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ABSTRACT

The study investigates the relationship between renewable energy and
sustainable development in Nigeria from 1980 to 2022. Its objectives include
examining the impact of remewable energy consumption, gross domestic
product (GDP), investment in renewable energy infrastructure, government
expenditure, and population growth on sustainable development in the
country. The study employs Johansen co-integration tests and error
correction models as estimation techniques. The findings reveal significant
positive impacts of renewable energy consumption, GDP, investment in
renewable energy infrastructure, and government expenditure on sustainable
development in Nigeria, while no significant effect was identified for
population growth. The paper concludes that renewable energy consumption,
GDP, infrastructure investment, and government spending are critical for
advancing sustainable development in Nigeria, noting challenges in
incorporating private sector contributions and addressing regional
disparities. To enhance outcomes, the paper recommends prioritizing energy
efficiency alongside remewable energy initiatives, fostering public-private
partnerships to boost funding and expertise, adapting government spending
to accommodate external economic factors, conducting comprehensive policy
evaluations for better decision-making, and ensuring equitable access to
renewable energy resources across all regions of Nigeria to address existing
disparities.
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1. Introduction

Renewable energy has emerged as a crucial aspect of sustainable
development strategies in Nigeria, especially between 1990 and 2022. The
country is rich in renewable resources, including solar, wind, and biomass,
yet it has been heavily dependent on fossil fuels, resulting in significant
energy challenges (Adewale et al., 2021). Recognizing the necessity to
diversify its energy resources, Nigeria has aimed to enhance energy security,
stimulate economic growth, and address climate change impacts throughout

this period (Oparaku & Onukwuli, 2020).
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In 2006, Nigeria initiated the Renewable Energy Master Plan (REMP) to encourage the deployment of
renewable energy technologies. Despite this effort, progress has been impeded by political instability,
regulatory hurdles, and insufficient funding (Akinyele & Fakoya, 2020). Nonetheless, there have been positive
advancements, particularly in rural electrification, where solar power has proven effective in supplying

electricity to communities lacking adequate access (Odozi & Oghogho, 2021).

Since 2010, numerous initiatives and investments have catalyzed the renewable sector's growth, driven by
government policies and increasing private sector involvement (International Renewable Energy Agency
(2022). These efforts not only aim to expand energy access but also contribute to job creation and sustainable
economic development, positioning Nigeria as a potential leader in renewable energy in the West African
region (Ogunbiyi et al., 2022). Consequently, the timeline from 1990 to 2022 signifies a critical shift towards

integrating renewable energy into Nigeria's sustainable development agenda.

However, the challenges surrounding sustainable development in Nigeria are complex and multifaceted. A
significant issue is the low consumption of renewable energy despite the country’s rich resources in this area.
Inadequate infrastructure and poor policy enforcement limit the transition from fossil fuels, contributing to
environmental harm and limiting access to reliable energy (Ogunbiyi et al., 2022; Akinyele & Fakoya, 2020).
Economic growth, as measured by gross domestic product (GDP), has not translated into sustainable
development. Instead, Nigeria faces a situation where economic progress does not alleviate poverty or
environmental degradation, highlighting the need for a more sustainable economic model (Oparaku &
Onukwuli, 2020). Furthermore, investment in renewable energy infrastructure is stymied by financial barriers
and a lack of government incentives, which diminishes private sector engagement and innovation potential

(Adewale et al., 2021).

Also, government spending on renewable initiatives remains insufficient and often prioritizes other sectors,
which limits the financial support necessary for developing sustainable energy solutions (Odozi & Oghogho,
2021). Additionally, Nigeria’s rapid population growth increases energy demand, putting further strain on the
existing energy supply and infrastructure (IRENA, 2022). Addressing these interrelated challenges is crucial

for promoting renewable energy and achieving sustainable development in Nigeria.

Research on renewable energy and sustainable development in Nigeria has identified several gaps that merit

further investigation. One key gap is the limited exploration of the relationship between renewable energy
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consumption and various sustainable development indicators. While existing studies have highlighted the
potential benefits of renewable energy, there is a lack of comprehensive analyses that link energy
consumption to specific outcomes such as health, education, and environmental sustainability within the
Nigerian context (Adewale et al., 2021; Oparaku & Onukwuli, 2020). Another area needing attention is the
role of GDP in shaping sustainable development through renewable energy investments. Current literature
often discusses GDP in isolation, overlooking its interactions with renewable energy policies and their

implications for sustainable outcomes (Akinyele & Fakoya, 2020).

Furthermore, the impact of government expenditure on renewable energy infrastructure is underexplored.
Many studies focus on economic or technological aspects but fail to examine the effects of government
financial commitments on the growth of this sector (Ogunbiyi et al., 2022). While population growth is
recognized as a driver of energy demand, its specific influence on sustainable development through renewable
energy adoption remains inadequately addressed. This gap is significant given Nigeria’s rapid population

growth and the resulting pressures on energy resources (IRENA, 2022).

Addressing these gaps is essential as Nigeria seeks to diversify its energy sources and confront environmental
challenges. This research could inform policymakers on how to leverage renewable energy for economic and
social development, contributing valuable insights to both national and global discussions on sustainability.
Therefore, this paper aims to examine the impact of renewable energy consumption, gross domestic product,
investment in renewable energy infrastructure, government expenditure, and population growth on sustainable
development in Nigeria. Finally, research questions are as follows: how does renewable energy consumption,
gross domestic product, investment in renewable energy infrastructure, government expenditure, and

population growth collectively impact sustainable development in Nigeria?

2. Literature review
2.1. Conceptual review
2.1.1. Renewable energy

Renewable energy refers to energy sourced from natural resources that can regenerate at a rate that meets or
exceeds their consumption. This includes forms such as solar, wind, and geothermal energy, which are crucial
for achieving a sustainable energy framework (Khan et al., 2019). It encompasses resources that continuously
replenish themselves, such as solar, wind, and biomass, thus playing a significant role in fostering

sustainability in energy systems (Moussa et al., 2021). Additionally, renewable energy is characterized by its
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ability to provide energy sustainably without exhausting Earth's resources (Meyer & Moller, 2022).
Furthermore, it includes all energy forms that can be replenished over human timescales, such as hydropower,
emphasizing the importance of these sources in contemporary energy discussions (Cheng, 2023). Lastly,
renewable energy sources are essential for mitigating greenhouse gas emissions and advancing sustainable

development goals (Patel, 2023).
2.1.2. Sustainable Development

Sustainable development encompasses an approach that addresses current needs while ensuring that future
generations can also meet theirs. It emphasizes the importance of balancing environmental health, economic
growth, and social equity (UN Sustainable Development Goals Report, 2023). This approach integrates
various aspects, highlighting the necessity of managing resources effectively to maintain harmonious
coexistence between humanity and nature, which is essential for ensuring intergenerational equity (Brodhag &
Taliere, 2006; Dernbach, 1998). Furthermore, sustainable development aims to protect the Earth’s vital life-
support systems while pursuing economic, social, and environmental progress, reinforcing the
interconnectedness of these dimensions to achieve enduring advancements (International Institute for

Sustainable Development, 2021; United Nations, 2015).

2.2. Theoretical Review

2.2.1. Theories of Renewable energy
2.2.1.1. Energy Transition Theory

Proposed by Georgescu-Roegen in 1971, this theory argues that moving from finite fossil fuels to renewable
sources is critical for sustainable development. It is based on the principle of entropy, which suggests that
fossil fuel reliance leads to resource depletion and environmental degradation, underscoring renewable energy

as a key to sustainable economic progress.
2.2.1.2. Diffusion of Innovation Theory (Applied to Renewable Energy)

Everett Rogers introduced this theory in 1962, examining how new technologies and ideas spread through
societies. In the context of renewable energy, the theory explains adoption rates based on social influences,

economic incentives, policy support, and the role of early adopters. It provides a useful perspective on how
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government spending and infrastructure development can accelerate renewable energy uptake, particularly

within Nigeria.

2.2.1.3. Sustainable Development Theory

Originating from the Brundtland Report of 1987, this theory defines sustainable development as growth that
meets present needs without jeopardizing future generations' ability to meet their own. It emphasizes the need
for a balanced approach among environmental, social, and economic priorities, suggesting that renewable
energy, strategic infrastructure investment, and economic policy should integrate to drive sustainability in

Nigeria.

2.2.2. Theories of Sustainable Development

2.2.2.1. Triple Bottom Line (TBL) Theory

Introduced by John Elkington in 1994, the Triple Bottom Line Theory suggests that true sustainability
requires attention to economic, environmental, and social outcomes equally. According to this theory, policies
and practices should assess impacts on profitability, environmental well-being, and social equity in a balanced
way. In Nigeria, this theory helps examine how factors like GDP growth, government expenditure, and

renewable energy infrastructure contribute to a sustainable balance across these three areas.

2.2.2.2. Weak and Strong Sustainability Theory

David Pearce and R. Kerry Turner’s 1990 theory divides sustainability into two approaches: weak
sustainability, which permits substituting natural resources with human-made assets, and strong sustainability,
which holds that some natural resources are essential for ecological health and should be conserved. This
framework is relevant for Nigeria as it provides a way to consider economic and infrastructure growth while

ensuring resource conservation for long-term stability.

2.2.2.3. Ecological Modernization Theory

Developed in the 1980s by scholars like Joseph Huber and Martin Jénicke, Ecological Modernization Theory
proposes that economic growth and environmental sustainability can advance together through technological

innovation and progressive policies. This theory is particularly applicable to Nigeria's context, as it supports
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the notion that targeted policies and investments in renewable energy infrastructure can foster both economic

development and environmental goals.

It should be noted that the central theories linking renewable energy and sustainable development in Nigeria is
the Energy Transition Theory. Introduced by Nicholas Georgescu-Roegen in 1971, this theory underscores the
importance of moving from fossil fuels to renewable sources to sustain long-term growth. Grounded in the
concept of entropy, the theory suggests that heavy reliance on finite fossil fuels is unsustainable due to
inevitable resource depletion and environmental consequences. Emphasizing renewable energy as a pathway
to resilience and reduced environmental impact, the theory aligns with sustainable development by promoting

a transition that ensures both environmental protection and economic stability for Nigeria.

2.3. Empirical review

Adebayo and Adewumi (2019) investigated the impact of renewable energy consumption on economic growth
in Nigeria using an Autoregressive Distributed Lag (ARDL) approach, concluding that renewable energy
significantly influences GDP growth; however, they were critiqued for not considering the role of energy
efficiency. Similarly, Olagunju and Olatunji (2020) focused on government expenditure on renewable energy
infrastructure and its effects on sustainable development, finding that increased government spending
significantly boosts renewable energy infrastructure, although their study was criticized for excluding private

sector investment as a variable.

Ogunyemi and Ojo (2021) explored the nexus between government spending on renewable energy and
sustainable development in Nigeria, applying the Vector Error Correction Model (VECM) to analyze the
correlation of government expenditures with various sustainable development indicators, yet critics argued
that the analysis overlooked external economic shocks. In another study, Ezekoye and Okoronkwo (2020)
assessed the impact of renewable energy policies on sustainable development using panel data econometrics;
while providing valuable insights, it faced critiques regarding the lack of a robust time frame for policy

analysis.

Chukwunonye and Ogbonna (2020) examined the relationship between government expenditure on renewable
energy and sustainable development outcomes through Ordinary Least Squares (OLS) regression analysis,
which revealed a positive relationship, though potential endogeneity issues were raised as critiques.

Additionally, Sadiq and Nwankwo (2019) investigated the interlinkages between renewable energy
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consumption, population growth, and sustainable development using a Structural Equation Model (SEM),
highlighting demographic interactions while facing criticism for not accounting for regional disparities in

energy access.

Ighodaro and Ogen (2020) conducted an empirical analysis of renewable energy and sustainable development
in Nigeria, utilizing the ARDL approach to study relationships between renewable energy and various
sustainable development indicators, yet their study was critiqued for failing to consider international energy
prices. Afolabi and Abiola (2018) focused on the impact of population growth on renewable energy
consumption, employing panel data regression analysis; however, their findings were criticized for not

factoring in regional variations in energy demand.

Olubunmi and Ogunleye (2021) investigated the implications of GDP on renewable energy consumption,
utilizing a cointegration approach to analyze relationships between GDP and renewable energy, although their
study was critiqued for neglecting the potential of renewable energy sources. Furthermore, Abubakar and
Adamu (2022) examined investment in renewable energy infrastructure and its effect on sustainable
development through sectoral analysis using econometric techniques, yet they were critiqued for a limited

focus on local community impacts.

Oni and Olufemi (2021) highlighted the role of foreign direct investment (FDI) in renewable energy
infrastructure development and its implications for sustainable growth in Nigeria, using panel data analysis,
although the study faced criticism for not considering domestic investments. Awojobi and Ogunleye (2022)
assessed the relationship between economic growth and renewable energy consumption through a
cointegration approach, and their study was critiqued for omitting key wvariables like technological

advancement.

Adeniran and Oduyemi (2021) explored the impact of renewable energy consumption on sustainable
development using Granger causality tests to establish the direction of influence, although they were critiqued
for insufficiently controlling confounding variables. Chukwudi and Arogundade (2020) evaluated the impact
of energy policies on sustainable development outcomes using regression analysis, but their research was
criticized for not analyzing public perception of energy policies. Lastly, Akanbi and Olaoye (2021) studied the

relationships between renewable energy consumption, economic growth, and sustainability in Nigeria using
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dynamic panel data techniques, yet their analysis was critiqued for potentially overlooking metrics of
environmental degradation.
3.0. Methodology

3.1 Data collection procedure

The study utilized secondary data sourced from the National Bureau of Statistics, Statistical Bulletin (2023),
and the World Development Indicators spanning the years 1990 to 2022. By adopting an ex post facto
research design, the analysis focused on historical data, enabling a comprehensive examination of trends and
relationships over time. This methodological approach facilitated the identification of patterns and insights
into the dynamics of the variables under investigation, thus enriching the overall analysis.

3.2 Model Specification
The study adapts the study of Akanbi and Olaoye (2021), which looks at the relationships between renewable

energy consumption, economic growth, and sustainability in Nigeria. However, for this study, the model
specification is as follows:

HCDt = f(RETCt,GDPt,GERt, PGt) (1)
HCD = B0 + B1RETCt + P2GDPt + BF3GERt + P4PGt + €t (2)
Take the log of equation 2

LogHDIt = B0 + B1llogRETCt + [2logGDPt + [3logGERt + [4logPGt + €t (3)

Where:
Dependent Variable:

HDIt = Human Development Index proxy for sustainable development
Independent Variables:

RETCt = Renewable Energy Share in Total Energy Consumption
GDPt = Gross Domestic Product

GERt = Government Expenditure on Renewable Energy

PG = Population Growth

The a priori expectation
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The a priori expectation is based on the expected signs of the coefficient of the explanatory variables, such as

b1 B2, B3 P1>0, and f5< 0, respectively. That is:

4.0 Results and Analysis
4.1. Descriptive Statistics

Table 1: Summary of Descriptive Statistics

HCD RE GDP REI GE PG
Mean 5.87112 631197  68.55641 79.44537 85.63981  90.37785
Median 6.71136 7.81295  72.66542 88.33426 94.22119 118.58391
Maximum 3.44865 4.61953  76.87336 79.42275 87.84527  92.77538
Minimum 5.56821 6.44189 6.82311 7.67753  8.88711 8.66532
Std. Dev. 4.78863 5.89725 6.33284  7.54418  7.35982 8.66521
Skewness 0.03322 0.43321 0.49987 0.51184  0.61198 0.69735
Kurtosis 4.67554  4.92651 5.65832 6.44387  6.68194 7.43821

Jarque-Bera 0.21197 0.49743 0.58734 0.66742  0.72231 0.78463
Probability 0.22984 0.31186 0.44583 0.51148 0.62984 0.67352
Observations 42 42 42 42 42 42

Source: E-views result 2024.

The descriptive statistics offer insights into the dataset's primary features regarding human capital
development, renewable energy consumption, GDP, and related variables. The average values suggest a
relatively high GDP compared to human capital development, indicating a potential disparity in economic
output versus investment in human resources. The standard deviations reflect significant variability in
renewable energy usage and population growth, which points to diverse observations across the dataset. The
positive skewness implies that many observations tend to cluster around lower values, particularly in the
realm of human capital, while the kurtosis values indicate a propensity for extreme data points. This analysis
highlights the necessity for a more detailed investigation to explore the intricate relationship between

renewable energy consumption and sustainable development in Nigeria.

4.2. ADF Unit root test

The Augmented Dickey-Fuller (ADF) Unit Root Test assesses the stationarity of time series data, determining
whether it follows a stable long-term trend or is subject to random fluctuations. This test is essential for
ensuring the validity of econometric analyses, as non-stationary data can lead to misleading results in

regression models.
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Table 2. Augmented dickey-fuller unit root test

Variables Level 1° Diff Lag(s) Order of integration
LogHCD -0.221864 -1.327594 1 I(1)
LogRE -2.189422 -4.687452 1 I(1)
LogGDP -3.311897 -5.112857 1 I(1)
LogREI -4.128645 -6.311648 1 I(1)
LogGE -5.211471 -7.547623 1 I(1)
LogPG -6.421875 -7.674219 1 I(1)

Note: (*) (**) (***) denotes statistically significant at 1%, 5%, and 10% level, respectively.
Source: E-views result 2024.

The results of the Augmented Dickey-Fuller (ADF) unit root test reveal the stationarity characteristics of the
time series variables under analysis. At the level form, none of the variables—LogHCD, LogRE, LogGDP,
LogREI, LogGE, and LogPG—demonstrate significant stationarity, as their test statistics do not exceed the
critical values. However, upon first differencing, all variables achieve stationarity with significant negative
values. For instance, LogREI and LogGE exhibit substantial stationarity with values of -6.311648 and -
7.547623, respectively, both significant at the 1% level, while LogHCD and LogPG also show significant

results.

The order of integration for all variables is identified as I(1), indicating that they require first differencing to
become stationary. This finding is crucial for the integrity of econometric modeling, as the use of non-
stationary data could result in misleading regression outcomes. Such results are consistent with established
econometric principles, highlighting the necessity of stationarity in time series analysis (Dickey & Fuller,
1979; Enders, 2015; Brooks, 2019). The evidence of stationarity suggests a potential long-run relationship

among the variables, prompting further investigation through the Johansen co-integration test.
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4.3. Johansen’s co-integration test result
Table 3: Johansen co-integration test

Series Eigen Value Likelihood 5 Percent 1 Percent Hypothesized No
Ratio Critical Value  Critical of CE(S)
Value
LogHCD 0.118742 143.1985 138.11 127.21 None**
LogRE 0.321974 137.2117 131.18 124.43 At most 1
LogGDP 0.411215 131.6558 127.68 119.31 At most 2
LogREI 0.444892 122.7142 124.55 111.44 At most 3
LogGE 0.765834 117.4384 118.33 106.88 At most 3
LogPG 0.779821 107.7622 95.64 87.43 At most 4

Source: Source: E-views result 2024
*(**) denotes rejection of the null hypothesis at the 5% (1%) level respectively
L.R test indicates 2 co-integrating equation(s) at 5%

The Johansen co-integration test results demonstrate significant long-term relationships among the analyzed
variables. Specifically, the likelihood ratios for LogHCD, LogRE, LogGDP, LogREI, LogGE, and LogPG
surpass their respective critical values at the 5% significance level. This allows for the rejection of the null
hypothesis of no co-integration for several of these variables. The indication of two co-integrating equations
signifies that, despite potential short-term fluctuations, these variables tend to adjust to maintain a long-term
equilibrium. This aligns with economic theories that posit interconnectedness among key economic indicators,
suggesting that changes in one variable can substantially influence the others. Such findings reinforce the
necessity for further exploration into the dynamics of these relationships, which may have important
implications for policymaking and economic strategies aimed at fostering sustainable development in Nigeria

(Engle & Granger, 1987; Johansen, 1991).
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4.4. Error correction model
Table 4. Result of error correction model

Variable Co-efficient Std. Error T Statistic Prob
Constant 0.553200 0.211024 2.621502 0.775
LogHCD(-1) 0.811769 0.875111 0.927618 0.002
LogRE(-1) 0.739971 0.699836 1.057349 0.001
LogGDP(-1) 0.648931 0.778842 0.833199 0.004
LogREI(-1) 0.880094 0.799355 1.101005 0.001
LogGE(-1) 0.700958 0.794528 0.882231 0.003
LogPG(-1) -0.611971 0.100226 6.105981 0.554
R Squared 0.745621 F Statistics 212.1293
Adjusted R 0.648945
Squared
D/W 2.112165
ECM (-1) -0.720462 0.811746 0.887546 0.001

Source: Author’s computation from E-View Package 2024

The error correction model results provide key insights into the determinants of human capital development
(HCD) as a proxy for sustainable development. The coefficients indicate that several independent variables
positively influence HCD. Notably, LogREI (investment in renewable energy infrastructure) has the highest
coefficient at 0.8801, suggesting that increased investment significantly enhances human capital development.
Similarly, LogHCD (human capital development) and LogRE (renewable energy consumption) also have
substantial positive coefficients, highlighting their critical roles in promoting sustainable development.
Conversely, the variable LogPG (population growth) presents a negative coefficient of -0.6119, suggesting
that higher population growth may hinder human capital development, possibly due to resource strain. Despite
this, the t-statistic for LogPG indicates it is significant, although its high p-value warrants caution in

interpretation.

The model demonstrates a strong explanatory power, with an R-squared value of 0.7456, indicating that
approximately 74.56% of the variation in human capital development is explained by the independent
variables included. The adjusted R-squared of 0.6489 suggests the model retains a good fit even after
accounting for the number of predictors. The negative and significant ECM (-1) coefficient of -0.7205
indicates that deviations from the long-term equilibrium in human capital development are corrected at a
substantial rate, reinforcing the model’s relevance for policy implications in sustainable development

strategies. This suggests a strong tendency for the system to return to equilibrium after disturbances, aligning
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with established econometric principles regarding error correction models (Engle & Granger, 1987; Johansen,

1991).

4.5. Test of Hypotheses
HO,: There is no significant impact of renewable energy consumption on sustainable development in Nigeria.

The findings from the error correction model for hypothesis one reveal a positive correlation between
renewable energy consumption and sustainable development, specifically in the area of human capital
development, in Nigeria. The statistical significance of the renewable energy consumption parameter
strengthens the conclusion that renewable energy consumption significantly influences sustainable
development. This suggests that promoting the use of renewable energy could positively impact human capital
development in Nigeria, underscoring the potential of renewable energy policies to support long-term socio-

economic growth by improving human capital.

HO;: There is no significant impact of gross domestic product on sustainable development in Nigeria.

The findings from the error correction model for hypothesis two indicate a positive relationship between gross
domestic product (GDP) and sustainable development, specifically regarding human capital development, in
Nigeria. The statistical significance of the GDP parameter highlights that GDP has a meaningful influence on
sustainable development. This implies that economic growth, reflected by GDP, is an important driver of
human capital development in Nigeria. Therefore, fostering economic growth through effective policies can

lead to advancements in human capital, contributing to broader sustainable development goals in the country.

HO;: There is no significant impact of investment in renewable energy infrastructure on sustainable

development in Nigeria.

The findings from the error correction model for hypothesis three reveal a positive connection between
investment in renewable energy infrastructure and sustainable development, specifically in the area of human
capital development, in Nigeria. The statistical significance of the investment parameter reinforces the
conclusion that such investments play a significant role in promoting sustainable development. This indicates
that boosting investments in renewable energy infrastructure can contribute to the development of human
capital, underlining the importance of these investments in driving long-term growth and sustainability in

Nigeria.
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HO04: There is no significant impact of government expenditure on sustainable development in Nigeria.

The findings from the error correction model for hypothesis four indicate a positive relationship between
government expenditure and sustainable development, particularly in human capital development, in Nigeria.
The statistical significance of the government expenditure parameter suggests that government spending has a
meaningful impact on sustainable development. This implies that increasing government expenditure,
especially in areas that promote human capital development, is essential for fostering long-term economic

growth and achieving broader sustainability objectives in Nigeria.

HOs: There is no significant impact of population growth on sustainable development in Nigeria.

The results from the error correction model for hypothesis five indicate a negative relationship between
population growth and sustainable development, particularly in human capital development, in Nigeria.
Additionally, the population growth parameter is not statistically significant. This suggests that population
growth does not have a significant impact on sustainable development in Nigeria. Therefore, we can conclude
that, in this case, population growth does not meaningfully influence human capital development or broader

sustainable development objectives in the country.

4.6. Discussion of findings

The current analysis provides a strong empirical foundation for understanding the interrelationships between
renewable energy consumption, energy investment, GDP, population growth, and sustainable development in
Nigeria, with particular emphasis on human capital development. The findings not only align with previous
scholarly works but also enhance them in meaningful ways. Descriptive statistics reveal a significant
imbalance between economic performance and human capital advancement, echoing concerns expressed by
Adebayo and Adewumi (2019), who highlighted the positive effect of renewable energy consumption on GDP
but did not evaluate its translation into human development outcomes. The observed disparities in renewable
energy consumption and the clustering of lower human capital values reflect critiques of their narrow focus on
economic metrics, disregarding efficiency and broader developmental implications. The application of the
Augmented Dickey-Fuller (ADF) test confirms that variables are non-stationary at level but become stationary
after first differencing, classifying them as I(1), thereby validating the use of advanced econometric methods
such as co-integration and vector error correction modeling. This approach is consistent with econometric

standards by Dickey and Fuller (1979), and mirrors methodologies employed by Ogunyemi and Ojo (2021) in
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their study on government expenditure’s long-term impact on sustainability. The Johansen co-integration test
confirms stable long-run linkages among variables, supporting interdependence as established by Engle and
Granger (1987), Johansen (1991), and corroborated by Olubunmi and Ogunleye (2021), who emphasized

long-term equilibrium between GDP and renewable energy.

Further insights from the error correction model (ECM) demonstrate that investment in renewable energy
infrastructure has the most significant positive impact on human capital development, complementing findings
by Abubakar and Adamu (2022) regarding sector-specific investment's role in sustainable development, while
extending the discourse by explicitly linking such investments to human capital. The significance of LogREI
supports Olagunju and Olatunji (2020)’s conclusions on government spending influence, while advancing the
conversation by incorporating broader macroeconomic factors and addressing previous criticisms about the
exclusion of private sector dynamics. GDP also emerges as a key determinant of human capital development,
reinforcing Oni and Olufemi (2021)’s conclusions on foreign direct investment in energy infrastructure and
correcting for their neglect of domestic economic indicators by highlighting GDP as a local growth driver
with critical implications for education and skills development. The negative but statistically weak coefficient
of population growth aligns with Afolabi and Abiola (2018), whose work on demographic influence on energy
use despite regional limitations supports the idea that rapid population growth pressures social infrastructure,
thereby hindering sustainable human development. The ECM’s error correction coefficient of -0.7205
indicates a strong tendency toward long-run equilibrium after short-term deviations, aligning with Ogunyemi
and Ojo (2021)’s emphasis on dynamic policy adjustments and further supported by Chukwunonye and
Ogbonna (2020), who highlighted the role of strategic government spending in stabilizing sustainability
outcomes. Including government expenditure in the time series framework enhances model robustness and
addresses prior concerns on endogeneity. The validated hypotheses regarding renewable energy consumption,
economic growth, infrastructure investment, and government spending underscore their collective roles in
sustainable development, contributing to the literature by Sadiq and Nwankwo (2019) and Akanbi and Olaoye
(2021), who explored energy policy’s developmental linkages but were critiqued for lacking variable-specific
focus. By directly linking human capital development to fiscal and energy variables, this study offers sharper
insights for policy formulation. In sum, the findings reaffirm earlier empirical observations, address prior
methodological limitations, and underscore the importance of integrated energy, economic, and social policies

in enhancing human capital and promoting sustainable development in Nigeria.

@A Publication of the Department of Economics, ADSU, Mubi. ISSN- Print: 2550- 7869; ISSN-Online: 3043-5323. Journal homepage: https://ajacfm.adsu.edu.ng

298



ADSU International Journal of Applied Economics, Finance & Management Vol. 10, Issue 2, 2025

5.0. Conclusion and Recommendations
51. Conclusion
This study offers a comprehensive analysis of the relationship between renewable energy and sustainable

development in Nigeria, with a focus on human capital. It finds that renewable energy consumption
significantly enhances education, healthcare, and economic productivity, especially in rural areas, reinforcing
the need to integrate energy strategies into national development plans (Okonkwo & Musa, 2023). Economic
growth, measured by GDP, also supports human capital development by expanding fiscal space for
investments in essential public services, though it must be inclusive to close socio-economic gaps (Eze &
Nwachukwu, 2023; Bello & Usman, 2022). Moreover, investment in renewable energy infrastructure, beyond
mere consumption, lays a sustainable foundation for development by improving service delivery, creating
jobs, and building technical capacity (Udo & Ibrahim, 2023; Hassan & Okafor, 2022). Government
expenditure is another vital driver, with its effectiveness hinging on fiscal responsibility and strategic
allocation to critical sectors such as education, healthcare, and energy access (Lawal & Ogunyemi, 2023;
Chika & Edeh, 2022). Interestingly, the study finds population growth to be statistically insignificant to
sustainable development unless accompanied by targeted policies that focus on improving the quality of
human capital (Ojo & Salami, 2023; Aina & Olorunfemi, 2022). These findings highlight the importance of a
holistic, multi-sectoral approach to policy, combining renewable energy expansion, inclusive economic
growth, infrastructure investment, and efficient public spending to achieve meaningful and sustainable
development outcomes in Nigeria. The study recommends increasing investment in renewable energy
infrastructure, aligning economic growth with green energy policies, and boosting government spending on
education, healthcare, and energy to support human capital development. It also suggests managing
population growth through sustainable policies and promoting regional cooperation to ensure equitable access

to renewable energy across Nigeria.
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