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Abstract 

Energy poverty remains a pressing challenge in emerging economies, particularly in BRICS 

countries, where disparities in clean fuel and electricity access persist across rural and urban 

populations. Using data from 1991 to 2023, this study investigates the structural determinants 

of energy poverty- energy availability, efficiency, renewable energy composition, and financial 

capacity- focusing on their distributional effects across deciles of clean fuel access. Employing 

fixed-effects, instrumental variable, and quantile regression techniques, the analysis uncovers 

significant rural-urban disparities and heterogeneities in key determinants. Results show that 

energy imports positively influence urban clean fuel access but are constrained in rural areas 

due to infrastructure limitations. Similarly, renewable energy consumption and efficiency 

improvements benefit urban populations, particularly at higher deciles, but have limited impact 

on underserved rural communities. Financial capacity remains a critical determinant across all 

contexts, with rural areas demonstrating stronger income sensitivity. These findings highlight 

the need for tailored policy interventions, including decentralized renewable energy systems, 

income-enhancing measures, and rural infrastructure investments, to bridge the rural-urban 

divide. By integrating quantile-specific insights and addressing structural disparities, this 

research contributes to the literature on energy equity and provides actionable 

recommendations to achieve universal and sustainable energy access, aligning with Sustainable 

Development Goal 7. 
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1. Introduction 

Energy poverty, defined as the lack of access to affordable, reliable, and modern energy 

services, remains a critical challenge for achieving sustainable development, especially in 

emerging economies such as the BRICS nations. It directly impacts human well-being, 

economic development, and environmental sustainability, disproportionately affecting rural 

populations while exacerbating urban inequalities (Modi et al., 2006). Access to clean fuels 

and electricity is a cornerstone of socioeconomic development, yet millions remain deprived, 

reflecting persistent barriers rooted in financial, infrastructural, and policy shortcomings 

(Barnes et al., 2011). Despite global commitments to Sustainable Development Goal 7- 

ensuring access to affordable, reliable, sustainable, and modern energy for all- the structural 

determinants of energy poverty remain poorly understood, particularly in the context of urban-

rural disparities (Bazilian & Pielke, 2013; Sovacool et al., 2012). Previous research has 

highlighted the significance of energy availability, efficiency, renewable energy composition, 

and financial capacity in addressing energy poverty, yet these factors exhibit considerable 

heterogeneity across regions and socioeconomic groups (Dincer, 2000; Foley, 1992). Rural 

areas often face systemic challenges such as inadequate infrastructure and limited financial 

resources, while urban areas grapple with energy efficiency issues and affordability constraints 

(Khandker et al., 2010; Ranjan & Hughes, 2014). 

This paper aims to address two critical gaps in the literature: the rural-urban disparities in the 

structural determinants of energy poverty1 and the heterogeneity of these determinants across 

deciles of clean fuel access. Using advanced econometric techniques, including fixed effects, 

instrumental variable, and quantile regression, this study offers a granular understanding of 

how energy poverty determinants operate across different contexts and levels of access. By 

incorporating key metrics such as energy imports, renewable energy shares, GDP per unit 

energy use, and per capita income, this research provides a robust framework to inform policies 

targeting equitable energy access (Modi et al., 2006; Chakravarty & Tavoni, 2013). This 

research contributes to the growing body of literature on energy equity by emphasizing the 

need for tailored, context-sensitive interventions. In addition to addressing infrastructural 

deficits and financial constraints, the findings highlight the importance of prioritizing 

                                                           
1 Structural determinants of energy poverty are systemic factors like income inequality, housing quality, energy 

pricing, and infrastructure access that limit households' ability to afford or access adequate energy. Geographic 

location, policy frameworks, and social disparities exacerbate inequities, hindering basic needs like heating, 

lighting, and well-being (Bouzarovski & Petrova, 2015; Reames, 2016). 



efficiency and renewable energy integration to create sustainable energy transitions (Huenteler 

et al., 2017; Tharakan et al., 2014). The insights from this paper aim to guide policymakers in 

designing interventions that bridge rural-urban gaps and align with global energy goals (Lee et 

al., 2019; Bazilian et al., 2012). 

Unlike earlier studies that primarily focus on either energy availability or affordability, this 

paper integrates these dimensions, examining how the availability of clean fuel is influenced 

by energy availability (measured by energy imports), financial capacity of the users (proxied 

by per capita net national income), and energy efficiency (GDP per unit energy use). This 

comprehensive framework provides a more nuanced understanding of energy poverty and its 

drivers, building upon prior research (Bhattacharyya, 2012; Rao & Pachauri, 2017). By 

employing fixed effects and instrumental variable techniques, the study mitigates endogeneity 

concerns, offering robust causal inferences about the determinants of energy poverty. 

Moreover, the study distinguishes itself by exploring the rural-urban divide, a largely neglected 

area in cross-country energy poverty analyses. Through quantile regression, it reveals 

heterogeneity in the impacts of key structural determinants for rural and urban contexts across 

the distribution of clean fuel availability, adding depth to the understanding of spatial 

disparities in energy poverty (Kanagawa & Nakata, 2008; Sovacool & Dworkin, 2015). For 

instance, the role of financial capacity and energy efficiency in addressing energy poverty 

strongly diverges across quantiles for rural and urban areas, while the influence of energy 

availability displays a homogeneous trend. This structural decomposition approach2 helps 

uncover the root causes of disparities across clean fuel distribution, showing that inefficiencies 

in energy usage and limited financial resources stimulate energy poverty, however, it differs 

from rural to urban areas (Reddy & Williams, 2019; Zhang & Wang, 2019). These findings 

offer actionable insights for policymakers, emphasizing the need for targeted interventions 

tailored to rural and urban contexts. 

This paper’s contributions are threefold. First, it broadens the analytical framework for 

understanding energy poverty by linking macroeconomic variables with energy-specific 

factors, thereby addressing gaps in existing research (Alam et al., 2020; IEA, 2021). Second, 

the use of quantile regression to examine rural-urban heterogeneity advances the 

                                                           
2 The structural decomposition approach in panel data econometrics analyzes changes in an outcome variable by 

decomposing effects into contributions from structural factors, such as economic growth, technology, or policy 

changes. It identifies key drivers of variations over time and across entities (Dietzenbacher & Los, 1998; Ang, 

2015). 



methodological rigor of energy poverty studies, providing insights that align with global calls 

for inclusive energy policies (UNDP, 2020; World Bank, 2021). Third, the decomposition 

analysis highlights the structural barriers that perpetuate energy poverty, offering a foundation 

for designing targeted strategies to reduce disparities and improve energy equity (Pachauri & 

Rao, 2017). In the context of BRICS countries, where energy poverty remains a critical 

challenge for sustainable development, this study underscores the importance of addressing 

economic, structural, and spatial dimensions of energy access. It provides evidence-based 

recommendations to enhance financial capacity, improve energy efficiency, and ensure 

equitable energy availability. These findings not only inform national policies in BRICS 

countries but also offer valuable insights for global efforts to alleviate energy poverty (Gaye, 

2007; Sovacool & Dworkin, 2015). By addressing these critical gaps in the literature, this study 

provides a robust foundation for future research. It calls for a deeper exploration of temporal 

trends3 and sectoral differences, as well as longitudinal studies to understand the evolving 

dynamics of energy poverty in emerging economies. 

2. Brief Review of Literature 

Energy poverty remains a pervasive challenge globally, with diverse causes and consequences 

across countries. Research has extensively examined its drivers, focusing on socio-economic, 

geographic, and policy dimensions. Despite these efforts, significant gaps remain in 

understanding the structural determinants of energy poverty, especially in emerging 

economies. 

2.1. Theoretical Framework 

Energy poverty has emerged as a critical research area due to its profound implications for 

socio-economic development and environmental sustainability. Existing theoretical 

frameworks broadly examine supply-side, demand-side, and spatial dimensions to understand 

energy poverty's structural and systemic causes. Supply-side approaches emphasize energy 

availability, infrastructure, and geopolitical determinants. The "energy ladder" model 

(Bhattacharyya, 2012) theorizes that as economic development progresses, households 

transition to cleaner and more efficient energy sources. However, this model assumes linear 

progression and neglects institutional factors, such as energy market regulations and subsidies. 

Kanagawa and Nakata (2008) extend this discussion by highlighting the role of energy imports 

                                                           
3 Temporal trends refer to patterns or changes observed in data or phenomena over time, highlighting shifts, 

growth, or declines to understand past developments and predict future trajectories (Chatfield, 2004). 



and domestic production in shaping access to clean energy. These supply-side theories 

emphasize the structural barriers to energy availability but often overlook the interaction 

between macroeconomic variables and spatial inequities. Demand-side theories focus on 

affordability, household income, and energy efficiency as determinants of energy access. 

Reddy and Williams (2019) propose that energy affordability is intricately linked to socio-

economic inequalities, as lower-income households spend disproportionately on energy. 

Pachauri and Rao (2017) highlight that financial capacity, often measured through household 

income, is pivotal in determining access to clean fuels. Additionally, energy efficiency plays a 

dual role, enhancing affordability and reducing environmental impact (Alam et al., 2020). 

However, these frameworks inadequately address the spatial heterogeneity of energy poverty 

across rural and urban contexts. Energy justice, an emerging conceptual framework, broadens 

the focus beyond availability and affordability to include equity and fairness in energy access 

(Jenkins et al., 2016). This framework introduces three pillars: distributive justice, which 

examines the equitable distribution of energy resources; procedural justice, which addresses 

participation in decision-making; and recognition justice, which considers the unique needs of 

marginalized populations. These dimensions align with global calls for inclusive energy 

policies but remain underexplored in quantitative cross-country analyses, particularly 

regarding BRICS countries. 

Spatial frameworks emphasize the rural-urban divide in energy access. Sovacool and Dworkin 

(2015) argue that rural areas are disproportionately affected due to limited infrastructure and 

geographic isolation, while urban areas often benefit from more robust energy systems. Zhang 

and Wang (2019) integrate socioeconomic perspectives with spatial dimensions, identifying 

that disparities in financial capacity and infrastructure are significant contributors to energy 

poverty. However, these frameworks lack granularity, as they often fail to capture variations 

across different segments of the population. Recent literature has called for integrated 

approaches that combine supply-side, demand-side, and spatial dimensions to provide a holistic 

understanding of energy poverty (Rao & Pachauri, 2017). These approaches incorporate 

macroeconomic variables, such as GDP per capita and energy imports, alongside energy-

specific factors like efficiency and clean fuel availability. While integrative frameworks 

address theoretical gaps, their application is limited in emerging economies, where data 

inconsistencies and endogeneity concerns often hinder robust analysis.  



This study addresses the limitations of existing frameworks by adopting a decomposition 

approach that integrates supply-side, demand-side, and spatial dimensions. By examining 

BRICS countries, it highlights the interplay between energy availability, financial capacity, 

and energy efficiency as determinants of energy poverty. Unlike prior studies that treat energy 

poverty as a uniform phenomenon, this research uncovers critical variations between rural and 

urban contexts. For instance, the findings indicate that financial capacity and energy efficiency 

have stronger impacts in urban areas, while energy availability demonstrates a more 

homogeneous influence across regions. These insights align with energy justice principles, 

addressing distributive and recognition justice4 by identifying structural barriers unique to 

different demographic groups. This study advances theoretical frameworks by synthesizing 

macroeconomic variables, energy-specific factors, and spatial disparities. Its findings provide 

a foundation for targeted interventions to enhance energy equity, efficiency, and sustainability 

in BRICS countries, supporting global efforts to achieve sustainable development goals 

(Pachauri & Rao, 2017; UNDP, 2020).  

2.2. Cross-country Evidence 

In developed countries, energy poverty is often analyzed through affordability metrics. 

Boardman (1991) introduced the concept of "fuel poverty" in the UK, emphasizing income 

thresholds and energy efficiency as critical determinants. Subsequently, Bouzarovski and 

Petrova (2015) expanded the discussion to include energy justice, highlighting disparities in 

energy access across socio-economic classes in Europe. Healy and Clinch (2002) evaluated the 

health impacts of energy poverty, finding a significant correlation between insufficient heating 

and health outcomes in cold climates. These studies underscore the importance of energy 

efficiency and financial capacity but are primarily limited to developed contexts. 

In developing nations, energy poverty is predominantly influenced by access to infrastructure 

and clean energy sources. Pachauri and Spreng (2011) examined energy access in South Asia, 

identifying economic development and energy policy interventions as key enablers. Similarly, 

Khandker et al. (2012) explored the impact of rural electrification in Bangladesh, highlighting 

substantial socio-economic benefits. Kanagawa and Nakata (2008) assessed the socio-

economic impacts of electricity access in rural India, emphasizing that geographic isolation 

often exacerbates energy poverty. Africa has received considerable attention due to its acute 

                                                           
4 Distributive justice focuses on equitable allocation of resources, opportunities, and benefits, while recognition 

justice emphasizes acknowledging and respecting diverse identities, cultures, and needs (Fraser, 1997). 



energy access issues. Aklin et al. (2018) found that electrification in sub-Saharan Africa 

improves educational outcomes and economic productivity but noted significant regional 

disparities. Matinga and Annegarn (2013) highlighted gendered dimensions of energy poverty 

in Malawi, emphasizing that women disproportionately bear the burden of energy scarcity. 

These studies underscore the interplay between infrastructure, financial capacity, and socio-

economic outcomes in developing regions. 

Cross-country analyses have been instrumental in uncovering macroeconomic and structural 

determinants of energy poverty. Sovacool (2012) provided a comparative assessment of energy 

poverty across 19 countries, finding that policy frameworks significantly influence outcomes. 

Rao and Pachauri (2017) linked energy poverty to broader issues of inequality and sustainable 

development, identifying energy affordability as a recurring barrier in low- and middle-income 

countries. Zhang and Wang (2019) explored energy poverty in BRICS nations, concluding that 

economic growth and energy efficiency play crucial roles in mitigating disparities but 

highlighting the rural-urban divide as a persistent challenge. Spatial and distributional aspects 

of energy poverty are critical, especially in diverse regions. Urban-rural disparities in energy 

access have been extensively documented. Chakravarty and Tavoni (2013) noted that urban 

areas in India benefit from better infrastructure, while rural regions face significant deficits. 

Similarly, Sánchez (2010) found stark disparities in clean cooking fuel access across Latin 

America, driven by economic and geographic factors. 

Quantitative studies have leveraged advanced econometric techniques to capture the 

heterogeneity in energy poverty drivers. Baland et al. (2010) employed panel data to analyze 

the impact of energy affordability on household welfare across African nations. Dinkelman 

(2011) applied instrumental variable techniques to measure the socio-economic impacts of 

rural electrification in South Africa, finding robust effects on employment and productivity. 

While these studies provide valuable insights, they often lack an integrated approach that 

captures the interaction between macroeconomic variables, energy-specific factors, and spatial 

disparities. Despite extensive research, critical gaps persist in the literature. Many studies focus 

on either energy availability or affordability, neglecting the integrated impact of these factors 

alongside energy efficiency. Moreover, rural-urban disparities are underexplored in cross-

country analyses, limiting the understanding of spatial heterogeneity in energy poverty drivers 

(Sovacool & Dworkin, 2015; Pachauri & Rao, 2017). Existing literature often fails to address 



endogeneity concerns, leading to limited causal inferences. These gaps underscore the need for 

comprehensive, robust frameworks to analyze energy poverty across diverse contexts. 

2.3. Evidence from BRICS Countries 

The BRICS nations (Brazil, Russia, India, China, and South Africa) face significant energy 

poverty challenges, reflecting their diverse economic, geographic, and socio-political contexts. 

Studies on these countries have explored the intersection of energy access, economic growth, 

and environmental sustainability, providing valuable insights but also revealing critical 

research gaps. In India, energy poverty research often highlights the rural-urban divide. 

Bhattacharyya and Palit (2016) examined the role of decentralized energy systems, such as 

mini-grids, in improving rural electrification. They found that while these systems address 

infrastructure deficits, affordability remains a barrier for low-income households. Similarly, 

Sahoo and Shrimali (2013) assessed the impact of renewable energy policies, emphasizing the 

need for more inclusive policy frameworks to expand energy access in rural areas. In China, 

rapid industrialization has reduced energy poverty, but disparities persist, particularly in rural 

and remote regions. Zhang et al. (2018) explored the role of energy efficiency and renewable 

energy policies in bridging these gaps, identifying regional disparities in policy 

implementation. Wang and Lin (2017) focused on urban households, finding that rising energy 

costs disproportionately affect low-income populations, highlighting the affordability 

dimension of energy poverty. In South Africa, research has emphasized the legacy of apartheid 

in shaping unequal energy access. Monyei et al. (2018) found that electrification programs have 

improved access, but socio-economic inequalities and reliance on coal-based energy continue 

to perpetuate energy poverty. Brazil faces challenges related to energy affordability despite 

high electrification rates. Campolina et al. (2017) analyzed the impact of energy subsidies on 

low-income households, emphasizing the need for sustainable mechanisms to balance 

affordability and fiscal responsibility. Russia, while energy-rich, experiences energy poverty 

due to inefficiencies and infrastructure disparities. Stepanova (2020) highlighted the need for 

modernized energy infrastructure in rural areas to address systemic inefficiencies. 

Despite extensive studies on energy poverty, a critical gap persists in comprehensively 

integrating supply-side, demand-side, and spatial dimensions. Existing research often isolates 

energy availability, affordability, or efficiency without exploring their combined impact, 

particularly in BRICS countries. Moreover, rural-urban disparities remain underexplored in 

cross-country analyses, limiting understanding of spatial heterogeneity. By employing robust 



econometric techniques and a unified framework, this study addresses these gaps, offering 

nuanced insights into the structural determinants of energy poverty and providing actionable 

evidence for targeted policy interventions. To address the prevailing gap in the literature, I 

answer the following questions in this paper: a) how do energy availability, financial capacity, 

and energy efficiency influence energy poverty in BRICS countries? b) What are the rural-

urban disparities in the structural determinants of energy poverty? c) How does the 

heterogeneity in clean fuel access determinants across poverty quantiles vary between rural 

and urban populations? d) What policy interventions can effectively address spatial and socio-

economic disparities in energy poverty within BRICS nations? 

3. Data and Variables 

The data utilized in this study is derived from the World Development Indicators (WDI) 

database provided by the World Bank. This comprehensive dataset provides country-specific 

and time-series data across socio-economic and environmental indicators, making it highly 

suitable for exploring the multifaceted drivers of energy poverty. The dependent variable in 

this research is Access to Clean Fuels and Technologies (ACFT), expressed as the percentage 

of a country's population with access. ACFT directly measures energy poverty, reflecting both 

the availability and affordability of clean energy alternatives. It has been extensively used in 

prior studies as a reliable proxy for energy equity and poverty (Kanagawa & Nakata, 2008; 

Rao & Pachauri, 2017). The independent variables in this study include Energy Imports (% of 

energy use), GDP per unit of energy use (PPP $ per kg of oil equivalent), and Per Capita Net 

National Income (NNI). Energy imports capture a country’s reliance on external energy 

sources, which can influence energy diversity and affordability, particularly in import-

dependent nations (Alam et al., 2020; Sovacool, 2012). GDP per unit of energy use reflects 

energy efficiency, a critical factor in determining how effectively countries utilize energy 

resources for sustainable transitions (Bhattacharyya, 2012). Per capita NNI is a proxy for 

financial capacity, which determines households’ ability to afford clean energy technologies, 

addressing affordability—a key dimension of energy poverty (Pachauri & Rao, 2017; Sovacool 

& Dworkin, 2015). Together, these variables provide a comprehensive framework to assess 

energy poverty, combining aspects of availability, efficiency, and affordability. 



Additionally, several control variables5 are considered to capture the broader socio-economic 

and infrastructural context of energy poverty. These include Inflation, Unemployment, Gini 

Coefficient (income inequality), GDP Growth, Electric Power Transmission and Distribution 

Losses, and Investment in Energy Infrastructure. These variables address confounding factors 

that may influence energy poverty independently or interact with the primary determinants. For 

example, income inequality, measured through the Gini coefficient, is a well-documented 

barrier to equitable energy access, particularly in rural areas (Reddy & Williams, 2019). 

Transmission and distribution losses highlight the infrastructural inefficiencies that exacerbate 

rural energy poverty (Kanagawa & Nakata, 2008). Considering these controls ensures robust 

and unbiased estimates of the causal relationships between energy poverty and its structural 

determinants. Table 1 represents the summary of the variables. 

Figure 1 and Figure 2 illustrate the country-specific heterogeneity and temporal trends in ACFT 

across BRICS nations. Significant disparities emerge between countries: Brazil and China have 

achieved high levels of access, exceeding 95% for urban populations, whereas rural areas in 

India and South Africa remain considerably underserved. These rural-urban disparities reflect 

long-standing infrastructural and financial inequalities, where rural populations face greater 

barriers in accessing clean fuels due to logistical constraints and affordability issues (Sovacool, 

2012; Pachauri & Spreng, 2011). Temporal trends highlight gradual but uneven progress across 

countries. India, for instance, has shown marked improvements in rural access over the past 

two decades, attributed to targeted policy interventions such as the Pradhan Mantri Ujjwala 

Yojana (PMUY), which subsidizes LPG connections for low-income households 

(Bhattacharyya, 2012). Brazil and China, on the other hand, have maintained consistently high 

access rates due to robust energy policies and substantial investments in renewable and 

centralized energy systems. The temporal data underscores the role of sustained policy efforts 

and economic growth in improving clean energy access, aligning with Sustainable 

Development Goal 7 (Rao & Pachauri, 2017). 

 

 

 

                                                           
5 Control variables are factors included in statistical models to account for their potential influence on the 

dependent variable. They help isolate the relationship between independent and dependent variables by 

minimizing confounding effects (Allison, 1999; Wooldridge, 2010). 



Table 1: Summary Table of Variables 

 Variable Description 

 

Obs  Mean  Std. Dev.  Min  Max 

 Time Time period for this study: 1991-2023 165 2006 9.551 1991 2023 

 ATETot Access to electricity (% of population) 165 87.9 15.8 42.7 100 

 ATEUr 
Access to electricity, urban (% of urban 

population) 
165 95.4 6.0 81.2 100 

 ATERu 
Access to electricity, rural (% of rural 

population) 
165 81.1 22.6 10.6 100 

 ACFT 
Access to clean fuels and technologies  (% of 

population) 
165 69.4 27.5 14.8 100 

 ACFTUr 
Access to clean fuels and technologies, urban 

(% of urban population) 
165 84.1 17.2 35.5 99.9 

 ACFTRu 
Access to clean fuels and technologies, rural 

(% of rural population) 
165 52.1 31.8 3.5 99.9 

 Energyimports Energy imports, net (% of energy use) 165 -9.7 34.3 -85.8 34.3 

 PPPinvestmentinene 
Public private partnerships investment in 

energy (current US$) 
165 3.7E+09 5.5E+09 3.0E+06 3.0E+10 

 NNIpercapita 
Adjusted net national income per capita 

(constant 2015 US$) 
165 4.2E+03 2.3E+03 4.4E+02 8.1E+03 

 Energyintensity 
Energy intensity level of primary energy 

(MJ/$2017 PPP GDP) 
165 6.65 2.29 3.79 12.06 

 Energyuse 
Energy use (kg of oil equivalent) per $1,000 

GDP (constant 2021 PPP) 
165 169.7 73.4 73.5 466.1 

 Electricpowertrans 
Electric power transmission and distribution 

losses (% of output) 
165 12.7 5.9 5.5 28.2 

 GDPperunitofenergy 
GDP per unit of energy use (PPP $ per kg of 

oil equivalent) 
165 4.9 2.6 1.3 11.0 

 Renewableenergycon 
Renewable energy consumption (% of total 

final energy consumption) 
165 24.9 17.4 3.2 53.0 

 Electricityproduct 
Electricity production from oil, gas and coal 

sources (% of total) 
165 66.4 29.7 4.5 95.7 

 Renewableelectrici 
Renewable electricity output (% of total 

electricity output) 
165 28.3 30.8 0.1 95.4 

 Inflation Inflation, consumer prices (annual %) 165 67.9 335.3 -1.4 2947.7 

 Unemployment 
Unemployment, total (% of total labor force) 

(national estimate) 
165 10.0 6.4 2.4 28.8 

 Gini Gini index 165 46.3 10.5 31.6 64.8 

 GDPgrowth GDP growth (annual %) 165 4.0 4.7 -14.5 14.2 

 

Figure 1: Country-specific Heterogeneity- Energy Poverty Determinants 

 

Source: WDI data and author’s own calculations 



Figure 2: Temporal trends in Energy Poverty Determinants 

 

Source: WDI data and author’s own calculations 

The independent variables demonstrate significant cross-country variations. Figure A1 in the 

Appendix highlights energy imports, where Russia, as a net exporter, reports negative values, 

contrasting with import-dependent countries like India and South Africa. This divergence 

underscores the importance of energy self-sufficiency in reducing vulnerabilities to external 

supply disruptions, which can influence energy affordability and access (Kanagawa & Nakata, 

2008; Alam et al., 2020). GDP per unit of energy use indicates higher energy efficiency in 

Brazil and Russia, compared to lower efficiency levels in India and South Africa, where 

inefficient energy utilization exacerbates access challenges (Figure A2 in the Appendix). 

Figure A3 reveals substantial disparities in per capita NNI, with China and Russia reporting 

higher median incomes, while India ranks the lowest, reflecting financial barriers to energy 

access in low-income populations. These structural disparities demonstrate how energy 

imports, efficiency, and income levels interact to shape energy poverty outcomes. Higher 

energy imports improve access in urban areas with developed infrastructure but fail to address 

rural deficits due to distribution challenges (Sovacool & Dworkin, 2015). Similarly, energy 

efficiency can enhance resource utilization in urban areas but requires targeted investments to 

yield benefits in underserved rural regions (Reddy & Williams, 2019). 

4. Empirical Strategy 

To investigate the determinants of energy poverty and disparities in access to clean fuels and 

technologies (ACFT) in BRICS countries, this study employs a Two-Way Fixed Effects 

(TWFE) Model that incorporates both time and entity fixed effects (Wooldridge, 2010; Baltagi, 



2008). This approach controls for unobserved heterogeneity across countries and time-varying 

shocks, enabling a more precise estimation of the impact of structural variables on energy 

poverty. To address endogeneity concerns, the analysis is complemented with Instrumental 

Variable (IV) Estimation, while Quantile Regression (QR) is utilized to capture heterogeneity 

in the effects across different levels of energy access. 

4.1. Fixed-Effect (FE) Model 

The TWFE model is particularly suitable for this study as it accounts for unobserved country-

specific factors, such as geographic or cultural attributes, which are constant over time, and 

global or regional shocks that affect all countries in a given period (Pesaran, 2004; Koenker & 

Bassett, 1978). For instance, changes in international energy markets or global economic crises 

could have significant impacts on energy imports, prices, or policy responses. The TWFE 

model specification is expressed as: 

𝑌𝑖𝑡 = 𝛽1 𝑋𝑖𝑡 + 𝛽2 𝑊𝑖𝑡 + 𝛼𝑖 + 𝜇𝑡 + 𝜀𝑖𝑡   (1) 

Here, 𝑌𝑖𝑡 is the dependent variable, i.e., energy poverty indicators, namely, access to clean fuel 

and technologies and access to electricity in the ith country in the tth year. 𝑋𝑖𝑡 are the 

predictor/independent variables- Energy Imports (EI), GDP per unit of energy use (GDPEN), 

and Per Capita Income (NNI).  𝑊𝑖𝑡 consists of all the control variables in this analysis such as 

inflation, unemployment, the Gini coefficient, GDP growth, electric power transmission and 

distribution losses, and energy investment. 𝛼𝑖  is the country-fixed effect. 𝜇𝑡 is the time-fixed 

effect.  

4.2. Instrumental Variable (IV) Panel Regression Technique 

While the TWFE model addresses time-invariant unobserved heterogeneity and common time 

shocks, it does not resolve potential endogeneity issues arising from reverse causality, omitted 

variables, or measurement errors. For example, energy imports might not only affect ACFT 

but could also be influenced by it through improved infrastructure or increased demand (Stock 

& Watson, 2015; Angrist & Pischke, 2008). To address such concerns, the study incorporates 

Instrumental Variable (IV) Estimation using Two-Stage Least Squares (2SLS). This study 

considers inflation (INF), unemployment (UNEMP), inequality (GINI), and GDP growth 

(GDPGR) as instruments for affordability (NNI). Electricity production from oil, GDP growth, 

Energy intensity, Investment in Energy, and GDP per unit of energy use are instruments for 

energy availability/energy imports. Structural determinants like Energy intensity, Energy use, 



Electric power transmission and distribution losses, Electricity production from oil, and GDP 

growth are instruments of energy efficiency. For example, the first stage equation for energy 

affordability/financial capacity is: 

𝑁𝑁𝐼𝑖𝑡 = 𝛼𝑖 + 𝛿𝑡 +  𝛿1𝐼𝑁𝐹𝑖𝑡 + 𝛿2𝑈𝑁𝐸𝑀𝑃𝑖𝑡 + 𝛿3𝐺𝐼𝑁𝐼𝑖𝑡 + 𝛿4𝐺𝐷𝑃𝐺𝑅𝑖𝑡 +  𝜀𝑖𝑡       (2) 

These instruments satisfy both the relevance and exclusion restrictions, ensuring unbiased and 

consistent parameter estimates even in the presence of endogeneity (Baum et al., 2007; Hao & 

Naiman, 2007). 

4.3. Quantile Regression Technique 

In addition to TWFE and IV models, Quantile Regression (QR) is employed to explore the 

distributional effects of the key determinants of ACFT. Unlike mean-based regression 

methods, QR provides insights into the impact of variables across the conditional distribution 

of the dependent variable (Koenker, 2005; Hao & Naiman, 2007). This is crucial for identifying 

disparities faced by low-access populations, such as rural communities, which often remain 

hidden in aggregate analyses. The QR model is specified as: 

𝑄𝜏(𝐴𝐶𝐹𝑇𝑖𝑡|𝑍𝑖𝑡) = 𝛽𝜏 + 𝛽1𝜏 𝐸𝐼𝑖𝑡 + 𝛽2𝜏 𝐺𝐷𝑃𝐸𝑁𝑖𝑡 + 𝛽3𝜏 𝑁𝑁𝐼𝑖𝑡 + 𝑍𝑖𝑡 𝛾𝜏  (3) 

Here, 𝑄𝜏(𝐴𝐶𝐹𝑇𝑖𝑡|𝑍𝑖𝑡) represents the τth quantile of the conditional distribution of 𝐴𝐶𝐹𝑇𝑖𝑡 . This 

approach enables the examination of how energy imports, income, and efficiency influence 

access across different segments of the population, addressing both rural-urban disparities and 

access inequalities (Kanagawa & Nakata, 2008; Sovacool, 2012). 

4.4. Robustness Checks 

Robustness checks are conducted to validate the empirical results. First, alternative dependent 

variables, such as electricity access, are used to confirm the consistency of findings (Pachauri 

& Rao, 2017). Second, cross-sectional dependence is tested using Pesaran’s CD test to ensure 

that errors across countries are uncorrelated (Pesaran, 2004). Third, heteroskedasticity-

consistent standard errors are applied to address non-constant variance in the error terms 

(White, 1980). For the IV model, the relevance of instruments is confirmed using the first-stage 

F-statistic, while Hansen’s J-test validates the exclusion restrictions. 

The inclusion of control variables, such as the Gini coefficient, captures the role of income 

inequality in exacerbating energy poverty, particularly in rural areas (Reddy & Williams, 

2019). Similarly, electric power transmission and distribution losses address infrastructural 



inefficiencies, while energy investment captures the influence of resource allocation on access 

outcomes. These controls ensure that the estimated relationships between ACFT and the 

primary independent variables are not biased by omitted contextual factors. This empirical 

strategy, combining TWFE, IV estimation, and QR, provides a rigorous framework for 

analyzing energy poverty. It allows for the identification of structural determinants while 

addressing endogeneity and heterogeneity. The comprehensive approach enables actionable 

insights for policy interventions, particularly for targeting low-access populations and bridging 

rural-urban disparities. 

5. Results and Discussions 

5.1. Analyzing the Major Determinants 

This study considers the fixed-effect (FE) panel data regression technique as the base model 

and applies the instrumental variable (IV) technique to account for potential endogeneity 

issues. Diagnostic tests (Table 2) confirm the robustness of this approach. The Breusch-Pagan 

and White's tests for heteroskedasticity indicate the constant variance of residuals (p>0.05), 

while the Pesaran CD Test reveals no cross-sectional dependence (p>0.05). These results 

validate the independence of observations among BRICS countries and ensure unbiased IV 

estimates. The IV technique addresses omitted variable bias and measurement errors by 

leveraging external instruments, and isolating exogenous variation in financial capacity, energy 

availability, and energy efficiency. This approach provides robust causal estimates to answer 

the research question. 

Tale 2: Diagnostic tests 

Tests Objective to Check Statistic P-value Decision (α=0.05) Decision 

Breusch-Pagan Heteroskedasticity 15.2096 0.1731 Fail to Reject H0 
Residuals have constant 

variance 

White's Test Heteroskedasticity 41.0000 0.4265 Fail to Reject H0 
Residuals have constant 

variance 

Pesaran CD Test 
Cross-sectional 

dependence 
0.2607 0.7943 Fail to Reject H0 

No cross-sectional 

dependence 

Breusch-Godfrey Autocorrelation 1.7546 0.1853 Fail to Reject H0 No serial correlation 

Ljung-Box Autocorrelation 1.5140 0.2185 Fail to Reject H0 No serial correlation 

Jarque-Bera Normality 187.8916 1.58E-41 Reject H0 
Residuals are normally 

distributed 

Anderson-

Darling 
Normality 2.0341 0.00003 Reject H0 

Residuals are normally 

distributed 

Augmented 

Dickey-Fuller 
Stationarity -2.9130 0.0418 Fail to Reject H0 

Dependent variable is 

stationary 

Source: Author’s own calculations 



The IV results (Table 4) confirm the significant impact of financial capacity, proxied by per 

capita national income (NNI), on clean fuel access. The coefficient for NNI is positive and 

statistically significant (β=0.0082, p<0.01), indicating that higher income levels enhance 

households’ ability to afford clean energy. The IV estimates for NNI are larger than those in 

the fixed-effects model (Table 3), suggesting that underlying factors such as infrastructure 

development and institutional quality amplify the relationship between income and energy 

access. These findings align with prior research emphasizing the importance of financial 

capacity in reducing energy poverty (Bhattacharyya, 2012; Rao & Pachauri, 2017). This robust 

impact highlights the importance of policies targeting inclusive economic growth and income 

redistribution, especially in rural areas where affordability barriers are more pronounced. 

Table 3: Regression Coefficients: Access to clean fuels & technologies as Dependent Variable 

 
Model 1 Model 2 Model 3 Model 4 

NNI per capita  0.0055*** 0.0029*** 0.0028*** 0.0040*** 

  (0.001) (0.000) (0.000) (0.000) 

Energy imports 0.1407*** 0.3038*** 0.3068*** 0.0569** 

  (0.049) (0.038) (0.038) (0.026) 

GDP per unit of energy use  2.6597*** 3.5751*** 2.7778*** 2.3200** 

  (0.908) (0.384) (0.732) (0.627) 

Electric power transmission and distribution losses  -0.3013 -0.4521** -0.4577** -0.7796** 

  (0.282) (0.178) (0.176) (0.222) 

PPP investment in energy -0.0000 -0.0000 -0.0000 0.0000*** 

  (0.000) (0.000) (0.000) (0.000) 

Inflation 0.0014 0.0023*** 0.0024*** 0.0061*** 

  (0.002) (0.001) (0.001) (0.001) 

GDP growth -1.0189*** -0.1352 -0.1072 0.2384 

  (0.314) (0.128) (0.129) (0.156) 

Gini  0.8023*** -0.3741*** -0.3553*** 0.0638 

  (0.155) (0.118) (0.118) (0.161) 

Unemployment -0.6596*** 1.6195*** 1.5718*** 2.1341*** 

  (0.255) (0.188) (0.189) (0.172) 

Time     0.1682 0.1080 

      (0.132) (0.089) 

constant 4.8285 43.0646*** -288.6250 -189.4758 

  (6.414) (5.825) (260.723) (167.318) 

Estimation Method Pooled OLS Fixed Effect Fixed Effect Fixed Effect 

Time Trend NO NO YES YES 

Time Fixed Effect NO NO NO YES 

Hausman test   212.21*** 311.09*** 1084.52*** 

Modified wald test for heteroskedasticity (χ-sq)   3321.93*** 2304.95*** 2713.47*** 

R-squared 0.825 0.985 0.986 0.997 

Obs 165 165 165 165 

* p<0.10,  ** p<0.05,  *** p<0.010         

Source: Author’s own calculations 



The IV analysis (Table 4) shows a strong and statistically significant association between 

energy imports and clean fuel access (β=0.3559, p<0.01). This effect is larger than that 

observed in the fixed-effects results (Table 3), emphasizing the critical role of external energy 

sources in mitigating domestic supply constraints. These findings suggest that greater reliance 

on energy imports enables countries to enhance access to cleaner fuel alternatives, highlighting 

the importance of stable international energy trade relationships. By using the IV technique, 

the analysis underscores the geopolitical and trade dynamics of energy imports, showing their 

importance in alleviating supply-side barriers. These findings align with studies advocating for 

diversified energy portfolios to ensure reliable energy access (Kanagawa & Nakata, 2008). 

Table 4: Instrumental Variable Regression Coefficients 

Dependent Variable: Access to clean fuels 

and technologies (% of population) 
Model 1 Model 2 Model 3 

NNI per capita  0.0082***     

  (0.001)     

Energy imports   0.3559***   

    (0.087)   

GDP per unit of energy use      6.8603*** 

      (0.985) 

Electric power transmission and distribution 

losses  
0.2262 0.0411 -1.9582*** 

  (0.159) (0.338) (0.302) 

PPP investment in energy -0.0000 0.0000 -0.0000*** 

  (0.000) (0.000) (0.000) 

Inflation 0.0011 -0.0052 -0.0021 

  (0.002) (0.004) (0.003) 

GDP growth -0.9647*** -2.5303*** -2.9167*** 

  (0.313) (0.601) (0.444) 

Gini  0.6718*** 2.0056*** 0.6266*** 

  (0.133) (0.234) (0.217) 

Unemployment -0.4686** -2.8421*** -0.5558 

  (0.225) (0.394) (0.379) 

constant 6.2394 13.3792 42.8261*** 

  (5.666) (13.966) (9.768) 

Estimation Method 

Instrumental 

Variable 

Instrumental 

Variable Instrumental Variable 

Instrumented Variable 
Per Capita NNI Energy imports 

GDP per unit of 

energy use  

Wu-Hausman F 69.098*** 94.53*** 8.322*** 

First-stage regression F 2.892** 24.7711*** 21.859*** 

Obs 165 165 165 

* p<0.10,  ** p<0.05,  *** p<0.010       

Source: Author’s own calculations 

The relationship between energy efficiency (measured by GDP per unit energy use) and clean 

fuel access presents nuanced findings. The IV results (Table 4) reveal context-specific 

variations, with energy efficiency playing a significant role in economies with higher energy 



intensity. This underscores the importance of optimizing energy usage to free up resources for 

cleaner energy transitions. However, the mixed findings across models (Table 3) suggest the 

need for targeted interventions, such as investments in energy-efficient technologies and 

infrastructure improvements, tailored to country-specific contexts (Sovacool & Dworkin, 

2015). 

This study comprehensively addresses the research question by demonstrating how financial 

capacity, energy availability, and energy efficiency interact to influence energy poverty. 

Financial capacity emerges as a fundamental determinant, enabling households to overcome 

affordability barriers. Energy imports alleviate supply-side constraints, ensuring cleaner energy 

availability, while energy efficiency facilitates optimal resource utilization for sustainable 

transitions. This study provides actionable insights to mitigate energy poverty in BRICS 

countries by addressing financial capacity, energy availability, and energy efficiency. 

Enhancing financial capacity through inclusive economic growth, income redistribution, and 

social programs is essential, particularly in rural areas where affordability barriers persist 

(Bhattacharyya, 2012; Rao & Pachauri, 2017). Diversifying energy sources via international 

trade and regional cooperation can ensure stable energy availability, reducing supply-side 

constraints (Kanagawa & Nakata, 2008; Alam et al., 2020). Investments in energy-efficient 

technologies and incentives to adopt sustainable practices are vital for optimizing energy use, 

especially in urban areas (Sovacool & Dworkin, 2015; Zhang & Wang, 2019). Addressing 

rural-urban divides through tailored interventions, such as off-grid systems for rural areas, can 

further bridge access gaps (Pachauri & Rao, 2017; Reddy & Williams, 2019). These findings 

align with global goals like SDG 7, emphasizing equitable and sustainable energy transitions 

(UNDP, 2020). 

5.1.1. Robustness Check 

I check the robustness of the findings by using access to electricity (as % of the population) as 

a substitute of access to clean fuel. Table 5 provides additional insights into energy poverty, 

proxied by access to electricity. Financial capacity, measured by per capita national income 

(NNI), significantly influences electricity access in rural areas (β=0.0043, p<0.01) and the total 

sample (β=0.0045, p<0.01), affirming its critical role. Conversely, urban areas exhibit a 

negative relationship between NNI and electricity access (β= -0.0021, p<0.01) possibly due to 

saturation effects where access is nearly universal. Energy imports show significant positive 

effects in urban areas (β=0.1626, p<0.01) but negligible impacts in rural regions. These results 



align with prior findings on the importance of energy availability and affordability for 

addressing energy poverty (Bhattacharyya, 2012; Kanagawa & Nakata, 2008). 

Table 5: Regression Coefficients: Access to electricity as Dependent Variable 

 Total Total Urban Rural 

NNI per capita  0.0010** 0.0045*** -0.0021*** 0.0043*** 

  (0.0004) (0.000) (0.000) (0.001) 

Energy imports 0.1348** 0.2883*** 0.1626*** -0.0683 

  (0.063) (0.047) (0.022) (0.107) 

GDP per unit of energy use  3.4489*** 6.1384*** 2.2868*** 9.1980*** 

  (1.160) (0.472) (0.226) (1.074) 

Electric power transmission and distribution 

losses  
-1.7800*** -0.5002** -0.0022 -0.4529 

  (0.360) (0.219) (0.105) (0.500) 

PPP investment in energy 0.0000 0.0000 0.0000 0.0000 

  (0.000) (0.000) (0.000) (0.000) 

Inflation -0.0054** -0.0023** -0.0006 -0.0052** 

  (0.003) (0.001) (0.000) (0.002) 

GDP growth 0.0634 0.1911 0.1705** -0.1507 

  (0.401) (0.158) (0.076) (0.359) 

Gini  0.7097*** -0.0396 -0.0636 -0.1562 

  (0.199) (0.146) (0.070) (0.332) 

Unemployment -1.5544*** 0.4456* 0.1764 0.0658 

  (0.325) (0.231) (0.110) (0.525) 

constant 75.6620*** 71.5957*** 90.4861*** 53.9622*** 

  (8.191) (7.162) (3.431) (16.307) 

Estimation Method Pooled OLS Fixed Effect Fixed Effect Fixed Effect 

Time Fixed Effect NO YES YES YES 

Hausman test   2019.81*** 1848.91*** 82.43*** 

Modified Wald test for heteroskedasticity (χ-sq)   4.36 4.4 2388.69*** 

R-squared 0.395 0.951 0.919 0.941 

Obs 165 165 165 165 

* p<0.10,  ** p<0.05,  *** p<0.010         

Source: Author’s own calculations 

Quantile regression results (Table 6) highlight the heterogeneity of effects across different 

levels of electricity access. Financial capacity remains a consistent driver of access, with 

significant coefficients across all quantiles (β=0.006, p<0.01). Energy imports show increasing 

significance at higher quantiles (β=0.032, p<0.05 at Q25 to β=0.179, p<0.01 at Q90), 

suggesting their critical role in regions with relatively advanced access. These findings imply 

that while financial constraints dominate lower-access regions, energy availability becomes 

more pertinent as infrastructure expands (Sovacool & Dworkin, 2015). The quantile regression 

plots illustrate critical insights into energy poverty determinants. Figure 3 shows a declining 

influence of energy imports across quantiles, suggesting diminishing returns as clean fuel 

access increases, particularly benefiting the lower quantiles. Figure 4 highlights a positive 



association between GDP per unit energy use and energy access, with efficiency gains 

becoming more impactful at higher quantiles, underscoring the role of optimized energy use in 

advanced contexts. Figure 5 reveals that national income per capita has a consistent positive 

influence across quantiles, emphasizing the critical role of financial capacity in overcoming 

affordability barriers for energy access. These results supplement fixed-effects and IV analyses 

by revealing rural-urban and quantile-specific heterogeneities. While financial capacity is 

universally significant, energy imports emerge as increasingly influential in urban and high-

access contexts. These results emphasize the need for tailored policies to address regional 

disparities and varying stages of energy access (Rao & Pachauri, 2017; Zhang & Wang, 2019). 

Table 6: Quantile Regression Results: Access to clean fuel as Dependent Variable 

 
Q25 Q50 Q75 Q90 

NNI per capita  0.006*** 0.006*** 0.006*** 0.006*** 

  (0.001) (0.001) (0.001) (0.001) 

Energy imports 0.032** 0.115*  0.140** 0.179** 

   (0.015) (0.058)  (0.067)  (0.071) 

GDP per unit of energy use  2.611** 1.767 2.208 *** 1.523** 

   (1.203)  (1.059) (0.743) (0.703) 

Electric power transmission and distribution 

losses  -0.219 -0.153  -0.297  -0.05 

   (0.376) (0.376) (0.273)  (0.389) 

Inflation 0.002 0.001 0.000  0.002 

   (0.004)  (0.003) (0.002) (0.058) 

GDP growth -0.237 -1.307*** -1.378*** -0.676 

   (0.450)  (0.428)  (0.389)  (1.203) 

Gini  0.790*** 0.711*** 0.819*** 1.094 

   (0.209)  (0.217)  (0.197)  (1.828) 

Unemployment -0.344 -0.775** -0.680 ** -0.934 

   (0.285)  (0.361) (0.327)  (1.428) 

Pseudo-R^2 0.946 0.960 0.937 0.912 

Mean Residuals 2.730 -0.661 -2.801 -4.384 

Std Residuals 4.594 4.559 5.024 5.205 

Obs 165 165 165 165 

* p<0.10,  ** p<0.05,  *** p<0.010         

Source: Author’s own calculations 

 

 



Figure 3: Quantile Regression Result- Energy Availability 

 

Source: Author’s own calculations 

Figure 4: Quantile Regression Result- Energy Efficiency 

 

Source: Author’s own calculations 



Figure 5: Quantile Regression Result- Energy Affordability

 

Source: Author’s own calculations 

5.2. Urban-Rural Divide 

5.2.1. Base Model (FE panel regression strategy) 

In the base model of FE panel regression, the analysis of rural-urban disparities in access to 

clean fuels highlights notable differences in the determinants' influence (Table 7). In urban 

areas, the coefficient for national net income (NNI) per capita is positive (0.0018, p < 0.01) 

and statistically significant, underlining its critical role in enhancing clean fuel access where 

income facilitates affordability and infrastructure investments. For rural regions, the impact of 

NNI is even more pronounced (0.0037, p < 0.01), suggesting that rising incomes directly 

alleviate energy poverty by overcoming affordability barriers in underprivileged areas 

(Kanagawa & Nakata, 2008; Pachauri & Rao, 2017). The influence of energy imports is 

negative in both urban (-0.5197, p < 0.01) and rural settings (-0.0210, non-significant), 

indicating challenges in translating imported energy into equitable access due to inefficiencies 

in distribution networks and urban biases in energy policies (Bhattacharyya, 2012; Sovacool & 

Dworkin, 2015). These findings emphasize the need for targeted rural energy policies, 

including decentralized systems and income-based interventions, to bridge the rural-urban 

energy access gap. 

 

 



Table 7: Regression Coefficients- Access to clean fuel as Dependent Variable 

 Urban Urban Rural Rural 

NNI per capita  0.0018*** 0.0017*** 0.0037*** 0.0029*** 

  (0.000) (0.000) (0.001) (0.001) 

Energy imports -0.5197*** -0.5196*** -0.0210 -0.0398 

  (0.044) (0.045) (0.093) (0.071) 

GDP per unit of energy use  5.8220*** 5.8711*** 3.6317*** -1.3582 

  (0.447) (0.883) (0.933) (1.385) 

Electric power transmission and distribution 

losses  
-0.4751** -0.4747** -0.0184 -0.0537 

  (0.208) (0.213) (0.434) (0.333) 

PPP investment in energy -0.0000 -0.0000 -0.0000 -0.0000 

  (0.000) (0.000) (0.000) (0.000) 

Inflation 0.0015* 0.0015* 0.0001 0.0010 

  (0.001) (0.001) (0.002) (0.001) 

GDP growth 0.1262 0.1245 -0.5018 -0.3270 

  (0.150) (0.155) (0.312) (0.243) 

Gini  -0.1080 -0.1092 -0.9370*** -0.8195*** 

  (0.138) (0.142) (0.288) (0.223) 

Unemployment 1.2189*** 1.2218*** 0.7016 0.4031 

  (0.219) (0.228) (0.456) (0.357) 

Time   -0.0104   1.0528*** 

    (0.159)   (0.250) 

constant 
50.1579*** 70.5886 47.7869*** 

-

2028.0721*** 

  (6.792) (314.520) (14.171) (493.173) 

Estimation Method Fixed Effect Fixed Effect Fixed Effect Fixed Effect 

Time Trend NO YES NO YES 

Time Fixed Effect NO YES NO YES 

Hausman test 784.62*** 255.5*** 26.69*** 63.01*** 

Modified wald test for heteroskedasticity (χ-sq) 5.08 5.06 77.53*** 15.95*** 

R-squared 0.973 0.973 0.942 0.967 

Obs 165 165 165 165 

* p<0.10,  ** p<0.05,  *** p<0.010         

Source: Author’s own calculations 

5.2.2. Quantile Regression 

The analysis of the urban-rural divide in energy poverty across deciles, considering availability, 

efficiency, energy composition, and income capacity, provides nuanced insights into the 

structural determinants of energy access. These findings reveal significant heterogeneities and 

highlight context-specific policy needs. Figure 6 examines the influence of financial capacity, 

proxied by per capita national income (NNI). Urban areas show a declining effect of NNI across 

deciles, reflecting a saturation effect where higher income levels no longer translate into 

proportional gains in energy access. Rural areas, in contrast, display a positive association 

across all deciles, emphasizing the importance of income growth in overcoming affordability 

barriers for rural households (Pachauri & Rao, 2017; Sovacool & Dworkin, 2015). These 

findings align with calls for inclusive economic policies and targeted subsidies to reduce rural 



energy poverty (Alam et al., 2020). Figure 7 demonstrates the role of energy availability, 

represented by energy imports, in influencing access to clean fuel. In urban areas, energy 

imports show a positive effect across most deciles, peaking in mid-deciles, indicating their 

crucial role in addressing supply-side constraints. Conversely, rural areas exhibit a negative 

relationship across all deciles, reflecting limitations in infrastructure and logistical constraints 

that prevent the translation of imports into local energy access (Bhattacharyya, 2012; Alam et 

al., 2020). These results underscore the need for tailored policies to enhance rural energy 

distribution networks while optimizing urban energy import strategies (Kanagawa & Nakata, 

2008). 

Figure 8 highlights the relationship between energy efficiency, measured by GDP per unit of 

energy use, and energy poverty. Urban areas display a positive association across deciles, with 

a steep increase in lower quantiles, indicating the significant role of efficiency improvements 

in enhancing access among the least advantaged urban households. Rural areas, however, 

exhibit a negative relationship across most deciles, reflecting a lack of efficiency measures and 

resource optimization in rural settings (Reddy & Williams, 2019; UNDP, 2020). Policies 

promoting energy-efficient technologies tailored for rural usage, such as clean cooking stoves 

and energy-efficient lighting, are critical for reducing rural energy poverty (Bhattacharyya, 

2012). Figure 9 reveals the impact of renewable energy consumption on energy poverty. Urban 

areas show a consistent positive trend, particularly in higher deciles, indicating the role of 

renewables in improving access for households with already moderate levels of energy 

security. In rural areas, however, renewable energy consumption remains negatively associated 

with clean fuel access in lower deciles, suggesting that reliance on renewables is insufficient 

to overcome infrastructural barriers at the bottom of the energy access pyramid (Rao & 

Pachauri, 2017; Sovacool & Dworkin, 2015). Investments in decentralized renewable energy 

systems, such as solar mini-grids, could bridge these gaps in rural energy access (Zhang & 

Wang, 2019). 

 

 

 

 



Figure 6: Rural- urban divide: Influence of financial capacity on Energy Poverty 

 

Source: Author’s own calculations 

Figure 7: Rural- urban divide: Influence of energy availability on Energy Poverty 

 

Source: Author’s own calculations 

 



Figure 8: Rural- urban divide: Influence of energy efficiency on Energy Poverty 

 

Source: Author’s own calculations 

Figure 9: Rural- urban divide: Influence of energy composition on Energy Poverty 

 

Source: Author’s own calculations 



The quantile analysis directly addresses the research questions by revealing significant rural-

urban disparities in the structural determinants of energy poverty and their heterogeneity across 

quantiles. This approach uncovers how the effects of key determinants- energy availability, 

efficiency, composition, and financial capacity- vary not only between urban and rural 

populations but also across different levels of clean fuel access. For energy availability, the 

positive urban coefficients in mid-deciles highlight that energy imports predominantly benefit 

urban populations with moderate energy access, while rural areas face negative impacts across 

all quantiles due to infrastructure limitations (Bhattacharyya, 2012; Kanagawa & Nakata, 

2008). Similarly, the role of renewable energy composition is more pronounced in urban 

settings at higher deciles, suggesting that advanced renewable energy systems are better 

integrated in cities, whereas rural populations struggle to translate renewables into significant 

energy access gains (Sovacool & Ryan, 2016; Rao & Pachauri, 2017). Financial capacity, 

measured by NNI, shows a declining effect in urban areas across deciles, reflecting a saturation 

of income benefits, whereas rural areas exhibit a consistently positive association, emphasizing 

the critical role of income in overcoming affordability barriers for rural households (Zhang & 

Wang, 2019; Sovacool & Dworkin, 2015). The variation in energy efficiency highlights urban 

advantages in leveraging technological advancements, while rural populations remain hindered 

by inefficiencies (Reddy & Williams, 2019; Alam et al., 2020). By quantifying these disparities 

across quantiles, the analysis provides deeper insights into the spatial and structural dynamics 

of energy poverty, emphasizing the need for tailored, context-specific policy interventions 

(UNDP, 2020; Pachauri & Rao, 2017). This decile-based analysis highlights the need for 

differentiated policies to address energy poverty. In urban areas, policies should focus on 

enhancing energy efficiency and diversifying energy sources, particularly renewables, to meet 

growing energy demands. In rural areas, investments in infrastructure, decentralized 

renewables, and income-enhancing measures are essential to bridge the energy access gap. 

These findings provide actionable insights for achieving Sustainable Development Goal 7 on 

universal energy access. 

6. Policy Recommendations 

This research provides critical evidence to guide targeted and impactful policy measures 

addressing energy poverty across urban and rural areas. The findings highlight significant 

structural disparities in determinants such as energy availability, efficiency, composition, and 

financial capacity, offering key insights for crafting context-sensitive policies. To address the 



rural-urban divide, policies must prioritize infrastructural investments in rural areas. The 

negative relationship between energy imports and rural clean fuel access indicates the need for 

improved distribution networks to ensure that imported energy reaches underserved 

populations. Developing decentralized energy systems, such as solar microgrids, can enhance 

rural energy access, bypassing logistical barriers associated with centralized energy systems 

(Bhattacharya, 2016). Urban-focused strategies should expand renewable energy integration to 

ensure sustained access while promoting efficient energy usage. The results underscore the 

increasing importance of renewable energy in improving energy access, particularly in urban 

regions. Policies should incentivize renewable energy investments through subsidies and 

public-private partnerships (Huenteler et al., 2017). Additionally, rural regions require tailored 

support for renewable adoption, such as training programs for local operators and financing 

schemes for small-scale solar and wind projects (Kumar et al., 2019; Chakraborty & Roy, 

2020). The urban-rural gap in energy efficiency suggests that rural households are 

disadvantaged by outdated technologies and inefficient practices. Policies should focus on 

subsidizing energy-efficient appliances and introducing programs for retrofitting rural homes 

with energy-saving technologies (Blasch et al., 2018; Sovacool et al., 2021). Simultaneously, 

urban areas can benefit from enhanced regulations promoting green building standards and 

industrial energy efficiency.  

The positive association of income with energy access highlights the importance of income-

enhancing programs. Expanding employment opportunities in rural areas, coupled with direct 

financial assistance such as subsidies for clean fuels, can mitigate affordability barriers (Lee et 

al., 2019; Chakravarty & Tavoni, 2013). For urban populations, addressing saturation effects 

requires diversifying energy solutions, including flexible pricing schemes and improved energy 

service quality. The quantile regression results reveal heterogeneous impacts across energy 

access levels. Policymakers should adopt a differentiated approach by focusing on affordability 

and availability in lower access quantiles while addressing efficiency and renewable integration 

in higher access segments (Bazilian et al., 2012; Kankam & Boon, 2009). Policies must align 

with global sustainable development goals to achieve universal energy access. Investments in 

research and development for affordable clean technologies, coupled with regional 

collaborations, can address systemic disparities while promoting environmental sustainability 

(van de Graaf et al., 2019; Sovacool & Axsen, 2018). This research underscores the need for 

multi-dimensional, context-sensitive interventions. By integrating rural-urban disparities and 



quantile-specific determinants into policy frameworks, these recommendations provide a 

roadmap for equitable and sustainable energy transitions. 

7. Conclusion 

Energy poverty remains a pressing challenge in BRICS countries, where disparities in clean 

energy access significantly constrain socioeconomic progress and sustainable development. 

The need for this study arises from the critical gaps in understanding the rural-urban divide in 

energy poverty determinants, particularly in developing economies. Addressing this gap is 

crucial for achieving SDG 7, which emphasizes universal energy access by 2030. Existing 

literature has primarily focused on urban energy transitions or broad national trends, neglecting 

the nuanced heterogeneities across rural and urban contexts. This study fills this void by 

offering an in-depth empirical analysis of how energy availability, financial capacity, and 

energy efficiency influence clean energy access, emphasizing the structural challenges faced 

by rural populations. The research significantly mitigates the literature gap by employing 

robust econometric approaches, including fixed-effects, instrumental variable techniques, and 

quantile regressions. These methods enable a nuanced understanding of how the determinants 

of energy poverty vary across income levels and geographic settings. For example, the study 

reveals that while national net income positively impacts clean energy access in rural areas, it 

has limited significance in urban areas where infrastructural constraints are less severe 

(Bhattacharyya, 2012; Kanagawa & Nakata, 2008). Similarly, the analysis of energy imports 

underscores rural infrastructural deficiencies, suggesting that imported energy predominantly 

benefits urban populations due to inequitable distribution networks. 

The study’s theoretical underpinnings rest on energy justice and sustainable development 

frameworks, emphasizing the intersection of affordability, accessibility, and equity in energy 

transitions (Sovacool & Dworkin, 2015; Jenkins et al., 2016). These frameworks guide the 

interpretation of findings, highlighting the need for targeted interventions such as decentralized 

energy systems, renewable energy integration, and income-based subsidies in rural areas. The 

results have critical policy implications. First, they stress the importance of tailoring energy 

policies to address rural-urban disparities. Policymakers should prioritize infrastructure 

development in rural areas to overcome the logistical challenges of energy distribution. Second, 

the study underscores the role of financial incentives and targeted subsidies in enhancing 

affordability for underserved populations (Rao & Pachauri, 2017). Finally, the findings 



advocate for decentralized renewable energy systems to address both infrastructural constraints 

and climate resilience goals (Zhang & Wang, 2019). 

This research not only advances theoretical and empirical understanding but also equips 

policymakers with actionable insights to design equitable and sustainable energy policies. 

Future studies should expand on this work by incorporating dynamic analyses of renewable 

energy policies and exploring the gendered dimensions of energy poverty to further enrich the 

discourse on equitable energy transitions. 
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Appendix 

Figure A1: Energy Imports heterogeneity across BRICS countries 

 

Figure A2: Energy Efficiency heterogeneity across BRICS countries 

 

 



 

Figure A3: Per Capita National Income heterogeneity across BRICS countries 

 

 

 

 

 

 


