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ABSTRACT

Currentlyahighproportionoftheworld’stotalenergyoutputisgeneratedfromfossil
fuelssuchasoilandcoal.Ingeneral,thequestforanoptiontoconventionalpower
schemesforextensiontoremoteandrurallocationsofdevelopingcountrieslikeNigeria
arisesfromthehighcostsassociatedwiththeextension,aswellasmaintenance,ofthe
powergridsystemtoruralareas.Itisuniversallyacceptedthatfossilfuelsarefiniteand
itisonlyamatteroftimebeforetheirreservesbecomeexhausted.Theneedfor
supplementaryorevenalternativesthatideallywillbenon-depletableenergysources
havesincebeenrecognized.Thesenon-depletableenergysourcesarereplenishableand
arealsoreferredtoasrenewableenergysourcesastheyareavailableincyclicorperiodic
basis.Theseinclude:SolarEnergywhichhasestimatedworldwideaveragepower

potentialsof24W/m2oftheearth’ssurface;Hydropower,majorsourceswhicharestill
underdeveloped,hasanestimatedpotentialoftherangeof2-3TW.Availablealsoin
limitedareasoftheworldareWindenergyandBiomass.Thispaperreviewsthe
availabityofrenewableenergiesandtheircurrentlevelofusageinruralcommunitiesof
Nigeriawithaviewtoputforwardnecessarypolicymeasuresthatareessentialinorder
topromotetheuseofthesetechnologies.
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INTRODUCTION
Itisclearthatenergyisanessentialinputtoallaspectsofmodernlife.Itisindeedthe

live-wireofindustrialproduction,thefuelfortransportationandforthegenerationof

electricityinconventionalthermalpowerplants.Currently,ahighproportionofthe

world’stotalenergyoutputisgeneratedfromfossilfuelssuchasoilandcoal.Ingeneral,

thequestforanoptiontoconventionalpowerschemesforextensiontoremoteandrural

locationsofdevelopingcountrieslikeNigeriaarisesfromthehighcostsassociatedwith
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theextensionaswellasthemaintenanceofthepowergridsystemstoruralareas(Sambo,

2001).Thecloserelationshipbetweentheproximityofenergyresearchestopotential

userscompiledwiththehighcostofconventionalenergysourceshaveledtoa

considerableinterestinthedevelopmentandapplicationofrenewableenergyresources

suchas:Solar,Wind,Biomass,Wave,e.t.c,obtainedfromcontinuouscurrentofenergy

occurringinnaturalenvironment(Babakano,2000).

EnergyConsumptionsinNigeria

Energyconsumptionpatternsindicatedthat,humanandotheranimalpowerprovidesthe

bulkoftheenergyrequirementsforagriculturalproduction.Anassessmentoftheenergy

unitadopted,thatisman-hours,showedthatsharpvariationsexistinthemagnitudesof
theman-hourfiguresfromplacetoplace.Evidenceofuseofpetroleumproductsfor

agriculturalproductionhasbeenrecorded.This,thoughsmallwhencomparedwith

humanandanimalpowerissignificantbecauseitshowedtheuseofmotorizedirrigation

pumpsanddieselpoweredtractorsformechanicalagriculturalactivities,(Sambo,1991)

Fuelwoodwasfoundtobethepredominantenergysourceinthehouseholdsectorwith

about70-80%ofhouseholdsdependingonitastheircookingfuelinboththeremote

villagesandthetowns.Theconsequenceofthistothenaturalenvironmentisthat

uncheckedfellingoftreestoprovidethefuelwoodrequirementswillexacerbatedesert

encroachments,soilerosionandlossofsoilfertilityproblems.Intheinterim,itwouldnot

bepracticaltostoptheuseoffuelwoodrathertheshorttermsolutionistheadoptionof

theefficientwoodburningstovestogetherwiththewidespreadestablishmentoffast

growingtrees.Inthelongtermonewouldsuggesttheintroductionofotherfuelslike

LiquefiedPetroleumGas(LPG),keroseneandsmokelesscoalbriquettestoreplacethe

useoffuelwood,(Sambo,2005).

Keroseneisthepredominantenergysourceusedintheruralareasforlighting.Thereis

strongevidenceoftheuseofsmallquantitiesofkerosenetoassistthequick

commencementoffuelwood.Thisisinadditiontoitsuseintheurbancentersasa

cookingfuel.Thepredominanttypeoflanternusedisthewick-typewhichdoesnot

produceagoodlevelofluminosity.Thethirdenergytypeintermsofsignificanceinthe

householdsectoriselectricitywhichismostlylimitedtostateandlocalgovernment

headquartersandsomebigtowns.Mostoftheelectricityintheruralareasisprovidedby

theStateRuralElectricityBoards,(Sambo,2005).

MainselectricityfromNEPA(nowPHCN)dominatestheenergysupplyforindustrial

sector.Thisissupplementedbyelectricitygeneratingsetsthatarefueledbyautomotive

gasoil(diesel).Highandlow fueloilsareusedintextile,cementandbrick

manufacturingplants.Theforegoingisforlargeindustrieswhicharemostlylocatedin
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thebigcitiesandtowns.Forthesmalltownsandvillages,thebulkofthesmall-scale

industriesareoperatedondieselgeneratorsforbakeries,small-scalesteelworks,small–

scaleceramic/potteryworksetc.Intheselocalitiesothersmall–scaleactivitieslike

handicraft,weavingetcarebasedonhumanpower,(Sambo,2005)

Inthetransportsector,primemotorspirit(petrol)isthemajorfuelforsalooncarsandthe

smallbuses.Forlorries,trucksandrailtransportthepredominantfuelisautomotive

kerosene.Ithasbeenestimatedthat74%ofthepetroleumproductsdemandofNigeriais

forthetransportsectorwithonly19%fortheindustrialsector.Oftheamountoffuel

consumedinthetransportsector,50%isabsorbedbypassengertransportbyair,(Sambo,

2005).

Inremoteruralareas,humanpowerisusedforwaterliftingfromwellswhileinthebig

villagesandmanytowns,dieselpoweredpumpingsystemsarereliedupontoliftwater

fromboreholes.HospitalsandhealthcentersinruralareasrelyonbothRuralElectricity

Board(REB)–generatedelectricityanddieselgeneratorsforlighting,sterilizingof

appliancesaswellasforstorageofdrugsandvaccines.Useismadeoffuelwoodandto

alesserextentLPG,forcooking.Thesituationinthehealthcentersisverymuchthe

sameinboardingschools,barracksandprisonhouses,(Sambo,2005).

AVAILABILITYOFRENEWABLEENERGYRESOURCES

Therenewableenergysourcesconsideredinthispaperinclude;Hydropower,Solar,

BiomassandWindenergy.

Hydropower

Essentially,hydropowersystemsrelyonthepotentialenergydifferencebetweenthe

levelsofwaterinreservoirs,damsorlakesandtheirdischargetailwaterlevels

downstream.Thewaterturbineswhichconvertthepotentialenergyofwatertoshaft

rotationarecoupledtosuitablegenerators.ThehydropowerpotentialofNigeria(Sambo,

2001)isveryhighandhydropowercurrentlyaccountsforabout29% ofthetotal

electricalpowersupply.ThefirsthydropowerstationinNigeriaisatKainjiontheriver

Nigerwheretheinstalledcapacityis836MWwithprovisionsforexpansionto1156MW.

AsecondhydropowerstationontheNigerisatJebbawithaninstalledcapacityof

540MW.Anestimate(AliyuandElegba,1990)forriversKaduna,BenueandCross

River(atShiroro,MakurdiandIkomrespectively)indicatestheirtotalcapacitytostand

atabout4,650MW.TheoverallhydropowerresourcespotentiallyexploitableinNigeria

areintheExcessof11,000MW.

Ineffect,smallhydropowersystemscanbesetupinallpartsofthecountrysothatthe

potentialenergyinthelargenetworkofriverscanbetappedandconvertedtoelectrical
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energy.Inthiswaythenation’sruralelectrificationprojectscanbegreatlyenhanced,

(Sambo,2001).

SolarEnergy

SolarenergytechnologiesaredividedintotwobroadgroupsnamelySolar–Thermal(ST)

andSolar–Photovoltaic(PV).Insolarthermalapplications,solarenergy,as

electromagneticwavesisfirstconvertedintoheatenergy.Theheatenergymaythenbe

usedeitherdirectlyasheat,orconvertedintocold,orevenintoelectricalormechanical

energyforms.Typicalofsuchapplicationsareindrying,cooking,heating,distillation,

coolingandrefrigerationaswellaselectricitygenerationinthermalpowerplants.In

solarphotovoltaicapplications,thesolarradiationisconverteddirectlyintoelectricity.

Themostcommonmethodofdoingthisisthroughtheuseofsiliconcells,(Sambo,2001).

Solarenergyisthemostpromisingoftherenewableenergysourcesinviewofits

apparentlimitlesspotential.Thesunradiatesitsenergyattherateofabout3.8×1023

kWpersecond.Mostofthisenergyistransmittedradiallyaselectromagneticradiation,

whichcomestoabout1.5kW/m2attheboundaryoftheatmosphere.Aftertraversingthe

atmosphere,asquaremeteroftheearth’ssurfacecanreceiveasmuchas1kW ofsolar

power,averagingtoabout0.5overallhoursofdaylight.Studiesrelevanttothe

availabilityofthesolarenergyresourcesinNigeria(Sambo,2001)havefullyindicated

itsviabilityforpracticaluse.Althoughsolarradiationintensityappearsratherdilute

whencomparedwiththevolumetricconcentrationofenergyinfossilfuels,ithasbeen

confirmedthatNigeriareceives5.08×1012kWhofenergyperdayfromthesunandif

solarenergyapplianceswithjust5% efficiencyareusedtocoveronly1% ofthe

country’ssurfacearea,then2.54×106MWhofelectricalenergycanbeobtainedfrom

solarenergy.Thisamountofelectricalenergyisequivalentto4.66millionbarrelsofoil

perday.

Biomass

Biomassenergyreferstotheenergyofbiologicalsystemssuchaswoodandwastes.

Biomassenergyisanindirectformofsolarenergybecauseitarisesduetophotosynthesis.

ThebiomassresourcesofNigeria(Sambo,2001)canbeidentifiedaswoodbiomass

foragegrassesandshrubs,residuesandwastes(forestry,agricultural,municipaland

industrial)aswellasaquaticbiomass.

Wood,apartfrombeingamajorsourceofenergyintheformoffuelwoodisalsoused

forcommercialpurposesinvariousformsasplywood,paperproductsandelectricpoles.

Forenergypurposes,Nigeriaisusing80millioncubicmeters(43.4×109kg)offuel

woodannuallyforcookingandotherdomesticpurposes.Theenergycontentoffuel

woodthatisbeingusedis6.0×109MJ,outofwhichonlybetween5-12%thefraction
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thatisgainfullyutilizedforcookingisandotherdomesticuses.Althoughthebiomass

availabilityasat1973wasputat9.1012MJ,itisexpectedthattheoverallbiomass

resourceavailabilityatpresentislowerthanthe1973figure.Thisislargelyduetothe

demandofwoodalsoforconstructionandfurnitureindustriesinadditiontoitsuseasan

energysource.Asforforagegrassesandshrub,estimatesshowthat200milliontonesof

drybiomasscanbeobtainedfromthemandthiscomesupto2.28×106MJofenergy,

(Sambo,2001).

Forcropresiduesandwastes,estimatesofthe6.1milliontonesofdrybiomassthatare

producedannuallyleaveresidueswhoseenergycontentapproximateto5.3×1011MJ.

Estimatesmadein1985gavethenumberofcattle,sheep,goats,horsesandpigaswellas

poultrybirdsas166million.Theseproduce227,500tonesofanimalwastesdailywhich

cometo2.2×109MJtakingthecalorificvalueofanimaldungtobe9.800MJ/tones.

Animalresiduecanbeconvertedtobiogasandestimatesshowthatthisisoftheorderof

5.36×109MJwhichhasanenergycontentamountingto2.93×109kWh,(Sambo,2005).

WindEnergy

Windisanaturalphenomenonrelatedtothemovementofairmassescausedprimarilyby

thedifferentialsolarheatingoftheearth’ssurface.Seasonalvariationsintheenergy

receivedfromthesunaffectthestrengthanddirectionofthewind.Theeasewithwhich

aeroturbinestransformenergyinmovingairtorotarymechanicalenergysuggeststhe

useofelectricaldevicestoconvertwindenergytoelectricity.Windenergyhasalsobeen

utilizedfordecades,forwaterpumpingaswellasformillingofgrains,(Sambo,2005).

AstudyonthewindenergypotentialforanumberofNigeriancitiesshowsthatthe

annualwindspeedrangesfrom2.32m/sforPortHarcourtto3.89m/sforSokoto.The

maximumextractablepowerperunitarea,forthetwositeswasestimatedat4.51and

21.97Wattpersquaremetersofbladearearespectively.Whenthedurationofwind

speedsgreaterthan3m/sisconsideredthen,theenergyperunitareaworkoutat168.63

and1,556.35kWhpermetersofbladearea,againforPortHarcourtandSokoto,(Sambo,

2005).

Althoughtheuseofwindenergyforwatersupplyhasbeenknownandusedforhundreds

ofyear,inrecenttimesefforthavebeendirectedlargelytowardstheuseofwindpower

forthegenerationofelectricityandinthepasttwentyyearsorsorapidchangesin

technologyhaveoccurredandmajorwindpoweredgeneratingplantshavebeeninstalled,

especiallyintheruralareasofthedevelopedcountries(Sambo,2005).

APPLICATIONSOFRENEWABLEENERGYTECHNOLOGIESINNIGERIA

InNigeria,asaresultofresearchanddevelopmentactivitiesthathavebeenundertakenin
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ouruniversitiesandpolytechnicsalargenumberofrenewableenergysystemsand

deviceshavebeendevelopedandagoodnumberareindeedreadyforadoptionintothe

economy.AreportcompiledbytheSokotoEnergyResearchCentrein1991(Sambo,

2001)providesdetailsofthetechnologiesthatweredevelopedatthecentreandwhich

werereadyforadoptionintotheeconomy.

SolarEnergy

Therearemanysolarthermalsystemsespeciallysolarwaterheatersandsolardryersin

useinmanypartsofthecountry.Solarcookers,solarstills,solarchickenbroodersand

solarthermalrefrigeratorsdevelopedbyresearchcentersandconfirmedtobeofpractical

applications,

SolarPhotovoltaicapplicationshavewidercurrentinstallationinthecountryandthese

includesolarphotovoltaicwaterpumpingsystems,solar-poweredvaccinerefrigeratorsas

wellastelecommunicationrepeaterstations.Therearealsosolarphotovoltaicpower

plantsthatareprovidingelectricitytoentirevillagesandalsoothersthatarepoweringon

standalonebasis,specificprojectssuchasruralhealthcentersandtelevisionviewing

centers(Sambo,2001).

Biomass

Manyversionsofefficientword-burningandcharcoalstoveshavebeendevelopedand

arebeingusedinmanypartsofcountrywiththeoverallobjectivesofcurtailingthe

amountoftreesperenniallycuttoprovidefuelwoodandcharcoal.Biogasdigesters,

whicharecapableofproducingbiogasthatcouldbeusedfordomesticandindustrialuses

havebeendevelopedinmanypartsofthecountry(Sambo,2001).

WindEnergy

Windenergyusetoberelieduponinthe1950’sand1960’sforprovisionofwaterin

manynorthernpartsofthecountry.However,thiswaslargelyabandonedwhenthe

developmentofthepetroleumproductsreachedadvancedstages.Thedevelopmentof

PoldowwindpumpinBauchi,usinglocallyavailablematerialsissurelyamoveinthe

rightdirection.Itshouldbementionedthat,therearefewmodernwindpumpsinsome

partsofthecountry.Thereisalsoonewindelectricitygeneratorcurrentlysupplying

energyfromwindatSayyainSokotostate,(Sambo,2001).

PROMOTIONOFRENEWABLEENERGYTECHNOLOGIES

Sambo(2005)describedthefollowingstrategiesforthepromotionofrenewableenergy

technologiesinNigeria.

AdoptingRenewableEnergyTechnologies
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Withtheavailabilityofrenewableenergyresourcesinallpartsofthecountryandthe

existinglevelofdevelopmentofsystemsanddevicesinthenation,thereistheurgent

needtoadoptpracticalmeasuresthatwillsystematicallyintroducevariousrenewable

technologiesintotheeconomy,(Sambo,2005).

Apartfromthepolicymeasuresthatwillpromotetheintroductionoftechnologiesbased

onindividualenergysources,thereisalsotheneedtoadoptanintegratedapproachto

sustainableenergydevelopment.Thisisinrecognitionofthefactthatconventional

energysourceswillcontinuetoservethetransportandindustrialsectoroftheeconomy,

(Sambo,2005).

PolicyMeasuresfortheVariousRenewableEnergyTechnologies

a). SolarEnergy

Thethrustofthepolicyhereshouldbetheincorporationofsolarenergydevicesinto

manyspheresoftheeconomyaspossible.Thestrategiesforthisinclude:

 Continuousactivesupportofresearchanddevelopmentactivitiestocaterforsite

specificityofdeignsforallpartsofthecountry.

 Supportofdemonstrationandpilotprojectstoensurethatthegeneralpublic

becomeawareofthepotentialsofsolarenergytechnologieswhichwillaswell

assistincreationofmarketsforsolarenergysystems.

 Theprovisionoffinancialincentivestoencouragetheuseofsolarenergysystems

particularlyinruralareaswherethegreatestpotentialexist.

 Theintroductionofregulatorymeasurestoencourageandprotectlocal

capabilities.

b). Biomass

Thepolicyoutlinedaboveforsolarenergyalsoapplieshere.However,itshouldbe

emphasizedthatfuelwoodconsumptionrateshouldbesignificantlyreduced.Strategies

forthisinclude:

 Theadoptionofefficientwordburningstoves

 Systematiccultivationoffastgrowingtreesneededtofacilitetheregenerationof

forests.

 Theactiveintroductionofbiogasdigesterstocaterforcookingenergyneedsof

especiallylargehouseholdsandinstitutionslikeboardingschools,hospitals,

barracks,prisonhouses,etc.

 Thedevelopmentofalternativetechnologiestosupplementwoodbothasa

domesticenergysourceandalsoasabuilding/furniturematerial.

c). WindEnergy

Thepolicyandstrategiesforsolarenergyarealsoapplicablehere.Additionally,the

policyshouldemphasizetheexploitationofwindenergyforruralwatersupplyandalso

forelectricitygeneration.Thatistosaytheadditionalstrategiesare:
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 Aggressivedrivetooptimizethecomponentsofwindwaterpumpingand

electricitygeneration,and

 Tode-emphasizediesel-poweredwaterpumpswhereeverthewindspeedwill

allowwindwaterpumping.

d). Hydropower

Thepolicyhereisforthenationtomanageitswaterresourcesforthedevelopmentofits

hydroelectricpotentialsaswellasfocusonmicro-hydroplants.Theadditionalstrategy

includestheinitiatingandupdatingofdataonthepotentialsofsmall-scalehydroplants

andthepreparationofinventoriesfortheirlocations.

ProvisionofEnergySecurityforRuralDwellers

Oneofthemajorneedsofruraldwellersistheenergytheyconsumeforsubsistenceand

becausetheylackaccesstocommercialfuelslikepetroleumproductsandelectricitythey

dependlargelyontraditionalfuelsmainlyfuelwood,charcoalandagriculturalresidues.

Inordertoprovidetheenergyneedsofruraldwellers,especiallyintheSahelianzoneof

thecountry,thefollowingmeasuresarenecessary.

 Continuedafforestationprogrammes

 Settingupofcommunitybasedwoodlotprogrammes

 Acceleratedruralelectricityscheme,and

 Promotionofenergy-efficiencypractices.

StrengtheningTechnicalCapabilitiesintheEnergySectors

Twomajorstepsarerequiredhere.First,theofferingofspecializedtrainingand

developmentofsoundtechnicaleducationintheeducationalsystemandsecondly,to

ensurethattheavailablepoolofhumanresourcesaregiventheopportunitiesto‘learn-by

-doing”.Anotherrequirementforstrengtheningtechnicalcapabilitiesisdevelopingmore

activitiesintheenergysectorandprovisionofadequatefundingforenergyresearch,

developmentanddemonstrationactivities.

CONCLUSION

Nigeriaisblessedwithabundantrenewableenergyresources;solar,windbiomasshydro,

etc,however,theadoptionoftheseresourcesespeciallyintheruralhouseholdsectors

andservicesectorswillsurelyledtoreducedconsumptionofpetroleumproducts.The

majoradvantageoftherenewableenergytechnologiesincludethesimplicityofthe

technologies,easeofmaintenanceaswellastheirenhancedenvironmentalfriendliness

overfossilfuelsystem.

Forthenationtomoveforwardintheareasofcomingupwithanoptimumenergymix,

thereisurgentneedformoresupportofresearch,development,demonstrationand

diffusionactivitiesforrenewableenergytechnologiesintheexistingresearchcentersas
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identifiedgroupsinotherinstitutions.

Inviewoftheapparentreluctanceoflocalentrepreneurstoadoptthematureandproven

renewableenergysystemformassproductionandsubsequentcommercialization,thereis

alsoneedtoactivelypromotethetrainingoflocalcraftsmenonthedesign,construction,

operationandmaintenanceoftheseenergysystems.

Allthepolicymeasuresandthestrategiesforthepromotionsanduseofsustainable

energysystemsandpracticescanonlyberealizedwithstrengthenedenergyinstitution.In

thisregard,thereistheneedtoidentifyorganizationsorofficesatstatesandlocal

governmentlevelsthatwillbechargedwiththeresponsibilitiesofensuringthefull

implementationofprojectsandprogrammesoftheEnergyCommissionofNigeriaatthe

grassrootlevels.
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