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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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