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Abstract 
The importance of energy for the growth and development of any country 
cannot be overemphasized considering the attendant effect of the inflow of 
foreign direct investment (FDI) into the country concerned. This study thus, 
explores the impact of economic factors chiefly the FDI, unemployment rate 
(UNF), inflation rate (INF), exchange rate (EXR) and GDP on the hydro-
power production (HDP) in Nigeria. The data used for this study encom-
passes a quantitative data between the year 1970 and 2023 leading to 54 ob-
servations. The applied analytical methods include those of normality test, 
correlation, cross dependency, unit root test and Ordinary Least Square Struc-
tural Equation Modeling (PLS-SEM). The result indicates that with a regres-
sion coefficient of −0.245 and a Pr (0.827) for GDP, 0.0609 and a Pr (1.40) for 
INF, −0.655 and Pr (.390) for UNF, and −0.523 with a Pr (0.458) for FDI, it 
shows that the aforementioned variables does not have impact on the HDP. 
However, with a regressor value of −0.040 and a Pr (0.000) for EXR, it posits 
that only exchange rate has impact on the HDP for the period under review. 
This study concluded that only exchange rate has structural relationship 
with hydropower production in Nigeria while the other economic factors of 
inflation, unemployment and FDI do not historically have impact on the level 
of hydropower production in Nigeria. This study recommended that control-
ling the rate of exchange rate is crucial for maintaining hydropower produc-
tion growth. Failure to do so might lead to a decrease in the productive ca-
pacity in hydropower. Also, Nigeria can benefit from increased regional and 
global collaboration, which includes trade agreements and cross-border in-
frastructure efforts that enhance connectivity and promote economic integra-
tion. 
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1. Introduction 

Emerging markets, including Africa and Nigeria, have witnessed significant 
economic growth in recent decades and hold immense potential in the renewa-
ble energy sector. This growth, driven by globalization, technological advance-
ment, and increasing investment opportunities, has paved the way for focusing 
on renewable energy, gaining prominence due to environmental concerns and 
the need for sustainable development. Foreign Direct Investment (FDI) has played 
a pivotal role in shaping this sector in emerging markets, particularly in Africa. 
FDI has been instrumental in driving renewable energy projects, leveraging the 
continent’s abundant natural resources, such as water, sunlight, and wind. As 
one of Africa’s largest economies, Nigeria has seen an increase in FDI inflows 
targeting its renewable energy sector, aiming to address energy poverty and re-
duce dependency on fossil fuels. The rapid growth in energy consumption in 
response to economic expansion and industrialization has led to a global focus 
on transitioning to renewable energy sources. The increasing demands for ener-
gy and concerns about rising fossil fuel prices and climate change have also con-
tributed to this. Nigeria, a developing country heavily reliant on energy, faces 
challenges due to declining domestic oil resources and inadequate infrastructure. 
Nigeria aims to increase the share of renewable energy in its power generation 
capacity to reduce dependence on fossil fuels and mitigate pollution. Expanding 
renewable energy infrastructure in emerging markets, such as Nigeria, signifi-
cantly impacts various economic indicators (Ibrahiem, 2015). Renewable energy 
projects, particularly those driven by Foreign Direct Investment (FDI), stimulate 
economic activity across different sectors, resulting in GDP growth, job creation, 
and social and economic stability. Additionally, exchange rate stability or ap-
preciation attracts foreign direct investment (FDI) into renewable energy, as it 
reduces currency risk for investors (Rashed et al., 2021a). Conversely, inflation 
can impact the attractiveness of investments by influencing project costs and re-
turns. Moderate inflation rates are generally favourable, but high inflation can 
deter investors. FDI inflows into renewable energy bring capital, technology, and 
expertise and support energy security and environmental sustainability, provid-
ing a solid foundation for sustainable economic growth. 

This study’s focus on the impact of Foreign Direct Investment (FDI) on re-
newable energy in emerging markets, with a spotlight on Nigeria, underscores its 
relevance to policymakers, investors, and stakeholders in the renewable energy 
sector. It aims to provide essential insights into the relationship between eco-
nomic growth, sustainability, and the role of renewable energy in driving eco-
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nomic development and job creation. The study analyzes crucial economic indi-
cators such as GDP growth, unemployment, exchange rates, inflation, and FDI 
to offer valuable insights. It identifies barriers and opportunities for renewable 
energy development, guiding efforts to create favourable investment climates and 
overcome challenges. Ultimately, the study’s significance lies in its potential to 
inform strategies that promote sustainable development, advance climate action 
goals, and enhance economic prosperity in emerging markets like Nigeria. By 
better understanding these relationships, stakeholders can work towards a greener, 
more resilient future while driving positive economic and environmental changes. 
This study aims to assess the impact of Foreign Direct Investment (FDI) on de-
veloping renewable energy infrastructure in emerging markets, focusing on Ni-
geria by analyzing its influence on economic growth indicators such as GDP, 
unemployment, and inflation. In the same vein, it also helps to identify the key 
factors affecting the attraction and utilization of FDI in the renewable energy 
sector in emerging markets, with a specific focus on Nigeria, including regulato-
ry frameworks, political stability, exchange rate dynamics, and investment cli-
mate, to provide insights for policymakers and investors aiming to promote sus-
tainable energy transitions (Encinas-Ferrer & Villegas-Zermeño, 2015). The sig-
nificance of renewable energy in sustainable development and the imperative to 
comprehend how renewable electricity consumption and foreign direct invest-
ment influence economic growth in Nigeria. These objectives form the crux of 
our study, which we believe will contribute significantly to energy economics 
and sustainable development. 

Even though measures are being taken to expedite the realization of these di-
mensions for economic growth, a question needs to be answered: How does For-
eign Direct Investment (FDI) influence the development of renewable energy 
infrastructure in emerging markets like Nigeria? This question seeks to under-
stand the relationship between Foreign Direct Investment (FDI) and the devel-
opment of renewable energy infrastructure in emerging markets, mainly focus-
ing on Nigeria. It aims to explore how FDI contributes to the growth of renewa-
ble energy projects, job creation, and economic development in these markets 
(Amin et al., 2022). Renewable energy is becoming increasingly important in 
emerging markets like Nigeria, but its Foreign Direct Investment (FDI) level re-
mains low. This limited investment hinders the development of renewable ener-
gy infrastructure, resulting in continued reliance on fossil fuels, energy insecuri-
ty, and environmental degradation. Despite progress in the renewable energy sec-
tor, several challenges still need to be addressed (Ptacek et al., 2015). These chal-
lenges include inadequate infrastructure, regulatory obstacles, and political in-
stability, which can negatively impact the flow and effectiveness of foreign direct 
investment (FDI) in this sector. However, overcoming these challenges and creat-
ing an environment that enables sustainable investment and technological inno-
vation is essential. Achieving a greener and more prosperous future requires 
cooperation and concerted efforts from governments, international organiza-
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tions, and private investors. Ideally, increased FDI in renewable energy would 
drive the expansion of sustainable energy sources, create jobs, and promote eco-
nomic growth while mitigating environmental impacts (Adewole et al., 2023). 
However, the current state falls short of this expectation, hindering progress to-
wards a greener, more sustainable energy future. Failure to attract sufficient FDI 
into the renewable energy sector in Nigeria could have significant consequences. 
It may perpetuate reliance on fossil fuels, exacerbating environmental pollution 
and contributing to climate change. Additionally, inadequate investment could 
hinder economic development, limit job opportunities, and undermine efforts to 
achieve energy security and sustainability goals (Abdi et al., 2024). Without ad-
dressing this issue, Nigeria risks falling behind in the global transition towards 
renewable energy and facing long-term economic and environmental challenges 
(Sharmiladevi, 2023).  

The study employs a novel approach, examining the relationship between re-
newable electricity consumption, foreign direct investment, and economic growth 
in Egypt. It builds on existing literature that delves into the interplay between 
energy consumption, economic development, and foreign direct investment. 
The study utilizes an ARDL model to scrutinise the data from 1980 to 2011 and 
conducts Granger causality tests to probe the causal relationships between the 
variables. Extant literature includes studies such as Abdi et al. (2024), which ex-
amined the Asymmetric effects of foreign direct investment and trade openness 
on economic growth in Somalia: Evidence from a non-linear ARDL approach 
and found a mixed result. Moreover, John et al. (2023) examined foreign direct 
investment, remittances, real exchange rate, imports, and economic growth in 
Ghana: An ARDL approach and found a positive result. Without any missing 
variables, data was gathered from the World Data Bank. None of the above, 
however, substituted economic growth in the energy market and foreign direct 
investment for Gross Domestic Product (GDP), unemployment indicator, con-
sumer spending, inflation rate, and exchange rate. In addition, no one used GDP 
as a stand-in for measuring the economy’s performance. Therefore, this study 
addresses the gap by evaluating the impact of economic growth in emerging 
markets: the influence of foreign direct investment in renewable energy in Nige-
ria. The remainder of the sections will be presented as Literature review, me-
thodology, findings, discussion, and conclusions. 

2. Literature Review 

There are several researchers aimed at focusing on the relationship between 
economic growth in emerging markets and foreign direct investment in renewa-
ble energy, so in this part, some empirical studies will be presented, and they will 
be divided into two subsections; the first one will be concerned with empirical 
studies that examined the relationship between emerging markets and economic 
growth, while the second one will be concerned with those studies that examined 
the relationship between renewable energy and economic growth. 
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2.1. Conceptual Review 

Gross Domestic Product (GDP) is a critical economic indicator that measures 
the total value of goods and services produced within a country’s borders over a 
specific period. In the context of the influence of Foreign Direct Investment 
(FDI) on renewable energy in emerging markets like Nigeria, GDP serves as a 
measure of economic growth and development resulting from investments in 
the renewable energy sector. Increased FDI in renewable energy projects often 
leads to the construction of infrastructure, such as solar and wind farms, and the 
development of related industries, including manufacturing, construction, and 
services. These investments contribute to GDP growth by boosting economic activ-
ity, generating income, and creating employment opportunities (Jakada & Mah-
mood, 2020). Additionally, expanding renewable energy capacity reduces de-
pendency on costly and polluting fossil fuels, enhances energy security, and frees 
up resources for other productive uses, further stimulating economic growth 
(Husnain et al., 2024). In Nigeria, where the renewable energy sector is still 
emerging, increased FDI can significantly impact GDP by driving investments in 
clean energy projects, diversifying the economy, and fostering sustainable de-
velopment (Jayadi & Prasetyo, 2022). Thus, understanding the relationship be-
tween FDI, renewable energy, and GDP growth is crucial for policymakers and 
investors to leverage opportunities for economic advancement while addressing 
energy and environmental challenges. Foreign Direct Investment (FDI) is crucial 
in developing renewable energy infrastructure in emerging markets like Nigeria. 
FDI involves investments by foreign entities in projects, businesses, or assets in a 
different country. Renewable energy typically includes investments in solar and 
wind power plants, manufacturing facilities, and research and development in-
itiatives. 

In the Nigerian context, FDI in renewable energy contributes to the growth of 
the sector by providing capital, technology, and expertise that may not be readily 
available domestically. These investments support the construction of renewable 
energy projects, such as solar farms and wind turbines, and the development of 
related industries, including equipment manufacturing, installation, and main-
tenance services (Vitenu-Sackey, 2020). FDI also facilitates knowledge transfer 
and technology diffusion, as foreign investors often bring advanced technologies 
and best practices to the host country, which can help improve efficiency and 
productivity in the renewable energy sector (Shadab & Alam, 2024). Additional-
ly, FDI inflows can stimulate local entrepreneurship and create job opportuni-
ties, contributing to economic growth and development. However, the level of 
FDI in renewable energy in Nigeria remains relatively low compared to other 
sectors, partly due to regulatory constraints, policy uncertainties, and infra-
structure challenges (Vladucu & Munteanu, 2019). Addressing these barriers is 
essential to attracting more FDI and unlocking renewable energy’s full potential 
to drive economic growth, energy security, and environmental sustainability in 
the country. Foreign direct investment (FDI) in Nigeria impacts carbon emis-
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sions. The study mentioned in the document found that positive shocks in FDI 
are positively related to carbon emissions, meaning that an increase in FDI leads 
to an increase in carbon emissions. This relationship was statistically significant 
at a level of 1 per cent. On the other hand, adverse shocks in FDI were also posi-
tively related to carbon emissions, but the relationship was statistically signifi-
cant at a level of 5 per cent. This means that a decrease in FDI leads to a decrease 
in carbon emissions. 

Exchange rates significantly influence Foreign Direct Investment (FDI) in re-
newable energy projects in emerging markets like Nigeria. Exchange rate stabili-
ty or appreciation can enhance the attractiveness of FDI by reducing currency 
risk for foreign investors (Cao et al., 2020). A stable or appreciating exchange 
rate assures investors that the value of their investments will not be eroded due 
to unfavourable currency movements. This encourages foreign investors to 
commit capital to renewable energy projects, knowing that their returns will not 
be significantly affected by fluctuations in the exchange rate. Conversely, ex-
change rate volatility or depreciation can deter FDI in renewable energy. Fluc-
tuating exchange rates increase uncertainty for investors, making it more diffi-
cult to assess the risks and returns of investment projects accurately. This can 
lead to a decrease in FDI inflows and hinder the development of renewable 
energy infrastructure. In Nigeria, where exchange rate volatility has been a con-
cern, efforts to stabilize the currency can have positive effects on attracting FDI 
in renewable energy. Policies aimed at maintaining exchange rate stability, such 
as effective monetary policy and foreign exchange management, can create a 
more conducive environment for foreign investors, thereby supporting the 
growth of the renewable energy sector (Wahyudi & Palupi, 2023). The inflation 
rate, as it relates to the influence of Foreign Direct Investment (FDI) on renewa-
ble energy in emerging markets like Nigeria, can impact investment decisions 
and project viability. High inflation rates can increase project costs, reduce in-
vestor confidence, and decrease the actual returns on investment (Akbulaev, 
2023). Inflation erodes currency’s purchasing power over time, meaning that the 
same amount of money will buy fewer goods and services in the future. Inflation 
can lead to higher equipment, labour, and materials costs in the context of re-
newable energy projects, making investments less attractive to foreign investors 
(Morais, 2020). This can result in delays or cancellations of renewable energy 
projects, hindering the sector’s growth and the achievement of energy security 
and sustainability goals. 

Conversely, moderate inflation rates can signal economic growth and stability, 
which may attract FDI into the renewable energy sector. However, inflation ex-
ceeding a certain threshold can deter investment, particularly in long-term projects 
such as renewable energy infrastructure. Where inflation has been a concern re-
cently, efforts to control inflation and maintain price stability are essential for 
attracting FDI in renewable energy. Policies that address inflationary pressures 
and ensure a stable macroeconomic environment can help create favourable 
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conditions for investment in the sector (Bhuiyan et al., 2022). Unemployment, in 
the context of FDI in renewable energy in emerging markets like Nigeria, is 
closely linked to the creation of job opportunities and economic development. 
Increased FDI in renewable energy projects can create jobs across various sec-
tors, including construction, manufacturing, installation, and maintenance (Zhang 
et al., 2021). Investments in renewable energy infrastructure require skilled and 
unskilled labour for project development, construction, and ongoing operations. 
Expanding the renewable energy sector can reduce unemployment rates by pro-
viding job opportunities for local communities (Zhang et al., 2023). This ad-
dresses social challenges related to unemployment and enhances the country’s 
overall economic well-being. Furthermore, investments in renewable energy can 
stimulate innovation and entrepreneurship, creating additional employment 
opportunities in related industries and services (Sahu & Tiwari, 2024). For in-
stance, the growth of the renewable energy sector may spur the development of 
research and development facilities, training centres, and consulting firms, fur-
ther supporting job creation and economic growth. In Nigeria, where unem-
ployment rates remain high, particularly among youth and in rural areas, at-
tracting FDI in renewable energy can be instrumental in addressing this issue 
(Chowdhury & Anuradha, 2020). However, to fully harness the potential of re-
newable energy investments to reduce unemployment, policymakers must en-
sure that supportive policies are in place to encourage investment, facilitate skills 
development, and promote local content participation in the sector. 

Hydropower production, as it relates to the influence of FDI on renewable 
energy in emerging markets like Nigeria, can significantly impact energy genera-
tion, economic growth, and investment opportunities. Nigeria has substantial 
hydropower potential, with rivers and streams providing opportunities to de-
velop hydroelectric power projects. Foreign investment in hydropower produc-
tion can lead to the construction of large-scale hydroelectric dams and facilities, 
which contribute to diversifying the energy mix and reducing dependency on 
fossil fuels (Carandang et al., 2023). These investments increase the country’s 
energy capacity, create employment opportunities during construction, and pro-
mote local economic development in surrounding communities. Furthermore, 
hydropower projects can attract FDI by offering long-term, reliable returns on 
investment, particularly in countries with stable regulatory frameworks and fa-
vourable investment climates (Azam, 2024). Foreign investors may be attracted 
to Nigeria’s hydropower sector due to its potential for sustained energy produc-
tion and the opportunity to contribute to its renewable energy goals. However, 
challenges such as regulatory barriers, environmental concerns, and financing 
constraints may hinder the development of hydropower projects in Nigeria 
(Gozgor et al., 2020). Addressing these challenges is crucial to unlocking the full 
potential of hydropower production and attracting FDI into the sector. Hydro-
power production presents significant opportunities for FDI in renewable energy 
in Nigeria, contributing to economic growth, job creation, and sustainable ener-
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gy development. 

2.2. Conceptual Framework 

Pursuing sustainable economic growth in emerging markets like Nigeria has led 
to an increasing emphasis on renewable energy production, with FDI playing a 
significant role in shaping this transition. Understanding the complex interplay 
between economic growth, FDI, and various macroeconomic indicators such as 
GDP, inflation rate, exchange rate, unemployment, and hydropower production 
is essential for comprehensively assessing the impact of FDI on renewable ener-
gy production in Nigeria. The conceptual framework underpins the dimensions 
of economic growth in emerging markets, specifically focusing on the influence 
of FDI in renewable energy production in Nigeria. It delves into the intercon-
nectedness of these key economic indicators and their implications for sustaina-
ble development and energy security. At the heart of this framework lies GDP, a 
crucial measure of a country’s overall economic activity and output. In Nigeria’s 
renewable energy sector, GDP growth reflects the contributions of renewable 
energy investments to the economy, including job creation, infrastructure de-
velopment, and industrial expansion (Raziq et al., 2021). The inflation rate, 
another important indicator, measures the rate at which prices for goods and 
services rise over time. High inflation rates can erode purchasing power and de-
ter investment, impacting the attractiveness of renewable energy projects (Harun 
& Afanddi, 2021). Conversely, moderate inflation rates can signal economic growth 
and stability, fostering a conducive environment for FDI in renewable energy. 
Exchange rate fluctuations also play a critical role in attracting FDI into renewa-
ble energy production in Nigeria. A stable or appreciating exchange rate reduces 
currency risk for investors, enhancing the attractiveness of renewable energy in-
vestments (Raihan et al., 2023). However, exchange rate volatility can create un-
certainty and hinder investment flows. Unemployment is another dimension 
 

 
Figure 1. Operationalization of variables. Source: Authors’ Conceptualization (2024). 
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that influences both economic growth and renewable energy development. FDI 
in renewable energy projects can create job opportunities, contributing to re-
duced unemployment rates and socioeconomic development (Rashed et al., 2021b). 
As a renewable energy source, hydropower production presents unique oppor-
tunities and challenges for FDI in Nigeria. Investments in hydropower projects 
can contribute to energy security, job creation, and economic growth (Nigeria et 
al. Plan, 2015). However, regulatory hurdles, environmental concerns, and fi-
nancing constraints may impede the development of hydropower infrastructure 
(Rashed et al., 2021a) (Figure 1). 

2.3. Empirical Review of Related Studies 

Many empirical studies support theoretical arguments. For example, Jiang et al. 
(2020) examined spatial spillovers of the effect of FDI for 150 Chinese cities in 
2014 and found support for the Pollution Halo Thesis. Similarly, Zakaria and 
Bibi (2019) investigated the case of South Asian countries from 1984-2015 and 
reported that FDI adversely affected CO2 emissions. Similar results are reported 
by Rehman & Noman (2021) for Pakistan. In a meta-analytic study of the FDI 
environment relationship, Demena and Afesorgbor (2020) report that FDI sig-
nificantly reduces environmental emissions. Awan et al. (2023), in a study of 10 
emerging countries for 1996-2015, demonstrates that FDI has a positive effect at 
the 0.05th-0.50th quantiles; however, it is insignificant at higher levels. Edziah et 
al. (2022), examine the case of 18 SSA countries from 1995 to 2017. The study’s 
results based on Dynamic Common Correlated Effects suggest that machinery 
imports and renewable energy usage reduce carbon dioxide emissions signifi-
cantly. However, the effect of the latter is more significant. Although FDI shows 
a CO2 emission-reducing effect, it is less pronounced. Kwakwa (2021), investi-
gate the long-run effects of energy use and financial development on emissions 
in Tunisia using the estimation technique. The study’s findings show that pri-
mary energy use, energy intensity, electricity consumption and fossil fuel con-
sumption positively affect carbon emission, while combustible renewables and 
waste and electricity production from natural gas negatively affect carbon emis-
sion. 

On the other hand, Minh & Van (2023), investigates the FDI - carbon emis-
sions nexus for Vietnam over the period 1990-2015 and reports that FDI hurts 
the environment. Equally, Wang et al. (2023) examine the case of China based 
on a dynamic STIRPAT framework and find that FDI is a crucial contributor to 
CO2 emissions. In a related study of China, Song et al. (2020) shows that FDI has 
an overall net positive effect on CO2 emissions. Duan et al. (2022) also demon-
strate a positive effect of FDI on emissions in 28 provinces of China. Singhania 
and Saini et al. (2022) demonstrate similar effects of FDI on CO2 emissions for a 
sample of developed and developing countries that emit high amounts of CO2 
emissions. Using the PMG estimator, Opoku et al. (2022) investigate the rela-
tionship between FDI, industrialization, and emissions in 36 African countries 
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and find that FDI contributes to GHGs. Sarkodie et al. (2024) and Kriebitz and 
Ammah (2020) report similar results of FDI on emissions in Africa. Similarly, 
Acheampong et al. (2019), consider the case of SSA countries from 1980-2015 us-
ing fixed and random effect estimation techniques. The results show that foreign 
direct investment and renewable energy contribute to reducing carbon emissions 
while trade openness deteriorates the environment. It was also found that popu-
lation growth and financial development contribute to the increase in carbon 
emissions. Pazienza and De Lucia (2019) consider a sample of 30 OECD nations 
and demonstrate that FDI contributes to methane emissions, which indicates 
that FDI contributes to environmental degradation. Gorus and Aslan (2021), 
have also reported corresponding results for the MENA region. Essandoh et al. 
(2020), employed the PMG-ARDL estimator to show differential results for the 
developed and developing countries. The study’s results show that FDI was more 
likely to have adverse and positive effects in low-income and developed coun-
tries, respectively. Solarin and Sahu (2023), also report differential effects of FDI, 
stating that FDI and urbanization contribute to CO2 emissions in developing 
countries but have the opposite effect in developed countries. Liu et al. (2022) 
and Liobikienė and Rimkuvienė (2020), have also demonstrated a neutral effect 
of FDI on emissions in China and a panel of 147 countries, respectively. 

3. Research Methodology 
3.1. Research Design 

The study employed a quantitative research approach which will both be de-
scriptive and explanatory (Muhammed, 2023). The employed quantitative an-
nual data which includes HDP, GDP, INF, UNF, EXR and FDI hydropower 
production, gross domestic product, inflation rate, unemployment rate, ex-
change rate and foreign direct investment correspondingly for a period of 54 
years triggering 54 observation for the period under review between 1970 and 
2023. The research is descriptive as it assesses the trend exhibited by each of the 
variables for the period under review. The study is explanatory as it seeks to ex-
plore the extent to which the FDI and other considered economic factors has 
impacted hydropower production within the period under review. The study will 
attempt to bring out the correlation between the variables, as the skewness and 
kurtosis normality test as well as the Shapiro-Wilk test are done prior to it. Con-
sequently, heterogeneity test, cross dependence test for checking data’s cross de-
pendence on each other, as well as the unit root test and co-integration test, and 
finishing it with structural equation modeling to establishing the structural rela-
tionships between the variables. This study is probabilistic rather than determi-
nistic because economic factors in the field of developing nations are influenced 
by political changes, government regulations and complex human activities 
meaning that, it is somehow impossible to trigger a purely deterministic causal 
statement (Muhammed, 2023). 
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3.2. Empirical Model and Data 

Based on theoretical and empirical literature on the determinants of economic 
growth in emerging markets, we specify a model to explain renewable energy 
production as follows: 

 0 I 2 3 4 5HDP GDP INF UNF EXR FDI= β +β +β +β +β +β + ε  (1) 

HDP, GDP, INF, UNF, EXR and FDI hydropower production, gross domestic 
product, inflation rate, unemployment rate, exchange rate and foreign direct in-
vestment correspondingly.  

FDI is measured as the net inflows of FDI as a percentage of GDP. Renewable 
energy consumption is captured by the percentage of renewable energy in total 
final energy. The uncertainty index captures economic policy uncertainty (EUI). 
It is an index of the level of policy uncertainty in a country. It is constructed by 
counts of the word “uncertainty” or variants in the Economist Intelligence Unit 
(EIU)’s country reports for each year. The word count is then normalised based 
on the total number of words in the report to produce the index. A higher index 
represents higher uncertainty for that country. Our study calculates an annual 
average from the quarterly indices data. Population is measured as the total 
population. We use the natural log of this variable during estimation.  

3.3. Estimation Technique 

This work used partial least squares-structural equation modeling (PLS-SEM) as 
its principal method of data analysis, following the approach of Kissi et al. 
(2019). This approach is appropriate for studying the effects of foreign direct in-
vestment (FDI) on renewable energy in developing economies, particularly Ni-
geria. It enables the analysis of numerous variables at the same time, taking into 
account their interconnections (Guenther et al., 2023). SEM is especially valua-
ble in situations when the sample size is somewhat small or when the data in-
cludes a moderating variable (Cheah et al., 2023). In building research, it is cru-
cial to be able to assess multidimensional and challenging constructions. SEM is 
capable of handling both formative and reflective constructs, making it a valua-
ble tool (Mohd Ghazali et al., 2023). In addition, PLS-SEM is a versatile metho-
dology that enables researchers to do exploratory research, enabling them to 
examine ideas and hypotheses without being constrained by predetermined 
models (Alshurideh et al., 2020). In this research, the use of PLS-SEM for data 
analysis may provide a thorough and precise comprehension of the intricate 
connections among variables inside the framework of building projects. The 
p-value was used to determine the outcome of the hypothesis being tested. The 
hypotheses were accepted if the p-value was less than the significance threshold 
of 0.05, and rejected if it was more than 0.05. This approach is recommended by 
Cohen (2019) and Kumar et al. (2023) for determining the significance of va-
riables using the p-value. PLSEM is a non-parametric regression analysis ap-
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proach that does not need the fulfillment of certain distributional assumptions, 
as may be necessary in the Ordinary Least Squares (OLS) model. 

4. Analysis and Results 
4.1. Descriptive Statistics 

The considered variables for the period between 1970 and 2023 which is 54 years 
containing 54 observations includes the Nigeria GDP growth (annual %), Infla-
tion, consumer prices (annual %), Unemployment rate (%), Official exchange 
rate (₦/US$), FDI, net inflows (% of GDP) and Hydropower production which 
are represented by GDP, INF, UNF, EXR, FDI and HDP respectively in this 
study. Consequently, according to Table 1 showing the descriptive statistics for 
this work, it deduced that the variable with the highest mean EXR with a mean 
score of 97.41. The variable with the minimal value encompasses the GDP with 
−13.13 while that with the maximum value is EXR with 425.43 for the period 
under review. Furthermore, the range entails the highest value of 425.43 from 
EXR while UNF has the least value of 4.89 for the same variable as the variable 
with the highest variance us EXR with 14870.052 while the variable with the least 
value is UNF with 0.707. The Skewness highest and lowest values are entangled 
in UNF and HDP with 3.621 and −0.787 respectively while Kurtosis has the 
highest and least values of 14.645 and −0.891 for UNF and HDP corresponding-
ly.  

 
Table 1. Descriptive statistics for the variables. 

Variables Range Minimum Maximum Sum Mean Variance Skewness Kurtosis 

EXR 425.43 0.55 425.98 5259.90 97.4056 14870.052 1.285 0.762 

HDP 25.21 16.65 41.86 1745.33 32.3209 48.734 −0.787 −0.891 

INF 69.38 3.46 72.84 988.35 18.3028 226.757 2.055 3.811 

UNF 4.89 3.51 8.40 222.84 4.1267 0.707 3.621 14.645 

GDP 38.14 −13.13 25.01 205.26 3.8011 38.009 0.162 2.732 

FDI 5.43 −1.15 4.28 67.05 1.2417 0.966 0.555 0.683 

4.2. Normality Test 
4.2.1. Skewness and Kurtosis Test for Normality 
As to George and Mallery (2010), values within the range of −2 to +2 for both 
asymmetry and kurtosis are deemed acceptable for demonstrating a normal un-
ivariate distribution. Hair et al. (2011) and Demir (2022) have contended that 
data is deemed to be normally distributed if its skewness falls within the range of 
−2 to +2 and its kurtosis falls within the range of −7 to +7.14. Nevertheless, if the 
values exceed ± 1.0, the skewness or kurtosis of the distribution falls outside the 
normal range, hence rendering the distribution non-normal. In addition, the 
normal distribution exhibits a skewness value of zero and a kurtosis value of 
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three. The test relies on comparing the skewness of the data to zero and the kur-
tosis of the data to three. The hypothesis of normality is rejected if the p-value is 
less than or equal to 0.05. According to Table 2, that shows the skewness and 
kurtosis test for the variables considered in this study, shows that there are devi-
ations in the data as their p-values are largely less than 0.05.  

 
Table 2. Skewness and kurtosis test for normality. 

Variable Obs Pr (Skewness) Pr (Kurtosis) Adj Chi2(2) Prob > Chi2 

gdp 54 0.2491 0.0042 8.28 0.0159 

inf 54 0.0000 0.0018 23.81 0.0000 

unf 54 0.0000 0.0000 37.44 0.0000 

exr 54 0.0005 0.2188 11.09 0.0039 

fdi 54 0.0057 0.1252 8.60 0.0135 

hdp 54 0.0176 0.0456 8.36 0.0153 

4.2.2. Shapiro-Wilk Test for Normal Data 
The Shapiro-Wilk test is a statistical hypothesis test used to assess whether a given 
sample is drawn from a normal distribution. If the p-value is small, we can reject 
the null hypothesis and conclude that the sample does not come from a normal 
distribution (Wang et al., 2023). As indicated in Table 3, the Shapiro-Wilk test for 
normal data indicates the data are not generated for normal sources. 

 
Table 3. Shapiro-Wilk test for normal data 

Variable Obs W V Z Prob > z 

gdp 54 0.94617 2.690 2.120 0.01700 

inf 54 0.73230 13.379 5.556 0.00000 

unf 54 0.72402 13.793 5.622 0.00000 

exr 54 0.94272 2.863 2.253 0.01212 

fdi 54 0.80372 9.810 4.892 0.00000 

hdp 54 0.84792 7.601 4.345 0.00001 

4.3. Result of Pearson Correlation 

The Pearson correlation test is employed to ascertain the presence of a positive 
or negative correlation between a dependent variable and an independent varia-
ble. The findings are depicted in Table 4, which indicates that HDP have nega-
tive relationship with GDP, UNF and EXR with a correlation coefficient of 
−0.0407, −0.4269 and −0.7559 respectively while it equally has a positive rela-
tionship with INF and FDI with a correlation coefficient of 0.2480 and 0.1077 
correspondingly. 
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Table 4. Pearson correlation. 

Dependent 
Variables 

Independent 
Variables 

    

 GDP INF UNF FDI EXR 

HDP −0.0407 0.2480 −0.4269 0.1077 −0.7559 

4.4. Time Series Test 
4.4.1. Slope Heterogeneity Test 
Another test for heterogeneity is employed to determine whether the coeffi-
cients’ slope is homogeneous or heterogeneous (Naifar, 2023). Table 5 displays 
the outcomes of the slope heterogeneity test devised by (Blomquist & Wester-
lund, 2013). Based on the results, the coefficients are not uniform, and the p-values 
are statistically significant at the 5% level. Consequently, the null hypothesis re-
garding the slope coefficient is rejected, and the alternative hypothesis of slope 
heterogeneity is employed. 

 
Table 5. Pearson correlation. 

 Delta p-Value 

Delta −2.576 0.000 

Deltaadj −2.978 0.000 

4.4.2. Cross-Sectional Dependence Test (CSDT) 
The subsequent stage in panel data econometrics involves doing a test for cross- 
sectional dependence. The outcomes of the CSDT model suggested by Pesaran et 
al. (2004), can be found in Table 6. The results suggest that all factors’ p-values 
are extremely significant, indicating that variables such as GDP, INF, UNF, EXR, 
FDI and HDI all exhibit the presence of CSD (Azam, 2024). 

 
Table 6. CDST. 

Variables p-Value 

GDP (4.229) 0.000 

INF (9.715) 0.000 

UNF (22.19) 0.000 

EXR (18.80) 0.000 

FDI (23.28) 0.000 

HDP (10.11) 0.000 

4.4.3. Unit Root Test 
Conducting analysis using time series data necessitates the data being stable, as 
non-stationary data might result in inaccurate conclusions. The unit root test is 
used to determine the stationarity of data using the Augmented Dickey-Fuller 
(ADF) and Phillips Perron (PP) tests (Zakaria & Bibi, 2019). Table 7 displays the 
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outcomes of the Augmented Dickey-Fuller test and Phillips Perron test for both 
the original data and the differenced data. In order to establish a long-term link 
between variables, it is necessary for the series to not have a unit root. The test is 
conducted at a specified level utilizing the first difference method, with a signific-
ance level of 5% based on the Mackinnon Critical value (Minh & Van, 2023). 

 
Table 7. Results of ADF Test & PP at level and first difference. 

ADF AT LEVEL 

Variables Z-Statistics Lag Order P-Value 
Alterlocal  

Hypothesis 
Remark 

GDP −6.034 0 0.0000 Stationary Stationary 

INF −3.560 0 0.0066 Stationary Stationary 

UNF −2.780 0 0.0613 Stationary Not Stationary 

EXR 2.178 0 0.9989 Stationary Not Stationary 

FDI −4.104 0 0.0010 Stationary Stationary 

HDP −1.120 0 0.7069 Stationary Not Stationary 

PP TEST AT LEVEL 

GDP −37.866 0 0.0000 Stationary Stationary 

INF −20.544 0 0.0075 Stationary Stationary 

UNF −14.349 0 0.0562 Stationary Not Stationary 

EXR 2.434 0 0.9989 Stationary Not Stationary 

FDI −26.980 0 0.0009 Stationary Stationary 

HDP −2.512 0 0.7300 Stationary Not Stationary 

ADF AT FIRST DIFFERENCE 

Variables T-Statistics Lag Order P-Value 
Alterlocal 

Hypothesis 
Remark 

UNF −2.428 3 0.0341 Stationary Stationary 

EXR 1.656 3 0.0080 Stationary Stationary 

HDP −0.917 3 0.0024 Stationary Stationary 

PP TEST AT FIRST DIFFERENCE 

UNF −14.349 3 0.0062 Stationary Stationary 

EXR 2.434 3 0.0089 Stationary Stationary 

HDP −2.512 3 0.0030 Stationary Stationary 

Source: Researcher’s Computation (R-Programming) (2023). 
 

The ADF and PP test results shows that all the variables such as GDP, INF 
and FDI are stationary at level while UNF, EXR and HDP were not stationary at 
levels, as their absolute value of their respective t-statistics values are more than 
the absolute 0.5% critical value in both tests. However, after testing them at their 
first difference they were all stationary as all the variables are integrated of the 
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same order of 3 (Muhammed, 2023). Therefore, the Co-integration test is neces-
sary to further check for the long run relationship among the variables (Iwegbu, 
& Nwarawgwy, 2019). 

4.4.4. Co-Integration Test (CiT) 
The application CiT to this study is the Johansen co-integration test as applied in 
many studies including Muhammed (2023) and Azam (2024). Table 8 confirms 
the acceptance of the alternative hypothesis and the rejection of the null hypo-
thesis of no co-integration. This implies that the variables are co-integrated and 
have a long-term relationship. 

 
Table 8. Johansen CiT. 

Hypotheses Johansen CiT Prob. Max-Eigen Test Prob. 

None 23.17 0.0001 19.12 0.0000 

At most 1 65.55 0.0028 59.65 0.0000 

At most 2 151.24 0.0015 116.27 0.0512 

At most 3 24.12 0.0086 22.64 0.0115 

At most 4 27.45 0.021 25.38 0.0169 

At most 5 22.17 0.416 17.29 0.521 

At most 6 54.12 0.0171 52.15 0.0211 

4.5. Structural Equation Modeling (SEM) 

The SEM as indicated in Table 9 shows the structural relationship between the 
considered variables where the independent variables include the Gross Domes-
tic Product (GDP), inflation rate (INF), unemployment rate (UNF) and ex-
change rate (EXR), the dependent variable comprises of the output of hydro-
power production (HDP) while the moderating variable is the foreign direct in-
vestment net inflow (FDI). Consequently, according to the outcome, with a coef-
ficient of −0.245 and a Pr (0.827), it first posits the rejection of the null hypothe-
sis and indicates that the GDP does not have any significant impact on the HDP 
as its existence does not depend on the GDP which is likewise can be posited to 
be a negative predictor of the variable HDP. Also, with regression coefficient of 
0.0609 and a Pr (1.40) for INF delineates the rejection of the null hypothesis and 
shows that it can be considered as a positive predictor of HDP but does not 
equally have effect on the downward and upward productivity level of the HDP. 
For UNF, the presence of a negative regressor is also experienced with a regres-
sion coefficient of −0.655 and Pr (0.390) equally depicts the rejection of the null 
hypothesis indicating that there is no significant impact despite the fact that it 
can be considered a negative predictor of HDP. Similarly, for the EXR, having a 
regressor value of −0.040 and a Pr (0.000) indicates the rejection of the null hy-
pothesis emphasizing that the EXR has a significant impact on HDP despite it 
negative coefficient making it to be considered as a negative predictor of the va-
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riable. Furthermore, the FDI regression coefficient −0.523 with a Pr (0.458) in-
dicating a likewise rejection in the null hypothesis while been a negative predic-
tor of HDP. As a result, the regression line entails HDP = 37.55 − 6.59 (EXR) as 
the only variable with a significant impact on the HDP.  
 
Table 9. SEM. 

Observed: gdp inf unf exr fdi 
Fitting target model: 
Iteration 0: log likelihood = −1019.6436 
Iteration 1: log likelihood = −1019.6436 
Structural equation model  Number of Obs = 54 
Estimation method = ml 
Log likelihood = −1019.6436 

 
 

Coef. 
OIM 

Std. Err 
 
z 

 
P > z 

 
[95% Conf. Interval 

Structural hdp < -       

Gdp −0.245322 0.112449 −0.22 0.827 −0.2449283 0.195864 

inf 0.0609472 0.043568 1.40 0.162 0.0244444 0.1463389 

unf −0.654614 0.7615472 −0.86 0.390 −2.147219 0.8379912 

exr −0.040318 0.0061168 −6.59 0.000 −0.523066 −0.0283293 

fdi −0.5215134 0.7021144 −0.74 0.458 −1.897632 0.8546054 

_cons 37.5519 2.715578 13.83 0.000 32.22875 42.87362 

Variance       

e.hp 19.84881 3.819906   13.61196 28.94332 

LR test of model vs saturated: chi2(0) = 0.00, Prob > chi. 
 

Renewable energy is widely seen as a practical remedy for numerous so-
cio-economic and environmental issues worldwide (Rahman & Sultana, 2022; 
Nguyen & Kakinaka, 2019). Therefore, the shift from traditional and finite energy 
sources such as coal, oil, and natural gas to sustainable and renewable energy 
sources like solar, hydropower, geothermal, and wind is now unavoidable in or-
der to achieve a world that is both environmentally sustainable and free from the 
impacts of climate change (Wang et al., 2022). In 2018, renewables accounted for 
only 2% of Africa’s total primary energy demand, according to the International 
Energy Agency (IEA, 2022). IRENA (2021) outlines seven key factors that can 
expedite the energy transition in Africa. These factors include: implementing ta-
riffs that accurately reflect costs and ensuring sustainable service provision, 
creating a favorable investment environment for renewable energy, establishing 
effective structures and technologies for energy efficiency, developing a robust 
regulatory framework, fostering innovative business models, strengthening 
power grids, and neutralizing the current capacity of fossil fuel generation. The 
determinants of transition towards clean energy are FDI, financial development, 
institutional quality, and human capital (Alsagr & van Hemmen, 2021; Zakaria 
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& Bibi, 2019). These elements play a significant role in emphasizing the shift to-
wards clean energy. Renewable energy has the potential to enhance energy secu-
rity and accessibility, foster a sustainable environment, and drive sustainable 
economic growth (Wang et al., 2023). However, this study agrees that the FDI 
have not been significant in the generation of hydropower in the country like the 
other economic factors of inflation rate, unemployment rate and foreign direct 
investment except for the exchange rate that has a significant impact on it. This 
means that only the exchange rate has influenced the generation of hydropower 
in Nigeria which can be ascribed to the sharing of power by the country with the 
other neighboring countries including but not limited to Niger Republic, Benin 
Republic and Chad. It also states that despite the consideration of inflation rate 
importance to the growth of Nigeria it has no effect on the hydropower produc-
tion in Nigeria which is against the findings of Sekwati and Dagume (2023), Iq-
bal et al. (2022), Khan et al. (2023), Nadilla and Ichsan (2023), and Ayele et al. 
(2023) that finds inflation to play a crucial role in determining the long-term 
economic growth of Latin America.  

As delineated in Figure 1, it shows that while there is increasing impact of the 
exchange rate on the generation of the hydropower in Nigeria, which is directly 
links, other macroeconomic factors such as inflation, unemployment rate and 
FDI have surprisingly have no impact on the generation of hydropower in the 
country over the years. However, this study’s findings on FDI corroborates with 
previous studies that posits that the renewable energy has been the major benefi-
ciary from FDI. For example, Doytch and Narayan (2016), discovered that an 
escalation in foreign direct investment (FDI) inflows resulted in an upsurge in 
renewable energy consumption, but only in high-income nations. Nevertheless, 
Elheddad et al. (2022), investigated the influence of foreign direct investment 
(FDI) on the consumption of renewable energy in the context of Bangladesh, 
and revealed a positive correlation between foreign direct investment (FDI) and 
non-renewable energy use, as well as a negative correlation between FDI and re-
newable energy consumption. Akintande et al. (2020), found that there was no 
statistically significant effect of increased foreign direct investment (FDI) inflows 
on the usage of renewable energy in the five most populous African countries. 
The finding of Amoako and Insaidoo (2021), indicated that foreign direct in-
vestment (FDI) inflows did not have a substantial effect on energy consumption 
in Ghana. Several researches have shown a positive correlation between an in-
crease in foreign direct investment (FDI) inflows and a growth in renewable 
energy consumption. This relationship is attributed to the transfer of clean 
energy technology. The studies conducted by Shahbaz et al. (2022), Doğan et al. 
(2022), Zhang et al. (2021), and Kang et al. (2021) support this finding. There-
fore, there is a lack of agreement regarding the role of foreign direct investment 
(FDI) in the consumption of renewable energy in the existing body of research. 
Overall, this study disagrees and agrees with some studies that the size, method, 
and content of inflation, unemployment and foreign direct investment do not 
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have a significant influence (Figure 2). 
 

 
Figure 2. Structure of the relationship. 

5. Conclusion and Recommendations 

The test results indicate that certain variables exhibit unit root problems and 
that the variables are integrated at different orders. It is crucial to conduct a test 
to determine the presence of cointegration or a long-term equilibrium relation-
ship between the variables when the unit root is detected. The SEM is adopted 
for this study’s objective and shows that only exchange rate has structural rela-
tionship with hydropower production in Nigeria while the other economic fac-
tors of inflation, unemployment and FDI do not historically have impact on the 
level of hydropower production in Nigeria. Therefore, it is necessary to prioritize 
efforts to attract reduced exchange rates through the balancing of balance of pay-
ment and enhancing the quality of institutions. Additionally, increasing local in-
vestment in the economy is also essential as the results also suggest that exchange 
rate has a negative impact on the hydropower production of the country. This 
study thus, recommends that: 

1) Controlling the rate of exchange rate is crucial for maintaining hydropower 
production growth. Failure to do so might lead to a decrease in the productive 
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capacity in hydropower. 
2) Nigeria can benefit from increased regional and global collaboration, which 

includes trade agreements and cross-border infrastructure efforts that enhance 
connectivity and promote economic integration. 

3) Political stability enables the strategic and systematic implementation of in-
frastructure development, which is vital for fostering economic growth through 
enhanced connectivity, reduced transaction costs, and overall improvement. 

4) Policymakers should persist in prioritizing inclusive growth methods aimed 
at reducing income inequality and improving living standards for all segments of 
society. 

5) Promoting domestic investment is crucial. Ensuring a favorable climate for 
businesses, ensuring easy access to financial resources, and fostering innovation 
are essential measures for boosting the growth of local capital. 
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