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Abstract

The study examines the impact of non-renewable energy consumption and economic growth
on carbon emission using an annual data spanning from 1980 to 2022. The Autoregressive
Distributed Lag Model was employed. From the analysis, the co-integration results reveal that
there 1s a long-run relationship between the variables under study. Furthermore, both the long-
run and short-run Autoregressive Distributed Lag (ARDL) estimates unequivocally demonstrate
that both economic growth and the non-renewable energy consumption exert statistically
significant, and positive impacts on CO: emissions. In essence, they jointly contribute to the
observed increase in CO. emissions over the study period. Based on the findings, it 1s
recommended that adequate regulations, restrictions and innovative ways in fostering economic
growth through energy consumption from non-renewable energy sources are implemented
alongside policies from energy regulatory Commission and environmental protection agencies,
to explore avenues to invest in, and promote, carbon-reducing technology in production
processes to mitigate against the effects and degradation of the environment.
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1. Introduction

Climate change and global warming have been ongoing problems facing governments
and policymakers i the 21st Century (VO & VO, 2022). Environmental
contamination presents a plethora of challenges, mcluding energy dependence,
deforestation, freshwater scarcity, air pollution and climate change are seen as a threat
to both the environment and human being. As a result, the connection between the
factors that are directly related to climate change must be re-examined since they can
cause global devastation, endanger human existence and the ecosystem (Fan et al.,
2020). In this regard, CO: emussion 1s regarded as the most significant source of Green
House Gas with CO: accounting for 75% of GHGs emission. Due to the significant
expansion of the mdustrial sector in developed nations, it 1s reasonable to assume that
ecological deterioration significantly impacts their economies (Shahzad et al. 2021).

The utilization of energy resources in the production and consumption of
goods and services has been attributed to cause the rising amount of world-wide
carbon dioxide (CQOj) 1in their final form and used in the various sectors
(manufacturing industries, residential, transportation sector and agriculture) (Wang et
al., 2021). Carbon dioxide (CO.) emissions resulting from consumptions of non-
renewable energy resources such as natural gas, coal and o1l are considered to be the
main culprits of environmental pollution and global warming (Usman et al., 2022).
Economic growth which 1s the goal of every nation relies heavily on energy use
especially 1n the era of globalization and economic expansion, especially in emerging
economies (Zhao, 2021). There are six main GHG contaminants which have
significant impact on the atmosphere namely; CO,, CH4 (Methane), N.O (Nitrous
Oxide), HFCs (hydrofluorocarbons), PFCs (perfluorocarbons) and SF. (sulfur
hexafluoride). Thus, CO: 1s considered to be the main contributor to global warming

(Zhang & Da, 2015).

Increased worldwide awareness of ecological problems as a result of increase in
economic activities that lead to carbon emission has aided the coordmation of
mternational imitiatives such as the Kyoto protocol in 1997 and the Paris agreement in
2015. The goal of this mtiatives remained to reduce global emissions and provide
countries with a sustamnable economic prosperity and environmental stability
(Adebayo & Rjoub, 2021). Theoretically, the link between pollution and per capita
growth 1s the main hypothesis of the Environmental Kuznet Curve (EKC). This
mmplies, environmental pollution rises with the expansion of economic growth until it
exceeds the peak level. The pollution level increases rapidly as the country develops
but after reaching its peak, the pollution begins to decline (Wawrzyniak & Doryn,
2020).
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Empirically, global energy consumption 1s anticipated to rise by 809, whilst
greenhouse gas emanations are also projected to increase by 50% over the same
period. The projections are in tandem with that of Kahouli (2018), Nkengfack and
Kaffo (2019) and Erdogan et al. (2020), who postulated that countries that experience
more economic development consume a lot of energy, and therefore causes more
environmental degradation. Energy from fossils consumed m-discriminately especially
with low carbon technological equipment have a devastating effect on the environment
and causing severe respiratory diseases globally (Danish & Wang, 2019). In addition,
studies on the relationship between CO: emissions, energy consumption, and real
GDP differ from country to country. Studies such as Mardani et al. (2018) investigated
the relationship between COs:emissions, energy consumption and economic growth
m G20 using an adaptive neuro-fuzzy inference system (ANFIS) model and
discovered that energy consumption and economic growth significantly predicted the
emanation of CO: in the nations and Arouri et al. (2012) found that CO: emissions
can mnfluence the GDP and/or energy consumption.

Without any doubt, energy consumption enhances both domestic /residential
needs and this positively correlates with economic factors like, reduced poverty,
enhanced overall standard of living, and increased exportation and 1mmense
contribution to socio-economic growth. However, i the face of economic progress
and technological development among countries of the world, the high energy
consumption in the production of goods, technology and innovation, possess long run
effect on the environment as a result of carbon emission which affects Nigeria
adversely.

There have been several research carried out on the nexus between energy
consumption, economic growth and Carbon dioxide emission, 1 an attempt to
understand and proffer solution to the problem of greenhouse emission, however with
conflicting results. For instance, studies such as that of Alshehry and Belloumi (2015);
and Jiang and Li, (2017), on the energy consumption-growth nexus, found a casual
feedback nexus. While recent work of Bekun. Emir and Sarkodie (2019) conformed
with growth hypothesis. In Nigeria, studies such as that of Youssef, (2017) and
Paraclete (2018) also has conflicting results. In addition, Waheed et al. (2019)
surveyed both single country and multi-country studies that investigated the association
between economic growth, energy consumption and carbon emissions. The results
reveal that carbon emission was not linked with economic growth m developed
countries. However, Mahmood et al. (2020) investigated the environmental effects of
economic growth and energy consumption and discovered that, economic growth and
energy consumption contributed to high CO.emissions in both the long run and the
short-run. These conflicting results has necessitated further research mn these areas
most especially as 1t pertains to Nigeria where environmental degradation 1s quite
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apparent in the far northern states where there 1s an increase n the frequency of the
drought experienced, activities of gas flaring from the activities in the southern part of
Kaduna. In the south especially where o1l exploration takes place, their environment
1s heavily polluted. In states such as Lagos, which 1s seen as an industrial state also
witnesses heavy pollution. This pollution no doubt 1s the result of the combustion and
consumption of non-renewable energy in the quest for economic growth.

The motivation for the study 1s based on the premise that despite the increased
awareness for solutions towards environmental friendliness, and strategy 1ssues such
as the decarbonization policies form the Kyoto Protocol and other imnternational
policies of the International Energy Agency for countries to diversify the supply mix
of energy resources among nations, Nigeria has not been able to key into this policies
to mitigate the associated air pollution and greenhouse gas emissions from fossil fuel
consumption. This study therefore examines the impact of non-renewable energy
consumption and economic growth on carbon emission using an annual data spanning

from 1980 to 2022.
2.1 Literature Review
2.2.1 Concept of Energy consumption

Several scholarly works have explamned the concept of energy consumption with
relation to economic growth. As such, energy consumption is seen as the use of energy
resources by manufacturing and processing industries, construction, non-fuel mining,
households for either domestic or industrial purposes n the production of goods and
services.

To buttress this, Ayres and Wars (2020) describe energy consumption as a flow
of energy that drives the machines and heat or cooling the factories of office buildings.
In addition, energy usage to transform economic goods mnto finished products can also
be seen as the utilization of energy resources form fossil fuels as mput in the
production of goods and services mvolving both domestic and industrial applications.
Ahmad and Du (2020) considered energy consumption as a vital factor of production
that plays important role for the development of the business as an mput during
productive activities

The usage of energy resources i this aspect especially for the manufacturing
mdustries leads to carbon emissions that leads to environmental degradation overtime.
Energy consumption in varied forms in the productivity 1s important as 1t affects the
economy 1n terms of an increase in the GDP, which in turn affects the lives of the
people in terms of their income, happiness and health (IEA, 2019). The consumption
of energy, whether o1l, gas, electricity or coal can also be linked to urbanization in that,
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an Increase I urbanization, normally brings about changes in land use, increases
industrial activities, mfrastructure and increased use of domestic appliances (IEA,

2019).

The total consumption of energy can be divided into several categories, such as
driving (transportation), lighting, heating and communication. However, the imdustrial
sector accounts for the majority of direct use of energy resources, most especially fossil
fuels (US Energy Information Administration, 2020). The Residential Energy
Consumption Statistics (RECS) world data for 2021 indicate that heating was the
largest use of energy usage in homes. The industrial sector consumption of energy 1s
evident in the operation of heavy machines for production of goods, lights, equipment
for facihty heating, cooling, and ventilation. This 1s quite evident in some key
industries, such as aluminum and steel manufacturing, where the usage of electricity
for the processing and production of semi-fimished and finished goods alongside other
industries (1.e., as food processing industries that use electricity for cooling, freezing,
and refrigerating food). In the long run leads to emitting of greenhouse gas or carbon
dioxide.

2.22 Concept of Carbon Emissions

The result of energy consumption especially from fossil fuels have yes contributed to
economic growth mn terms of gross domestic product, but as a consequence, have
mmpacted negatively on the environment from carbon emission. CO: basically 1s the
primary greenhouse gas emitted through human activiies. CO. emissions stem mainly
from burning oil, coal, and gas. Secondarily, these emissions can also be generated
through the demands for energy use, in industries (manufacturing), commercial
services and residential usage

Elayouty and Ali, (2021) i their study described carbon emission as a
greenhouse consequence that warm the earth’s climate, through creating a condition
known as ‘greenhouse effect’. These gases, including CO., nitrous oxide, methane and
others are essential in sustaining a suitable temperature for the planet earth.
Nevertheless, since the advent of the Industrial Revolution, these gas emissions have
speedily amplified concurrently with energy-production and consumption, thus
leading to climate change (Elayouty &Ali, 2021).

In another study, Menyah and Wolde-Rufael (2019) posit that CO. emissions
are burning fossil fuels like fuel, coal o1l natural gas, electricity production and
consumption, released into the atmosphere as a result of industrial and commercial
activities. According to World Health Organization, a carbon footprint 1s a measure
of the impact an activity has on the amount of carbon dioxide produced through the
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burning of fossil fuels and 1s expressed as a weight of CO. emission produced in
tonnes. In summary, carbon emission 1s the effect of the combustion activities,
resulting from the use of fossil fuels during the production or transformation of
economic of goods and the provision of essential services.

Regrettably, the unstable electricity supply in Nigeria for the past two decades
has necessitated an increase mn private and public sector producers of fossil fuel energy
resources to generate electricity for industrial, residential and commercial usage, which
pollute the environment with CO. emissions and other greenhouse gases. The quest
for the use of energy (consumption) in varied forms has created environmental and
health implications. This can be seen evidently in the Southern region such as Port
Harcourt, the West like Lagos state and in the North West like Kaduna state. Nigeria
also was rated as the world’s 17" emitter of greenhouse gas in 2020.

2.23 Concept of Economic growth

The goal of every nation in the world 1s to ensure that its economic and productive
activities contribute to the growth of their economy. This 1s achieved through the
transformation for raw materials from their natural state to semi-finished or finished
product. Amadeo (2021) described economic growth as an increase in the production
of goods and services over a specific period of time. More accurately, the
measurement must remove the effects of mflation. In addition, he further explamned
that economic growth 1s an increase of the national income per capita and 1t comprises
the examination, I quantitative terms, the functional relations between the
endogenous variables and the increase of the GDP, Gross National Product and
National Income.

Haller (2012) opined that economic growth also expresses the national wealth
of a country to include the production capacity, expressed in both absolute and relative
size, per capita, encompassing also the structural modifications of economy.
Economic growth can safely be seen as the process of increasing the sizes of national
economies, the macro-economic indications, especially the GDP per capita, rising
upwards but not necessarily linear direction having positive effects on the economic-
social sector, while development shows how growth impacts on the society by
mcreasing the standard of life economic growth can either be positive, zero, negative.

George (2012) sees economic growth as a complex, long-run phenomenon,
subjected to constraints like, excessive rise of population, lmited resources,
msufficient skilled labour, nadequate infrastructure, inefficient utihzation of
resources, excessive governmental intervention, mstitutional and cultural models that
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make GDP growth difficult. The growth of any economy 1s subject to the efficient use
of the available resources and by increasing the capacity of production of a country.

The relationship between the economy, energy consumption and the
environment has become a very important aspect between the energy economist and
policy makers. Evidently, meeting the energy needs of a country in a sustainable
manner, requires a balanced energy portfolio adapted to different economic and social
conditions (Alvarez and Montanes 2023). Theoretically, Economic Growth has been
closely linked to increased carbon dioxide emission and energy consumption leading
to the opinion of a more prosperous world. There have been many theories which
have tried to explain this connection of which some of these have been reviewed 1n
this work.

2.3 Theoretical Review

The theoretical framework of this study 1s a buildup on Solow’s (1956) economic
growth model by adding the assumptions that production generates pollution but that
allocating some final production to pollution abatement can reduce pollution. The
resulting model implies that countries’ level of emissions will converge over time.
Furthermore, it 1s in line with the model based on the following framework as adapted
from the works of Awodumi and Adewuyi (2020) which takes its root in the
Environmental Kuznets Curve from Panayotou (1993).

2.3.1 The Neoclassical Growth theory

The neoclassical theory of growth was developed by Robert Solow (1956). This theory
has been developed over the last years with important contributions to questions
related to energy, the environment and economic growth (Cass, 1965; Koopmans,
1967), natural resources extraction and growth (Dasgupta and Heal, 1974; Stiglitz,
1974, Chakravorty et al., 1997, Martinet & Rotillon, 2007), environmental quality and
mcome levels (Lopez, 1994; Brock and Taylor, 2004, 2005). This theory 1s centered
on the construct that the economy 1s built on these factors of production namely
capital, labour and technology. At the same time, the basic neoclassical growth theory
abstracts from a potentially important aspect of the growth process in the sense that it
makes little sense to acquire a piece of machinery, at a particular time and place, unless
the machine can be supplied with energy and put to use. That 1s, 1t 1s of first order
mmportance that an economy 1s able to distribute energy across the economy.

In this theory, production 1n each period begins with a given amount of capital,
labour and technology and terminates i the production of goods. Capital has its origin
prior periods. It 1s simply a portion of the economy’s output carried forward from
previous period. Labour in this case also, 1s assumed to grow exogenously. Technology
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i this case 1s seen as the stock of knowledge available to an economy. Furthermore,
the Mainstream economics still base their theories in the neoclassical growth (Solow)
model m which labor and capital are the protagonists in economic growth. Thus, the
latter are regarded as the primary inputs, while energy is treated as any other input,
which will exist perpetually in cheap and large quantities, namely, as an intermediate
factor (Stern 2004). However, energy 1s exhaustible and non-reproducible and for this
reason, it receives another theoretical treatment from the environmental perspective

2.3.2 Environment Kuznet Curve.

The Environmental Kuznets curve (EKC) 1s a hypothesized relationship between
various indicators of environmental degradation and income per capita. The EKC has
been the main approach among economists to modeling ambient pollution
concentrations and aggregate emissions since Grossman and Krueger (1991)
mtroduced 1t a quarter of a century ago. In the early stages of economic growth,
pollution emissions increase and environmental quality declines, but beyond some
level of income per capita (which will vary for different indicators) the trend reverses,
so that at high income levels economic growth leads to environmental improvement.

According to Panayotou (1993), the environmental impacts or emissions per
capita are an inverted U-shaped function of income per capita. If there were no change
n the structure or technology of the economy, pure growth in the scale of the economy
would result in a proportional growth i pollution and other environmental impacts.
This 1s called the scale effect. The traditional view that economic development and
environmental quality are conflicting goals reflects the scale effect alone. Proponents
of the EKC hypothesis argue that at higher levels of development, structural change
towards mformation-intensive 1ndustries and services, coupled with 1ncreased
environmental awareness, enforcement of environmental regulations, better
technology and higher environmental expenditures, result in leveling off and gradual
decline of environmental degradation.

Summarily, the EKC can be explained by the following ‘proximate factors’: an
increase 1n the Scale of production implies expanding production. Different industries
have different pollution intensities and typically, over the course of economic
development the output mix changes. This 1s often referred to as the composition
effect (Copeland & Taylor, 2004). Changes in input mix involve the substitution of
less environmentally damaging iputs to production for more damaging mputs and
vice versa. The last two can be seen as technique effect resulting from either
environmental restrictions or mnovation. In addition, improvements i the state of
technology imvolve changes in both, Production efficiency in terms of using less, ceteris
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paribus, of the polluting mputs per unit of output. Emissions specific changes
process result in less pollutant being emitted per unit of input.

Some recent studies have indicated that an increase mn the gross domestic
product and Carbon emission resulting from energy consumption do not lead to
environmental degradation especially in some developing or emerging economies.
Conversely, some scholars have pointed out that many developed countries reduce
their CO: emissions through decoupling and decarbonization processes. This debate
was explained 1n the empirical aspect of the research work.

2.4 Empirical literature

Bashir, Susetyo, Suhel, and Azwardi (2021) examined the relationship among
urbanization, economic growth, energy consumption, and CO:emissions in Indonesia.
The study adopted a dataset ranging from 1985-2017 and a vector error correction model
and Granger causality test. The empirical results reveal that, in the short run, there 1s
evidence that urbanization and energy consumption can cause CO: emussions, and they
also prove that urbanization can cause energy consumption. Also, a long-run relationship
among the variables and causalities was revealed among the variables. However, unlike
the current study which mvestigates the mmpact of energy consumption and CO.and
economic growth mm Nigerna, they examined the relatonship among Urbanization,
economic growth, energy consumption and CO.in Indonesia. In terms of imeframe, the
study used a data spanning from 1985-2017. In terms of methodology, they employed the
VECM and Granger causality test, unlike this study which uses both the Autoregressive
distributed Lag m-depth analysis to the about the behavior of the individual variables of
study.

Jan, et. al. (2021), examine the effect of economic openness and energy
consumption matter for environmental deterioration mm Pakistan using an annual
dataset ranging from 1971 to 2016. The study employed the Autoregressive
Distributed Lag model. The result of the study indicates that energy consumption has
both 1n the long and short term positive and significant impact on CO:emission but
the long-term 1mpact 1s greater than the short-term impact. Further, the result show
that economic progress acknowledged the environment Kuznets curve hypothesis,
hence, the environmental degradation 1s imited. Finally, the economic progress has
an msignificant impact on CO:emission. However, though the study 1s similar to the
current study, the economic policies and energy utilization differs from Nigeria on
which this work focuses on. Methodologically, the study adopted the linear ARDL,

Gao and Zhang (2021), investigate the relationship among CO: emissions,
biomass energy consumption, economic growth and urbanization on 13 Asian
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developing countries. They employed the causality test and FMOLS (Fully Modified
Ordinary Least Square) with a data spanning (1990-2015). The findings show that
there 1s long-run relationship among the varables and that biomass energy
consumption has no impact on CO:emission. The causality test reveal that there 1s
unidirectional causality from GDP to biomass energy consumption in the short-run
and from GDP and urbanization to CO.emuission, respectively. From the long-run
causal estimate, there exist a umdirectional relationship from CO. biomass energy
consumption and urbanization to GDP, respectively. Hence, the study centered on
bromass energy consumption while this study will be analyzing energy consumption
from fossil fuels. In addition, the study adopted a panel analysis on countries which 1s
not country specific unlike the current study 1s country specific, Nigeria. The study
adopted the causality test method, while this study 1s going to adopt both the linear
ARDL model which 1s more robust and advance in terms of analysis and the
behavioral pattern of the variable under study.

Saidi and Rahman (2021) explored the relationships between environmental
quality, economic growth, and energy use 1 five developing countries which are:
Algeria, Nigeria, Indonesia, Saudi Arabia, and Venezuela from 1990 to 2014. They
utilized the fully modified ordinary Least square (FMOLS), dynamic ordinary least
square (DOLS) methods and panel Granger causality tests methods. The finding
proves that in all countries there 1s bidirectional causality between GDP and energy
consumptions, and between GDP and CO:except for Algeria. Also, in all countries,
there 1s bidirectional causality between energy consumption and CO. except for
Venezuela that has a unidirectional causality from CO:to energy consumption. Saudi
Arabia has the highest impact of GDP on CO: followed by Venezuela, Nigeria then
Indonesia. While Algeria has the highest impact of energy use on CO: then Indonesia
and then Nigeria. However, the study focuses more on environmental quality as
energy usage. Unlike the current study that focuses on the mmpact of energy
consumption on other variables. Their study employed granger causality methods with
a dataset spanning 1990 to 2014 while this study 1s going to employ the linear ARDL
model which 1s more robust, advanced and consistent in analysis with a dataset
spanning 1980 to 2020. Furthermore, this research work 1s country specific on like
this study reviewed 1s more of a panel analysis. The period of study 1s from 1980 to

2022.

Ibrahim and Cudjoe (2021), investigate the environmental impact of energy
consumption in Nigeria. The study applied Vector Error Correction Model (VECM)
with a dataset spanning 1990-2018. The result showed that there 1s a long run positive
mmpact of GDP on CO. emissions in Nigeria and the result refutes the Environmental
Kuznet Curve hypothesis that environmental quality improved with an increase
mcome. Also, the result shows that charcoal consumption has a long run tendency of
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reducing CO. emussion while fuel wood consumption has a long run possibility of
raising CO: emussion. Furthermore, the findings reveal that o1l has a negative impact
on CO:. emissions while natural gas consumption and fuel o1l consumption has a
detrimental impact on CO. emission. Hydroelectricity consumption on the other
hand has a long run negative impact on CO. emission. However, the study adopted
the VECM technique m its analysis unlike the current study that adopts the ARDL
technique of analysis for robustness.

Ezenwa, Nwatu and Gershon (2021), examine the nexus among economic
growth, renewable energy consumption and CO. pollution in Nigeria. The study
employed the vector error correction model (VECM) on the annual data for the
period 1990-2015. The finding reveals that there 1s evidence of bi-directional causality
between renewable energy consumption (REC) and economic growth (GDP). REC
positively granger causes GDP in both short-run and long-run, while GDP has an
adverse effect on REC 1n the short run. Historical decomposition of shocks reveals
the relative implications of renewable energy shocks on GDP to be mostly negative
between period 1990 and 2007. Additionally, there is persistent and positive influence
of REC on economic growth in the period between 2009 and 2015. However, the
study 1s based on the connection among growth, non-renewable energy consumption
and economic growth on carbon emission in Nigeria, while this 1s looking at the impact
of energy consumption from non-renewables on growth and carbon emission n
Nigeria and adopting the inear ARDL model as mclusive model

Awodumi and Adewuyi (2020) investigates the role of non-renewable energy
i economic growth and carbon emissions among the top oil producing economies
Africa during 1980-2015. The study adopted the non-linear autoregressive distributed
lag (NARDL) technique. The result reveals evidence of asymmetric effect of per capita
consumption of both petroleum and natural gas consumption on economic growth
and carbon emission per capita in all the selected countries except Algeria. In Nigeria,
although positive change 1n the non-renewable energy consumption retards growth, it
reduces emission. In the case of Gabon, increase in the consumption of these energy
products promotes growth and enhances environmental quality. Consumption of
these energy types has negligible impact on environmental pollution in Egypt as it
enhances economic growth. While positive change in the non-renewable energy
consumption contributes to economic growth in Angola, the effect on carbon emission
1s mixed across time and energy type. In addition, the influence of negative change n
petroleum and natural gas consumption is similar to those observed for positive
change m Egypt and Nigeria

Yusuf, Abubakar and Mamman (2020), investigate the relationship between
greenhouse gas emissions, energy consumption, and output growth among African
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OPEC countries (Libya, Nigeria, Angola, Algena, Equatorial Guinea, and Gabon).
The study utilized panel autoregressive distributed lag model (PARDL) estimated by
means of mean group (MG) and pooled mean group (PMG) for the period of 1970
to 2016. The empirical result shows that there 1s a positive and significant impact of
economic growth on both CO: and methane emissions in the long run, but the impact
on nitrous oxide emissions although positive was found to be statistically msignificant.
Energy consumption was also found to produce an insignificant positive impact on
CO., methane, and nitrous oxide emissions in the long run. In the short run, economic
growth exerts a significant positive effect on methane emissions; however, its effect on
CO: and mitrous oxide emissions although positive was found to be statistically
insignificant. Knergy consumption produces an msignificant impact on all components
of greenhouse gasses n the short run.

Alege, Adediran, and Ogundipe (2016), mvestigate the direction of causal
relationships among emissions, energy consumption and economic growth in Nigeria.
The study employed The Johansen maximum likelihood cointegration tests with a
dataset spanning 1970 to 2013. The result shows that fossil fuel enhances carbon
emissions whereas, clean energy source (electricity) mitigate the atmospheric
concentration of carbon dioxide (CO:) emissions. Further, result indicates an
existence of unidirectional causation running from fossil fuel to CO. emissions and
gross domestic product (GDP) per capita. Alternatively, non-fossil energy (electric
power) causes more proportionate change in GDP per capita but result could not
establish any causal ink between electric power and carbon emissions. However, the
study adopted the VAR model while this study uses the linear and nonlinear ARDL
model which 1s more robust and more advance with an extended time frame of the
study from 1980-2020. This study contributes to the existing literature by considering
the triple relationship between energy, the economy and the environment.

Unlike most studies which focus on the bivariate relationships. In addition, 1t 1s
possible that energy types contribute differently to carbon emission which makes it
mmperative to 1solate their individual effect for policy purposes. This study adopted
that neoclassical growth theory which factors i energy into production process. This
component helps n facilitating production and economic growth required m the
deployment of mputs of capital, labour and energy. In addition, as the level of
economic activities rises, the demand for energy tends to increase especially in
countries with abundant energy resources. This 1 turn, facilitates the usage of both
capital and labour. Nevertheless, the increase in the carbon emission 1s harmful to the
environment as summarized in the EKC hypothesis.
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3.0 Methodology

This study examined the mmpact of non-renewable energy consumption, economic
growth on carbon emission in Nigeria using a dataset from 1980-2022. However, the
model 1s based on the following framework as adapted from the works of Awodumi

and Adewuy1 (2020).
CO-~={(GDP, L) (1)

Where: CO: = Carbon emission, GIDPis a proxy for economic growth, and £'= energy
consumption. Further mncluded were controlled variables such as crude o1l prices and
trade openness to capture the non-renewable energy which has the highest carbon
emission among the energy sources and the size of international trade integration.
Furthermore, obtaining the value of the sum of imports and exports (trade openness)
was deflated by GDP and to obtain a simple analysis, though there are other measures
of trade integration. Therefore, equation (1) can be re-specified as:

CO~HGDP EC, OP, TOP) )

Now, the econometric model 1s introduced to capture all the study variables which are
in natural log form (/n) and is re-specified in equation (3) as:

In CO.=6o +6.InGDP + 6:AnkC + 6:inOP +6.nTOP + 7 (3)

Where: é.1s the coefficient of the intercept, while §.6:9: d.are the slope coefhicient
of GDP, Carbon emission,, Trade openness, Crude Oil price, Energy consumption
and 71s the error term. The ARDL model was employed to examine the impact of
non-renewable energy consumption and economic growth on carbon emission mn
Nigeria due to 1ts advantageous features of it accommodating data rrespective of 1ts
order of integration which is either 1(0), I(1), or a combination of both. Therefore, the
specification 1s as follows:

AlnC02t = a + B1inC02t —1 + B2InGDPt—1 + B3InCPt — 1 + B4InTOPt —1

p—-1 q-1 q-1

+ Z 01AInCO2t -1 + Z 02AInGDP t -1 + Z 03AInCPt —1
i=0 i=0 i=0
q-1 q-1

+ Z 94AINECE —1 + Z 95AINTOP ¢ — 1 + pit 4)
i=0 i=0
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Where: a is the intercept, f1- B5 are the long-run slope coefficients, d1- d5 1s the
short-run coefhicients, p 1s the lag operator of the dependent variable, ¢ 1s the lag
operator of independent variables, ¢1s the period, /i 1s natural log, A first difference
operator, Y, 1s summation, while 71s the number of observations and u 1s the error
term. However, the cointegration relationship 1s conducted using the f-statistics in
which the null hypothesis (H) of no-cointegration (0, =6-:=0,=0) 1s rejected against the
alternative hypothesis (/) of cointegration ©: = &:= 6= 0).

Sources of Data

The data employed for the study was soured from various sources. Thus, crude oil
prices (CP), carbon emission (CO.), Trade Openness (T'OP) Energy Consumption
(EC) and GDP per capital were gotten from OPEC statistical data bank and World
Development Indicator 2022.

4.0 Results and Discussion of Findings

Table 1: Descriptive Statistics

Variable CO,(kt) RGDP (in Bn) CP TOP EC
Mean 75337.15 51,700 69.89496 0.442954 715.2886
Median 72126.22 48,800 53.22500 0.464985 708.1564
Maximum 131685.6 86,900 231.6239 0.575306 798.6302
Minimum 19.71794 26,300 12.76000 0.289606 636.3569
Std. Dev. 34761.65 18,700 62.23329 0.106187 41.37789
Skewness -0.215520 0.344436 1.299668 -0.189225 0.172863
Kurtosis 2.187527 1.848384 3.669612 1.419460 2.012172
Jarque-Bera 1.480339 3.151335 12.60862 4.622331 1.916831
Probability 0.477033 0.206869 0.071828 0.099146 0.383500
Observations 42 42 42 42 42

Source: Authors” Computation using Eviews12

The descriptive statistics of variables containing means, median, minimum,
maximum, standard deviation, skewness, kurtosis, etc., are shown i Table 1.
Furthermore, it shows the average of value of CO., within the period under study 1s
75337 .15kilowatt with a standard deviation of 34761.65. The maximum value 1s
131685.6 and mimimum value 19.71794. The average value of RGDP 1s 51,700 billion
with a standard deviation of 18,700 billion. Its maximum value 1s 86,900 billion, while
minimum value stands at 26,300 billion. Furthermore, crude oil price (CP) has an
average value of 69.89496 with a standard deviation of 62.23329. Its maximum value
1s 231.6239 while mimimum value stands at 12.76000. The average value and standard
deviation of trade openness (TOP) are 0.442954 and 0.106187 respectively, while its
maximum and miimum values within the period are 0.575306 and 0.289606. non-
renewable Energy consumption (E) has an average value of 715.2886 with standard
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deviation of 41.37789. 1ts maximum and minimum values stand at 798.6302 and
636.3569 respectively.

The skewness measures the degree of the asymmetry of the series. Thus, the
results of the skewness report that CO: emission (CO») and trade openness (TOP) 1s
negatively skewed with values of -0.215520 and -0.189225 respectively. This implies
that the distribution has a long-left tail with lower value than the sample mean. RGDP
and energy consumption (E) have a normal skewness of 0.344436 and 0.172863,
meaning that the distribution of the series 1s symmetry around the mean. crude oil
prices (OILP) have a positive skewness of 1.299668, implying that more of the
distribution have a higher value than the sample mean. The Kurtosis on the other
hand measures the flatness or peakedness of the distribution series. Evidence of the
report shows that all the variables except o1l price (OILP) are platykurtic (flatted curve)
since they are less than 3, thus implies that the distribution has lesser values than the
sampled mean. O1l price (OILP) 1s Mesokurtic (normal distribution) with a kurtosis
of 3.669612. The jargue-Bera test statistic measure the difference of the skewness and
kurtosis of the series with those from the normal distribution. Thus, given the result
of the probability values (at 5% level of significance) of the Jarque Bera statistic, it can
be concluded that the series are normally distributed.

Table 2: ADF Unit Root Test

Variables Level First Difference
ADF 5%Critical value ADF 5%Critical value Remark
CO2 -0.5194 -2.9350 -6.33766 -2.9369 1(1)
RGDP -0.4849 -2.9350 -6.3770 -2.9369 1(1)
OILP -2.3333 -2.9369 -4.6989 -2.9389 1(1)
E -1.9255 -2.9350 -5.3641 -2.9369 1(1)
TOP -0.9522 -2.9350 -5.3498 -2.9389 1(1)

Source: Authors’ Computation using Eviews12

The outcomes of the umt root test unveil that all varables included n the
model, comprising CO., RGDP, CP, EC, and TOP, exhibit first-order mtegration,
represented as I(1). This signifies that the null hypotheses are rejected after the initial
differencing where the absolute value of the ADF statistics 1s greater than the absolute
value of the cnitical value at 5% level of significance, indicative of the stationary nature
of these variables at the first difference level, I(1). Critically, it is observed that none of
the data manifests second-order differencing, 1(2). This result 1s significant as it
mitigates the risk of spurious regression within the model.

Table 3: Optimal Lag length

Lag LogL LR FPE AIC sC HQ
0 -68.46532 NA 2.537030 3.767452 3.980729 3.843974
1 -60.23586 13.92676* 5.752944* 3.396711* 3.652644* 3.488537*
2 -60.17394 0.101622 1.842036 3.444817 3.743405 3.551948
3 -59.84985 0.515218 1.910770 3.479479 3.820723 3.601915
( 1
| 108 |


https://doi.org/10.53982/ajsms.2023.0402.01-j

https://doi.org/10.53982/ajsms.2024.0501.05-j Dansofo et al.

* indicates lag order selected by the criterion
Source: Authors’ Computation using Eviews12

From Table 3, following the pragmatic approach to lag selection, all the lag
selecion criterta selected lagl as the optimal level. Furthermore, the Akaike
Information Criterion (AIC) emerges as the preferred choice due to its capacity to
deliver a more concise model with the lowest value, specifically, 3.396711.
Consequently, this study opts for a lag of 1 in the context of the Autoregressive
Distributed Lag (ARDL) regression.

Table 4: Cointegration test

F-Bounds Test Null Hypothesis: No levels relationship
Tests Value Signif. 1(0) 1(2)
F-statistic 6.01 10% 2.2 3.09
K 4 5% 2.56 3.49
2.5% 2.88 3.87

1% 3.29 4.37

Source: Authors’ Computation using Eviews12

The cointegration test, as illustrated m Table 4, revealed that the F-statistic
obtamned from the F-Bounds test 1s 6.01. This value 1s compared against the critical
value bounds provided for the test. Specifically, at the 5% significance level, the lower
bound critical value (I(0)) 1s 2.56, and the upper bound critical value (I(1)) 1s 3.49.
Since the F-statistic of 6.01 1s greater than the upper bound critical value of 3.49, we
reject the null hypothesis that there 1s no levels relationship among the variables in the
model. This result indicates that there 1s strong evidence to support the presence of a
long-term (cointegrating) relationship among the variables being analyzed.

Table 5: ARDL Long Run Estimate
Dependent Variable: (CO2)

Variable Coefficient Std. Error t-Statistic Prob.
RGDP 0.250698 0.08443 2.969360 0.0030
OILP 0.071320 0.03542 2.013435 0.0436
EC 0.062520 0.02496 2.504696 0.0122
TOP 0.032491 0.01568 2.071657 0.0388
C 0.063740 0.02619 2.433918 0.0150

Source: Authors’ Computation using Eviews12

The long-run coefficient of ARDL method depicts a positive relationship
between economic growth (RGDP) and CO. emission. The RGDP coefhicient of
0.250698 mmplies that, holding other independent variables constant, a percentage
mcrease In RGDP will lead to about 0.25 increase in CO: emussion. Furthermore, the
p-value 1s 0.0030 which 1s less than 0.05(at 5% significant level). Thus, the null
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hypothesis that economic growth does not have significant impact of CO. emuission 1s
rejected. Similarly, o1l price (OILP) has a positive coethicient of 0.071320, with a
significant p-value of 0.0436, indicating that a percentage increase in OILP will lead
to about 0.07% increase in CO: emission. In line with a-prior1 expectation non-
renewable energy consumption (EC) has a significant positive impact on CO:
emission. Given its coefficient of 0.062520 and p-value of 0.0122 implies that a
percentage increase n energy consumption will lead to about 0.06% increase i CO.
emission. trade openness (TOP) has a positive coefficient of 0.032491 with a
significant p-value of 0.0388, implying that a percentage increase in trade openness
will lead to about 0.03% increase i CO. emission.

Table 6: ARDL Error Correction Regression (Short Run Estimate)
Dependent Variable: D(CO2). Selected Model: ARDL(Z, 1,1, 1, 1)

Variable Coefficient Std. Error t-Statistic Prob.
D(RGDP) 0.571055 0.14763 3.868064 0.0005
D(OILP) 0.021814 0.01066 2.046226 0.0408
D(E) 0.232501 0.07894 2.945271 0.0032
D(TOP) 0.150129 0.06842 2.194217 0.0282
CointEq(-1)* -0.519940 0.09913 -5.244833 0.0001
R-squared 0.784959 Mean dependent var -0.198780
Adjusted R-squared 0.773288 S.D. dependent var 1.367807
S.E. of regression 0.983217  Akaike info criterion 2.917875
Sum squared resid 34.80175 Schwarz criterion 3.126847
Log likelihood -54.81644 Hannan-Quinn criter. 2.993971

Durbin-Watson stat 1.678646

Source: Authors” Computation using Eviews12

The short-run estimate as depicted i the table revealed that RGDP 1s a
coefhicient of 0.571055 with a p-value of 0.0005, this implies that economic growth
has a positive and significant impact on CQO. emission. Therefore, a percentage
mcrease in RGDP will lead to about 0.57% increase in COs emission within the period
under study. Similarly, the crude oil price (CP) has a coefficient of 0.021814 with a p-
value of 0.0234, meaning that, a percentage mcrease 1n the crude oil price will also
lead to about 0.02% increase in CO. emission. Similarly, non-renewable energy
consumption (EC) has a significant positive effect on CO: emission, this is given by its
coefficient of 0.232501 and significant p-value of 0.0318. Thus, a percentage imncrease
i non-renewable energy consumption will lead to about 0.23% increase i CO:
emission. Trade openness (T'OP) has a coefficient of 0.150129 with a significant p-
value of 0.0413, implying that a percentage increase in trade openness will lead to
about 0.15 increase in CO: emission.
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The Error Correction Term (ECT (-1)) 1s negative and statistically significant
with a coefficient of -0.519940 and a probability level of 0.0000 at 5 percent level
which 1mplies that about 0.51% of the disequilibrium which occurs 1n the short run 1s
corrected over the long run. In other words, the annual speed of adjustment from the
short run shocks or divergence to long run equilibrium 1s approximately 52%. The R-
squared also known as the goodness of fit 1s 0.784959, meaning that about 78%
variation 1n the dependent variable (CO2 emission) can be explamned by the
mdependent variables (RGDP, OILP, E, TOP). The Durbmm-Watson value of
1.678646, which 1s approximately 2, indicates that there 1s no serial correlation in the
model.

Table 7: Diagnostic Test Result

Tests Type F-statistic/value Prob.
Heteroscedasticity Breusch-Godfrey LM Test: 1.4334 0.2549
Serial correlation Breusch-Pagan-Godfrey 4.2296 0.5260
Normality Jarque-Bera 1.2465 0.5665

Source: Authors’ Computation using Eviews12

The diagnostics test result presented in Table 7 contain the heteroscedascity,
serial correlatton and normality test. The result shows that the model 1s free from
heteroscedasticity, serial correlation and the distribution 1s normal through their
probability values. All the p-values are above the 5% critical value. The cumulative
sum (CUSUM) plot from the recursive estimation of the model indicates stability of
long-run coethicients over the sample period. It could be seen that the CUSUM plot
do not crossed either of the five percent (59) critical lines. Therefore, it could be
concluded that the estimated parameters for the study are stable for the period under
study and can be used for policy decision.

Figure 1: Cusum Test
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Discussion of Findings

The study examined the mmpact of non-renewable energy consumption, economic
growth on carbon emission using the Autoregressive distributed lag model. After co-
mtegration was established, the ARDL long run estimate reveals that an increase in
the consumption of non-renewable energy m the long run will increase carbon
emission. This finding 1s in line with the works of Jan, et.al. (2021). The result of the
study indicates that non-renewable energy consumption has both in the long and short
term positive and significant impact on CO:emission. Furthermore, the result shows
that economic progress acknowledged the environment Kuznets curve hypothesis and
improvements in technology will lead to reduction of carbon emission and saving the
environment from degradation.

5.0 Conclusion and Recommendations
4.1 Conclusion

The study used an annual data spanning from 1980-2022 to examine the impact of
non-renewable energy consumption and economic growth on carbon emission in
Nigeria. The result of the ARDL long run analysis revealed that all the variables such
as crude oil price and carbon emission have positive and significant effect on GDP
while only, L7 OP was negative and msignificant. Furthermore, the short run analysis
shows that results the Error Correction Mechanism, was also significant revealing that
if there 1s any shock n the long-run the model 1s going to correct it through the speed
of adjustment by 18.84 per cent. Therefore, the study concludes that consumption of
non-renewable energy resources, through trade openness and crude o1l consumption
to foster economic growth, leads to carbon emission which in turn leads to attendant
environmental consequences.

3.2 Recommendations

Based on the findings, 1t 1s recommended that the Nigerian government should ensure
that adequate regulations, restrictions and innovative ways in fostering economic
growth 1n energy consumption from non-renewable energy resources are
mmplemented. In addition, it 1s recommended that state of the art equipment should
be employed especially in the production of exportable products in addition to
employment of carbon emission-reducing techniques to reduce the consequential
effects of energy usage from crude o1l and trade openness. It 1s therefore imperative
for policymakers, Energy Regulatory Commussion and environmental protection
agencies to explore avenues to mvest in, and promote, carbon-reducing and energy-
saving technology in production processes in their quest for economic growth, 1f they
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must continue to increase the consumption of their abundant resources mn non-
renewables.
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