
produced gav e th e wast e factor . 

d. Wood y remain s o f pal m frui t bunches : Th e pal m fruit s ar e loosel y 
attached t o a  thorn y mas s whic h i s disintegrate d durin g processin g fo r 
palm oil . Th e wood y remain s ar e a  usefu l sourc e o f energy . Th e wast e 
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factors fo r thi s wast e wa s estimate d fro m a  mas s balanc e take n ove r th e 
total crop . 

e. Pal m kerne l shells : T o determin e th e quantit y o f shel l generate d pe r uni t 
weight o f pal m kerne l produced , a  know n quantit y o f th e unshelle d unit s 
was cracke d an d th e weigh t distributio n betwee n th e kerne l an d th e shel l 
recorded. 

f. Bagasse : Ther e i s onl y on e suga r mil l i n th e country . Th e factor y 
provided informatio n o n th e quantit y o f bagass e t o suga r produced . 

g. Livestoc k (poultry , pigger y an d cattl e waste) : Anima l compound s (e g a 
poultry, a  piggery ) wer e visite d onc e a  da y (earl y i n th e morning ) t o 
collect al l waste s o f th e previou s day . Th e tota l wast e wa s divide d b y th e 
number o f animal s presen t t o giv e th e wast e pe r animal . Th e averag e 
weight o f th e animal s involve d i n th e experimen t wa s als o recorded . 

Forestry waste s 

Two type s o f waste s ar e generate d b y th e fores t industry : sawdus t an d woo d 
cut-off. Som e o f th e latte r i s usuall y lef t o n th e fores t floo r b y th e loggin g 
team. Th e quantit y o f woo d cut-of f produce d depend s o n compan y practic e an d 
hence th e wast e facto r wil l var y wit h th e company . Thes e industrie s wer e 
visited an d interviewe d o n th e quantit y o f wast e the y produced . A n averag e o f 
the estimate s wa s use d a s wast e facto r fo r th e industry . 

Data o n primary product s 

To gai n regiona l an d nationa l estimate s fo r wast e product s informatio n o n th e 
annual productio n o f th e primar y product s wa s obtained . Thre e mai n source s o f 
information wer e used : publishe d report s o r data , communication s wit h 
industries an d governmen t departments , an d visit s t o industries . Th e 
Agricultural Statistica l Bulleti n (PEMS U 1983 ) prove d th e mos t usefu l sourc e o f 
published data . Publishe d b y th e Planning , Evaluation , Monitoring , an d Service s 
Unit (PEMSU ) o f th e Sierr a Leon e Government' s Ministr y o f Agricultur e an d 
Forestry, i t ha s informatio n o n th e annua l productio n o f nearl y al l majo r crop s 
produced i n th e country . I t als o ha s informatio n o n th e natur e an d siz e o f bot h 
natural an d plantatio n forests . 

RESULTS AND DISCUSSIO N 

Physical characteristic s o f th e waste s 

The result s o f th e experiment s t o determin e th e bul k density , moistur e content , 
ash conten t an d calorifi c valu e o f th e waste s ar e give n i n Tabl e 1 . Wit h th e 
exception o f pal m kerne l shells , al l wast e product s ar e ver y bulk y (bul k densit y 
less tha n tha t o f water) . Thi s ha s ver y unfavourabl e implication s fo r th e 
transportation, particularl y o f ric e husts . Thu s thes e waste s wil l hav e t o b e use d 
locally. 

The moistur e conten t o f mos t o f th e cro p waste s (wit h th e exceptio n o f bagasse ) 
ranged fro m 11-20% . Henc e the y ca n readil y b e converte d t o othe r form s o f 
energy throug h an y o f th e thermo-chemica l route s suc h a s combustion , pyrolysi s 
and gasification . Biologica l conversio n wil l requir e th e additio n o f a  lo t o f 
water, an d bacteria , an d wil l hav e a  lon g retentio n time . Th e moistur e conten t 
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of anima l waste s wa s fairl y hig h -  varyin g betwe n 16 % an d 86% . Th e lowe r 
figure represent s cowdun g whic h wa s usuall y droppe d i n ope n field s wher e the y 
dried befor e collection . Th e averag e moistur e o f forestr y waste s wa s 30% , 
which correspond s t o tha t o f we t wood . 

The as h conten t o f mos t o f th e waste s i s fail y low . Th e onl y exception s ar e ric e 
husk an d stra w whic h hav e ver y hig h as h conten t (approximatel y 20%) . Th e as h 
contents o f pal m frui t fibres , pal m kerne l shells , sawdus t an d othe r forestr y 
wastes ar e negligible . 

Gross energ y value s ar e inversel y correlate d wit h as h content , a s woul d b e 
expected, sinc e as h represent s weigh t contributin g zer o energy . 

Waste factor s 

Tables 2- 4 giv e th e wast e factor s fo r al l th e cro p waste s considere d i n thi s work . 
Table 5  summarises th e dail y dropping s o f animals . Tabl e 6  contain s informatio n 
on th e percentag e o f log s tha t i s waste d i n sawmills . 

These dat a ar e simila r t o publishe d wor k especiall y i n th e cas e o f ric e hus k 
(Pitakarnnop e t a l 1983) . Ric e stra w t o grai n rati o i s ver y hig h becaus e o f th e 
low grai n yiel d pe r hectare . Padd y productio n i s 1. 3 tonn e pe r hectar e compare d 
with 3- 5 tonne s pe r hectar e reporte d i n som e literatur e (Dunn  e t a l 1983) . Th e 
larger yiel d correspond s wit h improve d farmin g methods . 

Daily dropping s pe r anima l ar e als o ver y muc h lowe r tha n thos e reporte d i n th e 
literature becaus e o f th e lowe r averag e weigh t o f th e animals . I n th e cas e o f 
catt le, th e dun g wa s dr y whe n collecte d an d explain s th e lo w valu e fo r th e dail y 
droppings. 

Total energ y fro m agricultura l an d forestry waste s 

Tables 7- 9 giv e th e tota l waste s associate d wit h eac h o f th e majo r crops . Waste s 
associated wit h ric e ar e th e mos t abundant . Ric e stra w top s th e lis t i n quantity , 
followed b y waste s fro m clearin g fo r ric e farmin g an d the n ric e husk . Amon g 
the forestr y wastes , woo d cut-of f i s th e mos t abundan t an d i n th e livestoc k 
cowdung dominates . 

The tota l energ y availabl e nationall y fro m al l majo r agricultura l an d forestr y 
wastes i s give n i n Tabl e 10 . B y far , th e mos t importan t wast e i s dr y woo d 
collected durin g clearin g o f natura l vegetatio n i n th e bus h fallo w farmin g 
system. Som e o f thi s waste , especiall y tha t generate d o n farm s clos e t o urba n 
areas, i s alread y bein g use d a s firewood . 

Other majo r potentia l energ y source s ar e ric e stra w an d husk . Howeve r becaus e 
of thei r hig h as h conten t an d lo w bul k density , thes e fuel s wil l hav e a  ver y shor t 
radius o f economi c usefulness . Th e larges t energ y potentia l fro m agro-industrie s 
is bagass e produce d b y th e suga r mills . Thi s an d othe r waste s lik e pal m frui t 
fibres an d pal m kerne l shell s ar e currentl y bein g use d b y th e industrie s tha t 
produce them . I n addition , a  smal l numbe r o f farmer s wh o proces s oi l pal m b y 
traditional method s als o us e pal m frui t fibre s a s energ y source s i n som e part s o f 
the country . 

The estimate d tota l energ y availabl e annuall y fro m waste s produce d o n farm s 
and i n agro-industrie s i s abou t 1. 5 millio n tonne s oi l equivalent . Thi s i s ver y 
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significant sinc e th e annua l impor t o f crud e oi l t o Sierr a Leon e i s approximatel y 
300,000 tonnes . 

Mode of utilisatio n o f waste s 

Most o f th e waste s produce d b y industrie s ar e use d i n thos e factorie s a s a  sourc e 
of energy . Pal m oi l mill s us e th e pal m frui t fibre s an d th e nu t shell s t o fir e thei r 
boilers, an d bagass e produce d b y suga r mill s i s similarl y used . Recently , th e 
forest industrie s corporatio n o f Kenem a i n th e easter n regio n starte d usin g thei r 
wastes t o generat e electricit y t o ru n al l thei r machines . Sawdus t ca n als o b e 
used fo r cookin g o r bakin g i n speciall y designe d stove s an d oven s (Massaquo i 
1985; Bassey 1983) . 

Other waste s evaluate d her e hav e no t ye t bee n recognise d b y farmer s a s 
potential energ y sources . I n orde r t o promot e th e utilisatio n o f thes e waste , 
notice mus t b e mad e o f th e fac t tha t thei r lo w bul k densit y require s the m t o b e 
used a t o r nea r th e poin t wher e the y ar e generated . Promotiona l efforts , shoul d 
aim a t augmentin g existin g energ y source s fo r far m activitie s an d providin g 
energy fo r othe r wor k currentl y bee n undertake n b y huma n labour . 

Thus, effort s t o utilis e ric e hus k o r stra w shoul d concentrat e o n usin g the m i n 
some for m i n drying , millin g o r parboiling . Th e us e o f ric e hus k i n stove s t o 
parboil padd y ar e currentl y underway . Simila r effort s shoul d b e mad e i n 
converting ric e hus k t o ga s whic h coul d b e use d t o ru n ric e mills . 

Farm waste s shoul d b e considere d individually . Al l th e processin g an d farmin g 
operations associate d wit h a  particula r wast e shoul d b e examine d t o identif y 
those step s tha t coul d b e energised . 

CONCLUSION 

A survey o f Sierr a Leone' s energ y potentia l fro m agricultura l an d forestr y waste s 
has bee n carrie d out . Fro m th e result s o f th e surve y th e followin g conclusion s 
can b e drawn . 

i. Th e tota l energ y fro m plan t wastes , whic h i s estimate d a t 1. 5 millio n 
tonnes o f oi l equivalen t pe r annum , i s abou t fiv e time s th e tota l annua l 
crude oi l import . 

ii. Th e tota l energ y fro m cro p waste s alon e i s mor e tha n doubl e tha t o f th e 
annual crud e oi l import . 

iii. Th e tota l energ y fro m th e dea d remain s o f th e natura l vegetatio n whic h i s 
cleared i n th e bus h fallo w system , i s estimate d a t 23,85 2 TJ/annu m o r 
542,000 T.O.E . 

iv. Th e tota l energ y fro m crop s associate d wit h ric e farmin g i s abou t 700,00 0 
tonnes oi l equivalent . 

v. Th e lo w bul k densit y o f th e waste s mean s tha t the y ar e bes t use d i n th e 
communities i n whic h the y ar e produced . 

vi. I t i s possibl e t o us e th e energ y availabl e fro m som e cro p waste s t o 
energise th e operation s leadin g t o th e productio n o f th e waste . A n 
example i s th e us e o f ric e hus k stove s t o parboi l rice . 
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vii. Th e energ y availabl e fro m forestr y waste s i s no t substantia l bu t exis t i n 
large quantitie s i n a  fe w locations . 

viii. Amon g th e livestoc k wastes , cowdun g ha s th e larges t energ y potentia l bu t 
since mos t o f th e cat t l e ar e no t house d i t i s difficul t t o us e thi s waste . 

ix. Al l wast e fro m agro-industrie s ar e currentl y bee n use d b y th e producer s 
to ru n thei r boilers . 
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TABLE 1 : Physica l characteristic s o f majo r agricultural an d 
forestry wast e 

Waste 

CROP 
Rice hus k 
Rice stra w 
Firewood (average ) 
Cocoa pod s 
Coffee husk s 
Peanut shell s 
Palm kerne l shell s 
Palm frui t fibre s 
Woody remain s o f 
palm frui t bunche s 
Bagasse 
FORESTRY 
Sawdust 
Wood cut-off s 
(Green) 

ANIMAL 
Piggery 
Poultry 
Cowdung 

Bulk 
density 
(kg/m) 

107 
320 
650 

-
575.5 
429 

1315.56 
826 

-
-

200-220 

690 

-
-
-

Moisture 
content 

(% we t basis ) 

11.87 
17.91 
17.5 
19.27 
17.35 
16.35 
12.02 
11.48 

10.2 
50 

50 

50 

90 
85 
16.8 

Ash 
content 

(%) 

20.3 
17.9 
Neg. 
10.2 

9.4 
14.2 

1.31 
Neg. 

Neg. 
11.3 

Neg. 

10.5 

-
-
-

Calorific 
value 

(MJ/Kg) 

12.75 
13.5 
16.5* 
14.2 
15.35 
15.46 
16.4 
23.21 

18.2 
9.3+ 

10.5 

1.8 
4.4 

14.5 

* Menyong a (1983) ; +  National Academ y o f Scienc e 
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TABLE 2 : Wast e facto r o f som e crop s waste s 

Waste (primar y product ) 

Rice hus k (ric e paddy ) 
Rice hus k (cleane d rice ) 
Dry coco a pod s (beans ) 
Coffee husk s (coffe e seeds ) 
Peanut shell s (peanut ) 
Palm kerne l shell s (kernel ) 
Palm frui t fibre s (oil ) 
Woody remain s o f pal m frui t 
bunches (oil ) 

Average 
weight 

of sampl e 
(Kg) 

20 
20 
11 

5.5 
28.0 
16.0 
24 

Average 
weight 

of primar y 
(Kg) 

20 
13.5 

1.5 
1.25 

14.0 
5.6 
3.6 

Average 
weight 

of wast e 
(Kg) 

6.5 
6.5 
1.5 
1.25 

14.0 
10.4 

3.5 

Bagasse (sugar ) 60,000 6,000 20,000 

Waste wt o f ws t 
factor =  w t o f pr i 

0.325 
0.482 
1 

1 
1 
1.85 
0.97 

1.48 

3.3 

* 
* 

** 
*** 

* I n th e cas e o f coco a pod s an d coffe e husk , th e differenc e betwee n th e sampl e weigh t an d 
the su m o f tha t o f th e primar y an d wast e i s du e t o moistur e whic h wa s remove d afte r 
drying th e wast e an d th e primar y product . 

** Estimate d b y thi s work . 

*** Magbas s Suga r Factor y (persona l communication) . 

TABLE 3 : Computatio n o f wast e facto r fo r ric e stra w 

Area o f farm s brushe d 
(3.85 x  3.45 ) 

Quantity o f ric e stra w 
gathered (Kg ) 

Straw/hectare (kg/ha ) 
Paddy/hectare (kg/ha ) 
Waste facto r 

Swamp ric e 

13.30 m 2 

to 
7520.0 

1500 
5.013 

Upland ric e 

13.30 

6 
4511 
1340 
3.37 

(PEMSU 1982 ) 

N.B. Th e rati o o f uplan d ric e t o swam p ric e i s 3.254/1.263 . Henc e th e averag e 
waste facto r fo r stra w i s given b y 

(3.254 x  3.37 ) +  (1.26 3 x  5.013 ) =  3.7 8 

2 m 
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TABLE 4: Weigh t o f dea d wood generated fro m bus h fallow farmin g syste m 

Average volum e o f wood/hectar e 
Quantity o f paddy/hectar e 
Volume o f wood/tonn e padd y 
Approximate densit y 
Weight o f wood/tonn e o f padd y 

5.48 
1.35 
4.06 
0.650 
2.6 

m3/ha PEMS U (1982 ) 
tone/ha 
m /tonn e 

0 
tonne/m 
tonnes/tone o f padd y 

TABLE 5 

No of 
animals 

Poultry 
Piggery 
(Unit 
waste) 
Cowdung 
(air 
dried) 

1000 

49 

23 

Total Averag e Annua l 
daily dropping s dropping s 

droppings pe r anima l tonnes / 
(kg/day) pe r day animal/yea r 

kg/animal/day 

60 

90 

80.5 

0.06 

1.83 

3.5 

0.0216 

0.66 

1.26 

Average Dail y 
weight o f droppin g 

animal %  of liv e w t 
(kg) 

60 

200 

3.05 

1.75 

Industry 

TABLE 6 : Statistic s o n forestry waste s 

Percentage o f log s waste d a s 

Panguma Sawmill s 

Forest Industrie s Corporatio n 

SILETI 

Average 

sawdust 

4 

3 

Not applicabl e 

3.5 

wood cut-of f 

36 

30 

50 

38.7 

Total 

40 

33 

50 

41 

1 6 
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TABLE 7: Computatio n o f tota l waste s generate d annuall y (crops ) 

Wastes (primary product ) 

Rice hus k (padd y rice ) 
Rice stra w (padd y rice ) 
Dead natura l vegetatio n 

(paddy rice ) 
Cocoa pod s (cocoa beans ) 
Coffee husk s (coffe e seeds ) 
Peanut shell s (peanut ) 
Palm kerne l shell s 

(palm kernel ) 
Palm frui t fibre s (pal m oil ) 
Woody remain s o f pal m frui t 

(oil) bunche s 
Bagasses (sugar ) 

Waste 
factors 

(tonne/tonnes) 

0.325 
3.78 

2.6 
1.0 
1.0 
1.0 

1.85 
0.97 

1.48 
3.3 

Total annua l 
primary productio n 

(tonnes) 

556,000 
556,000 

556,000 
8,600 

30,500 
10,100 

41,000 
49,000 

49,000 
6,000 

Total 
waste 

(tonnes) 

180,700 
2,101,680 

1,445,600 
8,600 

30,500 
10,100 

75,850 
47,530 

72,520 
20,000 

Waste Waste a s 
% of lo g 

Sawdust 3. 5 

Wood cut-off s 38. 7 

Total Forestr y Waste s 

TABLE 8: Computatio n o f tota l waste s (forestry ) 

Annual quantity of log s handle d 

tonnes 

71,000 46,15 0 

71,000 46,15 0 

(m3) 

Total 
waste 

(tonnes) 

1615.75 

17,860 

19475.3 

TABLE 9: Computatio n o f tota l waste s (animals ) 

Waste 

Cowdung 

Poultry 

Piggery 

Total Anima l Wast e 

Waste per 
animal pe r yea r 

tonnes/animal yea r 

1.26 

0.0216 

0.66 

Total anima l 
population 

333,181 

3973,000 

15,000 

Total annua l 
waste 

(tonnes) 

420,000 

85,817 

9,900 

515,717 
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TABLE 10 : Tota l energ y potentia l fro m waste s 

Type of wast e 

Rice hus k 
llice stra w 
Cocoa pod s 
Coffee hus k 
Peanut shell s 
Palm kerne l shell s 
Palm frui t fibre s 
Woody remain s o f 

palm frui t bunche s 
Bagasse 

A. Tota l Cro p Wast e 

B. Clearin g o f natura l 
vegetation fo r 
farming 

Sawdust 

Wood cut-off s 

Total wast e 
produced 
annually 
(tonnes) 

180,700 
2,101,680 

8600 
30,500 
10,100 
75,850 
47,530 

72,520 
20,000 

1,445,600 

1615 

17,860 

C. Tota l Forestr y Wast e 

Cowdung 

Poultry 

Piggery 

D. Tota l Anima l Wast e 

Grand Total (A+B+C+D ) 

420,000 

85,817 

9900 

Calorific 
value 

GJ/tonne 

12.75 
13.5 
14.2 
15.35 
15.46 
16.4 
23.2 

18.2 
9 .4 

16.5 

10.5 

10.5 

14.5 

4 . 4 

1.8 

65,819, 

Total energ y 
potential 

(GJ) 

2,303,925 
28,372,680 

122,120 
468,175 
156,146 

1,243,940 
1,102,696 

1,319,864 
188,000 

35,277,352 

23,852,400 

16,957 

187,530 

204,497 

6,090,000 

377,594 

17,820 

6,485,414 

160 

Total energ y 
in tonnes oi l 
equivalent* 

52,362 
644,833 

2775 
10,640 

3548 
28,271 
25,061 

29,996 
4272 

801,758 

542,100 

385 

4262 

4647 

138,409 

8581 

405 

147,385 

1,495,890 

* tonn e o f oi l =  44 G J 
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MEASURING FAMIL Y FUE L CONSUMPTIO N 

Brian MacGarr y SJ , Hea d o f Technica l Skill s Section , 
Silveira Hous e Trainin g Centre , P O Bo x 545 , Harare , Zimbabw e 

ABSTRACT 

Planning fo r famil y fue l savin g require s measuremen t o f tota l famil y cookin g 
fuel consumptio n a s a  basi s fo r comparison . Tw o simpl e method s o f comparin g 
fuel consumptio n ar e describe d to : (1)  tes t acceptabilit y o f a  charcoa l cookin g 
stove i n low-incom e urba n homes ; an d (2 ) measur e fue l savin g produce d b y 
woodstoves i n rura l homes . Th e charcoa l stov e offere d saving s a s compare d t o 
cooking wit h electricit y an d i n som e case s a s compare d wit h wood . User s wh o 
are charge d a  fla t rat e electricit y tarif f fo r a - limited loa d foun d th e charcoa l 
stove mor e convenien t a s thei r maximu m allowanc e o f electricit y di d no t provid e 
sufficient cookin g power . Ne w charcoa l stove s prove d mor e efficien t tha n 
traditional cookin g method s wit h fue l saving s o f th e orde r o f 70% . 

INTRODUCTION 

Refined laborator y method s o f testin g th e efficienc y o f a  cookin g stov e tel l u s 
little abou t th e acceptabilit y o f tha t stov e i n ever y situatio n (Fole y e t a l 1984) . 
Nor d o the y giv e a n accurat e indicatio n o f fue l saving s i n practice . Assessmen t 
of ho w a  propose d ne w stov e wil l serv e th e need s o f a  give n grou p o f peopl e 
would b e extremel y difficul t i n th e laboratory . 

We describe her e approache s t o determinin g whethe r a  propose d ne w stov e save s 
wood o r mone y fo r rea l housewives . I n answerin g thi s question , w e hop e t o 
provide som e indicatio n o f wha t othe r factor s migh t affec t choice s a s t o whethe r 
to chang e o r no t t o chang e fro m traditiona l t o ne w cookin g methods . 

Reflecting th e financia l an d manpowe r constraint s o f a  non-governmen t trainin g 
centre engage d i n rura l developmen t b y motivatin g group s i n th e field , th e 
projects describe d ar e designe d t o gai n th e maximu m participatio n o f potentia l 
client household s i n makin g measurement s i n thei r ow n domesti c situation . Onl y 
a fe w o f th e mos t significan t parameter s ca n b e include d an d thei r measuremen t 
must b e a s simpl e a s possible . 

Two method s wil l b e described , a s applie d i n differen t situations . Th e firs t 
attempts t o determin e whethe r us e o f a  specifi c ne w technology , a  charcoa l 
cooker, woul d sav e mone y fo r urba n households . Th e secon d test s whethe r ne w 
styles o f wood-burnin g stove s woul d reduc e rura l families ' overal l fue l woo d 
consumption. 

TESTING CHARCOA L STOVE 

The questio n 

Charcoal i s no t use d b y lowe r incom e urba n familie s i n Zimbabw e an d 
deforestation du e t o heav y urba n deman d fo r fuelwoo d i s becomin g a  nationa l 
problem. Poore r urba n dweller s complai n o f th e cos t o f othe r cookin g fuels , 
mainly paraffi n an d electricity . Thus , a  recentl y develope d charcoa l stov e 
seemed t o offe r a  ne w alternative . Charcoa l i s readil y availabl e i n th e country , 
from wattl e plantation s wher e charcoa l i s a  by-produc t fo r whic h ther e i s a t 
present insufficien t commercia l demand . 
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The stov e i n questio n wa s manufacture d b y a  loca l fir m an d w e obtaine d thre e 
free sample s fo r us e i n ou r tests . 

Testing metho d 

We selecte d volunteer s fro m th e resident s o f Harare' s lower-incom e suburb s 
through persona l contacts : eithe r paris h churche s o r member s o f ou r ow n staf f 
living i n th e suburb s i n question , an d thei r friends . Eac h selecte d famil y wa s len t 
a charcoa l stov e an d give n a  5k g ba g o f charcoal . W e explaine d ho w th e stov e 
worked an d obtaine d thei r agreemen t tha t the y woul d d o al l thei r cookin g o n th e 
charcoal stov e fro m a  specifie d mornin g unti l th e ba g o f charcoa l wa s consumed . 
They wer e no t tol d th e retai l pric e o f eithe r th e stov e o r th e charcoal . 

When th e charcoa l wa s finished , eac h househol d wa s visite d again . Informatio n 
was obtaine d o n ho w lon g th e charcoa l lasted , ho w muc h wa s spen t pe r wee k o r 
per mont h o n thei r presen t metho d o f cookin g an d th e pric e o f thei r presen t 
stove an d th e cos t o f repair s an d maintenance . W e als o requeste d an y othe r 
comments o n th e relativ e merit s o f charcoa l an d othe r method s o f cooking . 

This procedur e wa s followe d i n differen t type s o f househol d i n differen t suburbs , 
from widow s wit h childre n t o larg e an d fairl y prosperou s families . 

Results 

In th e example s below , th e pric e o f a  5k g ba g o f charcoa l i s Z$2.00 ; a  two-po t 
charcoal cooker , $36.00 ; an d a  three-po t charcoa l cooker , $50.00 . Price s o f 
other stove s an d fuel s ar e liste d i n eac h case . Fo r eac h household , th e locatio n 
and numbe r o f famil y member s ar e indicated . 

Households usin g woo d onl y 

Household (1) ; Tafara ; 2  adults , 3  children , spendin g $2.50/wee k fo r woo d whic h 
lasts 4  days ; woo d fo r th e othe r 3  day s i s collecte d fro m rapidl y thinnin g 
woodland nearby . 

Charcoal 
Wood 

Fuel/month 

$ 4.0 0 
$10.00 

Stove 

$36.00 
$ 5.0 0 

Comments 

Clean an d quic k 

Charcoal break-even : 5  month s 

Other household s i n Tafara an d nearb y Mabvuk u estimat e woo d shoul d cos t 
$4-$5/week i f i t wa s al l bought , whic h n o one ca n afford . 
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Household (2); Mbare ; widow and 5 children; buys wood as off cuts from a carpentry 
shop 75c/each, which lasts 3  weeks; 

Charcoal 
Wood 

Fuel/month 

$ 4.0 0 
$ 1.0 0 

Stove 

$36.00 
$ 5.0 0 

Comments 

Wood always cheape r 

Households cooking with paraffin only 

Household (3); Tafara; 2 adults and 4 children; 

Fuel/month Stov e Stov e Comment s 
maintenance 

per year 

Charcoal $12.0 0 $50.0 0 Wan t to keep the cooker 
Paraffin $10.0 0 $  7.0 0 4.5 0 

No break-even 

Household (4); Mbare; widow and 2 children; 

Fuel/month Stov e Comment s 

Charcoal $13.0 0 $36.0 0 
Paraffin $  5.2 5 $  7.00/yea r Need s replacing as spares 

are not available 

No break-even 

Household (5); Mbare; lone widow; 

Charcoal 
Paraffin 

Fuel/month 

$ 2.0 0 
$ 1.0 5 

Stove 

$36.00 
$ 5.0 0 

Comments 

Used sam e stov e fo r 5  year s 

No break-even 
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Households usin g bot h woo d an d paraffi n 

Household (6) ; Glen View ; 2  adults an d 7  children ; 

Fuel/month Stov e Stov e Comment s 
maintenance 

Charcoal $20.0 0 $50.0 0 
Wood $  4.0 0 $  5.0 0 
Paraffin $  8.0 0 $  7.0 0 $4.50/yea r 
Total w  & p  $12.0 0 $12.0 0 $4.5 0 

No break-eve n 

Household (7) ; Tafara; 3  adults, 7  children ; 

Fuel/month Stov e Stov e Comment s 
maintenance 

Charcoal $  8.0 0 $50.0 0 
Others (total) $17.0 0 $12.0 0 $3.00/yea r 

Break-even 

Households wit h electricit y 

4 month s 

Household (8) ; Tafara ; 2  adults an d 2  children ; 
electricity charge d pe r kW h 

Fuel/month 

Charcoal $  8.0 0 
Electricity $  6.0 0 

Stove 

$ 36.0 0 
$420.00 

Comments 

Satisfactory 

Electricity brea k even : 1 6 year s 

Household (9) ; Mabvuku ; 2  adults , 6  children : electricity : fla t rat e S7.00/month , 
max. 5A . Electri c stov e cos t approx . $400.00 . 

Includes heating iron fo r 
clothes 
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Charcoal cos t $4.00/month ; usin g $36.0 0 stov e cookin g i s quicke r tha n wit h 
electricity, easie r tha n wit h paraffin : woul d bu y charcoa l stov e a t thi s price , 
even thoug h the y woul d stil l pa y fo r electricit y fo r lights , radi o an d refrigerator . 

Household (10) ; Mbare ; wido w an d 3  children : electricit y include d i n rent . 
Charcoal $2.70/mont h i n $36.0 0 cooke r -  to o expensive , a s her e electri c ho t 
plate cos t les s tha n thi s cooker . 

Household (11) ; Mabvuku ; 3  adults, 5  children : 
Electricity; fla t rat e $7.00/month , 5 A max . Charcoa l cos t $12.00/mont h i n 
$50.00 stove . Electri c stov e cos t abou t $400.0 0 -  electricit y break-even : 3 
years. Woul d bu y charcoa l stov e i f i t cos t $15.00 . 

Household (12) ; Mabvuku ; 8  adults, 7  children . 
Electricity: $10.00/mont h fla t rate ; ca n onl y us e on e ho t plat e o f a  $400.0 0 stov e 
at a  time . Charcoa l cos t $8.00/mont h i n a  $50.0 0 stove : The y wan t t o bu y stov e 
at thi s price . 

Comments 

These familie s regar d thei r fir e o r stov e almos t exclusivel y a s a  mean s o f 
cooking. I f i t als o heat s th e hous e thi s i s incidental . Thes e preliminar y result s 
show tha t th e charcoa l stov e ca n offe r saving s withi n a  reasonabl e perio d fo r 
some wh o no w us e woo d fuel ; thes e represen t a  growin g potentia l use r grou p a s 
wood fue l become s scarcer . 

Electricity i s mor e expensiv e tha n charcoa l fo r mos t families , a t leas t withi n th e 
time scal e mos t peopl e woul d consider . Paraffin , althoug h th e cheapes t 
alternative, i s subjec t t o interruption s i n supply , s o on e famil y liste d her e i s no w 
trying t o chang e t o electricit y fro m paraffin . 

This sampl e i s smal l an d testin g continues . I t i s necessaril y slo w becaus e a 
certain trus t i n th e questione r i s require d a s wel l a s a  knowledg e o f th e testin g 
method. 

TESTING WOO D STOVES 

The questio n 

Working wit h group s o f rura l peopl e w e ha d produce d wha t w e hope d wer e 
improved woo d burnin g stoves . Ou r tw o mai n type s o f stoves , an d th e iro n grat e 
which mos t rura l peopl e i n th e province s o f Mashonaland , Manicalan d an d 
Masvingo use , ar e illustrate d i n Figur e 1 . 

The mu d stov e i s carve d an d moulde d ou t o f a  soli d bloc k o f anthil l clay , a 
material whic h rura l housewive s ar e familia r with . Th e desig n owe s somethin g 
to th e loren a stov e (Evan s 1979 ) an d somethin g t o th e ne w Nepal i Chul o 
(Bachmann an d Sauboll e 1980) . Thes e tw o design s an d th e existin g grat e hav e 
been describe d elsewher e (MacGarr y 1983) . 

Here w e ar e no t concerne d onl y wit h cookin g efficiency . A n ope n fir e i n th e 
central fireplac e (choto ) o f a  rura l Shon a kitche n serve s man y purpose s beside s 
cooking including : heating , provisio n o f a  socia l focus , smokin g mea t t o preserv e 
it, an d dryin g clothe s i n we t weather . I t i s unlikel y tha t an y ne w metho d o f 
heating wil l outperfor m th e existin g fir e an d heart h i n al l thes e areas . Henc e 
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households tha t us e a  lorena-typ e stove , sometime s als o ligh t a  fir e i n th e 
central choto . 

Our questio n i s therefore ; b y ho w muc h (i f a t all ) doe s us e o f a  ne w stov e reduc e 
a family' s weekl y o r monthl y fire-woo d consumption ? 

Gill (1982 ) ha s pointe d ou t tha t th e grat e no w use d supersede d th e previousl y 
used three-ston e heart h becaus e i t save d cookin g tim e bu t no t wood . Thus , ou r 
assessment mus t als o conside r thes e othe r factor s tha t influenc e th e housewife' s 
decision, althoug h fue l savin g carrie s mor e weigh t tha n i t di d 2 0 o r eve n 1 0 year s 
ago. 

Even so , a  savin g i n firewoo d consumptio n wil l onl y see m importan t t o user s i f i t 
is sufficien t fo r the m t o notic e withou t usin g highl y sophisticate d measurin g 
techniques. W e hav e therefor e develope d technique s whic h the y ca n easil y us e 
but ar e stil l adequat e fo r ou r purpose . 

Method 

Wood i s usuall y collecte d b y wome n an d i n th e seaso n whe n ther e i s les s 
agricultural wor k t o do . Traditionally , onl y dea d woo d wa s collected , o r woo d 
cut whe n clearin g field s wa s use d whe n i t ha d dried . No w mor e gree n woo d i s 
cut, bu t i t i s stil l allowe d t o dr y befor e use . Th e user s tes t moistur e conten t b y 
the wa y th e woo d break s an d it s genera l appearance . Fo r th e purpos e o f ou r 
measurements, w e assume d tha t thi s metho d ensure s a  reasonabl y consisten t 
moisture conten t i n fue l used . 

We aime d t o measur e th e perceive d overal l fue l savin g o f a  kitchen , i e no t jus t 
stove (whic h ma y no t b e use d al l th e time ) v s traditiona l hearth , bu t stove/heart h 
combinations a s use d v s heart h alone . Thi s ca n b e don e b y askin g housewive s 
who us e ne w stove s tw o simpl e questions : 

a. Ho w lon g di d a  headloa d o f woo d las t whe n yo u ha d onl y th e ol d hearth ? 

b. Ho w lon g doe s i t las t now ? 

We aske d thes e question s frequentl y ove r tw o o r thre e year s o f al l stov e users . 
Six withi n 5k m o f ou r centr e wer e visite d monthl y fo r th e firs t year . W e 
assumed tha t eac h woman' s "hea d load " woul d b e a  fairl y constan t mas s o f woo d 
as lon g a s sh e wa s collectin g fro m th e sam e place , whic h the y usuall y d o fo r a t 
least a  numbe r o f month s a t a  time . W e hav e recentl y mad e a  fe w 
measurements t o tes t thi s assumption . 

Results 

Every enquir y showe d a n appreciabl e savin g o f woo d usin g th e ne w stoves . Th e 
women w e questione d mos t regularl y al l reporte d tha t a  head-loa d laste d abou t 
two day s i n th e ol d heart h an d fir e t o seve n day s when +using eithe r typ e o f stove . 
This i s significan t eve n i f w e assum e a  tota l erro r o f -20 % i n relatin g thi s t o a n 
actual mas s o f woo d o f standar d hea t o f combustion . 

The measurement s summarise d i n Tabl e 1  justify th e assumptio n tha t a  "norma l 
head load " fo r th e sam e woma n wil l hav e a  mas s tha t varie s les s tha n 10% . Th e 
exceptions i n th e tabl e ar e recognise d a s larg e load s o r smal l ones . I t i s 
interesting t o not e th e clos e agreemen t betwee n size s o f load s collecte d b y 
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women wh o gathe r woo d together . Th e variatio n i n siz e o f loa d wit h distanc e i s 
clear (compar e load s carrie d l-2k m wit h thos e carrie d 4km) . Thi s i s only a  smal l 
sample an d furthe r measurement s ar e t o b e made . 

The user s repor t variation s i n fuelwoo d us e throug h th e season s althoug h w e hav e 
not succeede d i n measurin g thes e exactly . 

a. Durin g lat e rain y season , February-May , a  variet y o f food s ar e cooke d 
even betwee n meals , s o cookin g fue l consumptio n rises . 

b. Durin g col d weather , June-August , mor e fue l i s use d t o war m th e house . 
Mudstove user s ofte n hav e a  fir e i n th e ol d heart h a t nigh t i n thi s season , 
so thei r fue l consumptio n rise s considerably . 

c. Durin g th e post-harves t season , Jun e onwards , user s o f eithe r kin d o f 
closed stov e bur n dr y maiz e cob s whic h ar e a  mor e efficien t sourc e o f 
heat i n a  stove tha n i n a n ope n hearth . 

It wa s estimate d tha t a  goo d harves t coul d giv e cob s fo r tw o month s cooking , bu t 
the thre e year s o f thi s programm e hav e bee n year s o f drough t an d harvest s hav e 
been poor . 

CONCLUSIONS 

The compariso n o f charcoa l wit h othe r cookin g fuel s ha s show n tha t i t coul d 
offer a  savin g fo r man y urba n families . Ou r figure s onl y begi n t o sho w th e 
variety o f situation s tha t exis t an d mor e wor k i s planned . 

Measurement o f th e effec t o f introducin g ne w stove s o n rura l firewoo d 
consumption showe d a  larg e savin g du e t o usin g th e stove s unde r test , a s 
compared wit h th e ver y wastefu l ope n heart h tha t i s commonl y used . Suc h 
dramatic improvement s canno t b e expecte d i n man y situations . 

To observ e seasona l effect s o n fue l consumptio n w e nee d t o defin e mor e closel y 
the rang e o f erro r t o b e expecte d from : a . variabl e siz e o f a  norma l head-loa d 
and b . variation s i n moistur e conten t o f wood . Difference s betwee n differen t 
species o f woo d wil l nee d t o b e considere d i n some situations . However , i f thes e 
refinements g o muc h beyon d wha t th e user s normall y observ e fo r themselve s 
they woul d als o g o beyon d th e purpos e fo r whic h thi s wor k wa s undertaken , whic h 
was t o hel p th e user s fin d th e bes t stove s fo r thei r ow n use . 
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TABLE 1: Head-load mas s measurement s 

Collected by : 

Mrs B  Chamboko 
Mrs M  Chamboko 
Ms M  Chamboko 
Mrs R  Chambok o 
Mrs C  Chambok o 
Mrs S  Takadiy i 
Mrs G  Tembo 
Mrs C  Muchabaiw a 
Mrs L  Chira u 
Mrs C  Tapfumane i 
Mrs T  Mandaz a 
Mrs C  Dic k 
Mrs A  Tembo 
Mrs E  Mutizw a 
Mrs E Mandaz a 
Mrs J  Muzanenham o 
Mrs H Mutasa 

Age 
Yrs 

50 
30 
50 
25 

20? 
46 
36 
39 
45 
37 
39 
49 

46 
37 
43 
19 

+ 4 5 

Distance 
(km) 

4 
4 
4 
4 
4 
1 
1 
1.5 
2 
1 

1.5 
1 
2 
2 
1.5 
2 
1.5 

Mass (Kg) 
A B C 

28 
27 
30 
29 
27 
39 
42 
37 
49 
27 

42 
32 
30 
39 
40 
-

20 

43 
42 
39 
37 
39 

38 
28 
33 
42 
42 
22 
-

42 
40 
39 
47 
32 

43 
30 
26 
41 
42 
25 
22 

Comments 

) 
) 
) 
) 
) 

-

collect 
wood 
together 

weak 
health 

Distance: women' s estimate s roughl y checke d b y enquirer . 

Age: Chambok o famil y an d Mr s Mutasa : enquirer' s estimat e 
Others -  ow n statements . 

A,B,C represen t load s collecte d o n different days . 
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Figure 1 : Wood-burnin g 'stoves ' 

mud stov e 
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METHOPOLOG1ES FOR MODELLIN G OF BIOMASS RESOURCES AND OSES 
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100 Montros e Street , Glasgo w G 4 OLZ , UK 

ABSTRACT 

The applicatio n o f dynami c system s analysi s t o th e selectio n o f renewabl e energ y 
technologies an d thei r mod e o f integratio n withi n a  villag e syste m ar e described . 
The concep t an d methodolog y fo r adoptin g system s analysi s fo r thi s purpos e ar e 
explained b y referenc e t o a  technocrati c simulatio n model , MERD A (Mode l fo r 
Energy an d Resourc e Developmen t Analysis) . Thi s feedbac k mode l wa s initiall y 
used t o monito r th e effect s o f variou s technocrati c scenario s o n a  rura l 
community i n souther n India . Howeve r i t ca n b e utilise d fo r othe r location s 
including villages , towns , district s an d island s i n Afric a fo r instance , wit h th e 
minimum o f modification . Als o describe d i s a  preliminar y economi c feedbac k 
model, ECONOMERDA , designe d t o investigat e whethe r biomass-base d 
technologies, notabl y th e bioga s plant , ca n develo p withi n th e villag e syste m 
purely unde r economi c forces , an d a  syste m dynamic s model , ECC O 
(Enhancement o f Carryin g Capacit y Options ) whic h operate s a t th e nationa l leve l 
and ha s bee n use d t o asses s th e carryin g capacit y potentia l o f Kenya . Particula r 
emphasis i s placed upo n th e fores t biomas s secto r o f th e model . 

INTRODUCTION 

Through a  lac k o f adequat e financia l an d energ y investment , an d despit e th e 
acquisition o f foreig n ai d ostensibl y earmarke d fo r th e purpose , progres s i n 
agricultural an d rura l developmen t i n man y developin g countrie s i n genera l 
remains disappointingl y slow . Clearl y th e presen t s tat e o f affair s canno t b e 
allowed t o continue . Th e U N estimate s Africa' s populatio n growin g b y 206 % 
from 198 4 t o 202 5 (Pearc e 1984 ) whil e FAO , th e Foo d an d Agricultur e 
Organisation o f th e Unite d Nations , contend s tha t eve n wit h onl y moderat e 
population growt h ther e wil l b e 6 5 countries , largel y African , unabl e t o fee d 
themselves a t presen t level s o f agricultura l input s withou t externa l assistanc e b y 
the en d o f th e centur y (Marshal l 1984) . 

What ca n b e achieve d b y suc h countrie s throug h mor e effectiv e deploymen t o f 
their natural , mainl y biomass , resource s vi a th e implementatio n o f integrate d 
technological systems , i n tur n capturin g an d conservin g device s an d 
contemporary advance s mad e i n th e biologica l sciences ? Thi s raise s question s o f 
social acceptabilit y whic h i n tur n require s th e educatio n o f th e recipient s o f 
these technologies . T o wha t exten t ar e th e propose d integrate d system s trul y 
synergistic? Ar e ther e likel y t o b e an y deleteriou s side-effects ? I s outpu t 
necessarily alway s improved ? Wha t ar e th e dynamic s o f th e syste m -doe s i t 
required on e agricultura l seaso n t o becom e effectivel y established , o r several ? 

One rigorou s mean s o f establishin g th e outcom e o f a  certai n se t o f intervention s 
is t o tes t th e proposa l b y it s introductio n withi n a  dynami c simulatio n mode l o f a 
rural community . Thi s pape r explain s ho w thi s ma y b e don e an d present s a s it s 
principal example , a  highl y detaile d stud y mad e o f a  smal l villag e i n Tami l Nad u 
State, souther n India , calle d Injambakka m fo r whic h a  comprehensiv e dat a bas e 
had bee n acquire d (MCR C 1980) . Th e methodolog y i s equall y applicabl e t o 
communities i n Africa . 
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SYSTEMS ANALYSI S 

Systems analysi s is , i n essence , th e scientifi c analysi s o f rea l lif e interactions . 
The produc t o f thi s analysi s i s a  reductio n o f th e comple x entitie s an d 
interactions o f th e rea l syste m t o a  se t o f caus e an d effec t observation s tha t 
adequately describ e th e syste m unde r study , bu t whic h i s nevertheles s 
sufficiently simpl e t o b e understandabl e t o th e observe r o r decisionmaker . 

This mode l shoul d ideall y answe r onl y on e question . I n th e wor k carrie d ou t o n 
Injambakkam villag e thi s questio n wa s judge d t o b e "Ho w muc h sola r energ y ca n 
be capture d i n photosyntheti c activit y (tha t is , a s bioma s resources ) an d pu t t o 
use withi n th e villag e system? " I n practic e however , b y th e inclusio n o f som e 
subsidiary relationships , model s ca n answe r man y questions . 

The proces s o f mode l formulatio n i s know n a s simulation . Continuou s simulation , 
applied her e i s concerne d wit h flow s an d level s i n whic h eac h individua l entit y i n 
the flo w i s no t differentiate d fro m th e others , bu t al l ar e aggravate d together ; 
for exampl e th e villag e ric e stock , th e harves t an d dail y consumption . A n 
aggregated model , whil e les s informativ e tha n a  disaggregated , i s mor e robus t 
and reliable . 

Systems analysi s consider s al l facet s o f a  situatio n simultaneously ; th e 
interrelationships betwee n componen t part s o f a  syste m rathe r tha n th e part s 
themselves. I t i s therefor e a n idea l too l fo r evaluatin g th e merit s an d demerit s 
of implantin g a  particula r se t o f biomas s oriente d technologie s aime d a t 
improving th e outpu t o f a  Thir d Worl d village , district , islan d o r country . 

Four crucia l issue s nee d t o b e resolved : Wha t i s th e bes t use d o f bio - an d 
agricultural technologie s t o rais e output ? Wha t ar e th e dynamic s o f change ? 
What leve l o f productivit y ma y b e ultimatel y attainable ? Wha t socia l o r 
economical change s ma y b e neede d t o mak e suc h a  self-relian t developmen t 
possible? T o answe r thes e questions , system s modellin g ha s th e tw o merit s o f 
versatility an d speed . I t allow s fo r th e examinatio n o f a  larg e numbe r o f 
scenarios, eac h wit h a  differen t se t o f initia l and/o r ensuin g conditions . 

The proces s o f chang e ove r decade s ca n b e monitore d b y th e system s modelle r i n 
a matte r o f seconds . T o achieve th e sam e sprea d usin g solel y experimenta l wor k 
in th e fiel d woul d require d th e settin g u p an d monitorin g o f a  ver y larg e numbe r 
of rura l communities , eac h implante d wit h a  differen t technologica l mix . Dat a 
collation migh t tak e a s lon g a s 2 0 year s an d th e degre e o f organisatio n an d 
cooperation sough t woul d b e difficul t t o obtai n i n th e extreme . 

DYNAMIC SYSTEMS ANALYSIS METHODOLOG Y 

To gai n som e insigh t int o th e techniqu e o f modellin g conside r a  hypothetica l 
Third Worl d villag e communit y (Figur e 1) . Crop s ar e cultivate d o n fertil e soil . 
There i s woodland , grassland , fallo w land , an d wastelan d plu s roads , house s an d 
ponds etc . Som e o f thi s wast e lan d ha s potentia l fo r upgrading . I n Figur e 2  th e 
village layou t i s stylised , withou t referenc e t o spatia l factors , wit h al l area s o f 
land o f th e sam e typ e bein g aggregated . 

Since th e objec t o f th e stud y i s t o fin d ho w a  rura l communit y na y prospe r 
within a  large r system , w e hav e t o decid e o n th e boundar y betwee n th e two . 
This i s calle d th e syste m boundary , an d w e ca n choose , i f w e wish , : o aggregat e 
within o r withou t o f tha t boundary . Withi n th e boundary , flow s ca n b e recorde d 
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as money , a s mas s an d energ y (kilogram s o f protein , gigajoule s o f fue l energy , 
kilocalories o f foo d energ y an d s o on) , an d a s huma n labou r an d anima l hour s o f 
work. I n a  rura l communit y wher e muc h i s don e withou t mone y changin g hand s i t 
is mor e usefu l t o ignor e mone y flows . However , i f a  materia l goo d o r a n activit y 
passes throug h th e syste m boundar y t o th e outsid e worl d i t i s usefu l t o conver t i t 
into mone y values , an d conside r th e revenu e t o b e spen t o n purchases . Fo r 
example, exporte d ric e generate s mone y t o bu y fertilisers , kitche n utensils , 
transistor radios , etc . 

To projec t int o th e futur e w e nee d t o emplo y a  dynami c mode l i n whic h stock s 
and flow s ar e linke d b y a  syste m o f differentia l equation s solvabl e b y numerica l 
analysis. Solutio n o f th e differentia l equation s i s mad e accessibl e b y th e 
development o f specialise d compute r language s suc h a s DYNAM O an d N D TRA N 
2 and i s given a  mor e mathematica l treatmen t i n a  subsequen t section . 

The firs t ste p i n a n analysi s i s t o identif y th e relevan t part s o f th e syste m an d 
how the y interact . Th e directio n o f th e arro w indicate s th e directio n o f th e 
causation. Th e sig n adjacen t t o th e arrowhea d show s whethe r thi s i s a  positiv e 
or negativ e effect . Thu s 

demonstrates tha t increasin g fertilise r applicatio n increase s cro p yields . Thi s i s 
simple statemen t presuppose s a  hig h leve l o f knowledge , whic h i f no t availabl e 
must b e researched . 

Frequently, th e relationshi p i s non-linear . A n increasin g deat h rat e decrease s 
population. Sinc e a  chang e i n populatio n mus t affec t subsequen t deat h rate , w e 
can represen t th e latte r b y a  causa l loo p diagra m (Figur e 3) . Causa l loop s ma y 
be positiv e (+ ) or negativ e (-) . I n Figur e 3  th e effec t o f increasin g deat h rat e o n 
population i s negative . Increasin g birt h rat e resultin g i n increasin g populatio n 
size leadin g t o increasin g birt h rat e i s a  positiv e causa l loop . 

The nex t analytica l ste p i s t o decid e whic h element s ar e flows  (calle d "rates " i n 
system dynamic s terminology ) an d whic h ar e stat e variable s (know n a s "levels") . 
Levels ca n b e likened t o a  tan k containin g a  quantit y (stock ) o f water , a s oppose d 
to a  flow  o f wate r throug h a  pip e tha t enter s th e tank , whic h i s a  rate . Rate s 
have th e dimensio n o f units/tim e wherea s level s ar e measure d withou t referenc e 
to time . Th e flow  o f wate r int o a  tan k i s illustrate d i n syste m dynamic s symbol s 
in Figur e 4 . 

It i s mos t importan t t o not e th e differenc e betwee n th e direction s o f th e arro w 
in th e causa l loo p diagra m an d th e syste m dynamic s diagram . I n th e forme r i t 
shows th e directio n o f th e causation , i n th e lat te r th e directio n o f flow  o f 
material (o r information) . 

Turning t o a  hypothetica l Thir d Worl d villag e communit y w e ca n develo p a  mode l 
for th e us e o f a  communit y bioga s generato r operatin g o n cattl e dung . Nitroge n 
rich soi l conditioner , i n th e for m o f th e bioga s plan t effluen t wil l increas e ric e 
production. Th e extr a ric e stra w ca n b e fe d t o catt le , thu s raisin g dun g yield s 
which i n tur n mean s mor e soi l conditione r (an d o f cours e mor e biogas ) fro m th e 
biogas generator . Th e circl e i s completed . Thu s ric e productivit y i s furthe r 
enhanced. W e hav e therefor e identifie d a  positiv e feedbac k loo p a s depicte d i n 
Figure 5 . 
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Output doe s no t g o o n risin g forever . Eac h additio n o f nitroge n yield s les s an d 
less increas e i n outpu t an d eventually , afte r severa l cycle s (seasons ) a  ne w leve l 
of outpu t i s stabilised . I t i s a  simpl e ste p fro m th e causa l loo p diagra m t o th e 
system dynamic s diagra m onc e th e leve l variabl e ha s bee n identified . Th e 
digester i s th e onl y leve l variable , t o whic h i s associate d tw o rate s -  th e rat e o f 
loading dun g (IN ) an d th e rat e o f remova l o f soi l conditione r (OUT) . Thi s i s 
illustrated i n Figur e 6 . Her e ther e ar e som e ne w symbols : 

represents a  constan t 

represents a n auxilliar y variabl e -  a n 
identifiable variabl e tha t i s used i n 
the calculatio n o f rat e equation s 

The ric e i s onl y harveste d onc e a  yea r s o thi s i s represente d b y a  sampl e 
procedure illustrate d thus : 

SAMPLE 
1 y r 

An importan t par t o f th e syste m dynamic s diagra m i s th e relationshi p betwee n 
nitrogen i n soi l conditione r an d ric e yield . Thi s mode l wa s translate d int o a 
DYNAMO progra m an d th e result s o f th e simulatio n ar e show n i n Figur e 7 . 

The bioga s plan t i s brough t int o productio n i n yea r 1 . Initiall y th e dun g i s pu t 
into th e bioga s generato r instea d o f bein g sprea d o n th e fields . Thi s ha s a n 
adverse effec t o n th e nex t ric e crop . I n th e thir d yea r th e soi l conditione r 
output, whic h ha s approximatel y twic e th e usabl e nitroge n conten t o f directl y 
spread dung , produce s a n increase d ric e yield . Th e positiv e feedbac k loo p 
previously describe d boost s th e ric e yiel d i n subsequen t year s unti l a  ne w 
equilibrium leve l i s reache d (aroun d yea r 7) . Th e ric e yiel d ha s increase d b y a 
factor o f 42% . On e shoul d not e tha t a  calculatio n whic h di d no t tak e accoun t o f 
the feedbac k woul d hav e show n onl y a  12 % increase ! 

One interestin g conclusio n i s tha t importe d fertilise r woul d hav e a  greate r effec t 
than migh t b e imagined . Importin g 1.8k g N/h a pe r yea r woul d initiall y increas e 
the yiel d b y 7 % bu t again , th e positiv e feed-bac k loo p come s int o effec t an d thi s 
extra yiel d produce d mor e soi l conditione r fo r th e nex t year' s crop , unti l a  ne w 
equilibrium i s attained . W e ca n no w conside r wit h th e ai d o f a  mode l ho w on e 
could improv e o n th e performanc e o f th e villag e agriculture . 

THE ACQUISITION OF A  DATABASE 

A simulatio n mode l o f a  rea l syste m suc h a s a  Thir d Worl d rura l communit y an d 
its biomas s resource s ca n accuratel y reflec t tha t syste m onl y whe n sufficien t 
relevant dat a hav e bee n acquired . Befor e projectin g int o th e futur e vi a th e 
dynamic system s analysi s methodolog y describe d above , detail s o f th e majo r 
parameters o f th e syste m (village ) mus t b e obtaine d s o tha t th e steady-stat e 
village ca n b e modelle d a t tim e zero . 

These dat a wil l includ e physical , economi c an d socia l characteristic s o f th e 
village an d als o lan d are a us e an d distributio n pattern , climati c information , 
demographic details , agricultura l practice , cro p productivities , livestoc k 
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ownership, foo d consumption , energ y productivities , livestoc k ownership , foo d 
consumption, energ y productio n an d level s an d distribution , villag e import s (suc h 
as fertilisers , kerosen e an d consume r durables ) an d export s (fo r example , foo d 
surpluses, woo d an d handicrafts) . Ancillar y dat a migh t consis t o f occupationa l 
patterns, medica l information , socia l organisatio n an d s o forth . 

The acquisitio n o f suc h dat a i s ofte n a  laboriou s task , generall y entailin g 
personal contac t wit h a  larg e cross-sectio n o f individual s fro m th e community , 
though a  villag e "accountant " ma y hav e som e o f th e demographi c data . A  villag e 
survey i s mos t easil y accomplishe d b y interviewer s wh o ar e alread y know n i n th e 
village an d wh o hav e obtaine d th e people' s confidence . I t i s therefor e importan t 
that th e system s modelle r make s know n hi s precis e requirement s t o thos e 
carrying ou t th e surve y i n th e village . Th e fac t mus t als o b e take n int o accoun t 
that som e villager s ar e ofte n unwillin g o r unabl e t o suppl y accurat e data . Thu s 
the importanc e o f conducting , a t leas t initially , a  comprehensiv e surve y i s 
reinforced s o tha t an y misleadin g informatio n whic h canno t obviousl y b e 
detected a s suc h i s outweighed b y th e response s neare r t o th e truth . 

Once a  mode l ha s bee n constructe d fo r a  particula r villag e an d an y problem s i n 
the simulatio n hav e bee n irone d out , the n th e leve l o f dat a requirement s fo r 
similar wor k o n othe r village s i s reduced . Thi s wa s born e ou t b y th e system s 
modelling experienc e o f th e Energ y Studie s Unit , Universit y o f Strathclyde . 
Initially a  highl y detaile d surve y o f th e India n villag e o f Injambakka m wa s 
conducted b y th e Murugapp a Chettia r Researc h Centr e (MCRC) , Madras . Th e 
survey consiste d o f genera l dat a o n th e 21 1 constituen t household s o f th e villag e 
to provid e a  broa d perspectiv e followe d b y a  mor e detaile d questionin g o f 7 0 
selected household s (MCR C 1980) . Usin g thes e dat a a  technocrati c mode l wa s 
utilised t o simulat e th e activitie s o f Injambakka m an d the n use d succesfull y fo r 
the simulatio n o f tw o Nepales e hil l villages , Salm e an d Tarevir , wher e th e dat a 
bases provide d wer e considerabl y les s detailed . 

THE MERDA MODE L 

The basi c mode l describe d previousl y wa s expande d an d implemente d usin g th e 
database fo r Injambakka m village , Tami l Nadu , India . Th e mode l wa s name d 
MERDA (a n acrony m fo r Mode l fo r Energ y an d Resourc e Developmen t Analysis ) 
and i s no w a  generi c dynami c feedbac k simulatio n mode l realise d fo r th e 
computer i n N D TRA N 2  language . Th e N D TRA N 2  packag e wa s obtaine d fro m 
Notre Dam e University , Indiana , US A an d i s simila r thoug h no t identica l t o 
DYNAMO software . N D TRA N 2  ca n b e implemente d o n an y compute r wit h a n 
ANSI standar d FORTRA N compile r an d a t leas t 2 8 k  byte s o f store . Henc e 
MERDA coul d b e ru n o n virtuall y an y machin e equa l t o o r bigge r tha n a  PDP11 . 
In fac t MERD A run s o n th e IC L compute r an d take s u p approximatel y 1 5 second s 
of compute r tim e a t a  cos t o f US$ 2 eac h run . 

It consist s o f 11 1 equation s plu s 6 3 dat a constant s an d table s an d i s divide d int o 
six majo r sectors : ric e production , legum e production , fertilisers , bioga s 
production, financia l an d th e energ y sector , t o whic h other s ca n b e adde d i f 
required. Th e causa l loo p diagram , Figur e 8 , illustrate s th e interaction s betwee n 
the variou s parameters , includin g introduce d technologies , an d Figur e 9  th e 
system dynamic s diagrams . Th e number s an d othe r scenari o detail s ar e no t 
spelled ou t here ; instea d th e option s availabl e t o th e mode l use r ar e given . 

Within th e ric e productio n sector , tw o crop s o f ric e ar e grow n eac h year . I t i s 
convenient t o loo k a t thes e separatel y an d the n su m th e relevan t quantities . A 
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stock o f ric e fo r eac h harves t i s maintaine d bu t deplete d b y consumption . Eac h 
year a t th e appropriat e time s eac h stoc k i s update d b y th e amoun t o f th e harves t 
according t o th e yield . Consumptio n i s the n calculate d t o deplet e th e stoc k i n 
one year . Th e yiel d pe r hectar e i s a  functio n o f th e fertilise r applie d b y hectar e 
and th e tota l yiel d i s obtaine d b y multiplyin g thi s b y th e ric e growin g area , 
taking int o accoun t tha t th e whol e are a nee d no t b e used . Th e tota l consumptio n 
is obtaine d b y summation an d accountin g fo r post-harves t losses . 

The legum e productio n secto r i s almos t identica l t o tha t o f ric e productio n 
except tha t ther e i s onl y on e cro p pe r year . Th e productio n o f legume s i s 
initially zer o an d th e modelle r provide s th e startin g year . 

The stoc k o f fertiliser s i s provide d b y dun g o r digeste r sludg e output ; legum e 
leaves; Casuarin a leaves ; algae ; an d imports . Fertilise r i s counte d a s it s nitroge n 
content; th e othe r nutrient s ar e assume d t o b e availabl e i n non-limite d 
quantities. 

Dung i s calculate d a s a  functio n o f th e cattl e fodde r availabl e (cro p waste s an d 
grazing). Initiall y a  proportio n o f thi s i s collecte d an d sprea d o n th e fields . 
When th e bioga s plan t start s operatio n th e dun g instea d i s pu t i n th e digester ; 
provision ha s bee n mad e fo r a  differen t collectio n efficienc y t o b e used . Th e 
digested sludg e i s the n sprea d o n th e fields . 

Leaves containin g nitroge n fro m th e foo d legume s an d Casuarin a tree s ar e use d 
as fertilise r whe n the y ar e brough t int o production . Alga e ar e starte d i n smal l 
ponds an d the n ove r a  perio d o f tim e establishe d o n th e fields , wher e the y fi x 
nitrogen fro m th e atmosphere . 

Import level s ca n b e switche d o n o r of f a t time s chose n b y th e modeller . I n th e 
financial sector , th e differenc e betwee n villag e earning s an d expenditur e i s pu t 
in a  ban k accoun t wher e i t earn s a  rea l 2 % pe r annu m interes t whe n th e balanc e 
is positive . Whe n the y ar e i n deb t th e villager s pa y a  2 % rea l annua l interes t 
rate. Villag e expenditur e fo r import s includes : fertiliser ; woo d (ca n b e earning s 
if ther e i s a n export) ; wor k energy ; bioga s plan t capital ; clothing ; extr a food , e g 
fish, milk , eggs , etc . Pumps , bot h capita l an d runnin g costs ; windmills ; Tote m 
(Total energ y modul e fo r electricit y generatio n an d hea t reclamation) . 

The energ y sector , a s distinc t fro m th e bioga s productio n sector , i s mor e closel y 
concerned wit h hea t energy , furnishe d b y fuelwood . Th e deman d fo r primar y 
energy i n th e for m o f hea t i s calculate d a s a  functio n o f population , wit h 
provision fo r a  highe r end-us e efficienc y t o b e incorporate d ove r a  tim e perio d 
chosen b y th e modeller . Woo d harves t i s give n b y th e foreste d are a multiplie d b y 
the yiel d pe r uni t area . A  chang e ma y b e mad e t o a n energ y cro p plantatio n a t 
any tim e i n th e simulation . An y defici t i n th e suppl y an d deman d equatio n i s 
imported an d an y surplu s i s exported . I f a  bioga s plan t i s operatin g an y surplu s 
gas ca n b e use d a s hea t energ y (e g fo r cooking) . A  limited amoun t o f wast e hea t 
from th e Tote m plan t ca n b e utilise d here , fo r heatin g wate r only . Thes e las t 
two supplies , i f implemente d b y th e modeller , woul d forc e a n increas e i n th e 
wood export . 

The bioga s productio n secto r i s mor e closel y relate d t o wor k energy . Th e 
demand fo r wor k energ y fo r irrigatio n i s adde d t o tha t fo r lighting . Befor e th e 
biogas plan t come s o n stream al l o f thi s energ y mus t b e imported . Thes e import s 
are reduce d b y ga s productio n bu t ca n neve r g o negative , i n whic h cas e th e 
excess ga s i s use d i n th e hea t energ y secto r t o substitut e fo r wood . Whe n bioga s 
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becomes availabl e th e fractio n o f ric e growin g are a i s increase d b y extr a 
irrigation unti l 100 % i s utilised . Th e numbe r o f ne w pum p set s require d fo r thi s 
is calculate d i n thi s sector . 

If windmill s ar e require d i n a  scenari o th e energ y save d b y usin g thi s metho d fo r 
irrigation i s subtracte d fro m th e demand . A  Tote m system , i f selecte d b y th e 
modeller, reduce s th e suppl y o f ga s bu t produce s som e electricit y whic h i s the n 
added t o th e supply . Som e wast e hea t i s transferre d t o th e hea t energ y sector . 

Other sector s ca n als o b e included , fo r instance , populatio n growt h ca n b e 
catered fo r i n scenario s i f require d -  th e modelle r provide s th e ne t annua l rat e o f 
increase i n population . Th e spatia l layou t o f th e villag e i s handle d separatel y 
here fo r convenience . Al l th e area s ca n b e altere d b y th e modeller . Indicator s 
of villag e wellbein g (e g protei n intake , sola r capture , etc ) ar e calculate d fo r th e 
model output . 

The scenarios , sensitivit y testin g o f th e model , an d result s o f mode l simulation s 
have bee n publishe d elsewher e (Lewi s 1984 ; Slesse r e t a l 1982) . Briefl y th e 
results indicat e tha t Injambakka m ha s th e potentia l t o utilis e it s biomas s 
resources t o becom e self-relian t i n foo d an d fue l withi n 5- 7 years . 

AN ECONOMI C ASSESSMEN T O F BIOMAS S BASE D DEVELOPMEN T I N 
INJAMBAKKAM VILLAG E 

Having establishe d th e technica l feasibilit y o f self-relian t developmen t fo r th e 
village, a  mor e rigorou s economi c analysi s wa s mad e tha n tha t performe d b y 
MERDA, usin g a  feedbac k mode l calle d ECONOMERDA . It s purpos e wa s t o 
investigate whethe r biotechnologie s suc h a s th e bioga s plan t coul d develo p withi n 
Injambakkam an d village s lik e i t purel y unde r economi c forces , wit h th e rat e o f 
introduction controlle d b y th e mechanis m o f price . 

ECONOMERDA i s essentiall y a n extensio n o f th e MERD A mode l i n whic h th e 
economic drivin g forc e i s th e desir e t o hav e a n economi c retur n o n capita l 
investment (Figur e 10) . Th e opportunit y fo r productio n an d distributio n o f bioga s 
is veste d i n a n entrepreneu r wh o develop s th e syste m onl y wher e i t i s 
advantageous t o him , an d i f i t i s viabl e fo r hi m t o d o s o the n i t shoul d b e viabl e 
to a  villag e cooperativ e also . 

Essentially livestoc k dun g i s bough t fro m th e villager s an d th e post-digestio n ga s 
and sludg e fertilise r ar e sol d bac k t o them , wit h th e capita l require d fo r 
construction o f plan t borrowe d fro m a  ban k a t commercia l interes t rates . Th e 
digester ha s a n annua l dun g throughpu t o f 17.5t . I t i s assume d tha t th e highe r 
the pric e pai d fo r dun g (bas e pric e o f R s 0.1/k g dr y wt ) the n th e greate r th e 
proportion o f availabl e dun g wil l b e sol d (Figur e 11 ) an d whe n th e amoun t 
available fo r digestio n exceed s th e curren t throughpu t capacit y anothe r plan t i s 
built. Th e pric e offere d t o th e villager s fo r dun g i s determine d b y th e 
profitability o f th e whol e operatio n (Figur e 12) , whil e th e pric e a t whic h bioga s 
is sold i s notionall y 80 % of th e pric e o f importe d diese l fuel . Similarl y th e pric e 
of sludg e fertilise r i s se t a t 80 % o f th e pric e o f nitroge n equivalen t o f importe d 
chemical fertiliser . Profitabilit y i s monitore d b y maintainin g a  financia l balanc e 
for incoming s an d outgoings . Thu s th e mone y accruin g fro m th e sal e o f ga s an d 
sludge fertilise r increase s th e balanc e whil e th e cos t o f dun g purchase , labou r 
and maintenance , interes t an d repayment s o f capita l decrease s th e balance . 



- 17 0 -

The bioga s i s use d initiall y fo r irrigatio n unti l tw o ric e crop s pe r yea r ca n b e 
grown o n al l th e availabl e padd y area . Som e o f th e resultin g increas e i n ric e 
production i s exporte d s o tha t th e farmer s ma y bu y ne w biogas-operabl e pum p 
sets withou t th e communit y goin g int o debt . Whe n th e t echnocra t i c scenari o 
used fo r MERD A i s incorporate d int o ECQNOMERDA , equilibriu m level s fo r th e 
parameters monitore d ar e reache d b y yea r 15 . 

Over 1 5 years ric e productio n increase s b y 240 % t o improv e nutritiona l standard s 
and expor t potential . Bioga s production , a t ove r IT J pe r annum , i s sufficien t t o 
irrigate biannua l ric e crops , wit h 32 0 GJ/ y surplu s fo r othe r uses . Sola r energ y 
capture mor e tha n doubles , th e entrepreneur' s profi t i s Rsl2,G0 0 (U S $1500 ) pe r 
annum, an d hi s retur n o n investmen t i s 40% . However , whil e thi s approac h t o 
assessing economi c viabilit y i s clearl y a  usefu l one , furthe r har d cos t dat a ar e 
needed t o improv e it s credibility . 

In additio n t o th e abov e approac h a  mor e conventiona l cos t benefi t analysi s 
(CBA) wa s use d t o investigat e th e feasibilit y o f introducin g bioga s plant s int o a 
rural communit y suc h a s Injambakka m (Armstron g 1983) . Essentiall y CB A i s a 
method o f assessin g th e desirabilit y o f publi c project s wher e future , a s wel l a s 
current, return s ar e considered , a s ar e potentia l side-effect s o n society . I t i s 
based o n th e notio n tha t a n allocatio n o f resource s t o a n investmen t projec t 
should increas e socia l welfar e an d involve s th e enumeratio n an d evaluatio n o f al l 
relevant cost s an d benefit s t o asses s th e effec t o f carryin g ou t project s (i n thi s 
case th e introductio n o f bioga s plants ) o n th e welfar e o f societ y a s a  whole . A 
favourable verdic t i s returned wher e tota l benefit s excee d tota l costs . 

However, man y o f th e assumption s mad e abou t socia l cost s an d benefit s withi n a 
CBA ar e necessaril y subjectiv e (valu e judgements) , an d ar e difficul t t o quantify . 
Financial analyse s o f a  projec t aime d a t introducin g bioga s plant s t o th e villag e 
indicate tha t a n entrepreneur , o r indee d villag e cooperative , woul d benefi t fro m 
such a  ventur e o n strictl y marke t pric e terms . However , a  fina l appraisa l usin g 
such value s doe s no t adequatel y indicat e change s i n th e villagers ' economi c 
welfare. Thi s require s th e estimatio n an d us e o f shado w price s whereb y input s 
and output s ar e value d accordin g t o thei r tru e resourc e cost s an d value s t o th e 
village, whic h i s th e essenc e o f a  CBA . Furthermore , CBA s includ e externalitie s 
such a s th e reductio n i n pollutio n cause d b y burnin g bioga s rathe r tha n woo d an d 
the reductio n i n tim e spen t lookin g fo r woodfuel , wherea s financia l analyse s tak e 
no accoun t o f suc h factors . 

In general , th e result s o f th e variou s CBA s wer e favourabl e i n tha t th e 
installation o f bioga s plant s i n Injambakka m woul d indee d increas e socia l 
welfare. Nevertheles s thes e result s ar e highl y sensitiv e t o parameter s suc h a s 
the ric e yiel d (sinc e th e post-digeste d sludg e act s a s a  fertilise r i n th e padd y 
fields), t o bioga s yield s an d t o labou r cost s an d s o th e value s place d o n thes e 
parameters ar e criticall y importan t t o th e outcom e o f th e CB A undertaken . A s 
in th e approac h t o economi c feasibilit y adopte d b y utilisin g th e ECONOMERD A 
model, furthe r har d cos t dat a ar e als o require d t o increas e th e credibilit y o f cos t 
benefit analyses . 

THE ECCO MODE L - BIOMAS S SECTOR 

ECCO (Enhancemen t o f Carryin g Capacit y Options ) i s a  feedbac k syste m 
dynamics mode l operatin g a t th e nationa l leve l an d i n suc h a  wa y tha t accountin g 
is mad e i n energ y rathe r tha n mone y terms . I t maintain s a t al l time s th e 
essential resourc e element s o f th e economy , o f whic h th e biomass/woodfue l 



- 17 1 -

sector i s one . ECC O ca n b e use d t o explor e man y polic y option s amongs t whic h 
are trad e off s betwee n lan d fo r biomas s energ y o r food , o r betwee n foo d an d 
cash crops , an d ha s bee n applie d t o th e cas e o f Kenya . 

Carrying capacit y i s define d a s tha t population , a t an y momen t i n time , whic h 
can b e indefinitel y sustaine d a t a  give n standar d o f living , i t i s no t a  threshold , 
and ca n b e enhance d b y appropriat e nationa l developmen t usin g physica l an d 
human resources . Th e mode l assesse s th e overal l scal e an d tren d o f th e 
economy, secto r b y secto r (e g water , no n biomas s energy , agriculture , biomass , 
industry etc ) i n suc h a  wa y tha t eac h secto r grow s s o a s t o satisf y th e overal l 
resource need s o f al l th e othe r sectors . Thu s i f th e domesti c deman d fo r energ y 
cannot b e me t b y fuelwoo d fro m th e biomas s sector , an y shortfal l mus t b e mad e 
good b y th e non-biomas s energ y sector , i f i t canno t d o so the n materia l standar d 
of livin g falls . Onc e th e long-ter m physical , profil e i s know n conventiona l 
economic method s ma y b e use d t o pla n th e implementatio n o f eac h sector . 

Figure 1 3 present s a n influenc e (causa l loop ) diagra m o f th e model' s biomas s 
sector, whil e Figur e 1 4 i s th e syste m dynamic s diagram . Dat a ar e provide d fo r 
Kenya b y Mweng e Internationa l Associate s Lt d (MIA L 1984) : 

Average natura l fores t yiel d 1.05t/ha.y ; 7 0 y  growing perio d 

Average plantatio n yiel d 9.2t/ha.y ; 7 y rotatio n 

Woodfuel deman d 25.5GJ/ha. y 

In a  countr y lik e Keny a th e harvestin g o f biomas s b y collectin g firewoo d fro m 
the forest s an d woodlan d i s a  ver y importan t sourc e o f fue l t o th e population . 
Eighty pe r cen t o f Kenya' s energ y accrue s fro m biomass . I n thi s sector , th e 
harvesting o f th e natura l fores t i s graduall y augmente d b y th e introductio n o f 
fast growin g energ y cro p plantations . 

Capital formatio n i n thi s secto r i s no t allowe d unti l afte r 1985 . Th e desire d 
capital stoc k i s calculate d eithe r a s tha t require d t o mee t th e househol d secto r 
energy demand , o r t o plan t th e entir e fores t area , whicheve r i s smaller . A  chec k 
is mad e t o ensur e tha t th e are a cleare d fo r ne w plantation s doe s no t provid e 
more tha n th e deman d fo r woodfuel . Capita l ha s t o b e replace d afte r th e 
plantation i s harvested , s o th e lifetim e o f capita l stoc k i s se t equa l t o th e 
plantation growin g time . Capita l i s allocate d t o th e harvestin g secto r sufficien t 
to alway s maintai n th e necessar y stoc k t o mee t th e ful l harvestin g leve l 
anticipated. 

The are a t o b e plante d i s decide d accordin g t o th e actua l capita l stoc k availabl e 
for planting . Thi s i s calculate d b y dividin g thi s b y th e capita l necessar y t o plan t 
one hectare . Throug h a  seve n yea r delay , correspondin g t o th e tim e fo r th e 
forest t o mature , one-sevent h o f th e plante d are a i s harvested . 

The biomas s stoc k o f th e plantatio n i s calculate d a s th e tim e integra l o f th e 
growth rat e minu s harvesting . Th e growt h rat e i n mas s term s i s simpl y a 
function o f th e are a planted . Th e harvestin g rat e i s give n b y th e are a harveste d 
times th e mas s pe r hectar e o f th e matur e tree s obtained . 

All o f th e fores t are a currentl y allocate d t o energ y suppl y tha t i s no t plante d i s 
allocated t o natura l forest . Th e biomas s o f thi s fores t i s calculate d i n th e sam e 
way a s fo r th e plantation . Th e rat e o f harvesting , though , i s determine d b y th e 
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demand fo r energ y i n th e domesti c secto r tha t i s no t me t b y th e plantatio n an d 
clearing operations . Ther e i s a  chec k mad e t o ensur e tha t i f ther e i s n o biomas s 
left non e i s harvested . Th e yiel d o f biomas s fro m th e outsid e fores t area , tha t i s 
from tree s grow n o n agricultura l land , i s accounted . 

The dat a fo r yield s an d energ y input s wil l depen d o n th e tre e specie s chosen . I f 
the domesti c deman d fo r energ y canno t b e me t fro m th e biomas s secto r an y 
shortfall mus t b e mad e goo d b y the (non-biomass ) energ y sector . Th e energ y an d 
water demand s fo r forestr y ar e calculate d unde r th e appropriat e sector s o f 
energy an d water . 

What ha s bee n presente d her e i s a  methodolog y fo r dealin g wit h th e biomas s 
(specifically fuelwood ) resourc e o f a  country , i n thi s cas e Kenya , i t coul d b e 
applied wit h equa l facilit y t o an y Africa n countr y wit h a  sufficien t databas e 
upon whic h t o draw . Th e result s ar e dependen t o n th e dat a input s an d 
assumptions mad e i n al l othe r sector s o f th e ECC O mode l a s wel l a s th e biomas s 
sector, an d s o fo r thi s purpos e ar e les s importan t tha n th e methodolog y used . 

DISCUSSION 

While thi s pape r ha s trie d t o focu s o n methodologie s fo r th e modellin g o f biomas s 
resources an d technologie s fo r thei r use , th e MERDA , ECONOMERD A an d ECC O 
models ar e polic y makin g tool s fo r developmen t i n al l aspect s o f economi c 
activity, whethe r a t th e rura l communit y o r nationa l level . Indee d t o mode l 
biomass i n isolatio n fro m othe r sector s woul d b e o f littl e us e sinc e the y ar e al l 
interconnected i n th e system s methodolog y adopted . I t woul d no t b e profitabl e 
for exampl e t o attemp t t o measur e biomas s energ y productio n t o th e exclusio n 
of everythin g els e sinc e the n ther e woul d b e n o lan d fo r foo d crop s no r 
investment fo r othe r activities , an d n o opportunit y fo r a  balance d developmen t 
strategy. [A n explorator y biomas s productio n system s model , BIOME T ha s 
recently bee n develope d a t th e Universit y o f Florid a wit h th e boundar y o f th e 
production proces s take n a s th e syste m boundar y (Misho e e t al . 1984) ] 

Clearly, i n th e Africa n situation , continuou s deforestatio n an d fallin g foo d 
production pe r capit a ar e trend s whic h nee d t o b e arreste d an d reversed . 
However, investmen t her e ma y tak e investmen t awa y fro m th e urban/industria l 
sector o f a n econom y whic h i s wh y th e overal l syste m ha s t o b e researched , no t 
merely th e agricultura l an d biomas s sectors . I t i s the n lef t t o th e politician s an d 
policymakers t o decid e th e prioritie s fo r thei r particula r country , suc h a s 
whether t o attemp t mor e foo d an d self-relianc e o r export-le d growt h o f 
manufactured good s rathe r tha n adoptin g impor t substitutio n strategies . 

The model s describe d i n thi s pape r ca n ai d th e decisio n process , bu t the y 
themselves requir e har d data , dat a whic h i n man y countrie s ar e no t ye t 
obtainable. Nowher e i s har d dat a mor e unobtainabl e tha n i n th e productio n an d 
consumption o f th e biomas s resource s s o crucia l t o th e economie s o f developin g 
countries. Modellin g i s a  ver y usefu l tool , bu t a s a  prerequisit e dat a collectio n i s 
absolutely vital . 

Finally, t o full y explai n th e syste m dynamic s methodolog y adopte d ha s no t bee n 
possible i n a  pape r suc h a s this , bu t intereste d reader s ar e referre d t o th e text s 
now availabl e o n th e subject , particularl y t o tha t b y Forreste r (1973) , fo r a  mor e 
complete treatment . Syste m dynamic s i s potentiall y a  ver y rewardin g approac h 
to th e proces s o f decision-makin g no t onl y concernin g biomas s resources , bu t i n 
attempting t o achiev e developmen t goal s i n al l area s o f a n economy . 
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Fig 2 . Th e Modelle d Villag e Syste m 

Fig 1 . Th e Rea l Villag e Syste m 
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Fig. 3 Causa l Loop Diagram of Simple Population Model 

Fig. 4 Syste m Dynamic s Diagram 
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Fig. 5  Ric e Productio n -  Causa l Loo p Diagram 
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Fig 6. Syste m Dynamics Diagram of Simple Village Model 
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Fig 7. Outpu t of Simple Village Model - Scenario 2: 
Biogas Plant and Imported Fertiliser 
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Fig. 8  Causal Loop Diagram of th e MERD A mode l 
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Fig 9. Syste m Dynamics Diagram of MERDA 
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EXPLANATION O F SYMBOLS (Fi g 9 ) 

ALGAE Alga e Productio n 
ANINT Annua l Rea l Rat e o f Interes t 
BGOUT Tota l Soi l Conditione r Outpu t 
BGRT Bioga s Plan t Retentio n tim e 
BG1IN Inpu t t o 1s t Bioga s Plan t 
BGIOUT Outpu t o f 1s t Bioga s Plan t 
BG2IN Inpu t t o 2n d Bioga s Plan t 
BG20UT Outpu t o f 2n d Bioga s Plan t 
BKBAL Ban k Balanc e 
CBGEN Cos t o f Bioga s Generato r 
CNP Cos t o f Ne w Pump s 
CTM Cos t o f TOTE M 
DUNG Co w Dun g 
EARN Villag e Earning s 
ETM Electricit y Productio n fro m TOTE M 
FERT Tota l Fertilise r Availabl e 
FERTI Fertilise r Import s 
FOODC Foo d fo r Cattl e 
FOODH Foo d fo r Human s 
FRIPH Fertilise r fo r Winte r Ric e Cro p pe r h a 
FR2PH Fertilise r fo r Summe r Ric e Cro p pe r h a 
GA Grazin g Are a 
GAS Tota l Ga s Productio n 
GC Gras s fo r Cattl e 
GTM Ga s t o TOTE M 
HEXC Huma n Excremen t 
INTIN Interes t o n Ban k Accoun t 
LBG1 Leve l i n Bioga s Plan t N o 1 
LBG2 Leve l i n Bioga s Plan t N o 2 
LEG Legum e Productio n 
LUF1 Lan d Utilisatio n Facto r Winte r cro p 
LUF2 Lan d Utilisatio n Facto r Summe r cro p 
NWM Numbe r o f Ne w Pump s 
POP Populatio n 
RC1 Ric e Consumptio n fro m Winte r Cro p 
RC2 Ric e Consumptio n fro m Summe r Cro p 
RHT1 Ric e Harves t Tim e Winte r Cro p (fractio n o f year ) 
RHT2 Ric e Harves t Tim e Summe r Cro p (fractio n o f year ) 
RICEA Ric e Growin g Are a (potential ) 
RICEC Tota l Ric e Consumptio n 
RMIN Mone y int o Ban k Accoun t 
RMOUT Mone y ou t o f Ban k Accoun t 
RWH Woo d Harves t 
RY1PH Ric e Yiel d pe r h a i n Winte r 
RY2PH Ric e Yiel d pe r h a i n Summe r 
WASTE Wast e fro m Ric e fo r Cattl e Fodde r 
WDDEM Woo d Deman d 
WDIM Woo d Impor t 
WKDEM Wor k Energ y Deman d 
WKIM Wor k Energ y Impor t 
WW Wate r Wee d Productio n 
WY Woo d Yiel d pe r h a 
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Fig 10 . Causa l Loo p Diagram o f ECONOMERD A 
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Fig 11 . ECONOMERD A :  Dung Price vs Dung Availabilit y 

Fig 12 . ECONMERD A :  Dung Price v s Profitabilit y 
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Fig 13 . Influenc e Diagra m o f ECC O Biomass Secto r 
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Fig 14 . Syste m Dynamic s Diagra m o f ECC O Biomass Secto r 
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EXPLANATION O F SYMBOLS - FIGUR E 1 4 

AN 
AP 
BCD 
BEP 
BNP 
CAPBH 
CPHA 
CVWOOD 
DCAPH 
DCAPP 
ENDD 
ENSB 
FAE 
HCAP 
LPC 
MTW 
NFB 
NGRT 
NHB 
NY 
PCAP 
PFB 
PGRT 
PGT 
PLGR 
RCFH 
RCFP 
RDCH 
RDCP 
RH 
RH1 
RHB 

Area o f natura l fores t fo r bioenerg y 
Actual are a plante d 
Desired capita l fo r biomas s 
Bioenergy productio n o f plantatio n 
Bioenergy fro m natura l fores t 
Capital require d fo r plantin g 
Capital require d fo r uni t are a plante d 
Calorific valu e o f woo d 
Desired capita l stoc k fo r harvestin g 
Desired capita l fo r plantin g 
Household energ y deman d 
Energy shortag e i n biomas s secto r 
Total fores t are a fo r bioenerg y 
Capital stoc k fo r harvestin g 
Lifetime o f plantatio n capita l 
Mature tre e mas s pe r uni t are a 
Natural fores t biomas s 
Natural fores t growt h rat e 
Rate o f harvestin g natura l fores t 
Natural fores t yiel d pe r uni t are a 
Planting capita l stoc k 
Proportion o f fores t are a fo r bioenerg y 
Plantation growt h rat e 
Plantation maturatio n tim e 
Plantation growt h rat e pe r uni t are a 
Rate o f capita l formatio n fo r harves t 
Rate o f capita l formatio n fo r plantin g 
Rate o f capita l depreciatio n 
Rate o f depreciatio n o f plantin g capita l 
Actual rat e o f harvestin g 
Future rat e o f harvestin g 
Rate o f harvestin g biomas s 
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GENERAL CONSIDERATIONS AN D PLA N O F ACTION 
FOR MAS S INTRODUCTION O F RENEWABLE ENERGY 

TECHNOLOGIES IN NEXT MALI 5 YEAR 
DEVELOPMENT PLA N 

Cheickna Traor e an d Modib o Dick o 
Laboratoire Nationa l d e l'Energi e solair e d e Mal i 

ABSTRACT 

A majo r programm e i s no w underwa y t o promot e greate r us e o f renewabl e 
energy resource s i n Mali . Curren t activitie s t o asses s th e potentia l fo r usin g 
solar, win d an d biomas s resource s an d t o develo p technologie s ar e described . 
The Mal i Nationa l Sola r Energ y Laborator y ha s designe d an d no w manufacture s 
various piece s o f equipment . Th e curren t Mal i fiv e yea r pla n include s a 
comprehensive renewabl e energ y programm e withi n it s overal l pla n t o promot e 
self-reliance an d economi c an d socia l development . 

INTRODUCTION 

In additio n t o hydroelectri c power , renewabl e energie s (RE ) are th e onl y nationa l 
energy resource s i n Mali . Ove r 50 % o f Mali' s expor t receipt s g o toward s oi l 
imports. Ther e ar e a  numbe r o f constraint s beyon d governmenta l contro l tha t 
limit th e exploitatio n o f hydroelectri c power . However , ther e i s muc h potentia l 
for exploitin g othe r R E resources . Th e followin g section s indicat e direction s fo r 
integrating R E int o th e mos t recen t fiv e yea r pla n fo r th e economi c an d socia l 
development o f Mali . 

ENERGY 

Petroleum product s 

The countr y i s entirel y dependen t o n imports . Becaus e o f th e stead y increas e i n 
oil price s sinc e 1973 , th e countr y canno t mee t it s need s i n accordanc e wit h th e 
desired development . Fro m th e 1960-70' s t o 1981 , th e percentag e o f importe d 
energy cost s compare d t o Mal i expor t receipt s increase d fro m 25 % t o nearl y 
50%. Th e tota l consumptio n o f thes e product s wa s abou t 190,00 0 ton s i n 198 0 
for a n annua l consumptio n pe r hea d o f 28Kg s (on e o f th e lowes t rat e i n th e 
World) compare d t o respectivel y 1,100,00 0 t  an d 13 4 kg s i n th e Republi c o f Ivor y 
Coast fo r example . 

Hydroelectric powe r 

Mali ha s a t leas t 1 7 site s wit h potentia l capacitie s o f ove r 110 0 MW , bu t th e 
possibilities o f exploitatio n ar e limite d becaus e o f technica l constraint s an d th e 
high costs . Th e highl y centralise d natur e o f productio n i s incompatibl e wit h th e 
decentralised natur e an d generall y lo w need s o f a  vas t countr y wit h a  largel y 
(90%) rura l population . Th e Selingu e hydroelectri c powe r statio n illustrate s this . 
In servic e sinc e 198 0 onl y abou t on e thir d o f it s 4 4 M W powe r i s presentl y 
utilised. 
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Renewable energie s 

Solar energ y 

The leve l o f insolatio n i n Mal i i s on e o f th e highes t i n th e worl d (o n averag e 4. 8 
to 6  kwh/sq m/day) . Fo r instance , abou t 2 0 sq k m o f photovoltai c cell d displaye d 
to suc h a n insolatio n ar e sufficien t t o provid e abou t th e equivalen t o f th e 
country's genera l consumptio n o f petroleu m product s an d abou t 1  s q k m th e 
equivalent o f th e tota l electri c energ y consumption . 

Wind powe r 

Wind speed s averag e 4-5m/ s i n area s nort h o f th e 14th-15t h paralle l (Mopt i -
Timbuctu -  San-Nioro) . I n th e centr e o f th e countr y (includin g Bamak o -  th e 
capital cit y -  area ) wit h speed s o f 2  t o 3  m/s , i t ca n stil l b e exploited . Th e 
speeds reac h thei r highes t i n Januar y an d thei r lowes t i n October . Thi s 
distribution, whic h i s th e opposit e o f tha t o f th e sola r energy , allow s a  certai n 
complementarity betwee n thes e tw o sources . 

Biomass energ y 

In general , th e area s wher e thi s for m o f energ y woul d b e importan t ar e th e nort h 
of th e countr y an d th e "Delt a D u Niger " (fro m Macin a t o Timbuctu) . Th e 
estimated reserve s ar e quit e large , i n th e rang e o f 1,300,00 0 TEC/yea r (TO N -
Equivalent -  Oil) . Th e sol e bridg e o f Manantal i i s expecte d t o suppl y 250,00 0 
TEO o f wood . 

Wood 

Wood meet s ove r 90 % o f th e populatio n energ y needs . Th e pressur e o n th e 
forests du e t o populatio n growt h (2.7 % i n 1980) , couple d wit h th e lo w rate s o f 
regeneration mainl y cause d b y th e draught , hav e le d t o larg e scal e deforestation . 
This ma y becom e irreversibl e i f th e nex t Mal i developmen t pla n wer e no t 
directed toward s radica l solution . Th e nee d fo r woo d fo r Bamak o (BKO ) alon e 
will increas e fro m 200,00 0 i n 198 2 t o 500,00 0 ton s i n 1990 , wherea s price s wil l g o 
up b y 15 % a year . 

General feature s o f renewabl e energ y 

The natur e an d th e considerabl e potentia l o f R. E mak e the m a  majo r sourc e o f 
national wealth . Thei r exploitatio n i s appropriate t o nationa l developmen t whic h 
is directe d toward s tw o mai n targets : self-relianc e i n foo d an d th e figh t agains t 
desert encroachment . Th e use s alread y mad e o f thes e energie s i n Mal i sho w th e 
role tha t the y ca n an d mus t pla y i n achievin g thes e targets . 

USAGE OF RENEWABL E ENERGIE S IN MALI 

Solar photovoltaic powe r 

Solar cell s ar e i n us e fo r lightin g system s i n BKO , Kati , Nior o an d i n som e 
schools an d rura l sanitar y units . Sola r fridge s (i n som e dispensaries , includin g 
Nioro, Ouelessebougou , Gao ) ar e use d fo r th e preservatio n o f vaccines . I n th e 
hospital i n San , sterilisatio n o f materia l an d pumpin g rel y o n sola r energy . Sola r 
pumping i s th e mos t commo n usag e o f sola r energ y i n Mali . Abou t 10 0 sola r 
pumps ar e alread y operatin g wit h a  pea k powe r outpu t o f ove r 10 0 KW . Th e firs t 
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has bee n i n operatio n sinc e 1977 . Th e equipmen t i s reliabl e an d economi c t o run . 
Two grindin g sola r mill s ar e operatin g i n Boure m i n Al y an d i n Tonf a (200kg s 
ground millet/da y wit h a  powe r o f 2. 6 KW) . 

Solar charger s o f rechargeabl e batterie s designe d an d mad e i n th e Mal i Nationa l 
Solar Energ y Laborator y (SEL ) ar e availabl e fo r sale . Th e wid e availabilit y o f 
this produc t wil l lea d t o a  reductio n o f househol d cost s especiall y i n rura l area s 
and t o a  fal l i n th e considerabl e importatio n o f dr y cel l batteries . 

At leas t 2 5 telecommunicatio n an d signalisatio n system s ar e alread y operatin g i n 
Mali (a t R  C  F  M  - Railwa y Compan y -  Polic e Headquarters , airport) . Th e Pos t 
Office ha s bee n usin g sola r energ y t o suppl y al l it s isolate d station s wit h energ y 
for som e time . 

Solar hea t 

Solar dryin g shed s fo r man y kind s o f product s (fish , meat , vegetables , fruit , 
gypsum etc ) ar e bein g use d i n man y localitie s (Mopti , San , Gao , Bamako ) a s wel l 
as sola r distiller s (San , Gao , Nioro , Bougouni) . 

A solar wate r heate r wa s th e firs t sola r devic e produc e b y th e SEL . I t ha s bee n 
on th e marke t sinc e 1975 . It s wide r availabilit y coul d resul t i n a  twofol d 
advantage: fal l i n currenc y expor t a s a  resul t o f th e en d o f importin g electrica l 
water heater s an d the n reductio n i n electricit y consumption . 

Solar stove s ar e a  radica l solutio n t o th e proble m o f deforestation . Actio n mus t 
be take n especiall y t o ensur e it s acceptanc e b y th e population . I t i s alread y 
being use d i n some rura l trainin g centre s (CAR) . 

Wind power 

A windmil l use d fo r pumpin g ( 4 m  diamete r wheel ) ha s bee n operatin g fo r som e 
months o n a  wel l o f 25 m i n a  fiel d i n th e vicinit y o f Bamako . I t produce s 2  to 3 
cubic metres/h . Fiv e other s ar e bein g mad e entirel y b y th e Sola r Energ y 
Laboratory fo r need y areas . Aerogenerator s yiel d powe r fro m wind . I t i s a n 
excellent solutio n fo r isolate d an d wind y areas . Investigation s ar e i n progres s a t 
the SEL , an d ther e i s a  possibilit y o f cooperatio n (fo r loca l production ) wit h 
foreign companie s speciall y on e Belgian firm . 

Bioconversion 

Improved woo d stove s 

More tha n 100 0 portabl e improve d woodstove s (PIS ) have bee n diffuse d b y SEL i n 
the area s o f Gao , San , Bougoun i an d Bamako . Other s hav e bee n distribute d b y 
the Peac e Corp s an d volunteer s fro m othe r countries , i n othe r regions , 
particularly i n Bandiagara . Th e wide r availabilit y o f PI S i s a  proble m o f 
strategy: t o mobilis e th e population ; t o organis e production ; t o fin d bette r way s 
of sellin g an d financin g al l th e step s o f a n operatio n a t nationa l level . Financ e 
has bee n secure d fo r a  projec t i n Bamako . Thi s wil l b e th e firs t ste p toward s 
solving th e numerou s problem s an d lea d t o systemati c an d quic k popularisatio n o f 
this product . 
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Biogas digestor s 

About 2 0 ar e alread y operatin g i n BK O an d Koutiala . SE L i s abou t t o instal l si x 
more i n othe r localitie s o f th e country . Th e ga s i s use d fo r lighting , cooking , 
refrigeration, pumping , grindin g o f grai n etc . 

Gasogenes 

Four generator s ar e alread y i n us e producin g ga s t o b e converte d t o powe r (a t 
the offic e d u Nige r a t Dogofry) . Thes e installation s us e wast e material s fro m 
agriculture o r agro-industria l production . Th e generator s hav e reache d a  leve l o f 
reliability whic h allow s th e popularisatio n o f th e process . Thi s open s u p 
important prospect s fo r energ y savin g i n th e agro-industry . Mal i i s participatin g 
in th e Worl d Ban k programm e o n evaluatio n o f th e existin g gasogenes , fo r 
precise recommendation s fo r diffusion . 

Renewable energ y i s alread y bein g develope d an d exploite d i n Mali . Mal i i s on e 
of th e leadin g developin g countrie s a s fa r a s efficien t us e o f thes e energie s i s 
concerned. I n man y case s R E solution s hav e prove d mor e reliabl e an d profitabl e 
(pumping, telecommunications , signalisation) . I n othe r cases , onl y vas t diffusion , 
technical improvement s an d condition s fo r a  larg e scal e productio n wil l brin g 
down cost s an d mak e thes e energie s competitive . 

At present , R E represent s th e onl y possibl e solutio n t o th e energ y crisi s i n man y 
countries. Fo r instance , fo r th e preservatio n o f vaccine s i n severa l sanitar y 
units, mechanisatio n (sola r mills ) fo r villages . Ca n w e estimat e th e numbe r o f 
human live s saved , o f alleviate d suffering , o f tim e save d an d bein g mor e 
efficiently use d b y wome n fo r mor e productiv e activitie s (economical , cultural , 
social -  childre n educatio n fo r example ) throug h appropriat e introductio n o f 
RES? 

EXTENSION PROSPECT S OF RENEWABLE ENERG Y 

All th e informatio n give n earlier , hav e accounte d fo r th e politica l decision s o f 
the CEA O (Wes t Africa n Economi c Community ) t o creat e CRE S (Sola r Energ y 
Regional Centre ) wit h it s productio n fir m an d t o launc h unde r th e supervisio n o f 
this institutio n a  regiona l programm e fo r R  E  equipment . 

The elaboratio n o f th e nationa l Malia n par t o f thi s programm e ha s mobilise d al l 
the country' s sector s o f development . Th e nationa l R  E  equipmen t programm e 
has bee n worke d ou t a t a  highl y appropriat e tim e i n orde r t o contribut e t o th e 
next fiv e years ' pla n fo r economi c an d socia l development . 

The R  E  programme ha s bee n designe d withi n th e framewor k o f th e Mal i nationa l 
strategy fo r integrate d developmen t fro m th e botto m u p an d o n th e basi s o f 
national prioritie s whic h are : 

In th e economi c field ; self-relianc e i n food , master y o f wate r an d th e 
strengthening o f experienc e i n th e reconstitutio n o f cattle ; th e figh t 
against deser t encroachment ; th e figh t t o overcom e th e problem s o f a 
land-locked country ; th e associatio n o f th e privat e secto r wit h nationa l 
industrial development . 

In th e socia l field : t o facilitat e acces s t o basi c educatio n fo r th e majorit y 
of th e populatio n a t schoo l age ; t o improv e an d develo p health . 
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In th e energ y field ; t o promot e t o th e optimu m developmen t o f loca l 
energy resource s (hydro-powe r an d R  E ) an d tha t o f a  bette r utilisatio n o f 
energy i n al l it s forms . 

In orde r t o reac h th e target s o f thi s developmen t policy , i t wil l b e necessar y t o 
consider th e possibilit y o f a  significan t contributio n o f R  E  toward s meetin g 
development needs . Th e propose d measure s i n orde r t o reac h thes e result s 
involve no t onl y loca l master y o f R  E  technolgies , bu t als o th e implementatio n o f 
all th e necessar y accompanyin g action s i n motivating , trainin g an d maintenance . 

The nationa l R  E  equipmen t programm e (1 5 wel l designed , wel l studie d an d 
costed projects ) involve s al l sector s o f th e economy , a s wel l a s al l th e usage s 
mentioned earlier . 

Provisions ar e bein g mad e t o equi p 170 0 village s wit h R E technolog y t o promot e 
self-reliance i n foo d an d th e maste r o f water . Agains t deser t encroachment , th e 
programme want s t o promot e th e developmen t o f th e PI S an d th e massiv e 
introduction o f sola r an d bioga s stoves . T o overcom e problem s associate d wit h 
being a  lan d locke d country , independen t energ y system s ar e t o b e installe d fo r 
telecommunications, th e beaconin g o f airports , radi o communication s an d sig n 
posts o n railways . Othe r target s include : 

Energy saving s i n th e agro-industrie s o f th e Offic e d u Nige r throug h th e 
substitution o f importe d oi l b y locall y produce d products , e g alcohol , thu s 
saving 1  million litre s o f oi l pe r year . 

Saving b y household s o n th e cos t o f woo d b y usin g th e PIS . 

Job creatio n t o assur e th e productio n an d th e popularisatio n o f th e PI S 
and othe r R  E  equipment an d thei r maintenance . 

The improvemen t o f socia l an d economi c well-bein g o f populations : 
(health, education , cultura l activities) . 

The nationa l R  E  equipmen t programm e whic h wa s publishe d a s a  document , 
gives detaile d informatio n abou t th e project s whic h hav e bee n considere d an d 
given priority . I t last s fro m 198 4 t o 1989 . It s tota l cos t i s 13,321,500,00 0 F 
CFA, includin g 11,015,700,00 0 fo r R  E  equipment . Th e financin g need s ar e 
estimated a t 12,462,600,00 0 F  CF A whil e th e populatio n i s expecte d t o 
contribute 329,050,00 0 F  an d th e governmen t 529,850,00 0 F . 

CONCLUSION 

The nationa l R  E  equipmen t programm e i s th e resul t o f a  plannin g stud y o f 
energy devote d mainl y t o R  E . I n energ y planning , th e phylosophy , th e approac h 
and th e method s differ . Th e introduce d programm e wil l b e appropriat e fo r th e 
needs o f a  land-locke d developin g countr y whic h suffer s permanen t drought . 

The exploitatio n o f nationa l renewabl e energ y resource s i s on e o f th e objective s 
in th e overal l nationa l strateg y fo r economi c an d socia l development . I t lie s 
with th e governmen t t o ensur e it s effectiv e implementation . Onl y imaginatio n 
and a  politica l wil l t o develo p i n th e firs t instanc e ou r loca l resource s ca n giv e 
the righ t an d long-lastin g solutions . 
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ABSTRACT 

The current an d projected energ y situation i n Mauritius, including data on energy 
sectors, supply , an d demand , i s presented . Th e rol e o f th e Universit y o f 
Mauritius i n energ y studies , modellin g an d plannin g polic y i s discusse d wit h 
respect t o identifie d energ y researc h projects , an d th e nee d fo r a  technica l 
resource, th e University , t o b e used by both th e governmen t an d privat e sector s 
in Mauritius. 

CURRENT ENERGY PICTURE AND ENERGY SECTOR DEVELOPMENT 

With th e exceptio n o f aroun d 11 % of th e tota l energ y consumption , whic h i s 
produced locall y b y hydro electri c powe r station s an d throug h th e us e of exces s 
bagasse at th e sugar factories , th e remaining 89% of primar y energ y consume d i s 
imported petroleu m product s i e gasoline , diesel , kerosine , fue l oi l an d LP G 
(Baguant an d Grimmer) . (Exclude d fro m thi s primar y energ y consumptio n i s 
bunkering fuel s fo r ship s an d aircraf t an d bagass e utilisatio n fo r suga r 
processing.) Importe d petroleu m product s ar e i n th e refine d form , sinc e th e 
total consumption i s not enough to justify settin g up a refinery . 

Table 1  gives th e estimate d curren t primar y energ y consumptio n b y fue l type s 
and consumin g economi c sector s fo r 198 0 (Baguan t 1982a) . Woo d and charcoa l 
consumption i n th e residentia l secto r ha s no t bee n considered , du e t o th e 
difficulty o f obtainin g good data . But , as much as 40% of familie s ma y use wood 
and charcoa l fo r domesti c purpose s representin g approximatel y 178 6 x  10 9 

Btu/yr. I f familie s switche d fro m woo d and charcoal use to electricity an d fossi l 
fuels fo r cooking , the increase of fossi l fue l importatio n coul d be sizeable. 

Programmes fo r developin g locall y availabl e alternativ e energ y source s hav e 
already bee n initiated . Th e alternativ e energ y sources , whic h coul d hav e a 
significant impac t o n the energy balance of Mauritiu s in the short ter m ar e hydro 
power and electricity fro m exces s sugar can e bagasse. 

In additio n t o existin g hydr o power station s (2 3 MW installed capacit y producin g 
an averag e o f 7 0 GW H o f electricit y pe r year) , a  3 0 M W hydr o statio n 
(Champagne Project ) ha s recentl y bee n complete d an d i s expected t o produc e up 
to 4 0 GW H o f electricit y annually . Thus , th e averag e annua l hydroelectricit y 
production i s expected t o reach 11 0 GWH representing a  fuel oi l saving of around 
26,000 to n oi l equivalent (TOE ) computed a t 35 % thermal conversio n efficiency . 
However, ther e ma y yet b e difficulties wit h th e availabilit y of wate r a t thi s new 
hydro station. 
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The suga r factorie s i n Mauritius , b y makin g us e o f exces s bagass e an d steam , 
already produc e o n averag e 2 5 GW H o f exportabl e electricity . Th e fue l oi l 
saving her e t o th e Mauritia n Centra l Electricit y Boar d ( C E  B) is 600 0 TOE . 

In th e past , bagass e ha s bee n viewe d a s a  wast e produc t disposa l proble m an d th e 
bagasse-fired boiler s wer e no t designe d wit h hig h efficienc y i n mind . I t ha s bee n 
shown that , b y usin g stea m mor e efficientl y fo r ra w suga r manufactur e an d b y 
making us e o f hig h pressur e boiler s an d condensin g turbine s a s oppose d t o lo w 
pressure boiler s an d counte r pressur e turb o alternators , exportabl e electricit y 
production ca n b e increase d 1 0 fol d (Baguant) . Suc h a  hig h pressur e stea m 
facility ha s bee n installe d a t th e larges t o f th e 2 1 sugar factories . I t i s expecte d 
in th e shor t ter m tha t th e tota l contributio n o f th e suga r industr y wil l b e aroun d 
80 GWH, representing a  fue l oi l savin g o f 19,00 0 TOE . 

FUTURE ENERG Y DEMAN D AN D POTENTIA L ENERG Y SECTO R 
DEVELOPMENT 

During th e perio d 1950-80 , th e tota l energ y consumptio n i n Mauritius , excludin g 
energy i n th e suga r can e bagass e use d b y th e suga r factorie s fo r manufactur e o f 
raw sugar , ha s increase d a t a n averag e rat e o f 7-8 % pe r annum . Thi s increas e 
has bee n i n line wit h increas e i n GN P (Baguan t 1982b) . 

Based o n th e result s o f th e analyse s o f energy/GN P elasticit y an d assumin g tha t 
GNP woul d gro w a t 3 % pe r annu m i n rea l terms , thre e energ y deman d level s 
have bee n worke d ou t -  high , mediu m an d lo w (Fig . 1) . B y th e yea r 201 0 th e 
energy deman d i s expected t o b e i n th e rang e 21,00 0 t o 25,00 0 x  10 9 Bt u (518,00 0 
to 622,65 0 TOE ) representin g a  2. 5 t o 3-fol d increas e compare d t o th e 198 0 leve l 
of demand . 

The completio n o f th e ne w hydr o powe r an d bagass e powe r station s wil l almos t 
double th e percentag e contributio n o f local , renewabl e energ y resource s t o th e 
energy need s o f Mauritius . However , t o furthe r clos e th e ga p betwee n energ y 
demand an d energ y suppl y fro m loca l resources , an d t o avoi d foreig n exchang e 
drainage an d sustai n th e economi c developmen t process , effort s t o develo p 
locally availabl e alternativ e energ y source s mus t b e reinforced . 

The biomass , direc t sola r energ y an d othe r alternativ e energ y sources , whic h 
could hav e a  significan t impac t o n th e energ y balanc e o f Mauritiu s i n th e short , 
medium an d lon g ter m ar e liste d i n Figur e 2 . Th e energ y en d use s wher e thos e 
energy source s ar e alread y makin g a  substantia l inpu t ar e indicate d a s ar e thos e 
areas offerin g potentia l fo r furthe r development . 

The rol e o f th e Universit y o f Mauritiu s a s a  majo r researc h institutio n i n energ y 
sector development , ar e discusse d i n th e remainde r o f th e paper . 

THE UNIVERSITY RESEARC H ROL E 

The rol e o f th e Universit y o f Mauritiu s i n energ y researc h i s discusse d her e i n 
terms o f specifi c Universit y projects . 

Energy systems studie s 

a. Th e Universit y propose d t o establis h a  programm e i n energ y modellin g an d 
policy plannin g fo r Mauritius . A  computerise d energ y databas e an d 
spreadsheet softwar e wil l b e use d t o creat e compute r model s o f energ y 
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projections. Presen t universit y publication s o n energ y source s an d 
demand wil l b e continuousl y updated . 

b. Assessmen t o f th e minimu m modular-siz e uni t neede d t o establis h a 
petroleum refiner y i n Mauritiu s shoul d b e addressed . Th e infrastructur e 
for a  refinery-base d chemica l industr y woul d b e considere d i n th e 
economic study , whereb y th e refiner y supplie s th e by-product s o f 
gasoline, diesel , an d fue l oi l productio n a s chemica l feedstocks . 

c. Withi n th e loca l context , i t i s necessar y t o identif y loca l industrie s (e g 
sheet meta l tan k fabrication ) tha t ca n construc t energ y an d conservatio n 
devices. Also , th e availabilit y o f importe d material s (e g glass , plasti c 
film, insulation ) need s t o b e documented . 

Hydroelectricity 

In vie w o f difficultie s wit h th e availabilit y o f wate r a t hydroelectri c plant s fo r 
release o f wate r fo r powe r production , i t ma y b e bot h desirabl e an d necessar y t o 
construct a  pumpe d hydropowe r syste m a t certai n sites , usin g th e existin g uppe r 
reservoir, an d a  ne w dail y storag e reservoi r belo w th e powe r generatin g station . 
Such a  pumpe d hydropowe r syste m make s sens e onl y i f chea p baseloa d i s 
available, provide d b y improve d stea m utilisatio n efficienc y a t suga r factorie s 
and economi c bagass e storag e fo r year-roun d bagass e burning . Th e Universit y 
proposes t o investigat e possibl e hydroelectri c site s (e g Champagn e Project ) 
where pumpe d hydr o ma y b e feasible , dependin g o n th e lowe r reservoi r siz e an d 
soil properties . 

The Universit y propose d t o examin e whethe r reduce d incom e fro m 
growing high-fibr e conten t can e i s offse t b y th e sal e o f electricit y 
generated b y burnin g bagass e fro m tha t cane . (O f course , t o giv e th e 
proper incentive s t o th e suga r factorie s t o generat e exces s electricity , 
credit fo r bagasse-generate d electricit y a t th e margina l o r replacemen t 
cost o f C  E  B  electricit y woul d b e required . Thi s i s anothe r analysi s 
problem). 

Methods o f bagass e storag e durin g intercro p need s examining . Thes e 
methods migh t includ e baling , pelletisin g an d briquetting . Economicall y 
viable strategie s nee d t o b e developed , an d t o tha t effec t effort s alread y 
initiated a t th e Universit y mus t b e reinforce d an d maintained . 

Regarding th e us e o f bagass e a s a  substitut e fo r fue l oi l and/o r diese l i n 
the tobacc o an d te a industries , preliminar y investigation s hav e alread y 
been initiate d a t th e Universit y (Baguan t an d Grimmer ) an d i t i s propose d 
to exten d thi s analysi s t o othe r industries . 

The Universit y propose d t o examin e th e us e o f bagass e i n th e residentia l 
sector. Thi s wil l includ e briquetting , pelletisation , carbonisatio n o f 
bagasse a s a  substitut e fo r firewood , an d th e testin g o f speciall y designe d 
stoves, i n cooperatio n wit h th e privat e sector . 

In additio n t o bufferin g baseloa d electrica l powe r generate d fro m bagass e 
through energ y storag e system s (e g pumpe d hydro) , anothe r wa y tha t 
bagasse coul d b e use d fo r peakin g i s t o transfor m i t int o anothe r fue l t o 

Bagasse 

a. 

b. 

c. 

d. 

e. 
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be burne d i n rapi d start-u p an d shut-dow n engine s an d turbines . Bagass e 
could b e transforme d int o methanol , o r carbonise d int o micron-size d 
particles an d mixe d wit h fue l oil , an d burne d i n engines . Fue l 
transformation tend s t o b e prohibitiv e bot h economicall y an d energywise , 
and th e Universit y propose d t o stud y thi s problem . 

Woody biomas s 

In orde r t o mak e us e o f th e wood y biomas s resourc e availabl e i t i s essentia l t o 
undertake o r maintai n th e followin g investigations : 

a. Asses s th e variou s quantitie s an d qualitie s o f woo d tha t ar e bein g use d o r 
could b e mad e availabl e fo r energ y purposes . 

b. Identif y an d asses s th e technique s whic h ar e availabl e fo r usin g wood y 
biomass a s a n energ y sourc e i n th e industria l sector . 

c. I n th e domesti c sector , a n ongoin g projec t o n th e desig n o f variou s model s 
of wood/charcoal/bagass e pelle t stove s mus t b e reinforced . (Se e paralle l 
plans unde r "Bagasse") . 

d. Base d o n th e resourc e dat a findings , a n integrate d wood y biomas s strateg y 
for th e islan d need s t o b e formulated . 

e. Internationa l development s o n use s an d conversio n processe s o f wood y 
biomass nee d t o b e continuall y reviewed . 

f. Systemati c forestr y managemen t mus t b e maintaine d i n orde r t o avoi d 
deforestation. 

g. Ai r pollutio n problem s woul d nee d t o b e identified , particularl y i n urba n 
areas. 

Cane Tops and Leave s 

a. A  projec t i s i n progres s a t th e Universit y t o increas e th e economi c valu e 
of CT L throug h productio n o f energ y an d food . Th e variou s aspect s bein g 
investigated are : 

The extractio n o f lea f protei n 

SCP an d ethano l productio n fro m CT L juic e 

Biogas productio n throug h anaerobi c digestio n o f th e fibrou s residu e 

Synthesis ga s productio n usin g pyrolysi s 

Electricity productio n b y burning th e fibrou s residu e an d raisin g steam . 

Based o n result s t o date , i t ha s bee n conclude d tha t CT L i s a n attractiv e 
biomass fo r co-productio n o f energ y an d food . 

b. Mor e detaile d investigation s of : 

Electricity generatio n fro m th e fibrou s residu e 
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Ethanol o r SC P productio n fro m th e juic e hav e bee n planned . Som e o f th e 
aspects identifie d fo r furthe r investigation s are : 

Cheaper mean s o f CT L handlin g an d preparatio n 

Storing o f th e fibrou s residu e durin g intercro p throug h baling , etc . 
(see paralle l plan s unde r "Bagasse") . 

Possibility o f makin g lo w grad e ethano l fo r cookin g purpose s a s 
opposed t o hig h grad e ethano l fo r gasoho l production . 

c. Th e lon g ter m effect s o f no t directl y returnin g CT L t o th e suga r can e 
fields a s a  soi l condition , mulc h an d anti-erosio n practic e wil l b e 
examined. Th e possibilit y mus t b e examine d tha t th e by-produc t o f 
energy/food processin g coul d b e returne d t o th e field s a s a  spraye d 
organic emulsion , simila r t o th e wa y th e residue s o f molasse s productio n 
are returne d t o th e can e fields . 

Molasses 

a. Problem s wit h gasoho l suc h a s modification s o f existin g storag e an d 
distribution points , overal l energ y balanc e o f th e strateg y rati o o f ethano l 
to gasolin e mixtur e fo r gasoho l an d lon g ter m effec t o n engine s hav e ye t 
to b e properl y investigate d i n th e loca l context . Mos t importan t o f al l th e 
tradeoff betwee n a  lowe r gasolin e impor t bil l o n th e on e han d an d a 
reduction i n molasse s revenu e o n th e othe r need s carefu l consideration . 

b. Th e us e an d economic s o f 94 ° G  L  hydrou s alcoho l need s t o b e examined . 
For example , molasse s coul d b e dilute d wit h can e juic e (containin g 5 % 
fermentables) t o achiev e 10 % bee r fo r fermentation , whil e conservin g 
fresh water . Anhydrou s alcoho l wil l operat e i n engine s wit h onl y mino r 
modification, an d coul d powe r irrigatio n enginers , a s wel l a s vehicula r 
engines. 

c. Othe r alternativ e use s o f molasse s and/o r ethano l nee d t o b e investigated : 

Ethanol a s a  cookin g fuel , t o replac e kerosen e 

Yeast productio n a s fee d fo r th e livestoc k industr y 

The variou s way s o f usin g vinasse , a n ethano l productio n by -
product, nee d t o b e investigated . 

Other agricultural an d municipa l waste s 

a. Give n th e potentia l o f bioga s a n energ y source , th e followin g wor k alread y 
initiated need s t o b e reinforced : 

Improve digeste r performanc e throug h stirrin g th e ra w materia l 
and controllin g it s temperature . 

Improve alread y designe d bioga s burners . 

Demonstrate th e fertilise r valu e o f slurry . 
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Improve performanc e o f a  diese l engin e alread y modifie d t o ru n o n 
biogas. 

Possibility o f cuttin g dow n capita l investmen t b y usin g othe r 
materials fo r constructio n o f th e digeste r an d ga s holder . 

b. Currentl y 15 % o f Port-Loui s municipa l expens e (a s a n example ) i s refus e 
disposal. I t woul d b e worthwhil e t o examin e th e conversio n o f municipa l 
wastes int o 

Recoverable recyclabl e material s 
Combustible fuel s 

Conversion o f municipa l waste s int o fuel s woul d als o reduc e th e us e o f 
petroleum fuel s t o bur n th e waste . 

Plant oil s 

Possible plant s t o provid e oi l woul d hav e t o b e cyclon e resistan t o r gro w i n non -
cyclone seasons . Suc h plant s woul d hopefull y b e suitabl e fo r marginall y arabl e 
land. Fo r example , i n th e U S South-West , th e jojob a plan t ha s bee n foun d t o 
flourish i n extremel y hars h climati c conditions , whil e producin g a  larg e quantit y 
of oil . Althoug h suitabl e fo r dry , win d blow n areas , it s resistanc e t o cyclone s i s 
unknown. 

Solar wate r heater s 

Batch sola r wate r heater s woul d delive r th e mos t energ y fo r th e uni t cost . Suc h 
heaters hav e bee n popula r i n mil d climate s wit h n o freezin g problems . Mauritiu s 
might presen t a n idea l plac e fo r thei r use . Severa l propose d design s wil l b e 
studies unde r CS C funding . 

Solar dryer s 

Additional application s o f sola r dryer s e g dryin g o f tobacc o leaves , fis h an d sald , 
need t o b e investigated . Subsequentl y economi c analyse s o f th e variou s model s 
within th e loca l contex t nee d t o b e carrie d out . 

Solar pond s 

a. Fo r a n economicall y viabl e sola r sal t gradien t pond , th e followin g 
conditions ar e desirable : 

cheap sal t 

impermeable soi l 

soil wit h lo w therma l conductivit y 

fresh wate r fo r surfac e flushin g 

minimal rainfal l disturbanc e 

minimal win d disturbance . 
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The las t tw o condition s woul d indicat e tha t sola r sal t gradien t pond s ma y 
not b e feasibl e i n Mauritius , du e t o it s cyclones . I f th e therma l gradien t 
is destroyed , th e entir e pon d mus t b e drained , losin g th e store d heat , an d 
the gradien t reinitialised . However , sola r sal t gradien t pond s ca n b e ver y 
stable agains t disturbances . Also , alternativ e pon d designs , suc h a s ge l 
ponds, ar e a  possibility , althoug h ver y muc h i n a n experimenta l stage . 

The Universit y propose s t o stud y sola r sal t gradien t pond s wit h a  smal l 
scale (perhap s 1 0 m 2) sola r pon d t o investigat e th e problem s o f win d an d 
rain disturbanc e an d th e genera l problem s o f sal t pon d stability . 

b. Shallo w sola r pond s (non-salt-gradient ) ar e als o a  possibilit y fo r batc h 
heaters, particularl y i n th e industria l sector . 

Photovoltaic (PV ) 

a. I n orde r t o b e read y fo r an y developmen t i n PV s i n Mauritius , i t i s 
essential tha t th e Universit y staf f shoul d b e familia r wit h suc h aspect s a s 
the P V module s availabl e o n th e market , thei r characteristi c efficiency , 
proper installatio n techniques , e tc . Demonstratio n unit s ar e t o b e se t u p 
at th e Universit y t o identif y an d investigat e th e possibl e application s o f 
PV's fo r smal l irrigatio n projects , domesti c wate r supply , an d sola r 
cooling. Economi c analysi s an d comparativ e cos t o f thi s energ y sourc e 
would hav e t o b e take n int o account . 

b. Rodrigue s Islan d i s th e bes t sit e fo r P V i n Mauritiu s wher e smal l scal e P V 
systems coul d replac e th e us e o f diese l generators . (Us e o f P V o n th e 
island o f Mauritiu s doe s no t mak e muc h sens e a t present . Ther e i s a n 
extensive utilit y gri d an d sinc e pea k demand s ar e i n th e evenin g an d 
morning sola r P V is no t a  reasonabl e matc h t o th e loa d peak. ) 

The Universit y propose s t o stud y th e us e o f P V system s o n Rodrigues , 
paying carefu l attentio n t o th e water-pumpin g application , problem s wit h 
salt-infusion t o wells , e tc . an d th e genera l hydrolog y o f Rodrigues , a s wel l 
as th e mor e straigh t forwar d technica l aspect s o f P V water-pumpin g 
systems, e g siz e o f array , typ e o f pumps , economic s o f delivere d water , 
and integratio n wit h existin g diese l generatin g systems . 

c. Th e possibilit y o f settin g u p a  P V modul e assembl y industr y i n th e Expor t 
Processing Zon e (EPZ ) i n Mauritiu s i s t o b e explored . Presen t P V modul e 
construction i s quit e labou r intensive . Inexpensiv e Mauritia n labou r coul d 
significantly lowe r cost s fo r module s exporte d t o Australi a an d Africa n 
Commonwealth nations . Th e stud y wil l b e carrie d ou t b y th e School s o f 
Industrial Technolog y an d Administratio n i n cooperatio n wit h th e EP Z 
Association o f th e privat e sector . 

Wind energy 

a. Ther e i s a  nee d t o expan d win d resourc e prospectin g wit h a  larg e numbe r 
of inexpensiv e anemomete r dat a loggers . Win d resource s ar e quit e site -
specific. Th e Universit y propos e t o us e win d dat a accumulator s wit h th e 
cooperation o f th e Meteorologica l Department , t o improv e th e win d dat a 
grid fo r bot h Mauritiu s an d Rodrigues . 
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b. Th e mechanis m fo r collaboratio n tha t alread y exist s betwee n th e 
Meteorological Departmen t an d th e Universit y shoul d b e reinforce d fo r 
the benefi t o f th e win d energ y programm e development . 

c. Undergroun d wate r pumpin g an d electricit y generatio n fo r th e nationa l 
grid appea r t o b e a n attractiv e propositio n a t thi s stage . However , th e 
effects o f undergroun d wate r remova l o n ocea n sal t wate r infusio n need s 
to b e examine d carefully . 

d. Problem s pose d b y ris k o f cyclones , corrosio n du e t o hig h sal t conten t o f 
the atmosphere , especiall y i n th e coasta l areas , nee d t o b e give n carefu l 
consideration whe n designin g o r selectin g win d generators . Th e 
University propose s t o conduc t researc h o n thes e abov e problems . 

Wave energ y 

Several problem s associate d wit h th e wav e projec t hav e bee n identified : 

Proper sitin g o f th e turbine s 

Permeability an d strengt h o f th e ree f 

Ecological impact s o f th e wave-ram p o n th e ree f an d coasta l area s (sal t 
water infusion ) 

The effec t o f seasona l variatio n o n th e electrica l output . 

Though i t i s recognise d tha t wav e powe r wil l mos t probabl y no t hav e a n impac t 
on th e energ y balanc e o f Mauritiu s durin g thi s century , continua l monitorin g an d 
reviewing o f developmen t elsewher e mus t b e maintained . 

O T E C 

At thi s stag e i t i s propose d tha t th e University , i n collaboratio n wit h th e 
Meteorological Departmen t collec t appropriat e dat a t o evaluat e th e potentia l o f 
OTEC system s i n Mauritius . Futur e development s elsewher e nee d t o b e properl y 
documented an d systematicall y updated . Eventually , suc h wor k wil l b e use d i n 
feasibility studie s a t th e appropriat e time . 

Geothermal energ y 

The possibilit y o f obtainin g assistanc e fro m internationa l institution s woul d 
appear t o b e th e appropriat e strateg y fo r completin g th e technica l wor k 
necessary befor e actuall y gettin g int o th e drillin g stage . A n academi c 
institution suc h a s th e Universit y i s i n a  goo d positio n t o obtai n suc h assistanc e 
and t o analys e th e geotherma l energ y potential , fo r th e publi c an d privat e 
sectors. 

Energy Conservatio n 

a. Conservatio n effort s shoul d b e complemente d an d reinforce d b y th e 
development o f a  mor e activ e an d systemati c conservatio n programme . 
Within suc h a  programme , energ y consumin g sector s nee d t o b e identifie d 
where conservatio n coul d hav e significan t impac t i n th e immediat e an d 
long term . 
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b. Fo r example , conservatio n i n th e transportatio n sector , whic h consume s 
almost 50 % of th e tota l primar y energy , woul d hav e a  significan t impac t 
on energ y savings . On e thir d o f th e populatio n consume s four-fifth s o f 
the fuel , whil e tw o third s consume s one-fift h o f it . Approache s t o 
increasing th e us e o f publi c transport , i n particular buses , and away fro m 
use of private car s are to be investigated . 

c. I n th e industria l sector , introductio n o f systemati c energ y auditin g 
schemes woul d hel p t o identif y th e potentia l fo r substantia l energ y 
savings. Eve n a t th e suga r factories , suc h scheme s woul d hel p i n saving 
process steam. 

d. I n the residentia l sector , introductio n o f ne w cooking fuels an d stoves wil l 
reduce th e deman d fo r importe d kerosin e fo r cooking . Also , th e 
introduction o f ne w housin g desig n base d o n possibl e heating/coolin g 
concepts could increase the comfort facto r o f housing on Mauritius. 

e. Substitutio n i n energ y carrier s als o lead s t o energ y an d foreig n exchang e 
savings; eg i t ha s bee n show n tha t shiftin g fro m kerosin e t o LP G woul d 
lead t o a  decrease i n tota l BTU importation. Policie s should therefore b e 
geared toward s encouraging such substitution . Th e University propose s t o 
study thes e effects , i n collaboratio n wit h othe r publi c an d privat e secto r 
organisations. 

f. Th e Universit y wil l continu e t o participat e i n energ y conservatio n 
programmes mountin g seminars , workshops , an d energ y conservatio n 
campaigns i n close collaboration wit h the private and government sectors . 
Training course s i n energ y managemen t coul d als o b e conducte d a t th e 
University t o upgrad e th e skil l o f polic y makers , planner s an d plan t 
managers. 

CONCLUSION 

We hav e examine d variou s energ y source s an d uses . Figur e 2  shows a  matri x 
diagram linkin g alternativ e energ y source s (includin g energ y conservation ) an d 
energy en d use s in the Mauritia n energy sectors. Th e dots indicate possible areas 
of contributio n o f th e variou s alternativ e energy/conservatio n technologie s t o 
the identifie d energ y en d uses . (Chec k mark s indicat e area s wher e substantia l 
contribution ar e already being made). I t should be noted tha t i n man y areas , th e 
total amoun t o f a  give n energ y sourc e canno t provid e enoug h energ y fo r al l th e 
end use s identified . I n such cases , th e us e o f a n energ y sourc e wil l b e dictate d 
by the economic s o f th e situation . Also , i t i s important no t t o double-count fue l 
energy input s t o th e electrica l generatio n secto r an d electrica l energ y input s 
into the remaining sectors . 

It i s only by overall system s analysi s o f th e energ y situation , i n a comprehensiv e 
Energy studie s programme , tha t th e prope r developmen t an d us e o f Mauritia n 
energy resource s can b e undertaken . Th e University o f Mauritius , as the leading 
technical resource on the island , would be the idea l focu s fo r suc h energ y studie s 
conducted i n a n apolitica l atmospher e fo r th e benefi t o f bot h privat e an d 
government sectors . 
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FIGURE 1 : Tota l Energ y Deman d (1950-2010 ) 
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FIGURE 2: Matri x of Energy Sources versus Energy End uses 
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A MODE L FOR TH E PROJECTION O F ENERGY DEMAN D IN MAURITIU S 

A Y  Maudarbocu s 
University of Mauritiu s 

ABSTRACT 

This stud y set s ou t t o develo p a  simpl e econometri c model , usin g electroni c 
spreadsheet analysis , t o predic t th e sectora l an d aggregat e energ y deman d o f 
Mauritius unti l th e yea r 2000 . Th e mode l i s teste d fo r a n activit y annua l growt h 
rate o f 3  to 4 % and a n annua l rat e o f fue l pric e increas e o f 5  t o 8% . Th e result s 
indicate that , excludin g th e suga r sector , som e 350,00 0 TO E o f primar y energ y 
input woul d b e require d annuall y b y th e yea r 2000 , a  figur e fa r lowe r tha n most , 
if no t all , previou s estimates . Th e implication s fo r investmen t i n ne w capacit y 
are quit e important . 

INTRODUCTION 

Energy plannin g require s a  reasonabl e knowledg e o f pas t energ y consumptio n an d 
a projectio n o f likel y futur e consumption . Th e mos t powerfu l too l fo r studyin g 
energy deman d i s econometri c modelling . Thi s approac h use s statistica l method s 
to estimat e deman d function s i n accordanc e wit h th e economi c theor y o f 
demand. Econometri c method s ma y b e applie d a t an y leve l o f disaggregation , 
for exampl e tota l demand , deman d fo r eac h fuel , an d sectora l demand . 

This stud y i s concerne d wit h long-ter m forecast s o f energ y deman d usin g th e 
econometric approach . Th e economi c parameter s incom e an d pric e elasticities , 
to b e use d i n th e energ y deman d functions , ar e derive d fro m historica l data . 
Thus th e firs t par t o f thi s stud y i s devote d t o th e establishmen t o f th e energ y 
balance o f Mauritiu s fo r th e perio d o f 197 5 t o 1983 . 

THE ENERG Y BALANC E 

Units 

In a n energ y balanc e table , i t i s necessar y t o conver t measuremen t o f al l th e 
different fuel s t o a  commo n basis . Tonne s oi l equivalen t (TOE ) i s use d i n th e 
present study , no t onl y becaus e i t i s becomin g th e mos t universall y use d energ y 
unit, bu t als o becaus e th e primar y concer n o f energ y planner s i n th e non-oi l 
producing developin g worl d i s t o minimis e oi l imports . 

The suga r secto r 

In Mauritius , th e suga r industry , whic h consume s mor e tha n hal f o f th e primar y 
energy input , i s self-sufficient energy-wise , usin g bagasse , a  by-produc t o f sugar -
processing, fo r al l it s energ y requirements . Energ y productio n an d consumptio n 
in th e suga r secto r hav e bee n exclude d fro m th e energ y balanc e here . However , 
provision i s mad e fo r th e electricit y purchase d fro m th e suga r factorie s fo r th e 
national grid . 

Level o f disaggregatio n 

An energ y balanc e i s a  se t o f equilibriu m relationship s t o describ e th e energ y 
supply, conversio n an d consumptio n a t a  poin t i n time . Th e energ y balanc e i s 
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represented a s a  matri x o r table . Th e dat a fo r differen t fue l type s ar e 
disaggregated an d th e energ y consumptio n i s considere d separatel y fo r th e 
industrial, transport , domesti c an d commercia l sectors . 

The primar y energ y suppl y i s broadl y sub-divide d int o indigenou s product s an d 
imports, th e latte r consistin g o f petroleu m product s an d coal , wherea s hydr o an d 
bagasse mak e u p th e bul k o f th e indigenou s products . Th e primar y energ y 
content o f th e hydr o an d bagass e i s evaluate d o n a n oi l equivalen t basis , 
assuming a  conversio n efficienc y o f 33% . Th e contributio n o f fue l woo d an d 
wood charcoal , which , accordin g t o Gillet t (1981) , account s fo r onl y abou t 0.5 % 
of th e tota l primar y energ y inpu t ha s no t bee n considere d becaus e o f lac k o f 
reliable data . I t ha s als o no t bee n possibl e t o obtai n consisten t dat a fo r stoc k 
exchange o f petroleu m products . 

Assumptions an d computerisatio n 

With th e availabl e data , set s o f equilibriu m relationship s ar e establishe d o n th e 
basis o f certai n assumptions . Fo r example , i t i s assume d that : 

a. Kerosen e an d LP G ar e use d exclusivel y fo r domesti c purpose s 
b. Gasolin e i s use d exclusivel y fo r transportatio n 
c. Diese l i s use d fo r electricit y generatio n an d transportatio n 
d. Fue l oi l i s use d fo r electricit y generatio n an d industr y 
e. Electricit y i s th e onl y energ y inpu t i n th e commercia l sector . 

An Electroni c Spreadshee t -  Multipla n -  i s use d fo r tabulatio n an d computation . 
By properl y "linking " th e variou s "cells " o f th e spreadshee t wit h th e appropriat e 
formulae, i t onl y become s necessar y t o ente r th e data , an d th e compute r take s 
care o f al l th e calculation s an d display s th e value s i n th e appropriat e places . 

General comment s o n the energy balanc e 

The energ y balanc e fo r Mauritiu s fo r 1975-8 3 wa s compute d largel y followin g th e 
format recommende d b y Meie r (1983) . A  summar y o f sectora l energ y 
consumption, 1975-83 , i s presented i n Table 1 . 

Excluding th e suga r sector , importe d petroleu m product s accoun t fo r abou t 90 % 
of th e tota l primar y energ y input . Thi s figur e ha s remaine d virtuall y constan t 
for th e pas t decade . 

The tota l primar y energ y supply , increase d annuall y b y abou t 10 % durin g th e 
period 197 5 t o 1979 , and ha s sinc e decline d graduall y b y abou t 3 % annually . 

The productio n o f electricit y fo r th e nationa l gri d ha s onl y bee n growin g a t a 
rate o f abou t 1 % annually sinc e 1979 . 

The transpor t secto r ha s bee n b y fa r th e larges t consume r o f energy , accountin g 
for abou t 60 % o f tota l fina l energ y use . Th e transpor t secto r use s onl y 
petroleum products , whil e al l othe r sector s us e a t leas t a  certai n proportio n o f 
high grad e energ y i n th e for m o f electricity . Had  th e compariso n bee n don e 
instead o n th e basi s o f primar y energ y inputs , th e transpor t secto r coul d hav e 
been show n t o consum e abou t 50 % of th e tota l primar y energ y input . 



- 2 1 1 -

The incom e elasticity , α ,  an d pric e elasticity , β ,  ar e derive d fro m th e 
historical dat a containe d i n Tabl e 1 , usin g th e rati o o f GD P t o consume r pric e 
index a s a  measur e o f activity , A . Th e actua l value s o f A , r  an d p  use d fo r th e 
calculation o f α  an d β  b y linear regressio n method s ar e show n i n Table 2 . 

Sectoral energ y deman d forecas t 

Energy deman d forecast s t o 200 0 ar e summarise d i n Tabl e 3  and Figur e 1 , takin g 
1983 a s th e bas e year . 

For th e transpor t an d industria l sector s α  an d β  wer e calculate d a t 1.1 5 an d 
-0.20 respectively . I t wa s assume d tha t ther e woul d b e a n activit y annua l 
growth rat e o f 3 % unti l 1990 , 3.5 % unti l 199 5 and finall y 4 % unti l th e yea r 2000 , 
as wel l a s a  rat e o f fue l pric e increas e o f 5 % annuall y unti l 199 0 an d 8 % 
thereafter. 

THE ECONOMETRIC MODE L 

The econometric equatio n 

Energy deman d fo r a  particula r fuel , i , ca n b e assume d t o b e a  functio n of : 

a. Economi c activity , A , (eg GDP) . 
b. Pric e o f th e fue l i , P. . 
c. Pric e o f othe r substitute s t o fue l i , P j≠  i . 
d. A  time facto r ø(t) . 
e. Physica l factor s (e g temperature) . 

As w e ar e her e dealin g wit h onl y on e country , th e physica l factor s ar e ignored . 
Further, i n th e presen t study , th e tim e facto r an d th e effec t o f fue l substitute s 
are no t considered . Wit h thes e assumptions , th e deman d function , D. , o f fuel , i , 
becomes 

A widely use d deman d functio n i s o f th e log-linea r type . Thu s 

where α  i s th e incom e elasticit y an d β  th e pric e elasticit y coefficien t o f energ y 
demand. 

If th e activit y growt h rat e i s r  an d th e annua l increas e i n fue l pric e p , the n th e 
energy deman d afte r on e year , D 1, relativ e t o th e energ y consumption , D  ,  fo r a 
base yea r i s given b y 

thus energ y deman d afte r th e nt h yea r i s 

(1) 

(2) 

(3) 
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Given thes e assumption s i t i s forecas t tha t th e transpor t secto r wil l requir e som e 
143,000 to e annuall y a s primar y energ y inpu t b y th e yea r 200 0 an d th e industria l 
sector wil l hav e a  two-fol d increas e i n energ y requirement s b y th e yea r 200 0 
(Table 3 , Figure 1) . 

The projectio n o f energ y deman d fo r th e commercia l an d domesti c sector s ha s 
been compute d o n th e assumptio n tha t α =  1. 

Projection o f tota l energ y deman d 

The sectora l energ y deman d fo r eac h yea r i s aggregate d t o th e tota l energ y 
demand a s illustrate d in  Figur e 1 . Th e mode l indicate s tha t th e aggregat e 
energy deman d fo r th e yea r 200 0 woul d b e slightl y les s tha n 250,00 0 TOE . Whe n 
allowance i s mad e fo r conversio n losses , th e tota l primar y energ y inpu t require d 
would b e o f th e orde r 250,00 0 TO E fo r 199 0 an d abou t 340,00 0 TO E fo r th e yea r 
2000. Thes e figure s ar e ver y lo w whe n compare d t o previou s estimates ; fo r 
example, a  Worl d Bank/UND P stud y (Ahme d e t a l 1981 ) indicate s tha t th e 
primary energ y requirement s fo r th e yea r 199 0 woul d b e o f th e orde r o f 295,00 0 
to 330,00 0 TOE , whic h fa r exceed s ou r estimate . 

A roug h estimat e als o indicate s tha t petroleu m requirement s fo r th e yea r 200 0 
would b e abou t 290,00 0 TOE . 

CONCLUSIONS 

Any forecas t wil l b e a t bes t a n approximatio n t o a n unforeseeabl e future . 
However, provide d ther e i s a  reasonabl e amoun t o f accurat e data , econometri c 
methods hav e bee n know n t o yiel d fairl y accurat e forecasts . 

In th e presen t study , i t ca n b e argue d tha t th e econometri c parameter s suc h a s 
income an d pric e elasticit y coefficient s derive d fro m historica l dat a ma y no t b e 
appropriate fo r th e projectio n model . Similarly , th e assumption s regardin g 
activity growt h rat e an d estimate d increase s i n fue l pric e ma y b e questioned . 
However, th e beaut y o f electroni c spread-shee t analysi s i s tha t al l compute d 
values o f th e energ y balanc e tabl e automaticall y adjus t themselve s onc e an y 
parameter (o r an y othe r data ) i s changed . Th e abov e exercis e ca n therefor e b e 
carried ou t fo r an y othe r assumption s o r scenarios , withou t sacrificin g time . In 
fact thi s metho d lend s itsel f ver y appropriatel y t o "what-if " analysi s an d clos e 
monitoring. 

Despite th e uncertaintie s inheren t i n an y projectio n exercise , ou r estimate s o f 
energy deman d fal l fa r shor t o f al l previou s estimates . Th e far-reachin g 
implications o f heav y investmen t i n ne w capita l equipmen t shoul d therefor e b e 
looked int o mor e judiciously . 

With th e exceptio n o f th e suga r industry , th e transpor t secto r wil l remai n th e 
main consume r o f energy . I n orde r t o reduc e ou r dependenc e o n importe d fue l 
appreciably, th e productio n o f indigenou s substitute s shoul d b e seriousl y 
considered. 

Although th e presen t econometri c mode l ha s bee n applie d specificall y t o 
Mauritius, i t ca n b e easil y adapte d t o an y othe r country . 
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TABLE 2: Som e Economi c Parameter s use d to evaluat e 
Income elasticity (  an d price elasticit y ) 

Year 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

GDP 
(at facto r cost ) 

Rs Millio n 

3090 

3666 

4357 

4875 

6540 

7389 

8765 

10,050 

10,650 

2687 

2864 

3090 

3186 

3737 

2979 

3086 

3160 

3170 

Growth 
Rate 

p 

-
0.066 

0.079 

0.031 

0.173 

-0.203 

0.036 

0.024 

0.003 

Rate o f fue l 
price increas e 

P 

-
0.21 

0.05 

0.02 

0.37 

0.95 

-

-
-



- 21 6 -

TABLE 3: Sectora l Energ y Demand Forecast unti l the Yea r 200 0 

(All Unit s i n TOE ) 

Sector 

Industrial 

Domestic 

Commercial 

Transport 

Total energ y 
demand 

Required tota l 
Primary Energ y 
Supply (incl . 
conversion 
losses) 

Total energ y 
supply* 
UNDP/WB 
(1981) 
AEP Scenari o 

BC Scenari o 

Required petroleum 
products 

1983 

21,140 

29,650 

6480 

91,995 

149,265 

206,000 

189,000 

1985 

22,600 

31,400 

6900 

97,500 

158,400 

218,600 

255,000 

270,000 

186,000 

1990 

26,800 

36,400 

8000 

109,000 

180,200 

248,600 

295,000 

330,000 

211,000 

1995 

32,000 

43,000 

9500 

123,000 

207,500 

288,400 

245,000 

2000 

40,000 

52,000 

11500 

143,000 

246,500 

342,600 

290,000 

* Figures given fo r compariso n purpose s 
From Ahme d e t a l (1981) . 



FIGURE 1 : Sectora l Energ y Demand Forecas t 
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RESEARCH AN D DEVELOPMENT EFFORTS IN 
RENEWABLE ENERGY TECHNOLOGIES IN NIGERIA 

Ahmed T . Sulaiman , 
Director, an d Sures h C . Bajpai , Researc h Fello w 

Sokoto Energ y Researc h Centre , 
University o f Sokoto , PM B 2346 , Sokoto, Nigeri a 

ABSTRACT 

Despite Nigeria' s positio n a s a n oi l exportin g country , ther e i s a n importan t rol e 
for renewabl e energ y i n th e presen t an d future . Nigeri a ha s enormou s renewabl e 
energy resources . Thes e coul d adequatel y supplemen t conventiona l energy . Bu t 
this wil l requir e th e developmen t o f efficien t an d economica l indigenou s 
technological. Renewabl e energ y activitie s i n Nigeri a ove r th e las t 15-2 0 year s 
are reviewed . Thi s rathe r slo w (compare d t o man y othe r Africa n countries ) 
development o f renewabl e energ y technologie s i s attribute d t o th e lac k o f a 
comprehensive energ y polic y i n th e past . 

INTRODUCTION 

At presen t Nigeri a i s mainl y dependen t o n conventiona l energ y source s (coal , oil , 
gas, an d hydropower ) excep t fo r firewoo d whic h ha s bee n th e majo r sourc e o f 
energy i n rura l area s fo r a  lon g time . Th e rol e o f renewabl e energ y source s i n 
Nigeria ca n b e define d a s supplementar y fo r th e presen t wit h grea t potentia l fo r 
meeting a  muc h mor e substantia l par t o f th e futur e energ y need s o f th e country . 

The renewabl e energ y technologie s ar e a t variou s stage s o f developmen t i n man y 
countries o f th e world . Thi s pape r report s o n th e researc h an d developmen t 
efforts mad e i n Nigeri a i n variou s renewabl e energ y technologies . Informatio n 
given her e ha s bee n obtaine d throug h variou s Nigeria n an d internationa l 
publications o n renewabl e energ y technologie s an d relate d areas , an d persona l 
communications o f th e author s wit h othe r researcher s i n th e country . 

RESEARCH AN D DEVELOPMEN T EFFORT S I N RENEWABL E ENERG Y 
TECHNOLOGIES 

Renewable energ y researc h an d developmen t activitie s hav e bee n goin g o n fo r 
the las t 15-2 0 years . Participatio n o f privat e secto r i n renewabl e energ y 
research an d developmen t ha s bee n negligible . Ther e ar e onl y a  fe w 
multinational companie s i n thi s field , an d the y hav e onl y bee n intereste d i n 
commercialising som e importe d renewabl e energ y systems . Mos t researc h 
emanates fro m researc h institutes , universities , polytechnic s an d college s o f 
technology. 

Activities i n renewable energ y technologie s 

Solar radiatio n an d win d dat a 

A considerabl e amoun t o f effor t ha s bee n directe d t o th e collectio n o f sola r 
radiation an d win d dat a fo r variou s location s i n th e country . Th e Internationa l 
Institute fo r Tropica l Research , Ibada n ha s collecte d suc h dat a fo r Ibada n fo r th e 
last 1 5 year s o r so . Similarly , th e Roa d an d Buildin g Researc h Institute , Lago s 
has installe d a  numbe r o f recordin g unit s a t variou s location s i n th e federation , 
recently. Man y researc h institute s an d univerisite s hav e als o trie d t o collec t th e 
data fo r thei r geographica l areas . 
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Various empirica l relation s an d model s hav e bee n worke d out . Su n table s an d 
charts ar e bein g evolved . Th e effec t o f th e perio d o f harmatta n whe n th e 
atmosphere i s fille d wit h suspende d dus t particle s ha s bee n assessed . Suc h a 
period las t fo r abou t 3- 4 month s i n th e norther n par t o f th e country . 

Some attempt s t o fin d th e optimu m angl e o f til t fo r variou s location s hav e bee n 
made. Elementar y approache s toward s th e constructio n o f radiatio n measurin g 
instruments an d sunfinder s hav e als o bee n explored . A  preliminar y attemp t t o 
plot a  sola r ma p o f Nigeri a ha s bee n mad e (Figur e 1) . 

Solar Therma l System s 

A number o f system s hav e bee n designe d an d constructe d i n variou s institutions . 

Flat plat e collector s A  number o f fla t plat e collector s hav e bee n made , designe d 
and constructed , usuall y fro m locall y availabl e materials . However , ther e ha s 
been littl e follow-u p t o improv e thei r performances . Importe d fla t plat e 
collectors hav e bee n use d i n sola r wate r heaters , dryer s an d refrigeratio n 
systems an d thei r performanc e evaluated . Locall y constructe d spiral-typ e 
collectors hav e als o bee n tested . 

Concentrating collector s Variou s concentratin g technique s hav e bee n trie d a t a 
number o f place s usin g mainl y parabolic , cylindrical , conica l an d fresne l typ e 
collectors. 

Selective coating s Universit y o f Nigeria , Nsukk a an d Universit y o f Sokot o hav e 
reported som e effort s toward s th e developmen t o f selectiv e coatings . Studie s o n 
spectral emissivit y o f layere d system s hav e bee n conducted . 

Tracking system s Becaus e o f th e abundanc e o f sola r radiatio n i n Nigeria , littl e 
importance ha s bee n attache d t o developin g trackin g systems . Studie s o n 
tracking versu s non-trackin g hav e bee n undertake n a t a  fe w locations . A 
photovoltaic powere d tracke r ha s bee n develope d a t th e Universit y o f Lagos . 

Solar wate r heater s A  numbe r o f lo w cos t sola r wate r heater s hav e bee n 
designed an d evaluated . Sola r wate r heater s hav e considerabl e potentia l i n bot h 
the domesti c an d industria l sectors , bu t onl y a  fe w ar e actuall y i n us e i n th e 
country. 

Solar cooker s an d oven s Sola r cooker s an d oven s hav e attracte d a  lo t o f interes t 
in Nigeri a particularl y b y researcher s a t Bida , Sokot o an d Enuga . Variou s type s -
parabolic, box-typ e wit h o r withou t boosters , an d fresnel-typ e sola r cooker s an d 
ovens -  hav e bee n fabricated . Temperature s u p t o 200° C hav e bee n achieved . 
Several type s o f loca l foo d item s hav e bee n cooke d i n reasonabl e time s i n thes e 
solar cooker s an d ovens . Figur e 2  shows a  locall y fabricate d box-typ e sola r ove n 
with tw o boosters . Indoo r sola r kitchen s wit h a  roo f tha t direct s sola r radiatio n 
onto th e cookin g are a ar e bein g designed . Studie s o n th e possibl e assistanc e o f 
solar energ y i n bakin g an d othe r purpose s hav e als o bee n reported . 

Solar dryer s Ho t bo x an d separat e collecto r sola r dryer s hav e bee n fabricate d 
for dryin g grain , fruit , fis h an d vegetables . Studie s o f performanc e an d 
economics aspect s hav e bee n undertaken . Researcher s a t Nsukka , Ife , Lagos , 
Ibadan, Kano , Bid a an d Zari a fo r example , hav e mad e considerabl e effort s t o 
develop dryer s t o minimis e th e spoilag e o f agricultura l produce . Recently , th e 
Institute o f Oceanograph y an d Marin e Research , Lago s ha s develope d a 
commercially feasibl e sola r drye r fo r fish . 
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Solar still s Proto-typ e sola r still s hav e bee n constructe d a t Lagos , Bida , Kadun a 
and Sokoto . Predicte d an d actua l performanc e studies , an d mass-energ y balanc e 
studies o f som e o f th e sola r still s hav e bee n undertaken . Large-scal e sola r 
distillation plant s fo r rura l area s wher e th e wate r supplie s ar e unhygeni c hav e 
been suggested . Distillatio n rate s o f th e orde r o f 0.8kg/m 2 t o 1.2kg/m 2 hav e 
been obtaine d i n place s wit h averag e sunshine . 

Solar refrigeratio n an d ai r conditionin g Sola r refrigeratio n an d ai r conditionin g 
has enormou s potentia l i n rura l Nigeri a particularl y fo r storag e o f food , an d 
drugs. Unfortunately , ther e hav e bee n fe w break-throughs . Attempt s hav e bee n 
made t o fabricat e aqua-ammoni a refrigeratin g system s powere d wit h sola r 
energy a t Zaria , Nsukka , Lagos , Bida , If e an d Por t Harcourt . Studie s o n solar -
driven organi c je t ejector s hav e als o bee n reported . Th e possibilit y o f 
distributing centrally-generate d chille d flui d fo r sola r coolin g system s ha s bee n 
considered. 

Solar therma l powere d engine s Onl y som e theoretica l studie s hav e bee n reporte d 
in thi s area . N o practica l developmen t ha s take n plac e s o far . 

Integration o f sola r therma l system s int o agr o an d othe r industria l setup s Apar t 
from th e studie s o n sola r therma l energ y application s i n agricultura l an d 
industrials processe s mentione d above , onl y a  fe w theoretica l studie s o n othe r 
aspects suc h a s see d germinaters , incubators , large-scal e distillatio n units , 
process hea t units , an d sola r pond s hav e bee n carrie d out . N o practica l result s 
have s o fa r emerged . 

Solar Photovoltai c System s 

Very littl e effor t ha s bee n mad e t o develo p indigenou s photovoltai c technology . 
This ma y b e du e t o th e capita l intensiv e natur e o f th e technology . 

Solar cell s Photovoltai c studie s i n organi c dye s an d (pbl 2)1_x (KI) X alloy s hav e 
been undertake n an d attempt s mad e recentl y t o fabricat e wid e ban d sola r cells . 
There ar e plan s a t variou s universitie s includin g th e Sokot o Energ y Researc h 
Centre t o construc t variou s type s o f sola r cells . 

Characterisation o f sola r cell s an d module s Attempt s hav e bee n mad e t o 
characterise sola r cell s an d module s manufacturere d overseas . Studie s o n I- V 
curves a t variou s insolatio n levels , effec t o f temperatur e o n powe r output , 
matching o f loa d wit h modules , effec t o f environmenta l condition s o n th e output , 
efficiency, spectra l sensitivit y an d optimu m angl e o f til t o f module s hav e bee n 
carried out . Mos t cell s an d module s bein g studie d ar e mono-crysta l silico n sola r 
cells. Theoretica l studie s hav e bee n carrie d ou t o n th e possibl e performanc e o f 
other type s o f sola r cell s i n loca l climati c conditions . Som e theoretica l studie s 
on th e applicatio n o f microprocessor s fo r automati c contro l o f module s hav e 
been carrie d ou t a t Sokoto . 

Photovoltaic pump s A  demonstratio n projec t a t Tunga r Buzu , Sokot o Stat e fo r 
the suppl y o f drinkin g wate r t o a  smal l rura l communit y ha s bee n se t up . I n 
addition, photovoltai c pump s hav e bee n installe d i n som e individuals ' houses . 
Much ha s bee n writte n abou t th e potentia l o f photovoltai c pump s fo r micro -
irrigation an d rura l wate r supplies . Plan s ar e underwa y t o instal l importe d 
pumps i n rura l an d remot e location s an d stud y th e feasibilit y o f thei r us e i n loca l 
conditions. A  numbe r o f multinationa l companie s hav e attempte d t o 
commercialise photovoltai c pump s i n Nigeria . Succes s ha s bee n limite d du e t o 
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their inabilit y t o recognis e th e nee d t o evaluat e thei r technologie s unde r loca l 
conditions. 

Photovoltaic powere d television s Ther e i s a n importan t rol e fo r photovoltai c 
powered television s fo r educatio n an d enlightenmen t i n rura l an d remot e area s 
not connecte d t o th e nationa l electricit y grid . A  community T V viewin g centr e 
at Zauro , Sokot o Stat e ha s bee n se t u p an d studie s hav e bee n reporte d o n 
matching a  househol d televisio n wit h photovoltai c modules . 

Photovoltaic powere d communicatio n system s Ther e i s muc h potentia l fo r usin g 
photovoltaic powe r especiall y i n remot e places . Thes e includ e railwa y signalling , 
transmitting an d booste r station s an d roa d traffi c control . Th e Sokot o Energ y 
Research Centr e ha s initiate d a  projec t t o powe r it s interco m system s wit h 
photovoltaic modules . 

Photovoltaic powere d cathodi c protectio n system s Nigeri a ha s lon g oi l pip e line s 
and ther e i s scop e fo r introducin g photovoltai c powere d cathodi c protectio n 
systems. N o practica l project s o r studie s hav e a s ye t bee n proposed . 

Remote hom e powe r system s A t Birnin-Kebbi , a  proto-typ e hous e ha s bee n 
powered wit h photovoltai c module s fo r al l it s electricit y requirement s an d th e 
results hav e bee n encouraging . 

Passive sola r system s 

Although passiv e sola r technolog y ha s tremendou s scope , particularl y fo r keepin g 
buildings cool , i n Nigeria , littl e researc h ha s bee n directe d t o th e field . 

Solar passiv e architectura l building s Studie s o n energ y consumptio n i n 
residential buildings , therma l performance s an d therma l comfor t level s i n 
traditional an d moder n building s etc . hav e bee n reported . Proto-typ e sola r 
passive house s hav e bee n constructe d a t If e an d Birnin-Kebbi . A  numbe r o f 
passive an d integrate d energ y house s ar e bein g conceive d a t a  numbe r o f 
locations. Th e integratio n o f suc h architectur e i n th e nationa l an d state s housin g 
programmes i s being recommended . 

Passive coolin g system s Tw o passiv e cooler s hav e bee n develope d a t Sokot o an d 
Maiduguri. Concept s o f evaporativ e cooling , roo f pond s etc . ar e bein g 
considered. Suc h passiv e cooler s whe n full y develope d migh t reduc e th e 
electricity demand s i n urba n area s b y substituting fo r ai r conditioners . The y wil l 
also b e ver y usefu l i n rura l area s wher e ther e ar e n o coolin g systems . 

Wind Energ y System s A  numbe r o f windmill s hav e bee n installe d fo r pumpin g 
water. Som e wer e installe d mor e tha n tw o decade s ag o an d th e majorit y ar e no w 
broken an d abandoned . Studie s o n th e potentia l o f windpowe r fo r differen t 
locations hav e bee n carrie d out . Th e Sokot o Energ y Researc h Centr e i s 
presently involve d i n reactivatin g som e o f thes e ol d windmills . 

Biomass Biomas s ha s no t bee n give n enoug h attentio n an d i t i s onl y recentl y tha t 
the potential s o f biomas s i n Nigeri a ha s started t o b e appreciated . 

Biogas system s Th e bioga s potentia l i n Nigeri a ha s bee n estimated . Prototyp e 
biogas digester s (continuou s an d batc h feedin g types ) hav e bee n fabricate d a t Ife , 
Zaria, Birni n Kebb i an d Sokoto . Productio n o f bioga s fro m differen t anima l 
manures, Eupatoriu m odaratum , alga e an d othe r agricultura l waste s ha s bee n 
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studied. Analytica l studie s o f bioga s produce d an d it s end-us e system s ar e a t 
developmental stages . Figur e 4  show s a  locall y fabricate d prototyp e bioga s 
plant. 

Fuelwood Thi s are a require s immediat e attention . Shortag e o f fuelwood , 
draught an d desertificatio n ar e majo r problem s i n Nigeria . Pattern s o f suppl y 
and consumptio n o f fuelwoo d hav e bee n studie d an d variou s exoti c an d indigenou s 
tree specie s hav e bee n identifie d fo r fuelwoo d production . Communit y woodlots , 
shelterbelts, agroforestr y etc . ar e th e majo r focu s o f research . Studie s o n 
combustion-related characteristic s o f variou s plan t specie s concernin g thei r 
suitability a s domesti c fue l hav e bee n carrie d ou t a t Ibadan . Th e Federa l 
Department o f Forestr y ha s bee n involve d i n thi s are a fo r a  lon g time . Variou s 
State Government s an d th e Federa l Governmen t hav e planne d tree-plantatio n 
programmes. Th e Sokot o Energ y Researc h Centr e i n conjunctio n wit h th e 
Faculty o f Agricultur e o f th e Universit y o f Sokot o i s plannin g a  long-ter m 
research programm e o n fuelwoo d fo r th e suda n savann a regio n o f Nigeria . 

Woodstoves Mos t o f rura l populatio n i n thi s countr y use s fuelwoo d fo r cookin g 
and wate r heating . Th e traditiona l three-ston e typ e o f stov e i s ver y wastefu l o f 
energy. Th e Sokot o Energ y Researc h Centr e i s developin g mor e efficien t 
woodstoves. Thre e type s o f suc h stove s t o sui t differen t size s o f familie s hav e 
been fabricate d (Figur e 3 ) an d ar e presentl y bein g teste d fo r furthe r 
improvements an d popularisation . 

Other biomas s utilisatio n technologie s Othe r potentia l technologie s includ e 
combustible gase s an d liqui d fuels , pyrolysis , aerobi c fermentatio n etc . N o 
practical application s hav e bee n reporte d s o far . 

Energy Storag e System s Therma l energ y storag e system s studie s o n 
thermochemical storag e hav e bee n carrie d ou t a t Sokot o an d Zari a an d ar e bein g 
considered a t variou s othe r places . 

Electrical energ y storag e system s Commonl y availabl e lead-aci d batterie s hav e 
been use d fo r storin g electrica l energ y i n mos t o f th e photovoltai c installations . 
There i s a  nee d fo r developin g suitabl e electrica l energ y storag e systems . Suc h 
developments wil l broade n th e scop e o f photovoltaics , particularl y wher e 
electricity i s require d fo r night-us e suc h a s stree t an d hom e light s e tc . 

Energy conservatio n 

Interest i n energ y conservatio n i s growing . Th e potentia l fo r conservin g 
conventional energ y i n differen t sector s o f th e econom y an d th e possibilit y o f 
integrating the m wit h renewabl e energ y system s hav e bee n considered . Som e 
energy conservatio n monitorin g device s hav e bee n reported . 

Integrated an d rura l energ y system s 

Integrated an d rura l energ y project s ar e underwa y a t Ife , Ibada n an d Sokoto . Th e 
energy suppl y an d consumptio n pattern s o f som e rura l communitie s ar e bein g 
studied an d th e possibilitie s o f incorporatin g renewabl e energ y system s t o 
improve th e livin g condition s ar e bein g explored . 
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Training an d manpowe r developmen t programme s 

The availabilit y o f suitabl e manpowe r i s essentia l t o th e succes s o f an y 
programme. Plan s ar e underwa y t o star t hig h leve l trainin g programme s i n 
renewable energ y technologie s a t th e Sokot o Energ y Researc h Centr e o f th e 
University o f Sokoto , Sola r Energ y Researc h Centr e o f th e Universit y o f Nigeria , 
Nsukka, an d th e Yol a Campu s o f th e Universit y o f Maiduguri . Trainin g 
programmes fo r middle-leve l manpowe r ar e bein g se t u p a t th e Federa l 
Polytechnic, Bid a an d th e Sokot o Stat e Polytechnic , Birnin-Kebbi . A  proposa l 
for a n integrate d approac h t o trainin g an d manpowe r developmen t i n renewabl e 
energy technologie s ha s bee n pu t forwar d b y th e author s o f thi s pape r a t a  recen t 
national conference . 

CONCLUSIONS AN D FUTURE PROSPECT S 

a) Nigeri a ha s a n enormou s potentia l o f renewabl e energ y sources . 
Conventional energ y source s ar e finit e an d ar e likel y t o b e exhaustibl e i n 
the no t to o distan t future . 

b) T o harnes s thes e renewabl e energ y source s particularl y i n rura l areas , 
considerable researc h an d developmen t effort s ar e necessary . 

c) Researc h an d developmen t activitie s hav e bee n i n progres s fo r som e time . 
But i n mos t case s wit h n o define d goal s an d th e "development " aspec t o f 
renewable energ y technolog y ha s no t bee n considered . Privat e secto r 
involvement i n thes e activitie s ha s bee n negligible . 

d) Th e Federa l Governmen t ha s starte d supportin g thes e activitie s recently . 
It ha s establishe d tw o energ y researc h centre s a t Sokot o an d Nsukk a fo r 
training, researc h an d developmen t i n sola r an d othe r renewabl e energ y 
technologies. 

e) Ther e i s a  nee d fo r a  mor e collaborativ e an d cooperativ e approac h amon g 
the organisation s involve d i n renewabl e energ y technologie s development . 
A comprehensiv e nationa l renewabl e energ y programm e ha s t o b e evolve d 
to coordinat e an d streamlin e thes e activities . 

f) W e believ e tha t wit h th e presen t backin g o f variou s government s an d wit h 
the activ e participatio n o f th e privat e sector , th e futur e wil l se e th e mas s 
adaptation o f renewabl e energ y system s i n variou s sector s o f Nigeria n 
economy. 

A bibliograph y o f publishe d paper s o n renewabl e energ y researc h i n 
Nigeria i s available fro m th e authors . 

* 
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FIGURE 1: Preliminar y solar radiation map of Nigeria . 

(Year averages fo r th e ration of measure d solar radiation on a horizontal surfac e 
on ground in a day, H, and extra-terrestrial irradiatio n i n the day, Ho) 
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FIGURE 2: A  locally fabricate d sola r ove n 

FIGURE 3 : Woodstove s under testin g 
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FIGURE 4: A  prototype bioga s plan t 
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RENEWABLE ENERGY ACTIVITIE S IN SENEGAL 

Pierre Viaud , Ecol e National e Superieur e Universitair e 
de Technologie (ENSUT) , B P 508 , Dakar , Senega l 

ABSTRACT 

Available dat a sugges t tha t Senega l ha s considerabl e potentia l ne w an d 
renewable energ y resources , includin g solar , wind , biomass , hydr o an d pea t an d 
lignite. Thi s secto r ha s onl y recentl y becom e established . Existin g programme s 
are discussed . Governmen t an d organisationa l involvement , financin g an d 
manpower trainin g ar e outlined . 

INTRODUCTION 

Senegal face s tw o majo r energ y problems : th e risin g cos t o f petroleu m (CF A 
francs 8 1 billio n i n 1983 ) whic h consume s mor e tha n 50 % o f th e expor t earning s 
and acceleratin g deforestatio n (120,00 0 h a fores t destroye d eac h year) . 

A programm e know n a s "RENES " (Energ y Redeploymen t i n Senegal ) ha s bee n 
established whic h a t presen t constitute s th e onl y referenc e an d guid e fo r actio n 
in th e energ y fiel d unti l a  nationa l strateg y ha s bee n formulated . Throug h th e 
RENES programme , Senega l aim s t o halv e it s impor t o f petroleu m product s b y 
1990 an d replac e the m b y local energ y resources . 

This pape r describe s th e activitie s an d organisation s establishe d t o promot e th e 
development o f ne w an d renewabl e energ y resource s i n Senegal . 

AVAILABLE NEW AND RENEWABLE ENERG Y 

Solar energ y 

Solar energ y ha s bee n use d fo r mor e tha n 2 0 year s i n Daka r wher e th e level s o f 
radiation ar e recorde d routinely . Averag e value s fo r th e are a are : 

global radiatio n :  5.8 kWh / m 2/d 

horizontal diffus e radiatio n :  2.07 kWh/m 2/d 

Solar intensitie s ar e les s wel l know n fo r th e res t o f th e country . I n cooperatio n 
with th e nationa l meteorologica l service s 9  measurin g station s hav e recentl y 
been se t u p i n th e interio r (Podor , Louga , Linguere , Bambey , Tambacounda , 
Kedougou, Ziguinchor ) i n orde r t o evaluat e th e potentia l sola r energy . Howeve r 
accurate up-to-dat e sola r dat a ar e no t ye t availabl e i n thes e regions . 

Wind energy 

A doze n nationa l meteorolog y station s se t u p at airport s measur e win d spee d an d 
direction. Analysi s o f dat a ove r a  perio d o f fiv e year s show s tha t th e win d 
potential whic h ca n b e exploite d i n Senega l i s limite d t o a  30-40k m wid e coasta l 
strip goin g fro m Saint-Loui s t o Sine-Saloum , a s wel l a s alon g th e rive r Senega l 
from it s mout h t o Rosso . Th e averag e maximu m speed s ar e fro m 5  t o 6  m/s . 
Further dat a hav e bee n obtaine d b y a  networ k o f measurin g station s establishe d 
in recen t year s throughou t th e country . 
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Biomass 

Potential source s o f biomas s i n Senega l include : forest s an d natura l vegetation ; 
waste an d agricultura l by-products ; an d seaweed s collecte d o n th e coast . T o 
these product s ca n b e adde d plant s designe d t o produc e domesti c fuel . Thi s 
source i s stil l insufficientl y develope d i n particula r fo r th e cultivatio n o f fas t 
growing specie s suc h a s eucalyptu s an d graminaceou s plants . 

A recen t study , funde d b y th e Danis h governmen t an d conducte d b y 
GOWICONSULT-ORGATES, o n th e efficien t us e o f agricultura l by-product s a s 
domestic fue l ha s show n th e existenc e o f a n importan t biomas s potentia l sout h o f 
the Kaolack-Tambacound a lin e wherea s biomas s resource s ar e rare r nort h o f thi s 
line. Projection s ove r 1 0 year s o f th e availabl e agricultura l wast e an d by -
products give  estimate s o f 762,00 0 ton s biomas s fo r 1984-8 5 an d 1,345,00 0 ton s 
for 1993-94 . 

Hydroelectricity 

In additio n t o th e larg e hydroelectri c powe r station s (e g Manantali , Kekreti , 
Sambagalou) importan t possibilitie s fo r min i an d micr o powe r station s exis t o n 
the Senega l an d Gambi a rivers . A  stud y finance d b y CE E an d carrie d ou t b y 
ORGATEC ha s mad e a n inventor y o n th e river s o f a  certai n numbe r o f site s tha t 
may b e equippe d wit h micr o wate r powe r stations . 

Other source s 

Although th e newl y foun d pea t an d lignit e resource s ar e no t renewabl e the y ar e a 
an indigenou s sourc e o f energy . Th e Nyaye s pea t be d estimate d a t 5 0 millio n 
m3, i s no w undergoin g a n importan t developmen t programme . Lignit e an d 
mangrove pea t deposit s ar e currentl y bein g evaluate d an d exploratio n i s no w 
under way . 

Energy conservatio n measure s mus t b e take n int o accoun t i n definin g an y 
coherent energ y policy . I n a  stud y b y a  Canadia n compan y Gauche r Pringle , i t 
was estimate d tha t Senega l coul d sav e 63,00 0 TE P i n th e industria l an d transpor t 
sectors. 

PROGRAMMES 

In additio n t o th e sola r an d win d potentia l evaluatio n programme , othe r 
programmes hav e alread y bee n implemente d o r ar e i n th e proces s o f bein g se t u p 
by variou s bodie s an d institutions . 

Heat an d thermodynamics programme s 

Water heatin g 

The wate r heate r currentl y markete d i n Senega l wil l b e assemble d b y th e 
Industrial Compan y fo r Sola r Energ y Application s (SINAES ) industria l uni t no w 
being buil t i n Thies . I t i s wel l designe d bu t expensive . SINAE S i s workin g t o 
develop a  cheape r water-heate r mad e wit h loca l materials . 
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Solar dryin g 

Two type s o f dryer s hav e bee n develope d fo r th e processin g o f fish : on e a t th e 
food technolog y institut e (ITA ) and anothe r a t CERER . The y ar e respectively : 

a chea p individua l smal l scal e constructio n i n th e for m o f a  dryin g tent , 

a sem i industria l typ e wit h plan e collector s designe d fo r cooperativ e use . 
A 10 0 m 2 mode l tha t ca n dr y 75 0 k g o f fis h i n tw o day s ha s bee n i n 
operations a t Gue t Nda r (Saint-Louis ) sinc e Novembe r 1983 . 

Model dryer s hav e als o bee n designe d fo r agricultura l product s an d fodder . 

Solar distillatio n 

A modula r distille r wit h a  surfac e o f 2. 3 m 2 ha s bee n developed . A n 8 0 m 2 

distiller, designe d fo r th e CNR A a t Bambey , i s t o b e constructe d onc e th e test s 
have le d t o reliabl e conclusions . 

Pumping 

In 1976 , fou r thermodynami c sola r pump s manufacture d b y SOFRETE S wer e 
installed t o provid e th e concerne d villager s wit h drinkin g water . Nin e year s 
later, non e o f thes e pump s ar e i n goo d workin g order . Mor e reliabl e equipmen t 
has bee n designe d an d wil l replac e these . 

Generation o f electricit y b y mean s o f thermo-dynamic s lin e 

Design fault s hav e als o bee n a  proble m i n thermo-dynami c projects . Th e 
Diakhao powe r generatio n statio n neve r worke d satisfactorily . Th e projec t t o 
build a  10 0 k w generatin g statio n i n th e Fleuv e Regio n ha s bee n modified . Th e 
thermo-dynamics sourc e initiall y chose n wa s abandone d i n favou r o f a 
photovoltaic option . 

Photovoltaic lin e 

Basic researc h o n photocell s 

The Facult y o f Scienc e o f th e Universit y o f Daka r ha s bee n carryin g ou t basi c 
research o n semiconductors . 

Pumping 

Several experimenta l an d pilo t plant s hav e prove d mor e successfu l tha n thermo -
dynamic pumps . A  programme t o develo p a  pumpin g syste m t o suppl y mediu m 
range powe r (25-5 0 kw ) i s currentl y bein g planne d an d negotiation s fo r externa l 
funding ar e underway . 

Rural electrificatio n 

Only on e applicatio n exist s i n thi s are a a t th e moment : th e experimenta l centr e 
for energ y i n rura l area s a t Niag a Wolof , wher e a  5  k w photovoltai c generato r 
coupled t o a  4. 6 kv  aer o generato r provide s th e villag e wit h electrica l energy . 
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Other application s 

Within th e programm e know n a s "us e o f ne w an d renewabl e energy " a  pilo t 
experiment i s successfull y supplyin g photocel l electrica l energ y t o a  healt h 
centre a t Mont-Rolland . 

The Pos t Offic e an d Telecommunication s o f Senega l ha s "solarised " th e Nort h 
axis Hertzia n beam s situate d betwee n Bake l an d Mata m an d plan s t o d o th e sam e 
with th e Hertzia n relay s betwee n Kaolac k an d Ziguinchor . 

Biomass 

Production o f vegetabl e briquette s 

A stud y o n th e us e o f agricultura l byproduct s a s domesti c fue l wa s complete d i n 
July 1984 . Thi s study , carrie d ou t b y COWICONSULT-ORGATEC , propose d a  te n 
year maste r pla n t o us e rationall y agricultura l byproducts . Th e programm e wil l 
explore th e productio n o f briquette s fro m agricultura l product s an d thei r us e a s 
domestic fuels . 

Fermentation 

Various type s o f methan e fermentor s ar e unde r study , e g a t th e Senegales e 
Institute fo r Agricultura l Researc h (ISRA) , th e Universit y Institut e o f 
Technology (ENSUT ) an d CERER . Thes e studie s ar e oriente d toward s th e 
production o f methan e an d promotio n o f th e widesprea d us e o f equipmen t 
adapted t o locall y availabl e ra w material s an d t o th e socia l an d cultura l habit s o f 
the rura l population . 

A feasibilit y stud y o n th e buildin g o f a  bagass e o r suga r molasse s alcoho l 
production uni t i s t o b e conducte d b y a  Brasilia n company . 

Gasification an d Pyrolysi s 

A feasibilit y stud y o f a  pyrolysi s plan t wa s begu n b y SONACOS , bu t abandone d 
due t o th e unavailabilit y o f th e ra w materials , groundnu t shells . I n complianc e 
with th e fift h programm e o f developmen t fo r Senegal , FE D ha s agree d t o financ e 
the constructio n o f a  biomas s powe r station . A  feasibility stud y i s underway . 

The proble m o f th e availabilit y o f ra w materials , coul d b e solve d b y th e 
increased productio n o f groun d nut s resultin g fro m th e completio n o f dam s 
currently unde r construction . 

Energy conservation activitie s 

Improved Stove s 

CERER ha s develope d tw o type s o f improve d stoves . Fo r rura l communities , a 
wood-burning stov e calle d Ba n A k Suuf ha s bee n perfected . Thi s stove , mad e 
from cla y an d sand , consume d 30-40 % les s woo d tha n traditiona l open-fir e 
cooking. Moreover , th e mode l currentl y bein g encourage d throughou t th e 
country ha s bee n adapte d t o loca l socio-cultura l traditions . Mor e tha n 12,00 0 
stoves hav e alread y bee n constructed . Fundin g ha s jus t bee n grante d t o continu e 
the programme , whos e objectiv e i s t o construc t 300,000-500,00 0 stoves . 
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For urba n areas , a  charcoa l burnin g stov e saile d Sakana l ha s bee n perfected . 
This meta l stov e consume s 40-50 % les s charcoa l tha n traditiona l malgach e 
stoves. 

Peat Developmen t 

Combustion test s o n briquette s mad e o f a  mixtur e o f pea t an d charcoa l hav e 
given satisfactor y results . Also , feasibilit y studie s conducte d b y th e Senegales e 
Peat Compan y o n th e us e o f pea t a s a  domesti c fue l substitut e fo r charcoa l hav e 
revealed ver y interestin g conclusions . A  pla n fo r th e constructio n o f a 
production centr e fo r pea t briquette s ha s bee n formulate d an d presente d t o 
financial backer s wh o hav e alread y expresse d interes t i n th e project . However , 
the pea t plan t programm e i s movin g slowly . A  counter-evaluation , alread y 
underway, ha s bee n aske d fo r b y th e Worl d Bank . 

Wind Energy 

Research int o th e developmen t o f win d energ y ha s bee n divide d betwee n th e 
Ecole Polytechniqu e o f Thie s (EPT ) an d ENSUT . I n th e firs t phas e EP T 
conducted researc h o n rapi d rotatio n windmill s (aerogenerators) , whil e ENSU T 
concentrated o n problem s wit h slo w rotatio n windmill s an d couplin g o f 
photovoltaic cell s t o aerogenerator s fo r pumping . 

Upkeep and maintenanc e o f ne w an d renewable energ y equipmen t 

The majorit y o f equipmen t installe d i n Senega l t o dat e ha s bee n fo r purpose s o f 
research an d experimentatio n an d therefore , provision s fo r maintenanc e hav e 
been overlooke d durin g th e initia l plannin g stages . Unfortunately , thi s ha s ofte n 
led t o difficulties . 

To rectif y thi s oversight , 2 5 millio n CF A franc s wa s release d b y th e Nationa l 
Energy Fun d t o SINAE S t o provid e fo r th e upkee p an d maintenanc e o f ne w an d 
renewable energ y installations . 

Negotiations wit h Franc e ar e currentl y i n progres s t o fin d a  mean s o f repairin g 
new an d renewabl e energ y equipmen t alread y installe d i n Senegal . 

COORDINATION, STRUCTURE AN D RESOURCE S 

Coordination an d structur e 

Government ministries , institute s an d researc h centres , privat e industry , an d 
extension organisations , ar e al l involve d i n th e developmen t o f policies , research , 
and exploitatio n o f renewabl e an d alternativ e energ y resources . 

Government ministrie s 

The ministrie s concerne d include : 

Ministry fo r Scientifi c an d Technica l Researc h (MRST ) 

Ministry o f Industria l Developmen t an d Handicraf t -  responsibl e fo r th e 
energy polic y o f Senegal . 
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Ministry o f Environmenta l Protectio n -  whic h promote s th e us e o f ne w 
and renewabl e energ y resource s and , i n particular , th e developmen t o f 
biomass energy . 

Ministry o f Rura l Developmen t -  whic h supervise s th e trainin g o f 
personnel selecte d t o operat e ne w an d renewabl e energ y equipmen t i n 
rural areas , a s wel l a s promotin g th e us e an d developmen t o f biomas s 
energy. 

Ministry o f Socia l Developmen t -  whic h supervise s th e trainin g o f user s 
and promote s consume r awareness . 

Institutes an d researc h centre s 

CERER (formerl y IPM ) wa s create d i n 196 0 a s a n Institu t d e Faculte . Sinc e 
1980, i t ha s ha d th e statu s o f Institu t d'Universite . It s activitie s hav e centere d 
primarily o n th e evaluatio n o f sola r an d win d potential , therma l an d thermo -
dynamic transformation s o f sola r radiation , follow-u p investigation s o f sola r an d 
wind installations , methan e fermentation , an d finall y energ y conservatio n i n th e 
areas o f improve d stove s an d buildin g insulation . 

ENSUT, beside s it s intermediat e an d advance d trainin g programmes , conduct s 
research i n a  variet y o f areas : 1 ) photovoltai c conversion ; 2 ) win d energ y 
machines adaptabl e t o an d constructibl e i n Senegal ; 3 ) win d generators ; 4 ) 
fermentation fo r methan e production ; an d 5 ) th e biotechnologie s o f 
fermentation. 

The Senegales e Institut e o f Agricultura l Researc h (ISRA ) i s primaril y intereste d 
in biogas , conductin g experiment s wit h variou s prototype s o f methan e digester s 
at it s centr e i n Bambey . Th e CROD T als o examine s th e fue l potentia l o f algae . 

The Institut e o f Foo d Technolog y i s responsibl e fo r th e developmen t o f ne w 
transformation an d preservatio n method s suite d t o Senegales e foo d production . 
Its effort s hav e centere d o n th e perfectio n o f sola r tent s designe d fo r dryin g 
fish. 

The Facult e d e Science s o f th e Universit y o f Daka r ha s contribute d t o tw o area s 
of research . It s laborator y fo r semi-conductor s performe d fundamenta l studie s 
on thin-layere d photovoltai c material . 

Private industr y 

SINAES wa s create d i n Augus t 197 6 b y th e Governmen t o f Senega l -  whic h 
furnished 50 % o f th e capita l -  an d b y variou s partner s fro m th e Senegales e an d 
French privat e sector . I t ha s bee n responsibl e fo r th e construction , installation , 
marketing, an d maintenanc e o f sola r an d win d equipment , an d thu s ha s assemble d 
and installe d nearl y al l o f th e ne w an d renewabl e energ y equipmen t i n Senegal . 

Extension o f organisation s fo r non-renewabl e energ y resource s 

SENELEC, a s a  produce r o f electricity , i s intereste d i n th e us e o f ne w an d 
renewable energie s an d participate s togethe r wit h MRS T i n th e implementatio n 
of variou s projects , notabl y thos e wit h a n electricit y generatio n component , 
provided tha t SENELE C control s th e managemen t o f thes e projects . 
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Personnel 

Although importan t effort s hav e bee n mad e t o trai n loca l personnel , thei r 
numbers remai n insufficien t t o promot e a  rapi d master y o f th e developmen t o f 
the sub-sector. The y may even be decreasing in number. 

To correct thi s tendency , measure s hav e been examine d t o promot e employmen t 
and avoi d th e desertio n o f traine d personnel . Th e 1985-8 9 fou r yea r pla n wil l 
give a  prominen t plac e t o th e field s o f ne w an d renewabl e energies , a s di d th e 
previous four-year pla n (1981-85). 

Financing 

In orde r t o suppor t th e developmen t o f ne w an d renewabl e energie s i n Senegal, 
foreign mone y lender s hav e agree d t o a  relativel y significan t financia l 
contribution. Thus , over th e last te n years , more than five thousan d millio n CFA 
francs hav e bee n investe d i n th e sub-sector . Exterio r financing , whic h 
represents mor e tha n 75 % o f thi s amount , ha s bee n receive d b y Senegal , 
principally in the form o f grants. 

Regulations and institutions 

In orde r t o encourag e th e developmen t o f th e sub-sector , whic h i s stil l i n it s 
initial stages, the government ha s taken variou s measures. 

Law 81-2 2 o f 2 5 Jun e 198 1 allow s purchaser s o f sola r an d win d equipmen t t o 
deduct fro m thei r taxe s the total amount of mone y spent t o this end. 

Circular fro m th e Prime  Minister , 10.22 6 PM/SGG/EC T o f 2 4 Decembe r 197 2 
recommended tha t al l government building s and certain type s o f house s buil t b y 
SICAP and by OHLM should be equipped whe n needed wit h solar wate r heaters . 

To support it s policy o f th e voluntar y developmen t o f ne w and renewable energ y 
resources, th e Governmen t o f Senega l create d SINAE S in 1976 . I n 1980 SINAES 
was grante d certai n ta x advantage s i n orde r t o fulfil l it s ne w an d renewabl e 
energy objectives . 

The interes t tha t Senega l accord s t o th e developmen t o f ne w an d renewabl e 
energies i s illustrated o n a  regiona l scal e b y the participatio n o f Senegal , alon g 
with eigh t othe r countrie s o f th e CEA O and th e CILSS , in the implementation of 
the Regiona l Centre fo r Sola r Energy, headquartered a t Bamako. 

PERSPECTIVES AND CONCLUSION 

The year s t o com e wil l undoubtedl y se e th e furthe r developmen t o f ne w an d 
renewable energ y resources . It s impac t o n rura l lif e wil l becom e increasingl y 
important. 

Senegal i s a  developin g countr y wit h a n agriculturally-base d economy , 
confronted moreove r b y severe energ y an d foo d problems . Th e exploitatio n o f 
new an d renewabl e energ y resource s mus t becom e a  leadin g priorit y i n it s 
economic and social development i f these problems are to be resolved. 

There mus t b e a  continuin g evaluatio n o f potentia l ne w an d renewabl e energ y 
resources an d desig n o f practica l an d economicall y feasibl e system s fo r thei r 
application throughou t Senegal . 
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The followin g priorit y objective s fo r th e renewabl e energ y programm e hav e bee n 
identified: 

Decreased consumptio n o f woo d an d charcoa l 

Pumping o f wate r i n rura l region s 

Conservation o f foodstuf f an d medicin e 

Rural electrificatio n 

Heated wate r 

Production o f petroleu m substitutes . 

Considering th e innovativ e characte r an d th e advance d technica l potentia l o f th e 
sub-sector, a n effectiv e trainin g polic y mus t b e followe d t o provid e skille d 
personnel t o continu e developin g th e sub-sector . 

Concerning th e transfe r o f technolog y an d financia l suppor t fo r nationa l 
programms, b i an d multi-latera l cooperatio n mus t b e reinforce d an d diversifie d 
as muc h a s possible . Thes e programme s wil l b e formulate d exclusivel y i n regar d 
to previousl y define d objectives . 

The problem s t o overcom e ar e immense . However , pas t experienc e ha s 
established teste d an d effectiv e procedures , an d Senegal , wit h th e hel p o f 
friendly countrie s i s bette r equippe d t o tak e u p th e challenge . 
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POLICY OPTIONS FOR FUTURE ENERG Y US E IN SIERRA LEON E 

Ogunlade R  Davidso n Ph.D , Senior Lecturer , Departmen t 
of Mec h Engineering , Foura h Ba y College , Universit y o f 

Sierra Leone , Freetown , Sierr a Leon e 

ABSTRACT 

The parado x i n Afric a i s tha t th e continen t doe s no t lac k energ y source s bu t ha s 
failed t o demonstrat e prope r energ y managemen t an d plannin g regardin g th e 
exploitation an d utilisatio n o f thes e resources . Thi s pape r discusse s th e variou s 
policy option s fo r th e futur e energ y us e i n Sierr a Leone . Th e curren t energ y 
balance shee t i s presented . Thi s provide s th e basi s fo r predictin g futur e 
consumption u p t o th e yea r 200 0 usin g socio-economic , political , institutiona l 
and demographi c factors . Variou s polic y option s ar e investigate d tha t matc h th e 
computed futur e demand . Thi s analysi s provide s concret e suggestion s fo r polic y 
formulation relatin g t o futur e consumption , sourc e exploitation s an d utilisatio n 
in Sierr a Leone . Result s obtaine d ca n b e applie d t o othe r Africa n countries . 

INTRODUCTION 

Oil-importing developin g countrie s o f Afric a ar e plague d wit h hug e balanc e o f 
payment deficits , mountin g externa l debts , dwindlin g expor t figures , an d foreig n 
exchange scarcity . T o thi s i s adde d th e sever e implication s o n th e socia l fabri c 
of thei r societie s a s th e rat e o f utilisatio n o f th e mos t importan t traditiona l 
energy source , fuelwoo d increases . 

This situatio n wil t persis t unles s drasti c polic y change s ar e made . Th e mos t 
plausible lin e o f approac h i n securin g a n adequat e energ y suppl y bot h fo r 
survivial an d developmen t i s t o formulat e a  comprehensiv e energ y policy . Suc h a 
policy require s no t onl y baselin e informatio n regardin g resources , consumptio n 
patterns, pricin g structur e etc. , bu t als o th e predicte d deman d an d variou s polic y 
options t o satisf y thi s demand . Th e latte r aspec t wil l b e th e focu s o f thi s pape r 
discussed i n relatio n t o Sierr a Leone . 

The energ y source s ar e briefl y outline d t o provid e th e backgroun d t o th e presen t 
consumption an d futur e supply . Variou s polic y option s ar e analyse d fro m whic h 
concrete suggestion s ar e mad e t o satisf y th e futur e demand . 

ENERGY SOURCE S 

Sierra Leon e doe s no t hav e a  detaile d energ y sourc e ma p a t present . Bu t certai n 
ad ho c studie s provid e preliminar y estimate s fo r th e variou s energ y source s i n 
the country . Thes e studie s for m th e basi s fo r th e discussio n i n thi s section . 

The energ y source s o f Sierr a Leon e ca n b e classifie d int o renewabl e an d non -
renewable sources . Th e forme r ar e hydro , direc t solar , biomas s an d t o a  limite d 
extent wind . Th e latte r ar e lignit e an d crud e oil . 

Lignite deposit s ar e foun d 7 0 k m fro m th e capita l an d th e nort h easter n par t o f 
the country . Thoug h ther e ar e n o precis e estimates , UND P (1980 ) suggest s a 
figure o f 740,00 0 ton s o f prove n an d indicate d quantities . Thes e deposit s hav e 
significant cla y wit h them . Th e sout h wester n coasta l area s o f th e countr y ar e 
presently bein g prospecte d fo r crud e oil . Thoug h wor k ha s bee n goin g o n fo r th e 
past tw o year s ther e ha s bee n n o government repor t regardin g thei r findings . 
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Due t o th e geographica l positio n o f th e country , sola r energ y i s a  ver y attractiv e 
energy source . Sherrif f (1982 ) compute d th e horizonta l radiatio n fo r variou s 
areas o f th e countr y fo r th e differen t month s o f th e year . Th e countr y averag e 
was estimate d t o b e 39 5 cal/m 2/day. Win d energ y i s les s attractive . Proximit y 
to th e equato r result s i n ver y lo w averag e win d speeds . 

Hydro source s ar e th e greates t energ y resource . Presen t potentia l i s estimate d 
at ove r 60 0 M W of bot h larg e an d min i units . Inadequat e fund s an d sourc e dat a 
have prohibite d th e exploitatio n o f thi s source . Anothe r proble m i s th e majo r 
seasonal variatio n i n wate r levels . Thes e fal l t o a s lo w a s 10 % o f th e maximu m 
during th e dr y season . 

Biomass i s a  majo r energ y sourc e i n th e country . Form s availabl e includ e 
fuelwood, ethano l fro m a  suga r refinery , an d agricultura l an d anima l wastes . 
Atlanta (1979 ) estimate d th e hig h forest s t o b e 5 % an d secondar y forest s 4 % o f 
the tota l lan d are a o f 72,00 0 km 2. U p t o 90 % o f th e tota l woo d use d i n Sierr a 
Leone i s fo r fuelwood . Agricultura l waste s includ e groundnu t shells , coconu t 
husks, sawdus t etc . I n additio n t o huma n waste , ther e ar e significan t quantitie s 
of cattl e wast e i n selecte d region s o f th e country . 

ENERGY CONSUMPTIO N 

The inadequac y o f dat a an d poo r qualit y dat a collectio n make s i t difficul t t o 
evaluate th e energ y consumptio n level s i n Sierr a Leone . Dat a regardin g non -
commercial energ y ar e non-existen t an d thos e fo r commercia l energ y ar e no t 
properly organised . Th e situatio n i s improving . Davidso n (1983 ) conducte d a 
nation-wide surve y o f al l th e energ y consumin g sector s fo r th e yea r 1982 . Dat a 
from thi s stud y form s th e basi s fo r computin g th e curren t energ y balanc e shee t 
below. 

Survey 

The energ y econom y wa s divide d int o sub-sector s tha t wer e classifie d a s follows : 

residential, household s o f urba n an d rura l area s 

commercial, operation s an d premise s o f commercia l centre s 

industrial, al l forma l an d informa l activities , mining , manufacturing , 
factories etc . 

agriculture, directl y farmin g an d indirec t activitie s 

transportation, al l mode s o f transpor t passenger s an d freigh t 

services, governmen t institutions , hospitals , school s an d publi c 
corporations. 

Methods employe d include d examinatio n o f existin g records , persona l interview s 
and observation , an d administratio n o f questionnaires . Variou s samplin g 
techniques dependin g o n th e sub-secto r studies . I n severa l case s ne w technique s 
to extrac t informatio n ha d t o b e introduced . 
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Energy balanc e shee t 

The overal l energ y balanc e i s show n i n Tabl e 1 . Ove r 50 % o f th e commercia l 
energy i s use d b y th e transportatio n sector . Fo r non-commercia l sources , th e 
domestic secto r become s dominant . Thi s i s mainl y du e t o th e prominenc e o f 
fuelwood whic h i s use d mostl y fo r cooking . Th e relativel y lo w efficienc y o f th e 
devices i n domesti c us e accoun t fo r th e hig h energ y use d b y th e domesti c sector . 
There i s greate r diversit y i n fue l source s use d i n urba n household s tha n rura l 
households. Trave l b y roa d i s significan t becaus e o f th e volum e o f car s an d th e 
absence o f a  rai l system . Se a transpor t i s ver y limite d an d no t a s organise d a s 
road. Th e hig h valu e fo r se a transpor t i s mainl y du e t o th e hig h valu e fo r 
bunkering. Industria l activitie s ar e quit e lo w i n Sierr e Leone . Mining , whic h 
produces it s ow n electricity , i s by fa r th e mos t importan t industria l activity . 

These result s no w for m th e basi s fo r futur e energ y us e t o b e computed . 

FUTURE ENERGY US E 

The nationa l economie s o f mos t developin g countrie s ar e wea k nationa l 
economies. Thi s reduce s thei r contro l ove r futur e trends . Usuall y thei r policie s 
are largel y dictate d b y outsid e forces . Thi s increase s thei r vulnerabilit y t o th e 
pitfalls o f th e internationa l economi c system . Thi s make s i t difficul t t o predic t 
energy us e sinc e ther e i s a  stron g interactio n betwee n economi c developmen t 
and energ y use . Th e loca l factor s suc h a s errati c performanc e an d disorde r 
normally experience d i n variou s sector s o f th e nationa l econom y onl y reinforce s 
this point . 

Ideally t o mak e reliabl e forecast s fo r futur e energ y us e demand s th e 
development o f techno-economi e compute r model s base d o n consisten t an d 
realistic assumption s o f th e variou s consumin g sector s o f th e energy . Presently , 
we ar e developin g a  compute r mode l tha t wil l b e capabl e o f predictin g futur e 
energy us e i n LDC's . However , usin g currentl y availabl e dat a a  se t o f consisten t 
and realisti c assumption s hav e bee n use d her e t o evaluat e th e futur e energ y use . 
These assumption s ca n b e summarise d as : 

economic -  income , trad e patterns , globa l trends , deb t involvements , etc . 

political -  polic y change , structura l change , etc . 

technological -  technolog y imports , loca l capability , technica l changes , 
etc 

institutional -  socia l systems , infrastructur e etc . 

demographic -  populatio n chang e an d distribution , househol d size , 
urbanisation etc . 

Since thes e factor s ar e no t entirel y independen t the y wil l no t b e discusse d 
separately. Thi s wor k i s concentrate d o n th e end-us e o f energ y henc e th e 
analysis wil l b e discusse d i n term s o f deman d b y th e variou s sub-sectors . Thoug h 
not th e onl y wa y o f lookin g a t futur e use , thi s provide s on e approac h t o 
evaluating futur e demand . 

Using th e presen t consumptio n a s th e baselin e th e futur e energ y deman d i s 
predicted u p t o th e en d o f th e centur y usin g 199 0 a s th e intermediat e point . 
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Apart fro m variou s assumption s fo r th e specif i c sub-sectors , som e genera l one s 
were mad e regardin g th e factor s outl ine d above . Thes e assumption s wer e 
arr ived a t af te r discussion s wi t h th e relevan t governmen t authori t ies , th e 
assessment an d observatio n b y th e autho r i n specif i c areas , an d governmen t 
records. 

The mos t importan t economi c facto r use d i n thi s analysi s i s th e gros s domesti c 
product (GDP ) an d a n annua l rat e o f 4 . 1 % is used . Th e ef fec t o f th e paral le l 
market du e t o smugglin g wa s als o considered . I t wa s assume d tha t wi t h t im e 
smuggling wi l l declin e an d th e GD P wi l l b e mor e re f lec t iv e o f th e nationa l 
economy. 

The expecte d majo r shif t i n polic y call s fo r mor e ef f ic ien t managemen t o f th e 
country's resources . Thi s wi l l sho w u p a s a n overal l improvemen t o f th e 
economy. Du e t o foreig n exchang e restr ict ion s th e countr y wi l l b e force d t o 
increase loca l productio n o f basi c equipmen t usin g loca l material s a s bes t a s 
possible. Thi s wi l l assis t i n improvemen t i n domesti c appliances . 

The tren d fo r technica l change s i n globa l perspectiv e w i l l als o af fec t th e 
technology import s an d bette r energ y ef f ic ien t device s wi l l b e use d i n variou s 
industries. Ther e wi l l b e a  t im e la g betwee n th e developmen t o f technolog y an d 
its us e i n developin g countries . 

The expecte d change s i n demographi c factor s w i l l hav e seriou s implication s o n 
the to ta l energ y use . Th e populatio n i s growin g a t 2.8 % pe r year . Bu t wi t h th e 
present campaig n fo r fami l y planning , increase d urbanisation , bette r healt h 
fac i l i t ies, an d l i terac y improvement s populatio n growt h i s expecte d t o fa l l t o 
about 2.6 % pe r year . Improvemen t i n th e overal l developmen t o f a  natio n 
reduces th e rat e o f populatio n increase . Rate s wer e als o assume d fo r shi f t 
between th e urba n an d rura l population . Th e fac t tha t a s human s becom e 
economically bette r of f the y mov e t o mor e energ y intensiv e act iv i t ie s wa s 
considered b y lookin g a t th e movemen t betwee n incom e group s a t bot h urba n an d 
rural sectors . A  summar y o f th e demographi c an d economi c assumption s mad e i n 
analysis ar e give n i n Table 2 . 

Sectoral assumption s 

The difference s i n th e energ y demand s o f th e variou s sub-sector s necessitate s 
that the y ar e discusse d separately . 

Household 

The projecte d househol d prof i l e i s show n i n Tabl e 3  fo r th e year s 199 0 an d 2000 . 
Estimates ar e give n fo r th e variou s incom e group s a s ident i f ie d b y Davidso n 
(1983). Th e variou s end-use s wer e considere d a s signif ican t change s ar e 
expected t o occu r fo r th e d i f feren t end-uses . Thoug h ther e ar e l ikel y t o b e 
substantial change s i n cookin g i t i s expecte d tha t mor e ef f ic ien t device s wi l l b e 
introduced. Thi s wi l l hav e mor e impac t o n th e peopl e usin g f irewoo d an d 
charcoal. Th e chang e i n th e distr ibut io n betwee n th e d i f feren t incom e group s i n 
rural an d urba n area s i s expecte d t o chang e i n th e 1990 s an d 2000 . Thi s w i l l als o 
a f fec t energ y demand . Th e expecte d d r i f t i n populatio n fro m rura l t o urba n 
explains th e reductio n see n i n Tabl e 3  fo r rura l areas . 
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Industrial 

Table 4  present s predicte d change s i n energ y deman d withi n th e industria l 
sector. Mining , th e mos t importan t industria l activit y i s expecte d t o increas e i n 
the comin g years . I t i s assume d tha t a  secon d bauxit e compan y wil l star t an d 
that kimberlit e minin g i n th e presen t diamon d minin g sit e wil l b e on-stream . 
Intense gol d minin g activit y an d rutil e an d iro n or e mine s wil l continue . thes e 
activities accoun t fo r th e increas e observe d i n th e minin g section . Foo d 
processing i s als o expecte d t o increas e significantl y du e t o th e growt h i n agro -
based industrie s an d th e presen t cal l fo r foo d processin g i n th e country . 
Construction i s expecte d t o increas e du e t o improvement s i n infrastructur e 
especially roa d building . 

Transportation 

Only moderat e growt h i s expecte d i n th e transportatio n secto r base d o n expecte d 
improvement i n th e econom y (Tabl e 4) . Th e expecte d shif t t o hig h incom e 
earners wil l contribut e t o th e increas e i n ca r travel . Governmen t participatio n 
and als o congestio n i n urba n trave l wil l forc e mor e peopl e t o trave l b y mini -
buses. 

Agriculture 

An increas e i n mechanise d agricultur e i s expecte d du e t o th e curren t foo d 
shortages an d th e involvemen t o f mor e sophisticate d busines s operator s i n 
farming. Als o th e fruit s o f th e variou s governmen t project s ar e expecte d t o 
have yielde d results . Hence , agricultur e an d it s suppor t service s wil l becom e 
more energ y intensiv e (Tabl e 4) . 

Only moderat e growt h i s expecte d i n th e commercia l an d service s sector . The y 
are ver y dependen t o n th e natur e o f th e econom y (Tabl e 4) . 

Table 5  summarise s th e predicte d change s i n energ y consumptio n withi n al l th e 
sectors includin g th e percentag e contributio n t o tota l consumption . 

POLICY OPTIONS 

The summar y o f th e futur e us e o f energ y show s tha t a  7.5 % increase i s expecte d 
by th e yea r 199 0 an d 12.0 % b y th e en d o f th e century . Th e existin g sourc e o f 
supply canno t suppor t suc h requirements . Thi s sectio n discusse s variou s polic y 
options tha t ar e aime d a t solvin g thi s proble m usin g a s muc h locall y availabl e 
resources a s possible . 

Four possibl e polic y option s are : 

increased fuelwoo d 

improved fuelwoo d stove s an d kiln s 

introduction o f ne w an d renewabl e energie s 

conservation measures . 

They ar e interdependen t bu t wil l b e discusse d separately . 
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Increased fuelwoo d suppl y 

There i s a  hig h deman d fo r fuelwoo d whic h wil l escalat e unles s measure s ar e 
taken t o counterac t this . Peopl e especiall y i n rura l areas , d o no t hav e 
alternative t o fuelwood . Therefor e i t i s ver y importan t tha t adequat e 
arangements ar e mad e t o assur e th e suppl y o f wood . 

Agroforestry, i e combinin g selecte d tre e specie s wit h existin g foo d crops , i s a n 
attractive optio n fo r man y reasons . I t i s estimate d tha t 50 % of presen t fuelwoo d 
comes fro m lan d preparatio n fo r farming . Selecte d tree s ca n b e intercroppe d 
with certai n foo d crop s an d thi s mean s fuelwoo d i s clos e t o th e farm . A n adde d 
advantage i s tha t tree s hel p t o preven t soi l erosion . Davidso n (1985 ) 
recommends Albizzi a adianthifoli a an d A . zygia . The y hav e calorifi c value s ove r 
4000 kcal/k g an d ar e hig h yieldin g an d fas t growing . 

Another metho d o f increasin g fuelwoo d suppl y i s b y plantatio n programme s t o 
replant deplete d fores t areas , an d develo p plantatio n farm s i n fores t o r periurba n 
areas. Tree s fo r suc h programme s woul d includ e Albizzi a an d Luceana . A n 
added advantag e o f thes e tree s i s tha t the y fi x nitroge n i n th e soi l a s well . 

The expecte d potentia l o f thi s suppl y option : Tre e yield s o f 10-1 5 1:onnes/h a i n 
2000-5000 h a producing 3900 0 tonnes/h a b y 199 0 and twice tha t i n 2000. 

Improved fuelwoo d stove s an d kiln s 

One metho d o f conservin g fuelwoo d i s t o introduc e improve d stove s tha t ca n us e 
both charcoa l an d firewood . Efficienc y o f existin g stove s ar e unde r 15 % and th e 
three ston e stove s i s a s lo w a s 9% . Improve d stove s ar e no w availabl e wit h 
efficiencies u p t o 25 % (Davidson 1985) . 

The inefficienc y o f charcoa l productio n i n whic h 75 % o f usefu l hea t i s los t 
(Davidson 1983) , compound s th e problem . Meta l kiln s o r pyrolysi s i n industria l 
process ca n improv e th e situation . Mor e convenien t cookin g doe s no t necessaril y 
save fue l an d larg e scal e introductio n wil l definitel y hav e a n effect . 

Expected potential : Usin g 25 % efficient stove s an d mor e efficien t charcoa l wil l 
reduce energ y demand for cookin g by 10-15%. 

New and renewable source s 

New an d renewabl e energ y source s i n Sierr a Leon e ar e likel y t o hav e a n impac t 
on th e overal l energ y pictur e an d include : 

Biogas fo r rura l applicatio n i n individua l house s 

Biogas fo r selecte d industria l activitie s 

Producer ga s fo r selecte d industria l purpose s 

Direct sola r fo r wate r heating , wate r pumping , cro p drying , an d t o a 
limited exten t communication s 

use o f ethano l bot h a s a  fue l o r a s additiv e i n th e transpor t secto r 

agricultural waste s i n improve d stoves , ovens , smokers etc . 
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Expected impact : Bioga s wil l have greatest impac t mainl y in norther n provinces ; 
ethanol coul d sav e 15 % of transpor t costs ; other sources woul d provide fo r 5 % of 
domestic demand . 

Conservation measure s 

This optio n wil l prov e ver y usefu l fo r th e industria l secto r i n tw o ways . Firstl y 
by achievin g ver y lo w runnin g cost s an d i n certai n case s n o cost s a t al l b y 
improving performanc e o f existin g equipmen t throug h prope r auditin g an d clos e 
monitoring. Thi s migh t involv e introducin g som e retrofittin g bu t a t cos t tha t 
can b e afforde d b y th e industries . Secondl y introducin g mor e efficien t devices . 
Technology presentl y availabl e i n developin g countrie s ca n cu t productio n energ y 
consumption b y a  facto r o f 5  t o 1 0 (Davidso n 1985) . I t wil l b e ver y usefu l 
because o f th e stag e o f industrialisatio n o f man y developin g countrie s mean s 
they nee d t o purchas e ne w machines . 

Expected gains : 10 % of industria l need s by 1990 and 20% by 2000 . 

All thes e polic y option s cal l fo r stron g politica l wil l an d a  comprehensiv e stud y 
on energ y pricing . Thi s mechanis m ca n als o b e use d t o stabilis e th e energ y 
situation bu t thi s issu e i s no t considere d here . 

CONCLUSIONS 

This stud y show s tha t significan t saving s ca n b e mad e b y takin g certai n policies . 
These are : 

Increase fuelwoo d suppl y b y adopting measure s suggeste d 

Subsidise programme s t o introduc e stove s an d kiln s i n bot h urba n an d rura l 
areas 

Create scheme s fo r utilisin g bioga s i n th e norther n province . Us e ta x 
incentives fo r industria l purposes . Produce r ga s ca n b e utilise d a s well . 
Encourage sola r wate r heatin g fo r urba n area s an d cro p dryer s fo r rura l 
areas 

Encourage fue l switchin g i n transportatio n secto r betwee n diese l an d 
petrol. Us e ethano l produce d locall y a s additiv e 

Encourage intens e conservatio n programme s 

Existing programm e fo r electricit y b y hydro shoul d b e intensified . 

These policie s alon g wit h politica l wil l ca n g o a  grea t wa y t o solvin g th e 
imminent energ y crisis . 
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TABLE 2: Summar y of demographic and economic 
assumptions used in the analysis 

Variable 

Population (Millions) 

Total 

Urban 

Rural 

Persons/Household 

Total 

Urban 

Rural 

Income Distribution % 

Urban 
Group 1 

" 2 

" 3 

" 4 

Rural 
Group 1 

" 2 

Gross Domesti c 
Product (Lem ) 

GDP/Capita (Le) 

1982 
base 
year 

3.356 

0.839 

2.517 

7.94 

7.0 

8.3 

56 

24 

15 

5 

100 

negl. 

1264.5 

376.8 

1990 

4.124 

1.32 

2.804 

7.4 

6.6 

7.9 

49 

27 

17 

7 

95 

5 

1743.8 

422.8 

2000 

5.341 

2.136 

3.205 

7.0 

6.1 

7.5 

40 

31 

19 

10 

90 

10 

2606.1 

487.9 

Average 
Annual 
Growth 

(%) 

2.6 

7.0 

2.1 

4.1 

1 
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TABLE 3: Househol d end-use energy predictions 

Income 
Group 

URBAN 
1 

2 

3 

4 

RURAL 
1 

2 

End 
Use 

Cooking/heating 
Lighting 
Ironing 
Others 
Sub-Total 

Cooking/heating 
Lighting 
Ironing 
Others 
Sub-Total 

Cooking/heating 
Lighting 
Ironing 
Others 
Sub-Total 

Cooking/heating 
Lighting 
Ironing 
Others 
Sub-Total 

TOTAL 

Cooking 
Ironing 
Lighting 
Sub-Total 

Cooking 
Ironing 
Lighting 
Sub-Total 

TOTAL 

1982 

3.35 
0.37 
1.19 
0.07 
4.98 

2.25 
0.20 
0.62 

0.06 
3.13 

1.06 
0.12 
0.32 
0.05 
1.55 

0.31 
0.04 
0.09 
0.02 
0.46 

10.12 

25.48 
1.85 
0.68 

28.01 

-
-
-

negl. 

28.01 

Energy Demand TJX103 

1990 

3.39 
0.38 
1.21 
0.08 
5.05 

2.66 
0.24 
0.73 
0.06 
3.69 

1.69 
0.20 
0.51 
0.07 
2.47 

0.72 
0.07 
0.20 
0.05 
1.06 

12.27 

24.00 
1.74 
0.68 

26.42 

1.09 
0.22 
0.14 
1.45 

27.87 

2000 

4.03 
0.46 
1.44 
0.08 
6.01 

4.45 
0.39 
1.23 
0.11 
6.18 

2.76 
0.32 
0.83 
0.12 
4.03 

1.50 
0.18 
0.42 
0.42 
2.21 

18.43 

17.88 
1.3 

0.47 
19.65 

2.24 
0.45 
0.30 
2.99 

22.64 
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TABLE 4: Energ y demand for other sub-sectors 

Sub-Sector 

Industrial 
Mining 
Construction 
Eng. meta l 
Food Proc s 
Others 

Transportation 
Cars 
Buses 
Freight 
Air 
Sea 
Others 

Agriculture 
Machines 
Services 

Services 
Commercial 

• 

Sub-Sector 

Domestic 3 8 

Industrial 

Transportation 

Agriculture 

Services & 
Commercial 

Electricity 
Production 

TOTAL 4 7 

TABLE 5: 

TJ 

,130. 

1947, 

5971. 

8, 

116, 

113. 

,310. 

1982 

1193.65 
152.30 
98.70 
53.73 

449.87 

1100.20 
814.10 

1189.70 
592.00 

2135.68 
139.32 

8.02 
0.74 

116.67 

DEMAND (TJ) 

1990 

1392.96 
197.99 
138.18 
73.85 

494.86 

1613.40 
932.40 

1308.67 
651.20 

2345.25 
153.25 

16.04 
1.11 

128.37 

Summary of energ y productions 

1982 

00 

.75 

.00 

.76 

.67 

.00 

.89 

% 

81.40 

4.20 

11.10 

0.02 

0.23 

2.50 

100 

TJ 

40,140, 

2297 

7008 

17 

128 

1250 

50,841 

1990 

.00 

.84 

.17 

.15 

.37 

.31 

.80 

% 

78.90 

4.50 

13.8 

0.03 

0.28 

2.50 

100 

TJ 

41,070. 

3000. 

7482. 

25. 

141, 

1375, 

53,094. 

2000 

1851.26 
251.39 
193.45 
159.69 
544.34 

2218.40 
1242.10 
1439.54 
716.32 

2584.17 
168.57 

24.06 
1.55 

141.21 

2000 

% 

.00 77 . 

.13 5 . 

.10 14 . 

.61 0 . 

.21 0 . 

.34 2 . 

.39 10 0 

30 

70 

10 

03 

,27 

,60 
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ENERGY PLANNIN G ACTIVITIE S IN ZAMBIA 

M Nsof u 
University o f Zambia , P O Bo x 32379 , Lusak a 

INTRODUCTION 

Zambia lik e mos t othe r Africa n countrie s achieve d he r independenc e durin g th e 
early 1960 s an d embarke d o n majo r developmen t plan s t o increas e industria l 
output an d als o t o exploi t th e vas t untappe d resource s i n rura l areas . Thi s 
involved massiv e investment s i n plan t an d equipmen t requirin g larg e amount s o f 
energy an d capital . Lik e mos t othe r countrie s Zambi a wa s an d i s stil l a 
monoeconomy an d durin g thos e day s th e pric e o f coppe r (th e mos t importan t 
foreign exchang e earner ) wa s hig h enoug h t o suppor t thes e developmen t plants . 
The pric e o f oi l a t tha t tim e wa s reasonabl y cheap . 

Since 1973 , th e cos t o f oi l import s t o Zambi a increase d dramaticall y fro m nearl y 
50 millio n kwach a i n 197 5 t o 22 5 millio n kwach a i n 198 3 - a n increas e o f nearl y 
450%. I n 1975 , thes e import s onl y accounte d fo r 8.2 % o f th e tota l imports . I n 
1983 thi s figur e ha d rise n thre e time s t o 25.6% . A t th e sam e tim e oi l us e ha s 
actually gon e dow n du e t o th e slowe d industria l capacit y (Tabl e 1) . 

Between 196 4 an d 1983 , the urba n populatio n ha s increase d fro m 20 % t o 43 % an d 
is rising . Thi s mean s tha t mor e commercia l energ y i s going t o b e used . 

In 1982 , a  Worl d Ban k tea m visite d Zambi a t o carr y ou t a n energ y assessmen t 
programme. On e o f thei r recommendation s wa s tha t Zambi a shoul d re-examin e 
its energ y programme s an d potentia l s o tha t lon g ter m investment , an d othe r 
facilities coul d b e planned . The y als o reinforce d th e governmen t vie w tha t th e 
nation shoul d throug h carefu l plannin g reduc e thi s overdependenc e o n petroleu m 
products whic h hav e t o b e imported . 

SCENARIO 

According t o preliminar y dat a show n i n Tabl e 2 , amon g th e thre e majo r 
commercial fue l supplies , hydroelectricit y contribute d 67.8% , coa l 11.6 % an d oi l 
18.5% i n 1983 . I n th e sam e yea r th e majo r consumer s wer e industria l processe s 
such a s mining . Becaus e o f th e emphasi s place d o n th e agricultura l secto r b y th e 
government th e energ y consumptio n i n agricultur e ha s bee n increasin g steadily . 

In 198 4 th e Universit y o f Zambi a i n conjunctio n wit h th e governmen t 
Department o f Energ y an d th e Nationa l Energ y Counci l institute d a n energ y pla n 
of actio n t o stud y th e patter n o f energ y suppl y an d deman d i n th e countr y an d t o 
make projection s u p to 1995 . 

The objective s were : 

a. T o develo p a  diversifie d energ y suppl y syste m whic h wil l reduc e 
dependence o n oil . 

b. T o maximis e th e us e o f renewabl e resources . 

c. T o maximis e th e us e o f indigenou s resources . 

d. T o provid e energ y fo r optimu m industria l development . 



-250 -

e. T o reduc e no n commercia l fue l us e an d resultin g deforestation . 

The firs t ste p wa s t o collec t deman d an d suppl y dat a fo r 1970-84 . Abou t 400 0 
questionnaires wer e sen t ou t durin g August-Octobe r 1984 . Th e dat a ar e stil l 
being evaluated . Som e difficultie s i n th e balancin g o f suppl y an d deman d figure s 
were experience d bu t thi s i s stil l bein g checked , an d wher e possibl e dat a ar e 
being recollected . 

THE MODE L 

The mode l bein g develope d fo r th e analysi s o f data , particularl y fo r futur e 
predictions an d rationalisation , i s base d o n experience s i n Zambia . Bu t som e o f 
the feature s i n othe r model s lik e th e Energ y Suppl y an d Plannin g Mode l an d th e 
Argonne Energ y Mode l ar e als o incorporated . 

The mode l i s a  networ k representin g th e energy-producin g secto r an d energ y 
prices base d o n th e relativ e cost s o f variou s energ y suppl y alternatives . Al l th e 
energy resourc e production , conversion , transpor t an d deman d activitie s i n 
existence a s wel l a s thos e havin g potentia l fo r us e ar e incorporate d i n th e 
network a s node s an d referre d t o a s processes . Th e networ k link s represen t 
energy flow s betwee n processes . Th e networ k ca n b e use d t o projec t futur e 
energy flow s an d price s o n th e links . Projectio n base d o n engineerin g cost , 
technological availabilit y an d acceptabilit y ca n b e made . Thes e energ y demand s 
are the n matche d wit h supplie s wit h leas t cost . Th e mode l ca n b e use d als o t o 
analyse effect s o f governmen t policy . Detail s o f th e mode l wil l b e availabl e 
when i t i s full y developed . 

RENEWABLE ENERGY RESOURCE S -  THEI R ROL E 

From th e scenari o i t i s quite clea r tha t som e measure s ar e neede d immediately : 

a. A  comprehensiv e energ y conservatio n programm e mus t b e instituted . 
Conservation i s widel y regarde d a s a  resourc e an d it s encouragemen t i f 
possible b y legislation , wil l sav e a  lot o f investment . Thi s i s alread y bein g 
done unde r th e 2n d phas e o f th e Nationa l Energ y Pla n o f Action . 

b. A  systematic stud y o f renewabl e energ y resource s i n th e countr y an d thei r 
possible exploitatio n particularl y i n th e substitutio n o f commercia l fuels . 

Because on e canno t wai t fo r th e energ y pla n t o b e completed , wor k i s alread y i n 
progress i n a  numbe r o f areas , som e o f whic h hav e bee n reporte d a t thi s meetin g 
by othe r colleague s fro m Zambia . Thes e include : 

a. hydropowe r 
b. sola r heatin g an d coolin g 
c. sola r pumpin g 
d. woo d stove s an d thei r improvemen t 
e. alcoho l productio n fo r fue l 
f. win d energ y 
g. coa l utilisatio n 

Although th e mai n ai m i s t o reduc e th e commercia l fue l consumption , traditiona l 
fuels suc h a s woo d whic h constitut e a n improvemen t i n th e qualit y o f lif e an d a 
major par t o f th e fue l suppl y fo r th e rura l area s stil l for m quit e a  significan t 
portion o f curren t studies . Onl y b y prope r monitorin g o f thi s fue l consumptio n 
can deforestatio n b e arrested . 
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Preliminary finding s indicat e tha t apar t fro m conservatio n i n mos t o f th e 
industries ther e wil l b e a  nee d fo r prove n renewabl e technologie s t o sav e eve n 
more power . Option s suc h a s proces s stea m b y utilisin g sola r energ y preheaters , 
biomass an d othe r form s o f renewabl e energy , ar e bein g activel y considered . 

FUTURE WORK 

a. Sinc e deman d projection s wil l hav e t o b e me t b y adequat e suppl y o f 
energy; i t i s importan t t o tak e stoc k o f th e amoun t o f renewabl e energ y 
resources availabl e i n th e country . 

b. Analysi s o f th e curren t deman d an d suppl y pattern s i s i n progres s an d i t i s 
hoped tha t thi s wil l b e availabl e t o th e governmen t i n th e nea r future . 
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TABLE 1 : Oi l importation i n Zambi a 

Year 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

Quantity 
tons 

852,075 

907,615 

776,926 

780,154 

699,328 

761,832 

750,543 

748,150 

608,228 

Value K'00 0 

49,228 

63,540 

67,388 

68,107 

97,144 

153,963 

185,000 

198,000 

225,189 

% tota l 
imports 

8.2 

13.6 

12.6 

13.8 

16.3 

17.6 

21.0 

21.6 

25.6 

TABLE 2: Suppl y and demand contributions o f th e variou s energy type s 

SUPPLY 

Hydroelectricity 

Coal 

Oil 

% Contribution t o commercia l 
energy suppl y 

67.8 

11.6 

18.5 

DEMAND 

Mining 

Commerce an d service s 

Transport 

Manufacturing an d constructio n 

% Contributio n o f «secto r 

47.5 

23.0 

11.7 

10.6 
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