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ABSTRACT

Nigeria is an exportingountry and the electricity sector depends on gas, diesel and
hydropower sources. Currently, theydropower has replacegas as the main source of
energy due to climate change. Presently, the fossil fuels are expensive and limited due to
scarce generationThis resulted info a power supply shortage thatreated a huge gap
between the energy supply and demand. However, a new alternative energy source is
required to complement the existing shortfall in suply electricity in the country. @ar
energyisa potential resource witthugeavailabilityfor small and largescale déf-grid and grid
connectedsystemsto be utilizedin Nigeria.However,the high costof Photovoltaic (PV)
systems is one dhe major problems identifiedndthe current energy uses haviitations

due to climate change. It affect®nventional @ergy, hydopower and biomass which result

to deforestation, desertification and water shortage/droughthis study focusingon
economic, policy and technical perspectiviesestigated the possibility of using solar PV
systemto addresschallenges of electricity shortagend the affordability in order to meet
electricity consumption with over 180 millionopulations and reduce the tendency of
depending on diesdlel generabrs in the futurein Nigeria However, hisstudyinvolved use

of questionnaire method for data collection to understand the population perception about
solar energy use with PV systenT$e offgrid case studiewere selected to determine the
electricity generation, consumption and the payback period with mono and polycrystalline
silicon PV types for the electricity generation. The RET Screen simulation software was
adopted to analyse the amount of electricity output generatetl theamount of emission
reductions due toPV efficiencyand accuracyThe innovative financingPAYG) modelas

used to assessnergy budget to ascertaenergy consumption parser against blind decision

due to cost based otihe financialresource availabilityThesimulationresults reveal mag of
electricity generation withhe installed PV system at angle?egree The monthly billslue

to increased energy supply frotine installed offgrid PV system®ducedfrom the utility grid
electricity. The payback timéor installed PV systems based on financial viability analysis
showsreasonable, affordable, profitdé and rewardingln addition, he electricity cost from

installed PV system generatianmdpresentlywithout subsidy is lowethan the grid electricity



based oncost of outages. Finally, the results based on propagediconnected PV power

system putting ecanomic factor into considerationan be more feasible.

Keywords: Solar Radiation, PV technologies, -@ffl and Grieconnected applications,
Electricity gengation, Economic implication, GHGs emission reduction REI Screen

Simulation Software.



PUBLISHEBAND PRESENTEPBPERS BASED ON THIS RESEARCH WORK

Dibia Benedictta Ifechukwude, Jie Zhu, Gan Guohui and Blaise Mempouo 2018, Checkmate
Cimate Change Using Affordable PV System Technologies in Nigéfiant&rnational
Conference on Sustainable Energy Technologies (SET20%882August 2018, Wuhan,
China.

Dibia Benedictta Ifechukwude and Jie Zhu, 2017, Renewable Energy Polite®$tment
Option: 19" International Conference on Solar Power (ICSP 2017284 April 2017 London
UK.

Dibia Benedictta Ifechukwude and Jie Zhu, 2016, Innovative Financing Models for Solar

Systems (Solar TR 2018)-@8™" December 2016, Istanbul Tkay.



DEDICATION

This PhD thesdedicated to the Almighty God whom | serve through Christ Jesus for the gift

of life andprovider ofsubstance necessary to complete the study.

My sincere gratitude to my partner Charles v with financial support and love | would

not be who | am today. Your knowledge contribution made much impact to the study.

| also dedicate this work to my late parents Charles Chukwudobe and Gladys Patricia Dibia. |
would not be who | am today without the love amsdipport of them although ar time
together was brief antheir contributions to my life will be felt forever. May your gentle souls

continue to rest in the LordAmen.

Vi



TABLE OF CONTENT

STATEMENT OF ORIGRWDRK........ccooiiirimimiai s mmmmases s sesenrsssss s s s s s s e s s s mmmm !
Y 1 7 o PP 1]
PUBLISHED AND PREGENPAPERS BASEDKIN RESEARCH WORK..........ccccvuuunmmmmennens \Y
[ 1[0 I P VI
TABLE OF CONTENT ...ttt s e s s s s s s s s n e e s i s e e e e e nn s Vil
LIST OF FIGURES..........cooitiuiuimmmmerei s eressss s s s s s e s e e s s s s sens s asnenenes Xl
LIST OF TABLES........cotuiuieiiiis s s s s s s s e s namsaa s s s a s e e n e mnmnns XXl
ACKNOWLEDGEMENTS........cuiiiiiiiiirimmmm s erenrsi s s s ss s s n s e s mmm s XXVII
LIST OF ABBREVATIAINIS ACRONYMS.......ocuuiiiiiiiirirtmmmm s ereersss s s s annnas XXVIII
CHAPTER 1: INTRODUCTIQN.....ccetutuiiiniiieimmmm s sesessssssss s ss s s s s s s s e s 1
11 Nigeria Energy BackgrOUNG...........cocuuiiiiiiiiiim i rmi e 3
1.2 TECNNCAl PEISPECLIVE. ......oii ittt eme e 4
1.2.1 Photovoltaic Technology and TYPES .....ccvvvvvrrrrieeeiiiirrrrr e e e e e e e s e e neeaes 5
1.2.2  Off-grid Vs Grid-connected AppPliCatioNns .......ccevvviiviiinrrieeeeiiiiiiinnrre e reeeessseenaneees 6
1.2.3  Energy Sector SitUation......cccvviviiiiiiiicccriisii s e e e s s e 8
1.2.4  Nigeria Solar Resource SItUALION .......vveivvririeeeeiiiirrre e e e e e e aeee s 11
1.3 ECONOMIC PEISPECHVE. ...ttt e e e e e 13
1.3.1 High Initial Cost of INVESTMENT ....ccevviiiiiiiiirieeeee e e e e e e neee s 14
1.4 o110y VA =T 6] 01T o 1)Y= PR 16
1.4.1  Management and PolitiCal ISSUES ......ovvvvvvrriieeeiiiiiinrre e e s e e e e e nnnees 18
1.4.2  Environmental Problem ........cccciiiiiiiiiiiiii s 18
1.4.3 Renewable Energy Master Plan (REMP) ....uvviieeeriiiiiinirreeenniiinnnreee e seesnnssseeessseeesnnnnns 18
1.4.4 Nigeria Energy Policy Framework........ocovvvriieeeiiiiciiinnnreeeees s eeee s sennnaeeee e s s e eneneeees 19
15 AIMSs and ObjJectives Of STUY........c..uueiiiiie e rme e e e 21
1.6 Significance Of the STUAY.........c.c.uuiiiiii e e 21
1.7 TRESIS OULINE......eiiiiiiiie e e 23
CHAPTER 2: LITERATERREVIEW........ccoiiieiei s s srrssa s s s namnmns 26
2.1 INEFOTUCTION ...t mr e e 26
2.2 TECNNICAI ASPECL ..o er e e e e s e e e e e e s s b st e e e e eeens 26
2.2.1 Photovoltaic Module Performance ........ccccvviieiinniiniien e 27
2.2.2  Solar Balance of SYStEM (BOS) ....uuuviieeeriiiriiinrreeeeeeiiiieinnrrseeeessseessnnsseeeessseesssssessessssassanes 34

Vil



2.2.3  Nigeria Energy Sector ProdUCtion..........eceeeiiiciiinirieeeesiincinnnre e sescnnnseseeeeseeesssnnnseeeseens 41
2.2.4 Nigeria Solar PhotovoItaic POWET .......uvvieeeiiiiiiiiiirieeees s erciinnreeee e eesnnsee e e e e e e eessnnnneeeeeens 43
2.3 ECONOMIC ASPECL.....eeiiiiiiiie ettt e e e s 45
2.3.1  Solar ECONOMIC PEISPECLIVE «iivvvvvriiiiieietiiiiiiiiiieeeesssiiiissnseeeeessssssssssseeeesseeesssssssssaeesaaaanns 46
2.3.2  Solar PV Economic Assessment and REAUCTIONS .......covvriiiiiiiiiieiiiiinieeciieeceeee e 49
2.3.3  Levelized Cost of Electricity (LCOE)....ccciiiiiiiumiiieeeeiiiiiiiiiiieeeessssiiinnnnseeeessssssinnnneeeesssessnns 54
2.3.4 Nigeria Energy Investment ASSUMPLIONS .vvvuviiiiiiiiiiiiieeiiiieessssssiiseeseennnannns 55
2.3.5  Photovoltaic Market .......cccvviiiiiiiiiiiiiiiiii e 58
2.4 POLICY ASPECL ...ttt ettt rm et e et e e sttt e e e e e e e e nr e e e e 64
2.4.1 Government Perspective INStruments.....cccciiiiiiiiiicivinsii s ees s eeeeessnnanas 64
S R =Y =T BT o I T 0 I 67
24.1.2  Investment Tax Credit ..oovviviiiniiieiiii i 70
2.4.1.3  SUBSIIES vt e e 71
2.4.1.4  Renewable Energy Portfolio Standard (RPS).....ccccceeeeiiiiiiiinnniineeeieiiineeeeee e 72
2.4.1.5  Public INVESTMENT....ciiiiiiiiiiiiie i 73
B T T 1= a1V 1= =T o = O RPP 73
2.4.1.7  Clean Development Mechanism (CDM) ......covvuurrrreeeeiiniiinnnrreeeessensssnnreseeesssssesnnnnes 74
2.4.1.8  Other Government Regulatory ProviSion ......cccccvvveeeeeiiiciinnnneeeeesnnnscnnneeeeessseeessnnnns 74
2.4.2 National Energy Policy FrameWOrK.........coeevurrrieeeeiiiniiinnneeeeeessseessnnsseeeessssessnnneeseesssessnnns 74
2.4.2.1  Nigeria Electricity Sector RefOrm ......uvveeeeiiiiiiiiiiiiceee e 76
2.4.2.2  International Donors and NGOs Participation .......ccccccovviiiinnieeeeeiinnniieeeee e 80
2.4.2.3  Local-Indigenous and Foreign Banks Participation ........ccccvvvveeereiiiiiiinnnececee e, 82
2.4.2.4  Off-grid and Grid-Connected EIECtriCity ......oovvvvvvrreeeer i 84

2.4.2.5  Nigeria FIT INitiatives .ovvviiiiiiiiiiiiiissnnsnssnsnrsssrne e eee e e e s e e e e e eeeeeeees OO

2.5 B0 U1 0] 0= 7T URPPPST 86
CHAPTER 3: METHODOLOGY........cottttutuuuirsmmmmassssssasrrsnsnsss s mmmmasssssssssssssssssssssmm 87
3.1 INEFOTUCTION ... e s 87
3.2 Types of Research MethodS/APProaches..........ocooviiiiiiiiiiceie e 87
3.2.1 Quantitative Research Method ........ccoveiiiiiiiiiniii e 88
3.2.2 Qualitative Research Method ........cccoiiiiiiiiiiniii e 88
3.2.3  Sources and Data Collection Methods.........ccccvviiiiiiiiniinii e 89
TR O 18 = T g = 1= P 90
3.2.5  Interview ON FOCUS GrOUP . ..ciiiiiriiiiiiiieriiisssiins s s ssssssnssissssssssssnssssssssseeessenssssssssssseessssnnns 91



3.2.6  Field Observation and PhOtOBraphy .....cc.cevvurrrieeeeiiiiiinirreeee e seesnnnreeee s sssnnnneeeeeseesennes 93

3.2.7 Audio-Visual Materials and Document Procedures..........ccoviiiiiiiiiiiniinnicieiesee s 94
T T 0 11 I (U Lo 1Y O RUPSSPPRt 94
3.3 RET Screen Simulation Software Model............c.cccoiiiiiimiiiii e 95
3.4 Regression Model ANAIYSIS..........eviiiiiiieeiiiee e 96
3.5 Innovative FINanCiNg MOUEL..........ooiiiii e 96
3.6 SUMIMBIY et ee ettt m et e e e e s s e e et e e et e e e e s b b be e et e e e e e s s annn s s amr s ne e e e e eeeeesnnnnnes 97
CHAPTER 4: MAJOR ENERGWBRCES COMPARISONAMUS............coovvvririmrnmmmmceeeeenens 98
4.1 INEFOTUCTION ...t mae e 98
4.2 EXisting ENergy ProdUCTION..........ccoiiiiiiiiiiiiieee et 100
4.2.1  Energy Cost IMPlICatioNS.....ccuiiiiiiiii ettt e e e ee 104
4.2.2 Nigeria Energy Comparative AdVantage ........cccceeeiiiiiiiiiiiieiiiicee e 105
4.2.3 Comparative Cost and Capacity Projections Analysis.........cccoeuviieiiiiiiiiiiiien e 109
4.2.4  Study RESUITS ANAIYSIS.....ooiiiiiiieiiii et e e 112
4.3 SUMITBTY ..ottt et e oo e e ek bbbttt e e ame e e s e e kbbbt e et e e e e e e e nnbb b e emrs e et e e e e e e snnnnnees 113
CHAPTER 5: QUESTIONNAIRE ANBADISSIONS.........ccoovimiminmmmm e an s 114
51 INIFOTUCTION ... s 114
5.2 Statistical Quesonnaire and FINAINGS..........cccvviiiieee e 115
5.3 RESUIL DISCUSSIONS.......oiiiiiiiiie it e 133
54 S L 1> T SPR TP TR 134
CHAPTER 6: CASE STUDLY......uiiiiiiiiiminrnsasmmmmsessssssssssssssss s mmmm s ssssssssssasessssmsnssmmnmes 135
6.1 INIFOTUCTION ... e s 135
6.2 Abuja Area Case STUMIES........coccuiiieiie e e e e e e e e e e e e e 136
6.2.1  Abuja Weather CONITION ........cooiiiiiiiiiiiieei et a e e eneaea s 136
6.2.2 Case Study 1: Guzape 33 kKW PV Capacity.....c..eeeeiiiiiieiiiiiieeiiie ettt 137

£.2.2.1 PV INSTAlATION .ottt aaeena e 137

6.2.2.2  Breakdown Cost INVESTMENT......ccivieiieierieeece e e s e e e saa e e sraeeeaaes 139

6.2.2.3  Rationale EValuation..........ccceiiiiiiiiiiiiiciiccc s 143
6.2.3  Case Study 2: Igu-Bwari COMMIUNITY.....cuviiiiiiiiiiiiiee et e e e e e eas 144

£.2.3.1 PV INSTAllAtioNS. ...eeeveieeieeieecieeete ettt e e e aa e e e enes 147

6.2.3.2  Breakdown Cost INVESTMENT......coivierieeereie et rrae e aeesne e e snaeeeeaes 149

6.2.3.3  Rationale EValuGtioNn..........ccooeiiiieiiiiiieeeeeeeeeceee e e e e e e e e e e s essssanneees LD2
6.2.4 Case Study 3: Central Area District of Abuja Location ........ccoeccviiiiiiiiiiniiiiieciceecee, 153

iX



6.2.4.1  Abuja Central District 3.2 kW PV Installation..........cccooiiiiiiniiiiiiiiiiceeeeeeeeen 154
6.2.4.2  Breakdown Cost INVESTMENT......ooeeeeeeeeeeeeeeeeeeeee e e e e e e e e eeees 156
6.2.4.3  Rationale EValuation..........eeeeieeiiiieiiiee e eeeeeeeieee e e e e e e eeeeeeeeeeesesnnssnenssssesssssssnees 109

6.2.5 Case Study 4: Karu Residential HOME ........coouiiiiiiiiiiiic e 160
6.2.5.1  Karu 2.16 Kilowatt PV Capacity Installation............ccceeiiiiiiinniiiiiiiiiiceiieeee 160
6.2.5.2  Breakdown Cost of INVeStMENT.......cccciiiiiiricieeecee e 163
6.2.5.3  Rationale EValuation........c.cooiiiiiiiie et 166

6.2.6 Case Study 5: Garki 1 10CatION ...cc.evviiiiiiiieeee e 166
6.2.6.1  Garki 2 Kilowatt PV Capacity Installation.........cccccooiiiiiiiiiinniiceeeeeeeee e 167

6.2.6.2 Breakdown Cost of INVESTMENT.........ovvvrieeeeeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeessssneeeeeeseess 169

6.2.6.3  Rationale EValuation.........c.cooiiiiiiiiiiiiiicee et 172
6.2.7 Case Study 6: Ademola Adetokunbo Location .........ccccuueiiiiieiiiiciieeccee e 173
6.2.7.1 Ademola Adetokunbo 1 Kilowatt PV Capacity Installation...........cccceeeeiiiiieannnnnnn. 174
6.2.7.2  CostInvestment BreakdOWN..........cocoiiiiiiiiiiiiceee e 176
6.2.7.3  Case Study 6 Rationale EValuation .........ccocooiiiiiiiiiiieiiiiceeiiee e 180
6.3 AWKA Area Case STUAY.Z.....ccooiiiiieiie ettt s e amr e e e e e s s e e e e e e e e e aaes 181
6.3.1 Awka Weather Condition.......ccoio it s 181
6.3.2 Nnamdi Azikiwe University 1 Kilowatt PV Capacity.......ccccceeiriiiimmniiiiieeeiieeeccee e 183
6.3.2.1  PVINSTAIIATION w.eeiiiiiiceee e e s 183
6.3.2.2  Dora Akunyili and Stella Okoli hotels for Solar Electrification ..........cccceeveeiiiinnnnns 185
6.3.2.3  CostInvestment BreakdOWN..........cocoiiiiiiiiiiiieeee e 186
6.3.2.4  Rationale EValuation........cccoiiiiiiiieee et 190
6.4 NsuUKka Area Case STUAY.B..........ouviiiiiiiiiiicieriier e e e e et e e e e e e e e e 191
6.4.1  WeEATher DAta....oeiiieeeiiie ettt 192
6.4.2 NCERD 3.2 KiloWatt PV CapaciTy......cceoieieeeiiiiiee et ee et 193
6.4.2.1  PVINSTAIIAtioN ..oooiiiiiiieceee e e s 193
6.4.2.2  CostInvestment BreakdOWN...........coouiiiimiiiiiiciiiieiicece e 195
6.4.2.3  Rationale EValuation........cccoiiiioiiiiee e e 198
6.5 Lagos Area Case StUTIES.......couiiriiiieiiiiieee st ee e st et e e s emae e e et e e s snneeeeenns 199
6.5.1 Lagos Weather CoNAitioN..........ooiiiiiiiieieeee e 199
6.5.2 Case Study 9: Surulere 4 Kilowatt PV Capacity.......cccceeriuiiimiiiiiieeiiceeeeceeeieeee e 201
6.5.2.1  PVINSTAIATION w.eeiiiiiiceee e s 202
6.5.2.2  CostInvestment BreakdOWN..........coouiiiiiiiiiieceee e 204



6.5.2.3  Rationale EVAlUATION.......coiiiiiieeiiei e rae e s staa e s s es 207
6.5.3 Case Study 10: lju Senior Secondary LOCation........ccooiiiiiieiiieeiiiiiiiee e ee e 208
6.5.3.1  lju 13 Kilowatt PV Capacity Installation .........cccooeiiiiiiiiiiiee e 208
6.5.3.2  CostInvestment BreakdOWn..........ceevviuriiiiivieeiiiieeeirineeesseeeessenneesssssnsessssnnneess 241

6.5.3.3  Rationale EValuation......ccoeeiieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 214
6.5.4 Case Study 11: Lekki Metromart Commercial location.........cccoooviiiiiieeeiicciiiiiieeeee e, 215
6.5.4.1  Lekki 16.3 Kilowatt PV Capacity Installation ...........ccccoovuiiiiiiiiiiiniiicecieeeeen, 215
6.5.4.2  CostInvestment BreakdOWN..........coooiiiiiiiiiiiiiceee e e 218
6.5.4.3  Rationale EValuation........cc.coiiiiiiiiee et 220
66 /&S {(0dzREB.QA..WSAAZ. 0.8 ..o 221
6.7 (00 ] 0] 0 T= 1150 1 L J TSP TPPPPN 233
6.8 POSSIDIE LINKS.....eeiieiiieeie ettt e e ame e 238
6.9 FactorsAffecting PV EIecCtriCity OULPUL.........cooiiiiiiiiiiiie e 240
6.10 Factors Affecting PV Installation in Nigeria............cooviiiiiiiiiimiiiee e 242
6.11 Payback JUSHITICATION.........cuuiiieiiiiie et amaa 243
L 00 102 T U [ 1 =V PP 246
CHAPTER 7: FRAMEWORKS FOR INMENITATION.........coiveiieeiieee e ee e e e eeens 247
7.1 INEFOTUCTION ...ttt 247
7.2 Renewable Energy policy ObJECLIVES..........c..uviiiiieeei e 248
7.2.1  Solar Photovoltaic (PV) POIICIES......eee e e e eevraanne e e e e e e ennnnns 249
7.2.1.1  Solar Photovoltaic ObJECIVES ........viiiiiiiiieeiece e 249
7.2.1.2  Solar Photovoltaic STrat@gies .....couuiieiiiiiieeeiiiice ettt 249
7.2.2 FINANCING POLCY ..ottt et ettt e e et e e e et e e e e b beaaeenneaaaan 250
7.2.2.1  FINANCING ODJECTIVES. .. .eeiiiieiieeeeie ettt e e et a e e saaaean 250
7.2.2.2  FINAnCINg SIrat@gies ...ccooeieiiieeeeeeeeeeeee e 250
7.3 Proposed FrameWOrK...........ooiciiiiiiie ettt e a e e e 251
7.3.1  Policy Action on Solar AppliCation ...........iiiiiiiiiiiie s 254
7.3.1.1  National Financial Support with International Mechanism........c..cccccccoeviiiiennnnneen. 255
7.3.1.2  Decision Process and De-TiSK .........cccoiriiiiiiiiiiiiie et 256
7.3.1.3  Establish Effective Regulatory Mechanismi..........cccccoiiiiiiiniiiiiciieeeee e 256
7.3.1.4  Effective Management based on Political will.........c..cocoviiiiiiiiiiiiiieee, 257
7.3.1.5  Effective Administration and Policy Reform Commitment..........cccccccveevviiiiennnnnen. 257
7.3.2  ECONOMIC FrAamMEWOIK ....eeiiieeeiiiiiieieeeeeeeseeittaeeeeeeeesssessaaeaeeeaasssssssasaaaaaasassnnssssasaseannsnes 258

Xi



7.3.2.1  National Financing Source Development ...........ccciiiiiiiiiiniiieieeeiie e 258

7.3.2.2  New Financing Plan for Legislation and Business Models ...........ccccccceeeviiiiiennnnnen. 259
7.3.2.3  Market Flexibility and Optimization...........cooiiiiiiiiiiiie e 260
7.3.2.4  Local Solar Program and Educational Initiative ..........cccccvviiiiieeiiiiiiieeeceeeccn, 260

7.3.3  TechniCal EI@MENT.....oviiiiiiriiiieiireeiiereeseeeesresasssssssasssssssssssssnnssssssnnsssnsssnssnnssnnssssssnsssssssnses 2O
7.3.3.1  Public-private partnership ......ccccccoiiiiiiiiiiceecieeeeteee e e 202
7.3.3.2  Establish Standards and Codes/CertifiCates .........ccccvvvvrrremeereeeesseessnneeeeessessnnnnns 262
7.3.3.3  Best Practice, Mobilizing and Monitoring Impact.........ccccccevviiieiniiiiinniiiieeesinne.. 262

7.4 Implementation with POSSIble OUICOMES...........cooiiiiiiiiiiiiin e 263
7.5 SUMIMBIY ettt et e e e e e st e e e e et e e s e s bbb e e et e e e e e e e nnebneemrs e e e e e e e e e snnrenees 264
CHAPTER 8: CONCLUSIONS AND REMENDATIONS.........cccoeieieiee e mmmmeeee e eeeeeeeeeeeas 265
8.1 (0] [ (1] (o] o[- PO P PP PUPRPTPPUPR 265
8.2 RECOMMENALIONS...... et enr e s 272
L O = 275
APPENDICES. ..ottt e e e e e e e e e e e e e e e ae e e s e s s o e e e e eeeeeeneeeeeneeeee s mmmm s nan 313
APPENDIX ..otttk ama ettt 314
APPENDIX 2.ttt rma et 321
APPENDIX 3.ttt ettt 325
APPENDIX 4.ttt ama bbbttt 330
APPENDIX ...ttt et 347
APPENDIX ...ttt etttk ettt ekt b bt n e 350

Xi



UST OF FIGURES

Figurel-1: Nigeria Map for Geographical Location and the Population Distribution (Source:
FRN, 2016 and FGN, 2010)......uiieiiiiiieeieiiieeeiie e et eeeen e e et eeeas e e eean e e e eennnnns 1

Figurel-2: Interaction of Man, Energy and Environment for Sustainable Developmen®

Figurel-3: National utility gridconnected electricity (Source: She816). ...................... 4
Figurel-4: Diagram of Standlone PV SYSIEML...........uuiiiiiiiiiiiiiieeiceeei e 7
Figurel-5: Diagram of Gridtonnected power supply PV system............cccovvviiiiiienennnns 8

Figurel-6: The present and current energy mix (M@éneration average utilization
capacity (Source: FGN DRAFT, 20L6)......cccuuuiiiiiiiiiieeeieeeeeiieeeeeetneeeeeaaeeaenne e 9

Figurel-7: Households without electricity access in different states of Nigeria (Source:

National Bureau of Statistics, 2009 & 2012).........ccevuruiiieiiiiieeiiii e e e e 10

Figurel-8: Nigeria Statistics of NeBlectrification Population Clusters per state.......... 11

Figurel-9: Nigeri&® Solar Potential (Sources: FGN DRAFT, 2016; GlZ, 2015, Fagbenle et al.,
2014and SOlargis, 201 1), . cccuuuieeiiiiie e e eee e 12

Figurel-10: Jigawa Village Solar electricity of Northern Nigeria (Sources: PV Magazine, 2013

ANA SELF, 2000 .. iiiiiiiieieee e eee e e e e e e e e e e e e e e e e e e e e e e e e e e annraa—_ 15
Figurel-11: Solar Bishop Kodji Onisowo village Lagos State (Source: @QB6bg,.......... 15
Figurel-12: Structure of Power Sector PeBtivatization (Source: FRN Dr&d16........... 17

Figurel-13: Average Generation Capacity and Energy Mix Target (Source: FGN DRAFT,

Xiii



Figure2-2: A systematic work of the solar PV and thermal technologies (Source: Energy,

Figure2-3: The Photovoltaic Technology Status and Prospects (Source: IEAZBY®S, 30

Figure2-4. Future PV system expectatibor efficiency improvement (Source: IEA10. 31

Figure2-5: 'V characteristic curve with temperature effect on solar module voltage (Source:

[V o 8 o= 11 o] o TR~ 0 1 32
Figure2-6: Harmathan image view across Nigeria (Source: RBIS). ...........cccceeeevveennne 33
Figure2-7: Solar P\8ystems complete operation combinatian...............ccooeeeeviieereenn. 34
Figure2-8 : Solar Technologies Conversions (Source: GENI, 2011).........ccceevvvviinnnee. 37
Figure2-9: Building Integrated Photovoltaic (BIPV) System (Source: R4, ............... 39
Figure2-10: Diagram of PV Hybrid System (Source: Online.2008)................ccccceees 40
Figure2-11: Existing330KV Radial GrigBource: TCN013. ......covevvvviveerviiieevveeeeennnn . 42
Figure2-12: Current IPPs in Nigeria (Source: NERC, 2016)..........ccccvviiieieeeeiiiiieeeens 43

Figure2-13: Falling cost for Renewables bpe megawatt hour for 2035 Reference case

MWh (Source: Energy OUtlooK, 2014)........ccouuuiieiieii e e e 45

Figure2-14: Renewables growth frorh990to 2035Thowsand TWh (Source: BP PR@5).

Figure2-16: PVsystem component contribution dbtal costs (Source: Wiser et &2009.50

Xiv



Figure2-17: Different PV module technologies with current price performance (Source: IEA
PVPS, 20080009)......ccutuuieieeeiiiiiiie e ettt e e e e enn s 51

Figure2-18: Projected costs of solar PV versus conventional electricity-208% (Source:

Nigeria Low Carbon Plan & Power Sedtderim Presentation, 2011).................... 53

Figure2-19: Power Growth Plan for increasing availability Capacity (Source: NERC and
McKinley Analysis, 2009).........uuuuuiiieiiiiiiiiee e 56

Figure2-20: Percentage for 2002030projection indeveloping countries without access to

[ =T ot 1 o3PS 59
Figure2-21: Global renewable energy deployment in electricity generation................ 66
Figure2-22: UK INAUSTTY SCENATOS- .. ..cccviiiiiieeeiiiiiee et e e 69
Figure3-1: Instruments employed for Research D&@allection...............c.cccvvveiieviineennns 90
Figure3-2: Interview chat with Blue Camel Energy Manager (Source: 2. ............. 92

Figure3-3: Solar PV installation at Idgwari communityin Abuja (Source: Stud2016). ...92

Figure3-4. Structured Unstructured and Set8tructured Interviews (Source: Fisch2008).

Figured-1: Nigeria Eleven Electricity Distribution Companies (Source: NBE8., ........ 101

Figured-2: Completed increased Power Plant stations connected to grid (Source: FRN, 2016;
World bank; IEA, UN and NBS, 2018)........cccuiiiiiiiiiieeeie e e eeaan 103

Figured-3: Nigeria Electricity Transformer and Electricity Production by Independent Power

Producer (IPP) (Source: Ehingbeti, 2008)..........ccoeiiiiiiiiiieeeeiie e 104

Figure5-1: Sex of the PartiCipants...........ccoouiiiiiiiiicecc e 115

XV



Figure5-2: The participar® age Dracker.............uuiii i 115

Figure5-3: The participar® OCCUPALION............uuuuiieieeiiiiiiee ettt e e e e eeeeees 116
Figure5-4: Installed homes with PV SyStemM...........uiiiiiiiiiiiiiiee e 116
Figure5-5: Installed PV SYStEML..........iiiiiiiiieiiiieee e e e 117
Figue 5-6: Electricity consumption between PV and Existing Sources..................... 117
Figure5-7: Appliances used with PV SYStem...........cooiiiiiiiiiiiice e 118
Figure5-8: The time of appliance USage...........ooeeiiiiiiiiiiiiieiiiii e e 119
Figure5-9: Appliances during daytime with PV System...........ccoouuiiiiiiieeiiiiineeeeeeeens 119
Figure5-10: The PV capacity installed...............oooiiiiiiiii e 120
Figureb-11: The PV system and its components suppliers.........ccoevvvvieieveeeeeiinnnnnn. 120
Figureb-12: Public Funding for PV SYStEM........ccccuuiiiiiiiii e ee e 121
Figureb-13: Combination of Public and Private Investment..................ccovvvieeeinnnens 122
Figureb-14: Preferred renewable SOUICES..........ccouiiiiiiiiii e e ee 122
Figureb-15: Most preferred solar application................covveviiiiieeie e, 123
Figureb-16: Most preferred PV installation................coooiiiiiieeeii e 123
Figureb-17: Rated efficiency of PV SYStemML..........coovviiiiiiiiieeeic e 124
Figureb-18: The use of renewable SOUICES..........ccooviiiiiiiieeeii e 124
Figureb5-19: The environment vulnerable to climate change...............cccooooeiieeennnn. 125
Figure5-20: Solar a solution to power Shortage..........cooceuiiviiiiiiceiie e, 125

XVi



Figure5-22: PV system panel economical..............cooiiiiiiiiiiieiiiiii e 126
Figure5-23: AdoptedPV system appliCation.............coovvieiiiiiiiice i 127
Figure5-24: Reasons for not installing PV SYStem............ooooiiiiiiiiieeiiiiiiiii e 128
Figure5-25: Persuading factors for PV sgst installation.................ccccvvviiiiiieiiiinnnnnn. 129
Figure5-26: Factor of influence for emission reductian................oooeeeiieeevevveeeeeennnne, 129
Figure5-27: Government support to PV SYStEM USE.........cccovvviiiiiiiiieeniiiiieeeeeeeeeiinnns 130
Figure5-28: Renewable energy considered installing................ccovviieeiiiiiiiiiiiinnnn. 130
Figure5-29: The implemented renewables including solar energy..........ccccceceeeeeeeens 131
Figureb-30: Alternative energy source for NROme.............ccooovvviiiiiie i 131
Figureb-31: The benefit for solar eNergy USE........couuuiiiiiiiiiiieee e 132
Figureb5-32: The PV system adoption ¢@8dUCtiON...............coeevveiiiiieiiieeiiic e 132

Figure6-1: Nigeria weather map with red arrow indication of the case s@ittycations.135

Figure6-2: The average monthly temperatunerecipitation total hairs and percentage

sunshine over the year (Source: Copyright© 20&6w.weatherandclimate.cm)... 136

Figure6-3: Eleven Apartment building Installation (Source: St@0........................ 137

Figure6-4: Total POWEr (WALLS).........uuieiiii e eeee e e e e e e e e eaaa 141

Figure6-5: Map of IguBwari area location in Abuja with brown colour indication....... 145

Figure6-6: 5kW Mini Grid PV capacity installation in48wari Community................... 146

Xvii



Figure6-7: Some ECN and SERC solar electrification installations (Sour@Q@CN...148

Figure6-8: The total POWET IN WaLLS...........ooiiiiiiiiii e 150
Figure6-9: Location with Red spotted Circled Line............ccooviiiiiiiiiieiiiiiiii e 153
Figure6-10: Powered Akconditioner installation (Window unit)...............ccccvvvvvvnnnnne. 154
Figure6-11: The tdal power in watts for AHCONAItIONET...........cccoviiiiiiiiiiiiiie e, 157
Figure6-12: Karu Location area with Blue arrow in Abuja...............cueiiiiiieeeinnneenee. 160
Figure6-13: Residential (Home) solar PV installation.................cccovvieeiiiiiiiiiiinnn. 161
Figure6-14: The total pOWEr iN WattS..........coooiiiiiiiiiiiiee e 164
Figure6-15: Garki with the Blue arrow indication in Abuja.............ccoovviiiiineeiiiinnnnnn. 167
Figure6-16: Solar PV residential home installation in Abuja location........................ 167
Figure6-17: The total POWET IN WaALES.........ccceuiii i e ee e e e 171
Figure6-18: The Abuja Location circled witred dotted..............cccooeeevviiiiieeerininnnn, 173
Figure6-19: Abuja location Rooftop building installatian................cccceeieeveeeeiinnnnnn.. 174
Figure6-20: Lumos GR®80P-36 Polycrystalline PV design............ccocovvviiiiiieeeceinnnnnnn. 174
Figure6-21: The total POWEr iN WaALtS..........coovuiiiiiiie e e e e 178
Figure6-22: Awka location with red detircle line (Source: Chinyel20Q15.................... 182
Figure6-23: Awka Normal and Monthly Average Temperature and Precipitation......183
Figure6-24: Awka Solar PV Electrifications (Source: (UniverZo@D ............cccevvvnnn.... 186
Figure6-25: The total power in watts for LED security lighting..............ccoooevvieeenn, 187

XVili



Figure6-26: Nsukka location in the University of Nigeria with red circle line............. 191

Figure6-27: Nsukka Average Monthly Temperature and Precipitatian..................... 192
Figure6-28: Nsukka NCERD location Rooftop installation (Source: 2&b4)................ 193
Figure6-29: Solar Baery Installation Commission (Source: AKBBLE.............cccvvvennn. 193
Figure6-30: The Total POWEr iN WALLS.........cooviiiiiieeeii e 196
Figure6-31: Surulere Location in Lagos state (Source: UddYHE)). .............eeeveeeeeeennnns 199

Figure6-32: Monthly Average precipitation and temperature and Sun hours over the year

(Source: GagneroC, 2016).......cuuuuuuiiieeeiieiiee et 201
Figure6-33: Household rooftop Application in LagosS............uuuiiiiiiiiiiimeieeeieeeiiiins 202
Figure6-34: The total POWET IN WaALES..........cceviiieiiiiie e eee e e e 205
Figure6-35: Map of lju location in Lagos state with red arroW............ccccevvvveveeennnnn.. 208
Figure6-36: The offgrid groundmounted application at IfAgege........ccccevevvvvveeerennnn. 209
Figure6-37: The total POWEIN WaLS..........ccoviviiiiiiiii e eee e 212

Figure6-38: Lekki Location in Lagos State of Nigeria with blue arrow indication (Source:

(€70 oo | L= T2 0 1 G T 215
Figure6-39: Lekki Ofgrid commercial Application.............coouiiieiiiiiieeeii e, 216
Figure6-40: Abuja solar radiation and the electricity outputs............ccccoovviiiiieenenns 229
Figure6-41: Enugu solar radiation and the electricity outputs............ccocovvviiiieenenis 231
Figure6-42: Lagos solar radiation and the electricity OUtputS.............coeeeiiiiieenennnnnn. 232

Xix



Figure6-43: Line chart of INVEeStMENt.............ooiiiiiiiiiiee e 236

Figure6-44: Indicating Linehart Generation and Consumption...............cceevvvvnineeen. 236
Figure6-45: Sum of case studies Income based3mnsSuMpLion..............ccoeeeveevvennnnnne. 237
Figure6-46: Generation and CONSUMPLION. ........uiiiieiiiiiiiiiaee et eeeeiii e eeeees 237
Figure6-47: PaybackPerioq ...........ouuuuiiiii e 238
Figure6-48: 1Solation VAlUE.............coii i e 239
Figure7-1: Application Benefits for Solar PV deployment.............cccoovviiiiinniiinnnnnn. 255

XX



LIST OFABLES

Tablel-1: Photovoltaic Historical Development............cooouuiiiiiieeeiiiii e 5
Tablel-2: Nigeria Approved Draft Energy Policies Targets...........ccccvvvvvveeeiieiinnnnnnn. 20
Table2-1: Efficiencies for different PV Modules types............oouuiiiiiiiieiinineeieeeiiiinn, 31
Table2-2: Comparison of Solar PV Technologies COMIBISL..........cccuvvuuiinreeeeeniineeene. 36
Table2-3: Classification of Solar Energy Technologies.............ccoooiviiiiiiiiiiiiiniiiinnnn. 38

Table2-4: Key Players Reform Functions and Strategy Ownership and Cantral........ 78

Table4-1: Nigerid® Energy Capacity RESEIVES..........covviiiiiiiiiiiieeiieiiiii e 99
Table4-2: NIPER generation CapPaCIIES . .......ovvieiiiieiiiiiiiieeeiiie e e et eee e 102
Table4-3: Comparative Analysis of Nigeria Major Energy Soutces..............covvvuneenn. 106

Table4-4: Comparison of Cost Analysis currently between PV, National Grid and Gen Set for

Individual USers in NIQEHA..........oieiiiiieceieeee e e e 110

Table4-5: Projected Capacity Benefits for Energy Generation on each sources of. PidW@er

Table4-6: Energy Gap Projection ANalYSIS........cc.cuuiieeiiiiiieeeie e e e eeaaae 111
Table4-7: Solar Energy Projected Percentage Generation..............ccceevveeeeeevennnnnn. 112
Table5-1: Questionnaire Distribution and Returned Percentage Rate...................... 133
Table6-1: 240W Suntech Polycrystalline Pénel Specifications...............cc.ccevvvnneeen. 138

Table6-2: Business Model Cost Breakdofvtd X X X X X X X X X X X X X X X X XIZIX X X X X X

Table6-3: Appliancedor Study data Generation and ConsumpfoiX X X X X X X X 440

XXi



Table6-4: Generation over CONSUMPLIONL.......ccovviriruiie e e e 141

Table6-5: Case Study Off-grid Base CaserillatioX X X X X X X X X X X X X X XHAK X X X X ®

Table6-6: Proposed GricConnected with the current &tional and Solar Compa@y
WEGTSXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXMXXXXXXX

Table6-7: Computation of Generation, Consumption and Payback......................... 144

Table6-8: Solar Worl@30W Monocrystalline PV and the Technical Specificatians...146

Table6-9: Business Model Cost BreakdOWIL............uuiiiieiiiimiieeiiiieiii e 149
Table6-10: Appliancedor Study dataGeneration and Consumption.............c..cceevenn... 149
Table6-11: Generation over CONSUMPLION. ......uuuuieeeiieiiiiiieeeeeeiiiie e e e e eeeeebiea e eeeeenes 150
Table6-12: Case Stud®: Off-grid Base Case Simulation..............cceeuiiieieeeeeeiiiineenenns 150

Table6-13: Proposed Grittonnected with current National and Solar Comp@rigate.. 151

Table6-14: Generation Consumption, and Payback Computatian........................... 152

Table6-15: Sun powerBR210-WHT Monocrystalline PV System and the Technical

SPECIHICALIONS. ....ei e nn e aaaa 155
Table6-16: Business Model Cost breakdOowWn...............uuuiiieeneeieeiieeeeeeeeeeeeeeeeeeeeees 156
Table6-17: Appliances for Study dateneration and Consumption................c.......... 156
Table6-18: Generation over CONSUMPLIONL.........oiiiiiiiiieeieicee e e e e e 157
Table6-19: Case Stud$ Off-grid Base Case Simulation..............cccocoeeeivceeiiiiieeeeennnnn. 157

Table6-20: Proposed Gridonnected with current National and Solar Comp@riyate.. 158

XXil



Table6-21: Generation Consumption, and payback Computation.......................cc... 159

Table6-22: Solar World®30W Monocrystalline PV Systeand the Technical Specificati®1

Table6-23: Business Model Cost BreaKdOWN...........coovvuuiiiiiieeeiiiie e 163
Table6-24: Appliances for Study da@eneration and Consumption............cc..cceevenn... 163
Table6-25: Generation over CONSUMPLION.........uuieeeiiiiiiiiiaeeeeiiiie e e e e e eeeeiiie e eeeeenes 164
Table6-26: Case Studg Off-grid Base Case Simulation...............oooovvviiieeiieeiiiiinnnn. 164

Table6-27: Proposed Grigtonnected with current National and Solar Comp@riyate.. 165

Table6-28: Generation Consumption, and Payback Computation........................... 166

Table6-29: Solar World®230W Monocrystalline PV Systeand the Technical Specificati®8

Table6-30: Business Model Cost BreakdOoWn...............uuuiiieeriiiiiiiiiiiceeeeeeeeeeeeeceees 169
Table6-31: Appliances for Study da@eneration and Consumption................cc..uue.... 170
Table6-32: Generation over CONSUMPLIONL.........oiiiiiiiie e eiceeiin e e e e e e eaeeeeees 170
Table6-33: Case Study Off-grid Base Case Simulation..............cccceevevvveeiiiieeeeennnnn. 171

Table6-34: Proposed Grittonnected with the current Ational and Solar Compa@yRate

Table6-35: Generation Consumption, and Payback Computatian........................... 173

Table6-36: LumosGR080P-36 Polycrystalline PV Panel and the Technical Specificati@hs

Table6-37: Business Model Cost BreakdOWIL. .....c.oenieeee e, 177

Table6-38: Appliances for Study dataeneration and Consumption........................... 177

XXili



Table6-39: Generation over CONSUMPLION........uuuieeeiiieiiiiiee e et e e e e eeeenes 178

Table6-40: Case Stud§ Off-Grid Base Cas®imulation............ccoovvvvviiieiiicnieiinneeeennnnn. 179

Table6-41: Proposed GrilConnected with the current National and Solar Com&iRate

Table6-42: Generation Consumption, and Payback Computation........................... 181

Table6-43: Suntech STP50520 Monocrystalline PV System and the Technical Specification

....................................................................................................................... 184
Table6-44: Business Model Cost BreaKdOWN............coovveiiiiiiieeeiiiien e 186
Table6-45: Appliances for Study da@eneration and Consumption...............ccccee..... 187
Table6-46: Generation over CONSUMPLION.........iiiiiiiieeeeeieeeie e e e e e e eeeeeeees 187
Table6-47: Case Study Off-grid Base Case Simulation..............cccoeveevvveeeeiieeeeennnnn. 188

Table6-48. Proposed Grittonnected with the current National and Solar Comp@ariate

Table6-49: Generation Consumption, and Payback Computatian........................... 190

Table6-50: Lorentd.A 160W24S Monecrystalline Solar PV System and the Technical

SPECIHICALIONS. ....ui e e aaae 194
Table6-51: Business Model Cost BreakdOoWn...............uuuiiieenieiiiiiieieieeeeeeeeeeeeeeeees 195
Table6-52: Appliances for Study dateneration and Consumption........................... 196
Table6-53. Generation over CONSUMPLIONL.........ooeiiiiiiieeiiicee e e 196
Table6-54: Case Stud8 Off-grid Base Case Simulation.............c.cccovviiiiveeiiciinceennnen, 197

XXIV



Table6-55: Proposed Grittonnected with the current National and Solar Comp@ariate

Table6-56: Generation Consumption, and Payback Computation........................... 198

Table6-57: YingliSolar250W Polycrystalline PV System and the Technical Specific20@s

Table6-58: Business Model Cost BreaKdOWN.............ocevviuiiiiieeiiiiie e 204
Table6-59: Appliances for Study da@eneration and Consumption.............c..ccceuunn... 205
Table6-60: Generation over CONSUMPLION. ......uuuueeeeiiieiiiiiaeeeeeiiiie e e e e eeeeeii e eeeenes 205
Table6-61: Case Stud9 Off-grid Base Case Simulation..............cccceeveevvveeeeiieeenennnnn. 206

Table6-62: Proposed Grittonnected with the current National and Solar Comp@ariate

Table6-63. Generation Consumption, and Payback Computatian........................... 207

Table6-64: SuntechlSTPL30W Polycrystalline PV System and the Technical Specifications

....................................................................................................................... 209
Table6-65: Business Model Cost BreakdOoWn...............uuuiiiieenieiiiiiiiieieeeeeeeeeeeeeeeees 211
Table6-66: Appliances for Study dateneration and Consumption................c.......... 211
Table6-67: Generation over CONSUMPLIONL.........oiiiiiiiieeeiiicee e ee e e e e e e eees 212
Table6-68. Case Stud¥0 Off-grid Base Case Simulation.................ccouevieeeieeeiennnnnnn. 213

Table6-69: Proposed Grittonnected with thecurrent National and Solar CompayRate

XXV



Table6-71: Canadian Sol@&55W Polycrystalline PV System and the Technical Specifications

....................................................................................................................... 216
Table6-72: Business Model Cost BreakdOWIL. .....c.vvnirieeeee e 218
Table6-73: Case Stud¥1l OFFgrid Base Case Simulation............cccoeevvvvivieeeneeeeennnnnn. 218

Table6-74: Proposed Grittonnected with the current National and [BoCompan§ Rate

Table6-75: GeneratioNCOMPUEALION...........cuuuiiiii et 220

Table6-76: Analysis betweeB3kW and3.2kW Capacity for Domestic Instal®V systen

Table6-77: Analysis teakdown of Estate and Individual @ffid PV System Apartment222

Table6-78. Apartment Analysis breakdown based on Payback Periad.................... 223
Table6-79: Short/medium and Lorgerm Investment.........cooovvvvviiieieviiieeei e 224
Table6-80: Useful Electricity and Electricity Wasted..............ccccoeiieiiceiiii e, 225

Table6-81: Comparison between UK and Nigeria Payback based on Generation...226
Table6-82: Generation Capacity for Field Base and Proposed QasdaS8on................ 233

Table6-83: Case studies Generation and Consumption Location (Abwjea,A.agos &
badzl TF0 XXXXXXXXXXXXXXXXXXXXXXXXXXXEKXXXXXX

Table 684: Monthly Average Solar radiation on Horizontal surfg®h/m?k R & 0 X3% X X H
Table685:t 2aaA0fS [Ayla 0S0sSSy /I asS &x@4RASEXX
Table 686: Payback Period for Consumption with Interest Rate.(%)................. 244

XXVi



ACKNOWLEDGEMENTS

This thesis accessestarious government agencies, research organisations, financial
AyalhAabdziazyas FyR LINAGIGS aSO02NND O2YLI yAS:

significant contributions wititime spend and information shared.

L ¢g2dA R tA1S (2 dzAS GKAA 2L NIdzyAade G2 SELN
Jie Zhu and Gan Guohui for guidance and direction in my PhD research study. My primary
supervisor your selfless time and tntion helped me while the critics, corrections and

feedback contributed a lot to improve my research work.

| specially want to thank staff of PDTF for the-tgpsupport programme rendered for the
completion of my academic research work. | take this oppaty to express gratitude to all

the Department and Faculty members in the University of Nottingham and my colleagues for
their help and support with necessary materials for the research. | am very grateful to Dr (S)
Siddig Omer, Prof Saffiffat, Auwd Dodo, Ameen, Twah®aniel Gomeetc. | would like to
thank my close colleagues and other academic colleaguélsdmisupport contributed to the

finish of this thesis.

| would like to thank my loving and wonderful family for their prayers, care and
encouragement. They are always there during difficult and trying times. My most senior
brother Ignatius Dibia for the care and valualleas to this academic wodndalways there

for the family. | like to thank my family friends who deserve my special appreci&idelis
Ayah and WinfredMorganfor sharingtheir knowledgewillingly. Also, td_ina Morgan, Bunmi
Babatunde, Branda and Mic Dacosta, Peniel and Franab&aClaire and Lucy for your care
and kindness, prayers and encouragement and others for your contributions to the

completion of my academic researchhank you all.

XXVil



LIST OF ABBREVATIGMND ACRONYMS

Acronym Definition

AC AlternatingCurrent

AD Aggregate Demand

ACP Alternative Compliance Payment
AEF Alternative Energy Fund

BIPV Building Integrated Photovoltaic
BNCC Backup Supplement of National Control Centre
BOI Bank of Industry

BOS Balance of system

BP British Petroleum

BPE Bureau of Public Enterprises
BTU British Thermal Units

CBN Central Bank of Nigeria

CDM Clean Development Mechanism
CcQ Carbon Dioxide

CREB Clean Renewable Energy Bonds
CSl California Solar Initiative

XXVili




CpPV

Concentrating Photovoltaic

CSP ConcentratingSolar Power

DC Direct Current

DECC Department of Energy and Climate Change
DISCO Distribution Company

DNI Direct Normal Irradiance

DOE Department of Energy

NECN National Electricity Corporation of Nigeria
ECN Energy Commission of Nigeria

ECOWAS Economic Community of West African States
EE Energy Efficiency

EERE Energy Efficiency and Renewable Energy
EIA Energy Information Administration

EMSL Electricity Management Services Limited
EPBB Expected PerformaneBased Buwypown
EPPS ElectricPower Policy Statement

EPS Electricity Power Stations

EPSR Electric Power Systems Research

EPSRA Electric Power Sector Reform Act

XXIX




ERA Environmental Rights Action

ESPR Electric Power Sector Reform

ESI Electricity Supply Industry

EU European Union

FCT Federal Capital Territory

FDCA Federal Capital Development Authority
FEC Federal Executive Council

FEN Friends of the Earth Nigeria

FGN Federal Government of Nigeria

FIT Feed in Tariff

FME Federal Ministry of Environment
FMOP Federal Ministry oPower

FRN Federal Republic of Nigeria

GDP Gross Domestic Product

GENCO Generation Company

GHGs Green House Gases

GHI Global Horizontal Irradiance

Glz Gesellschaft fur Internationale Zusammenarbeit GmbH
GND Gross National Domestic Product

XXX




GRA

Government Reserved Area

GSM Global Service Mobile

GTP Gas Thermal Plant

IEA International Energy Agency

IEDN Independent Electricity Distribution Network

IEEE Institute of Electrical and Electronics Engineers

IEJ InternationalEnergy Journal

IEO International Energy Outlook

IED International Institute for Environment and Development
[ISD International Institute of Sustainable Development

ILO International Labour Organization

IMF International Monetary Fund

IPCC Intergovernmental Panel on Climate Change

IPO Independent Power Operator

IPP Independent Power Producer

IRENA International Renewable Energy Policy

IRJES International Referred Journal of Engineering and Science
ISO Independent System Operators

JAMB Joint Admissions and Matriculation Board

XXXI




JICA

Japan International Cooperation Agency

Kn? Kilometers Square

kw Kilowatt

kwh Kilowatt hour

LCDA Lagos Islan@ouncil Development Area
LCOE Levelized Cost of Electricity

LFN Laws Federation of Nigeria

MAN Manufacturers Association of Nigeria
MDA Ministries Department and Agencies
MEF Major Economies Forum

MJ Mega Joule

MMOP Modelling Measures of Performance
MO Market Operation

MOE Ministry of Environment

MOU Memorandum of Understanding
MPPT Maximum Power Point Tracking
Mtoe Million Tonnes of Oil Equivalent

MW Megawatt

MWh Megawatt hour

XXXil




MYTO Multi Year Tariff Order

NA National Assembly

NAEE Nigerian Association of Energy Economist

NAPTIN National Power Training Institute

NASA NationalAeronautics and Space Administration

NBET Nigerian Bulk Electricity Trading

NBS National Bureau of Statistics

NBTE National Board for Technical Education

NCC National Control Centre

NCERD National Centre for Energy Research and Development
NCP National Council of Privatization

NCS National Council of State

NDA Niger Dams Authority

NDGSPR National Domestic Gas Supply and Pricing Regulations
NDPHC Niger Delta Power Holding Company

NDRC National Development Reform Commission

NEC NationalEconomic Council

NELMCO Nigeria Electricity Liability Management Company

NEP National Energy Policy

XXXiii




NEPA National Electric Power Authority

NEPD National Energy Policy Document

NEPP National Electric Power Policy

NER Nigerian Energy Reform

NERC Nigerian Electricity Regulatory Commission
NES Nigeria Economic Summit

NESI Nigerian Electricity Supply Industry

NESCO Nigeria Electricity Supply Company

NESP Nigerian Energy Support Programme

NESREA National Environmental Standards and Regulatiénforcement Agenc
NETS Nigerian Electricity Transmission System

NFG Nigerian Federal Government

NGN/N Nigerian Naira (Currency)

NGO Non-Governmental Organization

NIPP National Integrated Power Project

NO Nitrogen Oxide

NOAA National Oceanic andtmospheric Administration
NPC National Planning Commission

NPO Non-Profit Organizations

XXXIV




NPSR New Power Sector Roadmap

NPTI National Power Training Institute

NREEEP National Renewable Energy and Energy Efficiency Policy
NREL National Renewable Energppboratory

NREMP NationalRenewable Energy Master Plan

OECD Organization for Economic Cooperation and Development
OPEC Organization of Petroleum Exporting Countries

PACP Presidential Action Committee on Power

PAYG Pay As You Go

PBI PerformanceBasedncentive

PEF Power Emergency Fund

PHCN Power Holding Company of Nigeria

PIB Petroleum Industry Bill

PPA Power Purchase Agreement

PPP Public Private Partnership

PSRB Power Sector Reform Bill

PRB Population Reference Bureau

PTFP Presidential Task Force on Power

PV Photovoltaic

XXXV



http://www.prb.org/pdf15/2015-world-population-data-sheet_eng.pdf

PWD Public Works Department

R&D Research and Development

RE Renewable Energy

REA Rural Electrification Agency

REAP Rural Energy for America Program
REF Rural Electrification Fund

REMP Renewable Energy Master Plan
REP Renewable Energy Policy

RES Renewable Energy Sources

RET Renewable Energy Technologies
RISE Research Institute for Sustainable Energy
RO Renewables Obligation

ROC Renewable Obligation Certificates
ROI Return on Investment

ROW Right of Way

RPS Renewable energy portfolio standard
RTO Regional Transmission Organization
SDN Sustainable Democracy Network
SE4AI| Sustainable Energy for All Initiative

XXXVi




SEI

Solar Energy International

SELF Solar Electric Light Fund

SELCO Solar Electric Light Company

SERC Sokoto Energy ResearClentre

SET Solar Energy Technologies

SHS Solar Home Systems

SMG Solar MicreGrids

SO Service Operator

SREC Solar Renewable Energy Credit

SSA SubSaharan Africa

STA Solar Trade Association

STC Standard Test Condition

TCN Transmission Company Nigeria

TDF Transmission Development Fund

TGC Tradable Green Certificate

™Y Typical Meteorological Year

TSP Transmission Service Provider

UNCED United Nations Conference on Environment and Development
UNEP United Nations Environment Programme

XXXVil




UNDP United Nations Development Programme

UNIDO United Nations International Development Organization
UNN University of Nigeria Nsukka

USA United States of America

USAID United State Agency for International Development
VAT Value Added Tax

WAPP WestAfrican Power Pool

WB World Bank

WCED World Commission on Environment and Development
WEO World Energy Outlook

WEF World Economic Forum

WHO World Health Organization

WRE World Renewable Energy

XXXVili




CHAPTER 1:INTRODUCTION

Nigeriaalso called TheDA I yG 2 F | ¥ NRA Ol populatianwigh@ JaNd areg of Y A f §

about 923,770 Ki(FRNCommission, 20)@&ndblessed with abundanhon- renewable and
renewable m@tural energy resourcedNigeriais located in the south coast of West Afia
named after RiveNiger,shares a border with Benin (west), Cameroon and Chad (east) and
Niger (north). It remained a federal government after independence in 1960 with-multi
ethnic and various religious denominationsefarmland primarily located in the middle belt
and SubSahel zone is largely untouched due to lack of irrigation cap@e@yN, 2006 The

total cultivated farmland is less than 50% with low agricultural productivitg tb lack of
modernization, and mechanied farming systendespite the agricultural potentigflbitoye

and Adenikinju, 2007Figurel-1represents the Nigeria geographical population distribution

Niger

Katsina

Benin Chad

Central
African
Republic
Cameroon

Population Density
I 40-50 300-350

Delta . 50-70 350-400
mm 70-100 400-500

Bayelsa ! Y 100-150 I 500-600
Rivers 150-200 Il 6500-800

200-250 Il 800-2000
250-300 Bl 2000+

Figurel-1: Nigeria Magfor Geographical Location and the Population Distribution (Source:
FRN, 2016 and FGN, 2010).



The economic indicatorfor energy productivity of the country includine total energy
consumption of about 1,259TWh/annum the total electricity production of
19.78TWhr/annumthe electricity consumptionof 18.05TWh and the per capita energy
consumptionof about 8.1 MWh. The national eiticity access is 54% whileral electricity

access is 28%. The gross domestic product (GDP) is about GBP1.8 billion (US$262.6 billion)
with 7% average gweth in the last three year@\BS, 2012cAsaju and Adagba, 2003 he

energy industry support is more than GBP6.9 billion (US$1 trillion) and equivalent to 7.7% of
the U.S national economy gross domestic product (GDP) in QVEF, 2012)The gap

between energy supply and demand is significawilye and still needs to baddressed using

renewable resourceskigure1-2 demonstratesthe interadion between man, energy and

Sustainable Development

environment

Figurel-2: Interaction of Man, Energy and Environment for Sustainable Development.

The interaction between man, energy and environméentonneced to necessities in the

modern societyEnergy is a majangredient for socieeconomicgrowth and development

and highly associated with the environmen(Tallapragada, 2009Ly G2 Rl & Q& ¢ 2 NJ
technology is a current factdhat facilitates sustainable development enhance resource
efficiency.Studies found that "Sustainable development is a development to meet the needs

of the present without compromising the ability of the future generation to meet their own

y' S S RBiéuadtland and 11SD report, 2018hishastwo key concepts such assentid needs

for the world's poor withimitationsimposed ly the state of technology andsocial
organization withthe environmental ability @ meet pregnt and future need¢Barkemeyer

et al., 2014)
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development, balancing soceconomic developments and protection of the emriment
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a huge effect on the esiing resources that havied to a scarcity of electricity supply with

lack of electricity access in remote rural ar¢@hukwueyem, 2015 Dlar energy application

cannot be ignord, particularly for those without gristonnection and this can be achieved

mainly withthe application of PV systems in the counfBabatope et al., 2013)
1.1 Nigeria Energy Background

The conventional methodBor electricity production used in Nigeria include hydnodagas
thermal plantsset up in the 197§ andlater introducedcoaland oilgas fired stationgOkoro
and Madueme, 200% Thegas productionrecently takeover from hydrouse to reduce
pollution andimprove watersupply, mitigate climatehangessuesaswell as toenhancethe
capacity of electricity generatiofOlayinka Oyedepo, 2012 a@keni, 201L In Nigeria, he

enormous scarcity of energipr decades largly contributes tgpoverty in the country.

After the first commecial oil productionbetweenthe 1950s and Midl980s, the country
suffered the problem of inadequatenergy supply. laffectedcommercial activitieshat lead

to the collapse othe nascentmanufacturing sectarfFor instancethe car assembly ahtire
industries collapsedThe nanufacturers since then have been deploying large capacity
generators for electricity supply to address the lgimge electricity scarcity gap without

considering thenegative effects on the environment.

Theresult of power outagesa financial lossvhich isabout GBP311 million (26 kllion)
equivalent to(US$984.38 millionfrom the reportestimatesby the Council for Renewable
Energy of NigerigOyedepo, 2012)The constant use of diesel generator satsan open
exposure tothe amount of carbon emissions different householdand business locatics.

According tothe report, the countryis underdevelopediue to a high percentage of the



population living undethe poverty line andnore than 896 Nigerians live on less than a dollar
per day(Ball and Vlaicu, 2012pespite the yearly growth rate of-B%, the majority of the
people are poor when compared to other Africa counti(@sauhan-Pole Bloomberg, 2016
Figurel-3 indicates the typical power distribution line, which is part of the national grid in

Nigeria.

Figurel-3: National utility gridconnected etctricity (SourceShewa, 2016

In Nigeriasola energy development has beenséow pacecompared to other coutmies in

the developing world. Min barriers fosolar energy exploitatignnclude lack opolitical will,
weak regulatory framework, corruption, lack@mmitment to fundingand incentives, high
upfront solar energy costs, purchasing power, limited research and develdpioesolar
energy applicationlack of awareness of solar systems bg teople, poor operation and
maintenance of the solar systerasd intermittency of solar energy systerf&mbo, 20090

In particular, most individuals in Nigeria cannot afford the initial cost of the solar system
without subsidies, tax exemptions as well as without other financial supmirétses from

the governments or other private organizatiof@konkwo, 2007)

1.2 Technical Perspective

Solar energy technologyan ensure flexibility and loAgrm operational stability with high
efficiencyPhotovoltaic(PV) energy system anchigherflexibility with Building Integrated PV
(BIPV) will reduce barriers to applicats. According to IEEBgtinstallation of largescale PV
plants has become a sustainable solution to achieve energy sufficiency mostly in the
developing cantries where the economies depend arhigher level of energy importation

(IEEE, 2017However, these technologiegppliedin the developing countriesan beapplyin
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the urbanandremote rural areasn Nigeriathrough solarenergy development schemes by

the government.

1.2.1 Photovoltaic Technology and Types

Solar PV systems convert solar energy into electricity when installed in a certain location
(DOE, 2005)A typcal solar PV system consiststioé mounting structure, charge controller
(or dedc converter) and inverter for efficient performance(lEEE, 2017Timilsina et al.,

2011). Tablel-1represents the historical development of PV technology.

Tablel-1: Photovoltaic Historical Development

Year | Name of| Energy Conversion Source
Observer

1838 | Alexandre Electricity generation by chemic{ (Strong and
Edmond reactions when exposed apparatus t Scheller , 1987
Becquerel sunlight that increased the electrical

energy produced

1887 | HeinrichHertz | PV system for direct conversion | (Rigden2005)
sunlight into electricityith Photovoltaic
effect use of sensionductor material

1905 | Albert Einstein | This onversion explained inl905 and
1950s the practice commenced ithe 1950s

1954 | Scientists Silicon produced solar cells with | (NREL, 2007
percent conversion of direct sunlight { (Deshmukh ang
electricity and powered spaceships al Venkataraman
satellites at Bell Laboratories 2006)

G{2ftFNJ ol GGdSNEBE¢ ¢ (Bernstein,
converted solar radiation intelectricity | 2006)
at Bell Laboratories




1960s PV  power generation technolog (Kurtz, 2012)
improved in demand

Serious effort commenced whethe PV
1970s panel started to provide cheaper sol
power.

(SourceNREL, 2007

The typical PV type is the monocrystalline silicon of good efficienct (%3 for a single
crystal with thin layers of cells and more expese than the other types but saves space. The
polycrystalline silicon type crystallized small particles on square cell has a conversion
efficiency of 1115%, slightly cheaper than the monocrystalline PV fgzhuga, 2011y he
amorphous silicon PRon-crystalline silicon cells hawgedark grey appearance that operates

in low diffuse lightvith 6-8% conversion efficiendKleissl, 201andMonari et al., D11). The
Hybrid PV type isoated in an amorphous layer with PV crystalline cell for PV systems utility
grid-connected. It can also operate on staalbne BIPV or on the grousdounted large

scale grieconnected systeniMyers, 2013 antEA, 2010p These are four identified PV types.

1.2.2 Off-grid Vs Grieconnected Applications

The Offgrid also called standlone is an independent operation design, directly connécte

to direct current (DC) load without electrical energy storage (i.e. batteries) from PV
module/array as a DC output. The critical part of designing apeelbrming standalone
system is the matching of the electrical load from PV array for maximum powtput. The

load only operates during sunlight hours making the design suitable for common applications
like ventilation fans, water pumps including small circulation pumps for solar thermal water
heating systems. The effrid systems and an inverter, duotly connected to consumer
alternating current (AC) appliance types. In manygoifi PV systems, the batteries are
energy storage used at night when there is no sunlight to generate energy from the PV

systems are suitable for rureémote areas applicain in Nigeria.



The dedc converter withmaximum power point tracker (MPRTelps to utilize better
available panel maximum power outp@iRekioua et al., 2014Alsadi and Alsayid, 2012)
According to research studies, the REgftl systems are being utilized for the power needs
of the world poor, and a prerequisite for the developmdli¥iemann and Ling, 2014Jhe
grid extension is not a feasible optioorfrural areasoften characteried by remoteness and
low population density(Scott and Seth, 2012fFigure1-4 represents a typical offrid PV
system with battery storage used for supplyidgect current PQ and alternating current
(AQ loads.

Charge - DC Load
Controller

F,
h 4

Battery — - Inverter

v

AC Load

PV Array

Y

Figurel-4. Diagram of Standlone PV system

The gid-connected PV systenas a utility-interactive design operates in parallel,
interconnected withthe electric utility grid. The primary componerarfgrid-connected PV
systems is thanverter or power conditioning unit (PCW)ith consistent voltage. A well
designed PV system with robust converter converts the generated DC power into AC power
more effectively with no energy storage losg&harma and Chandel, 201Barticularly for
large-scale applications. In addition, the PV grid interconnected system hasdigetiional
interface between the PV system AC output ahé electric utility network for orsite

distribution panel([Kaundinya et al., 2009

On one hand, this allows the AC power either generated from the PV system to supply
electrical loads ossite or feedback to the grid when the PV system output is greater than load
demand onsite. It, howeve, requires a safety feature called agtlanding component for all

grid-connected PV systems to ensure the PV system cannot continue to operate or feedback



into the utility grid when due for service or repd®iraud and Salameh, 200 Figure1-5

indicates the grieconnected PV power system for largeale utility design application.

AC Loads

T

PV Array > Inverter/Power Distribution
Conditioner Panel

I

Electric
Utility

Figurel-5: Diagram of Grigconnected powesupply PV system.

1.2.3 Energy Sector Situation

9y SNHe Aa Fy AYLRZNIIFYG FFEOG2N) F2NJ GKS 02 dzy
Fad20AF SR gAGK LISNJ OFLIAGE SySNBHe@é (OgyyikadzY LJG A 2
2012. Nigeria faces extreme electricity shortage with miditeted challenges such as

financial, structural, and soctablitical problems for many year®©yedepo, 2012a The
NEOSYiG 62NI RQa SySNHeé& ONRarAa KlFa SYFylFGaSR 2d
living standard in the societie@ristow and Kenngd 2010) Nigeria huge energy crisis
contributed to poverty and paralyzed industrial activities for deca@sochie et al., 2015

¢tKS O2dzy G NE QA AY TN &0 NirdshizhkRjapbetviebnIiéntu@amdi OA G &
supply andhe energy demandks currently estimated to be about 17,520 MW against 5,700

MW peak generation power for the populatioRigure1-6 representsthe energy mix for

generation utilization capacity.



Figurel-6: The present and current energy mix (MgBneration average utilization
capacity(SourceFGN DRAFT, 2016

In 2013, the total installed capacity generation was about 10,396.0 MW for 28 gnitected
generating plants, with 6,056 MW available opgon capacity. Apart from the general
deteriorating state of energy infrastructure, Nigeria experiences underinvestment in the
energy sector for lack of maintenance, mismanagement, ineffective execution, and timing of
reforms as well as factors affectiggneration, transmission, and distribution. The national
grid with poor voltage networks has a limited control infrastructure, overload transmission
lines, the high technical, and nédachnical losses and poor maintenance of generation
stations(DavidWest, 2014ndOgunleye, 201)/
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industrializationOlayinka, 201p The availability of electrical power is a major pillar of wealth
creation and a driving force for the growth of all sectors of the economy. The country
currently has 1Zlectricity distribution companies (Discos) owned by a consortium of larger
state governments in Abuja, Benin, Peko, Enugu, Ibadan;llkeges, Jos, Kaduna, Kano, Port
Harcourt, and Yola statg%incent and Yusuf, 20)4nd the population consumes 58,000
tonnes of LPG per annu(@NIDO, 2014

As already noted, the majority of the areas are not connected to the utility grid especially
ruralremote areas of the country. About 90% of the Nigerian population is not connected to
the grid (World Bank, 2017and 50% are without access to electricigumar, Sudhakar &
Zarma, 2006)dely on fuelwood for cooking. However, the grid extension is not economically
sustainable, due to the high cost of constructing thansmission infrastructuréReport,
2015. Besdes, the urban areas connected to the grid do have recurrent blackout issues, and
load shading continues to pose serious constraints to economic development
(Agbongiarhuoyi, 2015b Figure 1-7 represents Nigerian households thout access to

electricity in the country.

Figurel-7: Households without electricity acceissdifferent states of NigerigSource:
National Bureau of Statistics, @@ & 2012.
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This study aims to justify the possibility of utilizing solar energy systems to meet the gap
between demand and energy supply mostly the remnteal areas that are natonnected to
the national grid Figurel-8 represents thenon-electricity population clustered in each state

of the country.
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Figurel-8: Nigeria Statistics of NelectrificationPopulation Clusters per state.

1.2.4 Nigeria Solar Resource Situation

Nigeh  Qa NBYySgl ot S SySiNEomadsE byaradandD@iFashola @f, dzR S
2016) Theseare solutions to address the existing power shortages and promote federal
government drive for power generation tmcrease theinstalled capacity ¥ 2030 and
beyond. Theesarly use of solar energg the countryhas been limited tahe drying of crop
production, fuelvood for moking, frying and heatingnd thewind energy has been utilized

for winnowing procesgSambo, 201@nd 2009a) The solar energy potential is abundant,
reliable, and well distributed across the country to support the power sector development

(Vincent and Yusuf, 2014

The esource development primarily depends on resmuravailability becausehé daily

annual averagsunshine is between 3.5 and 7.0 hours with the average solar radiation of 5.25
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kWh/m?/day in the coastal areas and between 8 and 12 hours with average solar radiation of

7.0 kwWh/n#/day inthe far northern boundaryOsueke and Ezugwu, 201b A ASNA | Q& | yy
daily average solar radiation generally varies between 3.5 kWhay and 7.0 kWh/r/day

and available sunshine isom 48 hours/day(Kafayat and Abraham, 2018MERGJDUS,

2015. According to IPCC, the global renewable poténtae substantially higher than both

the current and future projected energy deman@olicy & Finance, 20LFigurel-9 depicts
bAISNAF Q& a2t N LRIGSYGAlLf F2N) 3ft206Ff K2NRIT 2y

solargis

hitp isolargis info

Figurel-9Y b A 3 SNXR I Q &So{rée$FIENDRARTI 281612, 2015 Fagbenle et al.,
2014and Solargis, 20)1

According to thereport, the Northern partof Nigeriaexperiences more solar irradiation
(Gesellschaft fur Internationale Zusammenarb®inbH, 2015)For example, the Northern
zone found to be the best option due to the long hours of sunshine throughout the year that
exceeds 2200kWh/m2/year solar energy potential. This qualifies the location for gedpo

solar PV power plants and tiieasibility studiegor solar powelplant investment in locations

12



with the highest solar energy potentighkinyele et al., 2015 The southern part also has a

solar energy potential

The solar energy systems market is growing rapidly with a reduction from the cosaoP36

systemsin the country. However,he solar power moving into a competitive stage requires

more players to participate in making solar systems ultimately more popular to drive cost

down in Nigeria. For example, a privately owned piece of land with the prelimimrsigrd of

p a2 &a2fl NJ LR2gSNI LINP2SOG KIA 0SSy LINRPLIRZASR
cnt pp9 2y F tFYR FINBF 2F HIHpAnInnnYH Omdp
alYS OFLIOAGE Aa LINRPLIRASR 0SU0sSME f Ipyx i &R IIK
covers 1.8 x 1.8 km (3,240,000m2) area about 8 Km fromcRBidenu road in Niger State. The

projects are expected to use a monocrystalline type of solar modules techn@kmyele et

al., 20158 2016)

1.3 Economic Perspective

Solar energy emitted from the sun is castective (affordable) for electricity generation to
meet the basic social needs and the economic activities in the country. The solar PV potential
is economically viable in harnessing energy from sunlight at a competitive price. According to
prior reports, tie global cost of PV system investment is rapidly decreasing due to technology
improvements and the economics of scllNEP, 2012 & 2013yigeria established over 65%
medium and large manufacturing industries is the most cetitpe and effective market in
West Africa for solar energgunleye, 2017) As stated by théEA the cost of investment

was estimatedat least aboutGBP2.4US$ 3.5 billionjor electricity generation per annum
includingthe cost of other parts othe supply chain such as fuel to power infrastructure,

transmissionand distibution in 2016

In Nigeria, his requiresa large investment to achieve the required energy supply capacity
(Ogunleye, 2011)Theprojection of 136 growth rate requires about GBP103 (US$150 billion)
investment by 202Qvith additional 100,000MW generation to attain full requirement for
industrialization of the economyChukwueyem, 2015and ECN, 2003)The planned

generation capacityhat projected for future electricity is estimated to cost an average of
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GBP1.3US$1.5 million), andhie energy sector investmentestimatedat GBP1.2 trillions
equivalents to $1.8 trillion each year to attract clean energy due to sharp fall of upstream oil

and gas investment.

1.3.1 High Initial Cost of Investment

The initial cost of a PWstem is a major barrier slows the penetration pace of PV system
installation, and the RETs development faces a financing challenge and lack of subsidy to
support, and this making solar electricity application uncertain. In addition, renewable energy
foundto be a highrisk investment, sometimes scare away potential investors and developers

in Nigeria(Ottinger and Bowie, 2035Government incentives to reduce shdgrm costs for

the longterm benefits are required because this will support PV investment to boost solar
energy deployment, making solar PV project tekly costeffective (DOE 2010 IEAPVPS,

2007) in Nigeria

On one hand, the government shedrm financial support will expand PV systems
deployment because the populations are in need of electricity. On the other hand, the price
of installation of solar system# the long run, will decrease. It is similar to the case of a global
system for mobile (GSM) communication systems, which started with a high investment cost
and after a few years become attractive with low runnawgts in Nigeria. e solar system

the best option for alternative electricity benefit, modern power service access to overcome

irregular electricity supply, and reduce diesel generator use in the country.

The Nigeria solar system pilot projects show evidence of success and failR@@.1ldigawa
state, obtained funding assistance from the Japanese government forsdale rural
electrification project, an@nadditional funding assistan¢&JSAID and DOE, 200IheSolar
Electric Light Fund (SELF) Comgamplemented and maintainethe solar projectto touch
SOSNE @Af I 3S NIwhichis 2 sizsc&sful Zant remaikkable projéciittiother
states look forward to adojrigsomethingsimilar(JICA, 2007This provided villagers without

access to the national grid, the benefit of modern energy services acd€eskng and
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Ramsour, 2010Figurel-10 representsthe Northern solar eletification in Jigawa villagef

Nigeria.

Figurel-10: Jigawa Village Solar electricity Northern Nigerig(SourcesPVMagazine, 2013

and SELF, 20p1
The solar electrification pilot project sponsored by the Lagos state government at Bishop Kodii
in Onisowo Village, provide an example of unsuccessful praj@cssore, 201}l According
to the Kadri Hamzateport (2006),the state governmeninstalledat two sites 300 watt PV
panels(Okereke, 201y Boyo and Olagunjstated thatthis projectwas financed through
Rural Electrification Fund out of the GBP187 mil{®&&72 million) fund from World Bank to
support the privatized electricity in 200®misore, 201} In terms of financingNigeria's
2L IjdzS 06 dzNBIl dzON) O&8 gAGK2dzi 2dziaARS AyadAadddz
obtaining and verifying specific informatiofiFreling and Ramsour, 20)L0This project
happened to be coseffective failed to function properly after 5 years of installatidfigure
1-11 shows the failed solar electrification project at Onisowo villagehia Lagos stateof

Nigeria

Figurel-11: Solar Bishop K@idOnisowo villagén Lagos StatéSourceObebe, 200%
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In addition asolar PV systemstalled at OkeAgunla Villageluring government pilot projects

in Akure local government of Ondo Statiso expected to benefithe communityuseof the
system. However,he project is vulnerable due to some functional and +ionctional
performance (Jesuleyeet al., 2012. The results from an assessment conducted by
interviewing the village people confired inadequate PV facilitiegntrained technicians with
improper use of facilities resulted in complications, and poor maintenance of the facilities.
The inefectivenessfor a 4.5 kW solamstalled PV systemgroject due to lack of technical
know-how, poor maintenance and the inaibyl of project contractors to take these factors

into consideration(lsmail et al., 201

Jigawa scheme experienced more risk viathger goals and gater resultswith the sum of
GBP309, 000 ($450,00ian Bishop KodjiThe amount investeis five times more than the
amount spent at Bishop Kodji solalectrification. The Jigawa stateschemeshows proper
management with higinvestment cost andbetter quality deliverywhen compared to Bishop
Kodjiprojects. In he case bOkeAgunla projecta propertraining of the technical tearaims

to avoida system failure in the future.
1.4 Policy Perspective

The Nigeria energy sectohas undertaken reforms to achievea series of transformation
throughinvestment to bridge a huge deficit in electricity demaartt supply in the country.
Based on 2005 Electriciffower Sector Reform Act (ERARRhe federal government poer
a SO0l 2NDa piN&imBMNProgranyfrie wa set up as a solid foundatighNERC, 2012)
However, he reform contributed to liberalizan and commercialization ofational utility
company knownas the National Electricity Power Authority (NERAd later changed to
Power Holding Company of Nigeria (PHCN). The agencies and instituticlsle the
established National ElectrigiRegulatory Commission (NER@ Nigerian Bulk Electricity
Trading (NBET) and Rural Electiimn Agency (REAYe the key tools used to drive core

objectives of the reform programme.

Thisenables electric power industry corporatization to increase access and power delivery

capacity, optimize the costs tfe power industry and increasthe efficiency andhe share
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of RE generation to minimezthe environmental damag@bohon, 200p Neverthelessthe

reforms may not yieldhe desired result if current endsers inefficiency is not controlled

CdzNI KSNX2NBX bAISNAIFQa St SOGNMRO LI2ogSNI aSOil2N

development and poverty alleviatiditbohon and lkeme, 20D5The geneation, distribution
assets, and transmission system are privatized to private operatogarel-12 displays the

structure of paver sector reform &er privatization.

B T Regu]ated by NERC +#+«» .

Payment for Bulk Power sent to Grid

v
Successor
Privatised : .
GENCOS Payment for Energy received :
NIPP  Payment
GENCOS : v
Transmission & . billing
Company
: Nigeria :
p?;la’te /\Bulk Power Electricity EEIeclticity
: sent to Grid acc. to'Load :
GENCOS . Allocation

Gas Supply Gas
Producers

Figurel-12: Structure of Bwer Sector PosPrivatiation (SourceFRN Draft, 2006

The postreform structure of the power sectoas shownin Figure1l-12 made the sector
change from government ownership/management of assets to a private sector in line with
2005 EPSR Adtiven by Nigerian Electricity Supply Industry (NEShochie et al., 200)5The
electricity sectorfully privatized into three major subsectoras follow The generation
(Gencos) to optim production cost witha competitive offer for sale of power in the
operatingenvironment.The distribution companies (Discos) to purchase power from Gencos
based on hoice The TCN (Transcpan independent pwer operator (PO)and third
subsectolisenergy transporter withihe responsibility of ensung bilateral contracts between

Discos and Gencodsmail and Victor, 2013However, the federal government laid a
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significant solid foundation for Nigeria power sector with 2005 EPSRA act, the privatization
programme, and reform initiatives, the introduction of Independent Power Producers (IPPs)
and setting up of National Integied Power Projects (NIPPs) among the existing power plants
(Adeakin 2016 andsambo, 201p

1.4.1 Management and Politicadsues

Nigeria lacks adequate infrastructure for electricity generation because of dilapidated
facilities with poor maintenance and lack of expamsito meetthe growing demand.
Presently,government commitment effortsare not encouraging becae of the déay to
implementrenewable energy projectshis iglue tothe problem of fundingweak or almost
non-existence oflegal and institutional framework towards Renewable Energy Master Pl
(REMP).According to the report,policy implementationis yet to be passd into law
notwithstandingthe interest and effort so far showpoor percentage contribution to the
achievement(ECN, 2012)n addition, the power sector suffers policy problems caused by
frequent administratie changes including bureaucracy, and corruption where new
administration comes with new policies instead of continuing with the previous

administration policies.

1.4.2 Environmental Problem

The problem of gas flaring due to use of fossil fuels leads to rapatestation, local urban
air, and water pollutions, oil pollution to the water, loss of amtdnd and rapid urbanization.
However, hese problems are against international agreementsbtodiversity, climate
change, endangered species, hazardous washeslaw of the sea and marine, dumping,

marine life conservation, ozone layer protectj@amd wetlands(IEA, 2010a

1.4.3 Renewable Energy Master Plan (REMP)

In 2006, the Nigerian governmembad map vsion supported by UNDIR orderto increase
the use of RE, recognizing RE sources potentials to achieve sustainable development

established ofigrid generation/dstribution plants in form ofpilot project. These projects
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demonstrations for electricit sugply, employment creation and income generatiaril help

remove import duties on RE produgtsovide tax credits, capital incentives, and preferential

loan opportunities for RE projects with FITs in respect to solar energy, wind power and small
hydro in the country. The REMP is driven by an increasing share of RE and encouraging a shift
from fossl economy to RE. This was instigated by FME to increase RE contribution to 10% of
total energy casumption by 2023NREEEP, 20t%Sambo, 2009a

1.4.4 Nigeria Energy Policy Framework

Public policy has been the most powerful driving force for RE consumption due to pressure to
combat climate changéIA, 2009 Nigerian federal governmermiue to energy constraints,

aS0 dzZld GFNBSGA F2NJ GKS O2dzyiNRBQa SySNHe& YAE
biomass, large and smaldiroelectric power generation antiake the electricity supplyess

vulnerable to disruption more affordable, availableand reliable (Adejumo, 2018 and

Fashola, 2016aConsistent with Sambo and IEA report, Nigeria with financial instruments

such as incentives, taxes, and grants will support and encourage solar PV systems deployment

to reduce dependence on fossil fu¢iambo, 2008)IEA, 2009)

In 2015 the nation plannedo intensify efforts to increaséhe percentage of solar engy in
the present energy miwith RET targets such awallhydro wih 600 MWto 2,000 MW, elar
PV with 500 MW, iomassbased power plants with 50 MWo 400 MW and wind wiin 40 MW
electrification(NESP, 20)5Figurel-13represents the average generation capacity with
energy mix targetsTable 1-2 representsthe approved draft energy policies targets for

harnessing energy potentials in Nigeria.
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Figurel-13: Average GeneratioBapacity and Energy Mix Targ8burceFGN DRAFT,
2016).

Tablel-2: Nigeria Approved Draft Energy Policies Targets

Approve Mational Energy Policies Draft Energy Policies

Mational Electric Power Policy (NEFF) — 2001 Renewable Energy Master Flan (REMP) 2013
Migeria Energy Policy (NEP) - 2003 National Renewable Energy Action Plan (NREAP) 2015
Electric Power Sector Reform Act (EPSR) — 2005 National Energy Efficiency Action Flan (NEEAP) 2015
Rural Electrification Policy Paper (REPP) — 2000 Sustainable Energy for ANl - Action Agenda [SE4AI-AA) 2015

The Roadmap for Power Sector Reform 2010

Migeria Electricity Managemeant Sarvices Act - 2015

Target
Sz0320

Policies Regulations Institutions

NBET/DisCo

({Off-grid)

(SourceFMOP, 2014 and Fashola, 2D16
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1.5 Aimsand Objectives of Study

This study has two main aims. The first is to review the relationship between solar energy
potential currently aailable in Nigeria with the performance of PV systems for electricity
generation in an affordable and environmentally clean way. The second is to consider the
guantity of electricity that needs to be generated within Nigeria in the context of the finhncia
resources available for promoting PV installation use to minimize the gap between energy

demand and supply in the country.
The study objectiveareto:

1 Review PV systesas a source of additional electricity generation at various location
in Nigeria. Such a review might tiskly assisthe development ofgovernment policy
in promoting or assisting in the installationtbe PV system.

1 Assesshow successful or unsuccessful renewable energy policies have been in
meeting energy demand anith reducing the cost of installation in the context of
available financial support and incentives.

1 Assess the level @ccess tasolarenemy in all areas includinggmote/rural areas.
Additionally,public awareness of solar potential energy is considered.

1 EwluatePV electricitygenerationin relation to emission reduon (hence pollution

reduction) andcosts associated with the energy budget of Nigerian consumers
1.6 Significance of the Study

The content in relation to these aims is crucial because Nigerieggn@oduction from all
sourcesis less than 6,000 MWh araimostall derived from fossil fuel combustion. This is
unsustainable in the current global context of reducing. €Qissions, whileéhe PV system
technology based on energy frothe sun is ofenormous potential and significant. In the
current context of reducing global @@®mission, slar PV energy system crucialfor the
future of the country. However his study is important because it aims to understand solar

energy potential withthe PV gstem and the relationship between the quantities of electricity
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generated associated tost in Nigeria.n this studythe findingstherefore, will be significant

in the following ways:

Solar energy is a unique renewable energy source that can be ditidizé’V technolgy for
electricity generatiorbecausepplication of PV technology is a reliable decentralized solution
and better futureenergy supply tahe household, commercial, industry and agriculture
sectors in Nigeridt canalsobe used to reduceosts for households and businesses as well

as increasing sustainability for the local community and economy.

TheNigerian Electricity Regulatory CommisgiNiERErecommended cost of energy charged
but relatively high despite thatconsumptions areassessd by meter reading in Nigeria.
However, he energy policymakers (NERC and ECN) propasesessmenframeworkmight
improve the regulatory poweif implemented with more accurateapproachthan the
haphazard overarchingresently in place. It may alsbelp to prevent exploitation by

providers

Theregulatorsthrougheffective action and financing mechanismgyht help improve policy
decision in administratioto achievethe policyimplementation. They havethe opportunity

for reducingGreen House Gasmissions GHG} to improve health andsociceconomic
development as well ameeting theenergy needs. In additiomelp to strengthen the grid
systemwith RE electricity as well &isidge the gap between demand and supply of electricity

in the country.

This study will exposesolar enegy service providerso a more profitable andproper
acceptable approacHor better service provisiondue to off-grid instdled PV system
performance withadequatelygeneratedelectricity to the benefit ofthe end-users. It &0
demonstratedshort paybackirom both generation and consumptiorgimilarly, thiscould
provide service provides with a quick returnon investmentto encourageinvestment

increaseand more jobsin the economy

The investors will have the opportunity tdfer financial support through leasing, loans and

selling eletricity directly to customers withpower purchase agreements (PPAsgcause
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more people inveshg in usinga PV system for generating environmentally fregergywill
equally benefit the envionment rather thanfossil fuels that emitGHGs. In addition he
economic cost foPV componergreplacementcan below whencompared to conventional
hydropower/gas generatiorin Nigeria. Thisenvironmentally does not require laying of
pipelines tllough canmunities in respect t@as turbinesand less community agitation can

best serveNigeria.

The customersénd-users willprofit by paying less overa shorter period by havingnore
disposable incoméo use for expandin@Vuse or other ventures. Thusicrease the levéof
PV system use am@ducedthe level ofenergyand abject povertyn Nigeria ane of the
overarchingaimsin turn, A Y LINR @S  Lifl@d df B/Rdg andardntoting renewable

energy application in the society

This study could benefit individuals and groupactivists who advocate for increased,
democratizd and equitable use of alternative energy sourci® findings maype usefulfor
increasing public awarenesdout renewable development amdecentralized application of
RE projectsn turn, electricty access to rural areas feconomic, soal and environmental

benefitsfor electricity generatiorusing PV systems Nigeria

This mayprovide researchers and studentfie opportunity to replicate the studyn other
contexts. This type & research suggestother areas of further research that could be
extended toeducational institutionsand industrial aspects becaugedoesnot cover every

agpectexceptselected locationg Nigeria
1.7 Thesis Outline

This study focuses ae technical, economic and policy perspectifes solar energy use
with a PV systemfor electricity generation in Nigeria. This research adopts a software
simulation tool toassess the PV performance aimthovative financing model approach to
determine the appropriate solutions for economic problems. The study scope covers
literature review, case study, queshnaireand the use of RET Screen computer simulation

software for technical performance analysis. The paybaekod with PV installatioris
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manually computed The conclusions summarized solar energy system for policy
implementation wth suggested possibilities. Howevehe thesis structure is divided into

eight chapters:

Chapter 1 introduceghe Nigeriam power sector and its challengeshe solar enegy
significancethe technical, economic and policy rationdbe PV potential benefits tbligerian

people and the economy.

Chapter 2 presents the literature review to identifyetihesearch gaps by reviewitige PV
systembasedon technical, soci@conomicand environmental aspects. It presents tloeal

literature review due teelectricity generation capacity and consumptidm.detail, identifies
the relevant challenges within the existing energy sectegarding generation and
consumption of &ctricity. It reviewssome design modelksuch as computer softwar@ols,

innovative financing model and regression analysis fosy®¥ms developmentt describes
the technical characteristics of RE progepplications andthe factors affecting sola

radiation. It reviews P8ystem performancecost,and GHG emission reductions.

Chapter 3 describes the research methodologgdi for data colletion based on multiple
sources. It explains the usgdiantitative and qualitative research methods. It alslmosvs the
used primary sourceg(questionnaire, interview and case studies, RIEfe&h and PAYG
model9. The secondary sources from journals and article pubticzes includinginternet-

webstes.

Chapter 4 analyses the results by comparing the major enengrgas in terms of
comparative advantage, cost and energy projections particularly for solar energy potential
targets as well as the capacity projection towards generation and consumption of energy

sources in Nigeria.

Chapter 5 focuses amnalyses ofesultsfrom the questionnaires as well as the specific

feedback obtained.
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Chapter 6assessed 1 case studies carried out on different locations based on agerv
generaliation with off-grid PV system installation performance. &h component
specificationsinclude PV system types, the efficiency, capacities, area cover, PV tilt angle,
inverter and batteries including thelectrical coefficient characteristics. This chapter adopts
RET Screen model which was usdth PV systento evaluate the electdity gereration
capacity andGHG emission reductiorss well asto examine innovative financing model

(PAYG) design for affid installation in the country.

Chapter 7evaluatesthe policy fameworks in consideration dRE policy objectivee and
strategiesfor the promotionof PV echnology developmenin Nigeria. It also presents a
proposal to encourage policy implementation for rapid PV development in generating

sufficient electricity to meeenergy demand in Nigeria.

Chapter ummarises key findings amdfers conclusions and recommendations.
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CHAPTER 2:LITERATURE REVIEW

2.1 Introduction

This chapter reviewed PV system based on technical, ®soinomic and environmental
aspects and presented the local literatureview of electricity generan capacity and
consumption as well athe relevant challenges within the existing energy sector for the
generation and consumption of electricity. It also reviewed some design models such as
computer software tools; innovative financing models and regression analyses for PV systems

development and factors affecting PV system performance.
2.2 Technical Aspect

Energy plays a crucial role globatyany country for industrial&ion. In addition, energy in

3t 206t SO2y2YASa -Hload for giowsh naky Aabioh£ Elécyiday efaly T S
facet of human lifehas been an important source of energgd the basic developmental
services for food, pipe borne water and provisions for industrial activitiesalth care,
conducive abode, telecommunicatigrand quality education among othef®seni, 201and
Oseni, 2012p Electicity according to Mankiw et al model (1992) is an explicit factor of
production and economic development in the 1990s, which resulted in improved wellbeing
of citizens, particularly among emerging economies. Nigeria electricity sector production
presentlyexperiences an energy crisis which relates to climate change and environmental
pollutions from GHG$Adeyemo, 201Bdespite that electricity is an important element for
consumption from energy productiofAcemoglu et al.,, 201And Bernanke, 2001 The
centralized electricity supply depends on thermal gas and hydro generating stations above
100 MW high capacitySambo et al., 20)2 During the military regime, the power
infrastructure faces a major setback where most of the hyelextric dams decayed with the

obsolete transmission, distributioand equipment linegSambo, 2008h

TheNigerian government has beewldy responsible for power generation, transmission and
distribution (Bloomberg, 201R The electricity supply rate has been less than 2 hours per day

and 60 percent of the population is connected to power grid whereas 40 percent without
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access to the national grid in the rum@mote areas(Sieminski, 2014DOE, 2006 The
problemis identified to belimited access to the infrastructure and low connection rate;
inadequate power generation capacity; inefficient usage of capacity; lack of capital for
investment; ineffective regulatim high technical losses and vandalism; insufficient
transmission and distribution facilities; inefficient use of electricity by consumers;
inappropriate market strature and industry includinginclear delineation of roles and

responsibilitiefOkoro and Madueme, 2004a

The sudy reported thatabsence of reliablelean energy services access imposes disease
burden and impedes prospects for the development of doaome populations in the

country. Futhermore, the current patterns of fosdiliel use cause substantial iHhealth

from air pollution, occupational hazards and the impending climate change threatening
health mainly driven by the energy u@daines et al., 2007/ OO2 NRAy 3 (2 { dzyRI &
report, climate change and limited availability of fossil fuel reserves have become urgent to

deploy renewale energy for electricity generatigi®yedepo, 2012)

2.2.1 Photovoltaic Module Performance

Solarenergy that reaches the earthfound asthe most obvious choice of RES and predictable

source of energy throughout the year foily electricity generatio{(Ren21, 2011 The
Photoelectric effect is the function of semiconductor composition, intensity and wagéh

on the available solar radiation with PV devitgedto produce the amount of electricity
(Damascelli et al., 2003The devicedn the worldrecentlyrecordto have steadily increased
conversiorefficiency to about 43.5 percent due to research and development advddees

Kleissl, 2013V cCulloch and Neuhaus, 200B5olar PV has been one of the fastggiwing

wo9ta Ay G2RI&Q& 62 NI RrolkifighbaSdiettiRity geBdratiah fix inJt | & |
the future (Abe and Adetan, 2008) ¢ KS Y2 Rdzf  NJ aAl S& I NB GKS Y7?
factor within the reach of individuals, emperatives and sma#icale businesses that requires

owning generation facilities to power and leckelectricity pricegOgunleye and Awogbemi,

2011).
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The solar electric PV system with several PV cells known as solar PV Networks, the PV cells
usually poduces about 22 watts. The PV cells are connected together to form large units
called modules in boosting power output and further connected to larger units which are
called array(Tripathy et al., 2016 The PV education reported that special electrical property

of the PV cell provides a voltage that drives current to an external load such as light bul
appliance(Education, 2013)Figure2-1 represents the solar PV cells beiagolid block on

each efficiency performance.

@

module
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|
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o

Figure2-1: PV cells, modules or panels and arrég§surce P\tEducation, 2018

The PV module performance is measured in peak watt (Wp) rating to determine maximum
power under the laboratory standard test conditions (STGg measurement rating includes

PV module operating temperature (2377 F), level of solar irradiance (1000 W)jrand Air

mass pectral distribution (1.5 AM) anchis may or not be how PV module/array typically

operate in a locatiofMyers, 2013 The actual performance of PV modules is extremely safe

and reliable from 8®0 percent dud¢o STC rating with minimal failure rates. The PV lifetime
projected service in maintainirghigh percentage of initial rated power output is from-20

@SIFENER gAGK Y2NB &@SINBQ ¢ NNI y esadvisdoskifigfalB & S NX
productl@ GAYy 3 6! [0 2y ljdzZ f AFAOFIGARZ2Y GSadAay3d I yR
module specificationEERE, 20).3

The solar energy technologies are divided into two braategories, solar PV and solar

thermal technologies (CSP). They easily and readitywert primary energy source into a
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renewable form for electricity and heating. The solar PV panels convert solar radiation into a
direct electric current (DC) and thrgh an inverter into alternating current (AC). The solar
GKSNXYIE G(Gel)lsS | O02NRAYy3a G2 [/ FNy2GQa 1/ @&0ftS
radiation into heat that turns the electric turbine. The concentrating solar power (CSP) using
mirror receives snlight and heats a fluid to achieve high temperature, drives the turbine for
generating electricity for local large or smsdlale leve[Energy, 2016p In addition, these
plants play an important role ithe rising of renewable energy sources (RES) shares due to
the possibility of storing trmal energy. It also allowsectricity exports to Europe to gain
importance even after 203QBoie et al., 2016and to achievehigher temperature using
different types of concentrators such as Fresnel lsngmrabolic mirraretc. The solar PV
systems have lower risk compared with wind or liquid gas turbines (LKK&)ya, 2016 and
ZelayaAngel et al., 1996 Figure2-2 represents systematically the structures of solar PV and

thermal technologies.

\ Solar Radiation \
Direct conversion
H flui
I I t eat up a fluid I»

Photovoltaic (PV) Concentrated Solar
Thermal Power Plants

| Solar electricity for own use
or the power grid

Figure2-2: A systematic work of the sl PV and thermal tdémologies(SourceEnergy,
2016).

The PV efficiency is the ratio between the electrical pogereratedandthe amount of solar
energy receivedas well aghe main indicaor of PV cell modules performance. The PV cells

connected in series and parallel for production of high voltage as high as several kilovolts. The
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monocrystalline is more efficient but expensive in supply than polycrystalline and others. The
secondgeneraton PV systems include thfim PV types for early market geoyment
(distribution) including the amorphous -&i) such asmicro-morph silicon (& A KSH;0
CadmiumTelluride Cdre); CoppetndiumSelenide (CIS) and Copgedium-Gallium
Diselenide (CIG@jthenakis et al., 2009l-thenakis, 2009 The thirdgeneration PV system
such as concentrating PV (CPV) or (CSP) and organiktsRivide demonstration iget to be
widely commercialized with other new ideas under developm@ieissl, 201andJungbluth

et al., 2009. Figure2-3 represents the prospects and photovoltaic technology status.
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Figure2-3: The Photovoltaicdchnology Status and Prospe¢BourcelEA/PVPS, 2009

Silicon foundo be most commorty usedfor commerdal PV system applications anthterial
for deployment in most countries of the wor{fligo and Natowitz, 2009y able2-1 represents
the different PV module efficiencieBigure2-4 represents future improveent expectation

of PV system efficiency.
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Table2-1: Efficiencies for different PV Modules types

Waferbased €Si Thinfilm
ScSi mc-Si a-Si;(aSi/>c-Si) CdTe CIS/CIG
14-20% 13-15% 6-9% 9-11% 10-12%
0% -
e | 25%
23
21% 21% - -
= ow b 1% @ Single Crystalline
% 1% Lo B Multi—Crystalline
ookt 14% 1 15% 15% O Thin Film Si
;-: 12% 12% D CIGS
5o | = W CdTe
5%
0%
2010-2015 2015-2020 2020-2030
Years

Figure2-4. Future PV systemxpectationfor efficiency improvemen(SourceiEA, 2011

Many studies have confirmed solar energy technologies to be reliable power generation with
a useful lifetime not limited to 2@5 years based on an assumpti@ithur, 2009. BP solar
reportsaccording © Wohlgemuth (2008:2003providing 25year crystalline silicon modules
gAGK SEGSyaAirgsS GdSaitiy3a SEOSttSyd FAStR NBadA
a solidstate building block device without moving part makes the technology highly reliable
and longlived. The opencircuit voltage (Voc) decreases with temperature. Honsberg
Christian reported that the temperature depds on current ampere (Is@nd the current

and voltageare affected by weather conditiofChristian, 2013)The effet of temperature
clearly displays PV panel cunteand voltage curveand thisshows different combinations of
voltage and current produced by a given PV panel under existing condifatise, 2016.
Figure 2-5 represents the currentoltage curve and temperature effect for PV efficiency

performance.
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Figure2-5: |-V characteristic curve with temperatuedfect on solar module voltagé&ource:
P\(Education, 2014
The Iscrepresents short circuit (Ampsand the Voc represents open circuit (volts). The
efficiencies at Q1, Q2 and Q3 and Q11, Q22 and Q33 represent solar module maximum power
point tracking. The temperaturexccording to reportlepends on voltage output thdiecomes
greater due tosolar cell increased temperatur@and mostly affectshe open-circuit voltage
(Cindy, 2013)Studies confirmed solar cells to be sensitive to temperature because increasing
temperature reduces the band gap of the semiconductor, which affects robsthe
semiconductor material parameters. The band gap of a semiconductor decreases with
temperature and increases electrons of the material. The energy band according to report
reduces band gap and the increased temperature reduces the ban(Bgayden, 2013)The
measuement of the systenreliability according to DOE repofocuses not only on PV cell
but on the whole system modules arlde effect on one panel can affect othef8khil et al.,
2013).
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The operating temperature fiects the PV panel strengtthigh temperature and other
environmental factors rduce PV efficiency that lower the power output. For example, UK

field experiment shows theemperature that reached over 4 (107 F) and 1.1 percent

peak output drops per degrees Celsius. Nigeria laboratory experiment carried out in 2008 at

River State University of Science and Technology inHRmtourt have similar results. The

solar panel energy production drops steadily whke panel temperature reaches 4& (112

F). The efficiency according to report drops tc®7degrees Fahrenheit in the temperate

Of AYIFGS RdzZNAY 3 &dzYYSNI K2 dzNR& (Rid@2083Y'S GKFyYy Ay

Nigeria tenperature has narrow variation by regional differences and relatively high in
seasonal diurnal. The weather has two seasons, the rainy season from April to October and
the dry season from November to Mar¢@zor et al. 2012. The dry season comes with
Harmattan wind between December and February with a chilly dry spell but the lower
temperature transports dust from winds blowing through Arabian Peninsula across the
SaharaFCDA, 20%4Africa, 2012 Historically, the proper weathetlimate condition from
February to March is the hottest yearly temperature from-ZC that comes with the
highest aridityin the Northern part of Nigeri@Abdussalam, 2034 Figure2-6 represents the

Harmattan condition in Nigeria environment.

Figure2-6: Harmdtan image view across NigeffdourceNBS, 2014

Solar energy intermittency according to NASA in 2014 report is a major constraint contributor

to energy mixture and intermittent nature of most renewable sources has become an
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important issue for electricity storage. In addition, the dynamic overshadowveifigct
presented on the building surfaces determines the reduction of solar radiation availability and
significantly can affect solar energy potential use. According to the study, the intermittency
problem can be solved by integrating PV with compressedrargy storage (CAES) or/and

extending the thermal storage capability to Q&thenakis et al.,@9).

2.2.2 Solar Balance of System (BOS)

The BOS is the functional and operational requirementghef PV system. The major
components include D&C power inverter, battery bank and charge controller. The auxiliary
energy sources sometimes specify the &leal load use of appliance3he BOS hardware
based onDOE report includes wiring with surge protection; disconnect deyvared other
processing equipment. The modules combination with BOS components create the entire PV
system needed to meet energy uhand for powering appliances such as lighting, water
pumping(Gevorkian and Gevorkian, 2008igure2-7 representscomplete solar PV systems

operation combination.
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Figure2-7: Solar PV systems complete operation combination.

PV technologies dided into three subsystems are 1) PV cells and modules/arrays from the
generation side for conversion. 2) B8 entire PV system for the proper functioning of PV

power output generation including mounting structure, PV module/arrays, and power
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conditioning equipment point components towards the sun for direct current. The inverter
converts DC electricity to AC load but does not determine how PV modules/arrays operate in
the field. The battery use for energy storage during the day for Higie generallyis
considered effective for reducing intermittency during solar PV systems electricity
generation. 3) The Load as the third subsystem from the consumption side uses the PV

electricity generatedEERE, 20}3

In 2013, the storage solutions based on integratedb@ifery systems investment are
reported to be economically viable for small PV systems. Additionally, lmoth a large
number of different PV storage capacities economically determines the optimal configuration
of system size. The model assumption based on optimal size for residential PV systems and
battery storage will significantly rise in the futu(eloppmann et al., 2004 The Leaehcid
batteries, for example, have been a suitable technology forsiben storage of micro
generated electricity. The effective use of storage can increase the versatility of a micro
generation system in satisfying a highly variable electimad of individual dwelling and

changing usage patterns on the national gdenkins et al.,@83.

Electricity production through micrgeneration with suitably sized storage can reduce export
with over 90 percent and substantially with-7@ percent typical efficiency in a location and
developed model takes account of losses in battery sterdépe study found that a developed
model estimating the performance of a system allows various design parameters of the PVT
unit to vary and the influence on overall system performance can be stdieiando et al.,

2014). The ability of leagcid battery storage in capturing AC and DC power generated from
PV cells can combine heat power and wind turbivés anappropriate temporal resolution

of data(Jenkins et al., 2008bHowever, the new energy storage technologies greatly could

increase he role of renewablegHeal, 2009

Solar PV technology with the advantage of the photoelectric effect can produce electricity to
power domestt and commercial properties. The solar PV collects free energy emitted from
the sun for electricity in operation of the electrical appliances. The PV conversion technically

driven by weather varies in quantity with time and the locativyers, 2013 The solar
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panels fitted to rooftop or ground mounted create free electricity from the sunlight and the
three omponents mainly used to create free electricity from the sunlight are a solar panel,
inverter and generation meter. The electricity generated is converted from DC output to AC
in roof space(Maehlum, 2015k This according to RSPI repdtiscan equally feed into the
commercial electrical grid or used by the localgifid electrical network to reduce energy

bills. Table2-2 and Figure2-8 represent Solar PV Technologies Conversions.

Table2-2: Comparison of@ar PV Technologies Conversion

Characteristics 'y
Use Direct and diffuse sunlight Direct sunlight -
Size from Watt to MW 10 MW to a few hundred MW
Installation: everywhere (roof etc.) flat unused land
Capacity: 700 — 2000 full load hours 2000 — 7000 full load hours
Reserve capacity: External Internal (fossil operation)
Proofed life time: > 20 years > 20 years
Annual production (2004) | =25 000 GWh > 2 500 GWh
LEC (to?ay) 0,20 — 0,35 €/kWh 0,15 — 0,25 €/kWh

(SourcesRobert PitZPaal and DLR, 2004
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Figure2-8 : Solar Technologies Conversig8surce GENI, 2011

The common applications for nesoncentrating technologies are all the passive solar

applications, stanéilone PV panelsand rooftop solar water heaters or solar air heaters

(Bradford, 200&nd2008). The buildingshat generatepower using RES can reduce demands

on traditional utility generators and overall emission gases due to climate cl{@mngech and

White, 2011) Table2-3 representssolar energy technologies classification.
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Table2-3: Classification of Sol&nergy Technologies

Active Solar Passive Solar
Solar PV Solar Thermal
Centralized Concentrating | Concentrating | District  water
(>200 kW) PV arrays (CP\ Solar Therma| heating
Utility scale PV | (CSP)
Largescale Commercial Commercial hot
distributed buildingPV water systems
(>20kW)
Smaliscale Small Residential Heating and
distributed commercial & water heating| cooling
(<20kW) residential systems
building PV
Off-grid Standalone Day lighting
applications systems fon
remote
applications,
solar home
systems

The accurate solar energgrecast and resource assessment accordingda (2013)can
equally reducehe risk of selecting a project location in designing appropriate solar energy
conversion systenfNREL, 2012 & 28D Solar energy based on a PV system, solar thermal
and Building Integrated Photovoltaics (BIPV) systems applications can be a design for the
purpose of telecommunications, rural development vaccine refrigeration, military, water
pumping, commerciagrid-tie systems, oil and gas, lighting, railroad signal, and traffic signal
applications. PV technologies use a variety of collector designs such as flat plate panels on
fixed position or tilt. Tracking can be used for BIPV where sun following trackergegrated

into building asigns and the CPV/CSP systémipathy et al., 2016

BIPV system is antegrated PV module into buildingating roof or facade anderves as
building envelope material fahe power generator. It provides savings in materials, reducing

electricity costs from fossil fuels use and emissions and adds architectural interdst to
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building (Tripathy et al., 2016 Rise reporéd that power production benefits utility
associagd with transmission, distributiordue to losses(Rise, 2014)grid support and
consumer savings at the point of use for lowing electric bills due to peak sharing i.e. matching
peak production withperiods of peak demand, andost of the systems available for utility

grid can be used in starmlone/off-grid systems. The BIPV gtidd systems havabenefitto

the cooperative utility storage system with 100 percent efficient, which essentially free and
unlimited in capacity. Ae contribution reduces energy costs for the building owner and the
solar electricity export helps support utility grid during greater demand t{Raugei and
Frankl, 2009 Figure2-9 represents the building integrated PV system for on-gondnected

benefit in Nigeria.

Figure2-9: Building Integrated Photovoltaic (BIPV) System (SoRise; 201%

The Hybrid PV is a connection of two or more sources of energy system where energy from
grid connects autayenerating set, solar or wind turbine for the purgosf generation supply

of electricity to consumers (endser). Secondly, when the PV system is connected with other
energy supply sources such as wind, hydro, gas and nuclear serve public utility for supplying
power to consumers and the operation uses elifnt types of PV technology cells. For
example, Sanyo hybrid PV cell system comprises of the monocrystalline PV cell, which covered

by ultrathin amorphous silicon PV layer. This type of cell performs well at high temperature
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with over 18 percent high dffiency than conventional silicon PV cells with the high
costRekioua et al.2014).

South Korea, for example, depends heavily on oil imports composed a hybrid system of RE
with the existing grid system and diesel generator on Jeju Is(@héng et al, 2014 he
Korean administration currently implemented energy policies such as smart grids with the
diffusion of renewable energy generation sources to improve energy infrastructure with
reliable systems for stable energy suppli@éun et al, 2014)Figure 2-10 represents
combination of more than one infrastructural design for more output generation of

electricity.

PV Array |——3 Charge 3| DC Load
Controller
Rectifier [ Battery . Inverter
Engine-generator, ). AC Load
wind turbine or grid backup

Figure2-10: Diagram of PV Hybrelystem (Sourc&®nline.com, 2008

The decentralized power according to report is characterized by the generatipower
nearer to demand centrenainly for meeting local eargy needgOhunakin et al, 2014Yhis
power system functions either in the presence of a grid feed of surplus generated power to
the grid or independent/stanéilone/isolated system exclusively for meeting local demands
in remote locations(Kaundinya et al., 2009 The feasibility of PV power plant considers
monthly average daily global solar radiation data in project locat{gtislid and Junaidi,
2013. The decentralized renewablenergy solutions are a better alternative to alleviate

energy poverty due to costffectiveness over the system's lifetime, edeydeploy, install
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and maintain as well as a design that tailored according to individual (&edsdinya et al.,

2009). Currentlythe industrial growth enginearS ¢ DNBSYy DNR g (i Kh FyR b{d

2.2.3 Nigeria Energy Sector Production

TheNigeriannational transmission gritbr power sector operates at 132 KV and 330 KV. The
current transmission system capacities are from 5,523683680 km for 330kV lines with
10,238 MVA subtation transformer capacity an@,801.49- 9,161 km for 132 kV lines with
11,721 MVA substation transformer capacity. The present total transmission wheeling
capacity equals to 5,300MW against 6,600MW capdtigoma et al., 201@8nd Nnaji, 201}

The specific transméson infrastructure on supegrid operates at 760 KV for transportation

of power to major load centre of the country.

The replacement installed from aging substation transformers equals to 150 MVA with 330
KV and 132 KV lines are new construction in &gl Kano. The egoing construction of'3
BeninOnitsha with 330 KV linélhe Load location centres are in Lagos state, Ibadan; Aba
Port-Harcourt axis, Ben#Varri axis, Enug@nitsha axis, Abujgaduna axis and Kano. The
National Control Centre (NCiS)at Oshogbo in Osun state, Backup Supplement of National
Control Centre (BNCC) is at Shiroro in Niger state. The three regional control centres (RCC)
are at Ikeja West (RCC1), Benin (RCC2pairdro (RCC2pntrol the central transmission

grid. The ndonal grid network has 9500 km total length with 330 KV liaesl 9700 km with

132 KV linegVincent and Yusuf, 20L4Theentire grid power load with wheeling power
capacity about 16,852 MW is equivalent to 7886 MW with 330 KV lines and 8986 MW with

132 KV linegrigure2-11represents the existing power infrastructures in Nigeria locations.
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FIGURE 3-12-
EXISTING 330 XV RADIAL GRID, 2013

I

Current Status

MW capacity -
= (Est. 4,800 MwW) / —

—-—_a< A

Northern Region

No Generation

_— -

MNIGERA

~70% total generation

Figure2-11: Exsting 330 KV Radial G(BourceTCN, 2013

In 2016,the study estimated Nigea electricity demandat 12,800 MW. The historic gap

between power demand and available grid electricity led to widespread ofgsekration

power where many individuals and businesses in commercial, industrial and residential
sectors own generators to compensate the lackaotess to grid energy suppWatkins,

2016). The large population of Nigena with over 170 million has the available installed

capacity of 10,400 MW against 4,300 MW available generation capacity when compared to

the South Africa population of 52 million with 31,880 MW available installed capacity. The
current electricity genereed and supplied from the national grid that powers the entire

country found equivalent to the UK Liverpool and Manchester power supfiiasidWest,
2014andOgunleye, 200702 SNE 2y S LISNDOSyid 2F bAISNALI Qa |
I TNAOF 068 holYlFE &a! O0OSaa (G2 StSOINROAGE Aada R
studying in this age because power allows an idea to transfotm anreal business that

requires Africa plugging into global grid economy for power.

McKinleyreported that NBET negotiated eight of PPAs with solar power developejects
in different phasesin 2015(Asaju and Akume, 20)10Since privatization, the power sec
elicited high investment interest and many developers secured generation licenses from

NERC but none of the Greenfield IPPs has commenced operations due to varying reasons in
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securing financgKuta, 2009b ECN, 2000 Figure2-12 represents Nigeria current IPPs i

different locations across the country.

Edo State

¢ Azura Power Plamt, Banin City

459MW | Gas

Ogun State

* Westcom Tech & Energy Service
Limited, Sagamu
10000MW | Gas

Gombe State

5 2.

Mabon Limited, Dadinkown
IV | Hyero

Kogl State

* Hobe Power Plant (Zuma Energy
LUimited), Robe
1200MW | Cos

*  Knox JAL Energy Solutions Limited,

*  Nagboro Power Plant/ Bresson A S,
Alaokuta
Nigeria.Lmitscd, Hagboro :: 1000MW | Gas
oMW | Ga }
* DIL Power Pic, Oba)
*  Agbara Shoreline Power Limited, a 1.,,_,‘,‘."“'" ‘c jana
Agbara

100MW | Gas

¢ Parss Evergy & Natursl Rescurces
Development Limited, Ogijo
5 | Gas

* Westcom Tech & Energy Service
Limited, Sagamu
1000MW | Ga

* Farm Electric Supply Limited, Ota

Plateau State

* JBS Wind Power Limited, Maranban Pushit,

Mangu,
100 | Wind

Enugu State

150MW | Gas * Ninaj Holdings Limited, Adu-Amorii
* Hudson Power Limited, Warawa 1S | Cool
150MW | Gar
* Ibafo Power Station Limited, fbafo Cross River State
200MW | G
|Gae B * Fortune Electric Power Co. Limited, Odukparn
SOOMNW | Gas
Lagos State

* AES Barge Power Plant, Egbin
2700V | Gas

* Anta Energy Limited, Agbara
SOMW | Gas

* NEH Power Limited, lkorodu
J00MW | Gas

* Energy IComparry of Nigeria (NEGRIS), lkorodu
140NV | Ges

Anambra State

* Century Power Generation Limited, Okila
A95MW | Gas

Akwa lbom State

Abis State

* Aba IPP, Aba

141MW | Gas

*  Supertek Limited, Akwels

1000MW | Gas

Rivers State

* Eleme Petrochemical Company Limited,

Eleme Complex, Port Harcourt
135MWV | Gas

= Notore Power Limited, Onne

SONWY | Gas
Deita State

* Dom Power Limited, Ikot Abasi

*  Okpal Power Plant/Nigeria Agip Of Compary,

Okpai
4800 | G

100MW | Gas * Delta Electric Power Limited, Eticpe
TIEMW | Gas

My * Ethicps Energy Limitec, Sapele

IrstafiadLicensed Capachy (MW)| Feed Stock 2800MWY | Gaz

Figure2-12: Current IPPs in Nigeria (SoursRC, 2016

2.2.4 Nigeria Solar Photovoltaic Power

Solar energy potentially vast in abuartte is about 120,000 times more than annual average
energy generated by PHCN in Nigei@hineke and Igwiro, 2008 Nigeria global solar
radiations for high, medium and low zones monthly annual mean about 22.88RKay,
18.29MJ/m? /day and 17.08MJ/nt /day. The sunshine durations for high, medium and low
zones are 12.06 hour/day, 12.04 hour/day and 12.03 hour/dapeetively(Abdussalam,
2014). The country is well distributed with solar radiation that lieshiita high sunshine belt.
The total annual average varies between 12.6 MJ/d&/ (3.5 kWh/ m2day) in the coastal
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latitudes and 25.2 MJ/ m 2lay (7.0 kWh/ m2 /day) in far north whereas the annual average
solar energy intensity about 1,934.5 kWh/m2/ye@he solar energy falling on the entire land
area can provide an average of 6,372, 613 PJ/gparoximately 1, 770 thousand TWWh a

whole year(Adewole et al., 2015 The amount of solar energy radiation that reaches the
SFNIKQ& &dzZNFIFOS A& NBtEAFGES FYyR @FAfLFofS
depends on the gegraphical location, time of day, season, local landscape and the weather
condition(EERE, 20).3

Some offgrid PV power supply systems developed to power office appliancee miathe
photovoltaic array, mounting frame, storage device, inverter, charge controller and wiring
system from an alternative source of power to the government own unreliable and epileptic
utility power supply(Babatope et al., 2093 For example, a solar power syste@mAkure
tested with Latitude 7.15Nshowed good performance of the systefina et al., 2018and

the functional output between 10.00 and 16.00 hours with high solar radiation period
coincides with office hours. The office total load of appliances by the system 290 watts for

334-watt average solar power output from the test carried ¢adejuygbe et al., 201p

Solar energy with PV system has powered motorbike called-Kiekeva to help reduce
energy, health and foreign exchange costs for environmental improvement in N{Gbeie

and Okeyika, 2036In addition, solar system powerezhr from Ebonyi state in 2016d
Volkswagen Beetle scragsff-road vehiclg¢ by Mojeed Sanni and Seguné)iola in Nigeria.
According toMinister of Environment (MOE) andiger-delta Permanent Secretarguring

the 10th National Council on Environment workshop at Lafia in the Nasarawa state of Nigeria
African continent enjoys about 3,700 clean development mechanisms (CDM) projects
worldwide and only 1.4 peent (Usman, 2016)The Keke Marwa powered by solar energy
has been a shred of evidence to continue attracting foreign direct investment in renewable

(Ebele, 2016 anBergstresser, 2037

The study reported that renewables led to the transformation of the power sector over power
market design and electricity security. In 2006, the world energy output examined more

stringent decarbonization options and the 450 s@tent Scenario with 50 percent chances
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of limiting global warming to 2 °C as well as further pathways to limiting war@fNgS,
2016). In today's energy use, CO2 emissions threaten the climate and this led to G8 call on
IEA in providing guidance for a decision on how to bridge the gap that needed be done to
build a clean, clever ancompetitive energy future from what is happenifdgA, 2012 In
addition, the world needs increasing energy supplies due to energy resources under pressure
to sustain economic growth and development. Thenerical radiation algorithms with GIS

toolsfoundto bethe pathway to evaluate those complex effe€Reedand De Freitas, 20).5
2.3 Economic Aspect

Solar energy due to cost constraint has been the major contributor to energy mixture. The
recent drastic cost reductions pave way for PV production in becoming cost competitive for
energy generation to fossil fuel. The right incentives can bring cost ditmpaess with grid

prices by 2020. Despite the subsidy burden, the cost has been falling for renewables growth,
Europe leads and China has the largest source of growth. For example, North America leads
with the falling cost of renewables for the new gedale power generation costéEnergy

Outlook, 2014. Figure2-13represents the renewables falling cost by 2035 reference case.

$2014/MWh
300 Solar PV Onshore wind Gas CCGT Coal
250
200
150
100

50 mm

o

2015 2035 2015 2035 2015 2035 2015 2035

Figure2-13: Falling cost for Renewables by $ per megawatt iou2035 Reference case
MWh (SourceEnergy Outlook, 2034

Theburden of policy support has become a constraint for renewables growing in volume and
costs of renewable power needs to keep falling to maintain rapid growth and per unit power
but required reducing the subsidy. BP energy reported the expected renewabétstac

significantly fall due to continued technological advances, learning by doing and economies
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of scale(BP energy outlook , 2013)or example, the best location for onshore wind power
even without subsidy for grid integtion costs can compete increasingly with new
conventional fossil power plantsSolar PV @&ording to BP reporin 2014 isexpected to
become competitive acrossnumber of increasing market niches and requires P\tgpade
carbon price to compete with &€ient gas combined cycle generation by 20Eitish
Petroleum, 2014) Figure 2-14 represents the renewables growth in share of power

generation from 2012035.

40% 1.2
—EU
30% vs 0.9
—China
20% 0.6
10% / 0.3
0% |=—— 0.0
1990 2005 2020 2035 China EU US OECD India

Asia

Figure2-14: Renewables growtfrom 1990to 2035 "housand Wh (SourceBP PLC, 2015

The falling costs of renewables in Europe have continued to gain share with the spread of
renewables to other regions. The EU led the waypromoting renewable power with the
ability of grid systems handling intermittent sources of power in a number of EU markets add
a technical constraint to renewables growth rate. According to the BP report, the scaling up
renewables outside EU and USA mayreach the current EU level of renewables penetration
until 2030 and would be longer for Chiffritish Petroleum, 2016 he EU growth in volume
between 2013 and 2035 will scale up renewable deployment while China growthiume

surpasses and matched the United States.

2.3.1 Solar Economic perspective

Electricity supplied price for home rooftop PV solar cells found to have fallen below the retail

price of grid electricity in some areas. The residential households have econaemtive to
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install rooftop PV systems and reduce the electricity purchases from the grid. The costs
incurred by a significant portion of utility companies fixed must be recovered even though
consumption falls and electricity rates must increase fortytdompanies to recover fixed
costs from shrinking sales. The increasing rates have resulted to even more economic
incentives for customers to adopt PV rooft¢ai et al., 2013 According tothe report, the
objective of human activity and economic grovéte two casual chasmpotentially important
instrument to human development and the achievement of human developreeititally
contributes to economic growthbased on activities. In addition, the national resource
allocation contributes @ human deviepment and helps tdncrease the national income

(Stewart and Ramirez, 2015)

In the UK, solar PV market has grown from zero to &@atalled capacity. The rapid growth
propelled the UK into the top ten global markets for the solar PV system. The significant
deployments contributed to significant economic benefits and robust busimeduding job
creation for industries that supply the components and labour to achieve the rollout. The
recent changes to the solar industry with the financial support available particularly for large
scale solar PV installations threaten economic pasdntiability of the industry and the

benefits of solar PV to continue to deliver to the UK econ¢@BER, 20)4

The high upfront cost has been a critical barrier for clean infrastructure technologies
investments in the developing countri@duenteler et al., 2016aFor example He case study

of Thailand's electricity sectpereated realistic estimates with relagwcontributions of local

and global technological learning in reducing cost in the fufbingenteler et al., 2016b The
renewable electricitytechnologies locally developea globalshare source ofjoods and
servicesare based orthe local effectsandthe global learning implementation of Thailand's

renewable energy targets by 2021.

The results show that the largest potential for aggregate cost reduction lies in enabling local
learning such as a skilled workforce and a stable regulatory framework. Theigistaent of
sustainable business models has a more significant impact on the cost of renewable energy

in developing countries than global technology learning cur{@azi, 201p and the
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importance of local and global learninglativelydiffers and significantly by technology. The
country characteristics need local context framework conditions to reap full fisnef
technological learning acrosswide range of clean technologieand considering global

perspective for international suppofHuenteler et al., 2016a

Solar PV technology market pricesound the worldreceive growing attention among key
stakeholders by gaining coherent shifts across the industry value chain. The PV supply chain
complexity involves a large number of manufacturing processes; the balance of system (BOS)
and installation costs which associated with complete systems, choice of different distribution
channels and the differences between regional markets within PV deplogations(Mills

and Wiser, 201p For example, stakeholders from fifty industries on BOS costs offered uneven
and complex industry chances for collaboration on strategies to reduce installed BOS costs
for commercial and small utility systems apart from San Joseoedifexperts(Wiser and
Bolinger, 201}). In addition, many opportunities potentially identified could reduce BOS costs
from GBP0.6D.41/watt ($0.90 to $0.60/watt) about 465 percent reduction with current
0Sad LINI OGAOSa Ay f S@enyeld 2000 FA DS &SIFNEQ GAYS

In 2010, the RMproposed a number of industrial activities to support BOS cost reduction in
achieving lowcarbon, more efficient physical system designs, to streamlined bssine
processes and rapid industrial scaling. Dedicated industry and wide effort will help accelerate
cost reduction opportunities. Dring the U.S second quarter 2012 the BOS costs twice and
more expensive for the average price of residential instaléa&¥ystem than Germar(3ony

et al., 2010. Recent studies found that accurate value for the solar system may not relatively
be easy for new real estate market bedn often recover 100 percent of the original cost due

to property value increase by a substantial amo(hevin, 2010 Inresearch & development,
more than GBP6.@&100 billionhas beerinvested in new renewable energy capacity through
global milestone for manufacturing plants in 2007. In recent years, RE rapidly changes due to
the reality of its significace and perceptions whereamcreasing conventional energy

worldwide lagged behin@Richards et al., 20)2
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2.3.2 Solar PV Economic Assessment and Reductions

The most important barrier to solar PV power systehdfe2 @ YSy i Ay G2RI & Q&
management. BOS is the sum of module costs, mounting structures, inverters, cable and total
system costs and ssitive to economies of scale that vary substantidipend on the type

of application. The costs of differemodule technology types vary per watt, which is less
significant while taking technology efficiency need and fard into consideration (NREL,

2012) The leading mask prices for utilityscale about GBP2749/kW equivalewot (USD
4000/kW) and GBP4124/kW (USD 6 000 /kW) for residesmaliscale application§WEC,

2016) The PV capital cost possibly will continue to deqliBd\, 2010)Figure2-15represents

the capital cost of PV system now and by 2025.
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Figure2-15: Solar PV Capital cdsased on LCOE projecti¢@ourca: DECC and STA, 2014

According tahe Department of energy and climate change (DECC) and Solar trade association
(STA) Thecomparison of LCQgercentage reduction analysisbased on LCOE valueben
compared with DECC high, central and low costs. These are lower all years froi203014
even lower tharthe DECC lowost scenaridSTA, 2014)n January 201@lrop occurred due

to anticipated remowal of the EUChina ati-dumping tariff. Howeverthe rate of st

reduction will be steeper b2020 and flatter from 2022030 when compared tthe DECC

49



scenarios. In addition, the percentagdlwrop from 20142020 (27%) for DECC and (35%) for
STA androm 202062030, it will drop according to DECC (25%) and STA (bit%)gescale
solar P(Bloomberg, 2014)

Studyfound that PV BOS costs for commercial and residential smsdigle systems to be
higher than utilityscale syms in percentagéMcGinn et al., 2013ndthe RE cost$alling
are based ommarket and technologymprovement (IRENA, 2016 & 201#)at compensates

fuel and health cost savings for using less fossil(klgbtt, 2015.
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Figure2-16: PV system compomé contributionto the total costs(SourceWiser et al.,
2009.

BSW reportedhat the average costs for large commeraiabftop systems in Germany and
Italy respectivelyn 2012.The BOS cost for residential systems in Germany is about USD 1 to
USD 1.4/W(BSW, 2012). he Levelized Cost of Electricity (LCOE) {8r mesidential PV
systems without battery storage is betwedJSD0.28 and USD 0.70/kWh 2010.In 2011,
the ¢Si module prices declined in the range of USD 0.25 and USD 0.6%/KN@on
Consulting, 2012)The LCOE for smaltale systems ithe second quarter fell lower than most
resdential tariffsin Germany but he cost can still be competitive for large commercial

rooftop installations.
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The installed costs for example between GBP0.16 and GBP0.34/kWh are equivalent to USD
0.23 ad USD 0.50/kWh in U.S asédcond quartehigherin Germanyfor residential systems.

The latest LCOE for utiliscale projectsncreaseshe competitive due to cost reductions for
residential system@RENA Renewable Cost Database , 2018) LCOE values for utiggale
projectsin Germanyfall between GBPO0.11 and GBPO0.15/kWh. The LCQEsoall number

of projects in Latin America varies from GBP@QBL/kWh (Griffith-Jones et al., 2037 The

typical projects in fiina areabout GBPO£ZkWh andother Asia regions between GBPO0.10

and GBPO0.38/kwWh. The South Korea projects are most expensive with high capital costs and
low capacity factor{Mauleén, 201%. Figure2-17 represents the global current price of

different PV system technologies.
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Figure2-17: Different PV moduléechnologies with current price performance (SounéeA
PVPS, 20608009.

The Levelized cost of electricity PV system (LCOE) genatapiends heavily on two factors:
the yearly amount of sunlight (i.e. associated capacity factor) atetest/discount rate
(MyersandKleissl, 2018 In 2008, he maximum pricefor smaltscaleBIPV systems are less
mature PV The price from IEA countri@sth larger interest rate and the best system price is

lower than GBP2062 The cat of PV electricity generatioaccording to(Hernandezavioro
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and MartinezDuart, 2013)for utility-scale applications is GBP165/MWh with very high

radiation capacity factor in the location.

Solar PVcosthasdrasticallycome down forpower productionwill become halve from three

to five years without subsidie@bub&ar, 2007) In 2013, a pioneering factory innovation
(G24) breakthrough with affordable solar cell technology production at Cardiff in Wales
confirmed solar energy harnessing within the United Kingdom. For example, the new cell
materials produced thdifth version of silicorbased for commercial use in the developing
countries. According to the report, a tenacious-hiSed environmental activist cited that

IEA has a 50 percent cost reduction of solar photovoltaic from 2001 to @0&fer, 2013)
According to U.S report, America could meet the entire energy needs by covering 1.6 percent
land area with solar cells and such enormous opportunities have a very large role to play in
the alternative energy mix for most countriéis the coming decadéDOE, 2010)(Atiku,

2007)

The solar panel price falling represents better value for money and some people suspected
that solar power with incentivebecome more competitivea existing fuels in the next ten
years. Secondljthe cost has been a determining factor for household consumer/business
switching except with major incentives such as Jowgt loans. The FITs could make the
change and reasonable for household level although incentives are not without risks
(Newsom, 20138 Nigerian businesses face much higher costs from grid power and generator
use going by the unreliable state of the national grid and enoungkrntive can meet the
difference with about GBP0.10/kWh (N40/kWh) tariff. The RE electricity should be about
GBPO0.18.34/kWh ($0.2€60.50/kWh) per unit power cost and grid electricity about
GBP0.069.10/KWh ($0.1.15/kWh) per unit cost in 2013.

The El2 LIS SELISNASYOS WINRR LBV Nowér&®t eyubllesS dhanNB y S 6
conventional grid retail. The cost savings from the sblar LINP 2SO0 Ay (2RI &¢
recently range from GBPO.@B048/KWh in Spain. FITs for solar PV is currentlythess30

12 OFLIOAGEe 2y (GKS NR2F02L) oA0K D.tndoyk]2K
NRE2FG2L) OFLI OAGe F2NID.tndock]2K o6ndnmek]?2 KO
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F2NID.t ndopk|{2K ondodek|2KOLDP ¢KS FhEhSrel! yRAY
a2 F2NID.t ndHPk]2 K 6ndooek{2KO YR SIOK (I NR
eligible to 20 years fixed price payment in GermaigA, 201 ¢ KS DSNXY I y e Q2
FaadSaavyYSyid G§SOKYAIl dR2Na YC GRS peard’ 20t Bhyindari & O 2 NI
and Stadler, 2009Figure2-18represents Nigeria solar PV cost p&vhfrom 20052031for

electricity projectiornto conventionalenergy

Figure2-18: Projected costs afolar PV versus coamtional electricity 2002031 (Source:
Nigeria Low Carbon Plan & Power Sedtberim Presentation, 2011

The renewable energy codtave continued tdall annually with some projects which credibly

Of FAYAY 3 WINRK PVTelh\NRIZ)E RS A § (| GZEANR EIBdzy R / 2 Y SNH & ¢
have achieved grid parity where renewable sePAf power costs the same or less thatail

conventional griqBhandari and Stadler, 20D9A sudy foundit is important to lower cost of

renewables in Nigeria to become similar twetlevel enjoyed in Europe for wider foster of
renewables market in reducing business costs of RE companies and the barrier to import
GFNATFaD ¢CKS WaidlyRoeQ O2aid LISN) dzyAld 2F St ¢
GBPO0.34/kWHNewsom, 2013 The study also revealed that a decline in the cost of the

system has been for wider acceptance of solar as well as the signifieargase in rising

prices of solar electricity cost in the past three years. Since 2009, the average cost of solar PV
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systems has decreased by 50 percent and the oil prices has risen by 36 percent. In 2012, the
solar industry worth GBP4.5 billion and them@nt cost roadmaps clearly position the energy

source for continuous improvement in competitivenéBfiandari and Stadler, 20D9

2.3.3 Levelized Cogif Electricity (LCOE)

The natural gas electricity faces high price due to Levelized cost of simple cycle gas turbine
technologies and much higher to other conventional technologies because only utilities
dispatch the technology when other tecblogies arenot availableresults to small capacity
utilization factor (Colpier and Cornland, 20P2The natural gas in some placesaimajor

source for electricity generation. The base loadnewable energy power plantowers
Levelized electricity cogBazilian et al., 20)3Equation 21 representselectricity generation

cost formula for different energy sources.

LEC=B 00006 Ofp 16/ B — 2-1

Where,

LEC is average lifetime Levelized electricity generation cost; It is investment expenditures in
the year; Mt is operations and maintenance expenditures in the year; Ft is fuel expenditures

in the year; Et is electricity generation in the year; r is distoate; n is a life of the system.

The LCOE commonly as a measure is used to compare different power sources. The level of
penetration per kWh value of PV generation in regional electricity market depends on many
features. For instance, more PV capaciag ess valuable increment for the generation in a
given online markeZamalloa et al., 2031In addition, the government guaranteed the loan

for CSP commercigkale project with the less mature PV system, experience large risks.
Directing payment to renewable generators can be more efficient than tax credits and
subsidies (grants/aids/supportd}. provides better incentives for producing power because

PV can be deployed very rapidly from expectations of gresed subsidie€Schmalensee,
20159.
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Solar radiation with higher direct/diffuse level lowers solar BRvasi SYQ&a [/ h9 2 LJS
(Schmalensee, 201%0bThe PV system in area loaatiwith higher solar resources usually has
minimized the cost of electricity by the annual mean (kWh/m2/year or kWh/m2/day). The
economic competitiveness of solar electricity relating to other generation technologies in a

particular power market depends arost and the output of the value sold.

2.3.4 Nigeria Energy Investment Assumptions

Nigerian electricity market provides d&ar wholesale and retail prices as euser tariffs

path for the electricity industry. NERC introduced Mulgar Tariff Order (MYTO)2012 and
amended to MYTO 2 in 2014 with minor reviews each year with parameters such as inflation,
exchange rate, and gas prices. The major tariff reviews expected all stakeholders and
investors input every five years. The current wheeling charges ameiided / b ¢ I NA T F €
2.1)to GBP 6.78 (N2, 743) per MWh. The NERC published a new set of tariffs in 2015 for 2015
2024 distribution companies with effect from 1st February 2016. This requiresigerg in

different locations to pay different amounts for eakivh with the following principles. The
assumptions include cost recovery/financial viability; signals for investment; certainty and
stability; efficient use of the network; allocation of risk; simplicity and -&ftctiveness;

incentives for improvingerformance and transparency/fairnef@avidWest, 2014.

Nigeria average cost for generating, transmitting and distributing per kWh is about GBP51.00
(N20, 655) per MWh tariff (N20.66) for electrical energy use by the consumer in 2014. The
electricity price for utility grisconnected is less than sejEneration The private investor may

be discouraged considering investing in repair and upgrades from the existing infrastructure
to the building of new facilities without increasing consumer tdkfihcent and Yusuf, 2014
Nigeria electricity pde has increasein 2016 to GBP0.06 (N1B24.30) for household

consumption and GBP0.13 (N54) éimmmercial consumptian

Nigeria belongsa the group of countries with the lowest electricity consumption when
YSF&dzZNBR Ay LISNJ OF LIAGIE A y(O’yiika, 201y Bespiteoéngy | ( A 2
MHOK &2 NI Rddicer & oiBvkhSaboiit 2 Indillion barrels per day and 9th largest
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proven reserves of natural gagth about 182 tetra cubic feet (TC&l)ll ranked the poorest
among countries in the worl@bitoye andAdenikinju, 200Y. Nigerian power market has to
reach stability forthe willing-buyer and willingseller to ensure all aspects and NESI
stakeholders are working together to deliver quality, reliable and efficient electricity to
consumers at reasonableripes (McKinley, 201¥based on longerm goals in 2015 and
beyond. To continue to increase available capacity with the aspiration of 40 GW by 2020 will
assume 2.6 percent population growth per annum and 80 percent load factor plants
approximately 4.3 GW for the new capacity p@num for much more stable soesgzonomic

position.Figure2-19represents the power growth plan to achieve 40 GW by 2020.

Preferred Vision 20-2020 Target

Projected available capacity in Nigeria
of 4a0GW

2012-2016

GW W

20.3

Thermal

- Coal

2010 2011 2012 2013 2014 2015 2016 [ +ydro
- Renewables

Figure2-19: Power Growth Plan for aneasing availability CapacigourceNERC and
McKinley Analysis, 2009

NERC is an independent federal regulatory agency and a decision maker foorgrettion
electricity services that has the following kagpects: the technical and economic regulation
through tariff regulation, approval of capacity expansion plans and regulated company
business plans, oversight of capacity, tendering, competition, standards, quality of service and
service obligation. Thesuing of licenses to companies that operate in the electricity supply
industry, monitor and enforce economic and technical regulation of the sector with separate
licenses for transmission (Dispatch), generation, distribution including retail sales aswell
decisions on regulatory approval for wholesale and retail electricity tariffs prices. In Nigeria
presently, there is no operating grwbnnected renewable energy project except for

hydropower.
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Renewable energy financing is a crucial element in redlizili KS FTSRSN} f 32 3SNY
thrust on renewable electricity. The financing letegm involves foreign and domestic

resources and foreign investment capital that provides a greater proportion of funds needed.

The government providing guarantees anuhficial frameworks are required for stimulating
renewable electricity market expansion due to risk element in financing renewable electricity

projects.

The federal government continuously improves conditions to enhance funding of renewable
electricity thiough equity, debt financing, grants, and microfinance. Ignoring financing costs
when comparing other investment against the conventional source of energy will bias
evaluation against EE and RE investméctording to(YogiGoswami and Frank Kreith, 2016)
report, financing is described abe amount financed, the loan period and interest rate and
usually are assumed to be a uniform payment schedille.financing of energy investment
can alter economic viability of suativestment particularly for energy efficiency (EE) and RE

investment with large initial capital investment costs retuthat spread over time.

The study found innovations to be the latest affordable rural electrification solutions with a
unique focus onAfrica due to sustainable benefits to the local people. The international
stakeholder has recognized the need and renewable energy potential for business evolution
with the involvement of strong wide diversity from the public sector to donors in Africa. Th
modern energy services are crucial to human eelhg and the country's economic
development. According to IRENA report, 1.2 billion people are without access to electricity
and more than 47 percent of these people live in Africa and 60 percent withti@uizl
generation capacity expected to reach-gfid universal electricity access by 2030. The North
African (NA) countries, for example, possess vast RE resources whose electricity supply largely
dependent on fossil fuels. The cost analysis conductedptimize deployment of RES
scenarios in fiv€s) North African countries by 2030 and 2050 confirmed high RES shares close
to 100 percent in Nih Africa and possibly by 2050.
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2.3.5 Photovoltaic Market

Germany, Japathe United Statesand Spain are countries that dominated and sustained PV
market. They all experience spurts of growth that contributed to overall worldwide
cumulative capacity(Bathelt and Schuldt, 20)0Germany, Czech Republic, and Italy
accounted for 4.75GW new installations. The U.S and Japan accounted for 500MW each in
2009 and among the countries that dominated the markets significantly over 15 yesars a
India, China, Australia, Canada, and FrgBczz, 2010)

Many developing countries lacked access to modern energy services despite how important
AG Aa F2NJ SO2y2YA0 RSOSt2LIVSYy (s AsHsENDISA v 3
development(Rehfuess and Organization, 2006tudies estimated approximately 1.3 billion
peopleas FAFOIK 2F GKS g2NIRQ& LRLIzZ FGA2y GKIF G
majority in SubSaharan Africa (SSA) and South Asia rural areas. About 81 percent of the
population in these regions relies on traditional biomass for cooking and rwgaespite
several disadvantages from the traditional use. The usage according to reports mainly
associated with women and children depend on the amount of time significantly spent on
fuel-wood collection, indoor air pollution, deforestation, and soil degation(WEO and IEA,
2015) According to 2009 projection, number of people relying on traditional biomass will
increase 10 percent from 585 million to 645 million by 2030 from the business scenario and
the electricity connetion rate may not keep pace with the population growibhirambo,

2016). Figure2-20represents percentage of thegopulation-deprivedaccess to electricity in

the developing countries.
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Figure2-20: 2009-2030percentage projetion for developing countries without access to
Electricity.
Studies revealed 587 million Africams2009lacked access to electricifEA, 2011peven
though energy access very important to incormed poverty alleviation Modern energy
access virtually rises from zero to 70 percent. BFaneple, some countries have access to
electrification programmes anghany rural populations remain deprived of electricity. More
than half of the population among 41 countries in Skdtharan Africa has no electricity access

and average electrification rataill barely rise from now till 202QShyu, 2014 and Monari,
2011).

Sustainable energy globally for all mdtakeholder partnership initiative has three
interlinked objectives to ensure universal access to modern energy services to double the
global rate of energy efficiency improvemgifrMoon, 2012) Among the governments, the
private sector and the civil society, the RE has shared in the global energy mix by 2030
(Bazilian et al., 2I4) that requires substantial financial and technological investments in
achieving the goals which far exceed historical levels. The general perception is that the region
contributes very little to global GHG emissions with few opportunities in reducing emsssi

to attract climate finance project§Chirambo, 2016 In 2009, he projection confirmed

million people in developing countries will continue to lack access to electricity by(E30
2011D.
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Modern energy access is a social and economic priority for the rural population due to direct
socioeconomic and environmental benefits because energy is indirectly an important input
factor for growth and Millennium Developme@oals (MDGs) benefits. Finance is found to

be the main barrier for many rural families that have little expendable capital in Nigeria
(Chirambo, 201% The offgrid photovoltaic (PV) deployment by combining the market,
energy use and socioeconomic elements with existing support mechanisms and incentives is
a new solution for promoting sustainable energy for remaleal areas in developing

countries(Groth, 2012).

Theelectricity generation, transmission, and distribution are cagiténsive activities that
require huge resources with funding capacity because the adequate power supply is an
unavoidable prerequisite for any nation's development. The theories debate "tgile
energy systems" are where regions, cities, and communities must have combinations of on
site or distributed energy generation such as combined heat and power (CHP) along with
central grid power generatioriClark and Lund2007) In addition, infrastructures with a
sustainability record may evolve over time laokwaste handling and collaboration with
institutional, technical, cultural, and material for the emergence of more sustainable urban

infrastructures with a prgram to unlock urban infrastructurg€orvellec et al., 2033

Solar energy awareness increased in the last decades and several efforts increased the
diffusion, making solar competitive in the energy market. In 2010, PV module efficiency
increase and the manufacturing cost reduction with strong public supp@rtfavourable
incentive schemes, which generated a significant rise in the installed power exceeding 40
GWp in the PV sector. The global trend for the PV sector is positive and different among

countries due to local peculiarities and evolutions with naéibsupport policies.

The study found net present value, payback capital budget, and national support strategies;
technical, environmental, economic and financial parameters to be the most important
factors affecting PV system economic feasibility. Thesi®tem profit in each country
potentially based on the installation feature (configuration). The national support strategies

to the PV sector still play a key role for most of the countries whereas Germany, Italy and
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Spain present the most favourable comnains for a profitable installation of PV systems.
Furthermore, the initial investment heavily affects the plant profitability of all the studied
scenarios and returns to scale which significantly lead to the increased installed power plant.
However, the Igh rated power plants generally outperform the smaller oftésrtolini et al.,
2013.

The theory of innovation found the attitude towards the decision to accept or reject
implementation which starts from the decision to confirmation with the following stages:
Knowledge exposure to the understanding of how it functions (e.g. the techndlogy)gh
media (TV, Newspaper, radio, handbills, colleagues, study/research, internet and training
(Lor, 201%. The persuasion can be favourable or unfavourable attitude towards irtitova
where people become more knowledgeable about the technology cost, useeswdeiatures

and keen interest o how it works. The decision based on weighing the benefits, cost,trade
off advantage and disadvantages. The implementation considers mamenafion about the
technology with the technical evaluation in meeting expectations to enhance usage. The
confirmation proves integration of the technology seeks reinforcement through innovation

decision actions.

Payback periods relatedto cash inflows ad outflows, timing and investment. The small
business capital often with budgeting decisions relies heavily on payback period as a criterion
(Encyclopaedia, 2016bBhandai, 198§. However, investment costs that recover
soon/quickly enable funds available for further use. The shorter payback time is less risky
compared to longer payback with greater ri§chmidt, 2002 It is a method for apising
investment proposals thatalculates the time taken for net casflows to paybackand a
measure of risKkEncyclopaedia, 201%a For example, a company can undertake no major
SELISYRAGIINE GKI G O2dzf RyYyRhmid,l 208 AdasSt+ G ¢St a
The dramatic growth of PV systems in the last century generated the need for sophisticated
tools, the mathematical models to assess PV systems electricity generation capacity and
economic benefit. For example, HOMER, Energy Plus, RET Screen and others are tools that

have a similar basis for determining the amount of electricity generation in a givarfara
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given technologyEPIA, 2011)The similarity includes meteorological components such as
solar radiation, wind speed, monthly and yearly generation, temperature and number of
hours of daylight. Across the globe, all netglcalculate the amount of energy generated to

determine the economic feasibility of the system in use by the majority of planners and

academic institutions.

Solar MicreGrids according to Reja report, developing rural market offers the possibility of
providing improved electricity services within a much larger share. For example, the solar
micro-grids that recently emerged provide many features for solar household systems (SHSs)
in India. This effectively can eliminate the possibility of individual system theft and greatly
reduce the system maintenance burden for the subscril§areatys, 2015) Scaling up solar

PV main problem engages a sustainable process for-sgoioomic development due to a
vicious circle of energy poverty in developing countries. However, energy services must be
available, accessible and affordabn breaking the circle, technologists and entrepreneurs
use design, manufacturing and business knowledge to address paying attention to solar
applications(Paulo, 2008)The programs to support serious efforts ndagdthe developed
O2dzy 1 NE Qa 32 @ aiphx Soyhinunity IsupportskdgvielGNihd commercialize

novel solar applications at all scgfenderson and Ahmed, 1995

The study reported that UNCED Agenda 21 held 14 June 1992, requested the International

I 2YYdzyAGedQa O2YLINBKSYAaA@dS LINE Ballerwivo@mentalz NJ | O
AYLINRGSYSyld o0& (GKS 3F320SNYyYSyiQa RSOSt2LIVSy
groups. In 1992, UNCEDighlighted the need to promote greater awareness and wider
application of indigenous knowledd#®orin-Labatut and Akhtar, 1992n conjunction with

Rio de Janeiro Declaration on the environment including development for sustainable
management of ecosystems during UN conference at Earth summit (e.g. foi@éaekay

and Probert, 1996

According to UN reportourtriesaremandated with 17 set goalap poverty; affordable and
clean energy; climate action; zero hunger; decent work and economic growthelidev

water (i.e. ecosystem/fish). Hlsoincludesgood health and welbeing; industry innovation
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and infrastructure; life on land; quality education; reduced inequalities; peace justice and
strong institutions; gender equality; sustainable cities anthewnities; partnership goals;
clean water and sanitation; responsible consumption and production. This new sustainable
development agenda for als helping to end poverty, protect the planet and ensure
prosperity with specific targets tbe achievel by 20 (Meara et al., 201p In addition,
everyone needs to play a part suchths governmentprivate sector, civil society and people

in reaching these goals toward a sustainable future.

Solar power is revealed to become the cheapest form of electricity inymegions of the
world and expecteduture annual sunshine power cost to becom® 4t/ kWh by 2025 and

2-4 ct/kWh by 2050. The financial and regulatory environments remain the key to reducing
the global market cost of hardware source irrespective of the local conditions significantly in
the future. In addition, inadequate regulatory regimexrease the cost of power to 50
percent through higher cost of finance whereas the better local solar resource can over
compensate the effect. In most scenarios, global/regional power system modelling for future
domestic usagéPVFS, 2016foresees only a small contribution of solar pow&ohannes et

al., 2015) Solar energy is revealed to play a significant role in expansion plans for the
developing country utilities notwithstanding the high initial cost and intermittency nature of

PV system due to starving lesost baseload capacitgSchmalensee, 201ha

Solar energy with PV technologies globally and significantly is used for transportations,
electricity generation, and storage and business entrepreneyrworld countries. &r

example Moroccohas commenced two solar plants for CSP and PV systems with an 800MW
capacity(Yala; Palestinand Masen, 201Y. In EastAfrica, solar entregneur drives east

African women business to flow in Tanzania at Bunambiyu in Shinyanga remote village using
a2F NI LI2oSNI fFYGaGSNY fAIKG F2N aSoAy3d OdzadG2YS
tailoring shop would have clos€BV.tv, 201Y. In the UK, a magnificent stpowered luxury

yacht run solely on solar power without the need of stopping for days to refuel with unlimited

potential range indefinitely in seas sélinance, 201)/
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2.4 Policy Aspect

The governments found promoting RE as a key component to combat climate change, which
is based on price condition, and soknergy system deployment might not be significant
without major policy incentives. The renewables rapid growth depends on policy support in
most markets, and policies to promote access to 4patiuting and sustainable sources of
energy have great poterdl to improve public health and mitigate climate disruption. In
addition, the barriers for change include vested interests, political inertia, inability to take
meaningful action, profound global inequalities, weak technoltygypsfer mechanisms and
knowledge gaps which needed an address and transform the global maikaises et al.,
2007).

2.4.1 Government Perspective Instruments

Many governments introduced incentive schemes to attract investment in new technologies
for electricity. Millions of populations are without electricity access in Africa and Eastern
Europe/Eurasia. According to World Bank report, RETs wholesale and retail levels are yet
competitive to conventional energy commodities and a large number of governments
dedded to increase solar energy development through a range of instruments including fiscal,
regulatory, market and other@Norld Bank , 2011)n 2015, he developedand developing
countrieslaunched energy and climate strategies during major economic forum (MEF) to help
political leadership generate resources necessary to achieve a successful outcome from
annual UN climate negotiations to increase the supply of clean energy and for culi@g G
emissions. The participated countries include Australia, Brazil, Canada, China, the European
Union, France, Germany, India, Indonesia, Italy, Japan, Korea, Mexico, Russia, South Africa,

United Kingdom, and the United States.

In the absence of a moremprehensive policy, the rationale is to encourage the use of low
carbon technology for mitigating GHGs carbon tax without -eff&ctive incentives for
YAGAALGAZ2Y OK2A0S8Sad ¢KS Ay@SadySyidiQa SELN ya.

through econonesof scale and learnirfy-doing (Nerlove and Arrow, 1962 It is a powerful
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force to stimulate economic development and subsidize sstlle PV offrid and other RES
in bringing electricity to remotg@oor areas. However, mosieveloped and developing
economies employed a range of policies and practices with varying degrees of success in
overcoming the barriersAccording tothe report, the experiences led to enhanced

approaches and goal setting to guarantee effifee action onclimate changéMEF, 2008)

RE solution is a key element for rural electrification roadmaps and the working programmes

in Africa support local business creation, improve water irrigation and sanitation systems
including newopportunities for public health, education, and gender equality. It is vital to
develop young rural electrification markets to achieve the global challenge of universal clean,
reliable and sustainable electricity services in the current international ypalgenda. The
Sustainable Energy for All (SE4ALL) is a strong drive for energy access and one of the main
priorities for development agenda at tHecal and international levéWiemann; Ling, 2014

and Scott and Seth, 2012

The promoted sustainable energy policies &respur economic growth and environmental
protection in reducing GHG emissions from climate change in a global context. The growth
experienced energyelated CO2 emissions mainly due to 1.8 percent global economic
improvement on energy intensity and theend is bolstered by gains from energy efficiency,

which expanded worldwide use of cleaner energy sources mostly renew@bks2015)

bAISNALIY FSRSNIE F20SNYYSYyld Ay wmdohpy AtyAOdGAlF G S
generation, transmission and distribution sales due to the problems identified, adopted a
holistic approach to restructuring electricity sector by privatizing NEPA in 2000. The Reform

Act established NERC with some responsibilities due to problemg frelectricity sector.

The Nigerian government and its agencies require promoting RE policies for electricity supply

to meet energy demand in the countrfrigure2-21 represents theglobalrenewable energy

deployment forelectricity generation.
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Figure2-21: Global renewable energy deployment in electrigggneration.

The UK government proposed more than 50 percent PV installation reduction for generation
tariff due to the consultation on a comprehensive review of solar PV tariffs. In April 2010, the
introduction of FITs rapidly increased deployment of Bshtologies for small scale. The
policies centrally offer guaranteed prices for fixed periods to enable a greater number of
investors. For instance, Cornwall in the UK proposed and performed twdifeesstallations

on domestic PV system under 4 kWdigtermine the impact on FIT cuts and the possibility of

a healthy return on Investment (ROI). The result shows future installations focus on offsetting
electricity from the national grid with the lontgrm push for true sustainability than
subsidized schess. The profitability of future installations features withsarvice and end
of-service considerations such as FIT, module efficiencies andfdiid disposal associated

with implications of cost§Cherrington et al., 2013

The different EUstates implementationincrease share of REAhd the ambitious targets
increasingly ecognized social aeptancethat forms the factor constraining expansiori o
implementation and us¢Moula etal., 2013L Y (2RI 8Qa 62NI RX RATFTFSNSB
between developed and developing countries. The developed part of thddwloas

specifically formulated case studies including general frameworks for applications. In
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developing countries, the existing challenges include economic, social, security and political
stability. However, some barriers and drivers of renewable teabgiek distribution are the
same in the worldEronini, 2014 In the developed countrieanstruments usedre feedin

tariffs, direct subsidies, tax credits anthe instruments for solar energy development

primarily areinvestment grants and soft loan payments.

In the developing countrieghe instrumentsmostly used include public investment, feed

tariff, financing facilitation, investment tax credit, net metegi and clean development
mechanism (CDM). However, CDM is the most implemented mechanism that supported and
promoted solar energy developmenthe key instruments generally employeddeveloped

and developing countriesnclude feedin-tariffs, investmenttax credits, direct subsidies,
favourable financing facilitation, mandatory access and purchase, renewable energy portfolio
standards (RPS), natetering, public investmentand other government regulatory
provisions(5 Q! 32a0Ay 3 Si I ®I HAMM

2.4.1.1 Feedin Tariff (FITS)

FITs is a premiurpayment for the new and renewable energy technologies for electricity
generation relatively expensive but competitive with conventional technologies bethase
cost of electricityproduced comes with reasable ROI to the generator amgduces the
potential investorsrisk for longterm investments.In early 2010 more than 75 authorities
implemented thigpolicyaround the worldsuch as UK, Australia, EU countries, Brazil, Canada,
China, Iran, Israel, the Republic of Korea, Singapore, South Africa, Bwidzend the
Canadian Province of Ontario with some states in thetdd States(REN21, 2010)The
policies implemented covered all the solar energy technology types from small residential
rooftop PV to largescale CSP plantsSITs have been the key driver for the recent growth of
solar power grieconnected. Studies with several concerns identified that FITs put upward
LINBaads2NE 2y St SOGNAOAGE NIXiGSa yR AAIAYATFAOL
medium term in tle USA.

The changing payment levels increase investors, political pressure, uncertainties and holding

down the increased payments by overall market risk. For example, Germany had political
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pressure to cap policy or speed the rate of decljgeondel and Schmidt, 20R8This to an
extentposed a challenge for balancing tariff purpose and increasing utilizatioanaficiary
technologies whicHiscal cost authorities considered appropriate tariff adjustme(@sry et

al., 2009. The FIT policies guaranteed grid interconnection regardless of grid location and
increased transmission costs for far sited projects from load centres or existing
transmission/distribution linegCouture and Cory, 2009eriodical studies revealetthat FIT
policies addan adjustmentto changeof technology costs and market prices over time

(Couture and Gagnon, 2010

The UK governmen#pril 2002supported the development of renewablenergy and the
main mechanisms that encourage the uptake wé&ds and Regulation Obligation (RO)
(Wicks, 2009DECC, 2009In 2015, he electricity suppliers licensed to source for specific
annual electricity supply witlh 3 percent incrase target of renewablsources in 200310
percert in 2010 and 15 percerfMuhammadSukki et al., 2013 The generators of renewable
electricity received renewable obligation certificates for each MW of electricity generated or
sale to suppliers tofulfil the obligation (UK Renewable and DECC, 2010)2010, the
introduction of 2009 EU renewable directives made 15 percent target progress in tibé&JK.
energy consumptiongrom renewable sourcesvith 4.2 percent and 5.2 percenbetween
2012 and 2013The renewable electricity experienced significant growth contributions along
with renewable heating and transportation rise. The UK accounted for 5.41 pefaent
20132014 onshore wind leadhe technology vth (38) percent capacity at end of 2013 and
offshore wind (19) per cent, solar photovoltaics (14) per cent and hydro (8.6) per cent,
bioenergy represented (20) percent capacity, Biomass (9.9) percent as main component plant
and landfill ga®.3 percentn the interim(DECC, 20)3Figure2-22 showsUK industry upside

potential and downside risks for renewables deployment.
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Figure2-22: UK Industry Scenarios.

The UK GHGs mitigatigolicies and activities help suppagnewable energy development
with various incentives. The industrialized countries designed mandastgriggered GHG
mitigation to promote solar energfMcCrone et al., 20)2wvith grid-connected solar PV and
solar thermal heating examples. They provided strong growth in solar energy markets driven
by the implementation of sustained policy instruments in Europe, the United States and some
of the developing countries. The PV a@&P for electric and direct heating applications
increased solar power suppli€soung, 201}l According to the report, climate change can be
limited to around 1 pecent of global GDP eagfear andbenefits for strong and early action

far outweigh economic costs of not actiidicholas, 2007)

The European Union (EUetween 2001 and 2004adopted a renewable energy policy
framework for the promotion of electricity, heating, and cooling from renewable sources. The
study found FIT policies as the most effective policy instrument used to promote solar, wind
and biogas technologies among Edewable energfCEC, 200&nd overcome the barriers

that turned European countries into world leaders of the renewables sector. According to CTI
report, FIT played a major role in boosting solar enenggérmany and Italy in 2013 and
currently the world leading solar energy market growth. It promotes the fastest expansion of

renewable electric power at the lowest cost in spreading costs among all electric utility
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customers(Mendonca and Jaobs, 2009 The sound benefits of FITs to-iR&allations
happened to be longerm planning certainty for investors/operators. German FIT payments
are specific to project size in terms of technology and s@dendonca et al., 2009 The
freestanding systems receive low FIT rate and thgdlaprojects obtain lower FIT rate due to

economies of scaléSésemann, 2007

The Germany and Spain rapid market growths for solar energy attributed to guaranteed FIT,
attractive ROI, regulatory requirements with 100 percent mandate for grid access and power
purchase (Jenner et al., 20)3 The U.S federal and state incentives with regulatory
mechanisms such as RPS received credits for rapid solar energy deployment. Studies claimed
that FIT decrease couldide investors away from solar energy markets being the primary

ol ara T2N Ay o&dycie &BlA 20ThAd/ERistoR 8Hal0 2010 It attracted
premium payment for generating electricity through RETs in developing countries with
examples in China and Indigeodorescu et al., 2011EPIA, 201and CERC, 20)0Republic

of Korea, Singapore, South Africa, Tanzé@iassen, 2013KenyaPVMagazine, 2018and
PhilippinegHans, 2013)in developing countries, policy incentives drive the PV market with

increasing momentum.

2.4.1.2 Investment Tax Credit

Several governments around the world implemented different types of investment tax credits
to support solar energy. For example, investment tax creditst @approximately GBP623
(US$90'Mmillion) over 10 years in the United States. The féd&ral government provided 30
percent investment tax credit for solar energy business expenditure on the electricity
generated equipment for heating/cooling and hybrid solar lighting systé@isrinko and
Wilson, 2008 The investment tax credit through depreciation deductions accelerated the
costrecovery systenilhe investment tax credit through depreciation deductions accelerated
the costrecoverysystem. The American Recovery and Reinvestment Act in February 2009
provided 50% bonus depreciation that implemented 100% bonus depreciation between 2008

and 2010. After September 201€blar energy technologies implemented and still in service.
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The regdential owners/households in the U.S claimed 30% qualified expenditures credit on
solar energy equipment (e.g. labour costs for onsite preparation and assembly of original
system installation). The 30 percent federal tax credits provided significantlgedo solar

energy development and state governments supplement federal tax incentives with their own
programs. In 2006, APS project installed 1MW CSP (i.e. Sugarno project). In 2007, Boulder City
of Nevada installed 64 MW of CSP parabolic trough thgelgrbenefited from the federal

tax credit schemégGordon and Hines, 2002 and Canada, 20042016, he federal tax credit
exceededax liability and excess amount carried forward te succeeding taxablgear. The
developing countries witliax policy implementation in Bangladesh and In(Banerjee &

Duflo, 2014 andESMAP, 20]1

2.4.1.3 Subsidies

Direct subsidies and tax creditsmost countriesare the primary instruments used to support

solar energy development in the form of investment grants/capacity payments sof$ (pz.

interest subsidies or productiebased payments) The Spanish government in 2000 launched

' LINPINI Y GKFG LINPOGARSR 3INlydGa o0SGsSSy D.tH
ceoMNPopKYHU F2NJ a2t N GKSNXYIf GSoiiweddShIASa P
presented a subsidy scheme/program for solar energy in California. In 2017, CSI program
about GBP2.3 equivalent to ($3.3 billion) supported 3,000 MW PV development similar to
EPBB rebates known as a performabesed incentive. The locatioma other factors are

taken into account are Bupown level based on expected system performance. The smaller

and 50 kW systems with bettgarojected system performance receive higher rebate benefit.

The level of Bwpown starts from GBP1.9/watt ($2.80/watfor the private sector with

federal tax credit without public sector and NPOs beneficiary. However, the rate declines with
certain blocks of capacity and over 50 kW system eligible foryfdae PBI similar to the

declined EPBBs.

Private sectoproduction incentives offered GBPO/RWh and GBPO0.34/kWfor non-profit
and public organizations preliminary results indicated ambitious target set under CSI reach

(CPUC, 2011In 2011, the incentive for residential sector progressed more impressively than
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the nonresidential sector with installed 506 MW and 403 MW pending. The previous
experience and program indicated some troubles in achieving 29 targets without program
adjustrrents (Harris and Moynahan, 20Q7However, the increasing rate of new solar

installationsince 200$as put back the program on track due to induced efforts to reduce PV

costs.

In 2008,according taannual program projectetbr Go Solam California CSI declined faster

than 7 percentThelevels to sustain market growth in the futudeie tolow incentiveforced
installation costs low enough to supply attractive systems to custorgiéesing, 2008)The

tax rebates systenn New Jersegost GBP344$500 million) annually and only 10 kW of
smaller systems qualify for the rebates whereas more than 10 kW larger systems compete for
tradable solar renewable energy credit market enables the state govemhiaereach the

goal and avoid high cosf®/inka, 2006)

2.4.1.4 Renewable Energy Portfolio Standard (RPS)

The RPS requires electricity suppliers (e.qg. utilities, distributors) to have a certain percentage
of supply from RE source at national, state/provincial levels and many developed countries
set a penetration target for RE total electricity supply mix. Btasmdard supplement the
trading regime and utilities with limited renewable electricity content for overall supply
portfolio. The high cost of RE development in Europe cannot meet the obligation of buying
certificates from those with higher renewable elgcity content through Tradable Green
Certificate (TGC) schemes. However, 31 out of 50 states in U.S and Hawaii introdd€ed 10

percent RPS by 2030 and several states created RPS with specific standards for solar energy.

New Jersey required 6.8 perceaot electricity sold in the state from renewable and 0.16

percent from solar PV systems in 2008. Solar state electric facilities reported to generate

2,518 GWh by 2021 and 5,316 GWh by 2(Riéd et al., 2011)This created a and-alone

YNy SO F2NJ a2fl N w9 ONBRAGA o{w9/av lyR OIL
O2YLX Al yOS Libré $8yzié DOt HnNeka2 K obPonnka2 KOd b

20 percent of the state electricity to come from a renewable resource apdréent from
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solar power in 2015NREL, 2012 and 2008 he California RPS substantially contributed to

the realization of large scale CSP plants of 500 MW project in the Imperial Valley.

2.4.1.5 Public Investment

The Federal Enerd@policy Act under the public sector in the U.S established Clean Renewable
Energy Bonds (CREBs) as a financing mechanism for renewable energy projects. The
legislation between 1 January 2006 and 31 December 2007 issued and allocated GBP540
($800 million) tx credit bonds. fie Energy Improvement and Extension Act allocated ($800
million) new CREBSs in 2008. The American through Recovery and Reinvestment Act allocated
additional GBP1.09 equivalent to ($1.6) billion for new CREBSs by increasing size of new CREB
with GBP1.65 ($2.4 billion) allocation in 2009. The treasury department reported allocation

of GBP1.5 ($2.2 billion) new CREBSs for 805 projects in October 2009 across the country.

The CREBs for electricity issued in cooperatives, government entitiess,stidtes, counties,
territories including the Indian tribal governments/any political subdivision and certain
lenders. The Department of Agriculture established Rural Energy for America Program (REAP)
to provide grants and loan guarantee for RE systewmestments, energy efficiency
improvements and RE feasibility studies in the (A8llis et al., 2006)About GBP175,
equivalent to ($255million) funding was allocatedunder this programbetween 2009 and

2012 andthe kind of investment used in financing RE by the public seatodeveloping
countries. This ishe main driver of solar energgievelopmentin China(Ma, 2004)and

PhilippinegWWF, 2008)

2.4.1.6 Net Metering

Net metering allows households and commercial establishments to sell excess electricity
generated from solar systems to the grid. The countries that implemented this incentive are
Australia, Canada anithe United States with some European countries suclDaamark,
Italy, and SpainFor example, thanet metering programan the USAarelimited to RE facilities

andup to 10 kW and 1 MW in California. In Prince Edward Isigmtb 100 kW and 500 kW

LG hydGlNR2 Ay /FYFERFE® Ly FRRAGAZYS Yzal 20KSE
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consunption purchases without payinfpr any electricity gneratedor retail tariff amount
received for the outputThisprogramwasimplemented in KenygMeza, 2013pnd Ghana

(Bruckner, 20133mongdeveloping countries in Africa.

2.4.1.7 Clean Development Mechanism (CDM)

The (UNEP, 20113nd (Curnow, 2006¥ound that CDM under Kyoto Protocol for climate
change regime ithe main vehicle for solar energy promotion in the developing countsfes
whichindustrialized countries purchase GHG reductions for projecteweldping countries
with cheaper price in reducing GHG emissions than industrialized couritnidsly 2011
6,416 projects were registerathder CDM projectand about 109 projects under solar energy
with an annual emis®n reduction about3,570,000 tons of GQand 89 projects in China,
South Korea and India locatio(Bas, 2011 Slar energy projects accounted for yesmadl
fraction (< 1 percent) oftotal emission reductions for the total registered CDM projects
(Burian and Arens, 20)4

2.4.1.8 Other Government Regulatory Provision

The governments of many countries introduced laws mandating transmission companies and
electric utilities to provide transmission or purchaseadtiity generated from RETSs including
solar PV systems. The regulation mandated installation of solar thermal systems and the main
driver for solar thermal development applications in Spain, Israel, China, Germany, etc. For
example, Germany guaranteed &E generators to have priority access to the grid. GOC
(2005) reported that electric utilities are mandated to purchase 100 percent of the grid

AAAAA
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2.4.2 National Energy Pialy Framework

Nigeria Energy Policy is established to remove key barriers on RE and EE frameworks over
other forms of energy including economic, regulatory and institutional issues. The drafted
policy document in addressing diverse issues recognized the-diménsioral nature of

energy which includes RE supply and utilization; pricing and financing; legislation, regulation,
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and standard. It aims to provide optimal utilization of the national energy resources for
sustainable development that involves private sectoraeiparticipationh @ S R SfauadQ &
that the Nigerian government has a major role to play in creating enabling environment in

meeting energy challenges facing the cour{®yedepo, 20120dEA, 2011p

Nigeria polig objectives and stratges fundamentalljhavedemonstrateda crucial nature of

energy for national goal development and implementatio©yedepo, 2012a Policy
implementation forlocal RESHs2 NJ Sy O2dzNJ} 3Ay 3 YR SyKIFyOAy3
capacity; the policytrategies for promoting RES®ntribute towards electricity generation.

The main goal for electricity objectives is to accomplish full deregulation of the electricity

suppE AYRdAzZAGNE 09{ L0 (2 SyadzZNS bAISNAI St SOGN
The current and future electricity demands to modernize and expand coverage, support
national economy and social development throughout theumtry with neighbouring

countries relationship irR1st century. The priority to create efficient market structures within

clear regulatory frameworks will encourage more competitive markets for electricity
generation, to attract private investors and to ensure sound developmestesy and

efficient demand in an economically viable manr{@kolobah and Ismai2013.

The National energy development with a comprehensive integrated andinfetimed RE

and energy efficiency (EE) sector plans and programmes is to ensure effective development
for diversified energy resources option use to achieve nationatgnsecurity as well as
energy efficient delivery system for optimal energy resource mix. To establish an appropriate
financing mechanism to support private investment in the -sebtors and ensure the
RSOSt2LIYSyd 27F yI A2y Qactive ordinatien addcollbldratdrdzND S a
among all players of RE and EE activities in NigeB&C, 2015 and NEP, 2003e FMOP,

FME, andECN areestablished departments and agencies (MDA) with the responsibility of
creating awareness tmvestors and consumers due éxonomic potential of RESs outside
hydro source of energy. NERC, a government agency recognhized RES potential and
encouragedPPs to carry out feasibility studies for RE generation while proposeddfITs
electricity generation forRES developers based on PPAs data collection wittaksf

negotiation(FMOP;NERC, 2014andNERC, 2013
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2.4.2.1 Nigeria Electricity Sector Reform

Nigerian governmenholistic approach in 20Q@or restructuing power sector reform and
privatization of business unif®©yeneye, 2004 The constituted National Electric Power Policy
(NEPP) established in 2001 includes the Electric Power Sector Reform Act (EPSRA) under
fundamental power sector reforms framework. The reform acted aptly as a foundation to
restructure the power sector wibh evolved NEPP to enable private companies to participate

in the generation, transmission, and distribution of electri¢i@kolobah and Ismail, 2013

The refom acted with two broad missiorisased onservice delivery for completion of new

NIPP projects and ugtream, mid and dowastream recovery of installed capacities.

The legal framework includes the Electricity Corporation of Nigeria Ordinance in 1950. Niger
Dam Authority Act in 1962. The Cap 256 for National Electric Power Authority Act. The 1990
amended Laws of Federation of Nigeria (LFN). The LFN amended CaptlH®&lectricity

Act. The 2004 LFN C23, LFN P38 Cap for Public Enterprises (Privatisation and
Commercialisation) Act. The LFN E12 Cap on Environmental Impact Assessment Act (EIA). The
1999 CAP Constitution of FRN; 2005 No. 6 Electric Power Sector Refipr@007 No. 25
National Environmental Standards and Regulations Enforcement Agency (Establishment) Act.
The 2006 SC Order No. 1 for Electric Power Sector Reform (Transfer of Assets, Employees,
Liabilities, Rights, and Obligations); National Domestic Sagply and Pricing Regulations,
National Domestic Gas Supply and Pricing Policy and 2010 Roadmap for Power Sector Reform

(Ojo, 20170ni, 2013and Okeke, 2015

The overall broadgolicy formulation is FMOP, NERC, and others. The NERC carries out
regulation and marketing of electric/power sector. The two agencies that drive the power
sector reform and liberalization are BPE and NCP in Niff@ekiaro and Chikuni, 200.7The
NELMCa special trade bulk purchase resales license to manage existing PPAs with new
procurement of power transition. The EMSL carrying out consulting services provide sharing
services such as logistics and meter testing. The NPTI providesclassdtrainingo support

utility workforce. The NBET bulk trader solves major problems of bankability of electricity

projects. The TCN handles transmission of electricity across Nigeria. The CBN for revenue
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shortfall follows pretransition sage and sets up stabilizatidacility and conditional
disbursements among other things with the current tariff rate migration from MYTO2 to
MYTO 2.1 for more reflective cadewspaper, 201and Salami & Elebiju, 2004)

Nigeria experienced low per capita consumption with an average generation of 3,800 MW

prior to 2005 EPSRA reforms. The reforms moved the power sécwor the state of

monopoly to a competitive electricity market. Nigeria has many successes from post@r se

through Pre2010 reform. NERI&ensed moe than 20,000 MW poweew yearsago for grid

but the licenses do not make real progress in executimgpiojects due to the inconsistent

policy direction of the electricity supply industry. The past government policy decisions were

based on political/administrative interest than efficient resource allocation that lacks strategy
framework for sustainable deslopment. The cost recovery is necessary for economic
RSOSt 2LIYSyid odzi GKS O2dzy i NE QA & (i(NEolobBiEahdd Sy SN
Ismail, 2013

In May 2010, Goodluck Jonathan establisHeslRresidential roadmap farower withearnest
resumption of stalled NIPP progranthe Presidential Task Force and Presidenfialion
Committeebased on pwer inauguration. Nigeria Power Sector Reform launched a Road map
with reconstitution of NERC Board in August 20McKinley, 2013 The mplementaion
startedwhen policies moved into action from 202012with solid progressin 2011, NERC
effectively was reestablihied, the Bulk trader, NELMCO, NAPTIN, operational and
privatizaion process. Theperational management contractor for TCN also established while
PHCN winds down in process. The World Bank supported PPAs with MOU for equity
investment in power generation projects with General Electric, Siemens, Daewoo, Eletrobras
and costreflective taiffs for renewables Feeth tariff under MYTO [NERC, 2036In August

2012, the Manitoba Hydro Internationtdok over TSP with-p @ S NAQ Y I yI 3SYSy (
agreementMcKinley, 2014ndInce et al., 2010 Table2-4 represents the Key players reform

functions and strategy ownership and control.
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Table2-4: Key Players Reform Functions and Strategy OwneasidiControl

Key Players Functions

Presidential Task Force Drives the reforms by unitindifferent
stakeholders, monitoplans and
implement projects

Bureau of Public Enterprise (BPE) Drives pivatization of the governmen
owned enterprise in the sectdike
Gencos and Discos

Nigerian Electricity Regulatory Regulates the sector, isslieenses
Commission (NERC) and set tariffs
Nigerian Electricity Liability Manages legacy liabilities and
Management Company (NELMCO stranded assets

National Power Traing Institute of | Provides training required to suppor
Nigeria the power sector

Power Consumer Assistance Funq Subsidizeglectricity for consumers

Current Configuration
Gas Gas Power Power Power
Production Transmission | Production | Transmission Distribution
Ownership Mixed FGN Largely FGMN FGMN
FGN
Operational Largely FGN Largely FGN FGN
Control Private FGMN

: 2

Required Configuration

Gas Gas Power Power Power
Production Transmission Production Transmission Distribution
Ownership Mixed Mixed Largely FGMN Fully
Private Private
Operational Largely Largely Fully Fully Private Fully
Control Private Private Private Private

(Sources: NERC and McKinley, 2014

Privatization commencedn Decemberfollowing successorompanies on current reform
when NEPA become dissolution to PHCN and 18 successor companies created such as six
generation companies (Gencos), 11 distribution companies (Discoghamétional power

transmission company (TCN). The FGN retained ownership of TCN under Manjtbba H
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International managementwholly owned subsidiary dhe electric Canadian compg and

natural gas utilities anthanded the privatized generation and distribution assetptivate
owners. The reform broughtiberalizaton and commercialization othe national utility
company. In 2013,he second phase dhe privatization process commencdd sale 10
governmentowned independent paer projects called NIRRewspaper, 2016 The process

is a major transition from vertical integrated pubbawned electricity network to large
private-owned electricity network with different separation of electricitygseents. The
regulatory agencies are the Rural Electrification Agency, Fund, and Electric Power Consumer

Assistance Fund.

The electric power sector reform bill with other key components mandated NERC the
responsibility to regulate tariffs and quality sex® effectively; to oversees the industry with
anti-competitive behaviour and licensed electricity companies for mergersaagdisitions;
institutional and the enforcement requirement for regulatory regime; licensing generation

[ 2YLI yeé Qa a&eé dranSnyissich LlsiSWeks(i @isiiBution companies and trading
companies. The legislative authority has special conditions for licenses while the provision is
related to public policy interest to fuel supply on environmental laws, energy conservation,
and managment of scarce natural resources. The promotion of efficient energy and RE with
the publication of reports and statistics and the legal basis is necessary for establishing,
changing, enforcing and regulating technical rules with market rules and standards

(Newspaper, 2016

MDAs (an inteministerial committee of stakeholders) constituted and mandated RE and EE
policies to attract investment in the electricity sectfMebo, 2013 and developged some
documents to pursue RE ventures. The government encouraging participation of private
sector in power sector granted incentives with five years tax exemptions and customs duty
for only importation of power plants/equipment and any other assistar@é&Ps to fulfil all
technical and commercial requirements towards building power pldNt&Ebbiand Tukur,

2017 and thisisyet implementedto commencehe development
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The Publi€Private Partnership (PPP) needs to encourage a concession plan for distribution
sector towards privatization to enables the private sector to create demand and &@stb
enterintoBif SNt F3INBSYSyida gAGK 02y O0Saaizyl ANEB.
sale or concession of NIPPs ensures fixing and completion of the projects. The government
transfers or leases all NIPPs to the private investors for eificreanagement. The
implementation involves construction and operation of plants to meet presky realities

of selling electricity to identify areas of need and allow quick generation of power to relieve
present pressure on national grid as well as tmowe the burden of worrying and stranded

assets and government investments.

The FGN executed gas pricing regulation enshrined in Gas Master Plan for right pricing
promptly to help aggregation of prices while putting in place incentives for private
develogers. To intensify Prpaid metering efforts, provide prepaid meters to consumers to
ensure judicious use of power and cut down on losses incurred for unsettled bills. Reducing
the number of illegal connections and making consumers pay for electricity owmtsis
necessary. Strengthening distributed generation from the centrally controlled system for
Nigeria grid system increases distribution efficiency and greatly reduces losses incurred from

long distance distributioifAsaju and Akume, 20).0

2.4.2.2 International Donorand NGOs Participation

The federal government committed to mobilizing resources, the international cooperation
towards RE development for sustainability in Nigeria, promotes financing of a grant from
government agencies and independent foundations. Thieviehg objectives are to ensure
international donors and NGOs active interest in developing RE in-aeeetlinated manner,

to ensure RE programs deployed for the desired impact that yield results by NGOs, to ensure
Nigeria participates in RE programslediout by NGOs with RE competence to drive
refinancing. The FMOP strategies include engaging all NGOs operating in Nigerian RE sector
with the intention of having them articulate annual RE program targets and continually ensure
close cooperation during Rievelopment projects. The government encourages NGOs to

support RE sukector by producing competence building tools and capacity building
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assessment and training. In addition, the NGOs, development partners, civil society and
donors work with FMOP to fuhRE projects demonstration and feasibility studies through

the provision of grants and donations.

Power Africa supported the development of the energy sector through credit enhancement,
grants, and technical assistance and investment promotion efforts. MBasures include
mobilizing affordable and long term financing to support capital and operational expenditure
requirements for generation and distribution companies to accelerate electricity market
development. In addition, Power Africa has helped to atbe major infrastructure
investments, promote U.S technological solutions and strengthen the Nigerian national
systems through technical assistance and national organizations for improving electricity
procurement and regulatory functions. They delivereower based on lending across a
variety of recipients including agqarocessors, healthcare facilities and households willing to
retrofit facilities and companies willing to establish and maintain plants to generates clean

energy(Obama, 201p

Power Africa produced by U.S government agencies has provided support for trade missions
engaging American companies interested in investment opportunitiédigeria. The Power
Africa Initiative has provided political risk insurance for project loans and risk mitigation
efforts coordination with FGN. The agencies have awarded seven times GBP68, 729
($100,000) grants to emgpreneurs for innovative and theff-grid energy projects in
partnership with General Electric (UA%rican Devalpment Foundation) and others.
However, the partners foPower Africa include Heirs Holding, UBA Capital, General Electric,
Africa Finance Corporation, Africa Development Batdkndard Chartered Bank, Symbion
Power, Africa Infrastructure Investment Managers, Nigeria Solar Capital Partners, America

Capital Energyand Infrastructure and World Bank in Nigef#drica, 2018.

The Power Africa goal is to increase electricity access by adding more than 30,000 MW of
cleaner and more efficient electricity generation capacity to 60 million new home and
business connections across sthharan Africa. They work beyond grid $uibative to

expand rural electrification access for smedhle offgrid technology including the New
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Operating Model and mobilizing partnerships and investments in energy and the unique
private sector. The expertise is drawn by power Africa with abilities20 5 government

agencies, the World Bank Group, the African Development Bank, the Government of Sweden,

I TNAOFY 3A2@0SNYYSyda FyR LINAGEFGS aSOG2NI LI NIy
resources and tools to advance key projects on electricity loy leveraging U.S. expertise in

energy technology and regulatory reform with the U.S government and private sector
financial resources. Power Africa has helped to drive guongact interventions and policy

reforms to push sustainable energy developm@dSAID, 2015and Leverage Partnerships

have increased access to power in Sdharan Africa.

The U.S governmeérmon Power Africa initiative aims to increase the number of people with
power access in suBaharan Africa. For example, the U.$msident worked with African
governments and private sector partners to remove barriers that impede sustainable energy
development in subSaharan Africa to unlock substantial wind, solar, hydropower, natural
gas, biomass and geothermal resources in the conti@btima 2015. Power Africa has also
leveraged more than GBP14 ($20 billion) commitments to the private sector on tugidff
new projects in susaharan Africa. The U.S. government committed to providing more than
GBP4.8 ($7 billion) financial support, logmarantees and tehnical support. The U.S
A2BSNYYSyYyld O2YYAUGGSR (G2 t26SNJ ! FNAOlLor K @S
investment commitments. In additiothe African Development Bank, the World Bank Group
and the Swedish governmentho collectively committed additional GBP6 ($9 billion) in

support of Power Afric@JSAID, 2015

2.4.2.3 Localindigenousand Foreign Banks Participation

Nigerian government alone cannot continue to provide major finance for developing RE sub
sector because of other computing needs to make private sector participation necessary and
imperative in developing RE sector througidigenous participation to attract foreign

investments. The efforts through lending to RE projects sensitize RE and incentivize

investments to attract domestic banking sector participation. In late 2014, the Power Africa
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in partnership with Standard Chared Bank to make critical lending available for privatized

Discos and Gencos.

The government and NGOs played a dominant role irs&dbor with the presence of the
private sector in investments and technological input including valdded mainly from
foreign NGOs in energy sector activities. Government spending in the sector to optimize and
encourage the ability of indigenous private sector and ordinary Nigerian citizens to participate
and compete in the process helps to secure healthy development ailiR&estor with a high

level of local content and value added to maintain REsedior activities.

The objectives of indigenous participation include ensuring effective participation of
indigenous private sector in RE industry value chain with regionalypabication, to ensure
broad-based participation of Nigerians in RE s@gtor investment opportunities, to achieve

a high level of local content activities, to ensure semonomic and healthy politics and
secured RE subector development. The Visi@®20 is an economic role plan to make Nigeria
electricity industry become one of the most 20 developed and ldrgesnomy in the world

by 2020(Asaju and Akume, 20)LCElectricity industry allows private sector participation in
the sector through favourable plairm with respect to coseffective tariff structure for end

users and systematic withdrawal of subs{@yedepo, 2012h

The shortmedium term targets (& years) mclude ensuring generation, transmission, and
distribution systems with efficient, safe and affordable marketing throughout the country. To
ensure the power sector attracts private investment in Nigeria and Overseas and develop a
transparent and effectiveregulatory framework for the power sector. To develop and
enhance indigenous capacity in the electric power sector technology and to participate
effectively in international power sector activities and promote electric power development
in meeting the coudt NE Qa AYUGSNYIFGA2Yy It 20t A3l GA2Ya
international cooperation in these areas. To ensure government divests interest in the state
owned entities and entrenches key principles in restructuring while privatized power sector,
and to promote competition to meet growing demand through full liberalization in the

electricity marke(FMOP, 2014
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2.4.2.4 Off-grid and GriedConnected Electricity

The 1999 Constitution mandated state governments to be responsible for the development
of off-grid electrification and joint responsibilities withe federal government on Electricity
Power Stations (EPS). The state role involves regulation-gfidfhan-centrally dispatched
electricity operationsand wholly limited within state boundaries. The privatized electricity
industry competing over monopoly transmission and distribution grids requires effective
regulatory agency independent of the governmentdtircompanies operating in the industry
(NBS, 2012a However, Ministry of Power and Steel provided new electricity law for an
independentregulatory body with the clear appointment and dismissal rules including a
source of independent funding, appropriate checks, and balances to ensure the regulation
operatesin a fair transparent way andontinue vertically to integrate systems without any
imposed separation of functions or creswnership restrictiongNBS, 2012b There are
many smalkscale less than 50 kW solar PV agind and rodtop PV projects distributed across
Nigeriato be built with small loans issued by Bank of Industry and other len{feassner,
2016) The introduction of FITs anestablishment of NBEA credible and creditworthy for
off-taker ofrenewable power supported byorld BankOni, 2013.

The rural electrification policy options rfoon-grids, oftgrid, minigrid, and northermal
renewable primarily to access expansion in a @dfctive manner and ensure close
coordination of rural electrification expansion with economic development objectives. The
aalrasSaz t20Ft séxane éunimded tQdevebpaidicygnSibute financially to
rural electrification. The independent rural electrification fund by rural electrification agency

is established for developing both gradnnection and offyrid rural electrification.

The longterm target (5 years) include providing a new regulatory environment and
sufficiently flexible taking into account new technological development with international
trends in the power sector. To ensure electricity supply more reliable, economically dfficien
and equitable to effectively support the soegmonomic development of the country, to

provide universal access to electricity not necessarily through the grid, to ensure leadership
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role in the development of proposed West African Power Pool for NigefiRENA, 201&nd
IRENA, 2033

2.4.2.5 Nigeria FIT Initiatives

Renewables Incentive Analysis based on FITs is an instrument for promoting the generation
of electricity from RES. It allows power producers to sell generated RE electricity to an off
taker ata predetermined tariff for a given period. The Nigerian government interested in RE
resources introduced two incentives namely the financial and fiscal RE funds under the
umbrella of FIT to promote the development of RE and EE development. To ensure a
sustainable way of meeting energy demand and limiting high initial costs and preventing
energy market across the country. The financial incentives on demand side are subsidies and
grants and fiscal incentives on the supply side are tax relief, levy tadfflaties(ECN, 2012
Emodi and Ebele, 20).6'he30%subsidies and granfer RE initial cost and EE facility are for
communities, enterprisesand individualswith the projectsinterest (Emodj 2016. They
provide a free sponsor training programme for capacity development of communities and
individuals with interest in RE production, operation, and maintenaotevoodstoves
improvement, more efficient biomass stoves and O&M of solar PV system installations and

import of energy efficient products for appliances and equipment.

The fiscal incentives include producers/providers of RE and EE goods and services, the
manufacturers, corporate importers and suppliers, providers of technical services and
supports. It provides corporate organizations with thirty percent Jorofit tax over the
prevailing 50% rate for RE andeBtures; taxholiday for a new company inRRE and EE with
' YAYAYdzY 2F GSy @SIFENERQ 2LISNI A2y | YR
O2YLRyYySyida YR SldzA LIJYSyadQa A Y L2 NAy 8de énpost9

duties. It alsancludes zero PV modules, module salssembly and speas; solar batteries,
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inverters, charge controllers; solar water pumps and solar refrigeratorsassembly spare
parts, zero solar thermal water heaters for selective surfaces and transparent insulation; zero

biomass energy processing equipment/plartsaddition, EE appliances and equipment with
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twenty (20%xapital allowanceénvestmentper year for the first four years as well §59%) in

the fifth year whereagiovernment retains one percefNREEEP and ECN, 2015)

The government provides fifty (50%) free interest capital relief to manufacturers for initial RE
investment and energy efficient equipment devices/facilities based on production activities.
Repayment schedule relief of 10%, 20%, 30% and 40% in 1st, 2nan@rth repayment

years starts from the second year of production. The initial purchase taxes such as VAT for
an individual, corporate and community consumers into RE and EE technologies is to be
ignored. Income taxes and levies for individuals and e@e bodies who acquire their own

cost of RE and EE technologies are limited to 10% minimum on the amount spend for RE and
EE technologies under income tax/community levies by the governtf@®OP and NREEEP,
2015)

2.5 Summary

The theoretical information revealed thatolar energy with PV systeperformancemostly
depends on solar energy availability, the efficiency and system temperé&duriae power
output. The reviewiterature confirmedthat solar energy could plag signifcant rolein the
O2dzy iNEQa SELI yarzy LIX I ya RdiBewdak trahgforned |j dzl G S
the load capacityTechnically solarabundance is useful for adequate generation and a good
return on investment across the countdgspitehigh initial cost of the PV sgsn and solar
intermittency. Politically, government commitment to spending on solar technology
development willfacilitate the financial support fromthe banks, insurance and capital
markets (private sector) and boost ecaniz growth. Economically, increase investment for
infrastructure development,improve quality of lifeand income growthfor social and
environmental benefitsandestablishingprogrammes and schemes will ensure basic access
needs such as education, energgrvices, goods, and services, enabling environment,
transportation, communication, and other soeg@onomicactivities in the country. In Nigeria
However, thecase studyNigerig hasa limited number of publishedapersfor the PV grid

connected systemequire further research.
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CHAPTER 3:METHODOLOGY

3.1 Introduction

This chapter discusses the approaches and methods used to address the research questions.
It used different methods of data collection such as the questionnaire, interview, and case
studies. TheRET Screeand PAYG models were used for classifying data. This study found
the combination of interdisciplinary approaches, most suitable for answering research
guestions on technical, economic and policy perspectives (Midtiplinary)respectively

The mixture of qualitative and quantitative approaches offered more comprehensive
measure for understanding the complex issue that a single approach could not pvadvicie
focused on related solar energy application with PV systeorder to addresslemand and
supplygap cost andhe environmentalimpact based on relevant polity achieve the study

objectives.
3.2 Types of Research MethesdApproaches

There are two approaches that can be used as methods for collecting data, which are
guantitative, and qalitative research approaches. This study used both approaches. The
guantitative research method is used for a target sample for participants through the
guestionnaire to generalize targeted population with demographic information on age,
gender, and ocqoation. This study used a questionnaire to collect quantitativeadatich
alsoused for more information to examine the statistical significance of practical results

based on the size effect and confidence intervals percentage.

The qualitative researcimethod provides background information about an application

based on the origin of the investigation. This technique primarily describes the understanding

2F a20KSNBRE YSSR FTNRBY RATFTFSNBYy@Gmalh200% 8O0GA DS
addition, it shows howJS 2 L S dzy RS NA& ol rgsBarch d@né diffidiEnae in/g&ttiidr

to the bottom of the difference§Gibbons, 201} Therefore favour studyingf cases to gain

in-depth understanding. Thease studiesvhich is descriptivedded meaning to the entire

study text arried out by reading and anaipg the case study findings.
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This study employed both qualitative and quantitative methods due to the following reasons.
The qualitative resarch improves data analyse@terpretation and focuses on the
behavioural factors which answer the questions related to "why" and "how". Thatgative

data support qualitative data with mathematical and statistical research techniqUés
gualitative seeks answers to questions on how social experience creates meaning. In contrast,
the quantitative provides measurements and analysis of cawvskationships between

variables without processg®enzin ad Lincoln, 2002Denzin and Lincoln, 2011

3.2.1 Quantitative Research Method

The quantitative research method was used in this study because it offers objective
measurement based on analysis of numbeesgearch topic, questionnaire sample or survey.

It classifies the features, counts them and constructs statistical models with an attempt to
explain observations/results. is used to deterrme the relationship between independent
variable and dependentariable forthe population interms of regression. It alsstudies,
gathers data and structures research instruments used for results on large sample size
through the population representativéBrians, 2011pa It involves research questions that
clearly define answers to objective required by a resear¢Beians, 2011} It designs all
aspects of studycarefully before numbers and statistics datare collected and often
arranged in tables, charts, figures and other fertual forms(McNabb, 2008 It generalizes
concepts more widely to predict future ressilor investigate causal relationship&or

exampleresearchers use questionnaire or computer softwarels$ to collect numerical data.

3.2.2 Qualtative Research Method

The qualitative research method is widely applied in various research settings to define a
process of exploring, interpreting and uncovering complex actions in a more subjective
approach. In this study, it studies things in natural sceneries, makes lagit meaning, and

offers greater flexibility to address appropriately and effectively the research design to solve
the research problem. This method engages things that generate factors into analyses and

explanationgMurcott, 1997. It was used because it helps generate rich detailed data, leaving
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participants' intact with perspectives while providing multiple contexts for an understanding

of a phenomenon under studnderson et al., 2000

This study employed case studies, interviews to provige researcher with participasf
perspectivehrough direct interaction with thenfClaireand Babbie, 201 Theyallowedthe

researcher ¢ describe the phenomena under study because they offexible ways to
perform data collection with subsequent alysis and interpretation ahformation collected
(Lincoln and Guba, 20Dp0n terms of quantity, amount, intensity/frequegg¢ qualities of
entities, processesind meanings thatre not experimentally measurgéllis and_evy, 2012
McNabb, 200&ndEllis, 2008 In this study, heresearcheusing the data sourcds describe

PVsystemquantity and quality of solar energy

3.2.3 Sources an@ata CollectioiMethods

Duringthe investigation procesghis provides added opportunityo evaluateoutcome of
collection from the questions selected based appropriate strategy for narrative analysis
(Creswell, 2008 Researchers can collect data from primary odasecondary sources.
Primary sources include surveys, observation, experiments, and interviews. The primary data
was collected from the questionnaire, interview, and case studies. The RET Screen, regression
and Innovative financing models were employedotocess and classify data. However, this
study used a secondary source such as books, internet publications from websites, published

reports by the governments, the private, and documents from ministry considered.

The primary sources include an-depth structured questionnaire, senrstructured
interviews, and case studies. The quantitative and qualitative research methods were used
for better understanding of solar systems deployed through a descriptive analysis of case
studies conducted across the comnt The questionnaire was distributed as a source of
primary data from a large sample size of fiffigven questionnaires. Interviews were
conducted with focus groups. Moreover, case studies were selected based on the use of solar

system deployment for th® 2 dzy (i NjEd@plicatisrs.
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The secondary data source involves collecting information from journals, articles, official
documents, business publications and internet assessment with the ideas used for the
research question outline. The secondary segricluded the reviewed literature based on

the evidence documented from the investigation of primary source fegaff installation as

a justification in the case study. It helped the study to propose solar PV systems using software
simulation for decatralized and centralized applications and further to reduce costs across
the country.Figure3-1 represents he data collection rathods that also shown iselected

andcompared pros and coriablein Appendix3a.

Data Collection Methods

Primary data collection Secondary data collection
Structured questionnaire

I
Interview on Focus group I

Case studies Information from research

nformation from published reports from
various private and government sectors

Official documents ublished newspapers/articles
Internet websites

Figure3-1: Instrumentsemployed for Research Data Collection

3.2.4 Questionnaire

The questionnaire is a source of data collection, which has been the most predominant design
method for the distribution of the research questions. The sample size is relatively large
number comprisingdf 57 questionnaires. It means the larger the number of questionnaire
items the more statistically reliable the results. The questionnaire was used in the field that
started in December 2015 until May 2016 in different selected locations visited in He ca
study.Accordirg to (Gall and Borg , 2007: p.228gsigned questions are used to collect data

of individual and social entity such as households, and institutions. The primary data
collection provided socidemographicinformation with respect to Nigeria installed PV

system case studies with fiflgeven distributed questions during the field study.
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The questionnaire was administered to workers in the energy/electricity sector and some
financial organizations and the puthouseholds. The questionnaire framework was with
multiple-choice questions, subivided into three groups based on technical, economic and

policy perspectives with response/answers to the conducted investigation. Section 1 is
general questions on indivRdzl f Kk O2 Yy adzYSNR& LISNOSLIiA2ya 020
electricity generation in Nigeria. Section 2 addresses the perspectives based on the installed

PV system that clearly explain the availability and important benefits. Section 3 compares the

existing conventional plants and the affid installed solar PV systems in the country.

3.2.5 Interview on Focus Group

The interview involved oral questions directly asked by the interviewer to the interviewees,

for oral responses mostly from energy organizationBe interviewer recorded a brief note
0FaSR 2y AYUSNBASSESSQa NBalLRyaSa RdzZNAy3I GKS
to elicit substantial information about certain behavior based on opinions, values, and
experiences from informant® study mentioned that this isot directlyobserved(Borg and

Gall, 2007)However, thiengaged small focus grosiithin the selected organizations and

some solar companies to explokmowledge related to costs and potential benefits of PV

installationusefor electricity generation in Nigeria

It is a semstructured interview and opeended and this made some data possible to obtain

GAGK |y SELXLFYFGA2Y 2T ItwagaBdddacs iaténde@ ditha LIS OA | f
a2t N O2YLI yeQa YIylF3ISNaR FyR GKS adar¥F ol asSR
focus group interview engaged twlour interviewees at different offices and sites for data
collection. The intervieweewere from private energy companies, which are involved in RE
activities and in some government energy institutions/organizations such as ECN, SERC, TCN,
NRECD, NERC, Discos and Gendggure 3-2 represents a case studinterview and
observationevidencesin the location witha 2 £ | NJ O2 Y LJ Figur@33 repgresgnits3 S NIp

a ommunity leader and ECN staff in one of the visited sites.
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Figure3-3: Solar PV installativat IguBwari communityin Abuja(Source Study, 201%h
¢CKS LI NOAOALIYGQa ly2yeYAale GNUzZz e O2y@dSeSR |
In this study, they were used in an opended structured questionnaire and sestructured
in focus group based on one to one interviewsgyure3-4 represents tle semistructured

openended, structured, unstructured and sersitructured interviews with classification of

main heading and subeading given in quditative and qualitative research methods.
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Type of
Response Types of Leading to
Options to Interviews Data

| |

Approach
to Data
Collection

Questions

Figure3-4. Structured Unstructured and Sen®tructured Interviews (SourcEischler,
2008.

3.2.6 Field Observation and Photography

During the fieldwork, some official letters were written to obtain access permission for visiting

0 KS 2 NA linstallatioriiske8. FHsanethod of data collection was conducted to observe
and understand the materials and other components used for the rooftop PV systems in the
residential/communities and commercial building applications for electricity generation at
different site locations. The observation focused on installed PV types, the number of panels,
inverter and battery, and other specifications. A descriptive field note was used to describe
the phenomena events and activities with evidence of photograpkertat the sites. It is an
important role for visiting locations of the installed PV sys$e The study is exciting because

of the presence of commurtQa f S| RSNA ¢ Kdar poténtiay ®rodoweR 3 S R
generation fromthe installed systems particularlyn the ruralremote communitiesas

indicated inFigure 33.
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3.2.7 AudioVisual Materials and Document Procedures

Climbing ladders as a documentary review material used to view the PV system installed
during the fieldwork. The public dateollected of little evidence based omovernment
documents to private data dhined from case studies records that cometh enough
evidence with or without written text permission. The use of library facilities inclusiomge
available documents was fromublic organizationsuch as Nigerian National Institute of
Scientific and Raw Materials (NISRM); Nigerian National Petroleum Corporation (NNPC);
National Bureau of Statistics (NBS) and Energyn@ission of Nigeria (ECN) fdata analysis.

The data sourcing from these orgaations helped the author to establish a relationship with

the participants.

3.2.8 Case Study

The case study is employed to explore how to access solar PV electricity generation. The
research conducted happens to be a rbfd application that involved peopleith energy
provision based on electricity generation. A study revealed that a case study is used to
describe and explain the data collected in a reliable and accurate manner. It seeks to find how
people and things interact in an environment without igolg the variables in the real world.

It is indepth empirical research conducted essentially for utilizing qualitative case study and
participatory methods insight for energy projediSibbons, 2014)A study alsadescribed

these methods to assist acquisition of fitelnd data from field and the local peofl€ook et

al., 2005) The @se studydataincludeenergygeneration, onsumption the payback timeand

PV system efficienclgased on thenstalled oftgrid PV system to determinia this study
However, the offgrid systems withspecificationswere demonstratedmostly duringpilot
project installationsrevealedthe relationship between electricity access atid potential

benefits.

This sudy methodology, however, started with an institutional framework used to obtain
data from established case studies. The data were obtained from established companies such

as National Research Institutes/centres, Energy Commission of Nigeria (ECN),E3ekgto
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Research Centre (SERC), Nsukka Research Energy Centre (NREC), and Power Holding Company
of Nigeria (PHCN) including renewable solar companies. The majority of the companies are
mentioned in the ethical approved form (EAF) from the University ofibgttemwhile visited

during fieldworkfor this study cases

The data from somef the visited public institutions generally difficult to collect due to
information sensitivity as well asot readily available. Some ohé organizationsvisited
during and after pilot projects have related responsibility towards solar PV system installation
in Nigeria. However, different approaches were used to resolve-svagding inadequate
power supply for electricity access in ruramote and urban places agcommend in

achieving the study objectives.

3.3 RET Screen Simulation Software Model

RET Screen is a simulation software used to compare between a typical base case (i.e.
conventional technology) and a proposed case study (i.e. renewable energy tegyindlbg

RET Screen is used to determine energy efficiency, renewable energy, and cogeneration
project feasibility analysis and ongoing energy performance analysis. It is also used to
empower professionals and decision makers to rapidly identify, assesspéindze technical

and financial viabilities of potential clean energy projects like PV technofagpording to

(Leng Gregory; IEA, 201i@port, intelligence software platform allows managers to measure
easily and verify etual facilities performancend as well help to find additional energy
savings and production opportunitiel$ alsoincludes technical, economics and costsgjinal

rate of return (IRR) and netrgsent \alue (NPV), the lifecycle costs and GHG emission

reductions.

This softwarecan be applied to any energy systenom individual projects toa global
application designed to capture and analyze all types of geographical data and assess the total
irradiation in a specific regioto maximize utilization of solar energin addition, ganners

and energy advisers on customized geographic information also use itdoes@rgy system
development for being aecsion support softwareComolly et al (2010yeport that RET

Screen relatively accounts for all thermal generation and renewable technelbgeddition,
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Mardaljevic and Rylatt (2008)ated that computer program simulation is deployed to predict
solar radiation to increase uptake of solar energy systems, particularly for urban areas. This
study selected RET Screen tool to ascartia@ amount of energy generation with a PV system
and compared with field data. This software also provides detailed knowledge on effective

planning of solar energy system
3.4 Regression Model Analysis

Regression analysis allows the user to establistlationship between factors of influence

and energy use based on descriptive or mathematical analysis. The regression model is used
to explain the depenent and independent variables. In this studgetdgoendent variables

were used to predict the energgsue and the independent variables were used to address
the factor influences. The monthly average temperature and relative humidity are among the
factors influencing the PV system in this study. For example, solar radiation availability
determined the P\8ystem performance for the power generation. However, this model treats
the PV system as an independent variable driver, which is assessed in the form of theoretical
information. This analyzed the amount of generation, which depends on the conditiotaof so
availability and technology use such as PV systemd&k@iptive data analysis ftie study
OFaSa aK2g¢g AaAdzZFFAOASY(d 3ISYSNIdA2ya Ay bAISNA
significantly can meet the energy demand of the population withelectricity interruption

on a daily basis.
3.5 Innovative Financing Model

Innovative financing modeis used for solidarity, Private Power Purchases (PPPs) and
facilitator medanism to support fundraising itapping from new sources that engage
investors beyond financial dimension transactiofWorld Bank, 200% It also engages
partners and stakeholders in the development and delivery of financial solutionsdiolepns

on the ground. Study findings show that government finances RE investment in most
countries to suppor{Akintoye and Beck, 200However, the government is minimizing the
need for support through available markedsed mechanisms within the private sector to

increase and promote solar system proje€teung Ernest, 20)4
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The study found innovativeinancing @ anew source to help complement conventional
financing mechanisms for most projects. However, innovative financing has been identified
with more than ive main models including Crofuhding; Community funding through
cooperative; ThireParty funding through Leasing, Yieldcos, Power Purchase Agreements
(PPA); Microfinance funding; Solar loan funding; Pay As You Go (PAYG) funding and
Institutional funding (e.g. insurance company and pension fund). These financing models have
been tested and suessfully adopted in some countri€¥oung, 2013 including Nigeria

where some solar companies have adopted PAYG innovative source of financing. The case
study using this method to reduce the initial upfront payment cost barrier for solar installation
without consumer/customers paying from thhedwn pockes. This method is useth examine
unwarranted transaction based on the energy budget by consumers due to the energy
provA RSNDa SELX 2A0LGA2Yy Ay GKS OF&asS addRe

3.6 Summary

The data collected from organizations were both from rural and urban city locatiorsija,A
Lagos, Enugu (Nsukka) and Awka, which represents the whole populations. The ethical
consideration used for permission to the ministries such as government institutions and
company owners to obtain data through interviews, case studies and questresnaased

on individual and organization participants. This chapter discussed the research data process
used in addressing the main research questions through a questionnaire that generated
descriptive statistics with engaged participants. The primary Esircreate a good

dzy RSNE Gl YRAY3I 2F (GKS LIS2LX SQa LISNOSLIWAZ2YyI 2L
with PV technology. The investigated case studies with PV system for electricity generation
and electrical energy consumption. The study appli@dutation software method to
determine the amount of generation with the use of a PV system fogidf installation and
innovative financial model known as PAYG to assess the energy budget in Nigeria. The
secondary sources being the theoretical inforroatfrom books and digital publicatiorfier

the understanding of dar system performance fromlobal installations
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CHAPTER 4:MAJOR ENERGY SOURCES COMPARISON ANALYSIS

4.1 Introduction

¢KAa OKIFLIISNI LINBaSyida bAISNRIFQa YIF22N) SYSNH:
energy sources due to the projected generation in meeting the current and future energy
consumptions. The Nigerian economy has been the energy giant of Africa alehtiieg in

oil production.According toa report by (Adaramola and Oyewola, 201 Nigeria and Libya

account for twethirds of Africa's crde oil reserves and second to Algeria in the natural gas
resource, estimated to last over a century. Other energy sources include wind, coal, biomass,

animal wastes, etc.

Nigerian energy production and the utilization involve firewood that has the longest history.
Domestically, the utilization is commonly used in cooking and lighting mostly in rural habitats.
Nigeria currently produces 2 to 2.417 million barrels per daly piioven oil reserves of about
36-37.2 billion barrels. Gas has 187 trillion (TCF) reserves and the gas production would last
up to 120 years at a rate of 43.2 billion cubic meters per yBatroleum, 2013)The main
energy sources include biomass (81.25) percent, natural gas (8.2) percent, petroleum
products (5.3) percent, crude oil (4.8) percent, hydropower (0.4) percent and others with <1
percent(Edozien and Fashola , 2018)he renewablesources are solar, wind, biomass and
small hydro and large hydropowdxut the development othese natural resources primarily
depends on the resources availabil{diyu et al., 201p Nigeriarankedthe seventh largest
OPEC crude oil producdretween 2009 and 2013lobally. Howevershe still cannot
sufficiently generate electricity to cover the rural and urban ne@dbkunakin et al., 2011)
Table4-INBLINBaSyida GKS bAISNAIQa SySNHE& NBaSNwBS

percentage.
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Table4-lY bAISNAIF Qa3 9y SNHe& /LI OAde
Nigeria Energy gstimated Potentia Iz/ercentage
Resources ESErves (%)
Crude Oil 36.2 billion barrels 4.8
187.44 trillion second cubi 8.2
Natural Gas
feet (SCF)
Tar Sands 30 _bllllon barrels of oi <1
equivalent
Coal and Lignite 2.7- 4 billion tonnes
Large Hydro Power 11,25611,500 MW
Small Hydropower 3,500 MW (<30MW) 1
Solar Radiation
3.57.0 kWh/n¥/day
Sunshine
4-8 hours/day
Wind 2-6 m/s at 10 m height, low
1.4-30 m/s in southern area|
except for coastal line an|
4.0-5.1 m/s inthe north. The
plateau area particularly
interesting
Biomass
Fuel wood 11 million Hectares of fores
wood land 81.25
Animal Wastes 61 mll!lqn tonnes/year .and
245 million assorted animal
in 2001
Crop Residue 83 mill /
Energy crops i mi |9“r.1 tonnre]:s year |
agricultural residue _mition ectares 0
agricultural land

(SourcesSERC, 2015; ECN; DPR and NNBg&, @Bafor, 2009, CBN and UNDP, 2007
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4.2 Existing Energy Production

The Nigeria electricity generation is primarily from -@asd and hydropower plants.

However, the natural gas is the main fuel source of the grid electricity whose capacity is about
4,500 MW. This can meet only oii@rd of the current electricity demandn Nigeria.

According to Nigeria National Committee of World Energy Council, the capacity is estimated

to grow at a 10 percent ratAminu and Peterside, 2014 The courii NB2 Q& St SOl N.
requirementby 2020is expected to reach 30,000 MVeind 8,000 MW by 2030 with the

current GDP growtfinugonam, 2016)

The allocation of resources frorthe federal government cannot adequately meet all
requirements Many areasare not covered bythe national grid because itfaces electricity
generation chlengedue to inadequate facilities network and delay in maintengraek of
exploration to ap available resources includingw gaff morale in the countryNigeria
industriest 2 NJ 2 @ S Néxperience &riétic M@denuate supply coverage by geographical
spread(Zarma, 200% However, the manufacturergenerate 72 percent total power to run
factories on the averagéwuagwu, 2009and the impact is mostly on the industrial sector,
international companies, and other organizations that are on-geiferated electricity 24

hours per day.

According to(JoeUzuegbu, 2012)eport, the challenges afransmissiorare as follow the
maximum electricy wheeling capacitys belownational need requirements andsomeare
outdated. However mesh transmissiometwork arrangement, regularexpand update,
modernize andnaintainnetworks shouldbe done. Theegular vandalization dfnes wth a
low level of surveillance includirggcurity of all electrical infrastructureshould be carried

out andelectricity lossesrom transmissiorshould be controlledOkafor, 2009)

According tdNERC and TCN , 206eé§)orts, theelectricity distributionchallengesnclude the
overloaded transformers and bad feeder pillars; weak and igadée network coverage and
sub-standard distribution lines; insufficient funds for maintenance activities; and inadequate
logistic facilities. [@spitethat thissystem ishighly subsidized, many electricity bills are never

paid. The transmission and disbution losses are estimated to be -PD percent(Ohunakin
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et al., 2011and Inugonam, 200p TheNigerianfederal governmentsolely fundtransmission
(TCNwhile retainingownershp of transmission assetk privatized the operation of TCN line

in 2013.TheTCN (i.e. PHCN succeg3ssprivately managed by Manitoba Hydnaternational
(CGanada) andsolely responsible for maintenance to achieve stable power transmission with
limited system failurdNPSG, 20)3Figure4-1 representseleven (11) electricity distribution

companies iNigeriaand four companies among them were studied by this research based

on location
CP=441128
ALA = 121.TMW
EPL = S90MW o
200070 ARC = N.535bn - CP=1782%9
,x.\;sw ~ ALA = 5140w
CP = 354,563 3 i t R
ALA = 185.3MW 189%n
EPL = S20MW aarsa DISGO _— -
ARC = N.60Sbn S Sonm DISGO
DG = J44MW res &=
LANrARS
ANO -
e onns
- P JOS DISCO
. - souee CP = 242852
bhadan DACQ < — ALA = 125.3MW
CP = 787899 /- Jos_ EPL = 50TMW
eg- 13’1’3,mw e / e souvams ARC = NA65bn
- 4 - - e
ARC = N1.5bn - naray et e
DC = 378MW SRR nuuza
O e poitiine) CP= 279210
CP = 509,129 > s vasees gty
ALA = 307 AMW = : g ARG« N1.2bn
EPL = 1000MW - w0 : DC = S15MW
ARC=N1.1BN ™ s . : - o 1
DC-302MW [ BE e ENUGU DISCO
owol e A CP = 520,864
}EJA_ DISCO —_— e JenT ALA = 210.TMW
o I EPL = 1017TMW
— y e . . Okl PIM DISCO ARC « N1.036bn
pe ¥ g CP=344,133 DC = 612MW
b R > N ™ ¥ el ALA = 155, 3MW
* sarmuss - ot oo EPL = T73MW
ARC = N.591bn
EKO_D)SCo DC = 486MW
IKEJADISCO EXO DISCO KEY LOAD DISTRIBUTION
CP = 658,701 CP = 286,758 . ~ ——
CP - Cortomer Resdental =
ALA = ALA = 253.8MW A...m.mm‘m‘-. PR p— Commencial = 20%
396.9MW EPL; 1105MW £, - Eatmated Pask Lows INOUStal = 10%
EPL = 1335MW ARC;N1.6bn VIO Snte Ravwibs Cotpens Bxpert = 5%
ARC = N2,1bn DC = 796MW i
DC = S54MW

Figured-1: Nigeria Eleven Elgtity Distribution CompaniegSourceNPSG, 20)3

The fedeal governmentadded new generation capacity to & electricity supply system to
combatthe power shortage in the countryn addition, NIPP is antegral part of5,455 MW

combined capacity from 10 NIPPs. fidfere, thefederal government has three Nigeria bank
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accounts forlosses thatGencos may suffer in the course of power transmissi@ble4-2
NELINBASyi(ia (KS $dbaapatiteyidthecountty.Qad ISy SNI

Table42Y bLttQa 3ISYSNIrGA2Yy OF LI OAGAS

S/N| NIPPs Capacity (MW) | CompletionDate

1 Alaoji Generation Company Nigeria lj 1,131 Jan 14

2 Benin Generation Company Ltd 508 Dec 13

3 Calabar Generation Company Ltd | 634 Jan 14

4 Egbema Generation Company Ltd | 381 Jan 14

5 Gbarain Generation Company Ltd | 254 Jan 14

6 GereguGeneration Company Ltd 506 Jan 13

7 Gourde Generation Company Ltd 508 All Unit Commissioned
8 Olonunsogo Generation Company L] 754 All Unit Commissioned
9 Omoku Generation Company Ltd 265 Nil

10 | Omotosho Generation Company 513 All Unit Commissioned

(SourceNDPHC, 2013

In addition, he NDPHGhat legally holdsNIPPassetsincorporated for construction and
expansion of power infrastructurg orderto boost electricity generationwhile the NERC
focuses on stable power supply across the counfigure 4-2 represents the increased

generation of power plats in Nigeria.
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CH A
Ba*

Installed

Capacity (MW
- Kainji 760
Jebba 540
| Shiroro 600
’ Olorunsogo 304
1 Egbin 1320

Sapele - FGN 720
Delta 900
Afam |-V 726
Afam VI 450
| (shell) 50
.. | Okpai

Omoku

Omotosho 304
\ Geregu 414
RQ aes 294

Ibom Power 190

Figure4-2: Completed increased Power Riastations connected to gri(Bource:FRN, 2016;

World bank; IEA, UN dNBS, 2015
However, the existence of independent power producers (IPPs) is prior to the privatization
process where private sectowned and managed the power plants. The NERC recently has
issued 70 licenses to IPPs to improve the power situation in the country. The existing IPPs are
ShellAfam VI with 642 MW capacity. Agiikpai with 480 MW and AES Barges with 270 MW.
In August 1999the NESCO, Shell, and AB8os are IPPs that contributess2percent
capacity to the national grid. The Nigeria AES implemented 270 MW capacity (Subsidiary of
AES in the USA) in Lagos state with nine barganted gas turbines and financed with £8
million ($12 million) by four foreign banks and three foreigstitations (U.S)Filani et al.,
2011). Figure4-3 represents the installed transformer and electricity production by IPP in

Lagos location of Nigeria.
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Figure4-3: NigeriaElectricity Transformer and Electricity Production byejpendent Power
Producer (IPRBourceEhingbeti, 2008

4.2.1 Energy Cost Implications

The Nigeria traditionaklectricity generation, transmission and distiiibn are capital
intensive They requirehuge resources and fund®nochie et al., 20105 Since 1960, the
Nigerian electricity sector has invested over £43 billion (N2 trillion). Despite the energy
reforms, the country has very little for investments. In 2000, the federal governmentdigan
support to NEPA amounted to £289 million (N14 billion) about 13 percent total capital
expenditure(World Bankand Claessens et al., 2001n 2003 the sum of£2.7 billion (N109
billion) aggregate demand (AD) was required in meeting 2006 projected power demand. The
rising cost for annual investment will oout £15 billion (N748 billion) AD peak by 2028,
roughly £ billion (N3.5 trillion) h a yeaand over 25 year periodith £189 billion N9 trillion)

total invedment stream (lbitoye and Adenikinju, 2007In August2005, the government,
Nationd Council of State (NCS) aNdtional Assmbly approvedhe sum of £.8billion (N70
billion).

LY Hnanny> bLtt LINRB2SOG 320G AYyAGAlLIET FdzyRAYy3 7T
Executive Council (NEC) voted £3.7dnill{N149 billion) from the account called Power
Emergency Fund (PEF) to be completed NIPP in 2012. In January 2009, NEC inaugurated NIPP
Steering Council with the presence ofEresident(GoodluckJonathan), EXice President

(Mohammed Sambo) and six stagovernors and four ministerD¢oyj 2013 and Olotu,
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2012) In February 200%he council approved E5billion (N61billion) phaseone budget for

PEF to complete NIPP projecasid approved £91 million N1.2 billion) from special
intervention fund for PHCN. In June 201ie council approved& million (N3.4billion) to
augment phae 1 budget and£ million (N1.750billion) was usedo buy NDPHC corporate
headquarters in Abuja. These funds were used to build several gas turbine plants including
distribution and transmission equipment linééanichuka and Olotu, 20)4vith additional

1,687 MW to the national output in December 2012.

It isreported that Nigeria is losing¥ billion (N2.3trillion) in Grosomestic Product (GDP)
per annum from optimal power generation for 13, 000 MW capadite realistic assumption
for 40-45,000 MW power wiltost close to £81 billion (7.3 trillion) per annum and as such
Nigeria may not get ovehe power problem(DavidWest, 2014.

4.2.2 Nigeria Energy Comparative Advantage

The comparative advantage is being described as a good service that produces a lower
opportunity cost than other products within the country. Nigeria solar energy has a
comparative advantage over other existing ones that are hardly available for elgctrast

due to the reliable nature throughout the year in the country. Solar PV system provides a
comparative advantage over other technologies with free fuel cost for a-termg period.

Table4-3 representscomparative analysis of Nigeria Major Energy Sources in the country.
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Table4-3: Comparative Analysis of Nigeria Major Energy Sources

TECHNICAL
FACTOR PV NATIONAL GENERATOR | FUERWOOD
GRID SET

Availability It is| This prtially | This  sarcely| This sarcely available
available available due available due tg due todeforestation
due to| to the high | importation
sunlight cost of | and exchange

infrastructure | rate.

Reliability Reliable Unreliable due| Unreliable due Unreliable due tothe
due to a|to a constant| to fuel scarcity| limited application and
regular power outage | and mainly for local cooking
supply breakdown drying and heating

Infrastrudure | The Heavy Heavy Heavy wood that
modular equipment equipment that| involves inconvenience
form of | involving involves of transportation from
technology | movement transportation | one location to another.
has no| from one plant| from one
moving location to | location to
parts. another in| another.

generation
transmission
and
distribution.
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ECONOMIC

FACTOR PV NATIONAL GRID | GENERATOR SI  FUERNOOD
Cost High initial Capital intensive Itis capital Itis low cost but
cost but beyond individual and intensive and the high
affordable by governmental usage based on| undesirability due
individuals affordability unless individual to the
interest through partnership | discretion and inconveniences
funding withlocal and capability. and more limited
international to rural usage.
organiations
Job Creation Supports It supports mainly Employment It supports local
unskilled, skilled persons in opportunities and mainly
semiskilled | terms of employment| limited to only subsistence
and skilled due tolimited job the consumption.
persons due opportunities. manufacturers
to the and
opportunity dealers/marketer
of generating s of the
and installing generator.
the energy
independentl
y and easily.
Economic Growth It has the Provides sluggish | It has no visible Supports only
potential for | economic growth due support for subsistent family
alarge to the inadequate economic activities
market and | power supply to meet growth.
capable of the growing energy
supporting demand in the
individual and country.
national
economic
growth in a
sustainable
manner.
Entrepreneurial Supports Not really visible | Partially the sameg N/A
skill/innovation | entrepreneuri as Photovoltaic
al skills

development

through repairs.
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POLICY

FACTOR PV NATIONAL GRI| GENERATOR SI FUEMWOOD
Government It needs urgent Already has | The importation | Government to
Policy support through government of generators provide
subsidies, incentives,| support through| requires more alternative
publicprivate subsidies but restrictions energy to the
partnerships, sound | abolished and through an use of fuelwood
policy decisions, the results of | increase in tariffs|  for cooking
effective planning, | theregulations and import particularly in
regulation and legal | andpolicies are| duties. This will | rural villages.
framework for the not encourage
implementation of encouraging. greater
solar energy in dependence on
Nigeria. the PV and the
National grid.
ENVIRONMENTAL
FACTOR PV NATIONAL GRID| GENERATOR SE FUEKWOOD
Environmental Environmental The use of fossil It provides It provides smoke
friendly, which fuel through pollution, noise and health
help, make the electricity and hazards mainly to
environment generation and inconveniences, women and
more conducive consumption health hazards, children,
and emission causes emission, death, etc. particularly in
free. which contributes, rural areas.

to environmental
pollution and
unfriendly
environment.
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SOCIAL
FACTOR PV NATIONAL GRI[ GENERATOR SE FUEMWOOD
Social Itimproves the It reduces the It constitutes It shows a lack
standard of living | quality of life due hazards and of progress in
of the society and to constant brings agitation society.
socialdevelopment| power failure. due to the noise
of individuals. of the gen set.
POLITICAL
FACTOR PV NATIONAL GRI GENERATGET, FUERWOOD
Political Political willingness, Politicd will, Political will Policy
commitment, and commitment restricts the formulation
effective planning are| gradually de importation of due to the
required to promote a| emphasize on the generators due use of
green economy use of national to the modern
through grid due to its inconveniences energy
implementation and | inconsistent cost in the services and
application of PV of infrastructural, | environment. | afforestation.
system for power and unreliability
generation in in the generation,
residential and transmission and
commercial, distribution lines.
transportation, etc.

4.2.3 Comparative Cost and Capacity Projections Analysis

Table4-3 below compared the energy sources for electricity generation of which the users
pay different electricity prices. The monthly bill from the solar PV system is £37 (N15, 000)

which is relatively lowewhencompared to national grid user at £49 (N20, 000¢bygsumers
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because the government/power sectostamates the cost of bills angeneiator sets, the

highest cost withsum of £99 (N40, 000). However, the energy generation from objective

targets can efficiently achieve with PV system application that hasldlwest cost as

O2YLJI NBR {2

20 KSNA ®

Ly

iKS

F62@8S

by lcds@ & A &

study data whiclcountersthe high cost of PV system wheomparing with other sources.

Table4-4 shows average cost of electricity consumption per apartment in Nigeria.

Table4-4: Comparison of Cost Analysis currently between PV, National Grid anSeGor
Individual Users in Nigeria

Factors PV National Grid Generator Set

Size of apartmen| 2-bedroom 2-bedroom 2-bedroom
apartment

Period of charge | Monthly Monthly Monthly

Electricity bill perl N15,000.00 N20,000.00 N40,000.00

month

Location Abuja Abuja Abuja and Lagos

Facilities in use | Domestic Domestic appliances | Domestic
appliances appliances

No of users 5 5 5

Average cost pe| N3,000 N4,000 N8,000

user

Table4-5: Projected Capacity Benefits feanergy Generation on each sources of Power

Resource 2015 (MW) 2020 (MW) 2030 (MW)
Hydro (LHP) 2,121 4,549 4,626.96
Hydro (SHP) 140 1,607.22 8,173.81

Gas 22,119 39,333.78 102,873.23
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Solar 117 1,343 6,830.97

Biomass 55 631.41 3,211.14
Wind 50 57.40 291.92
Generator set (self 12,500 12,500 12,500

generated power

Total 37,102 60,021.98 138,508.03

(SourceNREEEFFECFMOP & FRN, 2015 a&€N, 2000

Table 4-5 showing the energy generation projected for each source wittal energy
generationsof 60,021.98 MW by 2020 and 138,508.03 by 2@B&t are far below tle
populations projected demantbr electricity (Kuta, 2009pECN, 2000 The solar system is
100 percent powered by the sun, can reduce fossil fuel consumption and pollutions. It
requires no scheduled maintenance as compared to eatienal sources. The PV module
longHlife operating period can provide huge saving for the country. It is alseeffesitive for
lightings as compared to conventional sources from the utility grid and generator sets that

commonly used in Nigeria.

Table4-6: Energy Gap Projection Analysis

SIN Projected 2015 2020 2030
Demand and
Actual Supply

1 Electricity 64,200 107,600 297,900
Demand

2 Electricity 2,438 8,188.20 23,134.80
Generation by
government
(grid
connected
actual
generation
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3 Gap between 61,762 99,411.80 274,765.20
demand and
generation

(SourceNREEEP; FEC, FMOP & FRN, 2015GiKN02009

As shown inTable4-6, there are luge electricity gaps betweeprojected @nsumption and
demand around 61,762 MW 2015, 99,411.80 MW by 2020 and 274,765.20 MW by 2030.
Due tothe effect of climate change, shorga of water and pipelines vandalisthe existing
energy sources are unavailablor example,lie Nigeria existing capacity between 2015 and
2016 generated only 3472 MW (87%) from gas plant and 519 MW (13%) from hydropower
plants. However, therojected dectricity demandsl07,600 MW by 2020 and 297,900 MW

by 2030 show crucial need for electricity as presentetahle4-6.

4.2.4 Study Results Analysis

The use of equipment and infrastructures in production, construction of pipeline storage and
energy distribution are more expensive for the existing energies. This shows that solar energy
has the opportunity over existing energies from the cost aspectaddition, PV system
generation has a huge future return on investment in terms of economic of scale as compared

to the existing energies in Nigeribable4-7 represents the projected sal@nergy generation

percentage.

Table4-7: Solar Energy Projected Percentage Generation
Total Generation 2015 2020 2030
All sources of generatio| 37,102 60,021.98 138,508.03
(MW)
Solar generation (MW) | 117 1343.17 6,830.97
Percentage (%) sold 0.32 % 2.24 % 4.93 %
generation
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Table 4-7 shows the projected solar energy generation percentages and the projected
electricity contribution that accounts for 0.32% in 2015, 2.24% by 2020 and 4.93% by 2030.
The solar source is reqenl for generating more electricity to meet energy demand based on
its potentials of availability, reliability, sustainability and environmental friendliness (safe and
clean) in Nigeria. The existing energy sources presently have not and may not becablerto

the areas not connected to the grid by letgrm projection. On the other hand, solar energy

has the potential to generate adequate electricity for consumption.

4.3 Summary

Although Nigeria has huge naanewable and renewable energy resces, it faces
inadequate power supply from existing utility generation, transmission, and distribution. This
means that energy production is lower than the demands limiting the country economic
growth. Nigerian people lack electricity access in termmadern energy services for lighting

and other economic activities. The majority rely on faelod for cooking and lighting,
particularly in ruralremote areas. However, the lack of electricity access will affect economic
growth and life quality of the citens. Nigeria needs electricity generation to drive economic
development and enable productive business activities to succeed. However, the PV system
can offer an alternative option to address the electricity supply problem with sustainable
energy serviceaccess in fostering economic development in Nigeria. In addition, since
adequate electricity supply is a prerequisite for any nation's development, the solar PV system

is imperative for widespread use in the whole country, especially in rural areas.
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CHAPTER 5: QUESTIONNAIRE ADISCUSSIONS

5.1 Introduction

This chapter presents the data collected through questionnaire method about solar energy
development in Nigeria. The questionnaire was a useful methodology used for the
AYF2NXYEGAZ2Y 3+ G KS NS Re ifipehahtatloiS ghd dipQlication @ 5ckw 2 v
energy in the country. Itis a useful method because it helps to collect data from sites through
email and physical visits. It facilitated the data collection about solar energy production,

distribution, and apptation from the sampled/selected projects across the country.

The questionnaire was an acceptable interpretation tool used for the understanding of solar
energy with PV application. Data from the questionnaii®among the most important
materialsin this study plotted in pie chart desigihhe questionnaire provided the participants
with questions to identify the level of understanding of the PV exystDuring the fieldwork
fifty-seven questionnairedistributed to participants, only fortfive of them were completed

and returned. In addition, thirtgwo questionnaires fully filled and the three partially filled

had a good number of answers to the returned questionnaires.

The research used a questionnaire to address the three categoaiesd on the ftlowing:

What could be the major barriers for solar energy application in Nigeria? What could be the
policy barrier for solar application in Nigeria? Does the initial cost of PV installation affect
solar application and implementation? What are the envirantal, economic and social
benefits of solar energy application in Nigeria? What are the technical and economic
challenges for solar energy development in Nigeria? What major role can solar PV play in
addressing the insufficient power supply problem igétia? This focused on technical, policy

and economic perspectives respectively.

Questionnaire as a quantitative research method used for gathering data. The returned

guestionnaire provided a good response from participants with the following resultsfjndi
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5.2 Statistical Questionnaire and Findings

Question * The Gender

Participant/Respondents%o )

= Male

111 Female

Not specified

Figure5-1: Sex of the Participants

The results show that male responses are more than females. For example, it may be because

women donot own houses and so not involved in issues related to energy.

Question 2: Age bracket

Participant/Respondents%o)

oD
40

= 18-25 = 26-40 = 41-59

Figure52Y ¢ KS LI NIAOALI yiQa | 3S o6NI O]

¢CKS NBadzZ §a akKz2g LI NI AMO)and (469 9 percént whinkdisO 1 S &
more than (1825) age bracket. The26n & SFNERQ 3S 06N} 01 S0 NBLINES:
own a home/apartment and are interested in an alternative source of power consideration.
Majority of the people from age 439 years already had hormean afford solar PV system

for their own energy needs. The majority of the people from ag3 §ears are unemployed.

The PV system acceptance rate from the majority of the citizens is high due to the inadequate
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power supply and they will independentlyecome generators to power their homes in

Nigeria.

Question 3 Occupation

Participant/Respondents%o)

= Employed = Student = Self-employed = Others

Figure5-3Y ¢ KS LI NI AOALI yiQa

= Not specified

hOOdzLJr G A 2

The results show the employed people have a high responding rate by being involved in

energyrelated company/organizations.

Question 4 Is PV system preferred in home to commercial area?

Participant/Respondents%o)

mYes
= No

= Not specified

Figure5-4: Installed homes with PV system
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The results show that a residential solar system is mostepred which can easily be

subsidized. In addition, people are hungry for regular power service to improve their living

standard against constant outages from the national grid.

Question 5 Is PV systemreferred to existing/conventional sources?

Participant/Respondents%o)

mYes
= No

Not specified

Figure5-5: Installed PV system

The results show solar PV is most preferred to the existing sources due to availability,
reliability and the environmental friendliness which is used to compensate thgoory
shortage of power supply rad gas unavailability due tpipelines vandalism and theft.
However, he current sabotage from generation, transmission and distribution lines

contribute to energy poverty across the country.

Question 8 Does PV help to reduce elecity consumption from existing energy sources?

Participant/Respondents%bo)

mYes
= No

Not specified

Figure5-6: Electricity consumption between PV and Existing sources
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The results show that the PV system will help to curtail electricity blackoutabiltsdance
and reliability help to complements existing supply from the utility grid, save energy to cover
O2y adzySNDa

GKS GAYS 27

reduce the electricity bill.

Question 7 Which of the followingtems have you powered using installed PV system?

AK2NI I 3s

Iy R

OKI y3S

Participant/Respondents (%)

2.2

m Radio
BTV set
= Video cassette recorder
mTelephone
M Refrigerator
W Washing machine
N Microwave
m Lighting
m Computer
Fan
B Ajr-conditioner

= Mone of the above

Figureb-7: Appliances used with PV system

The results showhat appliances powered by PV system hoene itemsthan office items due
to constant blackowt in residential households. However, office can afford a generating set
for regular power duringhe office hours. The office complex caficad the system cost of

capacity equipment. Moreovethe PV system awarerss has not promoted reduction on the

useof heavy equipment generator sefor household activities in the country.
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Question 8 What time of the day doethese appliances used?

Participant/Respondents%bo)

m Morning
m Afternoon
m Night
None of the Above

m All of the above

Figureb-8: The time of appliance usage

The results show thatevices are mostly used at night for lighting, in playing games and doing

homework by families.

Question 9 Whichof the appliances often used during the day from installed PV system?

Participant/Respondents (%)

= Radio

TV set

M Video cassette recorder/sound
system

m Telephone

m Refrigerator

mwWashing machine

M Microwawve

M Lighting /bulb

W Computer

Fan

= Air-conditioner

m Mone of the abowve

Water pumping

Figure5-9: Appliance during daytime with PV system
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The results show refrigerator, fan, comput TV set, A/C and lightirage oftenused in the
day and night whereas A/C or fan and refrigerator are mostly used dimendry hot season

due to hot weather condition.

Question10: What is the capacity of PV system Installed?

Participant/Respondents (%)

m<5

m>5-20

m >20-50

= >50 and above

m None of the above

m Not specified

Figure5-10: The PV capacity installed

¢CKS NBadzZ §a FNRY t | btk @idforyon of partibifastd baldles Sa & K 2
knowledge about solaPV capacityinstalled in their homes. This suggests a Ipublic

awareness in the countrgue to limited education and awareness creation initiatives

Question 11 Are there suppliers of PV system and the components?

Participant/Respondents (%)

mYes
= No

= Not specified

Figureb5-11: The PV system and its components suppliers
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The results show the respondents had an awareness of the availability of the PV supplies
suggests that the solar PV system installer companies are already available in the country. The
SEA&GAY3T O2YLI yASa IINB | . tdzS OFYStz tNIFIAYLED
and Sharp, etc. They mainly marketers and distributors of the equipment and not suppliers

across the country.

Question 12 Does solar PV system depend on gniplic funding for being expensive?

Participant/Respondents%bo )

28.8 24.4 Yes
No
46.6 Not specified

Figure5-12: Public Funding for PV system

The results confirmed solar energy with PV system to be expensive when compared with the
current national electricity tariffand this requires government funding with subsidies from
the existing energy sources for PV developmefite findings revealedhat PV system
deployment largelydepends on financiatapability and does not dependonly on public
funding. Howeverthe development carme improved through publigrivate investments in

Nigeia.
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Question 13 Does solar PV depend both on public and private funding?

Participant/Respondents%bo )

mYes

= No

Not specified

Figure5-13: Combination of Public and Privdtevestment

The resultsindicate most participants (62.2%) perceived that solar PV dependboth
private and public funding. This implies that collaboratsforts are required for ¥ system
implementationfrom the governmentwith private sectorparticipation to achieve Nigeria

goal targets, thestudy objectivesand theUN sustainable development goals.

Question 14 Is solar preferable to other renewable sources?

Participant/Respondents%bo )

mYes
= No

Not specified

Figureb-14: Preferred renewable sources

¢KS NBadzZ 6a aK2¢g KAITK LI NGAOALI YGIEAQ FF OOSLIGL
environmental benefit to other existing sources of renewable energy such as wind,
hydropower, and biomass with the impact of climate change in Nigeria. For exampl

biomass, hydropower, and wind have limitations to current energy use.
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Question 15 Which solar application is most preferred?

Participant/Respondents%bo )

u Roof-top
® Ground-mounted
Garden

Garage

Figureb-15: Most preferred solar application

The results show that theooftop-decentralized application is most preferred by the
participant, which may be due to the nearness of buildinjgza. However, the assessment
for building suitability is required due to the weight in carrying a PV system to avoid system

failure.

Question 18 What type of PV system insttiion application is preferred?

Participant/Respondents (% )

B Off-grid/standalone with
battery storage

B Grid-connected system

Mone of the above

Figure5-16: Most preferred P\ihstallation

The results show offrid PV systems for electricity generation are most preferred by
participants within urban areas. In June 2016, some companies licensed faogrndction
and operations had not yet started due to policy implementation delay. Thesidacon

implementation and application of the solar system will to a large extent reduce generator
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aSitia dzAS o0& AYRAQGARdzZ ta YR GKS O2YLIyeQa
inconsistent power supply from the existing energy supply currently bentéfose without

access to grid electricity in the country.

Question 17 How can you rate overall performance (efficiency) of the installed PV system?

Participant/Respondents (% ) = Very good
= Good
Moderate
moderate
I\ = Poor
= Not specified

4.4 6.6

Figureb-17: Rated efficiency of PV system

Therest & aK2g OGKIFG t+ LISNF2NXYIFYyOS NIGAYy3I FNRY
performance, which depends on location, orientation, and tilt angle as well as a weather
condition. This suggests that PV system installations require a knowledgeablerfstaibof

suitability check.

Question 18 Would you want the use of Renewable energy sources?

Participant/Respondents (% )

26.6 ®Yes

= No

None of the above

Figure5-18: The use of renewable sources

The results show that most participants accepted/preferred RE application due to renewable

energy sources affordable. In addition, the people need the use of RE for electricity

124



considering the population growth, and it is a market for Nigerians in me#tabigh energy

demands from the growing population due to energy shortage currently in the country.

Question 19: Is your environment vulnerable to climate change based on other existing

sources?

Participant/Respondents (% )

28.8 mYes

= No

Not specified

Figureb-19: The environment vulnerable to climate change

¢CKS NBadzZ 64 aK2g¢g GKIFIG NBALRYRSYGaQ gl NBySa:
the use of fossil fuels from existing energy sources due to climate change. This suggests that
Nigeria presently eperience environmental degradation and health disasters due to the
exposure while flooding and falling of trees are causing desertification. These problems are

contributing to the unfavourable environment.

Question 20 Cansolar energy help to solve shogain supply of poweifor alongterm in

Nigeria?

Participant/Respondents%o)

24.4

mYes
= No

Not specified

Figure5-20: Solar a solutioto power shortage
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The results show a large percentage of participants believe solar energy will help common

Nigerians becoméndependent generators, break the power of monopoly from the national

grid generation, transmission, and distribution for a long or short term. This suggests that

solar energy will make the population se#fliance whereby most communities can access

eledricity.

Question 21 Does power generator sets cause incorieanes and environmental threat?

Participant/Respondents (%)

28.8

6.6

mYes
= No

Not specified

Figureb-21: Generator sets threats and the inconveniences

¢KS NBadzZ 1a akKz2g¢g GKIG Yzald

0 ¢ n PiginconvdlenNIi A OA LJI

This may be due to negative impacts such as noise, air pollutio@, €&hissions and local

pollution to water. In addition, they might be aware that it affects crogrvest due to soil

degradation and water pollution from oil leak and fume.

Question 22 Is PV panel system cheap to use?

Participant/Respondents (%)

22.2

mYes
= No

Not specified

Figureb-22: PV system panel economical
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The results show that the PV panel is sbeap by most (53.3%) participants because of a
lack of awareness about PV technology improvement that attracts high deployment. For
example, the global acceptance created awareness for the demand that drastically had
reduced the high initial cost challeegThis suggests that PV system use can become cost
effective and competitive in addressing the sentiment as well as reduce the supply and

demand gaps in Nigeria.

Question 23 Which of these applicatiorere adopted by PV power output?

Participant/Respondents (%)

= Household

= None of the above

Figureb-23: AdoptedPV systenapplication

¢CKS NBadzZ G4 FNRBY GKS LI NILHAOALI yiQa NBaLRyas
cost of installation by individual and corporater deployments due to lackf funding. In
addition, some industries are not convinced that the PV system could generate enough

capacity to power plants in place of generator sets in Nigeria.
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Question 24 What are your reasons for not installing PV system yet?

Participant/Respondents (%)

m Availability of home
energy

m Cost of installing PV
system
Already installed

H Maintenance cost
m Little Knowledge

Better alternatives

Figureb-24: Reasons for not installing PV system

The results showhat costof installing PV systenmaintenance costand lack of knowledge
are stopping people fronthe installation. This suggesigovernment suport through
programs or incentives ipromoting PV installations encourage private participatiorin
addition, effective planning and strong regulatory/legiste framework forlargescale
developmentand training programs foan understanding of PVystem benefit for rapid

deploymentacross the country.
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Question 25 Which of these factors can persuade installation of PV system?

Participant/Respondents (%)

= Free Installation

= Government subsidy towards
cost of PV installation

= Community-based PV system
installation

Electricity cost from existing
source

= Case studies from satisfied P
customers

= Carbon emissions reduction

Figureb-25: Persuading factors for PV system installation

Theresults show that carbon emission reductions, government subsidy towards the cost of
PV system installation and satisfied PV customers can encourage/persuade people for
installing the PV system. This suggests the government supports through subsidy will be
relevant to emission reductions that affect the whole economy. The performance of the PV
system with proper installation operations will further encourage installation due to existing

t+ OdzZAG2YSNRQ al GAaATIOGAZ2Y AY DAIASNRLF @

Question 26 What do you think W help influence GHG emissions reduction?

Participant/Respondents (%)

= Adopting hybrid renewable
energy sources (wind,
biomass & hydro)

= Adopting only solar energy
source

Figure5-26: Factor of influencéor emission reduction
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The results showhat hybrid or solar energy sourcadoption canhelp greatly for GHG

emissionreductions in Nigeria

Question 27 Does government support the PV system use in Nigeria?

Participant/Respondents (%)

= Making homeowners to sell
extra electricity generated from
PV system to the national grid
Yes=5

= Pay PV system generators for
every kilowatt hour of electricity
generated Yes = 6

Figureb-27: Government support to PV system use

The results show that solar application with government suppglitbe of more influence in
paying the generators for every kilowatbur of electricity generated with a PV system. This
suggests that financial supports capability can be through government or private sector

investment in funding, research, and develogmh for motivation.

Question 28 Which of the renewable energy source do you considered installing now?

2% of Participant/Respondents

m Solar
W Biomass
mWind
Hydro (small & large)

m Mone of the abowe

Figure5-28. Renewable energy considered installing
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The results show that solar PV deployment dughi® urgent need for electricity to meet the
O2dzy tNE Q& RSYIYR A& KAIKE& LINBFSNNBRO®

Question 29 Are the citizens happy to seenewable energy including solar implemented

and applied?

Participant/Respondents (%)
2.2

mYes
= No

m Total

Figureb-29: The impémented renewables including solar energy

The results show that most (77.7%) citizens are happy with solar energy implementation and
application because solar energy will repair the damaged environment. This suggests that
independent use of solar electiig generation can easily meet energy demand, improve
LIS2 L)X SQ&a aidlyRFENR 2F fAQAYy3 YR LINRBY2GS

abject poverty in the society.

(0p))
<
(0p))

Question 30 Does your home have alternative energy source?

Participant/Respondents (%)

mYes
= No

= Not specified

Figure5-30: Alternative energy source for home
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The results show most participants (46.6%) had no alternative energy source, while (33.3%)
participants had an alternative source suggests awareness creation israeéqfor a

home/residential deployment with alternative energy sources benefit in Nigeria.

Question 31 Can the citizens benefit or profit more from the use of solar energy?

Participant/Respondents (%)

mYes
= No

m Not specified

Figure5-31: The benefit for slar energy use

The results show that solar energy is beneficial and profitable because it enablescatall
businesses to increase local employment opportunity, enhance productivity through
established solar firms with entrepreneurial skills for the &fts of food preservation,

improved livelihood and health and comfort life to Nigerians with the electricity consumption.

Question 32 Does cost reduction encourage PV system adoption in homes more than the

commercial places?

Participant/Respondents (%)

mYes
= No

= None of the above

Figure5-32: The PV system adoption cost reduction
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The results show that further cost reduction could encourage home adoption of PV system
than the commercial places because most individual household cannot afford the initial cost
of the PV system initial cost. In addition, the largest energy consumer with over 50 percent of
0KS O2dzyiNEBQa LRLMzZ FGA2y Aa NBaAARSY(GAlFf K2dz

with private investment for massive deployment and huge emission redugtiothe country.
5.3 Result Discussions

The questionnaire responses by individual participants are anonymous in confidentiality. The
attached personal information sheet to the questionnaire distributed for the study has no
adverse effect on the participants. The questionnaire is designed taifgdiow participants
LISNOSA @GS (KS addzRéd ¢KS NBadAZ 6a akKz2g¢g Tl 02Nl o

andbased on public acceptance has a social influence on PV system installation.

The percentage represents a number of participants thatnarghe questions. The general
guestions from public opinion on cost reduction for electricity generation can be through
policy implementation. The perspectives focus on engggted organizations technically to
understand the system operation from thedted pilot projects demonstration in Nigeria.

Table5-1 represents the percentage rate tife distributed questionnaires.

Table5-1: Questionnaire Distribution and Returned Percentage Rate

Questionnaire Number
Distributed 57
Returned 45

Total Percentage 79%

Fifty-seven questionnaires distribution to participants represent 4t KS O2 dzy &4 NB Qa LJ
basedorNB | a2yl 6t S LISNOSyYy{ilF3IS ydzYoSNI 2F LIS2 L) SQ3
Nigeria. However, the use of quantitative and qualitative research methods provided the best

research outcome of 79% total responses presented in the above table.
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5.4 Summary

The questionnaire is a piece of sslfuctured information as well as a collection method that
compares study findings quickly and ceéficiently. The interview as qualitative data enables
participants to express views in their own words with théemiewer. The results show
influence on the populace rdirecting their attention to solar PV system application due to
the favourable response by public acceptance in Nigerian communities. Acceptance to solar
PV system use for electricity generation hg populations will reduce huge cost of estimated
electricity bills for those connected to the grid and make them independent generators in
powering their buildingsand access to those not connected to the gricthe government
incentives considering theeconomic factors will promote and facilitate investment
opportunities of the solar resource with PV system use in Nigeria. However, the people
accepting of solar PV system confirmedspiwe responses with the sampled size ahé
comparative analysis fonajor energy sources due &ffective performance of the Pystem.

This encouragefiture energy users to install more in the country.
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CHAPTER 6:CASE STUDY

6.1 Introduction

This chapter describes 11 case studies with weather conditions and a design model that

ascertaned the electricity generated. The research investigated the 11 solagridffcase

studies in four different state locations including Abuja, Awka, Lagos, and Nsukka in Nigeria.

The PV system is used for electricity generation due to solar energy padtantathis is
because the country has a solar energy resource that is reliable and abuiiti@npayback
period is computed manually to ascertain financial feasibility for the investment decision.
Figure6-1 representshe weather map for the selected PV installation sites vididication of

red arrowin Nigeria.
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Figure6-1: Nigeria weather map with red arrow indicationtbE O & S a (i dzR&é Qa f
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6.2 Abuja Area Case Studies

6.2.1 Abuja Weather Condition

Abuja has an average temperature, precipitation with a clear sky and zero clouds covering
including the yearly sunshine hour3his location with good weather in June, July, August,
and September but often exhibits high temperature. The rainy season falls mostly in May,
June, July, August, September, and October and the period of the dry season starts from
November, December daary, and February. The warmest month is March and August is the
coldest month, September is the wettest and January is the driest month. In Abuja metropolis,
there are six case studies situated at Guzape:Bwari; Central district; Karu, Garki, and
Wuse locatbn sites with PV installationBigure6-2 represents the statistical monthly average

temperature, precipitation and yearly sunshine hours.

Abuja Weather Condition
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Figure6-2: Theaveragemonthly temperature,precipitation total hours anghercentage of

sunshine over the year (Source: Copyright© 20&8w.weatherandclimate.com)
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6.2.2 Case Study 1: Guzape 33 kW PV Capacity

6.2.2.1 PV Installation

A 33 kW installed an ofjrid PV system at Guzape area in Abuja. The building with the PV
system is a terrace duplex house with 55 rooms on three floors housing farkilese6-3

represents elevemapartment building Installation at Guzape area in Abuja.

Figure6-3: EleverApaitment building Installatior{Source Study, 201%

The Blue Camel Energy designed thigyafi/stand-alone rooftop building application system
with PV polycrystalline panel that converts available solar enetg\electricity. The inverter
converted the DC energy into electrical energy for ha@ppliances/load. The batteries being

the energy storage facilityaed forsupply of electricity when needed.

Table6-1 represents polycrystalline silicon PV system with 240 watts.
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Table6-1: 240W Suntech Polycrystalline PV Panel Specifications

Configuration

Superior frame specifically designed on drainage holes and
rigid construction that prevents frame from deforming
which is screw less frame design for long term durability.

Application Off-grid

PV System Capacity Size (kWp) 33
Manufacturer Suntech

Rated PV Watt (W) 240

PV Type Used Poly-crystalline
Number of Panels {units) 140

Annual Generation (kWh) 72,576

Mounted Method Fixed

Number of Batteries 12

Battery Capacity (Ah) 400

Inverter Capacity (kW) 60

Charge controllers 20f40Aand 48 A
Angle degree 15%

Hours of sunshine 8-9

Peak sunshine 6

PV life span 25

ELECTRICAL CHARACTERISTICS

STC PLUTO 240-Wde
Optimum Operating Voltage (Vmp) 296V
Optimum Operating Current (Imp) 8.11A

Open Circuit Voltage (Voc) 36.9V

Short Circuit Current (Isc) 8.46 A
Maximum Power at STC (Pmax) 240w

Module Efficiency 14.5%
Operating Module Temperature -40% to + 85%
Maximum System Voltage 600 VDC (UL)/1000 VDC (IEC)
Maximum Series Fuse Rating 20 A

Power Tolerance 0/+5%

Nominal Operating cell Temperature (NOCT) PLUTO 240-Wde
Maximum Power at NOCT (Pmax) 176 W
Optimum Operating Voltage (Vmp) 26.9V
Optimum Operating Current (Imp) 6.54 A

Open Circuit Voltage (Voc) 339V

Shaort Circuit Current (lIsc) 6.84 A

MECHANICAL CHARACTERISTICS

Solar Cell

Polycrystalline 156 x 156 mm (6 inches)

No. of Cells

60 (6 x 10)

Dimensions

1665 x 991 x 50 mm (65.6 x 39.0 x 2.0 inches)

Weight 19.8 kgs (43.7 lbs)
Front Glass 3.2 mm (0.13 inches) tempered glass
Frame Black anodized aluminium alloy

Junction Box

IP6Y rated

Output Cables

4.0 mm? (0.006 inches?) symmetrical lengths (-)
1000 mm (39.4 inches and (+) 1000 mm (39.4
inches)

Connectors

H4 connectors (MC4 compatile)

TEMPERATURE CHARACTERISTICS

Nominal Operating Cell Temperature (NOCT) A5+20¢

Temperature Coefficient of Pmax -0.400%,/ c
Temperature Coefficient of Voc -0.314%,/°c
Temperature Coefficient of Isc -0.051%,/%c

(Source: Blue Camel Energy).
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Note: Excellent performance under weak light conditions at an irradiation intensity of 200
W/m?2 can achieve 96 percent or higher of STC efficiency of 100 @Ti@: Irradiance 1000
W/m?, Module temperature: 2%, AM: 1.5 Besin class AAA solar simulator (IEC 669D4
used, Power measurement uncertainty within-3%. NOCT: Irradiance 800 \W/nambient
temperature: 20c, AM: 1.5, Wind speed: 1 m/s best in class AAA solar simulator (IEG 60904
9) (Suntech, 201p

The installed 33 kW PV system in this case technically generates 72,576 kWhl/year.

6.2.2.2 Breakdown Cost Investment

The investment breakdown costs include the module, inverter, battery, operation and
maintenance costs (O&M) with a projection of ten years including other installation costs, etc.
Table6-2 indicatesthe total cost forsolar PV installation with all components and labour
expenses at the locatio.able6-2 represents cost breakdown of the business model for the
apartments due to load consumption from the generation supply to the building. However,

GKS YIFIAYyuSylFryoOS FyR o6F0G0SNE NBLX FOSYSyid Aa

Table6-2: Business Model Cost Breakdown

N/S Cost Amount InvestedN)
A Initial investment N14,828,000
B Maintenance & battery replacemer] N10,000,000

over 10 years

C Yearly naintenance cost N1,000,000
D Labour cost N972.00
E Monthly labour costexcluding interes{ N29,160 (i.e. 972 x 365

rate (fundingnot borrowed)
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F Yearly cost excluding interest rate | 1,000,000 + 29,160 (C + E
(fundingnot borrowed) 1,029,160
G Income based on yearlgonsumption| N7,347,890 (66,799 x 110)

with electricity rate

(SourceBlue Camel Energy and Researd,G.

Table6-3: Appliances for Study dataeneration and Consumption

Appliance Quantity App. Watt | MNo. of Total Gen Variance % Utilized
Hours Watt Watt/day bfw Gen
Used Con/day and Con

Bulb 55 11 12 7250

Fan 10 100 12 12000

™ 10 188 ] 11280

Fridge 10 160 12 28800

Freezer 10 200 18 36000

Elec/Cooker | 10 1000 1 10000

Computer 10 100 8 2000

AfC B 1119 B 53712

Blender 10 300 1 3000

Microwave 10 750 1 7500

Iran 10 o0 1 200

W /Pumping 1 600 1 600

W,/Machine 5 1300 1 6500

Total 185552 | 201600 | 16048 [ 20%

The electricity from thenstalled panels wittan average6 K 2 dzd&Bk&unshine generated
201.6kwWhday or 72,576 kWh/year. Thgeneration and consumptioshownin Table6-4. It

is advisable to incresethe number of applianceto maximize the generated poweFigure

6-4 represents the totalpower (vatt) with the installed kilowatt (kW) capacity.able 6-5

represents the RET Screen simulation results fegodf system.
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Table6-4: Generation over Consumption

Case Total Watt Total Watt % of Excess
Study 1| Consumed/day Generated/day; Generation Utilized
% of Maxi
W) W) over o of Maximum (%)
. watt
Consumption
consumable/day
Guzape 185,552 201,600 192 100 92
Estate
TOTAL POWER (Watts)
900
000 7500 207 65007,260 12,000
11,280
= Bulb = Fan TV Fridge = Freezer
= Electric cooker = Computer = Air-conditioners = Blender = Microwave

= Pressing iron = Water pumping = Washing machine

Figure6-4: The total pwerin watts.

Table6-5: Case Study 1 Offrid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (BN 110.00
Capacity (KNkWh) 33
Annual O&M Cost (GIN 3,630
Electricity RateBase Case (BINkWh) 110.090
Total Electricity Cost BN 4,420,130
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Table 6-6 represents the current national electricity fuel rate that is equal to GBP0.06
ObHndonvs FYR GKS &a2ftF N O2YLI yeQa St SOGNROAI
central gridconnecton in Nigeria. They both generated the same capacity with a little fraction

on yearly casfflow. For example, the cumulative cash flow for 25 years realized the sum of
GBP37, 011 (N14, 909,463) with N110 rate or GBP36, 701 (N14, 845,996) with N24.30 rate
return. The difference between them is equal to GBP311 (N63, 467ffloasbenefit to the

generator. However, the national electricity rate classified to be a public good is highly
subsidized in Nigeria. The cafddw from a business perspective may notcaant much

because the energy generated is most needed. However, the cumulative cash flows for PV life

cycle in appendix 6.

Table6-6: Proposed GricConnected witthe OdzNNBS y G bl GA2y I YR {

Rae
Analysis Type Method 2
Solar Tracking mode Fixed
Angle/slope 150
Month Horizontal Daily Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGN/MWh) Grid (MWh)
(kWh/m?/day) (kWh/m?/day)
January 5.88 6.56 24.30 5.832
February 6.09 6.49 24,30 5.192
March 6.27 6.36 24,30 5.639
April 6.06 5.84 24.30 5.070
May 5.58 5.19 24.30 4.674
June 5.06 4.65 24.30 4.086
July 4,44 4,14 24,30 3.804
August 4,19 4,02 24,30 3.710
September 4,73 4,69 24.30 4,155
October 5.31 5.53 24.30 5.006
November 5.98 6.60 24.30 5.702
December 5.86 6.64 24.30 5.905
Annual 5.45 5.55 24,30 58.774
Horizontal MWh/m? 1.99
Tilted MWh/m? 2.03
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Analysis Type Method 2

Solar Tracking mode Fixed

Angle/slope 150

Month Horizontal Daily Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGN/MWh) Grid (MWh)
(kWh/m?/day) (kWh/m?/day)

January 5.88 6.56 110 5.832

February 6.09 6.49 110 5.192

March 6.27 6.36 110 5.639

April 6.06 5.84 110 5.070

May 5.58 5.19 110 4.674

June 5.06 4.65 110 4.086

July 4.44 4.14 110 3.804

August 4,19 4,02 110 3.710

September 4.73 4.69 110 4,155

October 5.31 5.53 110 5.006

November 5.98 6.60 110 5702

December 5.86 6.64 110 5.905

Annual 5.45 5.55 110 58.774

Horizontal MWh/m? 1.99

Tilted MWh/m? 2.03

6.2.2.3 Rationale Evaluation

Case study Iepresents the amount of generation that could meet consumptemd
investment based on financial viability The system generated adequate electricity
72,576kWhper yearwith 33 kW capacityThis case with very good return resulted in short
payback due to the capacity installed and high invested capital. The electricity generated was
more useful to waste based on the quantity generated and consumed. The standard
electricity rate of (N110) congsed to the national rate (N24.30) attracted huge yearly
returns/savings.In addition, this case study projected battery and maintenance cost
breakdown over 10 years even though not up to 10 years of installafiable6-7 presents

the computation ofgeneration, consumpon and payback period
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Table6-7: Computation of Generation, Consumption apayback

INVESTMENT POTENTIAL COMPUTATION

LOCATION CASE YEARLY POWIE ELECTRICIT AMOUNT CAPITAL PAYBACI
STUDY CONSUMPTIO| RATE YEARLY/SAVIN( INVESTMEN]| PERIOD
CAPACIT (N/kWh) (N) (N) (YEAR)
(kw) (kwh)
Guzape 33 66,799 110 6,606,490 14,828,000 | 2.2
District
Estate
Abuja
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY | PV CAPACITY (kW POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
1 33 72,576 66,799 2.2
AVERAGE RETURN ON INVESTMENT PER YERRYEAN& PERIOD
CASE STUDY AMOUNT INVESTED (N)| PAYBACK PERIOD (YEAR AVERAGE AMOUN
REALIZED PER Y&
(N/YR)
1 14,828,000 2.2 6,606,490

6.2.3 Case Study 2: lgBwari Community

The IguBwariis a remde community area of Abujthat the governmentnstalled 5kW PV
panelsfor solar electrification Thisproject financed by thdederal government with high
investment capital forthe small capacity installed ashown inTable6-14 is off-grid pilot
project demonstratedto promote solar electricity generation witthe installation ofa PV
systemin Nigeria. The energy commissioof Nigeria (ECNgstablished bythe federal
government in 2011supervised theproject with other government agenciesuch asthe
National Centre for Energy Research and Development (NCERD), and Sokptd&ssarch
Centre (SERChdre is no grieconnectionpresentlyto warrant electricity generatedsold to

the grid from the off-grid installation. Thditerature finding also revealedthat no grid
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connected renewable energy project operatingcept for hydropower in NigeriéMcKinsey
analysis and NERC, 201Bhisstudy withthis information ppposed gridconnection for more
adequate generatiorfrom off-grid cases simulation®r a gridtied systemto meet peak
demand. Figure6-5 shows themap location of IguBwari areain Abujawhich indicated in

brown colourcone

Figure6-5: Map of IguBwari area location idbuja with brown colour indication.

The IguBwari installed 5 kW PV panels situated in a remote community area of Abuja

indicated inFigure6-6 presents the PV specifications used with 2@&t model and other

components for the electricity generation.
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Figure6-6: 5kW Mini Grid P¥¢apacity installation in IgBwari Community.

Table6-8: Solar World 230W Monocrystalline PV and the Technical Specifications

Configuration

Application

Off-grid

PV Systerm Capacity Sire (KWp)

5

Manufacturer

sSolar World

Rated PV Watt (W)

235

PV Type Used

rAono-crystalline

Mumber of Panels [units) 24
Annual Generation (kwh) 16,243
founted Method Fixed
Mumber of Batteries 24
Battery Capacity (ah) 200
Inverter Capacity (kW) 5
Hours of sunshine a

Peak sunshine hours 5

PV life span 25
Commencement Date 2011
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ELECTRICAL CHARACTERISTICS

SW 230

Perfarmance Under standard Test Conditions (STC): 1000W/m?, 25%, AM 1.5

Maximum Power (Pmax) 230 Wp

Open circult voltage (Voc) 374V

Maximum power point voltage (Vmpp) 30.0V

short clreuit current (Isc) B.16A

Maximum power polnt current (Impp) 7.68 A

Performance at BOD W/m?, NOCT, AM 1.5

Maximum Power (Pmax) 166.9 Wp

Open elreuit voltage (Vo) 339V

Maximum power point valtage (Vmpp) 7.2V

Short circuit current (Isc) 6.58 A

Maximum power polnt current {Impp) 6.14 A

Thermal Characteristics

NOCT 46%c

TC (1s¢) 0.004%/k

TC (Voe) -0.30%/k

TC (Pmpp) -0,45%/k

Operating temperature -40° to 85%

Component Materials

Cell per module &0

Cell type Monacrystalline

Cell dimensions 6.14 in x 6.14 (156 mm x 156 mm)
Front Tempered glass (EN 12150)
Frame Clear anodized aluminum
weight 46,7 Ibs (21.2 kg)

System Integration Parameters

Maximum system voltage 5C11 1000V

Max. system voltage USA NEC 600V

Maximurm révérie current 164

Mumber of bypass diodes 3

UL Maximum Test Load a5 psf (2.1 kN/m')

IEC Maximum Snow Test Load

113 psf (5.4kN/my)

Additional Data

Power tolerance -0 Wp/+5 Wp
I-Box P65
Connector MC4

Madule efficiency 13.72%

Fire rating (UL 790) Class €

Note: Minor reduction in efficiency under partial load conditions &cXsom 200W/n%, 95%
(+/-3%) of STC efficiency (1000 W)nmAppropriatefactors of safety applied according to the

test standard and local building code requirements when designing a PV system.

6.2.3.1 PV Installations

This project demonstrated the PV system potential for solar electrification in the remabte
area of Nigeriastates. This project executed by the government to provide electricity access

to locations without national grid access due to wire extension cost for the connection. The

(SourcefFieldwork and ECN, 20116
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outcome shows bestasescenario in the location unlike a few other locations withnno
functionality. The community presently enjoys teffective electricity with aconducive

environment as presenteth Figure6-7.

—
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Solar PV Powered Minbgod at Danjawa Village in Sokoto and Haje in Ondo states

Solar Powered telecommunication in Kaduna-Abuja Road and water pumping at Danjawa village

Solar Street Lightings in 1buse town delts stete, UDUS Sokoto and Uyo Akwa lbom stetes

Figure6-7: Some ECN and SERC solar electrification installations (Source: ECN 2005)
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6.2.3.2 Breakdown Cost Investment

Table6-9 indicates financial breakdown faost analysis of saléPV system in the location
and other components used for the investmentable 6-10 presents the consumption

(appliances) and generation.

Table6-9: Business Model Cost Breakdown

PV Installed | Item Description Quantity Unit Cost | Amount Total
capacity (MGMN): MK (NGMN): N:K Investment
(kw) [(NGN): N:K
5 PV Module 32 100,000 3,200,000

Deep-cycle batteries 17 95,000 1,615,000

Charge controller 4 60,000 240,000

Inverter 2 170,000 240,000

Supporting structure - 400,000 400,000

Cost of Accessories - 200,000 200,000

Contingencw'transpor‘t - 240,000 240,000

Labour - - 200,000
Total MNG,435,000.00

Table6-10: Appliances for Study dataeneration and Consumption

Appliance | Quantity | Appliance | No. of | Total watt| Generaion Variance %
type wattage hours | consumed | watt per day| between Utilized
used | per day| (Wh) generation &
(Wh) consumption
Lighting 80 3 24 5,760
bulb
Security 80 5 24 9,600
bulb
Total 15360 45120 29760 34%
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The electricity frominstalled PVLIF y Q)én&r&@2ed 16,243 kWh/year can meet full load
capacity with more appliance¥able6-11 shows the total generation and consumption. It is
advisable to increase the nurab of appliances to maximizgenerated powerFigure6-8

presents the total amounof energy consumed ithe pie chart.Table6-12represents the RET

Screen simulation results in this study.

Table6-11: Generation over Consumption

Case Total Watt Total Watt % of %of Maximum | Excess
Study 2 | Consumed/day Generated/day; Generation watt Utilized
(W) (W) over consumable/day (%)
Consumption
lgu 15,360 45,120 134 100 34
Bwari

TOTAL POWER (Watts)

= Room bulbs

= Security bulbs

Figure6-8: The total powein watts.

Table6-12: Case Study Dff-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel RateNGN 110.00
Capacity (NGN/kWh) 5
AnnualO&M Cost iGN 550
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Electricity RatdBase Case (NGN/kWh) 110.014
Total Electricity CosNGN 4,417,060
Table6-13: Proposed GridD 2 Y Y SOUSR A UK OdzZNNBYy U bl
Analysis Type Methad 2
Solar Tracking mode Flwad
Angle/slope 15%
Manth Horlzontal Daily 5olar | Tilked  Dally  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radlatlon (NGNS W) Grid (MWh)
(kwWh/m*/day) (kWh/m*/day)
January 5.88 6.56 24.30 0.902
February 6.09 6,49 24,30 0,803
March 6.27 6,36 24.30 0.872
April 6.06 5.84 24.30 0.784
May 5.58 519 24.30 0.723
lune 5.06 4.65 £4.30 0632
July 4.44 4,14 24.30 0.588
August 4.19 4,02 £4.30 0.574
Seplember 4.73 4,649 24,30 0,642
Cctober 5.31 5.53 24.30 0774
Mavambar 5.98 6,60 24,30 0,882
December 5.86 6,64 24.30 0.913
Annual 5.45 5.35 24,30 9087
Harizantal mWh/fm® 1.99
Tilted MW md 2.03
Analysis Type Method 2
Solar Tracking mode Fixed
| Angle/slope 15"
Menth Horizontal Daily Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radlation Radlation [NGN/MWh) Grid [MWh]
(kWh/m/day) (kWh/m?/day)
lanuary 5.88 6,56 110.0 0,902
February G.09 G.49 110.0 0.803
March 6.27 .36 110.0 0.872
April 6.0& 5.84 110.0 0.784
Fay 5.58 5.19 110.0 0.723
Juni 5.06 4,65 110.0 0.632
July 4.44 4.14 110.0 0.588
| August 4.19 4.02 110.0 0.574
Septermber 4.73 4,69 110.0 0.642
Oictober 5.31 5.53 110.0 0.774
November 5.98 6.60 110.0 0.822
December 5.86 664 110.0 0.913
Annual 5.45 .55 110.0 9.087
Haorizantal MWh/m* 1.99
Tilted MWh/m* 2.03

Table6-13 presents the current national electricity fuel rate GBP0.06 (N24.30) and solar
02 YLJ y @& @ity rate {GBRDIB I[N110) due the proposed central gridconnection in

Nigeria. They generatettie same amount in capacity witlittle fraction on yearly cash flow

(Nk12K 2NJ a2Kod C2NJ SEI YLX S=
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(N6, 459989) using N110 rate arigBP15, 903 (N6, 440,52ingN24.30 rate. The difference
between tham is equal to GBP48 (N19, 469).

6.2.3.3 Rationale Evaluation

Case study 2 shows a long payback period from less consumption to generation with high
investment capital based on the capacity installed. The standard electricity rate (N110)
attracted good yearly return/savings. Thgovernment pilot project helps to reduce shert
term costs for longerm benefits particularly ruratemote areas with scare income and
without national grid connections. The literature finding confirmed that government
incentiveswith longterm payback through the financing of pilot project reduced sHertn

costs while making solar PV project relatively esfé¢ctive for longterm benefits, to support

PV investment and boost solar energy deployment in Nigeria (Oyedepo, 20 E2)dition,

solar energy potential for electricity generation depends on the amount of investment and
capacity installed in Nigerid.able6-14 presents suficient generation, whictprovided the

people with modern solar electrification access $&#% h the community

Table6-14: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION CASE YEARLY POWI ELECTRICIT AMOUNT CAPITAL PAYBACIH
STUDY | CONSUMPTIO| RATE YEARLY/SAVIN( INVESTMEN]| PERIOD
CAPACIT (N/KWh) (N) (N) (YEAR)
(kW) (kWh)
ECN IGU | 5 5,530 110 286,550 6,435,000 | 15.4
BWARI
ABUJA
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY | PV CAPACITY (kW POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
2 5 16,243 5,530 15.4

AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
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CASE STUDY AMOUNT INVESTED (N)| PAYBACK PERIOD (YEAR AVERAGE AMOUN
REALIZED PER YE
(N/YR)

2 6,435,000 154 286,550

6.2.4 Case Study 3: Central ArBsstrict of Abuja Location

Case study 3 site is in central ardatrict that has many government officegigure 6-9
presents the location witlared dotted circle.
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Figure6-9: Location witha Red spotted Circled Line.
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6.2.4.1 Abuja Central District 3.2 kW P\stallation

Figure6-10 presents aiconditioner powered by dar PV system in the locatiomable6-15
presents the PV system specifications and other components used for electricity generation

in the location.

Figure6-10: Powered Akconditioner installation (Window unit).

154



Table6-15: Sun power SRRLO-WHT Monocrystalline PV System and the Technical

Specifications

Configuration A sturdy anodized frame that allows panel to operate reliably
in multiple mounting.

Application Off-grid
PY System Capacity Size (kWp) 3.2
Manufacturer Sunpower
Maodel SPR-210-WHT
Rated PV Watt [W) 210
PV Type Used Mono-crystalline
Number of Panels [units) 16
Area covered (m?) 21
Annual Generation (kWh) 9,677
Mounted Method Fixed
HNumber of Batteries g
Battery Capacity (2h) 200
Battery days of Autonomy 3
Inverter Capacity (kW) 4.2
Inverter Efficiency (%) 98
Charge controllers 2ofd0Aand 48V
Angle degree 15%
Hours sunshine -9 (Average =8)
PV life span 25
Commencement Date June 2015

ELECTRICAL CHARACTERICS
STCis defined as: Irradiance of 1000w/m?, Spectrum AM: 1.5g and Cell Temperature of 25%
Peak Power (Pmax) 210W
Rated Voltage (Vmp) 40,0V
Rated Current (Imp) 5.25A
Open circuit Voltage (Voc) 47.7V
Short Circuit Current (Isc) 5.75A
Series Fuse Rating 15A
Maximum System Voltage 600V (UL)
1000C (IEC)
Module Efficiency 16.9%
Peak Power per Unit Area 15.7W/sq.ft.; 169W/m?
PTC Rating 193.7W
Peak Power Tolerance +/-5%
Power Guarantee 25
TEMPERATURE COEFFICIENTS
Power -0.38%/%
Voltage (Voc) -136.8mV/%c
Current (Isc) 3.5mA/%
MECHNICAL SPECIFICATIONS
Length 61.39in % 31.42 in (1559 mm x 798 mm)
Thickness including Junction box 1.81in (46 mm)
Weight 33 lbs (15 kg)
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This projectis designedfor domestic household use specifically the air-conditioner to
reducethe load on weak grid infrastructure servicasdto offsetelectricity costs associated
with the cooling demand. However, the practical limitations of conventional el@ttrmake

PV oftgrid cooling system technically feasible and economically viable.

6.2.4.2 Breakdown Cost Investment

Table6-16indicatesafinancial breakdown of the solar PV system including other components

and labour expenses for the investmemable6-17 presentsgeneraion and consmption.

Table6-16: Business Model Cost breakdown

PV INSTALLED | ITEM QUANTITY UNIT COST AMOUNT TOTAL
CAPACITY (kw) | DESCRIPTION

3.2 PV Panel 16 30,000 (DP) 480,000
Inverter 1 370,000 370,000
Battery 8 56,000 448,000
Installation 50,000
Total N1,348,000.00

Table6-17: Appliances for Study dataeneration and Consumption

Appliance | Quantity | App. No. of| Total Gen Variance | %
Watt Hours Watt Watt/year | b/w Gen| Utilized
Used Con/day and Con
Air- 2 1119 8 17904 | 26880 8976 67%
conditioner

The PV panels generated 26kWHhday electricity or 9,677 kWh/year. The installed PV
capacity can meet all the full load capacity witle excess generation of 8,976 kWh %97
Table6-18 shows thepercentageof power consumption out ofotal generation.Figure6-11
showsa plotted chart used to demonstrate the total amount of power from the installed

system.Table6-19represents the RET Screen simulation results in this study.
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Table6-18: Generation over Consumption

Case Total Watt Taal Watt % % of Maximum | Excess
Study | Consumed/day Generated/day; Generation Watt Utilized
3 (W) (W) over Consumable/day (%)

Consumption
Abuja 17,904 26,880 167 100 67
central

TOTAL POWER (Watts)

= TOTAL WATT USE|

Figure6-11: The total pwer in wattsfor Air-conditioner.

Table6-19: Case Study 3 Gdfrid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kwh) 3.2
Annual O&M Cost (NGN) 352
ElectricityRateBase Case (NGN/KWH 110.009
Total Electricity Cost (NGN) 4,416,852
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Table6-20: Proposed GridD 2 Y Y SOUSR @A UK OdzZNNBYy U
Mathad 3
Solar ?rltku‘mndl Flxed
| Angle/slope 15*
Month Horlzontal Dally Solar | Tited  Dally  Solar | Ebectricity Cxport Rate | Electricity Exported to
Radiatien Radiation (RGN/MWh) Grid (MWh)
(kWwih/mdfday) (kwh/m? /day)
lanuary 5.88 6,56 24,30 0577
February 6.09 6.49 24.30 0.514
March 6.27 6,36 24.30 0558
April 606 554 24.30 0,502
May 5.58 5,19 24.30 463
lune 5.06 4.65 24.30 0404
Jusly 4.44 4,14 24.30 0,376
| August 4.19 .02 24.30 0.367
September 4.73 4.69 24.30 0411
Otk 531 5,53 24.30 0,495
Novermber 5.98 .60 24.30 0.564
Decimbaer 5,86 .6 24.30 0584
Annual 5.45% 5,55 24,30 5816
| Horlzontal MWh/m/ 1,99
[Tilted MWh/m? 203
Analysis Type Mathod 2
Solar Tracking mode Flwed
| Angle/siope 15°
Maonth Horizontal Daily Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radlation {NGM/MWh) Grid (MWh)
[k mfday) (kwhy'm/day)
January 5.88 h.56 1100 0.577
February 6.0% .49 110u0 0.514
March 6.27 6.36 110.0 0.558
April .06 B4 1100 0.502
flay 5.58 519 110n0 0,463
June 5.06 4,65 110.0 0.404
Nuly 4.44 4,14 110.0 0.376
August 4.1% 4.02 110.0 0.367
September 4.73 4,659 1100 0.411
October 5.31 5.53 1100 0,495
November 5.9% .60 1100 0.564
Dacember 5.E6 (X 11000 0.584
Annual 5.45 5,55 110.0 5.816
Harizantal Mwhfm? 1.99
TiHted whim® 2.03
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Table 6-20 presentsthe current national electricity fuel rate of GBP0.06 (N24.30)ther
proposedcentral gridconnection anda 2 £ | NJ O 2 Y Ldityyfate@®BP0.3 (NS1Q)ISIA
$0.30).They both generad the same amounbf electricity anda slight difference for the
yearly casHlow. ¢ KS O a K ¥ 2nith NEPOMdteGRP3, 868 I(NY.E368,998d
GBP3, 337 (N1, 351,538ith N24.30 rate. The difference between them is equal to GBP31
(N12, 460).

6.2.4.3 Rationale Evaluation

Case study 3 shows shdadrm payback period because of the huge return on investment.
The amount invested is reasonable based on consumption and generationofi-gisd
investment system potential for individual home installation project and the electricity rate
of N110 do not involve electricity sale to the national grid. As outlined in Chapter 2 summary,
the literature finding revealed a limited publicationrfthe gridconnection system in Nigeria.
Table6-21 presentsa sufficient amountof solar electricity generated tdess consumption

that poweredair-conditionerreduced emissions around the surrounding location.

Table6-21: Generation Consumption, and payback Computation

INVESTMENT POTENTIAL COMPUTATION
LOCATION CASE YEARLY POW[ ELECTRICIT| AMOUNT CAPITAL PAYBACI
STUDY | CONSUMPTIO| RATE YEARLY/SAVING INVESTMENT PERIOD
CAPACITY (kWh) (N/KWh) (N) (N) (YEAR)
(kW)
CENTRAL | 3.2kW | 6,445 110 641,550 1,348,000 |2
DISTRICT
ABUJA
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY | PV CAPACITY (kW POWER POWER CONSUMPTI{ PAYBACK
GENERATION YEARLY (kWh) PERIOD (YEAT
YEARLY (kWh)
3 3.2 9,677 6,445 2
AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
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CASE STUDY AMOUNT INVESTED (N)| PAYBACK PERIOD (YEAR) AVERAGE AMOUN
REALIZED PER Y&
(N/YR)

3 1,348,000 2 641,550

6.2.5 Case Study 4: Karu Residential Home

Thisresidential loc#ion is in the largest cities fCTAbuja with blue arrow indicatiorkigure
6-12 representsKaru Location area with Blue arrow in Abufagure6-13 represents the

residential (Home) solar PV installation.

Diko
Kwamba ==

—‘—‘\
==

, Abuja v

L 3 (A2 | Karu
L Ado
R E—
Kuje

Figure6-12: Karu Location area with Blue arrow in Abuja.
6.2.5.1 Karu 2.16 Kilowatt PV Capacity Installation

This ighe PV system othe rooftop at Karu city surrounded lijze green environmentTable
6-22 presents the PV model technical specifications and other components used firraitiec

generation.
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Figure6-13: Residential (Home) solar PV installation.

Table6-22: Solar World 230W Monocrystalline PV System and the Tecl8peaifications

Conliguration

Application

orf-gric

Py Systerm Capacity Size (RWis)

2.16

ranufacturer

Solar World

Rated PV Watt (W)

230

Py Type Used

rono-crystalline

Number of Panels (units) iz
annual Generation (kvwh) 14,076
PASunted PMaethod Fixed
Mumber of Batteries =@
Battary Capacity (AhR) 200
Days of Autonomy =2
Inverter Capacity (kW) 2.16

Charge controllers

2 aof 40 A and 48 v

Depth of Discharge (%6) 20

angle degree 15%c
Average radiation intensity BOOw S Tn?
Hours sunshine 10

Daily hour uss =@

PV life span z25
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SW 230

Parformance Under standard Test Conditions (STC): 10000 m?, 25%, AR 1.5

RABNIMILIT Powwer {Prmas) 230 Wp
Open circuit voltage (Voc) aFav
Paximuim powaer paint voltage (Vimpp) 30.0V
Short circult current (Isc) 8.16 A
FABRIMLIT power point current (Imgg) Foon A
Performance at BOO Wm!, NOCT, AR 1.5
PABRIMILITY Powar (Fm.nh 100,50 WD
COpen circwit voltage (Voc) AN
Maximum power point voltage (Vmpp) 272V
Short circuit current (1sc) .58 A
Maximum power point current (Impp) 6.14 A
THERMAL CHARACTERISTICS
| MoCT FTors
| TE (1sc) 0.004%/K
To (Vo) -0, 30
TC (Pmpp) “0.45%/k
Cparating temperature -A0Pc to BS°c
Componant Matarials '
Call por module (=T ]
| Call type RAonocrystalline
mmnllnnl E.ll i ox E.:I.d {lﬁ_ﬂ sl 4 l.;ﬂ Lealanl]
Front Tempered glass (EN 12150)
Frarme Clear anodized aluminum
Waight A6.7 lbs (21,2 kg)

Systam Inteagration Paramaters

FAasimmum system voltage SC11 1 Ol W
PAmx. syntem voltage USA NEC D W
PARRIFTILIFTY FOveerse curremnt 16 A
Mumibisr of bypass disdes a

WL Maximium Test Load

a5 psf (2.1 KM/m')

IEC MaxIimuim Snow Tast Load

113 paf (S.akm/m')

Additional Dats

T Power tolarance

O Wp/+n Wp

i-Box Tt

T Connector rACA
Foiniduil e I'ﬁll:llﬂl:v 13.72%
Fire rating {LIL 790) Class C

162




Note: Minor reduction in efficiency under partial load conditions at@from 200W/n%, 95%
(+/-3%) of the STC efficiency (1000 Wymchieved.

6.2.5.2 Breakdown Cost of Investment

Table 6-23 indicates the financial breakdown including other components and labour

expenses incurred from the investmeiitable6-24 shonvs consumption and generation.

Table6-23: Business Model Cost Breakdown

PV Installed | Item Description Quantity Unit Cost | Amount Total
capacity (kW) (NGN): N:K (NGNJ: N:K Investment
(NGN): N:K

2.16 Maodule 17 100,000 1,700,000

Deep-cycle batteries 9 95,000 855,000

Charge controller 2 60,000 120,000

Inverter 1 170,000 170,000

Supporting structure - 200,000 200,000

Cost of Accessories - 100,000 100,000

Contingency/transport - - 120,000

Labour - - 100,000
Total N3,365,000.00

Table6-24: Appliances for Study dataeneration and Consumption

Appliance Quantity App. Watt | Mo.of Total Watt | Genin Variance % Utilized
Hours Con/day Watt/day bfw Gen
Used and Con

Lighting 10 11 9 S50

bulb

Security 4 30 9 1080

bulb

Fan 5 100 9 4500

TV 1 100 ] Q00

Fridge 1 100 24 2400

Freezer 1 100 24 2400

Aijir- 1 1119 & 6714

conditicner

Cooker 1 1000 1 1000

Phone 2 2 2 &

charging

Total 20442 35100 18558 52%
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Table6-25: Generation over Consumption

Case Total Watt Total Watt % of Excess
Study | Consumed/day| Generated/day| Generation | % of Maximum | Utilized
watt
4 W W r %
W) W) ove consumable/day (%)
Consumption
Karu 20,442 39,100 152 100 52
House
TOTAL POWER (Watts)
1000 450 8,990 , g4
\'4,500
2,400 2,400
= Lighting bulb = Security bulb = Fan ™V = Fridge
= Freezer = Air-conditioner = Cooker = | aptop = Phone charging

Figure6-14: The total pwer in watts.

Table6-26. Case Study 4 Gdfrid Base Case Simulation

Gridtype Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 2.16
Annual O&M Cost (NGN) 238
Electricity RateBase Case 110.006
(NGN/kWh)
Total Electricity Cost (NGN) 4,416,738
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Table6-27: Proposed GriD2 Y Y SOG SR SAGK Odz2NNBYyd bl GA2yI f

Analysis Type Method 2

Solar Tracking mods Fixed

Anglefslope 150

Month Horizontal Daily Solar | Tilked  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation [NGN/MWh) Grid [MWh)
(kWh/m?*/day) (kWhy/m?/day)

January 5.88 6.56 24.30 0.390

February 6.09 6.49 24.30 0.347

March 6.27 6,36 24,30 0.377

April 6,06 5.84 24.30 0.339

May 5.58 5.19 24.30 0.312

June 5.06 4,65 24.30 0.273

July 4.44 4.14 24.30 0.254

August 4,19 4.02 24,30 0.248

September 4.73 4.69 24.30 0.278

Dctaber 5.31 5.53 24.30 0.334

MNovember 5.498 .60 24.30 0.381

Decembear 5.86 6,64 24.30 0.394

Annual 545 5.55 24,30 3.926

Horizontal MWh/m? 1.59

Tilted MWh/m? 203

Analysis Type Method 2

Salar Tracking moade Fised

| Angle/slope 15°

Maonth Horlzontal Dally 5olar | Tilked  Dally  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation [MGN/MWh) Grid (MWh)
{kwhy/md/day) (kW hy/m?fday)

lanuary 5.88 6.56 110.0 0.390

February .09 6.49 110.0 0.347

March 6.27 6.36 110.0 0.377

Agpril 6.06 5.B4 110.0 0.339

Wy 5.58 3.19 110.0 0.312

lune 5.06 4.65 110.0 0.273

July 4.44 4.14 110.0 0.254

August 4.19 4.02 110.0 0.248

September 4.73 4.69 110.0 0.278

October 5.31 5.53 110.0 0.334

Hovember 5.98 6.60 110.0 0.381

December 5.86 6.64 110.0 0,394

Annual 5.45 5.55 110.0 38926

Haorizontal MWh/m? 1,99

Tilted MWh/m? 2,03

The current national electricity fuel rat¢hat is equal to GBP0.06 (N24.30) for central grid
O2yySOGSRd® ¢KS az2fl NJ O2 wIGBROSB (N110)STh& cash NawasA (i &
equal b GBP8, 335 (N3, 375,7Qsing N110 rate ahGBP8, 315 (N3, 367,38Gith N24.30
NFGS F2NJ Hp @SIENBQ® ¢KS RAFTFSNBYOS 0SGsSSy
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6.2.5.3 Rationale Evaluation

Case study 4show mediumterm payback pead due to good return on investment
depending on the amount investe@able6-28 presents suicient amount of generation and
less consumption that provideithe household need with modern access servicésarc and

safe energyn the location.

Table6-28: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE YEARLY POW| ELECTRICIT AMOUNT CAPITAL PAYBACIH
STUDY | CONSUMPTIO| RATE YEARLY/SAVIN INVESTMEN| PERIOD
CAPACIT (N/KWh) (N) (N) (YEAR)
(kw) (kwh)
KARU 2.16 110 641,240 3,365,000 | 4.8
RESIDENTIA
HOME
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY PV CAPACITY (kW POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
4 2.16 14,076 7,359 4.8
AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
CASE STUDY AMOUNT INVESTED (N) | PAYBACK PERIOD (YEA| AVERAGE AMOUN
REALIZED PER Y¥
(N/YR)
4 3,365000 48 641,240

6.2.6 Case Study %3arki llocation

This is avery popular ara with many business activitiéeing thefirst discovered part of FET
Abuja. Figure6-15 presents a residential solar PV location witie blue arrow indication.

Figure6-16 presents the installed PV system fbe home application.
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Figure6-15: Garki withthe Blue arrow indication in Abuja.

6.2.6.1 Garki ZKilowatt PV Capacity Installatio

Figure6-16: Solar PV residential home installation in Abuja location.

Table6-29 presents the PV model technical specifications with other components used for

electriaty generation in the location.
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Table6-29: SolarwWorld 230W Monocrystalline PV System and the Technical Specifications

Configuration

Application Off-grid

PV System Capacity Size (kWhp) 2.0

Manufacturer Solar World
Rated PV Watt (W) 230

PV Type Used Mono-crystalline
Number of Panels {units) 15

Annual Generation (kWh) 12,420 or 9,936 (Average)
Mounted Method Fixed

MNumber of Batteries 8

Battery Capacity (Ah) 200

Days of Autonomy 3

Inverter Capacity (kW) 2

Charge controllers 2of40 Aand 48V
Depth of Discharge (%) 80

Angle degree 15%

Average radiation intensity 600w/ m?

Hours sunshine 10

Daily hour use ]

PV life span 25
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