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Abstract 

This study examines the effect of wood 

fuel usage on environmental damage in 

Nigeria, using the Autoregressive 

Distributed Lag (ARDL) estimator and 

annual data spanning 1990 to 2024. The 

bounds test for cointegration results 

reveals evidence of a long-run relationship 

among the parameters. The long-run 

outcome indicates that increased wood 

fuel use and population growth exert 

positive effects on environmental damage, 

whereas economic growth has a negative 

impact. In the short run, wood fuel usage 

continues to increase environmental 

degradation, while economic growth and population growth exhibits negative 

effects. Based on these findings, policies aimed at mitigating environmental 

degradation caused by wood fuel use in Nigeria require expanding access to 

cleaner energy sources, including electricity, LPG, and biogas, while 

promoting energy-efficient cooking and heating technologies. 
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1. Introduction 

Energy is regarded as a fundamental driver of socioeconomic 

development, influencing livelihoods, industrial growth, and environmental 

sustainability. Energy resources can either be obtained from primary or 

secondary sources; the primary source is largely dominated by fossil fuels. 

The production as well as consumption of energy resources, especially fossil 

fuels, pose a serious environmental issue through increased greenhouse gas 

emissions, ecosystem damage, and unfavourable health concerns (Asefon & 

Adepoju, 2024). Empirical studies and global assessments systematically 
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show that fossil fuel-based energy systems are the main drivers of 

environmental damage, hence climate change. Even though the 2015 

Sustainable Development Goals (SDGs) of the United Nations stress the need 

for sustainable energy transitions, achieving these goals involves a reliable 

and environmentally sustainable energy supply capable of meeting increasing 

demand amid growing global environmental pressures (Goals 7, 13, and 15). 

This global challenge has renewed attention on alternative and traditional 

energy sources and their implications for environmental damage (United 

Nations, 2015). 

A clean environment that is rich in natural resources for present and 

future generations can be regarded as a sustainable ecosystem. Attaining this 

involves the effective use of resources while meeting the current needs of 

humans. A sustainable environment assures human survival and social 

development, enabling people to live healthy and productive lives and 

actively participate in daily activities. One of the most common sources of 

energy for households is wood fuel, which consists of wood from tree and 

shrub trunks, branches, and other parts used for direct burning to generate 

energy, cook, or heat homes. Despite substitutes including manure and 

agricultural residues (like straw), empirical evidence indicates that wood fuel 

is the most widely used source of energy among tree-based products (Onoja 

& Emodi, 2012). Consequently, this overdependence on wood fuel raises 

serious concerns about resource depletion and environmental damage that 

demand closer empirical examination. 

Wood fuel plays a crucial role in meeting global energy demand. 

While most advanced nations rely predominantly on fossil fuels as an energy 

source, including coal, oil, and gas. However, wood fuel accounts for about 

2-5% of the total energy supply since 2010. Despite advancements in modern 

energy systems, approximately 2.7 billion people in these countries continue 

to depend on wood and other biomass sources for cooking and heating, with 

an estimated annual demand growth of 1.9% through 2030 (International 

Energy Agency [IEA], 2023). Households in these regions commonly use 

inefficient technologies, including brick stoves, mud stoves, and three-stone 

fires, often lacking functional chimneys or hoods (Maina et al., 2020). This 

continuous reliance heightens pressure on forest resources and contributes to 

environmental damage (Isah & Ahman, 2020). 

Nigeria, despite being blessed with vast land resources; diverse 

vegetation; and abundant energy sources, including hydro, oil and gas, coal, 

wind, and solar, continues to face energy supply challenges. These energy 

resources, if efficiently managed and sustainably harnessed, could 

substantially reduce the nation’s energy limitations, especially for domestic 

consumption. However, in practice, solid fuel is considered the major energy 

source for domestic food processing and agricultural activities for over 70% 

of rural households and a considerable proportion of urban households in 

Nigeria (Maina et al., 2020). This heavy reliance on solid fuels, despite the 
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availability of other energy resources, raises serious concerns about energy 

inefficiency and environmental concern in the country. 

As opined by Eyolade et al. (2018), the ever-increasing rate of wood 

fuel usage in Nigeria poses a serious threat to environmental quality. 

Nigeria’s population growth further extends pressure on natural resources, 

affecting multiple aspects of human activity. The Food and Agriculture 

Organization (FAO) reports that Nigeria ranks among the top five countries 

globally in deforestation rates, largely driven by the need for wood fuel, 

which accounts for almost 63% of total energy use in the country (FAO, 

2020). Apart from biodiversity loss, this widespread deforestation interrupts 

water cycles, increases soil erosion, and increases CO₂ emissions, thereby 

tending to bring about climate change. This change in environmental state is 

closely connected to household reliance on wood fuel, stressing a critical area 

for empirical investigation in Nigeria. It also imparts indoor air pollution and 

serious health concerns, more specifically to children and women, who are 

constantly managing and conducting the kitchen activities. These 

environmental and health consequences present major concern to Nigeria’s 

efforts to meet international climate and development commitments, 

including “the Paris Climate Agreement and the United Nations Sustainable 

Development Goals (SDGs)”, which stress clean energy access, climate 

action, and reinforced public health (Oluwole et al., 2018). 

The concern about the need to address the socioeconomic and 

environmental issues associated with wood fuel use in Nigeria motivates this 

study. By examining these effects and proposing actionable solutions, the 

study seeks to contribute to sustainable energy development, forest 

conservation, and improved public health. Furthermore, empirical evidence 

on the socioeconomic drivers of wood fuel needs and the barriers to adopting 

cleaner and more sustainable energy options remains limited. Therefore, 

further research is required to quantify the environmental costs of wood fuel 

use and to identify effective strategies for reducing its adverse impact on 

environmental damage in Nigeria. 

In furtherance to this, this study examines how wood fuel use 

influences environmental degradation within the context of Nigeria. The 

study incorporates economic growth, access to alternative energy sources, 

and population growth as key explanatory variables to reduce potential 

specification bias. Although previous studies have examined the 

environmental implications of wood fuel use, limited attention has been given 

to country-specific time-series evidence for Nigeria. For instance, in Nigeria, 

Eyolade et al. (2018) investigated fuelwood and environmental degradation, 

and Maina et al. (2020) assessed the environmental implications of household 

fuelwood use; John and Wilson (2016) examined household fuelwood use 

and its effect on climate change.  

In Sub-Saharan Africa, Sulaiman et al. (2017) analysed wood fuel 

use, institutions, and forest damage, and Sulaiman and Abdul-Rahim (2020) 
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evaluated the relationship between wood fuel energy and growth. While these 

studies provide valuable insights, they often focus on broader issues such as 

deforestation or general energy consumption rather than explicitly linking 

wood fuel consumption to environmental damage. This study addresses this 

gap by providing country-specific time-series evidence on the effects of wood 

fuel use on environmental damage in Nigeria. 

 

2. Literature Review 

2.1 Conceptual Clarifications 

2.1.1  Wood Fuel 

Wood fuel, or fuelwood, consists of all categories of biofuels 

derived directly or indirectly from forests and other tree-based systems 

(Abebaw, 2024). It includes woody biomass such as stems, branches, twigs, 

and residues from logging and wood processing, as well as products like 

firewood, charcoal, and black liquor. Fuelwood is widely used among rural 

households, where energy is obtained through the burning of wood materials 

such as logs and twigs (Maina et al., 2020). As one of the oldest energy 

sources, fuelwood remains a frequent source of energy for a notable 

proportion of the global population. It broadly encompasses both firewood 

and charcoal used for cooking and heating (Alhassan et al., 2023). In Nigeria, 

households rely heavily on these wood fuels, with rural households primarily 

using firewood, while urban households rely more on charcoal produced 

through the pyrolysis of wood (Abebaw, 2024).  

 

2.1.2  Environmental Degradation 

According to Eyolade et al. (2018), environmental degradation is 

hinged upon human inability or refusal to use the existing immense resources 

of nature in a wise manner for the benefit of the present and future generation. 

The issue of environmental degradation is of great concern in Nigeria due to 

the fact that the pursuit of environmental sustainability has remained 

problematic as a result of rising poverty levels, population growth, and the 

drive for economic growth and development. 

 

2.2 Theoretical Review 

2.2.1 Energy Ladder Hypothesis 

The energy ladder hypothesis, commonly attributed to Richard 

Hosier and Justin Dowd in 1987, proposed that as household income 

increases, energy use shifts gradually from traditional biomass fuels (such as 

wood, dung, and charcoal) to more modern and efficient energy sources (such 

as kerosene, electricity, and gas). This transition shapes energy efficiency and 

decreases environmental pressure associated with inefficient biomass 

combustion. The hypothesis was formally applied by Masera et al. (2000), 

who empirically verified beyond doubt that household energy use evolves 

along a ladder of rising efficiency and cleanliness as income and 
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socioeconomic conditions improve. Therefore, the Energy Ladder 

Hypothesis provides a relevant ground for examining how reliance on wood 

fuel use influences environmental damage, particularly in developing 

economies such as Nigeria, where traditional biomass remains a dominant 

household energy source. 

 

2.3 Empirical Review 

Wood fuel production and consumption have increasingly emerged 

as major threats to environmental quality, contributing significantly to 

environmental degradation in recent decades. Consequently, numerous 

empirical studies have examined the environmental consequences of wood 

fuel consumption alongside other macroeconomic factors at global, regional, 

and country-specific levels, linking wood fuel dependence to rising CO₂ 

emissions, deforestation, and ecological deterioration, particularly in 

developing economies. For example, a study conducted in Nigeria by Asefon 

and Adepoju (2024) reviewed wood fuel consumption and its environmental 

implications. They found that fuelwood remains the cheapest and most 

accessible energy source for cooking in homes, particularly in rural and urban 

areas, and its widespread use has intensified deforestation, pollution, and 

ecological degradation. 

Another study in Ghana by Alhassan et al. (2023) viewed the 

activities of wood-fuel producers and reported that practices such as charcoal 

production and fuelwood collection negatively affect the environment, 

particularly in forest regions, where they contribute significantly to 

deforestation and forest degradation. A study by Nguyen et al. (2023) probed 

the link between energy use, environment, and natural resources extraction 

in ASEAN countries using various econometric techniques on annual data 

between 2006 and 2020. The findings showed a favourable link between CO₂ 

and resources rent. However, environmental sustainability is impossible, 

according to the study, because using energy of any kind may directly 

increase the release of other gases, and forming it into another form of energy 

may increase the release of harmful waste emissions. 

Using various panel estimation techniques (CIPS, CADF, 

Westerlund and Edgerton cointegration tests, panel quantile regression, and 

panel causality tests) on data from 1990 to 2018, Zafar et al. (2021) examined 

the link between biomass energy use and environmental quality in APEC 

countries. They found a positive link between biomass energy and CO₂ 

emissions, suggesting that biomass energy may degrade environmental 

quality. However, Destek et al. (2021) examined biomass energy use in the 

United States, China, Germany, India, and Brazil from 1970 to 2016 and 

found that it significantly reduces CO₂ emissions, indicating that energy from 

biomass enhances environmental sustainability in advanced economies. 

A study by Maina et al. (2020) analysed data from over 5,000 

households in Nigeria and found increasing reliance on community- and 
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forest-sourced fuelwood, signalling growing environmental degradation from 

indiscriminate vegetation removal. Isah and Ahman (2020) studied 384 

households in Niger State, finding that household size, rather than income, 

significantly influences fuelwood demand, with large households and low 

incomes sustaining continued dependence on wood fuel. 

While Danish and Ulucak (2020) investigated biomass energy 

consumption and CO₂ emissions in China using a dynamic ARDL simulation 

approach on data from 1982 to 2017. They identified biomass energy as one 

of the reducing agents of CO₂ emissions, while FDI increases emissions, but 

trade openness remains insignificant in the long run. Similarly, Ssali et al. 

(2018) used VECM and FMOLS on annual data from 1990 to 2014 for five 

selected Sub-Saharan African countries to examine the relationship between 

growth, energy use, population, and environmental pollution. Their findings 

show a positive association among growth, energy use, and population with 

CO₂ emissions, suggesting that increases in these variables generally 

exacerbate environmental degradation. Eyolade et al. (2018) reported that 

wood fuel dominates household energy for cooking, driven by poverty and 

high unemployment, leading to intensified environmental degradation 

nationwide. 

Similarly, Sulaiman et al. (2017) examined the link between wood 

fuel, institutions, and forest damage using dynamic GMM techniques on 

panel data from 2005 to 2013. Their findings indicate a positive link between 

wood fuel consumption and forest damage, while trade exhibited a negative 

but insignificant association. The combined effect between government 

effectiveness and wood fuel use had a negative relationship with forest 

degradation during the study period. Another study by John and Wilson 

(2016) examined household wood fuel use in Taraba State, finding that wood 

fuel remains the most affordable and accessible energy source, particularly in 

urban households, and contributes to climate change in the study area. 

Although existing studies provide substantial evidence on the 

environmental and economic implications of wood fuel consumption, most 

empirical studies focus primarily on deforestation, biomass energy 

consumption, forest degradation, or carbon emissions in isolation, with 

limited attention to the direct linkage between wood fuel and environmental 

damage, particularly within the Nigerian context. While numerous studies 

adopt cross-country or panel approaches, country-specific time-series 

evidence for Nigeria remains scarce, despite the country’s heavy reliance on 

traditional fuel as a major energy source for households. Additionally, despite 

growing policy emphasis on transitioning to cleaner energy sources, few 

studies provide policy-relevant insights tailored to Nigeria that examine the 

influence of wood fuel usage on environmental damage. Thus, this study fills 

the empirical literature gap by employing data from 1990 to 2024 and the 

ARDL framework to examine how wood fuel usage contributes to 

environmental damage in Nigeria, while controlling for income per capita, 
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access to alternative energy sources, and population growth, thereby 

providing novel empirical evidence specific to Nigeria. 

 

3. Methodology 

3.1 Research Design 

This study adopts a quantitative research design to examine how 

wood fuel consumption influences environmental degradation in Nigeria. 

The choice of this design is guided by the objective of providing empirical 

evidence on how variations in wood fuel use influence environmental 

outcomes within the Nigerian context. 

 

3.2 Data Sources 

The datasets for the study cover the period from 1990 to 2024 and 

were collected from the World Bank's (2025) World Development Indicators 

(WDI) and the United Nations' (2025) Food and Agriculture Organization 

(FAO). The key variables include wood fuel use as the independent variable. 

CO₂ emissions, which is the proxy for environmental damage, is used as the 

dependent variable. Whereas income per capita, proxied by GDP, as higher 

income in some cases can facilitate a switch to cleaner energy; access to 

alternative energy sources, measured by electricity; and population growth 

are the control variables. 

 

Table 1: Variables and Sources 

Variable Proxy Source 

Dependent 

Environmental degradation CO2 emissions per capita World Bank, 

2025 

Independent 

Wood fuel consumption Ratio of wood fuel to 

total biomass 

FOA, 2025 

Control 

Income per capita GDP per capita (constant 

2015 US$) 

World Bank, 

2025 

Access to alternative 

energy source 

Access to electricity (% 

of population) 

World Bank, 

2025 

Population growth  Population growth rate 

(annual %) 

World Bank, 

2025 

Source: Author`s Computation (2026)  

 

3.3 Model Specification 

To assess how wood fuel usage contributes to environmental 

damage, this study follows the empirical model previously specified by 

Destek et al. (2021) in one of their studies, which is expressed as:  

CO2 = f(GDP, BIO, URB, TR).                  (1) 
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Accordingly, the study modifies the specification to suit the study`s 

objective as follows: 

EDRDt = F(WFULt, GDPpct, ELECt, POPGRt )                                         (2) 

Thus, the econometric specifications of the models can be specified 

as: 

lnEDRDt =  γ0 +  γ1lnWFULt +  γ2lnGDPpct +  γ3lnELECt +
 γ4lnPOPGRt + ut                                                                                              (3)                 

Where: ln denotes the natural logarithm; lnEDRD represents 

environmental sustainability, lnWFUL denotes wood fuel consumption, 

lnGDPpc is income per capita, lnELEC represents access to alternative 

energy sources, and lnPOPGR denotes population growth. γ₀ is the model’s 

drift term, and uₜ is the residual term. We anticipate  γ3 to be less than 0 

whereas  γ1, γ2 and γ4 to be greater than 0. 

 

3.4 Analytical Techniques 

To examine how wood fuel usage contributes to environmental 

damage. The study first conducted stationarity tests using the Augmented 

Dickey-Fuller (ADF) and Phillips-Perron (PP); this helped account for the 

presence of unit roots and to avoid spurious regression as well as the 

integration order of the series. After confirming stationarity, the 

Autoregressive Distributed Lag (ARDL) approach, formulated by Pesaran et 

al. (2001), was employed as the estimation tool. This is due to the facts that 

it is particularly versatile, allowing variables to be modelled in levels, first 

differences, or a combination of both. Unlike other analytical techniques 

(such as the Johansen and Engle-Granger methods), in ARDL all variables 

don’t have to be integrated of the same order. Additionally, the ARDL 

approach is strong and produces reliable outcomes even with a small number 

of samples. A key advantage is that within a single framework, it can 

simultaneously estimate both short-run and long-run associations. 

To apply the ARDL approach, the comprehensive functional and 

econometric model provides the basis for deriving the ARDL specification. 

From Equation (3), the ARDL model is expressed in Equation (4), which is 

used to estimate the long-run linkage among environmental degradation, 

wood fuel consumption, economic growth, access to alternative energy 

sources, and population growth in the study area. 

∆lnEDRDt = γ0j + ∑ γ1j∆lnEDRDt−i
n
i=1 + ∑ γ2j∆lnWFULt−i

n
i=1 +

∑ γ3j∆lnGDPpct−i
n
i=0 + ∑ γ4j∆lnELECt−i

n
i=0 + ∑ γ5j∆lnPOPGRt−i

n
i=0 +

τ1lnEDRDt−1 + τ2lnWFULt−1 + τ3lnGDPpct−1 + τ4lnELECt−1 +
τ5lnPOPGRt−1 + μ                                                                                           (4)     

Where: ∆ stands for the first difference operator; π0 stands for 

intercept; π1 stands for short run`s coefficient; τ1 stands for the long-run 

coefficient factors and μ stands for the error term. 
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Cointegration between wood fuel consumption and environmental 

degradation indicators in Nigeria is assessed using the ARDL bounds testing, 

which relies on the Wald F-statistic.  

Ho: τ1 = τ2 = τ3 = τ4 = τ5 = 0                                

H1: τ1 ≠ τ2 ≠ τ3 ≠ τ4 ≠ τ5 = 0  

Following Pesaran et al. (2001), cointegration among the series is 

confirmed when the calculated F-statistic is beyond or more than the upper 

bound I(1) values. Conversely, if the F-statistic is less than or below the upper 

bound I(0) values, it shows the lack of cointegration. Consequently, if the F-

statistic value is in between the lower and upper bounds, the cointegration 

result is deemed inconclusive. The error correction method (ECM) of the 

study is expressed in the equation (5). 

∆lnEDRDt = γ0i + ∑ γ1i∆lnWFULt−i
n
i=1 + ∑ γ2i∆lnGDPpct−i

n
i=0 +

∑ γ3i∆lnELECt−i
n
i=0 + ∑ γ4i∆lnPOPGRt−i

n
i=0 + ∂ECTt−1 +

εt                                                                                                                           (5)
 Where: γ stands for the short-run coefficient, ∂ stands for the 

adjustment speed, ECT is the error term which ranges betwixt 0 and 1, and 

most be negative and significant and εt is the error term. 

 

4 Results and Discussion 

4.1 Descriptive Statistics and Correlation Matrix 

Table 2: Summary Statistics Result 

 EDRD WFUL GDPpc ELEC POPGR 

 Mean  0.6813  61532160  1963.89  48.2287  2.5735 

 Median  0.6330  62000000  2020.83  50.0000  2.6414 

 Max.  0.9110  68377506  2585.73  61.2000  2.8028 

 Min.  0.4993  50916960  1390.47  27.3000  2.0830 

 Std. Dev.  0.1129  4756121.  428.68  8.3385  0.2372 

 Skwn.  0.3461 -0.558679 -0.0782 -0.4376 -1.1334 

 Kurt  1.8265  2.509539  1.4055  2.4704  2.8554 

 J-B  2.7070  2.1715  3.7433  1.5260  7.5244 

 Prob.  0.2583  0.3376  0.1539  0.4663  0.0232 

 Obs.  35  35  35  35  35 

Source: Author`s Computation (2026)  

 

Table 2 presents the summary statistics and correlation analysis of 

the parameters used in the study. The Jarque-Bera probability value for 

POPGR indicates that the series does not strictly follow a normal distribution. 

Regarding the shape of the distribution, wood fuel (WFUL), income per 

capita (GDPpc), population growth (POPGR), and access to alternative 

energy sources (ELEC) exhibit negative skewness, whereas environmental 

damage (EDRD) shows positive skewness. Additionally, the kurtosis 

outcome shows that EDRD, WFUL, GDPpc, ELEC, and POPGR have 

platykurtic distributions, as their kurtosis values are less than 3. 
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Table 3: Correlation Matrix Result 

 lnEDRD lnWFUL lnGDPpc lnELEC lnPOPGR 

lnENDRD  1.0000      

lnWFUL -0.7963  1.0000     

lnGDPpc -0.8502  0.8195  1.0000    

LnELEC -0.7587  0.9578  0.8088  1.0000  

lnPOPGR  0.3699 -0.5474 -0.3639 -0.4726  1.0000 

Source: Author`s Computation (2026)  

The Pearson correlation was employed to assess the level of 

association among the variables and the possibility of multicollinearity. As 

opined by Tabachnick et al. (2007), multicollinearity becomes problematic 

when the correlation between explanatory variables exceeds 0.90.” The 

results reported in Table 3 show that lnEDRD is negatively correlated with 

lnWFUL, lnGDPpc, and lnELEC. However, population growth (POPGR) 

shows relatively weak correlations with most variables. The highest 

correlation coefficient observed is between lnWFUL and lnELEC, as well as 

lnWFUL and lnGDPpc, and these values remain well below the critical 

threshold. Consequently, multicollinearity is unlikely to pose a serious 

concern for the regression of analytical technique. 

 

4.2 Stationarity Test 

Table 4: Stationarity Test Results 

 

Var. 

ADF Test PP Test 

Level First 

Diff. 

Order Level First 

Diff. 

Order 

InWFUL _ -

3.761*** 

(0.008) 

I(1) 

 

_ -

3.721*** 

(0.009) 

I(1) 

 

lnEDRD _ -

5.982*** 

(0.000) 

I(1) _ -

7.153*** 

(0.000) 

I(1) 

lnGDPpc _ -3.171** 

(0.031) 

I(1) 

 

_ -3.102** 

(0.037) 

I(1) 

 

LnELEC -

6.869*** 

(0.000) 

_ I(0) 

 

-

6.941*** 

(0.000) 

_ I(0) 

 

lnPOPG

R  

-3.044** 

(0.043) 

_ I(0) _ -2.125** 

(0.034) 

I(1) 

Critical 

values 

-3.6793 

-2.9678 

-2.6230 

-4.2733 

-3.5578 

-3.2124 

-3.6463 

-2.9540 

-2.6158 

 -4.2733 

 -3.5578 

 -3.2124 
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Note: ***, **, and * indicates the level of significant at 1, 5, and 10 percent 

respectively. 

Source: Author`s Computation (2026)  

 

As indicated in Table 4, the ADF test revealed that lnWFUL, 

lnEDRD, and lnGDPpc have unit roots at levels; however, became stationary 

after first differencing, suggesting that they are integrated of order one, I(1). 

In contrast, lnPOPGR and lnELEC were found to be stationary at levels, 

implying integration of order zero, I(0). Similarly, the P-P test showed that 

lnELEC is stationary at level, while lnWFUL, lnEDRD, lnGDPpc, and 

lnPOPGR became stationary after first differencing. Importantly, none of the 

variables are integrated of second order, I(2). Therefore, the parameters 

exhibit a mixed [I(0) and I(1)] order of integration, which satisfies the 

precondition for applying the ARDL technique. 

 

4.4 Estimation Test  

Table 5: Result for ARDL Bounds Test  

Model  

FlnEDRD (lnEDRD| InWFUL, lnGDPpc, 

lnELEC, lnPOPGR) 

K=4 

F-Statistics 4.4857**** 

Significance  Lower 

bound I(0)  

Upper 

bound I(1)  

10 

5% 

2.5% 

1% 

2.2 

2.56 

2.88 

3.29 

3.09 

3.49 

3.87 

4.37 

Note: ***, **, and * indicates the level of significant at 1, 5, and 10 percent 

respectively. k shows the number of regressors.  

Source: Author’s Computation (2026) 

 

As presented in Table 5, the ARDL bounds test result shows that the 

calculated F-statistic value of 4.4857 is way above the upper bound value at 

the 1% level, suggesting the rejection of the null hypothesis of no 

cointegration among the elements.  
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Table 6: Long-run and Short-run ARDL Results 

Variables 

Dependent variable is lnEDRD: ARDL (4, 2, 0, 1,1) 

selected based on AIC 

Coeff. Std error t-statistics Prob. 

Long run coefficients 

InWFUL 6.369989 3.520693 1.809300 0.0871 

lnGDPpc -1.958320 0.636820 -3.075155 0.0065 

lnELEC 0.413255 0.403168 1.025018 0.3189 

lnPOPGR 1.929247 0.904356 2.133283 0.0469 

C -103.5345 59.57830 -1.737789 0.0993 

Short run coefficients 

D(InWFUL) 12.28824 3.331734 3.688241 0.0017 

D(LNGDPPC) -1.107465 0.335835 -3.297648 0.0040 

D(LNPOPGR) -2.887572 0.745903 -3.871242 0.0011 

CointEq(-1)* -0.818885 0.139638 -5.864357 0.0000 

Note: ***, **, and * indicates the level of significant at 1, 5, and 10 percent 

respectively.  

Source: Author`s Computation (2026)  

 

As indicated in Table 6, in the long term, wood fuel usage has a 

significant positive influence on ecological damage at the 10% level, as 

evidenced by the coefficient value of 6.369, suggesting that an increase in 

wood fuel by 1% increases environmental damage by 6.369%. Similarly, the 

coefficient of economic growth (-1.958) is negatively associated with 

environmental damage at the 1% level. The negative and significant 

coefficient connotes that a 1% increase in growth decreases ecological 

damage by 1.958%. However, the coefficient of access to alternative energy 

sources (0.413) is positive but not significant at any level. The coefficient of 

population growth (1.929) has a significant positive impact on ecological 

damage at the 5% level. This means a 1% increase in population growth 

increases environmental degradation by 1.929%. 

In the short term, wood fuel usage has a significant positive 

influence on ecological damage, as evidenced by a coefficient value of 

12.288, suggesting that a 1% increase in wood fuel increases environmental 

degradation by 12.288%. The coefficient of economic growth is -1.107, 

which is negative and significant at the 1% level. This implies that a 1% 

increase in economic growth decreases environmental damage by 1.107%. 

This may be because economic growth improves household income, hence 

the ability to adopt more efficient stoves or renewable energy technologies, 

thereby reducing wood fuel consumption and the associated environmental 

damage. The coefficient of population growth (-2.887) is negatively linked 

with environmental damage significant at the 1% level, indicating that an 
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increase in population growth by 1% decreases environmental degradation 

by about 2.887%.  

In the short run, increases in population do not immediately translate 

into higher traditional biomass use or environmental pressure due to gradual 

changes in energy demand and resource use. However, sustained population 

growth is more likely to increase environmental degradation over time. 

Similarly, the cointegration among the variables is evidenced by the 

estimated negative coefficient of error term value (ECM). The ECM shows 

the speed of long-term equilibrium adjustment following short-term impact. 

The coefficient of ECM for environmental degradation is -0.82, significant at 

the 1% level, indicating that approximately 82% of short-run differences 

from long-run equilibrium are adjusted annually. 

 

4.5 Post Estimation Tests 

Table 7: Models Diagnostic Tests 

R2   = 0.6226 

Adj R2    = 

0.5078 D-W   = 2.4302 

Normality Tests 

(Jarque-Bera) 

1.2959 

(0.5231) 

Serial 

Correlation 

(Breusch-

Godfrey) 

1.187793  

(0.3304) 

Heteroscedasticity 

1.247976 

(0.3259) 

Ramsey 

RESET 2.388959 (0.1236) 

Figures under diagnostic test are F-statistics and P-values.  

Source: Author`s Computation (2026)  

 

As shown in Table 7, various tests were employed to assess the 

adequacy of the model. The results indicate the absence of heteroscedasticity 

and autocorrelation, confirming the reliability of the estimated model. In 

addition, the Jarque-Bera test shows that the model is normally distributed. 

The regression equation specification error test affirms that the model is 

correctly specified. The goodness of fit statistics, as indicated by adjusted R², 

reveal 51% of the variation in the environmental degradation is explained by 

the wood fuel, economic growth, access to alternative energy sources, and 

population growth. This suggests that the model fits the data well. In light of 

this, we can say that the estimated parameters are considered reliable and 

consistent in explaining the variations in environmental degradation during 

the study period. 

As illustrated in Figures 3 and 4, the result of the model stability 

shows that both the CUSUM and CUSUMSQ tests are within the 5% critical 

bounds. Thus, the model is stable, meaning it is free from structural instability 

during the period.                                    
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Figure 3: Plot of CUSUM Test     

Source: Author`s Computation (2026)  
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Figure 4: Plot of CUSUM-Q Test 

Source: author`s computation (2026)  

 

4.6 Discussion of Findings 

The analysis shows that wood fuel remains an important 

determinant of environmental degradation in Nigeria. Greater usage of wood 

fuel increases the problems of not only ecological damage but also long-term 

implications on human health. This result validates the finding of Eyolade et 

al. (2018), who revealed that wood fuel consumption in cooking and heating 

considerably increases environmental degradation. However, the finding 

contrasts with Alhassan et al. (2023), who reported that wood fuel and 

charcoal production negatively affect environmental quality. Similarly, the 

analysis in the short run shows a positive link between wood fuel usage and 

environmental damage. The result concurs with Asefon and Adepoju (2024), 

who reported that “deforestation and its associated consequences, including 

desertification, soil degradation, flooding, drought, and rising temperatures, 

are largely driven by the unsustainable harvesting of wood trees for energy 

use." However, this is not in support of the previous findings by Nguyen et 
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al. (2023), which stated that any increase in consumption of natural resources 

will negatively affect the environmental quality. 

With regard to economic growth, the analysis shows a negative link 

with environmental degradation in both the long and short run. This may be 

attributed to increased income levels, adoption of cleaner energy, and 

improved government investment in environmental protection. Additionally, 

economic growth may also enable the government to invest in environmental 

protection programmes or afforestation initiatives, which can reduce short-

term environmental degradation. This agrees with the a priori expectation; it 

also agrees with the previous findings reported by Sulaiman and Abdul-

Rahim (2020) but is contrary to Danish and Ulucak (2020). 

However, in the long run, access to alternative energy sources has 

no influence on environmental degradation during the study period. Even 

though this is contrary to John and Wilson (2016), who reported a positive 

and significant influence on climate change. The findings may be attributed 

to the relatively low access to alternative or modern energy sources and the 

dominance of traditional biomass energy, particularly wood fuel, in the rural 

areas. This outcome reinforces the argument that wood fuel remains a major 

contributor to environmental degradation in Nigeria. 

Evidence shows that population growth has a positive influence on 

environmental degradation; this connotes that population growth increases 

the intensity of ecological damage in Nigeria. This is consistent with theory, 

as population increases, more households use firewood and charcoal in 

heating and burning, more trees are cut down, deforestation increases, and 

hence environmental degradation worsens. However, in the short run, 

population growth is negatively related to environmental degradation. The 

negative coefficient may reflect short-term adjustment effects associated with 

population growth. Although this appears contrary to conventional 

expectations, it also contrasts with the findings in the work of Ssali et al. 

(2018). Similarly, John and Wilson (2016) emphasise that population growth 

is associated with an increase in household demand, which may lead to higher 

environmental pollution. 

 

5. Conclusion and Recommendations 

This study assesses the influence of wood fuel energy use on 

environmental damage in Nigeria using annual data spanning 1990-2024. The 

findings of the study show that, increased wood fuel and population growth 

have significant positive influence on environmental damage, indicating a 

deterioration in environmental quality. In contrast, growth has a significant 

negative influence on environmental degradation in both short and long-run, 

suggesting that growth improves environmental quality over time. However, 

access to alternative energy sources though positive but it is insignificant in 

influencing environment degradation in the long run.  
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As a policy implication, mitigating environmental damage caused 

by wood fuel use in Nigeria requires expanding access to cleaner energy 

sources, including electricity, LPG, and biogas, while promoting energy-

efficient cooking and heating technologies. These can be achieved through 

subsidies and support for local initiatives that facilitate the transition to 

cleaner energy, reduce reliance on traditional biomass, and protect the 

environment, particularly in rural areas.  
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