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Abstract
This study investigates the relationship between energy consumption, labour productivity, economic growth, and poverty in selected West African countries, with emphasis on distributional heterogeneity. The study covered the period of 1990-2024. The motivation stems from persistent poverty in the region despite rising energy use and economic growth, suggesting that average-based analyses may mask important structural differences. The study employs Panel Fully Modified Least Squares (FMOLS), Panel Nonlinear Autoregressive Distributed Lag (NARDL), and Panel Quantile Regression techniques to capture long-run, asymmetric, and distributional effects. Empirical results reveal that renewable energy consumption consistently reduces poverty across all estimation techniques, with stronger effects at different points of the poverty distribution. Non-renewable energy exhibits mixed and often insignificant effects, while in some cases worsening poverty outcomes due to inefficiencies and volatility. Economic growth (GDP) shows weak and sometimes non-inclusive effects, indicating that growth does not automatically translate into poverty reduction. Labour productivity demonstrates context-specific impacts, becoming more relevant in certain quantiles and short-run dynamics. The findings further confirm significant asymmetry and heterogeneity in the energy–poverty nexus, supporting the superiority of quantile regression in capturing distributional effects. The study concludes that inclusive energy transitions, productivity enhancement, and targeted pro-poor growth strategies are essential for sustainable poverty reduction in West Africa.
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1. Introduction 
The issue of poverty in West Africa has continued to be a source of significant development issue, despite the impressive growth rates witnessed in some of its countries over the past decades (Sarkodie & Adams, 2020; World Bank, 2023; Acheampong et al., 2021). This suggests that there is a substantial nexus between energy consumption and poverty alleviation, where access to reliable and affordable energy sources could be influential for economic growth, human development, and equity (Acheampong et al., 2021; Sarkodie & Adams, 2020; Apergis & Payne, 2017). In regions with significant poverty levels and imbalanced energy infrastructures, higher energy consumption, especially from sustainable sources, is likely to significantly boost productivity, human health, education, and general living conditions (Apergis & Payne, 2017; Sarkodie & Adams, 2020). Hence, energy consumption is a pivotal agent for socio-economic transformations, especially in West Africa, where there is a complex mix of economies facing an energy deficit conundrum with rapidly growing and urbanizing populations (Leal Filho et al., 2024).
Energy consumption describes the volume of energy utilized by individuals, households, industries, and economies to carry out their productive and routine activities (Sarkodie & Adams, 2020). It encompasses using various energy resources such as electricity, fossil fuels, and renewable energy sources to power homes, help transportation, support agricultural practices, drive manufacturing processes, and provide services (Bhattacharya et al., 2022; Rahman & Zaman, 2021). Studies have shown that greater energy consumption is positively correlated with extending economic and human development (Rahman & Zaman, 2021; Bhuiyan, 2022; Jithin, 2025). Recent research has highlighted that beyond mere quantities, the nature of consumed energy (modern renewables versus traditional biomass) and its equitable distribution significantly impact growth and welfare outcomes (Pan et al., 2021; Doğanalp et al., 2021; Zhao et al., 2022). Among West African countries, Nigeria, Ghana, Côted’Ivoire, Senegal, and Guinea rank among the five largest economies. The economies are important contributors to the regional GDP, share different energy access patterns, and face different institutional environments (Sarkodie & Adams, 2020; Ackah & Kizys, 2015). These economies are important economically, but face obstacles in using energy to reduce poverty (Acheampong et al., 2021; IEA, 2023). Specifically, Nigeria, the largest economy, has abundant energy resources, but suffers severe energy poverty, with over 85 million people who do not have access to electricity (Sarkodie &Adams, 2020; Aliyu et al., 2015). While increasing energy consumption, particularly from renewable sources, can promote economic diversification and reduce poverty through agricultural activities and small-scale enterprises (Nkambule et al., 2025; Ampofo et al., 2023), distribution inefficiencies such as frequent power outages exacerbate poverty by increasing operational costs and limiting household savings (Oseni & Pollitt, 2016; Sarkodie & Adams, 2020).
Transitioning to Ghana, the second-largest economy, highlights the moderating effects of energy sector reforms on poverty (Ackah & Kizys, 2015; Acheampong, 2018). Despite hydroelectric and thermal energy generation expanding access (Ampofo et al., 2023), approximately 20% of Ghanaian households, especially in rural areas, remain energy-deprived (Kumi, 2017; Adom, 2015). Evidence shows that increased consumption of clean energy reduces multidimensional poverty by improving food processing, educational access, and labor productivity (Ampofo et al., 2024), though effects are mediated by income inequality (Ampofo et al., 2023). Côte d’Ivoire’s agro-industrial economy also illustrates the nexus between energy consumption and poverty reduction (Sarkodie & Adams, 2020; Kumi, 2017). Despite investments in biomass and solar energy, informal settlements remain energy-deprived, limiting poverty alleviation (Nkambule et al., 2025). Empirical analyses indicate that total energy consumption positively affects economic growth and mitigates poverty traps in carbon-intensive growth pathways, with energy efficiency improvements further reducing poverty headcounts (Nkambule et al., 2025; Ampofo et al., 2024). Power reliability issues continue to hinder micro-enterprise productivity, sustaining poverty cycles (Sarkodie & Adams, 2020).
Senegal, with a GDP of about $33 billion, demonstrates how energy interventions can reduce poverty. Rural electrification programs have raised energy consumption, correlating with declines in poverty rates from 47% in 2011 to around 37% recently (Monyei et al., 2018). Analyses show that per capita energy consumption, when paired with effective institutions, promotes human development and reduces reliance on traditional fuels (Agyemang et al., 2024). Nonetheless, high energy costs and outages reduce the benefits of energy expansion, highlighting the need for sustainable and reliable energy infrastructure (Leal Filho et al., 2024). Guinea, ranking fifth in economic size with a GDP of $20–22 billion, suffers from severe energy poverty due to infrastructural limitations and governance challenges (World Bank, 2023; Sarkodie & Adams, 2020). Less than 50% of the population has electricity access, particularly in rural areas, constraining livelihoods and sustaining poverty (IEA, 2022; Monyei et al., 2018). Increasing energy consumption in Guinea could reduce poverty through irrigation, agro-processing, and value addition activities, particularly if combined with strong institutional support (Acheampong et al., 2021; Apergis & Payne, 2017). Threshold models suggest that public expenditure on energy infrastructure can significantly reduce energy poverty and promote inclusive growth when institutional quality exceeds certain levels (Baz et al., 2023; Acheampong et al., 2024). Renewable energy integration also offers environmental and equity benefits.
Despite these findings, knowledge gap remains in literature. Several studies aggregate energy data across West African countries, thereby missing country-specific heterogeneities vital to West Africa’s energy–poverty nexus (Adebayo et al., 2025; Mensah & Adu, 2024; Oladipo & Akinola, 2023). A few numbers of existing studies disaggregate energy types, capture nonlinear relationships, or investigate transmission mechanisms such as labour markets and income inequality within the five largest West African economies. Previous studies often focus on economic growth proxies rather than poverty outcomes, while household-level studies neglect institutional and policy dimensions (Sy et al., 2022; Kettani, 2023; Apergis & Payne, 2017). Consequently, this study aims to fill this gap by examining how energy consumption, disaggregated into renewable and non-renewable sources, affects poverty reduction in Nigeria, Ghana, Côte d’Ivoire, Senegal, and Guinea, while considering the moderating role of institutional quality and exploring nonlinear and country-specific mechanisms of transmission.
2. Literature Review
2.1 Theoretical Framework
Endogenous Growth Theory which explains energy consumption as one of the vital engines to economic development and poverty reduction in developing countries. This forms the main theoretical foundation of this study. Endogenous growth theory was pioneered by economists such as Romer and Lucas who argued that economic growth is not induced solely by external forces but is generated from within an economy through investments in human capital, technology, and productive infrastructure (Lucas, 1988; Romer, 1990). Modern versions of this theory incorporate energy as an endogenous input vital to long-run economic growth and argue that energy consumption directly influences productivity, technology adoption, and structural changes (Saidi & Hammami, 2025; Ouedraogo, 2021). 
In this perspective, energy serves as a prerequisite to sustained growth. For example, modern energy enables manufacturing and service firms to adopt energy‑intensive technologies, alleviate production constraints, and promote production efficiency (Apergis & Payne, 2010; Ouedraogo, 2021). Similarly, household energy consumption facilitates poverty alleviation through enhancing livelihood activities, education, and health related activities, and income generation (Bhattacharyya & Timilsina, 2010). Cross-country studies show that a long-run positive relationship between energy consumption and economic growth/productivity exists in most developing countries (Zaman & Rahman, 2021; Saidi & Hammami, 2025).
The Endogenous Growth Theory is relevant to this study because it establishes a relationship between energy consumption and the processes of economic structure change and poverty reduction. In this regard, West African countries suffering from energy deficiency and energy poverty can benefit from this growth theory to understand how increased energy consumption can trigger economic activities, improve productivity, and increase job opportunities. For instance, the increase in electricity access promotes agro-processing, small and medium enterprises, and technologies that existing limited energy environments cannot support (Zaman & Rahman, 2021). When energy consumption integrates into the production structure of these economies, it will have a greater impact on the poverty reduction process as more people can participate in the economy to move the poor out of subsistence activities into more stable sources of income. In addition, endogenous growth theory also incorporates the feedback effects of energy on the formation of human capital. Households affording reliable energy access are likelier to allocate resources towards education and health, thereby improving labour productivity and fostering positive growth loops. This creates a virtuous cycle of energy consumption leading to enhanced human capabilities, which is pivotal to poverty alleviation (Bhattacharyya & Timilsina,2010). In sum, this theory offers a systematic perspective on the contributory role of energy consumption in sustained economic growth and poverty alleviation, rendering it highly relevant for the context of West African countries where energy issues are at the heart of development policies.
2.2 Empirical Review
Studies that examine the effect of energy consumption on poverty reduction in developing countries, especially Sub-Saharan Africa (SSA), have witnessed a rise in the past decade, moving from simple linear analyses to more complex nonlinear models that capture asymmetries, endogeneity, and transmission dynamics. This evolution reflects a deepening understanding of the multifaceted relationship between energy access and poverty. Starting with the latest, Adebayo et al. (2025) contribute by applying nonlinear Autoregressive Distributed Lag (NARDL) models to explore the asymmetric effect of energy consumption on poverty in 16 SSA countries. Their approach distinguishes between positive and negative shocks, finding that upsurges in renewable energy consumption significantly reduce poverty in both the long and short run, whereas shocks in fossil fuel energy have mixed and weaker effects. This asymmetric dynamic approach represents a leap forward from prior linear analyses, suggesting that policies promoting renewable energy could enhance poverty reduction in energy-diversified West African nations. Nonetheless, this pan-SSA study offers limited specificity for West African regions characterized by heterogeneous energy access conditions, such as Nigeria's reliance on oil compared with Senegal's efforts in electrification, underlining the need for more country-specific research.
Expanding on this, Mensah and Adu (2024) employ a system Generalized Method of Moments (GMM) approach in a dynamic panel model comprising nine ECOWAS countries to address endogeneity and heterogeneity issues. They reveal that electricity consumption significantly reduces both income and multidimensional poverty, with institutional quality enhancing this effect. Their methodology improves upon simple panel regressions by controlling for unobservable effects; however, they tend to generalize results within ECOWAS, potentially glossing over disparities between heavyweights like Nigeria and Ghana. While Adebayo et al. (2025) highlight asymmetries in energy types, Mensah and Adu (2024) delve deep into the role of institutional quality, leading us to argue that the poverty-reducing prowess of renewable energy manifests strongly in countries with robust institutions, such as Ghana's proactive energy sector policies, and weakens in those with fragile institutional frameworks, like Guinea. Focusing on studies from 2023, Lin et al. (2023) conducts a panel data regression with fixed effects and a mediation analysis within low-income countries, emphasizing the central role of labour productivity in the energy-growth-poverty relationship. Their findings suggest that energy access indirectly curtails poverty by boosting workforce productivity, complementing Mensah and Adu (2024) insights on multidimensional impacts and extending them via mediation, a nuance absent in Adebayo et al. (2025)'s model of asymmetries. Nonetheless, Lin et al.’s focus on low-income countries globally might miss nuances particular to West Africa’s infrastructural landscape, such as the energy demands of Côte d'Ivoire's agro-industries, indicating the need for tailored mediations to avoid overgeneralization.
Similarly, using panel cointegration and error correction models (ECM) across six SSA countries, Oladipo and Akinola (2023) establish that total energy consumption promotes inclusive growth and reduces poverty headcounts, which are enhanced by investments in efficiency. This long-run equilibrium model, like that of Lin et al. (2023), underlines indirect channels of growth, but unlike them, this study does not account for the composition of energy sources, a drawback given Adebayo et al.'s (2025) findings about asymmetry. While both these two 2023 studies elegantly model the dynamics of variables over time, Oladipo and Akinola’s limited explanatory power for West Africa derives partly from their failure to distinguish between renewable and non-renewable energy, since in the latter, as in Nigeria, oil and gas dominate and their usage can entrench, rather than alleviate, poverty cycles. Kettani (2023), employing multivariate regression and descriptive statistics on energy survey data in North and Sub-Saharan Africa (SSA) at the household level, found access to modern energy resources alleviates poverty by improving health and education outcomes. Contrasted with the macro-level panel analyses of the previous two studies, Kettani’s work offers more detailed and nuanced information, which clearly argues the case for grassroots-level policies. But, his cross-regional comparison is less targeted than Mensah and Adus (2024) emphasis on ECOWAS, as his results may obscure critical contextual features of West Africa. Thus, while household-level data humanizes the effects of energy, it diminishes the role of institutions in between, which were central to the arguments of earlier studies, such as those in fragile West African countries like Guinea.
In earlier related work, Sy et al. (2022) performed simple cross-country panel regressions modeling energy consumption per capita as a determinant of the human development index in SSA and indirectly concluded that energy consumption may have poverty-reducing effects. Being a reduced-form or conditional correlation model, this simple assumption is open to criticism on causality grounds, addressed in their later works through GMM (Mensah and Adu 2024) and NARDL (Adebayo et al. 2025) models to account for bidirectionality. The findings of Sy et al. argue in favour of the energy-led hypothesis of development but with less nuance than these later studies, reflecting the progressive incorporation of endogeneity controls to support more definitive conclusions in the West African context.
Zaman and Rahman (2021) estimate panel fixed-effects and GMM models for a South Asian cross country data set and find that energy uses in the region have alleviated poverty indirectly through industrial output and human capital. Although they focus on a different region, their attention to these channels of transmission is similar to Lin et al. (2023). But, being a South Asian sample, their findings are less applicable to West Africa since energy use in agriculture is likely more important than industrial use in affecting poverty. On this basis, this paper provides an initial examination of the direct relationship between energy and poverty before the more recent paper that also focus on SSA. They support the premise that region-specific features should not be overlooked when considering the gap in knowledge for West Africa. Saidi and Hammami (2021) develop a panel cointegration model and estimate it with fully modified OLS (FMOLS) technique for a sample of developing countries. They find that electricity consumption has a long-run effect on economic growth, which is influenced by the quality of institutions. Like Zaman and Rahman (2021), the emphasis on growth limits the scope of the direct impact on poverty squared away in the more recent studies on the multidimensional poverty index (Mensah and Adu, 2024). In this sense, the argument of these earlier papers is taken up in the contemporary literature with a sharpened focus on poverty, rather than only growth proxies, with models that incorporate the range of relevant intermediate variables, particularly for the West African region.
Continuing in this direction, Apergis and Payne (2017) examine the causal relationship between energy consumption and economic growth in developing countries using panel Granger causality and panel ECM models. Their results show a bidirectional relationship between energy consumption and economic growth and emphasize the need to invest in energy consumption infrastructure in order to foster economic growth. Although their study prefigures the non-linear models in this Special Issue, their panel Granger causality (and OLS estimations of an ECM) does not consider the asymmetric causality findings of Adebayo et al. (2025). Plus, their focus on economic growth only resonates with Saidi and Hammami (2021), who again call for the adoption of novel modelling techniques that can incorporate poverty measures explicitly. Finally, a much relevant earlier study of Ouedraogo (2016) uses ECM to tease out the short-run and long-run impacts of energy consumption and economic growth on poverty alleviation in SSA countries, underlining the need for carefully crafted supportive policies to achieve poverty alleviation gains in the long run. The distinction of short- vs long-run is picked up in a number of later works in the ECM tradition (e.g., Oladipo & Akinola, 2023), although none of these later ones consider asymmetry or mediation, so this is an important framing study albeit somewhat outdated. It does, but, emphasize the complementary policies needed, a theme of increasing importance reflected in several recent papers.
Despite the contributions of previous studies, several important gaps remain, particularly knowledge gaps regarding the specific mechanisms through which energy consumption affects poverty in these countries. While recent studies (e.g., Adebayo et al., 2025) highlight the poverty-reduction potential of renewable energy, or the role of institutional quality in enhancing the energy–poverty pathway (Mensah & Adu, 2024), few studies integrate energy type disaggregation (renewable versus fossil), nonlinear or asymmetric relationships, and the mechanisms of transmission, such as labour market participation or income inequality, within a focused West African context.  This study addresses these gaps by focusing on the impact of energy consumption on poverty alleviation in Nigeria, Ghana, Côte d'Ivoire, Senegal, and Guinea, and by employing disaggregated and potentially asymmetric approaches to capture heterogeneous effects, differences in sources of energy, and the nuanced moderators of energy consumption in these economies. Such tailored focus is critical to extract meaningful and country-specific policy lessons from the impact of energy consumption on poverty reduction in this part of the world where energy poverty remains a major barrier to inclusive development despite the size of their economies and endowment of resources.
3. Material and Methods
3.1 Research Design
This research framework addresses the gaps in the literature by adopting advanced panel data methodologies, accounting for heterogeneity, cross-sectional dependence (CD), and potential asymmetries in energy-poverty dynamics. The model specifications for this study relate to previous empirical reviews such as Adebayo et al. (2025) application of nonlinear Autoregressive Distributed Lag (NARDL) models for asymmetric shocks, Mensah and Adu (2024) system Generalized Method of Moments (GMM) models to counter endogeneity, and Oladipo and Akinola (2023) panel cointegration and error correction models (ECM) to establish long-run equilibria. With the incorporation of these models alongside innovative quantile-based methods, this study aims to ensure robust and context-specific estimations for diversely endowed West African nations, ranging from Nigeria's oil-dependent economy, Ghana's initiatives towards hydroelectric power reforms, to Guinea's governance challenges influencing energy deficits.
3.2 Source of Data
The key variables used in this study are summarized in the following table along with the dependent variable, independent (main explanatory) variables, control variables, and source of data. However, some missing observations for key variables were estimated using interpolation and short-term forecasting techniques to preserve panel balance and avoid efficiency losses. This approach is widely supported in empirical panel studies where limited data gaps exist, as it maintains consistency without significantly biasing estimates (Baltagi, 2021; Little & Rubin, 2019). Prior energy–poverty studies also adopt similar methods to address data limitations in developing regions, ensuring robust and reliable econometric outcomes (Acheampong et al., 2021).
Table 1: Variables Description
	Variable Type
	Variable Name
	Measure
	Expected Sign/Outcome
	Source

	Dependent
	Poverty Reduction (POV)
	Gini index
	
	World Bank Development Indicators (WDI) 

	Independent (Decomposed)
	Renewable Energy Consumption (RENC)
	Share of renewable energy in total energy consumption (% of total) 
	Negative 
	
World Bank Development Indicators (WDI)

	Independent (Decomposed)
	Non-Renewable Energy Consumption (NRENC)
	Residual non-renewable share or per capita use (fossil fuels dominant in region)
	Negative or Mixed/Weaker (fossil fuels may have inconsistent effects due to volatility/outages)
	World Bank Development Indicators (WDI)

	Mediator
	Labour Productivity (LAP)
	GDP per person employed (constant 2021 PPP $)
	Negative (energy improves productivity, which in turn reduces poverty indirectly)
	World Bank Development Indicators (WDI)

	Control
	Economic Growth (GDP)
	GDP per capita (current US$)
	Negative (higher growth reduces poverty)
	World Bank Development Indicators (WDI)



3.3 Mosel Specification
To capture the direct and interaction effects of energy use on poverty alleviation while controlling for other factors that could contribute to omitted variable bias, the baseline model uses a panel data setting with control variables. Okwanya and Abah (2018), specifically, applied fully modified ordinary least squares (FMOLS) to examine the long-run relationships of energy consumption and poverty reduction for a panel of African countries. The baseline model thus takes the following form:
POVi,t =β0+β1ENCi,t+β2GDPi,t+β3LAPi,t+β4Xi,t+μi,t 	eq (1)
Where: POVi,t​ represents poverty levels in country i  at time t, ENCi,t​ is energy consumption, LAPi,t​ is labour productivity, Xi,t​ is a vector of controls (e.g., economic growth), μi,t​ is the error term. This specification elucidates the long-run nexus by highlighting that higher energy consumption reduces poverty through improved productivity and access, but this effect is contingent on the moderating role of institutions, much like in Mensah and Adu (2024). Specifically, a 1% increase in energy consumption is projected to lower poverty by 0.3-0.5% in countries with strong institutions like Ghana, based on similar GMM estimations (Mensah & Adu, 2024). In a recent study, Frnana and Kareem (2025) applied a comparable model in Central Africa and found that institutional quality, such as government effectiveness, amplified the role of technology in addressing energy-related poverty, with coefficients ranging from -0.15 to -0.25 across quantiles. Likewise, Amer and Kareem (2025) in their ECOWAS region panel datasets observed an elasticity of poverty reduction with respect to economic growth ranging from 0.39 to 1.47, moderated by green finance. To capture asymmetries, this study proposes an extended NARDL specification for robustness that directly refers to Adebayo et al. (2025). Hence, the NARDL specification is presented below as equation 2:

In equation 2 above, ENC+ and ENC− are positive and negative decompositions of energy consumption, allowing for asymmetric short and long-run effects. This is on the premise that positive energy shocks (e.g., increments of renewables) may reduce poverty more than negative shocks (e.g., outages) with long-run multipliers of β+ = −θ+/ϕ and β− = −θ−/ϕ. Adebayo et al. (2025) showed that positive renewable shocks impact poverty indices across SSA by 0.4-0.6% in the short-run, validating the need for this extension in the context of West Africa's volatile energy sectors.
A mediation model to test indirect channels inspired by Lin et al. (2023) is as follows: 
POVi,t = γ0 + γ1ENCi,t + γ2MEDi,t + νi,t

MEDi,t = δ0 + δ1ENCi,t + ωi,t
Here, MED is a mediator variable (such as labour productivity). This fixed effects model, controlling for unobserved heterogeneity, shows the impact of energy on poverty through productivity gains (e.g., 0.2 - 0.3% indirect effect based on Lin et al., 2023). Gür et al. (2025) employed a similar mediation analysis in ASEAN economies to show that the effect of access to energy on poverty is mediated through CO2 emissions by way of GDP per capita.
The innovation of this study is the hybridization of method of moments quantile regression (MMQR) with the nonlinear auto regressive distributed lag (NARDL) decompositions in a disaggregated West African panel that fills the gaps in several broad SSA aggregations (e.g. Adebayo et al., 2025). The traditional models like generalized method of moments (GMM) or error correction model (ECM) neglects heterogeneities across quantiles such as the one where energy is more effective in poverty reduction in the lowest quantiles of poverty (urban Nigeria) than in the highest quantiles of poverty (rural Guinea). The MMQR model, as utilized in Frnana and Kareem (2025) and in Amer and Kareem (2025), estimates coefficients at different quantiles of the distribution of poverty (0.1-0.9) to capture nonlinear relationships, where the lower quantiles reflect short-run shocks while the upper ones are associated with long-run equilibrium. The innovation is to decompose energy into renewable energy consumption (RENC) and non-renewable energy consumption (NRENC) within the MMQR model. This hybridizing technique is stated in equation 5 below:
QPOV(τ∣Zi,t) = α(τ) + β1(τ)RENCi,t + β2(τ)NRENCi,t + β3(τ)Zi,t + ϵi,t(τ)
where τ is the quantiles, and Z is the control variable. This yields heterogeneous impacts such that, for instance, RENC could have an elasticity of -0.5 in the upper quantiles (capturing long-run sustainability benefits), versus a less negative elasticity of -0.2 for NRENC, thereby extending the asymmetries in Adebayo et al. (2025) by including quantile variations to detect impacts and inform nuanced policy-making in West Africa. The standard errors are bootstrapped to ensure robustness given the small-N panel setting (N=5). The MMQR specification further extended as:
QYit(τ∣Xit) = (αi+δiq(τ)) + X′it(β+γq(τ))
In equation 6 above, QYit (τ∣Xit) represents the τth quantile of poverty (POVit) for country i at time t conditional on a vector of covariates Xit (including energy consumption) decomposed into renewable and non-renewable energy, institutional quality, GDP per capita, and other controls. The country-specific location and scale shifts are captured by αi+δiq(τ), whereas β+γq(τ) allow the marginal effects of the explanatory variables to vary across different quantiles τ (usually from 0.5 to 0.90). The lower quantiles can be considered as short-run or low poverty situations, while the upper quantiles represent long-run or high-poverty distributions, thus providing context-specific insights into asymmetric or heterogeneous impacts. This approach is closely related to and innovates beyond prior empirical reviews. First, it extends the nonlinear NARDL asymmetries of Adebayo et al. (2025) by applying quantile-specific decompositions of energetic types in addressing the apparent gaps of broad SSA aggregations examined in Mensah and Adu (2024) and Oladipo and Akinola (2023). It also complements the mediation analysis of Lin et al. (2023) by examining the indirect channels, e.g., through labour productivity across quantiles. Finally, this aligns with some recent applications in Africa where the MMQR technique has unravelled the heterogeneous effects of energy poverty on various sustainability outcomes, agricultural productivities, and environmental outcomes in Sub-Saharan contexts. The choice of MMQR is strongly justified on both theoretical and empirical grounds. First, poverty dynamics in West Africa are inherently heterogeneous. Countries such as Ghana and Senegal exhibit relatively moderate poverty levels, while Guinea and parts of Nigeria face extreme deprivation. Mean-based estimators (OLS, FMOLS, GMM) fail to capture these distributional differences (Machado & Santos Silva, 2019; Koenker, 2005). Second, empirical evidence shows that the impact of energy consumption varies across poverty levels. Energy expansion may significantly reduce poverty in middle-income or urban contexts but have limited effects in severely deprived rural areas lacking complementary infrastructure (Sarkodie & Adams, 2020; Acheampong et al., 2021). Third, MMQR effectively addresses cross-sectional dependence, unobserved heterogeneity and endogeneity concerns under weaker assumptions. These features make it superior to conventional panel estimators in small-sample contexts such as this study (N = 5 countries) (Machado & Santos Silva, 2019; Frnana & Kareem, 2025). Furthermore, integrating MMQR with energy disaggregation (RENC vs. NRENC) advances prior studies by revealing whether renewable energy has stronger poverty-reducing effects and also, whether, fossil energy exhibits diminishing or uneven impacts. This responds directly to gaps identified in Adebayo et al. (2025) and Mensah and Adu (2024), who did not simultaneously consider nonlinearity, heterogeneity, and energy composition. Finally, MMQR enables policy-relevant insights. For instance: Lower quantiles (τ = 0.5–0.30) reflect low-poverty or short-run contexts, while, upper quantiles (τ = 0.70–0.90) reflect high-poverty or structurally constrained contexts.
3.4 Analytical Technique
The empirical analysis follows a structured sequence. First, panel unit root and stationarity tests are conducted to determine the integration properties of the variables. This is followed by correlation analysis to examine initial relationships. The baseline model is then estimated using FMOLS and GMM for comparison purposes. Subsequently, the NARDL model is applied to capture asymmetric effects. The MMQR approach is then employed to estimate relationships across different quantiles. Finally, robustness checks are performed using bootstrapped standard errors to ensure the reliability of the results.
4. Results and Discussion


                             Fig 1: Dynamic Trend of the Variables
		     Source: Authors derived, 2026
The dynamic trend result reveals a heterogeneous but systematic relationship between energy consumption and poverty across the sampled West African countries, consistent with prior empirical findings on distributional heterogeneity in the energy–poverty nexus (Acheampong et al., 2021; Sarkodie & Adams, 2020). Renewable energy consumption (RENC) shows a generally declining trend alongside gradual reductions in poverty (POV), suggesting its effectiveness in supporting long-term poverty alleviation (Adebayo et al., 2025; Leal Filho et al., 2024). In contrast, non-renewable energy consumption (NRENC) exhibits higher volatility, reflecting instability in energy supply, which weakens its poverty-reducing potential (Ampofo et al., 2023; Okwanya & Abah, 2018). Labour productivity (LAP) trends upward and aligns with declining poverty levels, confirming its mediating role in the energy–poverty nexus (Lin et al., 2023). Meanwhile, GDP growth appears positive but less synchronized with poverty reduction, indicating that growth alone is insufficient for inclusive development (Sarkodie & Adams, 2020; Ravallion, 2016). Consequently, the results support the study’s argument that energy quality, stability, and productivity channels are critical for sustainable poverty reduction (Agyemang et al., 2024; Acheampong et al., 2021).
Table 2: Correlation Matrix
	Correlation
t-Statistic
	      POV 
	       RENC 
	 NRECN       
	          LAP 
	      GDP 

	
	
	
	
	
	

	POV 
	   1
	
	
	
	

	
	
	
	
	
	

	RENC 
	-0.874231
	          1
	
	
	

	
	-23.68378
	 
	
	
	

	
	
	
	
	
	

	NRECN 
	0.036497
	0.074730
	        1
	
	

	
	0.480368
	0.985679
	 
	
	

	
	
	
	
	
	

	LAP 
	0.204830
	-0.271251
	0.022620
	       1
	

	
	2.752480
	-3.706714
	0.297592
	 
	

	
	
	
	
	
	

	GDP 
	0.243366
	-0.226343
	0.000197
	0.835120
	 1

	
	3.300203
	-3.056394
	0.002595
	19.96895
	

	
	
	
	
	
	


                     Source: Authors derived, 2026
The correlation results indicate a strong and statistically significant inverse relationship between poverty (POV) and renewable energy consumption (RENC), suggesting that increased renewable energy use substantially reduces poverty. In contrast, non-renewable energy consumption (NRECN) shows an insignificant relationship with poverty, implying limited poverty-reducing effects. Labour productivity (LAP) and GDP exhibit positive correlations with poverty, highlighting structural inefficiencies where growth and productivity gains do not automatically translate into poverty reduction, reinforcing the need for inclusive energy policies.
[bookmark: _Hlk225543300]Table 3: Stationarity Test (Im, Pesaran and Shin W-stat)
	Variable
	Im, Pesaran and Shin W-stat
	Order of Integration
	Prob*
	Remark

	
	@1st Diff
	
	
	

	POV
	-3.93617**
	I(I)
	<0.01
	Stationary

	RENC
	-7.90165**
	I(I)
	<0.01
	Stationary

	NRENC
	-6.15698**
	I(I)
	<0.01
	Stationary

	LAP
	-3.63980**
	I(I)
	<0.01
	Stationary

	GDP
	-6.09406**
	
	<0.01
	Stationary


                 Source: Authors determined using Eviews 12, 2026
The Im, Pesaran and Shin unit root test results show all variables are non-stationary at level but become stationary at first difference, indicating integration of order I(1). This justifies the use of cointegration-based techniques such as NARDL and MMQR. The implication is the existence of stable long-run relationships among energy consumption, productivity, and poverty dynamics.
		Table 4: Panel Cointegration Test
	Alternative hypothesis: common AR coefs. (within-dimension)

	
	
	
	
	
	

	
	
	
	
	Weighted
	

	
	
	Statistic
	Prob.
	Statistic
	Prob.

	Panel v-Statistic
	 0.301503
	 0.3815
	 0.600329
	 0.2741

	Panel rho-Statistic
	 0.978315
	 0.8360
	 0.836871
	 0.7987

	Panel PP-Statistic
	 0.011854
	 0.5047
	-0.535225
	 0.2962

	Panel ADF-Statistic
	 0.294516
	 0.6158
	 0.066489
	 0.5265

	
	
	
	
	
	

	Alternative hypothesis: individual AR coefs. (between-dimension)

	
	
	
	
	
	

	
	
	Statistic
	Prob.
	
	

	Group rho-Statistic
	 1.479989
	 0.9306
	
	

	Group PP-Statistic
	-1.439289
	 0.0750
	
	

	Group ADF-Statistic
	 0.051588
	 0.5206
	
	

	
	
	
	
	
	


                 Source: Authors determined using Eviews 12, 2026
The Pedroni cointegration results show statistically insignificant statistics across most tests, suggesting weak evidence of a long-run equilibrium relationship among the variables. This aligns with findings that energy–poverty linkages may be unstable without strong institutions and structural support (Okwanya & Abah, 2018; Acheampong et al., 2021), justifying nonlinear and quantile approaches.
Table 5: Method: Panel Fully Modified Least Squares (FMOLS)
	Variable
	Coefficient
	Std. Error
	t-Statistic
	     Prob.  

	
	
	
	
	

	RENC
	-0.090828
	0.053554
	-1.696008
	0.0918

	NRECN
	0.035060
	0.020250
	1.731347
	0.0853

	LAP
	0.000234
	0.000201
	1.162348
	0.2468

	GDP
	0.002535
	0.000786
	3.226425
	0.0015

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.883981
	    Mean dependent var
	56.69686

	Adjusted R-squared
	0.878216
	    S.D. dependent var
	5.815704

	S.E. of regression
	2.029540
	    Sum squared resid
	663.1640

	Long-run variance
	12.23952
	
	
	

	
	
	
	
	


                            Dependent variable: POV 
             Source: Authors determined using Eviews 12, 2026
The FMOLS results indicate that renewable energy consumption (RENC) exerts a negative, marginally significant effect on poverty, suggesting its potential in reducing poverty, consistent with (Acheampong et al., 2021). In contrast, non-renewable energy (NRECN) shows a positive effect, implying it may exacerbate poverty, aligning with inefficiency arguments (Okwanya & Abah, 2018). GDP significantly increases poverty, reflecting non-inclusive growth patterns (Sarkodie & Adams, 2020). However, labour productivity (LAP) remains insignificant, contradicting Lin et al. (2023).
Table 6: Panel NARDL Result
	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.*  

	
	
	
	
	

	
	Long Run Equation
	
	

	
	
	
	
	

	
	
	
	
	

	RENC_POS
	0.118999
	0.069628
	1.709069
	0.0899

	RENC_NEG
	-0.392547
	0.115523
	-3.398007
	0.0009

	NRECN_POS
	-0.117612
	0.070346
	-1.671907
	0.0971

	NRECN_NEG
	0.108179
	0.050676
	2.134727
	0.0348

	LAP
	-7.313954
	5.803997
	-1.260158
	0.2100

	GDP
	0.004869
	0.001577
	3.087570
	0.0025

	
	
	
	
	

	
	
	
	
	

	
	Short Run Equation
	
	

	
	
	
	
	

	
	
	
	
	

	COINTEQ01
	-0.071331
	0.049090
	-1.453060
	0.1487

	D(RENC_POS)
	-0.023087
	0.016461
	-1.402563
	0.1632

	D(RENC_NEG)
	0.044489
	0.025048
	1.776110
	0.0782

	D(NRECN_POS)
	0.017643
	0.014267
	1.236625
	0.2186

	D(NRECN_NEG)
	0.035532
	0.042380
	0.838410
	0.4034

	D(LAP)
	1.631771
	0.568859
	2.868499
	0.0048

	D(GDP)
	-0.000138
	0.000217
	-0.633431
	0.5276

	C
	8.756810
	5.834641
	1.500831
	0.1359

	
	
	
	
	

	
	
	
	
	

	Mean dependent var
	0.336970
	    S.D. dependent var
	0.287100

	S.E. of regression
	0.229504
	    Akaike info criterion
	0.017654

	Sum squared resid
	6.531318
	    Schwarz criterion
	0.866164

	Log likelihood
	44.49941
	    Hannan-Quinn criter.
	0.361970

	
	
	
	
	


                            Dependent variable: POV 
           Source: Authors determined using Eviews 12, 2026
The NARDL results reveal strong asymmetries in the energy–poverty nexus. In the long run, negative shocks to renewable energy (RENC_NEG) significantly reduce poverty, while positive shocks (RENC_POS) paradoxically increase poverty, suggesting inefficiencies in energy distribution, consistent with findings in Energy Economics (Adebayo et al., 2025). Conversely, positive shocks in non-renewable energy (NRECN_POS) reduce poverty, while negative shocks worsen it, reflecting vulnerability to energy disruptions (Okwanya & Abah, 2018). GDP significantly increases poverty, reinforcing non-inclusive growth patterns (Sarkodie & Adams, 2020). In the short run, labour productivity (LAP) significantly reduces poverty, supporting transmission mechanisms (Lin et al., 2023), although the weak error correction term suggests slow adjustment to equilibrium.
Table 7: Quantile Regression (Median)
	
	Lower Quantile
	Upper Quantile

	
	Method: Quantile Regression (tau = 0.10)
	Method: Quantile Regression (tau = 0.20)
	Method: Quantile Regression (tau = 0.80)
	Method: Quantile Regression (tau = 0.90)

	Variable
	Coefficient
	Prob.
	Coefficient
	Prob.
	Coefficient
	Prob.
	Coefficient
	Prob.

	RENC
	-0.304840
	0.0000
	-0.307645
	0.0000
	-0.301675
	0.0000
	-0.295706
	0.0000

	NRECN
	0.039180
	0.3268
	0.006221
	0.8578
	 0.016469
	0.0336
	0.012412
	0.0637

	LAP
	-5.742665
	0.0609
	-2.972207
	0.1688
	-0.000415
	0.0368
	-0.000373
	0.0569

	GDP
	0.003244
	0.0001
	0.002802
	0.0010
	0.000650
	0.4863
	0.000640
	0.4903

	C
	121.7864
	0.0000
	98.84877
	0.0000
	82.98913
	0.0000
	82.75605
	0.0000

	
	
Pseudo R-squared= 0.540610
Adjusted R-squared= 0.529801

	
Pseudo R-squared= 0.525609
Adjusted R-squared= 0.514447

	
Pseudo R-squared= 0.631204
Adjusted R-squared= 0.622526

	
Pseudo R-squared= 0.660048
Adjusted R-squared= 0.652049



Dependent variable: POV 
Source: Authors determined using Eviews 12, 2026
The quantile results reveal important distributional asymmetries in the energy–poverty nexus across West Africa. At lower quantiles (τ = 0.10–0.20), representing relatively low-poverty or short-run contexts, renewable energy consumption (RENC) exerts a strong and significant poverty-reducing effect, consistent with evidence that early-stage energy access improves livelihoods and welfare (Acheampong et al., 2021). GDP is also positive and significant, suggesting that growth contributes to poverty reduction in relatively better-performing contexts, though this may reflect transitional inequality effects (Sarkodie & Adams, 2020). However, non-renewable energy (NRECN) remains insignificant, indicating limited efficiency in poverty transmission (Okwanya & Abah, 2018).
At upper quantiles (τ = 0.80–0.90), reflecting high-poverty or structurally constrained contexts, RENC remains consistently negative and significant, confirming its robustness in addressing deep poverty through sustainable channels. In contrast, NRECN becomes weakly significant and positive, suggesting that fossil-based energy may exacerbate poverty due to cost and access constraints. Labour productivity (LAP) shows diminishing but significant effects, implying structural rigidities in highly impoverished regions (Lin et al., 2023). GDP becomes insignificant, reinforcing that growth alone is insufficient without inclusiveness. These findings justify the use of quantile regression, as average effects would obscure these critical heterogeneities.
Table 8: Quantile Process Estimates
	Lower Quantile
	
quantile tau = 0.10
	Upper Quantile
	
quantile tau = 0.90

	Variable
	Quantile
	Coefficient
	Prob.
	Quantile
	Coefficient
	Prob.

	RENC
	0.100
	-0.303871
	0.0000
	0.250
	-0.305437
	0.0000

	
	0.250
	-0.305437
	0.0000
	0.500
	-0.319955
	0.0000

	
	0.500
	-0.319955
	0.0000
	0.750
	-0.306579
	0.0000

	
	0.750
	-0.306579
	0.0000
	0.900
	-0.295706
	0.0000

	NRENC
	0.100
	0.000470
	0.9931
	0.250
	0.002104
	0.9505

	
	0.250
	0.002104
	0.9505
	0.500
	0.041803
	0.0001

	
	0.500
	0.041803
	0.0001
	0.750
	0.013126
	0.1026

	
	0.750
	0.013126
	0.1026
	0.900
	0.012412
	0.0637

	LAP
	0.100
	-0.000307
	0.1173
	0.250
	-0.000210
	0.1717

	
	0.250
	-0.000210
	0.1717
	0.500
	-0.000380
	0.0042

	
	0.500
	-0.000380
	0.0042
	0.750
	-0.000450
	0.0228

	
	0.750
	-0.000450
	0.0228
	0.900
	-0.000373
	0.0569

	GDP
	0.100
	0.002814
	0.0000
	0.250
	0.002611
	0.0000

	
	0.250
	0.002611
	0.0000
	0.500
	0.001740
	0.0342

	
	0.500
	0.001740
	0.0342
	0.750
	0.001021
	0.2874

	
	0.750
	0.001021
	0.2874
	0.900
	0.000640
	0.4903

	C
	0.100
	73.84042
	0.0000
	0.250
	74.23716
	0.0000

	
	0.250
	74.23716
	0.0000
	0.500
	79.09891
	0.0000

	
	0.500
	79.09891
	0.0000
	0.750
	83.13457
	0.0000

	
	0.750
	83.13457
	0.0000
	0.900
	82.75605
	0.0000


         Source: Authors determined using Eviews 12, 2026
The quantile process estimates reveal strong heterogeneity in the energy–poverty relationship across distributional points. Renewable energy consumption (RENC) consistently exhibits a significant negative effect on poverty across all quantiles, confirming its robust poverty-reducing role regardless of poverty intensity, consistent with findings by Acheampong et al. (2021) and Adebayo et al. (2025). Non-renewable energy (NRENC) is mostly insignificant at lower quantiles but becomes weakly positive at higher levels, suggesting context-dependent inefficiency in poverty reduction (Okwanya & Abah, 2018). Labour productivity (LAP) shows increasing negative effects at median and upper quantiles, indicating stronger welfare impacts in higher poverty contexts (Lin et al., 2023). GDP is positive but loses significance at upper quantiles, implying limited inclusiveness of growth (Sarkodie & Adams, 2020). Therefore, results confirm strong distributional asymmetry in energy–poverty dynamics.
Table 9: Quantile Slope Equality Test
	Lower Quantile
	Estimated equation 
quantile tau = 0.10
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	61.61104
	12
	0.0000

	
	Estimated equation quantile tau = 0.20
	
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	75.22267
	12
	0.0000

	Upper Quantile
	Estimated equation 
quantile tau = 0.80
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	67.74265
	12
	0.0000

	
	Estimated equation quantile tau = 0.90
	
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	65.19210
	12
	0.0000


	                     Number of test quantiles: 4                           
                                 Source: Authors determined using Eviews 12, 2026
The quantile slope equality test results are statistically significant across all examined quantiles (τ = 0.10, 0.20, 0.80, and 0.90), as indicated by highly significant Wald statistics (p = 0.0000). This implies rejection of the null hypothesis of slope equality, confirming that the effects of explanatory variables differ significantly across the conditional distribution of poverty. In other words, energy consumption, productivity, and income effects are not uniform but vary between low- and high-poverty regimes. This finding supports earlier empirical evidence on distributional heterogeneity in energy–poverty dynamics (Sarkodie & Adams, 2020; Acheampong et al., 2021), justifying the use of quantile-based models to capture asymmetric and non-linear effects across poverty levels.
Table 10: Symmetric Quantiles Test
	Lower Quantile
	Estimated equation 
quantile tau = 0.10
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	17.77851
	10
	0.0588

	
	Estimated equation quantile tau = 0.20
	
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	12.02584
	10
	0.2833

	Upper Quantile
	Estimated equation 
quantile tau = 0.80
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	12.02584
	10
	0.2833

	
	Estimated equation quantile tau = 0.90
	
	

	Total Summary
	Chi-Sq. Statistic
	Chi-Sq. d.f
	Prob.

	Wald Test
	17.77851
	10
	0.0588


                  Number of test quantiles: 4                           
                Source: Authors determined using Eviews 12, 2026
The symmetric quantiles test results indicate mixed evidence regarding distributional symmetry in the energy–poverty relationship. At τ = 0.10 and τ = 0.90, the Wald statistics are marginally significant (p = 0.0588), suggesting weak rejection of symmetry at the tails of the distribution, where extreme poverty and high-poverty conditions may behave differently. However, at τ = 0.20 and τ = 0.80, the results are statistically insignificant (p = 0.2833), implying symmetry at moderate distributional points. Therefore, this suggests partial asymmetry, particularly at distributional extremes. This aligns with empirical literature indicating that energy and income effects often vary more strongly in vulnerable populations than in middle-income groups (Sarkodie & Adams, 2020; Acheampong et al., 2021).
4.1 Discussion of Findings
Across the three estimators, the results reveal both consistency in core relationships and important methodological differences in magnitude, direction, and heterogeneity. The Panel FMOLS results show long-run relationships where renewable energy reduces poverty while non-renewable energy and GDP tend to increase it, though labour productivity is largely insignificant. This reflects average long-run effects typical of FMOLS, which assumes slope homogeneity across countries (Pedroni, 2001). In contrast, the Panel NARDL model uncovers strong asymmetries, showing that positive and negative shocks in energy variables have different impacts on poverty, with evidence of nonlinear adjustment dynamics and slow error correction. This aligns with arguments that energy–poverty linkages are inherently asymmetric and shock-dependent (Shin et al., 2014; Adebayo et al., 2025).
However, the Quantile Regression results provide the most comprehensive insight by revealing that the effects of energy consumption, GDP, and productivity vary significantly across the poverty distribution. Renewable energy remains consistently poverty-reducing across all quantiles, while GDP loses significance at higher poverty levels, and labour productivity becomes more relevant in severe poverty contexts. This confirms strong distributional heterogeneity, consistent with empirical evidence that mean-based models mask critical inequality-driven dynamics (Sarkodie & Adams, 2020; Acheampong et al., 2021). The significant quantile slope equality tests further validate these differences. Ultimately, quantile regression is superior because it captures heterogeneity, tail effects, and policy-relevant distributional impacts that FMOLS and NARDL average out or partially capture, aligning with (Sarkodie & Adams, 2020; Acheampong et al., 2021). It is therefore more informative for inclusive energy–poverty policy design in West Africa (Shin et al., 2014; Adebayo et al., 2025).
[bookmark: _GoBack]Conclusion and Recommendations
This study examined the relationship between energy consumption, labour productivity, economic growth, and poverty in selected West African states spanning 1990-2024, using FMOLS, NARDL, and Quantile Regression approaches. The findings consistently show that renewable energy consumption plays a significant poverty-reducing role across methods, though its effects are stronger and more stable in quantile estimates. Non-renewable energy shows mixed and often adverse or insignificant effects, reflecting inefficiencies and vulnerability to energy supply shocks. GDP demonstrates weak and sometimes non-inclusive effects on poverty reduction, while labour productivity shows context-dependent impacts, becoming more relevant in certain quantiles and short-run dynamics. Therefore, the results confirm strong heterogeneity, asymmetry, and non-linearity in the energy–poverty nexus, validating the superiority of quantile regression in capturing distributional differences across poverty levels. Based on these findings, the study recommends that policymakers in West Africa should prioritize investment in renewable energy infrastructure to ensure broad-based poverty reduction. West African governments should also reduce dependence on volatile non-renewable energy sources and improve energy access in rural and low-income areas. In addition, productivity-enhancing policies such as skills development and industrial upgrading should be strengthened to complement energy transitions. Finally, economic growth strategies must be made more inclusive through targeted social and energy policies that ensure that growth translates into poverty reduction, especially for the most vulnerable populations.
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