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Abstract

Nigeria, a country rich in renewable sources still heavily relies on nonrenewable energy, of which the government’s
on-grid supply remains inadequate, and generally of poor services. This study, therefore, investigated subsistence
renewables by citizens able to contribute to the country’s energy-mix plan and help ameliorate power poverty chal-
lenges. Qualitative primary data were sourced using the Delphi experts'method from energy experts and practition-
ers possessing relevant knowledge bases regarding the energy-mix strategy with an understanding of the power
poverty scenarios. The findings show that the effect size in the very high-level option for solar potentials was relatively
more than wind and bio sources. The study reveals that citizens could mostly afford low-capacity solar installations,
with considerable interest in the energy-mix strategy. Medium-capacity solar was found to be quite unaffordable,
leading to a perceptually very low potential for solar. A showstopper in incorporating solar effectively into Nigeria’s
energy-mix scenario was the citizens'non-affordability of accessing high-capacity systems. It is, however, deduced
that affordability and recognition of values are congruous. Conclusively, the experts are optimistic regarding sub-
sistence renewables potentials in the energy-mix strategy. Solar is, however, considered the most crucial, surpass-
ing wind and bio sources. The study suggests that the government could incentivize renewable energy systems,
particularly solar, to promote subsistence solutions through affordability by citizens, adoption, and sustainability
within the energy-mix strategy. It is further recommended that citizens'income levels should be raised to favor

the affordability of off-grid renewable energy systems.

Keywords The energy-mix strategy, Nonrenewable energy, Renewable energy production and utilization, Solar
energy, Wind energy, Bio energy sources, Sustainability

Introduction

Almost as everywhere else in the world, renewable
energy sources have gained prominence in Nigeria and
are expected to increase more rapidly. If combined with
existing nonrenewable sources, it could lead to a more
cleanly sustainable energy-mix, reduce greenhouse gas
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(NREEEP), developed in line with the objectives of the
National Energy Policy, Rural Electrification Strategy and
Plan, Millennium Development Goals, and the National
Economic and Development Strategy (Imo et al., 2020;
NREEEP, 2015).

Currently, there are two significant types of power
plants operating in Nigeria. They are hydroelectric, a
renewable source, and thermal or fossil fuel, nonrenew-
able, power plants. The combined energy source has
been 85% gas-fired and 15% hydro-powered (Okoye
& Adejumobi, 2021). The major drawback with the
gas-fired source is that the electricity supply is often
reduced whenever there is a gas shortage or total stop-
page through gas pipeline vandalism by militants in the
oil-producing area of the Niger Delta. The thermal or
gas-fired energy source has a profligate effect on carbon
emission (Aslan et al., 2024), hence the climate, inform-
ing a concerted effort to mitigating its use and change
to or increase the renewable energy stock in a mixed
scenario. These efforts include the UNFCCC’s (2021)
nationally determined contributions (NDC) targets for
carbon neutral energy (Faiyetole & Ihemeje, 2022; Ola-
yungbo et al., 2022).

The Council for Renewable Energy of Nigeria (2007)
estimates that power outages, energy poverty, bring
about a loss of 126 billion Naira (US$984.38 million)
annually (Okoye & Adejumobi, 2021), this represents a
colossal income loss. According to the Petroleum Prod-
uct Pricing Regulatory Agency (PPPRA, 2021), the
annual consumption of petrol was 14.8 billion barrels
(33.9 billion liters), with daily consumption of 93 mil-
lion liters. Also, the Department for Petroleum Resources
(DPR, 2021) reported an amount of petroleum of more
than 78% of the total energy consumption in Nigeria. Yet,
the oil refineries in the country are not operational, but
dilapidated and redundant. It has led the country, the
largest oil producer in Africa, to rely on the importation
of refined products at international prices at an added
cost. At the global level, European countries’ demand
for gas flared from oil has shifted away from Russia, due
to gas supply stoppage there with the ongoing Ukraine—
Russian war, to the other oil-producing countries includ-
ing Nigeria (African News, 2022). Just like Nigeria, with
abundance of natural energy, vulnerable households in
Russia, an energy-rich country, equally experience energy
poverty amid plenty (Yoon, 2024), like many other coun-
tries, developing and developed alike, which implies that
energy poverty is a global phenomenon.

Harnessing Nigeria’s energy resources and chart-
ing a new energy future align with NREEEP (2015).
Renewable energy technologies are scalable (Mutezo &
Mulopo, 2021) and applicable off-grid, such as solar sys-
tems, wind systems, biogas digesters, biogas gasifiers,
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micro-hydropower plants, among others, for homes,
offices, industries, villages, and other settlements. Before
the privatization of the energy sector, the bulk power
stock was gas-fired and hydroelectric power, with the
near-total neglect of other viable sources, especially
non-hydro-renewable sources. There are many rea-
sons why the government’s investments in energy utili-
ties are skewed against renewable energy sources. Few
among them are cost per megawatts, mature technology,
lack of awareness of accruable benefits, and energy effi-
ciency issues. "The solar energy capture of today’s most
efficient photovoltaic cell is about 40%, a recent, not yet
commercialized development representing an increase of
over 15% compared with a commercially available panel"
(Green et al,, 2015; Faiyetole & Ihemeje, 2022; Faiyetole,
2018, p. 29). These reasons, among others, inform public
investment interests and private considerations, thus, the
tendency for existing and prospective power investors to
invest is disproportionately less in renewable energy in
Nigeria.

Electricity per capita (148 KWh) is abysmally poor
compared to nations of similar GDP per capita, territo-
rial sizes or populations, such as Pakistan. Pakistan pro-
duces three times more power for its people than Nigeria
(World Development Indicator, 2020). The power-pop-
ulation index or energy per capita is an indicator of the
socio-economic well-being of people in society (Mirza &
Szirmai, 2010), which in emission parlance is referred to
as carbon intensity of human well-being (Faiyetole, 2019;
Jorgenson, 2014). By harnessing all the renewable energy
potentials in Nigeria, both via governmental interven-
tions and at subsistence, privately distributed off-grid
approaches, could yield more robust energy-mix profile,
boost stability and security in power production and
supply.

From the foregoing, it is apparent that energy poverty
is a problem bedeviling the country’s power landscape,
which could be addressed with substantial citizens’ par-
ticipation in subsistence production and utilization of
renewable energy, especially solar, off-grid, that could
complement the national grid power and the mix strat-
egy. Thus, Nigeria must mix its nonrenewable oil and
gas power sources with cleaner and sustainable renew-
able energy in an appreciable extent. Critical is making
policies that could increase the private citizens’ afford-
ability index, to increase the critical mass of citizens
able to afford and deploy renewable energy systems for
their households’ needs. Thereby, ameliorating energy
poverty, with the effect of the inefficiencies of govern-
ment to increase the total on-grid energy stock in the
country. Renewable energy sources must be significantly
expanded beyond its 15% composition of the current
energy-mix to meet the expanding needs, and to foster
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energy security and sustainability because the nonrenew-
able energy sources already widely produced and utilized
are grossly inadequate and of grim health and environ-
mental consequences.

The citizens who are unreached with on-grid electricity,
inadequate supply, and generally poor services, are forced
to ingeniously meet their energy demands, often via self-
help. In fact, Hirschmann (2024) advocated a collective
self-consumption of renewable energy in the Mediterra-
nean region, which evolved from a decentralized energy
production by citizens to cover their energy demand
either through smaller installations owned by individuals
or wind parks, solar fields, owned by a group of people,
like the Refuse-Derived Fuel (RDF) built by University
of Nigeria, Nsukka. Thus, the alternative energy supply
could include wind, solar, bio energy sources, which is
here investigated to determine evidence-based empirics
for subsistence renewable energy production and utili-
zation (REPU) towards ameliorating power poverty and
climate change issues while fostering the enabling envi-
ronment for energy-mix strategy.

Subsequently, the following three questions were per-
tinent: 1. What is the REPU potential in Nigeria? 2. To
what extent is renewable focused energy-mix strategy
able to solve power poverty challenges? 3. What is citi-
zens’ affordability level for solar power solutions uptake
considering their monthly earnings and expenditures?
(Solar energy is singled out in this affordability objec-
tive because it is the most widely deployed at subsistence
level of the three REPU in Nigeria). Consequently, this
study focused on subsistence, citizens’ off-grid renew-
able energy efforts in a selected energy-mix informed
communities as study area. It, therefore, 1. assessed the
renewables production and utilization potentials in the
energy-mix strategy in Nigeria; 2. examined the extent
to which renewable focused energy-mix strategy would
solve households’ power poverty challenges; 3. evaluated
the citizens’ subsistence solar energy solutions uptake
affordability extent considering their monthly earnings
and expenditures.

This paper, therefore, provides insight into the poten-
tial of adopting an energy-mix strategy with increased
renewable energy via off-grid subsistence approach for
solving power poverty challenge, using the industrial-
ized complexes of Lokoja and its suburbs in Kogi state,
and a university and solar kiosks in Akure in Ondo State,
Nigeria, as a study area. The paper is organized as fol-
lows. The relevant extant literature review is presented
in Sect. "Literature review", which documents reviews
on energy poverty, energy-mix and subsistence renewa-
bles. Sect. "Methodology, data collection and analyti-
cal methods" provides information on the methodology,
data collection and analytical method, with the workflow
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diagram, while Sect. "Results and discussion” presents the
results and discussion of the findings, with summary of
the evidence. Conclusions and policy recommendations
follow suit.

Literature review

Energy poverty is consequent upon nations’ insufficient
supply of grid power systems to a teeming population,
which according to Jiang et al. (2024), makes it difficult
for households to fulfill their energy needs, while Djeu-
nankan et al. (2024) opined that energy poverty impedes
industrialization. It portends serious negative effect on
sustainable development in both the developing and
developed countries alike, but of grimmer consequences
in the developing countries (Kettani & Sanin, 2024).
Studies both old and contemporary have explored vary-
ing approaches to ameliorating energy poverty. Li et al.
(2024) rather found that pension coverage substantially
increased modern or clean energy consumption in rural
China. Dada et al. (2024) proxied access to electricity and
clean energy using financial development as a moderat-
ing role for energy poverty and sustainable environment
and found that energy poverty increases environmental
degradation while access to clean energy and electricity
positively impact the environment in 24 African coun-
tries. This is consistent with Shen et al. (2024), who found
that inclusive finance has a certain capacity to mitigate
CO, emissions by addressing energy poverty in China
(Ren et al.,, 2024). Regarding energy infrastructure and
energy expenditure in China, Xiao et al. (2024) found that
they play critical role between low-carbon city pilot pol-
icy and energy poverty. Yan et al. (2024) investigated the
effects of information technology construction on allevi-
ating households’ energy poverty in China with the find-
ings that raising residents’ income and enhancing their
environmental awareness go a long way. Ren et al. (2024)
unsurprisingly showed that urban—rural income gap and
rural energy poverty were positively correlated.

Solar plants have been deployed to meet the energy
needs of energy impoverished communities and to
achieve the set climate goals in the agrarian Upper West
in Ghana, without which had impacted diversification of
their agrarian livelihoods and the adaptation to climate
extremes with a gender connotation (Stock et al., 2023).
Supporting Kettani and Sanin (2024) who inferred
on the competitiveness of solar energy systems in fill-
ing the energy poverty gap in Morocco and concluded
that affordability is a major drawback to accessibility.
Although affordability is a major concern, its economic
and environmental advantages make solar option a viable
one in most rural low-income areas (Chanchangi et al.,
2023). Particularly, subsistence solar renewable energy
has been found to improve the living standards and
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livelihoods of dwellers in economic- and geographically
challenged communities by introducing income generat-
ing activities, boosting social security, women empow-
erment and responding to natural disasters (Hossain
et al., 2023). Masuku (2024) who assessed the indigent
energy policies in Alexandria township in Johannesburg,
South Africa, elucidated on the support given by gov-
ernment to low-income households for off-grid energy
access. Substantially, solar energy deployment oft-grid in
low-income regions has been a viable model for subsist-
ence purposes fitting their income level while providing
improved livelihood by its ability to mitigate or eradi-
cate energy poverty (Montoya-Duque et al., 2022). It is of
essence that the different government agencies saddled
with energy, environment and economic (EEE) regula-
tory policies could formulate and coordinate policies
that could potentially ameliorate energy poverty in low-
income households. This supports Hosan et al. (2024)
and Masuku (2024) that posited that well planned energy
policies could mitigate or perhaps eradicate energy
poverty.

A significant percentage of empirical works on renew-
able energy is available for developed and developing
countries, such as Adams et al. (2018) for 30 sub-Saharan
African countries, Bhattacharya (2003) for Asian coun-
tries, Chien and Hu (2007, 2008) and Chang et al. (2009)
for the Organisation for Economic Cooperation and
Development (OECD) and non-OECD countries, Irfan
et al. (2020) for Pakistan, and Akram et al. (2021) for the
BRICS (Brazil, Russia, India, China, and South Africa).
Zvinavashe et al. (2011) explored the potential benefits of
processing and utilizing cassava flour into biofuel for bio-
energy generation at the farmstead and the rural commu-
nity area of Mozambique. In Southern Thailand, Duerrast
(2020) examined and found the potential of geothermal
resources as part of the country’s energy-mix strategy.
Usmani et al. (2021) investigated the energy-mix policy
in Pakistan, an oil-importing country, during the energy
crisis. Renewable energy sources such as wind, solar, and
biomass are found in Pakistan as the alternatives able
to generate additional 11,000 MW to the supply. Due
to global oil and gas fluctuations, Othmane and Antar
(2020) explored energy-mix adoption in Algeria. The
study documents the availability of 5 kWh per 1 square
meter of sunshine, 10 m/s of wind speed, and 286 MW
of hydropower generation. The study found renewable
energy potential and recommended increasing renewable
energy deployment.

Abila (2012) documented biofuel development and its
adoption in Nigeria and identified the key drivers, agents,
enablers, incentives, and objectives driving biofuel devel-
opment. It showed an increasing entry of private and
public investors into the sector. For example, most of
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the available conversion technologies and equipment are
locally fabricated. The University of Nigeria, Nsukka, has
taken a bold step by building an RDF gasification plant
that uses organic waste to generate 100 KVA electricity
(Nwachukwu, 2019), demonstrating the viability of bio
energy for subsistence renewable solutions. Some of the
drivers of the biofuel markets are dependence on biomass
fuel, poverty level, unemployment, and the current low
level of access to improved energy sources. While Tow-
oju (2022) explored the potential of generating biofuel
production given the abundance of agricultural residues
available such as mango seeds, African star apple seeds,
orange peel, and African peers. The study projected
that Nigeria’s 3% contribution of biofuel renewables can
increase to 47%.

The wind power was assumed to have the potential to
generate between 4.51 and 21.19 watts per square meter
blade area. Energy Commission of Nigeria (2015) reports
that wind is strong in the hilly regions of the North, while
the Middle Belt and northern fringes demonstrated high
potential for excellent wind energy harvest. Wind speeds
range from 1.4 to 3.0 m/s in the southern regions and
from 4.0 to 5.12 m/s in the extreme North at 10 m height
(Ajayi, 2009). The northern part of Nigeria is, therefore,
a strategic location to start to harness wind energy in
Nigeria. Peak wind speed was shown to generally occur
between April and August for most sites.

Okoye and Adejumobi (2021) studied the increas-
ing energy-mix in Nigeria, including renewable energy.
The study found that 13,014.40 MW installed capacity
of thermal and hydropower, out of which 4,860.87 MW
representing 37.35%, was utilized. The study’s findings
showed that 85% of nonrenewable energy sources and
15% of renewable energy make up the current mix ratio,
despite Nigeria’s abundance of renewable energy such
as sunshine, wind and bio sources. The only source of
renewables is hydropower, with a 1,798 MW installed
capacity.

From the foregoing, the usable, efficient, and especially
cleanly modern energy landscape in Nigeria is worri-
some despite the country’s huge potential in both the
nonrenewable and renewable energy sources, implying
energy poverty scenarios across its length and breadth.
While energy poverty is a global phenomenon (Bednar
& Reames, 2020; Certoma et al., 2023; Dong et al., 2022;
Gonzalez-Eguino, 2015; Igawa & Managi, 2022; Nguyen
& Nasir, 2021; Nussbaumer et al., 2011; Sher et al,
2014), it hits hard on the African continent more (Nuss-
baumer et al.,, 2012), especially in Nigeria (Nussbaumer
et al.,, 2011), partly from its population size, government
inefficiencies, and corruption debacles (Agba, 2011).
Nussbaumer et al., (2011, 2012) in an Oxford Poverty
& Human Development Initiative (OPHI) study, which
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considered energy deprivation in determining the mul-
tidimensional energy poverty index (MEPI) show that
Nigeria’s MEPI (0.61) and its intensity of energy pov-
erty (0.75), among the worst MEPI ratings in the world.
While Ogwumike and Ozughalu (2015) revealed that the
determinants of energy poverty in Nigeria, among others,
include households’ size, members’ income, age of house-
hold heads, general poverty, and region of residence,
while advocated for access to modern energy sources.

It is safe to say that energy poverty is impacted by
countries’ political economies (Sovacool, 2012) and
income level of their citizens. Nguyen and Nasir (2021)
found that an increase in income inequality causes higher
energy poverty. Igawa and Managi (2022), who con-
sidered three indicators of accessibility, reliability, and
affordability, in investigating the nexus between energy
poverty and income inequality for 37 countries found
that affordability is the worst in countries with a middle
level of economic development, which are more relevant
factors than climate conditions, and recommended a cus-
tomized criteria for vulnerable households. Guruswamy
(2011) specifically recognized the place of appropriate
sustainable energy technologies, such as renewable, as
beneficial in ameliorating the plights of the energy poor.
Following the above reviews of extant literature, it leaves
a gap in investigating Nigerian citizens’ energy-mix
study, in the context of energy poverty, with a focus on
subsistence renewable, considering its affordability by
households.

Methodology, data collection and analytical
methods

This section documents the methodology, data collection
and analytical techniques applied for this study.

Methodology

The Delphi experts’ method was utilized, following Faiye-
tole and Adesina (2017), and Faiyetole (2019) approach,
which involved gathering qualitative primary data from
energy experts and practitioners, including engineering
academicians, possessing relevant knowledge regarding
power poverty, the energy-mix strategy, and renewable
energy from various industrial complexes and a uni-
versity of technology. Consequently, respondents were
drawn from Obajana Cement Factory, Itakpe National
Iron Ore Mining Company, Ajaokuta Iron and Steel Mill
to Geregu Thermal Station, in Kogi State. Further, ques-
tionnaires were administered to participants within the
engineering faculty of the Federal University of Technol-
ogy, Akure, as well as at solar energy kiosks situated in
the Akure metropolis within Ondo State. Just as energy
experts drawn from various industrial complexes, engi-
neering faculty and solar solutions retailers in solar
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kiosks are expectedly energy-mix strategy informed and
served as diverse source but complementary data. The
identification of energy experts was facilitated through
references and by engaging with officials from the energy
and engineering departments within each respective
organization. Thus, the administration of the question-
naires was physically done. The Delphi experts’ method
entails a two-level survey, where the group’s statistical
representation of the questionnaire was anonymously fed
back to the respondents, with a goal to reduce the range
of responses and arrive at result closer to experts’ con-
sensus (Faiyetole, 2019; RAND, 2013).

Data collection

The demographic characteristics of these experts are shown
in Table 1, from a sample size of 120. Literature shows no
consensus on the number of experts needed for a Delphi
experts’ study, however, Akins et al. (2005) used a panel of
23 experts for a Delphi study, while Faiyetole (2018) used
50. The questionnaire utilized in this study consisted of
Likert-type questions that were deemed analytically suit-
able for application in Ordinal Logistics Regression (OLR),
following the procedures outlined for SPSS (Statistical
Package for the Social Sciences) by Laerd (2018) and used
by Faiyetole (2022a, 2022b) and Faiyetole and Sivowaku
(2021). The use of questionnaire as the primary research
tool is justified by its ability to elicit information on stand-
ardized responses. Such questionnaires are commonly
employed in explanatory research, enabling the identifica-
tion and description of variations in diverse phenomena
(Saunders et al., 2009). The following Likert-type ques-
tions were asked to elicit information on the objectives. For
objective 1, a 5-scale measured, from very low, low, high,
very high, to excellent, which is to assess the REPU poten-
tials in the energy-mix strategy, the participants answered
questions captured as: A. what is the potential level of
renewable energy (solar) in Nigeria? B. what is the poten-
tial level of renewable energy (wind) in Nigeria? C. what is
the potential level of renewable energy (biofuel/biomass/
biogas) in Nigeria. Objective 2, to examine the extent to
which renewable focused energy-mix adoption strategy
would solve my households’ power poverty challenges,
with a 5-scale measured Likert, from no extent, little
extent, some extent, large extent, to absolute extent. While
Objective 3, which is to evaluate the citizens” subsistence
solar energy solutions uptake affordability extent, the ques-
tion read “affordability levels for solar power considering
your monthly earnings and expenditures” for A. low-capac-
ity solar solution (1.5KVA) at ~ N300k, B. medium-capacity
solar solution (5KVA) at~N900K, C. high-capacity solar
solution (10KVA) at~N1.5 M, all on a 3-scale measured
Likert-type options, from cannot afford, can afford, to can
very much afford. The variables corresponding to each
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Table 1 Descriptive statistics of the respondents

Characteristics Frequency Percentage Std. dev
Present job cadre 241/4 100 1.081
Junior staff 31 258

Middle management 27 225

Senior management 40 333

Academics 21 17.5

No response 1 0.8

Job position 2.89/6 100 1.837
Technologist 22 18.3

Engineer 34 283

Manager 19 15.8

General manager 8 6.7

Executive director 12 10

Academics 18 15

No response 7 58

Business unit 249/5 100 0.926
Marketing 13 10.8

Operations 39 325

Production/engineering 54 45

Others 11 9.2

No response 3 2.5

Professional years of experience 246/5 100 1.092
<5 years 21 175

6-10 years 42 35

11-15 years 34 283

16-20 years 17 14.2

21>years 4 33

No response 2 1.7

Highest educational qualification 2.81/5 100 1.279
OND 24 24.2

HND 29 19.2

BSc 23 283

MSc 34 83

PhD 10 20

Professional membership 2.05/6 100 1.371
NIM 33 27.5

NSE 32 26.7

COREN 22 183

Others 14 11.7

NIM +COREN 3 25

NSE +COREN 2 1.7

No response 14 1.7

Capacity development gathering in the past 2 years 3.22/7 100 2.166
Workshop 21 17.5

Conferences 10 83

Seminars 23 19.2

Training 28 233

Workshop +seminar 12 10

Workshop + conference +seminar +training 12 10

Workshop +training 1 0.8
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Table 1 (continued)

Characteristics Frequency Percentage Std. dev
No response 13 10.8

Energy training in the past 2 years 2.15/6 100 1.846
Technical 46 383

Policy 5 4.2

Management 28 233

Policy + technical 16 133

Technical + management 4 33

Technical + policy + management 2 1.7

No response 19 15.8

context were subjected to Variance Inflation Factor (VIF)
tests, yielding reported results with values not exceed-
ing 2.627, indicating the absence of inflationary effects.
Consequently, multicollinearity does not pose a concern
(ARA, 2018; O’brien, 2007), confirming the suitability of
the variables as predictors within the study models. The
total questionnaires (120) administered were retrieved.

Analytical method: the ordinal logistics regression model
The OLR model was found appropriate for this study as
it is commonly used for predicting outcomes, where the
dependent variable has ordered categories or levels. Agresti
(2010) presented extensions of logistic regressions for ordi-
nal response variables and describes ways of forming log-
its for ordinal scale. The model estimates the relationship
between the independent variables and cumulative prob-
abilities of each category. Assuming we have # observations
and k ordered categories (k>2). The dependent variable, Y,
represents the category of each observation, ranging from
1 to k, while the independent variables are denoted by
X1, X2, 0 Xp.

The cumulative probabilities of each category are
denoted by P(Y<j), where j ranges from 1 to k—1. The
model assumes that the cumulative log-odds follow a linear
relationship with the independent variables:

Logit(P(Y <jlX)) =aj — B1 * X1 — Ba* Xa — .. — Bp x Xp,
(1)
where a_j represents the intercept specific to the jth
cumulative category, and fi, B2, .., By are the coefficients
associated with each independent variable X1, X, ...X},.
Applying Eq. 1 to both the objectives, with the results
presented in Tables 4 and 7, the following equations are
informed:

Logit(P(REPUgps < 4(X)) = o — S*P1— WxPyx—Bxf3,

(2)
where REPU_EMS represents the dependent variable in
Table 4, which is the Renewable Energy Production and

Utilization, REPU, potentials in the Energy Mix Strategy,
EMS, in Nigeria, while S, W and B, respectively, repre-
sent solar, wind and biomass energy, as the independent
variables. Considering that j ranges from 1 to k-1, for
these Likert questions, k=5, and implies j ranges from 1
to 4:

Logit(P(SEAEMEE < 21X))
:o{]—LC*ﬂl—MC*,Bz—HC*IBB; (3)

where SEAE_MEE represents the dependent variable in
Table 7, which is the citizens’ subsistence Solar Energy
solutions uptake Affordability Extent, SEAE, as a func-
tion of participants Monthly Earnings and Expenditures,
MEE, while LC, MC, and HC, respectively, represent
low-capacity, medium-capacity, and high-capacity solar
energy systems installation, as the independent variables.
For these Likert questions, k=3, and it implies j ranges
from 1 to 2. The OLR acronym for the third objective
which measures the extent to which Energy-mix Strat-
egy would solve households Power Poverty challenges is
ESPP.

To obtain the probabilities of each category, it is
expressed in terms of the cumulative probabilities
(Agresti, 2010):

PY =jIX)=P(Y =jIX) = P(Y =j —1|X).  (4)

The intercepts «; and coefficients f1, B2, and B3 are
approximated using various estimation techniques
including the maximum likelihood estimation. The
model predicts the category for new observations by
calculating the cumulative probabilities using the esti-
mated coefficients and intercepts. The OLR assumes
the proportional odds assumption, which implies that
the effect of the independent variables on the cumula-
tive odds is constant across different categories. Fig-
ure 1 shows the workflow diagram of the methodology.
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Validity and reliability of instruments

Validity refers to the extent to which a questionnaire
effectively measures the objectives it aimed to accom-
plish (Saunders et al, 2009). Conversely, reliability
pertains to the consistency of producing consistent out-
comes when measuring the same constructs. In essence,

reliability implies that significant findings should not
be mere isolated occurrences but rather demonstrate
repeatability. To ensure the clarity and validity of the sur-
vey instrument, a pilot test was conducted and utilized
as the first stage of the Delphi experts’ approach. Based
on the results of the pilot test, certain questions were



Olayungbo et al. Sustainable Energy Research (2024) 11:11

revised to enhance lucidity. Control checks were imple-
mented by phrasing the same question in different ways,
thereby increasing the validity of self-report claims, given
that a self-administered questionnaire was employed in
this study. To strengthen the analysis and enhance the
reliability of the results, multiple statistical techniques
were employed. In addition to the application of the OLR
model, descriptive statistics, including ordinal-to-ordinal
cross-tabulation with Kendall’s tau-b, were utilized in the
examination of the data, thereby bolstering the robust-
ness of the analysis, with significant repeatability of
results across the different analytical methods used.

Descriptive statistics of the respondents
The descriptive statistics of the data are presented in
Table 1.

From Table 1, with a weighted mean of 2.41, the
respondents were mainly in the middle management
cadre, while (55.8%) of the respondents were in mid-
dle management and above, about eighteen per cent
(17.5%) were in the academia. At least (46.6%) have tech-
nical skills, either as technologists or engineers, whereas
(32.5%) function as managers and executives in their
respective organizations, with (15%) as academics. With
a weighted average of 2.89, more respondents hold mana-
gerial positions. According to Litvaj et al. (2022), a grow-
ing sustainability context in businesses has made decisive
decision-making imperative for managers, like the tech-
nical personnel, who are becoming more acquainted with
their business line. A sizable number of the respond-
ents work in operations and productions/engineering,
i.e., 2.49 weighted mean and (77.5%), with (80.8%) and
(2.46/5), who have at least six years of professional work
experience in the energy sector and academia. About
seventy-six percent (75.8%) or (2.81/5) of the respond-
ents hold a degree, while (20%) are doctorate holders.

To further ascertain the respondents’ understanding of
energy-mix contemporary technical, management, and
policy contexts, information on their professional asso-
ciation membership, attendance of any local or interna-
tional energy capacity development gatherings in the past
two years, and their attendance of energy-related train-
ing in the past two years were sought. About twenty-
seven (26.7%) were members of the Nigerian Society of
Engineers (NSE). Most of the respondents (2.05/6) were
engineers. And (18.3%) were registered members of the
Council for the Regulation of Engineering in Nigeria
(COREN), while (1.7%) were indicated to be members
of both professional associations. About twenty-eight
(27.5%) of the respondents were members of the Nigerian
Institute of Management (NIM), while (2.5%) indicated
being a member of the NIM and COREN. Substantially,
about ninety percent (89.2%) have attended different
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workshops, conferences, seminars, and training capacity
development gatherings in the energy sector in the past
two years. With a weighted mean of 3.22, the respond-
ents have mostly attended energy seminars. Remark-
ably, about forty percent (38.3%) have had technical
training in the past two years. Approximately eighty five
percent (84.2%) have had different technical, manage-
ment, policy, and regulatory training combinations in the
past two years. Specifically, with a 2.15 weighted mean,
the respondents have had training in policy and techni-
cal frames of the energy training spectra. The upskilling
training embarked on by the energy experts in techni-
cal and policy frames is in line with what is expected in
developing holistic contexts and understanding the tech-
nical dynamics of the new policies and is consistent with
(Jaiswal et al., 2021; Pavlova, 2019).

Thus, the demographics of the respondents give a
solid basis to believe their expert opinion because they
have the requisite knowledge and exposure to make an
informed conclusion.

Results and discussion
The findings obtained from these analyses are presented
in the tables below and herewith discussed.

Estimating the effects of the experts’ demographics
on the potential of subsistence REPU in the energy-mix
strategy to solve power poverty
The extent to which subsistence REPU in the energy-mix
strategy in Nigeria could potentially ameliorate house-
holds’ power poverty challenges was analyzed using the
experts’ demographical variables. The goodness-of-fit
for the model implies Pearson’s Chi? (521.075) with 405
degrees of freedom at a p-value (0.000). The lowest and
repeated combined categories of options were referenced
out, to give way for opinions from the higher and singular
options demographics. The results are shown in Table 2.
The effect size (ES) on the extent to which the energy-mix
adoption strategy could solve power challenges in Nigeria
are statistically significant for the middle and senior man-
agement cadre, respectively, at (¢=0.05) and (¢=0.01).
The senior management thus has a better overview of
the paradigm. Expectedly, the engineers, and managers
and executive directors have the highest ES, respectively,
(1.719), and (1.803) and (7.803). Experts with the highest
professional years of experience significantly at (¢ =0.01),
i.e., (p=0.008) contribute to the model, and implies that
the longer professionals’ years of experience, the more
their opinions count. Professionals with a master’s level
of education working in the field have ES (1.052).

The respondents who have participated in energy-
mix seminars and a combination of energy capac-
ity development gatherings have a higher effect size
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Table 2 The extent to which REPU in the energy-mix strategy would solve households power poverty challenges, ESPP, based on

demographic variables

Covariates VIF Level Effect size (ES) Wald (p-value)
Present job cadre 2.508 Junior staff (ref) - -
Middle management 4370 (1.144-16.691) 4653 (0.031)*
Senior management 6.998 (1.774-27.602) 7.722 (0.005)**
Academics 1.302 (0.016-105.074) 0.014 (0.906)
Job position 2627 Technologist (ref) - -
engineer 9(0.399-7.407) 0.528 (0.468)
Manager 1.803 (0.398-8.178) 0.584 (0.445)
General manager 0.855 (0.097-7.534) 0.020 (0.888)
Executive director 7.803 (0.686-88.726) 2.743 (0.098)
Years of experience 1.350 <5 years (ref) - -
6-10 years 1.037 (0.314-3.425) 0.004 (0.953)
-15 years 1.076 (0.273-4.245) 0.011(0.917)
16-20 years 0468 (0.055-3.944) 0.488 (0.485)
>20 years 0.029 (0.002-0.403) 6.936 (0.008)**
Highest educational qualification 1.884 OND (ref.) - -
HND 0.782 (0.235-2.603) 0.161 (0.688)
B.Sc 0.376 (0.087-1.625) 5(0.190)
M.Sc 1.052 (0.195-5.682) 0.003 (0.953)
Ph.D 0.100 (0.008-1.269) 3.153(0.076)
Capacity development gathering 1.507 Workshop 2.005(0.019-211.378) 0.086 (0.770)
in the past 2 years
Conferences 2.245 (0.018-278.738) 0.108 (0.742)
Seminars 7.891 (0.074-846.393) 0.750 (0.386)
Workshop + seminar 5.068 (0.036-715.399) 0.413(0.520)
Workshop + conferences + seminars + training 6.795 (0.049-934.159) 0.582 (0.446)
Workshop + training (ref)) - -
Energy training in the past 2 years 1.818 Technical 0.022 (0.001-0.966) 3.912(0.048)*
Policy 2 (0.000-0.795) 4.269 (0.039)*
Management 0.023 (0.001-0.984) 3.875 (0.049)*
Policy + technical 0.065 (0.002-2.791) 2.027 (0.155)
Technical + management 0.392 (0.007-21.600) 0.210(0.647)

Technical + policy + management (ref)) - -

Effect sizes of energy experts’ opinions; ref. denotes reference category; p-values for the ES that are statistically significant are denoted with asterisks (<0.05 *;<0.01

**%,<0.001 ***;0.0001 =***¥)

contributions to the model. The ES of the respond-
ents with a combination of technical and management
training is the highest (0.392). However, energy experts
who had technical, policy/regulatory, and manage-
ment training in the past two years have statistically
significant contributions to the model, respectively, at
(»=0.048), (p=0.039), and (p=0.049). This is consist-
ent with Jaiswal et al. (2021), who found that upskilling
employees on new technology, such as artificial intel-
ligence, and regarding this study, energy, will improve
their relevance and contextual understanding of the
emerging field.

Subsistence renewable energy production and utilization
potentials within the energy-mix strategy

Regarding the hypothesis of the potential of renewable
energy production and utilization impacts on energy-mix
strategy in Nigeria. As shown in Table 3, three-quarters
of the experts consider, to no extent, as low regarding
solar energy deployment. About two-fifths (37.5%) indi-
cated very low for wind, while approximately three-fifths
(62.5%) considered it very low with biogas/biofuel/bio-
mass deployment. Kendall’s tau-b correlation coefficient
is positively significant for this option for solar REPU
at (tau-b=0.300, p=0.000). According to the respond-
ents, the options of little extent and some extent for solar
REPU remain low potential for the energy-mix strategy.
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Table 4 The REPU potentials in Nigeria
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Covariates VIF Level Effect size Wald (p-value)

Potential renewable energy (solar) PU 1.864 Very low 0.390 (0.056-2. 724) 0.902 (0.342)
Low 0.209 (0.037-1.189) 4(0.078)
High 0.533 (0.087- 3254) 0465 (0.495)
Very high 1.669 (0.348-7.998) 1(0.521)
Excellent (ref) - -

Potential renewable energy (wind) PU 1.146 Very low 0.025 (0.001-0.528) 9 (0.018)*
Low 0.015(0.001-0.337) 0 (0.008)**
High 0.019 (0.001-0.453) 5. 996( 14)*
Very high 0.029 (0.001-0.772) 4469 (0.035)*
Excellent (ref) - -

Potential renewable energy (biofuel) PU 1.829 Very low 2.297 (0.329-16.030) 0.704 (0.401)
Low 1.592 (0.210-12.069) 0.202 (0.653)
High 4.030 (0.695-23.354) 7(0.120)
Very high 2.053 (0.334-12.606) 0.603 (0.437)

Excellent (ref) - _

Effect sizes of energy experts’ opinions; ref. denotes reference category; p-values for the ES that are statistically significant are denoted with asterisks (<0.05 *;<0.01

**,<0.001 **¥;0.0001 =***¥)

The respondents thus consider solar REPU in the energy-
mix strategy to be high in the large extent option and
very high at (41.7%) in the absolute extent for the energy-
mix strategy in Nigeria. It generally indicates that solar
energy uptake in the energy-mix is beneficial socio-eco-
nomically, and consistent with Kata et al. (2021), Kumar
(2020), and IRENA and CEM (2014). Rio and Burguillo
(2009) had shown the impact of solar energy deployment
on local sustainability.

On the other hand, the wind REPU had the lowest
consideration as a potential energy-mix strategy. While
biofuel’s options with (tau-b=0.179, p=0.016) are rea-
sonably lower than solar REPU. These findings imply
that the respondents see more significant potential in
solar REPU than biogas/biomass/biofuel than wind in the
energy-mix strategy in the Nigerian economy. It is con-
sistent with IRENA and CEM (2014), which had shown
that jobs per newly installed MW in the OECD, the USA,
and South Africa, for onshore wind and solar photovol-
taic, were, respectively, 8.6 and 17.9; 12.1 and 20; and 27
and 69.1. Solar energy indeed will have more socio-eco-
nomic benefits than wind in the energy-mix strategy in
Nigeria.

The REPU potentials, as shown in Table 4, where the
highest option, excellent, was referenced out, consider-
ing it had the lowest frequencies of choices among all
the options that include very low, low, high, and very
high, is found to be sufficient. It reveals that for wind
REPU, the ES shows significant p-values for all the
options from very low to very high. The respondents

thus imply very highly (0.029) with (p=0.035) regard-
ing the potential of wind REPU in Nigeria, but lowly
with the strongest significance value (0.008) at a=1%
being of potential REPU. Although the ordinal logis-
tic regression results for solar and bio sources is sta-
tistically found not significant, as shown in Table 4; a
situation that may have arisen from the categorical ref-
erencing of excellent (with lowest frequency option),
the correlation results in Table 3 have, however, shown
significant p-values for both the solar (0.000) and bio
energy sources (p=0.016), which the study relied on
to proceed with the interpretation of the odds ratio
(effect size) in the OLR results for both of solar and
bio energy. The other compelling reason for proceed-
ing with the interpretation of bio and solar potential is
hinged on the super abundance of the two sources in
Nigeria (e.g., Giwa et al., 2017). Consequently, the ES
for biofuel/biogas/biomass within the high option is the
largest (4.030), which shows that the respondents con-
sider that the odds of the potential of biofuel/biogas/
biomass is much higher than the other ordered options
for biofuel/biogas/biomass, particularly about twice as
high than the very high option in being a good candi-
date for REPU. A similar behavior is experienced for
the solar REPU here.

Solar energy solutions affordability extent towards solving
power poverty

The non-significance of p-value for solar REPU potential
and bio energy source regression results shown in Table 4
notwithstanding, the study proceeded to investigate
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solar energy solutions affordability extent towards solv-
ing energy poverty issues in Nigeria for several reasons
that include its abundance and availability, which is ubiq-
uitous (Alanne & Cao, 2019). For example, 17,459 billion
MJ of solar energy is incident on the country’s total sur-
face area per day (Giwa et al,, 2017), including exposure
of an average of 6 h of sunshine per day that reaches 8 h
in the northern part (Charles, 2014; Okoye & Adejumobi,
2021). Solar technology has witnessed the most unprece-
dented technological advancements of all energy sources
since the 50 s (Breyer et al., 2021; Green et al., 2015) that
include advances in scalability and modularity of its dif-
ferent modules, from rooftop, wall, window, foldable, to
solar plant, which makes it an energy source of choice
(Hernandez et al., 2019). On environmental impact,
solar plant has been found to be competitive with wind
energy plant delivering net green energy after accounting
for inputs and ecosystem maintenance energy (Daaboul
et al,, 2023). Solar energy is resilient and reliable and
seen as the energy of the future. Importantly, for social
and economic benefits, regarding affordability, the price
of solar photovoltaic energy has declined by 88 per cent,
from ($0.417) 2010 to ($0.048)/kw-hour in 2021, while
wind energy recorded 68 per cent decline in price and
only 14 per cent for biomass (Osman et al., 2022).

Thus, like the wind REPU, the ES of the very high
choice for solar is the largest, which implies that the
respondents are very highly optimistic about the poten-
tial of solar as a good candidate for REPU in Nigeria,
which is also consistent with the results in Table 3, ie.,
41.7% very high potential for REPU and at an absolute
extent energy-mix strategy, and IRENA and CEM (2014).
The effect of the affordability of renewable energy pro-
duction and utilization of solar systems on the extent of
the energy-mix strategy is equally captured, and results
shown in Table 7. The highest option, can very much
afford, was referenced out, considering that there are two
other options of cannot afford and can afford, found to be
sufficient based on affordability issues in considering it’s a
developing country focused study. The low-capacity solar
installation is considered in the range of 1IKVA output
capacity and at (N550,000.00) price at the time of gather-
ing research data, which was approximately US $960.00
at a prevailing exchange rate of $1=N570 (the exchange
range has become unstable and currently fluctuates at
about N1,250 to a $1). The medium capacity is consid-
ered 2.5KKVA at (N1,900,000.00), approximately US
$3300.00, while the high-capacity output is considered
5KVA at (N2,300,000.00), which is about US $4,000.00.
The respondents who can afford low-capacity solar sys-
tems have the largest ES (0.574), implying the odds of can
afford is higher than cannot afford. However, the odds of
cannot afford even the low solar capacity is statistically
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significant at «=1%. This current pattern repeats itself
with medium and high-capacity solar affordability
respondents. It implies that participants earnings and
expenditures are not with a good purchasing power able
to allow the respondents, who though know the value of
solar REPU in the energy-mix strategy, could not afford
the solar solution for their households. But the respond-
ents who can afford solar solutions consider the viability
of the energy-mix strategy. Thus, it can be deduced that
affordability and recognition of values are correlated
and congruous with the Penchansky and Thomas’ (1981)
health policy and health services concept of access, with
dimensions that include affordability, accessibility, avail-
ability, adequacy, acceptability, implementation, and eval-
uation (Saurman, 2016).

In Table 5, Kendall’s tau-b correlation coefficient result
is positive and significant for a low-capacity solar solu-
tion at (tau-b=0.337, p=0.000). Three-quarters (75%)
of the respondents who cannot afford low-capacity solar
energy solutions and affordability thought its effect on
the energy-mix strategy would be to no extent. The num-
ber is about three-fifths (62.5%) for medium affordability
solar installations and approximately four-fifths (87.5%)
for high solar energy solutions affordability. About three-
fifths (58.3%) of the respondents who cannot afford low-
capacity solar energy solutions thought its extent in the
energy-mix strategy would be little. Essentially, the same
little extent option regarding solar energy affordability
and the extent of energy-mix strategy, but with a progres-
sively higher percentage of pessimism, as medium afford-
ability turns out (75%) and while high is (87.5%). The
respondents who can afford low-capacity solar installa-
tions considered its relevance in the energy-mix strategy
in Nigeria (53.6%), (68.8%), and (75%), respectively, to
some extent, large and absolute options.

The more respondents can afford to install solar solu-
tions, the likelihood they believe in its viability as an
energy-mix strategy and in agreement with Table 4 (Pen-
chansky & Thomas, 1981; Saurman, 2016), where a link is
deduced with accessibility, affordability, and recognizing
value. It can be deduced that the energy-mix is a function
of the affordability of the options.

As renewable energy, particularly solar energy, is a sig-
nificant solution in Nigeria’s energy-mix strategy, further
analyses were made about its production and utilization
potentiality and affordability. The results are shown in
Table 6. With a (tau-b=0.265, p=0.001) in the low solar
installation affordability option, the result has semblance
with the result for solar affordability with the energy-
mix strategy, implying that the respondents who can
afford low solar capacity installations see potentiality in
solar systems in Nigeria. See Tables 4 and 5 and Saur-
man (2016); Penchansky and Thomas (1981). Unlike the



Page 14 of 19

(2024) 11:11

Olayungbo et al. Sustainable Energy Research

1U9IXd
00 6¢ 80, 00 ¥4°] SLe 91 06z €8 2N|osqy

00 9vl ¥'S8 [474 ¥Se ¥'09 88l 889 Szl usxe abie

9¢ vle 06z 'L L'ee £09 L0l 9¢€s JAVASR N SV

€8 €8 8¢es8 91 €8 05z €8 €ee €85 1Usxe oM

GZ90  ¢v00 00 gel S/8 0Lro  6¢l0 00 SLe G¢9 0000  /E€0 00 0S¢ 0G/  1UaXxe ou ol
pioye pioye pioye uondope

yonw pioye yonw pioye yonw pioyge  xiw-Abisus

anjea-d g-np}y  A1dAue) pioye ued jouue) anjea-d g-nbpy  Kisaue) pioye ue) jouue) anjea-d q-nppy  K1dAue) ploye ue) jouuR) JO JUIIXD AYL
Aunqepioye

(%) Yy61H (%) winipay (%) mo7  ABiaua sejos

ddS3 pue (Aljigepioye) 3y3IS Usamiaq diysuoliesy § ajqer



Page 15 0of 19

(2024) 11:11

Olayungbo et al. Sustainable Energy Research

eel JA°4 009 eel (0)0)4 L9 €9¢ €es 0¢ JU9[|99X3

00 ¥0€ 969 (94 L'6€ §9s e 969 L8 Y61y A1oA

00 S8l S'l8 00 1444 9sS ULl 0L G8l ubIH

00 Ll €6 'S 9ty €1ls €0l 06S 80¢ MO

6100 0LC0 00 88l €18 9cl'o 9zLo €9 €9 G'/8 L000  S9C0 €9 SVAS €9s MOJ K1
pioye pioye pioye eLIRbIN Ul

yonw pioye yonw pioye yonw pioge  Nd3y iejos

anjea-d g-npbpy  KAiaAue) pioye ued jouue) anjea-d g-nppy  A1dAued pioye ue) jouue) anjea-d g-nppy  AldAue) pioye ue) jouue) Jo |enualod
Aujiqepioye

(%) YBIH (%) wnipay (%) mo7  AB1dud sejog

eUSBIN Ul 3y3S pue sjenusiod Nd3y Jejos usamiag diysuonesy 9 ajqel



Olayungbo et al. Sustainable Energy Research (2024) 11:11 Page 16 of 19
Table 7 Effect of SEAE on solving power poverty challenges in Nigeria
Covariates VIF Level Effect size Wald (p-value)
Low-Capacity Solar Affordability (1KVA) @N550K 1318 Cannot afford 0.170 (0.047-0.610) 7.389 (0.007)**

Can afford 0.574 (0.197-1.672) 1.035 (0.309)

Can very much afford (ref) - -
Medium-Capacity Solar Affordability (2.5KVA) @N1,900 K 1678 Cannot afford 8.577 (1.022-71.956) 3.922 (0.048)*

Can afford 7.202 (0.949-54.666) 3.645 (0.056)

Can very much afford (ref) - -
High-Capacity Solar Affordability (5KVA) @N2300 K 1373 Cannot afford 0.000 (0.000-0.000) 1943.134 (0.000)****

Can afford

0.000 (0.000-0.000) -

Can very much afford (ref.) - -

Effect sizes of energy experts’ opinions; ref. denotes reference category; p-values for the ES that are statistically significant are denoted with asterisks (<0.05 *;<0.01

**%,<0.001 ***;0.0001 = ***¥)

insignificant tau-b result of the solar affordability with
the energy-mix strategy in the high solar capacity afford-
ability range, the solar potentiality shows a significant
tau-b at (p=0.019) despite showing consistency with the
‘cannot afford’ options.

Comparing Tables 6 and 7 shows consistent results,
indicating that respondents who can afford low solar
capacity installations perceive the potential of solar sys-
tems in Nigeria. For the medium-capacity output of solar
REPU, Table 7 shows that the respondents generally can-
not afford the present cost of such a system at 8.577 ES,
significant p-value (0.048), which also corroborates the
medium-level result in Table 6. At a highly significant
value (p=0.000), the low affordability of accessing high-
capacity solar system installations is a significant deter-
minant showstopper in Nigeria’s solar energy production
and utilization challenge. Largely, the agreements found
with the different methods and approaches support the
reliability of the research instruments, including the con-
sistency in the results, from the descriptive, Kendall’s
tau-b correlations to the OLR models utilized. Concern-
ing REPU and particularly solar REPU, the findings reveal
that when you can afford it, your recognition of its values
is better appreciated.

Summary of the evidence

The extent to which the energy-mix adoption strategy
can alleviate power poverty is statistically significant for
middle and senior management expertise-cadre, while
the latter demonstrates a more comprehensive under-
standing, in the same manner as the engineers, manag-
ers and executives. Extensive professional experience,
master’s level of education, participation in energy-mix
seminars, training, and capacity development events,
such as technical, policy or regulatory and management,
statistically enhance the models. It resonates with Jaiswal
et al. (2021), suggesting that upskilling employees in

emerging fields like energy-mix enhances their contex-
tual understanding and relevance. Most experts surveyed
in the study consider solar energy deployment to be of
high potential for Nigeria’s energy-mix strategy and espe-
cially at subsistence level, which is consistent with Rio
and Burguillo (2009). Solar energy uptake is seen as ben-
eficial socio-economically and is supported by previous
research findings (IRENA & CEM, 2014; Kata et al., 2021;
Kumar, 2020). While the potential of bio sources for
renewable energy production and utilization in Nigeria
is seen as reasonably lower than solar REPU but higher
than wind energy. Energy experts consider bio sources
to have significant potential, particularly within the
high option. Thus, the study indicates a favorable view
towards integrating solar energy into Nigeria’s energy-
mix, with less enthusiasm for wind energy but significant
potential seen in biofuel/biogas/biomass. Although the
respondents show optimism about solar energy poten-
tial as a good candidate for REPU in Nigeria, affordability
was considered a showstopper to its widespread adop-
tion. It implies that at the off-grid, subsistence (house-
holds) level to solving energy poverty in line with Rio
and Burguillo (2009) and energy-mix diversification to
substantial renewables, affordability is a significant fac-
tor influencing the extent of solar energy inclusion in the
energy-mix strategy by the citizens. The study shows that
the extent of affordability beclouds perceptions of solar
REPU viability in the energy-mix, such that those who
can afford solar solutions are more likely to believe in its
potential as part of the energy-mix, which maintains Pen-
chansky and Thomas (1981) and Saurman (2016) notions
on affordability and accessibility. The results of the vari-
ous analysis applied consistently show that affordability
influences the recognition of solar energy’s value in Nige-
ria’s energy-mix. Informing that affordability and acces-
sibility play crucial roles in determining the feasibility of
renewable energy solutions. The study further shows that
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affordability is a significant challenge, particularly with
high-capacity solar installations, positing barrier to wider
adoption and utilization especially at subsistence level.

Conclusions

The analysis underscores the importance of demographic
factors and professional development in shaping perspec-
tives on addressing power poverty challenges through
subsistence REPU in Nigeria’s energy-mix strategy.
The study suggests that solar energy deployment may
offer more socio-economic benefits and sustainability
implications compared to wind and bio sources in the
energy-mix strategy, indicating a favorable view towards
integrating solar energy into Nigeria’s energy-mix, with
less enthusiasm for wind but significant potential seen in
biofuel/biogas/biomass. The study found a link between
affordability and recognition of values in REPU regarding
its potential, especially in the energy-mix strategies and
alleviation of citizens’ power poverty issues. It highlights
the importance of affordability in determining the feasi-
bility and acceptance of solar REPU as a substantial part
of Nigeria’s energy-mix strategy, emphasizing the need
for policies and initiatives to address affordability issues
to promote wider adoption of REPU especially as oft-
grid, subsistence solutions, among the citizens. Adopt-
ing energy-mix strategies has been found to have a high
potential for improving power supply, access, and secu-
rity. The consistency in results across different method-
ologies supports the reliability of the research findings,
enhancing confidence in the conclusions drawn. It is rec-
ommended to intensify efforts in diversification of the
country’s energy stock by government incentivization of
renewable energy access, particularly, solar. Further, the
different EEE regulatory policy agencies could be sad-
dled with the formulation and coordination of policies
that support households and could potentially amelio-
rate energy poverty in low-income households, including
raising income levels.
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