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ABSTRACT

The spatial
distribution pattern
of off-grid
energy

interventions in the
Federal

solar

Capital
(FCT),
reflects

Territory
Nigeria,
critical dynamics in
the pursuit of
energy access and
sustainable

development. This
study
the geographic
allocation,

investigates

concentration and
socioeconomic

impacts of off-grid

solar intervention,
including solar mini-
grid,
system,

solar home
solar
lanterns and street
lighting, across the
six Area Councils of

the FCT. Using a
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INTRODUCTION

enewable energy is an energy source that is

replenished by natural processes at a rate that equals

or exceeds its rate of use (Widén et al., 2015). Such
renewable energy sources are solar energy, wind, geothermal,
biomass, and hydropower sources, which have found
significant application in providing modern energy for many
underreached areas in Africa (Ang et al., 2022). Among the
renewable sources, solar energy is one of the most preferred.
This is due to solar energy technologies providing clean and
sustainable energy and being environmentally friendly, i.e., it
reduces carbon emissions, which mitigates climate change.
Also, the energy source is cost-effective and easily deployed to
underserved areas and households (Bogdanov et al., 2021).
About 11,556 MW of solar photovoltaic has been the

continent's main source of renewable electricity, which made
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combination of geospatial analysis, that is, a non-parametric approach using the

Kernel Density Estimation (KDE). Also, solar energy data was collected through a
questionnaire from about 335 respondents who are users of solar energy
interventions across the FCT. The research identifies spatial disparities and clustering
tendencies in the deployment of solar energy infrastructure. The findings revealed
that while some urban and peri-urban areas benefit from significant solar
interventions, many rural communities remain underserved, highlighting gaps in
planning and the socio-economic strength of the region. The outcomes showed that
i) more solar energy users were identified in the AMAC region and the lowest in Kuje
AG; ii) solar energy interventions were significantly clustered among energy users at
statistical significant value (p-value) of 0.01 and which implies that solar energy
interventions were representative and have met their energy demand; iii) most of the
Area Councils received an average of about 11 — 15 hours of solar electricity indicating
a high levels of socio-economic benefits; iv) the AMAC region claimed to experience
more socio-economic benefits among other Area Councils. The study underscores the
need for a more inclusive and data-driven approach to solar energy interventions to
ensure equitable access and alignment with national electrification goals.

Keywords: Off-Grid Solar Energy Intervention, Federal Capital Territory, Spatial
Distribution, diffusion, Kernel Density Estimate

it the most preferred renewable energy source in the region (Pourasl et al., 2023).
Between 2011 and 2020, about 25 GW of renewable energy was generated in Africa as
against 242 GW forecasted to be generated between 2021 and 2030. This increase in
renewable energy capacity is a result of a drastic reduction of about 52% in the price of
solar photovoltaic (PV) by 2030 (IEA, 2022).

In Sub-Saharan Africa, solar PV plays an important role in providing modern energy to
several rural, peri-urban and urban areas to supplement either the unreliable supply of
electricity in the urban areas or the underserved rural regions (Quansah et al., 2016). Many
countries in the region have embraced clean technology and harnessed its social and
economic benefits to support their low-carbon development and clean energy initiatives
(Wanjiku, 2024). For instance, several countries in the region, such as Ghana, Senegal, the
Ivory Coast, and Nigeria, have embraced clean technology to provide reliable electricity
to homes, bolster small and medium-scale enterprises and ensure the overall well-being
of their citizens (Adewuyi et al., 2020). Solar PV has been deployed to sensitive sectors
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such as the health, security, agriculture, and education sectors to ameliorate the already
exacerbated energy deficit. Although many regions in SSA have significant solar energy
resources, 600 million people are without access to reliable electricity in Africa and are
yet to meet their energy needs in the most sensitive sectors.

Nigeria, the largest black nation (with over 210 million people) in the world, is also referred
to as the world energy poverty headquarters, where over 85 million people, representing
4 out of 10 people without access to electricity (World Bank, 2024). Yet, the country
struggles to meet its basic energy demand despite having significant solar energy
resources and being Africa’s largest economy. In addressing the epileptic power supply
and providing modern energy to the underserved region of the country, Nigeria's power
sector, through the Rural Electrification Agency (REA), has made deliberate action and
significant investment in addressing the menace of modern energy. Although several
successes were recorded in providing electricity to many rural areas, Ministries,
Departments and Agencies (MDAs) and institutions in the country through at the state
level and local government still use unsustainable traditional biomass to provide
electricity in their household, schools and primary health centers, among others (Odunjo
& Omolola, 2013; Okafor et al., 2022).

Having identified the energy gap in Nigeria's power sector, several studies have provided
significant contributions to addressing the challenges of unstable modern energy in
Nigeria. A few included a System Dynamics modelling paradigm to explore possible
developmental scenarios that present different sustainable pathways to address the
country’s power challenges (Shari, 2018; Golobish et al., 2022; Shari et al., 2020, 2024)
including clean cooking (B. E. Shari et al., 2022). Including scholarly research (Dioha, 2018,
2020; Dioha & Emodi, 2019; Dioha & Kumar, 2020). Although the studies have made a very
relevant argument on how to address the energy bottlenecks in Nigeria across several
sectors, including the residential, commercial and planning of the country’s net-zero
energy transition (B. E. Shari et al, 2024). However, currently, there is limited
understanding of how to address the energy situation in the country’s Federal Capital
Territory, Abuja. On this note, the study presents a relevant argument that the FCT could
become self-sufficient in modern energy by assessing the spatial distribution of off-grid
solar energy intervention in the Federal Capital Territory towards energy sustainability in
the Mega City.

The Federal Capital Territory (FCT), Nigeria, also has a share of the unstable power supply
due to the consistent national grid collapsing about 12 times in 2024 (Bassey, 2024). As a
result, many urban dwellers opt for solar home systems, while those in rural areas depend
on either mini-grids or solar lanterns, including solar street lighting on major roads
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(Lemaire, 2018; Yadav et al., 2019). Despite the government and individual intervention to
provide immediate succour to the unprecedented power insecurity, Nigeria still ranks low
in the global energy index, including the FCT. Thus, the current study aims to investigate
through a spatial distribution approach the off-grid solar energy Intervention in the
Federal Capital Territory.

Study Area

The study area is the Federal Capital Territory (FCT), Abuja, Nigeria. It lies in the central
part of Nigeria, as shown in Figure 3. The Federal Capital Territory (FCT) shown is the
capital of Nigeria, located between the latitudes 8°30'0" N to 9°30'0"N and longitude
6°45'0"E to 7°45'0"E, placing it approximately in the center of Nigeria. It occupies an area
of approximately 8000 Km®. Also, according to the National Population Commission and
the National Bureau of Statistics, the population of FCT was estimated at 3,564,126 in 2016
(NPC, 2006). Similarly, the macro trend estimated the population of Abuja to be about
3,840,000 at a growth rate of 5.15% in 2023. The population comprises the Gwari, Koro,
Ganagana, Gwandara, Afo, and Bassa ethnic groups, predominantly dairy farmers.

The FCT is located north of the confluence of the Niger and Benue rivers. It is bordered by
the states of Niger to the west and northwest, Kaduna to the northeast, Nasarawa to the
east and south, and Kogi to the southwest. FCT is divided into six area councils, namely:
Gwagwalada, Abaji, Kwali, Kuje, Bwari, and Abuja Municipal Area Councils (Opeyemi et al.,
2022). The research area's location would consider many settlements (villages/towns and
local government districts/headquarters) across the six central councils in the Federal
Capital Territory.

Abuja lies at 1,180 feet (360 metres) above sea level and has a cooler climate and less
humidity than is found in Lagos. The region is underlain by crystalline rocks consisting of

granites and gneisses. Mineral | 709 ARes AFSHOWING IHE FEDGRAL CAPITAL TERITORY ADUIA NIGERIA
resources include Cassiterite, | ey - P @
Clay, Dolomite, Gold, Lead/Zinc, o - ; i
Marble and Tantalite (Atakpa, J}{V I e M .
2019; MFA, 2023) . The vegetation ' é - { """""""""""""" /

is mainly savanna with limited e >w\\— ==

forest areas. Agriculture, the | % - /\ e (_/7 1

economic mainstay, produces “\\3/ T2

yams, millet, corn (maize), =

sorghum, and beans Figure 1: The study area, Federal Capital Territory, Nigeria

Source: (Opeyemi et al., 2022)
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Method

The study was conducted through a geospatial and statistical survey across the six Area
Councils in the Federal Capital Territory. The Area Councils were stratified into urban, peri-
urban and rural strata. To do this, primary data types were collected for the study
investigation, which comprised households or residential, commercial, cultural and
religious centers, and healthcare solar users. The survey was conducted based on
respondents who identified using solar energy intervention to meet their basic energy
needs. The users of solar energy technologies identified included solar home system
(SHS), solar mini grid and solar lantern. Enumerator inspects the building or infrastructure
that mounts solar panels on roof-tops or a support system, battery housing and basic
solar system maintenance practices

The primary data collected through survey aimed at collecting solar energy intervention
through a concise and well-articulated questionnaire administration to about 400
respondents. About 335 questionnaires were well attended to with completed
information, the remaining 65 questionnaire were either not returned or returned with
incomplete information. The questionnaire captured the social, economic and technical
dimensions of solar energy interventions. Other thematic sections that would be
considered include: a) demographic characteristics b) energy demand assessment c)
economic and income assessment; d) cultural patterns; d) gender and family distributions;
e) community and institutional structure; f) political and social resources; g) energy
consumption and expenditure; and h) utilization rate of solar resources and technologies.
More so, during the questionnaire administration, the geographically referenced with a
Global Positioning System (GPS) were collected by recording the longitude and latitude
points of each point where questionnaires were administered.

Ab initio, a reconnaissance field (RS) survey was conducted to gather intelligence about
the Area Councils towards the primary data collection. The reconnaissance survey was
used for the research design control and to enable a proper understanding of research
materials and instruments of data collection. This approach enables to estimation of the
study sample size from the ambiguous total population size (Tourangeau & Plewes, 2013).
During the reconnaissance survey, a random and quick examination of the study area and
research tools was done; the assessment was aimed at identifying key features, patterns,
and potential areas of interest. More specifically, the reconnaissance survey was
conducted to identify basic patterns and characteristics of solar energy intervention
usage across three Area Councils, which included Abuja Municipal Area Council (AMAQ),
Gwagwalada and Bwari Area Councils. Also, the conduct of the RS helps test the survey
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tools (research questionnaires and interview guidelines) to weed out unnecessary
questions and include variables that could have been overlooked.

Clustering and Spatial Heterogeneous Analysis

A clustering and spatial heterogeneous analysis was used to analyzed the geospatial data.
According to the ESRI dictionary, spatial analysis is the process of examining the locations,
attributes, and relationships of features in spatial data through overlay and other
analytical techniques to address a question or gain useful knowledge and identify
properties and patterns. Spatial analysis is also a statistical analysis based on patterns and
underlying processes (Paramasivam & Venkatramanan, 2019; Bishop & Giardino, 2022).
The solar energy users in FCT show significant evidence of clustering. As such the spatial
patterns as applied are to estimate how the intensity of solar energy users is spread across
FCT. The point pattern, viz, intensity, was the cluster technique used in the study. The
assumption of spatial heterogeneity was considered, which means that the intensity y
varies with location s in the geospatial location (Wang et al., 2004). This is illustrated in
Equation 1, which y; is not a constant y,

ys #y foralls 1
A non-parametric approach using the Kernel Density Estimation (KDE) was used as a

weighted moving average of the data points (Weglarczyk, 2018). According to Equation
2, the KDE was implemented (Tjgstheim et al., 2022).

= & 252 :

Where u is any location, K is the kernel function (a function based on distance), and b is
the bandwidth, i.e., how far the moving average is computed with N}, as the number of
observations within the bandwidth.

The study’s clustering and spatial analysis were carried out based on Bishop & Giardino
(2022) and the study made a succinct description of the spatial analysis of geospatial data.
The method has been proven to have been applied across several case studies. A few of
the case studies included the analysis of the spread of COVID-19 (Kang et al., 2022; Melin
et al, 2020) and Spatial analysis of the factors impacting the spread of COVID-19
(Ahadnejad Reveshty et al., 2024). It has also been applied to investigate the distribution,
patterns and relationships of health status (Li et al., 2024).
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Result and Discussion

This section presents the spatial spread of solar energy projects across the six Area
Councils of the FCT and also discusses the resulting outcome of the spatial analysis.
Table 1 shows the frequency distribution of data collection across the six Areas Councils
in the FCT. The frequency and percentage presented in Table 1 are based on the
distribution of the availability of solar energy technologies and intervention in the
respective Area Councils.

According to Table 1, the AMAC, Gwagalada and Kwali Area Councils recorded the highest
presence of solar energy intervention in that order, while Abaji, Bwari and Kuje Area
Councils recorded, respectively, the lowest identified solar energy interventions either
implemented by the government, private, public-private, or commercial sectors. Thus, a
total of 335 solar energy users were interviewed and to obtain relevant solar energy
information about their experience on the use of the technology. However, in this study,
the spatial distribution of solar energy users is considered and investigated.

Table 1. Frequency Table of Respondents Council Area.

Region (Council Area) Frequency percentage
Abaji 33 9.85

Bwari 43 12.84
Gwagalada 66 19.70

Abuja Municipal (AMAC) 96 28.66

Kwali 50 14.93

Kuje 47 14.03

335 100

The outcome of the frequency table provided a succinct illustration and distribution of
solar energy users in the FCT. The illustration of the spatial distribution is presented
according to the following i. Spatial Distribution of Off-grid Solar Interventions; ii)
Clustered spatial pattern; iii) hours of solar electricity received; iv) socio-economic impacts
and intervention performance.

Spatial distribution of solar energy intervention

Figures 2 and 3 present the spatial distribution of the solar energy intervention and the
spread statistics, respectively, in the FCT. According to Figure 2, solar energy interventions
were clustered across where it has been applied. Also, it revealed that more intervention
was established in the AMAC. In addition, some Area councils have overlapped with

Tllsnn E-ISSN 3026-8796
P-ISSN 3027-1991




AUGUST, 2025 EDITIONS. INTERNATIONAL JOURNAL OF:

SCIENCE RESEARCH AND TECHNOLOGY VOL. 9

others; for instance, the Kuje Area Council is of significant proximity to the AMAC, and as
such, some interventions in the Area Councils closest to AMAC were found to have
overlapped with AMAC.

In addition, Figure 3 revealed that the solar energy interventions were significantly
clustered among energy users. This implies that solar energy interventions were
representative and have met their energy demand. The clustered nature of Figure 2 can
also be attributed to the fact that people live together in a particular location where the
solar intervention is installed especially according to solar mini-grids.

Also, the outcome from the Figure 3 perspective implies the following: a significant value
(p-value) of 0.01implies that the distribution is statistically significant and the observation
data from which the distribution was drawn provides strong evidence against the fact
that solar energy interventions may not have met consumers' energy needs. Thus, the
alternate hypothesis is accepted.
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Figure 1. Spatial Distribution of Off-grid Solar Interventions in the Six (6) Area Councils in
the FCT, Nigeria. Source: (Authors Field Survey, 2024)
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Figure 2. Clustered spatial pattern of the Solar point in the six Area councils in FCT, Nigeria.
Source: (Authors’ Field Survey, 2024).

In addition to assessing the spatial distribution pattern of off-grid solar energy
intervention, Figures 4 and 5 are presented. Figure 4 shows the amount of solar
energy/electricity received daily from the solar intervention. According to the spatial
distribution pattern shown in Figure 4, most of the Area Councils received an average of
about 11-15 hours of solar electricity. All of the solar energy users across the Area Councils
claimed that their solar energy intervention provided them with an average of about 11 to
15 hours of solar electricity. However, some Area Councils also claimed they received an
average of about 21to 24 hours of electricity every day from their solar intervention.

In addition, the socioeconomic impact and performance of solar energy intervention were
conducted and shown in Figure 5. According to Figure 5, many of the respondents
experienced high levels of socio-economic benefits from the adoption and use of solar
energy. However, most of the respondents in the AMAC Area Councils have claimed to
experience high socio-economic benefits from the use of solar energy intervention.

Juxtaposing Figures 4 and 5 revealed that a correlation exists between the hours of solar
energy received and corresponding socio-economic benefits. This claim is evident in the
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AMAC Area Council, where significant respondents claimed that they receive solar
electricity for 11 -15 hours and the same Area Council claimed to experience more socio-
economic benefits among other Area Councils.

Accordingly, the results from the study have revealed some crucial and relevant aspects
of solar energy interventions across the six area councils in the FCT. Among the results
obtained is the clustered nature of solar energy interventions, which supports
international best practices of a decentralized energy system (Stritzke & Jain, 2021;
Zalengera et al., 2020).
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Figure 4. Hours of electricity received/generated from the solar project/intervention per
day.
Source: (Authors' Field Survey, 2024)
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Figure 3. Socio-economic impact and performance of solar intervention
Source: (Authors' Field Survey, 2024)

Discussion

Our study has generated new insights and presented reliable narratives of solar energy
interventions on how and where they could have the best impact, thus bridging the
research gap and providing desired research findings to understand solar energy
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interventions. The study established that a holistic collaboration of the public and private
sectors will provide a sustainable partnership for relevant stakeholders to be involved in
solar energy across all sectors. The collaboration provided better clarity on the
stakeholders’ role, presenting and making feasible, reliable solar energy market
strategies. The outcome from the stakeholder, the organization and their roles supports
evidence from (Edomah et al., 2021; B. E. Shari et al., 2023) that a holistic stakeholder
collaboration in the energy sector will not only provide clarity but also ensure sustainable
energy access, especially in Nigeria. The outcome from the study also supports claims
from McEwan (2017) which claim that solar energy distribution provides a novel paradigm
of political and economic actors to enhance commercial power through establishing
zones of socioeconomic development. It will also support social practices that enable the
easy adoption of clean energy solutions and curb the energy access challenge (Ockwell et
al,, 2018).

Additionally, understanding how solar energy technologies are deployed could enable
their planning, especially in regions with dense and scattered populations. The outcome
from our study revealed the geospatial spread of solar energy intervention as clustered,
which implies that solar energy interventions are implemented in areas with similar
energy needs and with a common socioeconomic landscape. Thus, supports planning a
sustainable clean energy system for areas connected and not connected to the national
utility; hence, McEwan (2017) claimed that this could enable new territories to deploy
forms of spatial and political-administrative exceptionality, and as an enabler for social
development in many sub-Saharan African Countries (Casati et al., 2023).

Conclusion and Recommendation

The study investigated the geospatial attributes and spread of solar energy interventions
in the FCT based on major off-grid technologies. The off-grid technologies considered
were mini-grid, solar home systems and solar lanterns. The result was categorized
according to the following criteria i) spatial distribution of solar energy interventions; ii)
clustering analysis of the spatial pattern of the interventions and iii) the socioeconomic
impact of the interventions. The spatial distribution of solar energy intervention revealed
that the AMAC region received the most solar energy interventions in terms of solar home
systems; however, other Area Councils were shown to have overlapped. Also, the cluster
analysis indicated that solar energy interventions have heterogeneous attributes, such
that the interventions are close together at a significant level (p-value) of 0.01. More so,
notable socioeconomic impacts were identified and experienced among users of solar
energy interventions in the Abuja Municipal Area Council (AMAC).
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Having established solar energy interventions in the FCT, the following recommendations
are proposed.

e Appropriate need assessment study: there is a necessity for a reliable need
assessment by the relevant intervention body, whether it be an individual,
government, private entity, or non-governmental organization, to accurately
investigate the energy requirements and current and projected energy needs of
households, services, communities, or organizations. Hence, a need for auditing
before the implementation of any solar energy intervention across the FCT. Such
an assessment would enable the realization of socioeconomic benefits where
solar interventions are initiated.

e Solar interventions work best with a distributed energy system: the study has
identified, through a clustered and heterogeneously spread solar energy
intervention, that the most suitable and dependable application of solar energy is
via a distributed energy system. This suggests that solar interventions should be
considered for diverse areas within the area councils—specifically, those with
similar income levels, socio-cultural identities, and relatively clustered
settlements.

e Need for improved energy efficiency: The study revealed that an average of 11-15
hours of solar electricity supply was available to consumers; this ratio could be
significantly enhanced through appropriate energy efficiency measures.
Therefore, energy efficiency technologies and conservation behaviours should be
prioritized among end users of solar interventions.

e donor agenciesinvolved in solar energy projects should ensure the productive use
of energy by supporting initiatives that empower women and youth, as well as
fostering agribusiness and other small- and medium-scale enterprises.

Reference

Adewuyi, O., Kipngetich, M., Fisayo, A., Amara, T., ldowu, O., & Senjyu, T. (2020). Challenges and prospects of Nigeria’ s
sustainable energy transition with lessons from other countries ’ experiences. Energy Reports, 6, 993-1009.
https://doi.org/10.1016/j.egyr.2020.04.022

Ahadnejad Reveshty, M., Heydari, M. T., & Tahmasebimoghaddam, H. (2024). Spatial analysis of the factors impacting on
the spread of Covid-19 in the neighborhoods of Zanjan, Iran. Spatial Information Research, 32(2), 151-164.
https://doi.org/10.1007/s41324-023-00550-0

Ang, T.-Z., Salem, M., Kamarol, M., Das, H. S., Nazari, M. A., & Prabaharan, N. (2022). A comprehensive study of renewable
energy sources: Classifications, challenges and suggestions. Energy Strategy Reviews, 43, 100939.
https://doi.org/https://doi.org/10.1016/j.esr.2022.100939

Atakpa, A. (2019). Assessment of Mineral Resources in Federal Capital Territory (FCT) Abuja, Nigeria. International Journal
for Research in Applied Science and Engineering Technology, 7(1), 819—-823. https://doi.org/10.22214/ijraset.2019.1128

Bassey, E. (2024). A timeline of Nigeria’s national grid collapses in 2024. The Nation Newspaper.

Bishop, M. P., & Giardino, J. R. (2022). Technology-Driven Geomorphology: Introduction and Overview. In J. (Jack) F. B. T.-

Tllsnn E-ISSN 3026-8796
P-ISSN 3027-1991




AUGUST, 2025 EDITIONS. INTERNATIONAL JOURNAL OF:

SCIENCE RESEARCH AND TECHNOLOGY VOL. 9

T. on G. (Second E. Shroder (Ed.), Treatise on Geomorphology (pp. 1-17). Academic Press.
https://doi.org/https://doi.org/10.1016/B978-0-12-818234-5.00171-1

Bogdanov, D., Ram, M., Aghahosseini, A., Gulagi, A., Oyewo, A. S., Child, M., Caldera, U., Sadovskaia, K., Farfan, J., De Souza
Noel Simas Barbosa, L., Fasihi, M., Khalili, S., Traber, T., & Breyer, C. (2021). Low-cost renewable electricity as the key
driver of the global energy transition towards sustainability. Energy, 227(120467).
https://doi.org/10.1016/j.energy.2021.120467

Casati, P., Moner-Girona, M., Khaleel, S. I., Szabo, S., & Nhamo, G. (2023). Clean energy access as an enabler for social
development: A multidimensional analysis for Sub-Saharan Africa. Energy for Sustainable Development, 72, 114-126.
https://doi.org/https://doi.org/10.1016/j.esd.2022.12.003

Dioha, M. O. (2018). Modelling the Impact of Nigeria Household Energy Policies on Energy Consumption and CO 2 Emissions.
Engineering Journal, 22(6), 1-20. https://doi.org/10.4186/ej.2018.22.6.1

Dioha, M. O. (2020). Nigeria’s Energy Options in the Era of Climate Change: An Essay. Journal of Sustainable Energy, 11(1), 31—
38.

Dioha, M. O., & Emodi, N. V. (2019). Investigating the Impacts of Energy Access Scenarios in the Nigerian Household Sector
by 2030. Resources, 8(3), 127. https://doi.org/10.3390/resources8030127

Dioha, M. O., & Kumar, A. (2020). Exploring the energy system impacts of Nigeria’s Nationally Determined Contributions
and low-carbon transition to mid-century. Energy Policy, 144, 111703. https://doi.org/10.1016/j.enpol.2020.111703

Edomah, N., Ndulue, G., & Lemaire, X. (2021). A review of stakeholders and interventions in Nigeria’s electricity sector.
Heliyon, 7(9), e07956. https://doi.org/10.1016/j.heliyon.2021.e07956

Golobish, S., Shari, B. E., & Emmanuel, V. (2022). Exploring energy efficiency pathways for the Nigerian energy transition plan.
https://doi.org/10.21203/rs.3.rs-311311/v1

IEA. (2022). Africa Energy Outlook 2022 - Analysis. International Energy Agency.

Kang, D., Choi, J., Kim, Y., & Kwon, D. (2022). An analysis of the dynamic spatial spread of COVID-19 across South Korea.
Scientific Reports, 12(1), 1-13. https://doi.org/10.1038/541598-022-13301-2

Lemaire, X. (2018). Solar Home Systems and Solar Lanterns in Rural areas of the Global South: What impact? WIREs Energy
and Environment, 7(5), 1-22.

Li, J., Xu, Z., Wang, H., Li, L., & Zhu, H. (2024). Geospatial analysis of spatial distribution , patterns , and relationships of
health status in the belt and road initiative. Scientific Reports, 14(204), 1-13. https://doi.org/10.1038/541598-023-50663-7

McEwan, C. (2017). Spatial processes and politics of renewable energy transition: Land, zones and frictions in South Africa.
Political Geography, 56, 1-12. https://doi.org/https://doi.org/10.1016/j.polge0.2016.10.001

Melin, P., Monica, J. C., Sanchez, D., & Castillo, O. (2020). Analysis of Spatial Spread Relationships of Coronavirus (COVID-
19) Pandemic in the World wusing Self Organizing Maps. Chaos, Solitons and Fractals, 138.
https://doi.org/10.1016/j.chaos.2020.109917

MFA. (2023). Natural Resources - Ministry of Foreign Affairs, Nigeria. Ministry of Foreign Affairs.
https://foreignaffairs.gov.ng/nigeria/natural-resources/

NPC. (2006). National Population Estimates.

Ockwell, D., Byrne, R., Hansen, U. E., Haselip, J., & Nygaard, I. (2018). The uptake and diffusion of solar power in Africa:
Socio-cultural and political insights on a rapidly emerging socio-technical transition. Energy Research & Social Science,
44, 122-129. https://doi.org/https://doi.org/10.1016/j.erss.2018.04.033

Odunjo, & Omolola, O. (2013). Why Nigeria is not yet Sustainably Developed. APCBEE Procedia, 5, 383-387.
https://doi.org/10.1016/j.apcbee.2013.05.066

Okafor, C. C., Nzekwe, C. A., Ajaero, C. C., Ibekwe, J. C., & Otunomo, F. A. (2022). Biomass utilization for energy production
in Nigeria : A review. Cleaner Energy Systems, 3(November), 100043. https://doi.org/10.1016/j.cles.2022.100043

Opeyemi, . I., Abayomi, A. S., & Suara, G. (2022). Site Suitability Assessment for Solar Photovoltaic Power Plant in FCT-Abuja

Tllsnn E-ISSN 3026-8796
P-ISSN 3027-1991




AUGUST, 2025 EDITIONS. INTERNATIONAL JOURNAL OF:

SCIENCE RESEARCH AND TECHNOLOGY VOL. 9

, Nigeria : A Geographic Information System ( GIS ) and Analytical Hierarchy Process ( AHP ) Approach. WOrld Scientific
News, 172(August), 88-104.

Paramasivam, C. R, & Venkatramanan, S. (2019). An Introduction to Various Spatial Analysis Techniques. In S.
Venkatramanan, M. V. Prasanna, & S. Y. B. T.-G. I. S. and G. T. for G. S. Chung (Eds.), GIS and Geostatistical Techniques for
Groundwater Science (pp. 23-30). Elsevier. https://doi.org/https://doi.org/10.1016/B978-0-12-815413-7.00003-1

Pourasl, H. H., Barenji, R. V., & Khojastehnezhad, V. M. (2023). Solar energy status in the world: A comprehensive review.
Energy Reports, 10(September), 3474-3493. https://doi.org/10.1016/j.egyr.2023.10.022

Quansah, D. A., Adaramola, M. S., & Mensah, L. D. (2016). Solar Photovoltaics in Sub-Saharan Africa - Addressing Barriers,
Unlocking Potential. Energy Procedia, 106, 97-110. https://doi.org/10.1016/j.egypro.2016.12.108

Shari, B. (2018). A System Dynamics Model of the Nigerian Electricity System. 2018 Advances in Science and Engineering
Technology International Conferences (ASET), 1-5.

Shari, B. E., Dioha, M. O., Abraham-dukuma, M. C., & Sobanke, V. O. (2022). Clean cooking energy transition in Nigeria : Policy
implications for Developing countries. Journal of Policy Modeling, XXXX, 1-25.
https://doi.org/10.1016/j.jpolmod.2022.03.004

Shari, B. E., Madougou, S., Ohunakin, O. S., Blechinger, P., Moumouni, Y., Ahmed, A., & Tukur, Y. (2023). Exploring the
dynamics of stakeholders’ perspectives towards planning low-carbon energy transitions: a case of the Nigerian power
sector. International Journal of Sustainable Energy, 42(1), 209-235. https://doi.org/10.1080/14786451.2023.2186147

Shari, B. E., Moumouni, Y., & Momodu, A. S. (2020). Low Carbon Transition of Residential Electricity Consumption in Nigeria :
A System Dynamics Modeling Approach. 9(1), 11-21. https://doi.org/10.11648]j.ijepe.20200901.12

Shari, B. E., Moumouni, Y., Ohunakin, O. S., Blechinger, P., & Madougou, S. (2024). Exploring the role of green hydrogen for
distributed energy access planning towards net - zero emissions in Nigeria. Sustainable Energy Research, 11(16), 1-23.
https://doi.org/10.1186/s40807-024-00107-1

Stritzke, S., & Jain, P. (2021). The sustainability of decentralised renewable energy projects in developing countries: Learning
lessons from Zambia. Energies, 14(13). https://doi.org/10.3390/en14133757

Tjestheim, D., Otneim, H., & Stave, B. (2022). Parametric, nonparametric, locally parametric. In D. Tjgstheim, H. Otneim, &
B.B. T.-S. M. U. L. G. A. Stgve (Eds.), Statistical Modeling Using Local Gaussian Approximation (pp. 7-47). Academic Press.
https://doi.org/https://doi.org/10.1016/B978-0-12-815861-6.00009-2

Tourangeau, R., & Plewes, T. J. (2013). Nonresponse in social science surveys: A research agenda. In Nonresponse in Social
Science Surveys: A Research Agenda. https://doi.org/10.17226/18293

Wang, W.-J,, Tan, Y.-X,, Jiang, J.-H., Lu, J.-Z., Shen, G.-L., & Yu, R.-Q. (2004). Clustering based on kernel density estimation:
nearest local maximum searching algorithm. Chemometrics and Intelligent Laboratory Systems, 72(1), 1-8.
https://doi.org/https://doi.org/10.1016/j.chemolab.2004.02.006

Wanijiku, C. (2024). The path to sustainable development through green tech adoption in Africa. Africa Sustainability Matters.
Weglarczyk, S. (2018). Kernel density estimation and its application. ITM Web of Conferences, 23(0037), 1-8.

Widén, J., Carpman, N., Castellucci, V., Lingfors, D., Olauson, J., Remouit, F., Bergkvist, M., Grabbe, M., & Waters, R. (2015).
Variability assessment and forecasting of renewables: A review for solar, wind, wave and tidal resources. Renewable
and Sustainable Energy Reviews, 44, 356-375. https://doi.org/10.1016/j.rser.2014.12.019

World Bank. (2024). Lighting Up Africa: Nigeria Can Show the Way. World Bank Blog.

Yadav, P., Davies, P. J., & Sarkodie, S. A. (2019). The prospects of decentralised solar energy home systems in rural
communities: User experience, determinants, and impact of free solar power on the energy poverty cycle. Energy
Strategy Reviews, 26, 100424. https://doi.org/10.1016/j.esr.2019.100424

Zalengera, C., To, L. S., Sieff, R., Mohr, A,, Eales, A., Cloke, J., Buckland, H., Brown, E., Blanchard, R., & Batchelor, S. (2020).
Decentralization: the key to accelerating access to distributed energy services in sub-Saharan Africa? Journal of
Environmental Studies and Sciences, 10(3), 270-289. https://doi.org/10.1007/513412-020-00608-7

Tllsnn E-ISSN 3026-8796
P-ISSN 3027-1991




