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ABSTRACT: Amid persistent environmental pressures linked to energy dependence and structural
inefficiencies, this study represents one of the first empirical attempts to concurrently investigate the effects
of renewable energy, green technology, environmental taxes, economic growth, energy imports, and
government effectiveness on greenhouse gas emissions (GHGE) using data updated through 2024 for
Nigeria’s evolving economy. Using the “Autoregressive Distributed Lag” (ARDL) approach with “Granger
causality” analysis, the results confirm a stable long-run association between the indicators. Renewable
energy and energy imports indicate a negative correlation with GHGE in both the near and long term,
supporting Nigeria’s low-carbon transition. Economic growth reduces emissions in the near term but shows
no significant long-run effect. Environmental taxes exhibit a weak positive association with emissions,
reflecting enforcement and institutional limitations, while green technology and government effectiveness
show negative but insignificant impacts. The causality findings reveal unidirectional links from
environmental taxes to emissions and from emissions to government effectiveness. The results highlight
the importance of strengthening renewable energy, diversifying energy sources, and enhancing institutional
capacity to achieve sustainable environmental outcomes in Nigeria.
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1. Introduction

As the world has become more interconnected over the last few decades, the threat of climate change and
environmental destruction has emerged as a critical global challenge. Nations must now prioritize balancing
continued economic activity with a reduction in the GHGE [1,2] . The rising concentration of these gases,
which is largely a consequence of the utilization of fossil fuels and carbon intensive energy systems, pose an
overwhelming threat to the environmental stability as well as the economic and human wellbeing [1].
Therefore, both developed and developing countries have less and less time to implement policies that allow
their economies to grow while decoupling themselves from carbon.

© 2026 The authors. This is an open access article under the Creative Commons Attribution 4.0 International License
[ (https://creativecommons.org/licenses/by/4.0/).
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As the largest economy and most populated country in Africa, Nigeria faces significant environmental
hardships, particularly the increased Global GHGE [3]. The demand for energy, which has led to
unstoppable economic growth and population increase, along with urbanization and industrialization, has
skyrocketed and is still predominantly met with the consumption of fossil fuels [4]. Despite being a major
crude oil producer, Nigeria continues to rely heavily on energy imports (EI), especially refined petroleum
products, due to inadequate domestic refining capacity [5]. This reliance on EI not only worsens
environmental quality through the burning of fossil fuels and inefficient energy use, but also makes the
economy vulnerable to external shocks in energy prices [6].

Nigeria’s energy and financial systems further increase the stress placed on the environment.
Environmental degradation has been addressed using a form of market-based policy called environmental
taxes (ET) [7,8]. ET are designed to internalize the monetary costs associated with pollution. Moreover, ET
serves to increase the cost of ecologically damaging activities related to the production and use of carbon
[7,9]. However, the potential of ET to mitigate GHGE in Nigeria is questionable. Weak enforcement,
limited tax scope, and institutional constraints undermine the capacity of ETs to contribute meaningfully to
emission reduction efforts [10].

In this regard, the use of renewable energy (RNE) has become an important factor in reducing GHGE
and supporting Nigeria’s transition toward a low carbon economy [1,11-13]. RNE promotes the use of
cleaner energy sources such as solar, wind, and hydro, while also improving energy efficiency and
supporting environmentally sustainable activities [14,15]. It also has the potential to reduce reliance on
fossil fuel based energy and lower the environmental impact of economic activities [16]. Although this
potential exists, there remains a gap between the level of RNE adoption and its available capacity in Nigeria,
which makes it important to further examine its role in addressing GHGE.

Green technology (GT) plays a critical role in mitigating the adverse environmental effects of GHGE.
These technologies improve the efficiency of energy use, promote the production of clean energy, and
facilitate the adoption of RNE sources [ 17]. However, while technological innovation generally contributes
to environmental improvement, its expansion, when associated with carbon intensive processes or
inefficient implementation, may lead to increased emissions [18]. Therefore, technology innovations within
Nigeria, and their overall environmental impacts, help assess the impacts of development and their
emissions to provide the information needed to improve the use of technology in Nigeria.

The effectiveness of governance and other policies remains key to the success of policies on the
environment and energy. Effective governance, with respect to the environment and the energy transition,
facilitates the enforcement of policies, and improves the transparency and the positive deployment of such
policies [1,13]. In the Nigerian context, institutional deficiencies, the absence of coherent policies, and
inadequate regulatory enforcement have limited the scope of positive actions on the environment [19]. It is
therefore important to strengthen institutional development, as this will increase the impact of other policies,
the energy transition, and globalization on emissions reductions.

Although the literature on environmental sustainability is expanding, most studies focus on RNE and
environmental degradation [15,20]. Empirical evidence examining the combined effects of renewable
energy, energy efficiency, and economic growth on GHGE in Nigeria remains limited. A study by [21] on
energy efficiency and emissions suggested that future research should investigate the interaction between
energy efficiency and renewable energy in shaping emission outcomes. This study aims to fulfill the above-
mentioned gap by analyzing the impacts of RNE, GT, ET, EI, and EG on GHGE. The study will aid
policymakers address the RNE policies and the effects of energy efficiency on emissions. This study is
advantageous for Nigeria’s environmental protection agencies in managing the significant environmental
degradation within the country. The present study seeks to examine the correlation among RNE, GT, ET,
El, EG, and GHGE with the following specific objectives:
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(1) To investigate the impact of RNE on GHGE in Nigeria.

(2) To examine the influence of EI on GHGE in Nigeria.

(3) To investigate the impact of ET on GHGE in Nigeria.

(4) To examine the influence of GT on GHGE in Nigeria.

(5) To investigate the correlations between economic growth and GHGE.
(6) To examine the influence of the government on GHGE in Nigeria.

In accordance with the aforementioned study objectives, the present research posits the following
questions that require resolution:

Q1. Does RNE influence GHGE in Nigeria?

Q2. What is the impact of EI on GHGE in Nigeria?

Q3. What is the effect of ET on GHGE in Nigeria?

Q4. Does GT contribute to reducing GHGE in Nigeria?

Qs. How does EG influence GHGE in Nigeria?

Qs. How does the effectiveness of the government influence GHGE in Nigeria?

Furthermore, this research examines the impact of RNE, GT, ET, EG, EI, and GE on GHGE in Nigeria
in the short and long run using the Autoregressive Distributed Lag (ARDL) modelling technique. The
ARDL technique enables the capture of the dynamics of the relationships among the variables and the long-
term equilibrium position. This research seeks to fill the knowledge gap by providing first-hand Nigerian
data on the impacts of policy instruments for the promotion of a green economy and the importation of
energy on the economy and the environment, to inform Nigeria’s policy and strategies for the mitigation of
the adverse impacts of climate change and the attainment of sustainable economic development.

The remainder of the paper is organized as follows: Section 2 reviews the relevant literature; Section
3 outlines the data and methodology; Section 4 discusses the results; and Section 5 concludes with policy
implications, limitations, and directions for future research.

2. Literature Review

The existing body of work on greenhouse gas emissions in Nigeria offers a relatively unified yet
complex understanding of the interplay among renewable energy, energy consumption, and environmental
taxation. Many scholars note the key role of renewable energy in the process of reducing emissions. For
example, ref. [22] note that an increase in renewable energy adoption would reduce carbon emissions, while
ref. [23] argue that Nigeria has one of the smallest shares of emissions in the world and, therefore, has a
large mitigation potential. These assertions are further supported by the fact that Nigeria’s energy system
is still largely dependent on fossil fuels, and Nigeria is likely to maintain a high level of emissions. However,
the latest research shed more light on the nuances of this relationship. Ref. [24] note that while renewable
energy subsidies may lead to an expansion of the sector, emissions may be less responsive than anticipated
based on the way the policies are designed and implemented. This adds a considerable degree of
policymaking to what is often treated as a technical problem. Energy use has been well established as one
of the primary causes of environmental degradation in Nigeria. Over the decades, empirical data has shown
that the higher the energy use, especially fossil fuel use, the higher the emissions. This relationship has
been well established in the studies of [25,26]. Nevertheless, some studies suggest the possibility of
changing the relationship through the implementation of certain policy measures. For instance, in the study
by [27], it was shown that energy taxation, both directly and interactively, could moderate this relationship,
albeit to a limited extent, depending on the economic climate. This area of study has produced some mixed
results. However, the empirical studies have been rather conservative. In this regard, ref. [28] found that
some of the major tax instruments, which include the gas exploration tax and the petroleum profit tax, have
limited and in some instances no effect on the levels of emissions. In contrast, spending on the environment
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appears to have a greater effect. The divergence in perception and reality shows that weaknesses in policy
design and implementation exist, and are further strengthened by the claim that Nigeria does not have an
adequate institutional configuration for environmental taxation. A smaller but significant portion of the
literature looks at energy imports, but the results are still unclear. Ref. [29] states that imports lead to the
deterioration of the environment, while ref. [30] find a threshold effect and state that the negative
environmental impacts of imports are scale dependent, as well as the economic environment. These
opposite results show the need for further study and add to the complexity of the interrelation.

Taken together, the literature provides clear evidence that renewable energy, energy consumption, and
environmental taxation are closely linked to greenhouse gas emissions in Nigeria. However, existing studies
often treat these factors separately, rely heavily on projections or short time periods, and in some cases
produce conflicting results. Consequently, there remains a need for a more integrated empirical analysis
that jointly considers these variables while accounting for policy design, institutional quality, and the
structural characteristics of the Nigerian economy.

Theoretical Background

A solid part of the literature suggests that a switch from fossil fuels to renewable energy technologies
results in a positive change to the environment. Available studies [1,31-33] have researched the positive
impacts of renewable energy expansion on greenhouse gases. Tighter control of emissions from the
implementation of renewable technologies have the best results where energy policies are embedded in
strategies throughout the entire energy systems (implementation of energy policies). The link between
technology and renewable energy is that technology better enables the adoption of energy-efficient and less
polluting production. Refs. [32,34] demonstrated that emissions can be very low where renewable energy
is used, and modern technology is taken to be supportive of the system. With respect to economic expansion,
the impact is theoretically ambiguous. Earlier studies, refs. [35-37] indicate that when growth is coupled
with clean production processes and resource use efficiency, growth can support environmental
improvements. In countries like Nigeria, which still predominantly rely on fossil fuels, economic growth
will unavoidably drive-up emissions unless there is a change in the type of fuels towards cleaner alternatives.
Hence, energy consumption is a key variable because without increased efficiency in energy consumption
or a shift in the utilized energy fuels, the consumption will contribute to increased energy related
environmental harms. Studies have shown the importance of environmental policies, such as taxes, which
are aimed at pollutants as a means to economically incentivizing firms to switch to cleaner options.
Environmental policies are also aimed at providing funds for the cleanup of polluted environments, as well
as for the protection of the environments in which people live. Moreover, recent studies that have
recognized the importance of these policies of promoting cleaner production and use of energy. Some of
the recent literature has argued that the strength of the policies and the institutional framework is crucial,
especially in the developing countries where the enforcement of policies is not rigorous.

3. Data and Research Method

This study utilizes annual data spanning from 1990 to 2024 to examine the influence of renewable
energy, environmental tax, economic growth, energy import, and government effectiveness on greenhouse
gas emissions in Nigeria. We created a logarithmic version of the research model, which is as follows, in
accordance with [38]:

lnGHGElt = ¢0 + ¢1lnRNEu— + qbzlnGTit + q.'>3lnETl-t + ¢4—EGit + ¢5Elit + ¢66Eit + 6it (1)

InGHGE;; is greenhouse gas emissions, InRNE;; is renewable energy, InGT;; is green technology, InET;;
is environmental tax, EG; is economic growth, El;, is the energy import and GE;; is government
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effectiveness. ¢, denote the intercept while ¢, to ¢ are the coefficients. Finally, §;; represent the error
term. Furthermore, Table 1 presents extensive information regarding the research variable.

Table 1. Variables Information.

Abb. Variables Source Measurement
GHGE Greenhouse Gas Emissions  WDI Total greenhouse gas emissions including LULUCF (Mt CO2e)
RNE Renewable Energy WDI Renewable energy consumption (% of total final energy consumption)
GT Green Technology OECD environment related patent
EG Economic Growth WDI GDP per capita (annual % growth)
ET Environmental Tax OECD Environmentally related tax revenue
EI Energy Import WDI Energy imports, net (% of energy use)
GE Government Effectiveness ~ WDI Government Effectiveness: Estimate
Source: Author’s compilation, OECD = Organisation for Economic Co-operation and Development (https://data-

explorer.oecd.org/, accessed on 10 October 2025) and WDI = World Bank (https://databank . worldbank.org/
reports.aspx?source=world-development-indicators&preview=on, accessed on 10 October 2025).

3.1. Variable Selection
3.1.1. Explained Variable

GHGE, measured as total greenhouse gas emissions including land use, land-use change, and forestry
(Mt CO2¢) (WDI), serves as the dependent variable in this study. It captures the environmental impact of
economic, technological, and policy-related factors in Nigeria and reflects the effectiveness of RNE, GT,
ET, EI, EG, and GE in mitigating climate change [39,40].

3.1.2. Explanatory Variables

Renewable energy consumption is included in this study as an important indicator of Nigeria’s progress
in integrating cleaner energy sources into its overall energy structure. This variable reflects the shift from
fossil fuel dependence toward renewable energy adoption, thereby capturing the extent to which the energy
mix is transitioning toward more sustainable sources [1,38]. By focusing on renewable energy consumption,
the analysis evaluates how increased reliance on clean energy contributes to reducing GHGE and improving
environmental sustainability in Nigeria.

Green technology is included to capture the role of technological innovation in promoting
environmental sustainability in Nigeria. It is measured using environment related patent data from the
OECD, which records patents associated with environmental management, energy efficiency, and low
carbon technologies. Although Nigeria is not an OECD member, the database covers selected non OECD
countries using standardized patent classification systems. This allows the study to assess how
environmentally oriented innovation contributes to reducing greenhouse gas emissions [33,40].

Energy imports, measured as net energy imports as a percentage of total energy use (WDI), capture
Nigeria’s reliance on external energy sources. This variable reflects the country’s energy security and the
extent to which imported energy contributes to the national energy mix, which can influence greenhouse
gas emissions (GHGE) through the type and efficiency of energy utilized [34].

Environmental tax is included to capture fiscal measures aimed at reducing pollution and encouraging
sustainable practices. The data are drawn from the OECD environmental tax database, which compiles
information for both member and selected non OECD countries, including Nigeria, based on national fiscal
statistics and international sources. The variable covers taxes on energy, transport, pollution, and natural
resources, reflecting the role of environmental policy in influencing emissions [10].
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3.1.3. Control Variables

This study incorporates other pertinent control variables to address possible variables that may affect
GHGE and to mitigate the impact of the omission of variables. Economic growth is measured as the annual
growth rate of GDP per capita and reflects the impact of industrial production and economic activity on
energy demand and emissions [1,40]. Government effectiveness is included in the model to capture the
level of institutional capacity in implementing environmental policies, which may have a direct impact on
the GHGE [41]. Although this indicator is perception based and may involve subjective assessments of
governance quality, it remains widely used in empirical studies as a proxy for institutional effectiveness
and policy implementation capacity. Collectively, these control variables provide a comprehensive
framework for contextualizing the effects of RNE, GT, EI, and ET on environmental sustainability in
Nigeria. Figure 1 illustrates the key determinants of GHGE in Nigeria.

Determinants Output
.\.
A
Renewable Energy (RNE) W
__“¥ ereen Technology I
J_\? (GT)
P TN O o . . = |
@ Environmental Taxes (ET) =1 I Time-Series Econometric Analysis H I -
/ 4 (1990-2024, Nigeria) L
/ l Economic Growth (EG) ------ ». ,."‘ ARDL Model & Granger Causality
: Greenhouse Gas
! Emissions
E Energy Imports (El) = ! (GHGE)
\ a2
@ Government Effectiveness  -- P
- (GE)

Figure 1. Determinants of GHGE in Nigeria. Source: Authors compilation.

3.2. Estimation Techniques
3.2.1. Stationary Test

This examination was performed to determine if the data exhibit stationarity or not. A stationary data
method is one in which the distributions of the probability stay constant across time; specifically, if any set
of random variables from the sequence is shifted forward by a defined time interval, the joint probability
distribution is required to be invariant. If data exhibit non-stationarity, a false regression may occur between
the two series. Although they are independent, a very significant link may be shown by regression analysis
of these time series. The often used stationary test encompasses the “Dickey—Fuller tests”. The formulae
for estimating the stationary test are as follows:

d(Yy) = @+ pt+ oYy +d(V (1)) + p; )

Consequently, the individual construct’s stationarity was analyzed independently, and the estimated
models for each construct are shown below:

d(GTy) = @o + pt + 0GT—y + d(GT,(—1)) + p; ©)
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d(ET.) = @+ pt + 0ET,_; + d(ET:(—1)) + u; (6)
d(EG,) = @o+ pt+ 0EG;_; + d(EG,(—1)) + u; ©)
d(El;) = @o+ pt+ oEl,_y +d(El,(=1)) + u; ®)
d(GE;) = @+ pt+ 0GE._; + d(GE,(—1)) + u; ©)

3.2.2. Granger Causality (GC) Test

Relationship does not indicate causation, since correlation or variance represents an inverted, bilateral
interaction: cov(x, y) # cov(y, x). GC, as described by [42], may suggest potential causal relationships
among pairs of indicators. X is considered to be a “Granger cause” Y when historical values of X contribute
to the forecasting of Yz, provided that the influences of previous values of Y on Y: have already been
controlled, i.e., X> Y. Time series must exhibit stationarity to conduct the GC test.

3.2.3. ARDL Bound Test and ARDL Model

The ARDL Model is a versatile econometric technique based on the works of [43], and it can be used
when the variables of interest are integrated of order I(1), I(0), or a combination of the two, so long as none
of them is I(2). The ARDL framework works well with small sample sizes, calculates different optimal lag
lengths for each variable, and has the ability to better capture the dynamic relationships of interest. The
framework of the ARDL is a single reduced-form equation, which makes the analysis and interpretation
easier, and it addresses some of the possible problems of “multicollinearity and endogeneity” through the
bounds testing approach to cointegration [43]. In the absence of cointegration, the ARDL model focuses
solely on short-run dynamics without incorporating an error-correction term, and the relationship among
variables is examined using the short-run ARDL specification.

14 q q
A GHGE, = ¢4 + z a;; A GHGE,_, + z az; A RNE,_, + Z as; A GT,_y

i=1 i=1 i=1
q q q q
+ Z a4; AEG_; + z as; AET,_; + Z ag; AEI_; + Z a;; A GEp_4
i=1 i=1 i=1 i=1

+ U

Equation (10) represents the short run specification of the ARDL model in first differences, where A
denotes the differencing operator, and u is the error term. The lag length of the dependent variable is
represented by p, while g denotes the optimal lag structure of the explanatory variables. The difference
between short-term level deviations and long-term equilibrium level variances is defined in this study as
(ECTerm). The following equations represent the ECM (Equations (11)—(17)):

(10)

14 q q
A GHGE, = ¢, + z a;; A GHGE,_, + z az; A RNE,_, + Z as; A GT,_y

i=1 i=1 i=1
q q q q
+ Z a4; AEG_; + z as; AET,_; + Z ag; AEI_; + Z az;; A GEp_q
i=1 i=1 i=1 i=1

+VECT -1 + ¢

(11)
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p q q
A RNEt = (po + Z ali A RNEt—l + Z azi A GHGEt_l + Z a3l' A GTt—l
i=1 i=1 i=1
q q q q (12)
+ z a4i A EGt—l + Z a5i A ETt—l + z a6i A Elt—l + Z a7l' A GEt—l

i=1 i=1 i=1 i=1
+VECT 1 + 1t

A GT, = <p0+ZallAGTt 1+Za21AGHGEt 1+Za31ARNEt L

13)
+Za41AEGt 1 +Za51AETt 1+Za61AElt 1 +Za71AGEt 1
+ VECTt—1 + Ut
P q q
A EGt == (pO + Z ali A EGt—l + Z azi A GHGEt_l + Z a3l' A RNEt—l
i=1 i=1 i=1
q q q q (14)
i=1 i=1 i=1 i=1
+YECT;_1 + uq
AET, = <p0+Za11AETt 1+Za21AGHGEt 1+Za31ARNEt 1
15)
+Za41AGTt 1+Za51AEGt 1+Za61AElt 1 +Za7LAGEt 1
+ VECTt—1 + U
P q q q
=1, =1, =1 i=1 (16)
i=1 i=1 i=1
A GE, = <Po+za11AGEt 1+Za21AGHGEt 1 +Za31ARNEt 1
a7
+Za4lAGTt 1+Za51AEGt 1 +Za61AETt 1+Za71AElt 1
+ VECTt—1 + U
ECT represents the error correction term.y = (1 — ?:1 di), speed of adjustment parameter with a

negative sign. a,; to a,; represent the short-run dynamic coefficients of the models adjustment to the long-
run equilibrium.



Clean Energy Sustain. 2026, 4(2), 10007. doi:10.70322/ces.2026.10007 90f 17

4. Results and Discussion

The descriptive statistics of the selected indicator for the study analysis are shown in Table 2. The
descriptive outcomes show that all variables display a positive mean except EI, which displays a negative
mean. Moreover, EG has the highest value (12.2104) while EI has the lowest value (—333.4). The low
standard deviations show little variation around the mean, and positive skewness values for the majority of
the variables indicate right-skewed distributions.

Table 2. Descriptive statistics.

GHGE RNE GT EG ET El GE
Mean 6.44061 4.4324 0.13943 1.57072 1.68132 —230.11 —1.0209
Median 6.42657 4.43675 0.10879 1.49716 0 —270.61 —0.9983
Maximum 6.57248 4.48413 1.65465 12.2104 4.71341 —66.288 —0.8479
Minimum 6.3561 4.38078 -1.109 —4.5972 0 —3334 -1.2132
Std. Dev. 0.05233 0.03265 1.00313 3.64672 2.10441 84.9791 0.09114
Skewness 0.89577 —0.1149 0.25651 0.51352 0.44984 0.59894 —0.5477
Kurtosis 3.0468 1.62 1.57888 3.74779 1.25219 2.01701 2.5248
Jarque-Bera 4.68388 2.85421 3.32907 2.35377 5.6354 3.50171 2.07948
Probability 0.09614 0.24 0.18928 0.30824 0.05974 0.17363 0.35355
Sum 225421 155.134 4.88021 54.9751 58.8462 —8053.9 —35.732
Sum Sq. Dev. 0.09311 0.03625 34.2134 452.151 150.571 245,529 0.28241

Observations 35 35 35 35 35 35 35

Source: Authors compilation; Outcomes retrieved Eviews-13; Note: GHGE = Greenhouse Gas Emissions; RNE = Renewable Energy;
GT = Green Technology; EG = Economic Growth; ET = Environmental Tax; EI = Energy Import; GE = Government Effectiveness.

The findings in Table 3 show that (GHGE, RNE, GT, ET, and EI) are stationary at the first difference,
while EG and GE are stationary at the level, as confirmed by both tests. Since none of the variables are
stationary at the second difference, this validates the application of the ARDL model. After successfully
completing the unit root tests, it is necessary to do the cointegration test to demonstrate the long-term
relationship between variables.

Table 3. Unit root test.

ADF Unit Root Phillip Perron Unit Root
Level 1st Diff Level 1st Diff
GHGE —2.457 —06.707 *** —2.439 —6.796 ***
RNE —1.542 —6.279 *** —1.528 —6.330 ***
GT —1.955 —6.692 *** —1.948 —6.676 ***
EG —3.936 *** —4.115 ***
ET —1.575 —6.93] *#* —1.616 —6.209 ***
EI 0.124 —6.315 *** 0.436 —6.365 ***
GE —3.390 ** —3.408 *

Source: Authors compilation; Outcomes retrieved Eviews-13; Note: GHGE = Greenhouse Gas Emissions; RNE = Renewable
Energy; GT = Green Technology; EG = Economic Growth; ET = Environmental Tax; EI = Energy Import; GE = Government
Effectiveness. ***, ** and * denote 1%, 5% and 10% level of significance, respectively.

The ARDL bound test is presented in Table 4. The null hypothesis of no levels relationship is rejected
at the 10%, 5%, 2.5% and 1% significance levels, confirming a robust long-run cointegrating relationship
among the variables.
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Table 4. ARDL Bound Test.

F-Bounds Test Null Hypothesis: No Level Relationship
Test Statistic Value Sig. 1(0) I(1)
F-statistic 5.15478 10% 2.2 3.09
5% 2.56 3.49
2.50% 2.88 3.87
1% 3.29 4.37

Source: Authors compilation; Outcomes retrieved Eviews-13.

The ARDL estimation results reported in Table 5 indicate that the selected explanatory variables exert
heterogeneous effects on GHGE in both the long and short run. These emissions reflect the importance of
RNE and other variables, such as green tech and environmental taxes, as well as economic growth,
government efficiency, and energy imports, on emissions. The estimated ECT is negative and significantly
so, which indicates that the variables possess a consistent long-run relationship. In particular, the ECT
coefficient of —0.741 shows that about 74% of the short-run disequilibrium is corrected in one instance,
indicating a swift movement towards the long-run equilibrium.

Negative and statistically significant effects on GHGE, both in the short and long run, were found for
RNE. In the long run, 1 percent increase in RNE is associated with a 1.23 percent reduction in GHGE.
While the magnitude appears relatively large, it may reflect underlying structural characteristics of the
Nigerian economy, particularly its strong reliance on fossil fuel based energy systems. This is especially
true in a situation where the share of RNE is low, and modest adoption of renewable energy can lead to
very significant emissions reductions. This suggests that the estimated elasticity may be capturing a
transition effect rather than a purely proportional relationship. In the short run, 1 percent increase in RNE
is associated with a 1.35 percent reduction in greenhouse gas emissions. This indicates that changes in
renewable energy consumption can generate relatively immediate environmental benefits, likely due to the
displacement of fossil fuel based energy sources in the energy mix. In the Nigerian context, where
conventional energy remains dominant, even small increases in renewable energy use may lead to
noticeable reductions in emissions in the short term. These findings are consistent with the conclusions of
[1], who also reported that RNE consumption contributes to emission mitigation in the country.

In both the long run and short run, GT shows a negative effect, although statistically, the impact is
negligible, on GHGE. While it is theoretically possible that advancements in technology could lead to a
decrease in emissions, the negligible impact reinforces that during the time frame of the study, the diffusion
and the scale of the green technologies may have been too small to impact GHGE. Similar to the findings of
[44], the research results also confirm the same trend. The insignificance of green technology indicates that,
although legislative objectives, the implementation and dissemination of clean technologies in Nigeria are
constrained by elevated prices, insufficient infrastructure, and a reliance on fossil-fuel-dependent systems.

ET exhibit a weak but positive association with GHGE across both short- and long-run horizons.
Specifically, a 1% increase in ET is associated with an approximate 0.01% increase in GHGE in the long
run, while a similar increase in AET yields a comparable effect in the short run. This positive relationship
suggests that ET may not yet be effective in curbing emissions in Nigeria. One plausible explanation lies
in the presence of adjustment costs, where firms initially respond to new tax regimes by restructuring
production processes, which may temporarily increase emissions. Furthermore, structural inefficiencies,
weak enforcement mechanisms, and the potential misallocation of tax revenues may limit the effectiveness
of such fiscal instruments. In developing economies such as Nigeria, where institutional capacity and
regulatory enforcement remain constrained, environmental taxes may inadvertently coincide with increased
industrial activity and energy consumption, thereby offsetting their intended environmental benefits. This
finding is consistent with prior empirical evidence [10].
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EG exhibits a statistically insignificant effect on GHGE in the long run, as indicated by the positive but
insignificant coefficient, suggesting that economic expansion does not exert a meaningful long-term influence
on emission levels. Conversely, in the near term, AEG coefficient is negative and statistically weak significant
at the 10% level (B =—0.0022, p = 0.0965), implying that economic growth of 1% achieves 0.22% decrease in
GHGE 1in the near run. This short-term improvement may be related to Nigeria’s growing investments in
cleaner energy projects and to policy changes that encourage energy diversification. Moreover, there has been
a reduction in the use of diesel generators (and therefore a reduction in emissions) while the Solar Power Naija
project and the off-grid renewables have had an impact on the economy. In the long term, however, the minimal
importance attributed to growth suggests that there cannot be a continued decrease in emissions solely as a
result of economic growth. The pattern of growth in Nigeria is closely linked to industrialization, the rise of
urban centers, and the growing demand for energy (predominantly fossil fuels). Furthermore, the positive long
term association of [1] with emissions and negative in the short term for Pakistan goes with this result.

EI exhibits a positive effect on GHGE in the long run but a negative impact in the short run. In the long
run, a 1 percent increase in energy imports is associated with a 0.0005 percent rise in GHGE, suggesting
that sustained reliance on imported energy, largely composed of fossil fuel based petroleum products, may
contribute to higher emission levels over time. However, in the short run, a 1 percent increase in AEI leads
to a 0.001 percent decline in emissions. The short-term decrease may signify an adequate role for energy
imports in temporarily balancing the domestic energy supply and relieving the inefficiencies related to local
production processes. In the Nigerian case, where domestic refining and electricity generation have been
constrained operationally over time, imported energy may, in the short term, help avoid reliance on very
inefficient substitutes, even though the imported energy could result in greater emissions in the long term.
This corroborates the findings of [45,46].

GE shows a negative but statistically insignificant impact on GHGE in the short and long run. While
stronger institutional quality is expected to improve environmental governance, the empirical evidence
suggests that government effectiveness alone does not have a direct, measurable impact on emissions
reduction during the study period. The negligible impact of government efficacy suggests that institutional
capacity has not yet led to concrete environmental improvements, perhaps owing to governance
impediments, policy implementation deficiencies, and regulatory discrepancies.

Table 5. ARDL estimations.

Peta T Statistics p-Value
Long run
RNE —1.229821 ** —2.162641 0.0429
GT —0.012842 1.537028 0.14
EG 0.001439 0.812359 0.4261
ET 0.012148 * 1.814585 0.0846
EIl 0.000549 *** —3.527848 0.0021
GE —0.059436 —0.694869 0.4951
Short run
ARNE —1.347076 *** —4.179685 0.0005
AGT —0.009982 —1.102657 0.2839
AEG —0.002214 * —1.748501 0.0965
AET 0.010868 ** 2.385079 0.0276
AEI —0.000992 *** —4.45016 0.0003
AGE —0.051336 —0.918582 0.3698
ECT —0.740644 *** —4.840303 0.0001

Source: Authors compilation; Outcomes retrieved Eviews-13; Note: RNE = Renewable Energy; GT = Green Technology; EG =
Economic Growth; ET = Environmental Tax; EI = Energy Import; GE = Government Effectiveness; ECT = Error Correction
Term. *** ** and * denote 1%, 5% and 10% level of significance respectively.
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In addition, we conducted diagnostic analyses to determine the robustness of the ARDL model, the
results of which are presented in Table 6. The “Breusch-Pagan-Godfrey test” shows there is no
heteroscedasticity (F = 2.234079, p = 0.0692), and the “Breusch-Godfrey LM test” shows no evidence of
serial correlation (F = 1.351322, p = 0.2552). In addition, the “Ramsey RESET test” reports a p-value of
0.0701, which suggests that the model is generally well specified. Although this result is not significant at
the conventional 5 percent level, it is marginally significant at the 10 percent level, which may indicate the
presence of minor functional form misspecification. Overall, the diagnostic results affirm the dependability
of the constructed model.

Table 6. Diagnostic results.

Diagnostic Tests F-Statistic p-Value Decision
Breusch-Pagan-Godfrey 2.234079 0.0692 No heteroscedasticity
Breusch-Godfrey Test 1.351322 0.2552 No serial correlation exists
Ramsey RESET Test 2.672821 0.0701 The model is properly specified

Source: Authors compilation; Outcomes retrieved Eviews-13.

Furthermore, Figure 2 shows that throughout the course of the investigation, “CUSUM and the
CUSUM of square tests” stayed inside the crucial boundaries at the 5% significant level, suggesting model
stability. Therefore, we may conclude that the ARDL models’ long-term and short-term coefficients are
both stable.

-0.4

T T T T T T T T T T T T T T T T T T T T T T T T T T
2012 2014 2016 2018 2020 2022 2024 2012 2014 2016 2018 2020 2022 2024

‘ —— CUSUM ——-- 5% Significance ‘ ‘ —— CUSUM of Squares ---— 5% Significance ‘

Figure 2. “CUSUM and CUSUM of Square”. Source: Authors compilation; Outcomes retrieved Eviews —13.

Furthermore, as presented in Table 7, this study employed pairwise Granger causality tests to examine
the directional causal relationships among the variables and to strengthen the robustness of the empirical
analysis. The results reveal two unidirectional causal relationships. Specifically, the unidirectional Granger
causality from ET to GHGE (—) indicates that changes in ET policies have predictive power over emission
dynamics in Nigeria. However, this causality does not imply that ET necessarily reduces emissions. When
considered alongside the positive outcomes of the ARDL analysis, the evidence suggests that ET, in its
current form, is associated with an increase rather than a reduction in emissions. This outcome may reflect
structural and institutional challenges, including weak policy enforcement, limited technological adoption,
and the dominance of fossil fuel-based production systems. Consequently, while ET influences emission
patterns, its effectiveness as a mitigation tool remains constrained in Nigeria. Likewise, the unidirectional
causality from GHGE to GE («+—) indicates that rising emission levels may prompt institutional responses
aimed at strengthening environmental governance. Increasing environmental pressure may therefore
encourage policymakers to implement stricter regulations, improve policy enforcement, and promote
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sustainable development initiatives to address environmental challenges in Nigeria. However, no causal
relationships are identified from RNE, GT, EG and EI to GHGE (#) suggesting that these variables do not
exhibit predictive causality with emissions within the examined framework. Additionally, Figure 3 presents
a visual representation of the results.

Table 7. Causality estimations.

Null Hypothesis F-Statistic Prob. Causality Direction
RNE # GHGE 0.02493 0.8756
GHGE # RNE 0.00972 0.9221 7
GT # GHGE 0.46918 0.4985
GHGE # GT 0.00019 0.9891 i
EG # GHGE 0.26452 0.6107
GHGE # EG 241734 0.1301 7
ET # GHGE 3.42128 0.0739
GHGE # ET 0.1733 0.6801 -
El # GHGE 0.66302 0.4217
GHGE # EI 0.04772 0.8285 i
GE # GHGE 0.30177 0.5867
GHGE # GE 3.04927 0.0907 “

Source: Authors’ compilation; Outcomes retrieved Eviews-13; Note: GHGE = Greenhouse Gas Emissions; RNE = Renewable
Energy; GT = Green Technology; EG = Economic Growth; ET = Environmental Tax; EI = Energy Import; GE = Government
Effectiveness. Causality direction: “—” denotes first-to-second causality, “«” represents second-to-first causality, and “#”
indicates no causality.

Environmental Taxes = GHGE GHGE — Government Effectiveness
— ET predicts higher emissions —Higher GHGE prompts policy action

CET D @)~ GED

ET linked to hrgher emissions ' I Rising emissions lead to

due to weak enforcement, i institutional responses to improve
limited technology adoption, | environmental governance

fossil fuel dominance :  S—

RNE, GT, EG! El # GHGE
No causal links detected with GGHGE

Figure 3. Causality direction. Source: Authors compilation.

5. Conclusions

This study shows that the selected factors significantly influence GHGE in Nigeria from 1990 to 2024.
In the long run, RNE and EI significantly reduce GHGE, supporting Nigeria’s transition toward a low-
carbon economy, while environmental taxes exhibit a positive correlation with GHGE. However, GT, EG,
and GE exhibit insignificant long-run effects. In the short run, RNE, ET, EG, and EI significantly affect
GHGE, underscoring the importance of short-term policy interventions.
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Additionally, the causality analysis shows two causal relationships: from ET to GHGE and from GHGE
to GE, suggesting that increasing emissions may trigger some form of institutional and regulatory response.
The lack of causality between the other variables and GHGE indicates that their impacts result from long-
term structural processes rather than short-term predictive ones.

5.1. Practical Implications

Based on the findings of this study, the following policy implications are proposed to strengthen
Nigeria’s transition toward a low-carbon and environmentally sustainable economy.

First, RNE should remain central to Nigeria’s emission mitigation strategy, given its effectiveness in
both the short and long run. To maximize its impact, policymakers should strengthen regulatory frameworks
and institutional capacity to ensure effective enforcement, project implementation, and sectoral
accountability. Furthermore, investment in enabling infrastructure, including energy storage systems and
decentralized energy solutions, is essential to support integration and expand access to clean energy,
particularly in underserved regions. Complementing these efforts with research and development initiatives
and technical training will enhance domestic technological capabilities and facilitate the sustained adoption
of renewable energy. Collectively, these measures can accelerate a resilient and sustainable energy
transition while aligning environmental objectives with long-term economic development.

Second, given the contribution of imported energy to the mitigation of GHGE, Nigeria should prioritize
energy diversification toward cleaner and more efficient sources of energy. Nigeria should adopt policies
that strengthen energy infrastructure and access to cleaner imported energy and that minimize gas flaring
to reduce the inefficiencies of domestic energy. Over the long run, these policies will align with the boosting
of renewables in Nigeria and will improve energy security and to some degree emittance of harmful gases.

Third, the weak relationship between environmental tax and emissions highlights the need for
improved policy design and implementation. Strengthening regulatory enforcement and ensuring that
environmental fiscal measures effectively target pollution intensive activities may enhance their role in
reducing emissions.

Furthermore, Policymakers need to direct attention to the formulation of incentives and support
mechanisms for the creation, adoption, and diffusion of green technologies, such as environmentally
oriented patents, innovations for increased energy efficiency, and clean production technologies, even if
immediate measurable impacts on emissions are modest.

Finally, there is a need to strengthen Nigeria’s Institutional Capacity and Governance Effectiveness.
Although there is no direct impact of government effectiveness on GHGE, the causation analysis confirms
that increasing GHGE tends to trigger an institutional reaction. Nigeria needs to enhance its regulatory
frameworks, policy coherence, and the institutional strengthening of its monitoring and evaluation systems
to support a pragmatic approach to the implementation of the competing policy on climate and energy.
These are the changes that will enable Nigeria to honour its commitments towards reductions of greenhouse
gas emissions, environmental sustainability and economic resilience.

5.2. Limitations

This research examines the impact of RNE, GT, EG, ET, EI, and GE on GHGE in Nigeria, using data
from 1990 to 2024. As a result, other relevant factors such as renewable energy consumption, urbanization,
and environmental regulation stringency are not considered. The ARDL strategy yields strong findings;
however, further research may use different methodologies or expand the study to panel data across African
economies for more comprehensive insights. In addition, future studies may incorporate other variables
such as FDI, industrial sector composition, and regulatory stringency that may have an impact on GHGE.
Moreover, following the studies of [47], future research could explore the spatial optimization of new green
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infrastructure in Nigeria to expand on the findings regarding the low-carbon transition. It is also important
to acknowledge that relying on national-level aggregate macroeconomic data may obscure significant
regional, state-level, or sector-specific variations within Nigeria’s highly diverse economic landscape. This
limitation suggests that future research could benefit from disaggregated state-level or sectoral data analysis,
if available, to capture intra-national variations more accurately and to provide more elaborate policy
recommendations. We also acknowledge that exploring alternative lag structures could provide further
robustness. As a result, future studies should use a larger data span, include lag selection in their research
process, and add structural breaks in their analysis.
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