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Introduction 
nergy resources, supply and utilization play a significant 

role in the socioeconomic development, poverty 

eradication and security of a nation (Ajaelu &Okereke, 

2020). Since the industrial revolution energy has been the driving 

force of modern civilization and technological development. All 

societies call for the service of energy to meet basic human needs 

such as cooking, heating and lighting.  it is also required to run 

our machines for provision of portable water, mobility, 

communication and other generative processes (Edenhofer et al., 

2011). 
The United Nation (UN), (2015) assert that access to clean, 

affordable and environmentally friendly energy is an essential 

condition for the attainment of sustainable development (United 

Nations, 2015).  Presently, fossil fuel is the world’s most 

predominant energy source (International Energy Agency, IEA, 

2010) for instance, in 2012, (IEA) confirmed that more than three-

quarters amounting to 78.4% of total world energy demands in 

2012 was fulfilled by fossils. In Nigeria over 80% of the current 

national energy supply is dominated by fossil fuels and fuelwood. 

These energy sources have adverse negative impacts to global 

environmental health and sustainability, as they increase 

greenhouse gas emissions that facilitates global warming and 

climate change (Sani, Aliyu & Nuhu, 2021; Akorede, et al, 2017) 

A significant climate change has become one of the most serious 

environmental threats facing mankind worldwide due to its multi-

faceted nature. The issue of climate change has become more 

threatening, not only to the sustainable development of socio-

economic and agricultural activities of any nation, but to the 

totality of human existence (Dutse & Ibrahim, 2013). Renewable 

energy sources hold the key potential to displace greenhouse gas  

U 

E 

ABSTRACT 
Alternative energy 

provisions depend 

largely on the 

availability of natural 
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biomass, all of which 

are readily available 

in Nigeria. This 

research investigated 

the renewable 

energy potentials of 

Nigeria with special 

attention and 

consideration to solar 

energy potentials in 

Kaduna state.  

Geographical 

Information System 

(GIS) techniques 

were applied to map 

the solar energy 

potential sites of the 

study area using the 

spatial analysis tools 
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emissions from fossil fuel energy source and thereby mitigating climate change (Edenhofer et 

al., 2011). Accordingly, global concern for sustainable development and climate change 

mitigation has brought concentration of energy policy makers towards renewable energy 

sources, since they provide energy, without emissions of greenhouse gases (GHGs) and are 

also abundant resource available for the future. This study therefore, seeks to examine the 

utilization of renewable energy potentials in Kaduna state for climate change mitigation. 

Specifically, the study examined solar energy potentials in Kaduna state and their level of 

utilization. The study will contribute to existing literature by providing information on solar 

energy potentials that will help in designing energy policies for promoting renewable energy 

utilization.  

 

Materials and Methods 

The Study Area 

Kaduna state is located in north-central Nigeria (figure 1) although it belongs to the Northwest 

geopolitical regions of the country and lies between latitudes 90 01’ to 11o34’ north of the 

equator and between longitudes 6011’ and 8049’ east of the Greenwich meridian. The state has 

an estimated land area of 42,481 square kilometers (16,594.14 square miles), which makes it 

the largest in the northwest geopolitical zone and has about 4.7 per cent of the Nigerian land 

area (NBS, 2009). The study area is delineated into political constituencies of three senatorial 

districts; each district constitutes of local government areas. There are 23 local government 

areas in the state with 255 political wards spread across.   

Kaduna State is blessed with renewable energy resources, especially solar energy resources, 

which is attracting investors attention in recent years. Already a 50MW solar system was 

launched in 2011 with substantial investment from Snergent Powershare Groups. There also a 

partnership between Kaduna government and Quaint Global Energy Solutions to finance 50 

MW solar power plant in Manchok in the Kaduna State. In 2017, Anjeed Innova Group (AIG) had 

proposed a plan to embark on Anjeed Kafanchan Solar Project to provide an initial plan of 10 

MW but lately scaled up to 50 MW in the first phase, and this will be followed by 100 MW in the 

second phase. (Ahmad & Kabuga, 2019). 

daily values of global solar radiation in the study area, indicating that Kaduna state has 

significant potentials for harnessing solar energy. Further analysis revealed that the solar 

energy potential sites in the state can be classified into areas of high, moderate and low 

potentials. The maximum insolation values in Kaduna State were recorded between the 

Months of March and May. Therefore, the optimum times for harnessing solar energy in 

the area are the months of March and April. The research concluded with 

recommendations to raise awareness and encourage the use of solar energy sources to 

mitigate the impact of climate change. 
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   Figure:1. Map of Nigeria Showing Kaduna State. 

    Source: GIS Lab Department of Geography, Ahmadu Bello University, Zaria  

 

Types and Sources of Data.  

The data required and their sources are shown in table 1.  

 

Table 1:  Types of Data and Sources 

S/No. Types of Data Source  

1.  Administrative map of Nigeria                     DIVA GIS 

2.  Reanalysis solar radiation data Copernicus 

3.  Observed ground measured solar 
radiation data                

Nigerian Metrological Agency 
(NiMet) 
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4.  Data on solar energy awareness and          
utilization     

Questionnaire 

5.  Literature Materials   Journals, text books thesis and 
internet materials 

Source: Authors compilation 

 

 Sources of Data. 

The different datasets used for the study includes primary and secondary data which contain 

both spatial and non-spatial attributes.  

 

Primary sources 

i. The Digital Elevation Model (DEM) 

ii. The survey questionnaire. The questionnaire was used to collect socio demographic 

and solar energy awareness and utilization information. 

 

The Secondary Data 

This includes administrative map and solar radiation data, viz.:  

i. Advanced Land Observation Satellite-1 Phased Array Type L-band Synthetic Aperture 

Radar ALOS PALSAR) data sets with 12.5m resolution DEM was downloaded from 

https://vertex.daac.asf.alaska.edu/# 

ii. The administrative map of the Kaduna state was subset from Nigeria shape file that 

contained all the states of country. Sourced from www. divagis.com 

iii. Satellite derived Solar radiation data was acquired from Copernicus and ground 

measured solar radiation data was collected from NiMet  

iv. The survey questionnaire was used to collect sociodemographic characteristics of 

respondents and solar energy awareness and utilization related information from 

respondents selected from household.  

 

Methods of Data Processing and Analysis 

The data retrieved from satellites and ground measured solar radiation was analyzed using 

geospatial techniques. This was achieved using the spatial analysis tools in ArcGIS software. 

Data from survey questionnaire was subjected to both descriptive and inferential statistics (see 

Figure 3). More specifically, the three objectives of the study were achieved in the following 

order. 

Objective I: This objective was achieved using spatial analysis tools in ArcGIS. In order to 

identify the solar energy potential sites, the map of the study area was used to delineate the 

Digital Elevation Model (DEM) of the area from Shuttle Radar Topographic Mapper (SRTM) 

data in ArcGIS environment. Then the maps were georeferenced based on the WGS 1984 

Geographic coordinate system. Then, the slope and aspect maps of the area were generated 

from the DEM. Then, the solar radiation map, the DEM, the slope and aspect maps were ranked 

based on the Analytic Hierarchy Process (AHP). Finally, the solar radiation map, the DEM, the 

slope and aspect maps were integrated using weighted overlay to produce the map of solar 

energy potential sites in the study area. 
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Figure 3: Methodology applied for this study 

 

Results and Discussion 

Ground-measured and Satellite Monthly Mean Daily Values 

The pattern of ground-measured and satellite measured monthly mean daily values of global 

solar radiation in Kaduna state in table below revealed that based on ground measurement 

maximum monthly mean solar radiation values were recorded between march and April in 

Kaduna state. This can be attributed to the fact that the months of January, February, and 

March fall within the period of longer days and shorter nights experienced in the southern 

hemisphere. A longer day implies longer sunshine hours per day. Similarly, based on the solar 

radiation measurement results also indicates the insolation values remains high during the 

month of January, February and march in Kaduna state. This can be an element of the 

increasing sunshine hours observed from the winter solstice in the northern hemisphere. The 

finding revealed that Kaduna state has significant potentials for harnessing solar energy. 

 

Table 2: Ground-measured and Satellite Monthly Mean Daily Values of Global Solar Radiation 

(kWh/m2/day) in Kaduna State for 1990-2020 

Source Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Ground 6.72 6.95 6.78 6.13 5.32 4.83 4.57 4.68 5.40 5.92 6.83 6.82 

Satellite 5.96 6.16 6.08 5.74 5.36 4.94 4.51 4.31 4.78 5.31 5.78 5.88 

Source: NiMet and NASA Power LARC (2020). 

 

Evaluation of Ground Measured and Satellite Solar Radiation Data 

The graphic presentation of the ground measured and satellite measured monthly mean daily 

global solar radiation data in Kaduna state indicates that in comparison of the two values the 

maximum ground measured solar radiation values was found to be 6.79kWh/m2 /day, while the 

recorded satellite value was 6.19kWh/m2 / day. Thus, the difference between the ground and 

satellite measured solar radiation values is very minimal (0.6kWh/m2 /day). Similarly, the 

minimum ground measured solar radiation values was found to be 6.79kWh/m2 /day, compared 

to the recorded satellite value was 4.57kWh/m2 / day.  the minimum difference between the 

ground and satellite measured solar radiation values is 0.26kWh/m2 /day.  This finding indicates 
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a strong correlation between the ground and satellite measured solar radiation data, indicating 

a high evidence of solar energy potentials. 

 

 
Figure 4: Monthly Mean Daily Values of Global Solar Radiation in Kaduna State (KWhm-2 d-1) 

 

The level of correlation between the two sources of radiation is further tested using the scatter 
plots in figure 4, the result indicates a strong positive relationship between the two sources of 
data. This implies that in the absence of one sources of radiation data, the other source can 
reliably serve as alternative  
 

 
Figure 5: scatter plots showing the level of correlation between the two sources of radiation   
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Figure 6: Solar Energy Potential Sites in Kaduna State 

 

Analysis of Solar Energy Potential Sites in Kaduna State 

Kaduna state solar energy potentials can be classified into three broad areas as indicated in 

figure. 3 below.  These are areas with high potentials, areas with moderate potentials and areas 

with low potentials. From figure 3 the areas of high solar energy potentials incudes Kajuru, 

Lere, Kudan Zaria, Giwa, Sabon gari, Igabi, Soba, Kaduna north, Makarfi, Birnin gwari and Kaura 

local government areas of Kaduna state. These areas are the most suitable for harvesting solar 

energy in the state. The areas with moderate energy potentials are:  Zangon-Kataf, Chikun, 

Kaduna south, Ikara, Jama’a, Sanga, Kagarko and chikun local government areas. While the 
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areas with low energy potentials are: Kachia, Jaba, Sanga and Jema’a Generally the results are 

an indication that kaduna state have good potential sites for harnessing solar energy  

 

CONCLUSION 

The study brought to light the opportunities associated with renewable energy sources; 

energy security, energy access, social and economic development and climate change 

mitigation and reduction of environmental and health impacts. The study brought to light the 

potentials and opportunities associated with renewable energy sources, particularly climate 

change mitigation and reduction of environmental and health impacts. Based on the result 

findings the satellite data and ground measured monthly mean daily values of global solar 

radiation recorded in Kaduna state showed enormous potential for harnessing solar energy 

which can be classified into areas of high, medium and low potentials. The maximum insolation 

values in Kaduna State were recorded between March and May. Therefore, the optimum times 

for harnessing solar energy in the area are the months of March and April. From the findings, 

the following recommendation were made that can help promote  utilization of solar energy 

as alternative power sources. 

 

Recommendations 

i. Awareness Campaign. Government should carryout extensive awareness campaign 

on the advantages derivable from renewable technologies such as solar energy 

through environmental education. 

ii. Promotion of Public -Private Partnership. Government should promote public-private 

partnership on renewable energy deployment as most efficient means of investing in 

renewable energy technology project  

iii. Provision of   Subsidize and Incentives. Government should provide subsidize on the 

cost of importation of renewable energy technology especially solar PV to bring down 

the high cost in Nigeria, and make it affordable. 

iv. Creation of conducive environment. Government should create a conducive 

environment for Private individuals and organizations to invest in solar technologies 

in the country.  

v. Funding. Government should provide adequate funding of solar technology 

researches and development initiatives in Nigeria tertiary Institutions so as to develop 

solar PVs with increased efficiency that will 

 

References 
Ajayi, O.O. and Ajanaku, Kolawole (2009). Nigeria's energy challenge and power development: the way forward. 

Journal of Energy & Environment. Vol.20(3) Available at http://www.jstor.org/stable/43734832. 
 
Ajaelu, H. & Okereke, R. (2020). Assessment of Nigerian renewable energy potentials 
And energy poverty: challenges and prospects; pm world journal, Vol. 9(6).  
 
Akinboro F,G.,  Adejomobi L.A.,  Makindi V. (2013). Solar energy installation in Nigeria: Observations, prospect, 

problems and solution. Transnational journal of science and technology may edition Vol. 2(4) 
 
Akorede M. F., Ibrahim o., Amuda s. A., Otuoze, a. O. Olufeagba, b. J. (2017). Current status and outlook of renewable 

energy development in Nigeria.  Nigerian journal of technology. Vol. 36(1) 
 
Ayodele, A.S. (2001). Improving and Sustaining Power (electricity) Supply for Socio-economic Development in Nigeria. 

Available at http:// www.cenbank.org/. 
 

http://www.jstor.org/stable/43734832
http://www.cenbank.org/


 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2023 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
213 

BUILT ENVIRONMENT & EARTH SCIENCE VOL. 12 

ISSN: 1881-2167 

Bala, E.J., Ojosu, J.O., and Umar, I.H., “Government Policies and Programmes on   of Solar PV Sub-sector in Nigeria”. 
Nigeria Journal of Renewable Energy. Vol8(1&2):  

 
Bamisile O, Dagbasi M, Babatunde A and Ayodele O (2017). A review of renewable energy potential in Nigeria; Solar 

power development over the years. Available at https://www.tci-thaijo.org/index.php/easr/inde  
 
Boko, M., I. Niang, A., Nyong, C., Vogel, A., Githeko, M., Medany, B., Osman Elasha, R., Tabo and P. Yanda (2007). 

Climate change impacts, adaptation and vulnerability. Africa. contribution of working group II to the fourth 
assessment. 

 
Dutse and Ibrahim. (2013). Potential challenges of climate change to the Nigerian economy. Journal of environmental 

science, toxicology and food technology (IOSR-JESTFT) e-ISSN: Vol 6(1) PP 07-12 Available at 
https://www.Iosrjournals.Org 

 
Edenhofer et’ al (2012). Special report on renewable energy sources and climate change mitigation. Summary for 

policymakers. A Report of Working Group III of the IPCC 
Energy Commission of Nigeria and United Nations Development Programme UNDP). 2005. Renewable energy master 

plan: final draft report available on [http://www.iceednigeria.org 
 
  
Energy Commission of Nigeria (ECN, 2016). Available from: http://www.energy.gov.ng  
 
Environment Agency. (2018). The state of the environment: air quality. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment. 
 
 
Maren, I. Borok, Agontu, J. Agandu, Mangai. M. Morgan. (2013). Energy Security in Nigeria: Challenges and Way 

Forward. International Journal of Engineering Science Invention Vol 2 (11) Available online at www.ijesi.org  
Mshelia H.I (2012).Energy access for All: The role of clean energy in alleviating energy. Available online at 

www.scirp.org.  
Internal Energy Agency, "World Energy Outlook 2012 (2013) from 

http://www.worldenergyoutlook.org/media/weowebsite/2012/factsheets.pdf 
 
Johanson T.B. McCormick  K,  Neij L. and Turkenburg W. (2004).The Potentials of Renewable Energy.  International 

Institute for Industrial Environmental Economics, Lund University, Sweden 
 
Kabuga, N.A  &  Ahmad, A.Y (2018).  Assessing the public perceptions and acceptance of renewable energy 

technologies in Kaduna metropolis, Nigeria. Nigerian journal of renewable energy. Vol 8 (1&2)   
 
Muhammad U. (2012) Rural solar electrification in Nigeria: renewable energy potentials and distribution for 

development. The World Renewable Energy Forum. Colorado, USA 
 
Mshelia R. B. (2012): Assessment of renewable energy potentials of the northeast geopolitical region of Nigeria. 

Renewable energy sources energy policy and energy management 2(2) [2021], pp. 24-38           
 
Ndaceko, U. I; Mukhtar, A; Muhammed, M. A.; Bashir, T. S. and Suleiman F. A. (2014). Solar Energy Potential in Nigeria. 

International Journal of Scientific & Engineering Research, Vol 5 (10) 
National Population Commission (2006). Population Census Figures of Federal Republic of Nigeria, Abuja. 
 
Sani, H., Aliyu, B.A., & Nuhu, S.R. (2021). Assessing renewable energy practice in Turaki Ali 
House Kaduna Nigeria. Real estate management and valuation, 29(4), 85-96. Doi: https://doi.org/10.2478/remav-2021-

0031 
 
Oghogho I, Sulaimon O, Adedayo B.A, Egbune D, kenechi A V. (2014). Solar energy potential and its development for 

sustainable energy generation in Nigeria: a road map to achieving this feat. International journal of engineering 
and management science.Vol.5 (2) 

 
Oji, J. O., Idusuyi, N., Aliu, T. O., Petinrin, M. O., Odejobi, O. A., Adetunji, A. R. (2012). Utilization of Solar Energy for 

Power Generation in Nigeria. International Journal of Energy Engineering. Vol, 2(2): 54-59. 
 
Olaniyi O.A, Funmilayo O.A, and Olutimehin (2014). Review of climate change and its effect on Nigeria ecosystem. 

(access from . 
 
Olusola Bamisile, Mustafa Dagbasi, Akinola Babatunde and Oluwaseun Ayodele. (2017).A review of renewable energy 

potential in Nigeria; Journal of Engineering and Applied Science Research. Available at https://www.tci-
thaijo.org/index.php/easr/index ,  

http://www.iosrjournals.org/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment
http://www.worldenergyoutlook.org/media/weowebsite/2012/factsheets.pdf
https://doi.org/10.2478/remav-2021-0031
https://doi.org/10.2478/remav-2021-0031


 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2023 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
214 

BUILT ENVIRONMENT & EARTH SCIENCE VOL. 12 

ISSN: 1881-2167 

 
Omokaro, O. (2008). Energy Development in a Fossil Fuel Economy: The Nigeria Experience. One-day 

Conference/Workshop of West African Quaternary Research Scientists, City of Ibadan, 
 
Owusu P.A & Asumadu-Sarkodie S (2016). A review of renewable energy sources, sustainability issues and climate 

change mitigation. Cogent Engineering (2016), 3: 1167990 http://dx.doi.org/10.1080/23311916.2016.1167990 
Ozoegwu CG, Mgbemene CA, Ozor PA (2017). The status of solar energy integration and policy in Nigeria. Renew 

Sustain Energ Rev. 2017;70:457-71.  [24] Tian Y, Zhao CY. A rev 
 
Raghuvanshi . S.P. Raghav A.K. Chandra   A.  (2007). Renewable energy resources for climate change mitigation. Indian 

Institute of Technology Delhi, Hauz Khas, New Delhi, India. 
Shaaban M,  &  J.O. Petinrin. (2014), Renewable energy potentials in nigeria: meeting rural energy needs. Urnal 

homepage: www.elsevier.com/locate/rser 
 
Sambo, A. S., (2005), “Renewable Energy for Rural Development: The Nigerian Perspective”ISESCO Science and 

Technology Vision - Volume 1, pp. 12-22. 
 
Sathaye, J., O. Lucon, A. Rahman, J. Christensen, F. Denton, J. Fujino, G. Heath, S. Kadner, M. Mirza, H. Rudnick, A. 

Schlaepfer, A. Shmakin, (2011): Renewable Energy in the Context of Sustainable Energy.  
Uyigue E, Matthew A,and Agharese E. (2007).Promoting renewable energy and energy efficiency in Nigeria..(accessed 

on 10/09/2013) from http/www.credcentre.org/publication 
Vincent-Akpu, I. (2012). “Renewable energy potentials in Nigeria”. Conference Proceedings' Energy Future: The Role 

of Impact Assessment.  
  

http://www.elsevier.com/locate/rser

