


Analysis of Energy Poverty and Economic Welfare Dynamics in Nigeria


Abstract 
Energy poverty in rural areas leads to heavy reliance on traditional fuels, causing health risks, environmental damage, and reduced productivity, especially affecting women and children. Improving electricity access enhances economic welfare, education, and poverty reduction, while lack of energy access perpetuates poverty and limits development, particularly in developing countries like Nigeria. This study examined the impact of energy poverty on economic welfare dynamics in Nigeria using electricity access (EA), electricity consumption (EC), and electricity use (EU) as key energy poverty indicators, while electricity generation (EG) and inflation (IF) were included as control variables. The study was motivated by the persistent energy deprivation in Nigeria despite the country’s abundant energy resources. Annual time-series data spanning 1990-2024 were analyzed using the Nonlinear Autoregressive Distributed Lag (NARDL) model to capture both symmetric and asymmetric effects of energy variables on household welfare. Preliminary tests, including the Augmented Dickey–Fuller unit root test and the Bounds cointegration test, confirmed stationarity and the existence of a long-run relationship among the variables. The long-run results indicate that increases in electricity access significantly improve economic welfare, whereas decreases are insignificant. Electricity consumption shows a significant negative long-run effect on economic welfare for both positive and negative shocks. Similarly, positive changes in electricity use have a significant negative effect on economic welfare, while negative changes remain insignificant. Electricity generation has a positive but statistically insignificant effect on economic welfare. Inflation also shows a negative but insignificant long-run effect. In the short run, positive shocks to electricity access and consumption significantly improve economic welfare, whereas inflation significantly reduces it. The error correction term is negative and statistically significant, indicating long-run convergence of the system. The study concludes that improving electricity access plays a critical role in enhancing household welfare in Nigeria, although inefficiencies in electricity consumption and energy use may reduce welfare gains. The study recommends strengthening electricity infrastructure, promoting efficient energy utilization, and implementing policies that ensure an affordable and reliable energy supply to improve household welfare.

Keywords: Sustainable Energy, Electricity access, Energy use, Energy Security, Household welfare.
1. Introduction
Energy plays a fundamental role in economic development, human welfare, and social transformation (Pachauri & Spreng, 2011; Sovacool et al., 2017; and Nteegah & Ihejirika, 2024). Access to reliable and affordable modern energy services enables households to meet essential needs such as lighting, cooking, heating, communication, and productive activities (Pachauri & Spreng, 2011; Sovacool, Burke, Baker, Kotikalapudi, & Wlokas, 2017; International Energy Agency, 2023). As a result, energy access has become a key priority in global development policy, particularly within the framework of the United Nations’s Sustainable Development Goal 7, which aims to ensure universal access to affordable, reliable, sustainable, and modern energy for all by 2030 (United Nations, 2015; International Energy Agency [IEA], World Bank, World Health Organization [WHO], International Renewable Energy Agency [IREA], & United Nations Statistics Division [UNSD], 2024). Despite global improvements in electrification, energy poverty remains a persistent problem, especially in developing regions such as sub-Saharan Africa (IEA 2024, United Nations Statistics Division, 2024; & Pachauri & Spreng, 2011). Energy poverty refers to the inability of households to obtain adequate, affordable, and reliable energy services required to maintain acceptable living standards and participate fully in economic and social life (Sovacool, Burke, Baker, Kotikalapudi, & Wlokas, 2017; Thomson, Bouzarovski, & Snell, 2017). Over time, the concept has evolved beyond the simple absence of electricity access to include broader dimensions such as affordability, reliability, and quality of energy services (Bouzarovski & Petrova, 2015; O’Sullivan, Barnes, & O’Shea, 2020).
Globally, energy poverty continues to affect a substantial share of the world’s population (IEA, 2023; World Bank, 2023; United Nations, 2023). According to the International Energy Agency (2023) and the World Bank (2023), about 666 million people worldwide still lacked access to electricity in 2023, although this represents progress compared to the more than 1.2 billion people without electricity in 2010 (World Bank, 2023; United Nations, 2023). However, projections suggest that approximately 645 million people may remain without electricity access by 2030 under current policy trajectories, indicating that the SDG 7 target may not be fully achieved without significant policy reforms and investment (IEA, 2023; World Bank, 2023). Sub-Saharan Africa remains the epicentre of global energy poverty, accounting for roughly 85 per cent of the global population without electricity access (IEA, IREA, UNSD, World Bank, & WHO, 2025). This situation is largely driven by rapid population growth, weak energy infrastructure, and limited investment in electricity generation and distribution systems.
Nigeria represents a striking example of the paradox of energy abundance coexisting with widespread energy deprivation (IEA, World Bank, & United Nations, 2025). Although the country possesses significant reserves of oil, natural gas, and renewable energy resources, access to modern energy services remains limited for a large proportion of the population (IEA, IREA, & UNSD, 2025). According to the Tracking SDG 7: The Energy Progress Report 2025, Nigeria has the largest electricity access deficit globally, with approximately 86.8 million people lacking electricity access as of 2023 (World Bank, WHO, 2025). The report further indicates that only about 61 per cent of the population has access to electricity, while merely 26 per cent have access to clean cooking energy, highlighting the severity of energy deprivation across households (IEA, World Bank, IREA, & UNSD, 2025).
Beyond limited access, the reliability and quality of electricity supply remain major challenges. Nigeria’s electricity generation capacity is inadequate relative to its population of over 200 million people, with the national grid often delivering only about 3,000–4,000 megawatts of electricity (Nigerian Electricity Regulatory Commission [NERC], 2023; IEA, 2023; World Bank, 2023). This level of supply falls significantly short of national demand and results in frequent power outages, grid instability, and voltage fluctuations (IEA, 2023; NERC, 2023; World Bank, 2023). Consequently, many households depend on alternative energy sources such as petrol and diesel generators, kerosene lamps, and traditional biomass fuels. Although these alternatives help households cope with electricity shortages, they are often inefficient, expensive, and environmentally harmful (IEA, 2023; Mould & Baker, 2017; World Bank, 2023).
Energy poverty is particularly pronounced in rural communities, where electrification rates are substantially lower than in urban areas (IEA, 2023; World Bank, 2023). Many rural populations rely heavily on traditional biomass fuels such as firewood and charcoal for cooking and heating (Pachauri & Spreng, 2011; Nguyen & Su, 2021). This dependence exposes households to serious environmental and health risks, including indoor air pollution, respiratory illnesses, and deforestation (Mould & Baker, 2017; Pachauri & Spreng, 2011; Nguyen & Su, 2021). Empirical research published in leading energy journals highlights that reliance on traditional fuels is strongly associated with poor health outcomes, lower labour productivity, and environmental degradation (Pachauri & Spreng, 2011; Mould & Baker, 2017; Nguyen & Su, 2021). Women and children are especially vulnerable, as they are disproportionately exposed to indoor smoke and often responsible for collecting firewood in rural areas (Pachauri & Spreng, 2011; Mould & Baker, 2017; Nguyen & Su, 2021). The consequences of energy poverty extend beyond health and environmental concerns to significantly affect economic welfare. Access to reliable electricity improves economic welfare through household productivity by enabling income-generating activities such as agro-processing, small-scale manufacturing, and digital entrepreneurship (Nteegah & Ihejirika, 2024; Apergis & Payne, 2014). It also enhances educational outcomes by allowing students to study at night and access modern learning technologies (Apergis & Payne, 2014; Chakravorty, Pelli, & Marchand, 2014). Empirical studies showed that improved electricity access contributes to poverty reduction, human capital development, and inclusive welfare improvement in developing countries (Chakravorty, Pelli, & Marchand, 2014). In contrast, persistent energy deprivation can trap households in cycles of poverty by limiting economic opportunities and increasing expenditures on inefficient alternative energy sources (Nteegah & Ihejirika, 2024).
Economic welfare refers to the overall well-being of individuals as reflected in income, consumption, and access to essential goods and services (Ravallion, 2016; Deaton, 2013). It captures improvements in living standards and quality of life within an economy (Ravallion, 2016; Deaton, 2013; World Bank, 2023). In Nigeria, the economic welfare implications of energy poverty are particularly severe due to broader socioeconomic challenges such as high poverty levels, unemployment, and income inequality (World Bank, 2023; Nteegah & Ihejirika, 2024). Without reliable electricity, households often face higher energy costs, lower productivity, and limited opportunities for economic advancement (IEA, 2023; World Bank, 2023). Empirical evidence suggests that improvements in electricity generation and energy access significantly reduce poverty levels and enhance economic welfare outcomes in Nigeria (Nteegah & Ihejirika, 2024). These findings highlight the importance of energy access as a critical determinant of welfare improvement in developing economies.
The multidimensional nature of energy poverty has also gained growing attention in academic literature. Traditional indicators that measure only electricity access often fail to capture important aspects such as affordability, reliability, and access to clean cooking technologies (Bouzarovski & Petrova, 2015; O’Sullivan, Barnes, & O’Shea, 2020). To address this limitation, scholars have developed multidimensional energy poverty indices that incorporate several indicators of energy deprivation. Studies using these frameworks demonstrate that energy poverty is closely linked with income poverty, inadequate infrastructure, and weak institutional capacity (Nussbaumer, Bazilian, & Modi, 2012; Day, Walker, & Simcock, 2016). In Nigeria, multidimensional energy poverty manifests through limited electricity access, heavy reliance on biomass fuels, and restricted ownership of energy-related appliances necessary for improved living standards (Nussbaumer, Bazilian, & Modi, 2012; Day, Walker, & Simcock, 2016; Ashagidigbi, Babatunde, Ogunniyi, Olagunju, & Omotayo, 2020).
Despite numerous policy initiatives aimed at expanding energy access, including rural electrification programs, renewable energy policies, and power sector reforms, Nigeria continues to face significant challenges in reducing energy poverty (World Bank, 2023; IEA, 2023; Ashagidigbi, Babatunde, Ogunniyi, Olagunju, & Omotayo, 2020). Structural constraints such as insufficient infrastructure investment, transmission bottlenecks, regulatory inefficiencies, and rapid population growth have slowed progress toward universal energy access (World Bank, 2023; IEA, 2023). Consequently, a large proportion of households remain energy-poor, limiting improvements in economic welfare and socioeconomic development (Nteegah & Ihejirika, 2024). Importantly, a significant knowledge gap remains regarding the comprehensive assessment of how multidimensional energy poverty affects economic welfare in Nigeria over time. Many existing studies focus on single indicators of energy access or rely on micro-level household surveys that capture only specific aspects of economic welfare (Nteegah & Ihejirika, 2024). Others examine either the health or income effects of energy poverty without providing a broader macro-level analysis integrating multiple energy indicators with overall economic welfare outcomes. Addressing this gap, the present study investigates the impact of energy poverty on economic welfare dynamics using a multidimensional energy perspective and macroeconomic data. 
2. Literature Review
Theoretical Framework
This study is anchored on the Capability Approach, which was originally developed by Amartya Sen to explain human welfare and development beyond conventional income-based measures. The Capability Approach posits that development should be evaluated in terms of individuals’ capabilities to achieve valued “functionings,” such as good health, education, adequate nutrition, and productive participation in society (Sen, 1999). According to this theory, welfare is not solely determined by the level of income or resources available to individuals but by their ability to convert those resources into meaningful life outcomes. This perspective has become widely applied in development economics, poverty studies, and energy policy research because it emphasizes multidimensional well-being rather than narrow economic indicators.
Within the context of energy economics, the Capability Approach provides a strong conceptual basis for understanding the relationship between energy access and economic welfare. Access to modern energy services, such as electricity, clean cooking fuels, and reliable heating, enhances individuals’ capabilities by enabling improved health outcomes, better educational opportunities, and greater economic productivity (Day, Walker, & Simcock, 2016). Conversely, energy poverty constrains these capabilities by limiting households’ ability to perform essential activities such as studying at night, operating small businesses, preserving food, or accessing information technologies. Studies have shown that inadequate access to energy services reduces human development outcomes and reinforces multidimensional poverty, particularly in developing economies (Nussbaumer, Bazilian, & Modi, 2012; Sovacool et al., 2017). The relevance of the Capability Approach to this study lies in its ability to explain how energy poverty directly affects economic welfare through multiple pathways. In the Nigerian context, limited access to reliable electricity and clean cooking fuels restricts households’ opportunities for economic participation, education, and improved health conditions. Therefore, the application of the capability approach to this study facilitates the conceptualization of economic welfare as the ability of households to achieve improved living standards and well-being through access to essential resources such as modern energy services. Consequently, the theory provides a comprehensive framework for examining how reducing energy poverty can enhance household capabilities, expand livelihood opportunities, and ultimately improve overall household welfare in Nigeria.
Empirical Review
One of the early multidimensional studies in Nigeria was conducted by Ashagidigbi, Babatunde, Ogunniyi, Olagunju, and Omotayo (2020) in their study titled “Estimation and Determinants of Multidimensional Energy Poverty among Households in Nigeria.” The study examined energy poverty and household socioeconomic characteristics using the Multidimensional Energy Poverty Index (MEPI) as the primary measure of energy deprivation. Using National Demographic and Health Survey (NDHS) data and employing MEPI estimation and Tobit regression analysis, the findings revealed that the average national MEPI was 0.38, indicating a high level of energy deprivation among Nigerian households. The results further showed that income level, access to credit, and education significantly reduce energy poverty, while rural residence and demographic factors increase vulnerability. The study concluded that improving household income and expanding energy infrastructure are essential for reducing energy poverty and improving welfare outcomes.
Similarly, Ajayi (2023) examined the relationship between energy poverty and household well-being in Nigeria in the study titled “Energy Poverty and Household Well-being in Nigeria.” The study used health outcomes as a proxy for household welfare, while energy poverty was measured through access to clean cooking fuels. Using 2015/2016 General Household Survey (GHS) data and econometric estimation techniques, the results revealed that energy poverty significantly increases the probability of respiratory diseases among household members, particularly children. The study concluded that improving access to clean energy sources such as electricity and liquefied petroleum gas (LPG) can significantly enhance household health and welfare outcomes.
Beyond Nigeria, several empirical studies have investigated the welfare implications of energy poverty in other developing countries. For example, Yeboah, Amaning, Zakaria, and Owusu (2020) examined “An Economic Assessment of Energy Poverty and Household Welfare in Ghana.” The study analyzed energy poverty and household welfare indicators such as income and energy expenditure using data from the Ghana Living Standards Survey involving 16,048 households. Employing a binomial logistic regression model, the findings indicated that approximately 38 per cent of households were energy poor, with rural households being significantly more vulnerable. The results further showed that education, income, and welfare levels significantly reduce the likelihood of energy poverty. The study concluded that rural electrification and off-grid energy programs are essential for improving household welfare.
In Asia, Xie and Xie (2023) investigated the welfare effects of energy poverty in the study titled “Measuring and Analyzing the Welfare Effects of Energy Poverty in Rural China Based on a Multidimensional Energy Poverty Index.” The study examined energy poverty, household income, health, and education outcomes using a multidimensional energy poverty index and rural household data. The authors employed two-stage least squares (2SLS) estimation and hierarchical logit models to analyze the data. The findings showed that improved electricity access significantly reduces energy poverty and enhances household income, education, and health outcomes. The study concluded that investments in rural electrification and energy infrastructure play a critical role in improving household welfare.
Further empirical evidence from Africa was provided by Mkomba (2021) in the study titled “Household-Level Effects of Energy Insecurity on Welfare in Malawi.” The study examined energy insecurity and household welfare indicators such as food and education expenditure using data from the Malawi Fourth Integrated Household Survey (IHS4). Employing econometric analysis, the study found that energy-insecure households significantly reduce food consumption and education expenditure when energy costs increase. Specifically, a 1 per cent increase in energy cost share reduces food expenditure by about 2.3 per cent and education spending by 3.6 percent. The study concluded that energy insecurity undermines household welfare and may have long-term implications for human capital development.
Recent global studies also emphasize the welfare implications of energy reliability and price shocks. For instance, Oseni (2022) analyzed “Household Welfare Loss from Electricity Blackouts in Developing Countries” using household survey data from Ethiopia and applying willingness-to-pay estimation techniques. The study found that households experience significant welfare losses due to frequent electricity outages, with households willing to pay around 1 per cent of their annual income to eliminate power outages. The study concluded that improving electricity reliability is essential for enhancing household welfare and reducing the economic costs associated with energy poverty. 
More recent studies have also explored the relationship between energy poverty and health outcomes. For example, Umar et al. (2025) examined the study “Impact of Energy Poverty on Human Capital: Evidence from Rural Households in Kano State, Nigeria.” The study analyzed energy poverty and health index indicators using cross-sectional household survey data and regression analysis. The findings revealed that energy poverty significantly reduces the health index, implying that energy-poor households experience higher risks of respiratory diseases, child mortality, and other health complications. The study concluded that improving energy access can enhance human capital development and household welfare. Consequently, existing empirical studies have largely examined energy poverty using micro-level household surveys and narrow welfare indicators such as health, income, or expenditure (Ashagidigbi et al., 2020; Ajayi, 2023; Mkomba, 2021). However, limited studies provide a comprehensive macro-level analysis integrating multidimensional energy poverty indicators with broader household welfare outcomes over time, particularly in Nigeria.
3. Methodology
Data Source
The study relies on secondary time-series data obtained from credible international and national databases. Data on electricity access, electricity consumption, and energy use are obtained from the International Energy Agency (IEA) and the World Bank’s World Development Indicators (WDI), while economic welfare indicators such as per capita income were sourced from the National Bureau of Statistics (NBS) and World Bank databases. The study covers the period on 1990 to 2024. This period is sufficient to capture structural changes in Nigeria’s energy sector and economic welfare outcomes, typically spanning several decades depending on data availability.
Model Specification
The model specification for this study is adapted from the empirical frameworks used by Nteegah and Ihejirika (2024) and Ogbeide-Osaretin (2021), who examined the relationship between energy access and poverty reduction using an Autoregressive Distributed Lag (ARDL) framework. The present study extends and modifies their model to capture the impact of energy poverty indicators on economic welfare dynamics in Nigeria. The modification is necessary because energy poverty is a multidimensional phenomenon that can influence economic welfare through different channels, such as electricity access, electricity consumption, and the actual utilization of electricity for household and productive purposes.
Conceptually, economic welfare is assumed to be a function of energy poverty indicators because access to modern and reliable energy services influences households’ living standards, productivity, health conditions, and overall well-being (Nussbaumer, Bazilian, & Modi, 2012; Sovacool, Burke, Baker, Kotikalapudi, & Wlokas, 2017). This relationship is expressed in functional form as:
EW= f (EP)					eq (1)
Where:
EW represents economic welfare (measured through GDP per capita income), and EP represents energy poverty indicators.
In this study, energy poverty (EP) is operationalized through three key indicators: electricity access (EA), electricity consumption (EC), and energy use (EU), which collectively capture both the availability and intensity of energy services at the household level. Electricity access (EA) reflects whether households are connected to the national grid or alternative electricity sources, serving as a fundamental prerequisite for engaging in productive, educational, and domestic activities (Pachauri & Spreng, 2011; Ashagidigbi et al., 2020). In addition, electricity generation (EG) and inflation (IF) are incorporated as control variables. While electricity generation accounts for the overall capacity and availability of electricity produced within the economy, which determines the extent to which households can access reliable power for daily activities (Chakravorty, Pelli, & Marchand, 2014), inflation accounts for broader macroeconomic conditions that may influence household welfare independent of energy factors. Thus, the functional relationship is re-specified as:
EW=f (EA, EC, EU, EG, IF)                         eq (2)
Here, electricity access (EA) captures the proportion of the population with access to electricity and serves as a key indicator of energy availability. Improved electricity access reduces energy poverty and enhances household welfare by enabling access to lighting, communication technologies, and productive economic activities (Apergis & Payne, 2014). Electricity consumption (EC) reflects the actual level of electricity usage within the economy, indicating the intensity of energy utilization and the extent to which households benefit from available energy infrastructure (International Energy Agency, 2023; World Bank, 2022). Higher electricity consumption is often associated with improved living standards and increased economic productivity (IEA, 2023). Energy use (EU) reflects the functional application of energy services, such as lighting, cooking, heating, transportation, and productive activities (Sovacool et al., 2017). It emphasizes how energy is utilized to achieve specific outcomes, rather than the amount consumed (Day, Walker, & Simcock, 2016). Increased electricity use can enhance income-generating opportunities, improve educational outcomes, and contribute to overall welfare improvements (Chakravorty, Pelli, & Marchand, 2014). Electricity generation (EG) as a control variable denotes that higher electricity generation improves the stability of power supply and supports household activities such as lighting, cooking, and small-scale economic production. Increased electricity availability can enhance income-generating opportunities, improve educational outcomes, and contribute to overall economic welfare improvements (Chakravorty, Pelli, & Marchand, 2014; Apergis & Payne, 2014). Similarly, Inflation (IF) is introduced as a control variable because macroeconomic instability and rising prices can significantly affect economic welfare by reducing purchasing power and increasing the cost of essential goods and services (World Bank, 2023; International Monetary Fund, 2022; Ravallion, 2016). In developing economies such as Nigeria, high inflation can erode real income, increase energy costs, and constrain household expenditure on welfare-enhancing goods such as healthcare, education, and food (Ravallion, 2016). Consequently, controlling for inflation helps isolate the specific effect of energy poverty indicators on economic welfare. Empirical studies have also shown that inflation significantly influences economic welfare and poverty outcomes, particularly in economies characterized by unstable price levels (World Bank, 2023; Nteegah & Ihejirika, 2024).
To capture potential asymmetric effects of energy poverty indicators on economic welfare, this study employs the Nonlinear Autoregressive Distributed Lag Model developed by Shin, Yu, and Greenwood-Nimmo (2014). The Nonlinear Autoregressive Distributed Lag Model extends the traditional Autoregressive Distributed Lag Model framework by allowing positive and negative changes in explanatory variables to exert different effects on the dependent variable (Shin, Yu, and Greenwood-Nimmo, 2014). This is particularly relevant in the context of energy poverty because improvements in electricity access or consumption may affect economic welfare differently compared to declines in energy availability or reliability (Shin, Yu, and Greenwood-Nimmo, 2014; Sovacool, Burke, Baker, Kotikalapudi, & Wlokas, 2017). For example, an increase in electricity access may significantly enhance economic welfare outcomes, while a reduction in access may impose disproportionate economic welfare losses on households.
The NARDL specification decomposes the explanatory variables into positive and negative partial sums to capture these asymmetric effects. The long-run NARDL model can be expressed as:
EWt​ =α0​ +α1​EAt+​+α2​EAt−​+α3​ECt+​+α4​ECt−​+α5​EUt+​+α6​EUt−​+α7 EG+α8IFt​ +εt​            eq (3)
Where:
EA+, EC+, and EU+ represent positive changes in energy variables, EA−, EC−, and EU− represent negative changes in energy variables, IF represents inflation as a control variable, and εt​ represents the stochastic error term. Equation 3 is further respecified in a dynamic NARDL form, with lags included, and the error correction model (ECM) representation to arrive at equation 4 specified as: 

Where:
Δ is the first-difference operator. ECTt−1​ is the error correction term derived from the long-run equation. ϕ is the speed of adjustment coefficient. Δ2+​, δ2−​, δ3+​, δ3−​, δ4+​, δ4−​ capture the short-run asymmetries. α2+, α2−, α3+, α3−, α4+, α4− capture the long-run asymmetries.
The error-correction representation of the Nonlinear Autoregressive Distributed Lag Model allows the estimation of both short-run dynamics and long-run equilibrium relationships between energy poverty indicators and economic welfare (Shin, Yu, and Greenwood-Nimmo, 2014; Pesaran, Shin, & Smith, 2001). The choice of the NARDL approach is justified because it can accommodate variables integrated of order I(0) and I(1), capture asymmetric relationships, and provide both short-run and long-run estimates within a single framework (Shin, Yu, & Greenwood-Nimmo, 2014). This makes it particularly suitable for macroeconomic time-series analysis in developing economies where structural shocks and nonlinear dynamics often influence the relationship between energy access and welfare outcomes (Shin, Yu, and Greenwood-Nimmo, 2014; Pesaran, Shin, & Smith, 2001).
4. Result and Discussion 

   Fig 1: Dynamic Trend of Variables used in the study
   Source: Authors determined, 2026
Figure 1 shows that increases in electricity access (EA), electricity consumption (EC), electricity use (EU), and electricity generation (EG) generally exhibit a positive co-movement with economic welfare (EW) over time, suggesting that improved energy availability and utilization contribute to better living standards. This supports empirical evidence that access to modern energy enhances productivity, income generation, and overall welfare outcomes (Chakravorty, Pelli, & Marchand, 2014; Dinkelman, 2011). However, the observed fluctuations, particularly in EU and IF, indicate that the relationship is not strictly linear. Periods of rising inflation (IF) appear to dampen welfare gains despite improvements in energy indicators, reflecting the adverse effects of macroeconomic instability. This aligns with studies emphasizing that energy access alone is insufficient without affordability, efficiency, and institutional support (Bouzarovski & Petrova, 2015). Similarly, persistent volatility in energy supply and usage suggests that unreliable infrastructure may weaken the welfare-enhancing effects of energy expansion (Pachauri & Spreng, 2011).
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         Source: Authors determined using Eviews 12, 2026
The correlation results show that electricity access (EA), electricity consumption (EC), and electricity use (EU) have strong positive relationships with household welfare (HW) (0.83, 0.79, and 0.78, respectively), indicating that improved electricity availability and utilization significantly enhance living standards. This aligns with empirical evidence that access to reliable electricity promotes productivity, income generation, and welfare improvements (Dinkelman, 2011; Chakravorty, Pelli, & Marchand, 2014). However, electricity generation (EG) exhibits a strong negative correlation with welfare (−0.94), suggesting that increased generation does not necessarily translate into household benefits, likely due to inefficiencies in transmission, distribution, and access. This supports arguments that energy supply alone is insufficient without effective delivery systems (Bouzarovski & Petrova, 2015). Additionally, inflation (IF) shows a negative relationship with welfare, implying that rising prices erode purchasing power and reduce household well-being (Ravallion, 2016).
Table 2: Stationarity Test (Augmented Dicky Fuller unit root test)
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  Source: Authors determined using Eviews 12, 2026
The ADF unit root results show that EW, EA, EC, EU, EG, and IF become stationary after first differencing, as their ADF statistics exceed the 5% critical value with probabilities below 0.05. This indicates an order of integration consisting of I(1), implying the variables are suitable for ARDL/NARDL estimation, which accommodates such an integration structure in time-series analysis and consequently lends credence to the conduct of the cointegration test. 
Table 3: ARDL Cointegration Test
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The cointegration test result showed that the F-Bounds test result (7.997263) exceeds the upper critical bound values at all significance levels, indicating rejection of the null hypothesis of no level relationship. This confirms the existence of a long-run cointegration relationship among the variables, implying that energy poverty indicators and inflation jointly influence household welfare over time.
Table 4: NARDL Short-run Result
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The ECM regression results reveal important short-run asymmetric effects of energy poverty indicators on economic welfare. The positive and significant coefficient of electricity access (EA_POS) (β = 9.701, p = 0.0120) indicates that improvements in electricity access significantly enhance welfare, reinforcing the role of energy in supporting productivity and living standards (Chakravorty et al., 2014; International Energy Agency, 2023). Similarly, positive changes in electricity consumption (EC_POS) are significant both contemporaneously (β = 1.500, p = 0.0168) and with a stronger lagged effect (β = 4.052, p = 0.0002), suggesting that increased energy utilization stimulates sustained economic activities and income growth (Sovacool et al., 2017).
However, negative shocks to electricity consumption (EC_NEG) are largely insignificant contemporaneously but become weakly significant with a lag (p ≈ 0.0613), indicating delayed adverse effects on economic welfare. Electricity generation (EG) shows a positive and significant effect (β = 5.934, p = 0.0453), implying that improved energy supply contributes to welfare gains when effectively utilized. Inflation (IF) exerts a significant negative effect (β = −1.223, p = 0.0442), confirming that rising prices erode purchasing power and welfare. The error correction term (−0.005315, p = 0.0000) is negative and highly significant, indicating a stable long-run adjustment mechanism. This supports the nonlinear dynamic adjustment framework of Shin et al. (2014). Consequently, the lagged significance of EC_POS and EC_NEG suggests that energy shocks affect welfare with delays due to adjustment costs, consumption smoothing, and infrastructural rigidities. Households often adapt gradually to energy changes, consistent with dynamic consumption theory and empirical evidence on delayed welfare responses to energy fluctuations (Oseni, 2022; Sovacool et al., 2017).
Table 5: NARDL Long-run Result
	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.   

	
	
	
	
	

	EW(-1)*
	-0.005315
	0.046542
	-0.114193
	0.9105

	EA_POS(-1)
	27.67981
	4.449134
	6.221393
	0.0000

	EA_NEG**
	2.492448
	14.60331
	0.170677
	0.8666

	EC_POS(-1)
	-5.463503
	1.900945
	-2.874099
	0.0110

	EC_NEG(-1)
	-2.061230
	0.926979
	-2.223601
	0.0409

	EU_POS**
	-0.925589
	0.546719
	-1.692989
	0.1098

	EU_NEG**
	1.657090
	0.855462
	1.937071
	0.0706

	EG(-1)
	-7.442825
	1.781531
	-4.177768
	0.0007

	IF(-1)
	1.224004
	0.669427
	1.828435
	0.0862

	D(EA_POS)
	9.701139
	6.418878
	1.511345
	0.1502

	D(EC_POS)
	1.499552
	1.023027
	1.465799
	0.1621

	D(EC_POS(-1))
	4.051890
	1.409366
	2.874973
	0.0110

	D(EC_NEG)
	-0.522129
	0.877408
	-0.595081
	0.5601

	D(EC_NEG(-1))
	-0.815821
	0.633612
	-1.287572
	0.2162

	D(EG)
	5.933817
	4.160967
	1.426067
	0.1731

	D(IF)
	-1.222971
	0.781479
	-1.564943
	0.1372

	
	
	
	
	


      * p-value incompatible with t-Bounds distribution.
     ** Variable interpreted as Z = Z(-1) + D(Z).
    Source: Authors determined using Eviews 12, 2026
The long-run NARDL results reveal clear asymmetric effects of energy poverty indicators on economic welfare. Positive changes in electricity access (EA_POS) have a strong and statistically significant positive effect (β = 27.680, p < 0.01), indicating that improved access substantially enhances welfare through better productivity, education, and living conditions. This is consistent with evidence that electricity access drives economic opportunities and welfare gains (Chakravorty et al., 2014; Sovacool et al., 2017). This outcome is justified by the role of electricity access in relaxing key production and consumption constraints faced by households. Improved access enhances time allocation, supports micro-enterprises, and facilitates education and health outcomes, thereby raising welfare. Empirical studies confirm that electrification increases labour productivity and income opportunities, especially in developing economies (Dinkelman, 2011; Chakravorty et al., 2014; Sovacool et al., 2017).
However, electricity consumption (EC_POS) shows a significant negative long-run effect (β = −5.464, p = 0.0110), while EC_NEG is also negative and significant (β = −2.061, p = 0.0409). This suggests that higher electricity use may impose financial burdens or reflect inefficient consumption patterns that reduce welfare. This aligns with Oseni (2022), who highlights welfare losses arising from costly and unreliable electricity usage. The result can be explained by high tariffs and reliance on expensive alternative energy sources, which increase household expenditure. Electricity use (EU_POS) is negative but insignificant, while EU_NEG is weakly positive (p ≈ 0.0706), suggesting limited long-run economic welfare sensitivity to usage patterns. Electricity generation (EG) shows a significant negative effect (β = −7.443, p < 0.01), implying that increased generation does not translate into economic welfare gains, likely due to transmission inefficiencies and poor distribution systems. Inflation (IF) is positive but weakly insignificant, indicating that macroeconomic factors play a secondary role relative to structural energy access.
Table 6: Breusch-Godfrey Serial Correlation LM Test
	
	
	
	
	

	
	
	
	
	

	F-statistic
	7.062507
	    Prob. F(1,18)
	0.4370

	Obs*R-squared
	16.07112
	    Prob. Chi-Square(1)
	0.3415

	
	
	
	
	


                            Source: Authors determined using Eviews 12, 2026
The Breusch–Godfrey Serial Correlation LM Test results show insignificant probabilities (Prob. F = 0.4370; Prob. Chi-Square = 0.3415), indicating the absence of serial correlation in the residuals. This implies the model is well specified and the estimates are reliable. Consequently, the regression results provide valid inferences regarding the relationship between energy poverty indicators and household welfare.
Table 7: Heteroskedasticity Test: Breusch-Pagan-Godfrey
	
	
	
	
	

	
	
	
	
	

	F-statistic
	3.370143
	    Prob. F(13,18)
	0.2117

	Obs*R-squared
	25.03563
	    Prob. Chi-Square(13)
	0.6192

	Scaled explained SS
	11.88268
	    Prob. Chi-Square(13)
	0.7520

	
	
	
	
	


           Source: Authors determined using Eviews 12, 2026
The Breusch–Pagan–Godfrey Heteroskedasticity Test results show high probability values (p > 0.05), indicating the absence of heteroskedasticity. This implies that the variance of the residuals is constant across observations. Consequently, the model estimates are efficient and reliable, strengthening the validity of the NARDL results on energy poverty and household welfare.
Table 8: Ramsey RESET Test
	
	
	
	
	

	
	
	
	
	

	
	Value
	df
	Probability
	

	t-statistic
	  0.898095
	 15
	  0.3833
	

	F-statistic
	  0.806574
	(1, 15)
	 0.3833
	

	
	
	
	
	

	
	
	
	
	

	F-test summary:
	
	

	
	Sum of Sq.
	df
	Mean Squares
	

	Test SSR
	  1242.815
	 1
	  1242.815
	

	Restricted SSR
	  24355.66
	 16
	  1522.228
	

	Unrestricted SSR
	  23112.84
	 15
	  1540.856
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


                   Source: Authors determined using Eviews 12, 2026
The Ramsey RESET Test results show insignificant probability values (p > 0.05), indicating that the model does not suffer from functional form misspecification. This implies that the explanatory variables are appropriately included and the model is correctly specified. Consequently, the estimated relationship between energy poverty indicators and household welfare is reliable.


     Fig 2: CUSUM test
     Source: Authors determined using Eviews 12, 2026
The CUSUM stability test indicates that the model is structurally stable over the sample period, as the cumulative sum of recursive residuals remains within the 5% significance bounds. Although the plot shows slight downward fluctuations around 2019–2021, it does not cross the critical boundaries. This suggests the absence of structural breaks and confirms parameter stability. Therefore, the estimated NARDL coefficients are reliable, and the model provides consistent and robust inferences on the relationship between energy poverty and economic welfare.
5. Conclusion and Recommendations
The study examined the impact of energy poverty indicators on economic welfare in Nigeria, incorporating electricity generation and inflation within an NARDL framework over the period 1990–2024. The findings revealed strong asymmetric effects. Positive changes in electricity access significantly improve economic welfare, confirming that expanded access enhances productivity, education, and overall living standards. In contrast, both positive and negative changes in electricity consumption exert significant negative long-run effects, suggesting that increased consumption may impose cost burdens due to high tariffs and inefficiencies. Electricity generation also showed a significant negative long-run effect, implying that increased supply does not necessarily translate into economic welfare gains, likely due to transmission and distribution constraints. Inflation exhibits a negative short-run effect, highlighting the erosion of purchasing power. Diagnostic results confirm model stability, absence of serial correlation, and homoskedastic residuals, validating the robustness of the estimates. Based on these findings, the study recommends that the Nigerian government should prioritize not only expanding electricity access but also improving the efficiency of power transmission and distribution systems to ensure that increased generation translates into real economic welfare gains. Policies should focus on reducing electricity costs and enhancing supply reliability to prevent welfare losses associated with rising consumption. Investment in decentralized state level mini grid energy solutions is crucial to improve access while lowering costs. Additionally, promoting energy efficiency among households can help optimize consumption patterns. Finally, effective macroeconomic policies aimed at controlling inflation are essential to sustain the welfare benefits of improved energy access and protect household purchasing power.
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