


Does Energy Mix Matter for Environmental Degradation? New Insights from Global Warming in Nigeria

Abstract
Nigeria's huge dependence on fossil fuels and the gradual transition to clean and renewable energy, alongside targeted investments in nuclear energy infrastructure, have raised concerns about environmental sustainability. In this light, we provide new insights into the environmental degradation implications of this energy mix, with a focus on global warming. Specifically, we employed the Johansen cointegration test and the Toda-Yamamoto causality test to analyse the long-run relationship and direction of causality between energy mix indicators and global warming. The findings indicated evidence of cointegration between the energy mix indicators and global warming, suggesting that the energy mix can be relied upon to predict long-term changes in Nigeria's contribution to global temperature change. The results of the Toda-Yamamoto causality test show evidence of unidirectional causality from fossil fuel energy utilisation to global warming at the 5% level. This finding is not surprising, considering that the combustion of fossil fuels is associated with the release of substantial amounts of carbon dioxide into the atmosphere. The results further showed unidirectional causality from renewable energy use to global warming, highlighting the ineffectiveness of renewable energy use in mitigating environmental degradation. This undesirable outcome may be linked to unsustainable biomass use and poorly developed renewable energy infrastructure, particularly solar panels, which can reduce efficiency and lead to greater reliance on fossil- fuel- based backup generation with a high carbon footprint. Therefore, we recommend that the government internalise the environmental costs of fossil fuel use by imposing a price on carbon dioxide emissions payable by emitters, while prioritising access to improved renewable energy infrastructure and ensuring sustainable biomass utilisation.
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1. Introduction
The energy mix, which comprises fossil fuels and renewable sources, is critical in determining the levels of greenhouse gas emissions in the environment and global warming, which has emerged as one of the most difficult issues that the world is facing today. While traditional energy sources, such as coal, oil, and natural gas, are leading causes of global warming due to their high carbon footprint, alternative energy sources, such as solar, wind, and hydropower, provide options for a greener and more sustainable future. According to a report from the International Energy Agency (IEA) in 2019, a staggering 81% of the world's primary energy supply came from fossil fuels. While these non-renewable resources have played a pivotal role in stimulating economic growth, accelerating technological advancements, and supporting urbanisation, their widespread use has also led to significant environmental challenges. Dai et al. (2022) posit that fossil fuels are primarily responsible for the recent rise in global temperatures. They elaborated that the combustion of coal, oil, and gas used in factories emits carbon dioxide, which traps heat from the sun and contributes to the planet's warming. 
Majeed et al. (2023) assert that while developed nations grapple with the challenges of optimising energy consumption, cutting emissions, and seamlessly incorporating renewable energy solutions, developing countries often suffer even more from energy limitations due to poor access to modern technologies and underdeveloped infrastructure. Unlike non-renewable fossil fuels, renewable energy sources are considered clean and green, with little or no environmental footprint.  Liu et al. (2023) argue that renewable energy has garnered governmental focus as an effective means to enhance environmental sustainability. This aligns with the 2015 Paris Agreement, which aims to limit global warming to a level below 2 degrees Celsius, preferably 1.5 degrees Celsius, compared to pre-industrial levels by 2050. Additionally, it follows the understanding that renewable energy sources have significant potential to displace greenhouse gas emissions from fossil fuel combustion and reduce air pollution from power generation. Studies such as Owusu & Asumadu-Sarkodie (2016) and Qazi et al. (2019) identify renewable energy technologies as appealing options for energy sources, given that they are eco-friendly, clean, and play a vital role in meeting the world's energy needs.
Energy demand in Africa has been on the rise. This surge can be attributed to the continent's ongoing economic growth and its reliance on developing the energy sector. With a substantial amount of gas and oil reserves, countries in Northern and Western Africa have turned to fossil fuels to meet their increasing energy demands (Akinlo, 2022), thus worsening the issue of global warming. However, West Africa's energy sector has faced numerous challenges over the years, particularly with inconsistent energy supply (Adegbemi & Babatunde, 2013).
Nigeria is increasingly exposed to the adverse effects of climate change. Rising temperatures, altering rainfall patterns, and extreme weather events pose threats to food security, exacerbate poverty, and create social instability. Furthermore, Nigeria's unique socio-economic and geographic characteristics amplify its exposure to global warming impacts, challenging the viability of its development targets. Nigeria's energy mix, dominated by reliance on fossil fuels complemented by the potential for renewable resources, is pivotal to its environmental impact. With global warming gathering pace, these dynamics pose severe threats to Nigeria's economy, agriculture, and overall societal health. Given the background of rising global temperatures, we explore the dynamic connections between the energy mix and global warming to provide new insights for Nigeria. This is interesting following the understanding that the link between traditional and alternative energy sources not only influences atmospheric carbon concentrations but also shapes economic policy, energy security, and public health.
2. Related Literature
The Environmental Kuznets Curve (EKC) hypothesis, proposed by Grossman and Krueger (1991), extending the early Kuznets (1955) curve to the environmental dimension, offers a theoretical framework to investigate whether increasing energy use exacerbates or mitigates climate change.  The EKC theory suggests that as economies evolve due to an increase in a country's income per capita, there exists a turning point where environmental degradation peaks before declining, providing insights into the potential trajectories of climate change induced by energy consumption. The traditional EKC is an economic hypothesis that explains the relationship between environmental pollution and economic growth (Wang et al., 2024). Panayotou (1993) contributed to the EKC by examining the interdependence between economic growth and environmental degradation, holding the view that economic institutions and policy are of significance in influencing this relationship. However, the EKC hypothesis is criticised by Grunewald et al (2011) regarding its use in global warming, holding the view that the EKC is perhaps not a universal principle given the global nature of carbon emissions, which do not merely follow the income status of countries.
In addition, Grübler's (1990) theory of energy transition is critical in illustrating the dependency between employing old sources and contemporary modern energy systems. Grübler's (1990) energy transition theory highlights the crucial link between energy systems and environmental outcomes. It posits that shifts in energy consumption and production, from traditional to modern sources, have significant environmental consequences, particularly concerning greenhouse gas emissions. The theory envisions a multi-stage process in which energy systems evolve from reliance on traditional fuels to newer sources of energy, with each stage involving different environmental impacts and greenhouse gas effects. This theoretical perspective serves as a foundational framework for analysing how societies can shift towards more sustainable energy sources and mitigate climate change. Smil (2000) provides empirical justification for Grübler's theory by demonstrating how societies transformed energy systems throughout history. Similarly, the Intergovernmental Panel on Climate Change (IPCC) frameworks integrate Grübler's theory into broader climate models and projections, emphasising the pathways necessary for energy transitions.
The issue of global warming has garnered attention in several previous studies. Most of these studies explored how fossil fuels contributed to climate vulnerability, with findings varying across jurisdictions, timeframes, and methodologies. For instance, Rai et al. (2025), Kelly & Radler (2024), Zhang et al. (2024), Akbar et al. (2024), and Khan et al. (2023) found that fossil fuels positively and significantly contributed to global warming, thus worsening the issue of environmental degradation. Conversely, it was established that renewable energy adoption significantly reduced global warming (see Ilyas et al., 2024; Chen et al., 2024; Shang et al., 2024; Obada et al., 2024; Zhang, Mohsin & Taghizadeh-Hesary, 2022). These findings highlight the positive contribution of renewable energy to environmental sustainability. However, studies such as Maji & Adamu (2021) and Chen et al. (2024) reveal that renewable energy adoption increases climate change in non-Organisation for Economic Co-operation and Development (OECD) countries and Nigeria.

Source: Jones et al. (2024) 
Fig 1- Share of contribution to global warming
Measured as a percentage of the world's temperature change, the share of the contribution of global warming reported in Figure 1 varied over the study period. The share of global warming’s contribution increased from 1.28% in 2000 to 1.33% in 2004, indicating an increasing contribution to global temperature change. Nigeria’s contribution to climate change fluctuated further and reached an all-time high level of 1.338% in 2007. Nigeria's growing contribution to climate change could largely be attributed to greenhouse gas emissions, mainly from the burning of fossil fuels, changes in land use, and various human actions. Beginning from 2008, Nigeria’s share of contribution to global warming witnessed a downward trend by declining from 1.336% to 1.31% in 2011 and 1.26% in 2015. It declined further to 1.17% in 2020 and reached a record low level of 1.12% in 2023. Nigeria's decreasing contribution to global temperature change may be attributed to the increasing adoption of renewable energy resources, enhanced reforestation and afforestation efforts, and the implementation of more sustainable agricultural practices. change could be linked to the growing adoption of renewable energy resources, increasing reforestation and afforestation, and implementing more sustainable agricultural practices.
3. Data and Methodology
3.1 Data Description and Measurement
The description and measurement of the datasets for each of the variables, alongside their sources are provided in Table 1.
Table 1: Summary of variable description/measurement, data scope and sources
	Variable
	Description/measurement
	Data scope
	Source(s)

	Global warming
	Global warming describes the long-term heating of Earth's surface and atmosphere, primarily caused by human activities, especially fossil fuel burning, which increases heat-trapping greenhouse gas levels in Earth’s atmosphere. It is measured as a share of Nigeria’s contribution to the world's temperature change expressed in percentages.
	1990-2023
	Jones et al. (2023); and United Nations Environment Programme - Copenhagen Climate Centre (UNEP-CCC, 2022)

	Fossil fuel energy utilisation
	Fossil fuel energy describes energy derived from coal, oil and natural gas products, which contributes largely to greenhouse gas emissions. It is measured as a percentage of total energy usage. 
	1990-2023
	World Bank (2024) and IEA (2024)

	Renewable energy use
	This refers to energy utilisation derived from natural, replenishing sources such as hydropower, solar, wind, biomass and geothermal. In this study, we measured renewable energy use by the share of renewable energy in total final energy consumption.
	1990-2023
	World Bank (2024). IEA (2024)and United Nations Statistics Division (UNSD, 2024)

	Alternative/nuclear energy use
	This encompasses renewable energy resources available to users from nuclear and non-carbohydrate sources. We measured the alternative energy use using the percentage of alternative and nuclear energy use of the total energy use in Nigeria.

	1990-2023
	World Bank (2024) and IEA (2024


Source: Authors’ compilation (2025)
 A priori, it is expected that fossil fuel energy utilisation will worsen the issue of global warming by releasing large amounts of carbon dioxide (CO2) into the atmosphere, thereby undermining the goal of environmental sustainability. Ghosh & Ghosh (2020) assert that fossil fuels would enhance the concentration of carbon dioxide (CO2) in the Earth’s atmosphere. Similarly, (2022) linked global warming to the burning of fossil fuels, which releases most GHG emissions into the environment. On the other hand, it is anticipated that renewable energy usage would mitigate global warming as it is replenished by nature and emits little to no greenhouse gases or pollutants into the air. With cleaner sources of energy gaining ground in global energy production, it is expected to reduce the environmental footprint of energy resources, providing a roadmap for environmental sustainability.  According to Abbasi & Abbasi (2012), the transition from conventional energy sources to renewable alternatives has the potential to mitigate environmental degradation and global warming. Like renewable energy, alternative/nuclear energy utilisation is expected to reduce global warming by lowering greenhouse gas emissions. As a low-carbon energy source, nuclear energy is expected to contribute significantly to the green energy grid, thereby mitigating global warming for environmental sustainability. 
3.2 Model Specification
The model set up incorporated both renewable and non-renewable energy resources in line with the growing reality of the energy mix in recent times. Essentially, we followed the work of Dai et al. (2022) with some modifications following the focus on global warming and the inclusion of alternative and nuclear energy in the energy mix framework. The functional specification of the model is provided as follows:
GBW = f (FOEU, RENU, ANEU) 				(1)
Where: GBW = global warming, captured by Nigeria’s contribution to the global temperature change, FOEU = fossil fuel energy utilisation, RENU = renewable energy use and ANEU = alternative/nuclear energy use. 
The Tado-Yamamoto model specification credited to Tado & Yamamoto (1995) for the causality test based on the notation of the variables in equation (1) is provided as follows:
  (2)
  (3)
  (4)
  (5)

Where: Where: C1 – C4 = (n x 1) vector of intercepts,    (n x n) coefficient matrices, p and q = optimal lag orders for the forecast variable and regressors, and = an (n x 1) vector of stochastic terms
3.3 Method of Data Analysis
We employed the Vector Autoregressive (VAR) model estimation to analyse the Toda-Yamamoto model for testing the direction of causality between the energy mix and global warming. In essence, the Toda-Yamamoto model provides a straightforward and intriguing method for estimating an augmented VAR, which allows for the asymptotic distribution of the Wald statistic. The Toda-Yamamoto test has an advantage over the traditional Granger (1969) causality test because it can be applied even when the variables are non-stationary, have different orders of integration or are not cointegrated. Daly et al. (2024) describe the Toda-Yamamoto test as a reliable tool for identifying causality, given that it ensures the validity of the asymptotic distribution of the test statistic even in the presence of integrated and cointegrated processes. In addition, the augmented Dickey-Fuller (ADF) test proposed by Dickey & Fuller (1981) was used for the unit root test, while the Johansen (1988) cointegration test method was applied to ascertain if the variables have a long run relationship. The general specification of the ADF model involving an intercept and linear trend is of the form:
(6)
Where:	 Yt = variable of interest, Yt-1	=One period lag of the variable of interest, βi	= egression estimate, = Constant term,  	= linear trend, 	K = maximum lag length operator and Ut	= error term.
4. Results and Discussion
4.1 Descriptive Statistics
The basic statistics were employed to descriptively analyse the datasets to gain some insights into their distribution during the study period. The results are presented in Table 2.
Table 2: Summary of Descriptive Statistics
	
	GBW
	FOEU
	RENU
	ANEU

	Mean
	 1.256837
	19.149
	84.6903
	0.35303

	Median
	 1.265454
	18.788
	84.6150
	0.33217

	Maximum
	 1.338185
	22.844
	88.680
	0.46286

	Minimum
	 1.128148
	15.854
	80.640
	0.27446

	Std. Dev.
	 0.062324
	1.5462
	2.3766
	0.05555

	Jarque-Bera
	 2.170862
	2.491
	2.3902
	2.8661

	Probability
	 0.337756
	0.287
	0.3026
	0.2385

	Obs
	34
	34
	34
	34


Source: Extracted from E-views Output (2025)
The descriptive statistics showed that Nigeria’s share of contribution to global temperature change averaged 1.26%, with minimum and maximum contributions of 1.128% and 1.338%, respectively. Although this shows that Nigeria’s average contribution is low, it raises concerns about environmental sustainability. The relatively low average contribution of Nigeria to global temperature change could be linked to low per capita emissions compared to those of many developed countries. The descriptive statistics further showed a standard deviation of 0.0623, which is less than the mean score of 1.2568, indicating that the observations for Nigeria’s share of contribution to global temperature change clustered around the mean. The findings revealed that the average use of fossil fuel energy was 19.15%, with a range from a low of 15.85% to a high of 22.84%. The standard deviation of 1.55% suggests that the fossil fuel energy usage during the study period was fairly consistent, clustering closely around the average. On the other hand, renewable energy use varied, hitting a low of 80.64% and a high of 88.68%. Meanwhile, alternative/nuclear energy use saw a slight increase, moving from a minimum of 0.27% to a maximum of 0.46%. Notably, the probability value of the Jarque-Bera statistic for each variable exceeded 0.05, indicating that the data for all variables, including global warming and energy mix indicators, followed a normal distribution at the 5% significance level.
4.2: Unit Root Test
We employed the popular ADF approach to test for a unit root in each of the series. The results are presented in Table 3.
Table 3: ADF unit root test results
	Variable 
	ADF stat. at levels
	ADF stat. at 1st diff.
	Critical Value at 5%
	Order of Integration

	GBW
	-1.4781
	-7.617***
	-2.9604
	I(1)

	FOEU
	-2.7280
	-5.8578***
	-2.9604
	I(1)

	RENU
	-1.7160
	-5.6900***
	-2.9604
	I(1)

	ANEU
	-2.4903
	-8.1275***
	-2.9604
	I(1)


Source: Extracted from E-views Output (2025)
Note:  *, ** and *** denote Significant at 10%, 5% and 1% levels respectively 
The unit root test results showed that all the variables are nonstationary. This follows the fact that their corresponding test statistics at the levels are less than the critical values at the 5% significance level. Consequently, the null hypothesis of a unit root in all the series is accepted. This necessitated the first difference to ascertain if the data transformation through first differencing would yield a stationary process. As observed from the first difference test results, the variables are all integrated of order one, I(1). This indicates that the variables are first difference stationary, necessitating the conduct of a cointegration test using the Johansen (1988) method.  
4.3 Lag Selection Criteria
To select the optimal lag length to include in the model, we leveraged the lag selection criteria. The results of the lag selection criteria are summarised in Table 4.
Table 4: Summary of lag selection criteria results
	 Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	0
	-2.254710
	NA 
	 1.81e-05
	 0.431359
	 0.619952
	 0.490424

	1
	 107.6752
	 181.9529
	 2.82e-08
	-6.046565
	-5.103602
	-5.751241

	2
	 132.4496
	 34.17159
	 1.65e-08
	-6.651696
	-4.954363
	-6.120113

	3
	 144.0140
	 12.76071
	 2.71e-08
	-6.345792
	-3.894089
	-5.577949

	4
	 179.1865
	  29.10828*
	 1.09e-08
	-7.668033
	-4.461960
	-6.663931

	5
	 221.7691
	 23.49386
	  4.09e-09*
	 -9.5013*
	 -5.540874*
	 -8.260956*


Source: Extracted from E-views Output (2025)
Note:  * indicates lag order selected by the criterion, LR: sequential modified LR test statistic (each test at 5% level), FPE: Final prediction error,  AIC: Akaike information criterion, SC: Schwarz information criterion and  HQ: Hannan-Quinn information criterion
The results showed that all the criteria selected lag five (5) as the optimal lag length. Therefore, the selected lag five (5) formed the basis for the estimation of the VAR model for testing the direction of causality within the Tado-Yamamoto framework. 
4.4 Cointegration Test
The cointegration test was conducted using the Johansen method following the evidence of order one, I(1), integration process in all the series. The results of the cointegration are summarised in Table 5.
Table 5: Summary of the cointegration test results
	Trace Test Results

	Null Hypothesis
	Trace statistic
	Probability value

	r =0*
	118.39***
	0.0000

	r ≤ 1*
	51.32***
	0.0001

	r ≤ 2*
	24.23***
	0.0019

	r ≤ 3*
	5.76***
	0.0164

	Maximum Eigenvalue Test Results

	Null Hypothesis
	Max-Eigen statistic
	5 per cent critical value

	r =0*
	67.08***
	0.0000

	r ≤ 1*
	27.08***
	0.0067

	r ≤ 2*
	18.47***
	0.0102

	r ≤ 3*
	5.76***
	0.0164


Source: Extracted from E-views Output (2025)
Note: * denotes rejection of the hypothesis at the 0.05 level, and *** denotes statistical significant at the 1% level
 We established that four (4) cointegrating equations exist from the Trace and Maximum Eigenvalue test results. This follows the fact that computed probability values of the test statistics are less than 0.05. Hence, the null hypothesis of no cointegration is rejected at the 5% level. Based on the results, we conclude that a long-run relationship exists between energy mix and global warming. This result corroborates the findings of Dradra & Abdennadher (2024), Acaroğlu & Güllü (2022) and Ghosh (2018), who established that energy consumption has a long-term relationship with carbon dioxide emissions. 
 4.5 Causality test
We employed the Tado-Yamamoto method to test the direction of long-term causality between the energy mix and global warming indicators. The results are presented in Table 6.
Table 6: Summary of Tado-Yamamoto causality test results
	Null Hypothesis (H0): No long-term causality
Series: GBW FOEU RENU ANEU

	Direction of causality
	Chi-square (X2) Statistic
	P-value
	Decision

	FOEU  GBW
	24.76***
	0.0002
	Reject H0

	GBW  FOEU 
	 2.08
	0.8375
	Accept H0

	RENU  GBW
	39.49***
	0.0000
	Reject H0

	GBW  RENU
	 8.175
	0.1468
	Accept H0

	ANEU GBW
	38.62***
	0.9778
	Reject H0

	GBW  ANEU
	2.06
	0.8414
	Accept H0

	FOEU RENU ANEU  GBW
	62.92***
	0.0000
	Reject H0


Source: Extracted from E-views Output (2025)
Note:  shows direction of causality, and *** denotes statistical significant at the 1% level
The results showed evidence of unidirectional causality from fossil fuel energy utilisation to global warming at the 5% level. This indicates that the use of fossil fuel as a dominant energy source in Nigeria increases the country’s contribution to global temperature change. This finding is not surprising, given that the burning of fossil fuels is associated with the release of large amounts of carbon dioxide into the atmosphere. This aligns with the United Nations (2024) report, which indicates that fossil fuels account for 75% of greenhouse gas emissions and nearly 90% of all carbon dioxide emissions globally. It is also consistent with the findings of Rai et al. (2025), Kelly & Radler (2024), Zhang et al. (2024) and Akbar et al. (2024), who reported that the fossil fuel energy utilisation significantly increased the issue of global warming, thus highlighting the role of fossil fuels in promoting environment degradation. 
The results also show a unidirectional causality flowing from renewable energy use to global warming, suggesting that Nigeria’s contribution to global temperature change increases with an increase in renewable energy use. Although this undesired consequence of renewable energy use contradicts the a priori expectation, it could be attributed to poorly developed renewable energy infrastructure and technology, especially solar panels, which can reduce efficiency and lead to greater reliance on fossil-fuel-based backup generation with a high carbon footprint. Another explanation for the undesired implication of renewable energy use on the environment is the continuous use of biomass, especially firewood and charcoal, as a renewable energy source in Nigeria, which leads to deforestation and worsens environmental degradation. In comparison, the evidence of causality from renewable energy agrees with the findings of Maji & Adamu (2021) and Chen et al. (2024) for Nigeria and non-OECD countries, but it is contrary to the findings of Ilyas et al. 2024), Obada et al. 024; and Zhang, Mohsin & Taghizadeh-Hesary (2022), who established that renewable energy use mitigated environmental degradation.
 In addition, a one-way causality also flows from alternative/nuclear energy use to global warming. This finding highlights the ineffectiveness of alternative/nuclear energy use in mitigating environmental degradation. More importantly, there is a joint causality from all the energy mix indicators, including fossil fuels, renewable energy and alternative/nuclear energy utilisation to global warming. This finding could be attributed to the heavy dependence on fossil fuels for meeting the energy needs and the unsustainable use of biomass as a renewable source, especially in rural areas. It further highlights how the energy mix inefficiency triggered by the dominance of fossil fuel utilisation increased Nigeria’s share of contribution to global temperature change. 
5. Conclusion and Policy Implications
The thrust of this study is the environmental degradation implications of the energy mix in Nigeria, with a focus on global warming. This follows the heavy dependence on fossil fuels and the gradual transition to clean and renewable energy, alongside targeted investments in nuclear energy, with plans to develop several nuclear power plants in the future. The findings show evidence of cointegration between the energy mix and global warming, suggesting that the energy mix can be relied upon to predict long-term changes in Nigeria’s contribution to global temperature change. The Tado-Yamamoto causality test provides evidence of unidirectional causality from fossil fuels to global warming. This highlights the adverse implications of fossil fuel energy utilisation on the environment due to its significant contribution to gaseous and carbon dioxide emissions. The government should internalise the environmental cost of fossil fuel use by setting a price on carbon dioxide emissions payable by emitters, while enforcing environmental standards in fossil fuel-driven sectors, especially the oil and gas sectors. The government must also show greater commitment to removing all forms of fossil fuel subsidies and channel the funds saved to support cleaner energy and infrastructure development. Further analysis indicates that unidirectional causality flows from renewable energy and alternative/nuclear energy use to global warming. This could be linked to the poor renewable energy infrastructure and unsustainable use of biomass as a renewable source. Hence, policymakers should prioritise access to improved renewable energy infrastructure and ensure sustainable biomass use by promoting clean cookstoves and supporting reforestation. Given the findings, we conclude that the energy mix involving the combination of fossil fuels, renewables, and alternative/nuclear energy is a significant determinant of environmental degradation. 
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