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1. Introduction 

Due to the importance of energy and its impact on the economy and society (Le and Nguyen 

2019), issues related to energy, such as energy poverty, are gaining attention among scholars 

and policymakers (González-Eguino 2015, Awaworyi Churchill, Smyth et al. 2020). Energy 

poverty is further emphasised as an important dimension of sustainable development 

(Moore 2012, Sovacool 2012, González-Eguino 2015) as it is not only related to economic 

development (Chevalier and Ouédraogo 2009), but is also associated with several social 

issues (Kose 2019, Awaworyi Churchill, Smyth et al. 2020, Llorca, Rodriguez-Alvarez et al. 

2020). On this point, several previous studies have focused on wellbeing and health (e.g. see 

Thomson, Snell et al. (2017), Kose (2019), Llorca, Rodriguez-Alvarez et al. (2020) among 

others); however, seemingly no attempt has been made to explore the linkages between 

energy poverty and income inequality. 

In fact, income inequality is argued as one of the most important issues in the process of 

economic development (Costanza 2019). The problem of income inequality is highlighted as 

an urgent issue due to its consequences for happiness, social vulnerability, health issues and 

others (Kanbur 2015, Piketty 2015, OECD 2018). According to a report by OECD (2018), 

wealth inequality has been increasing in OECD and emerging economies over the past 25 

years. The Economist (2019) further emphasises the severity of income inequality across the 

globe. While both theoretical and empirical literature are still providing fuel to the debate on 

determinants of income inequality, the famous theory of Kuznets (1956) argues that income 

inequality in the short run is a byproduct of economic development. After an initial increase 

in income inequality, as a nation continues to progress and reach higher levels of 

development, income inequality begins to decrease; following an inverted-U shape called the 
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Kuznets Curve. The empirical evidence on this matter is contrasting (Thomas 2015, Wu and 

Yao 2015, Meniago and Asongu 2018); therefore, other determinants of income inequality 

are proposed and examined, such as human capital (Lee and Lee 2018), financial 

development (Zhang and Ben Naceur 2019), economic integration (Herzer, Hühne et al. 

2014, Cabral, García-Díaz et al. 2016, McCalman 2018), or industrialisation (Mehic 2018). 

However, to reiterate, to the best of our knowledge there is no evidence on the consequences 

of energy poverty for income inequality. 

This study contributes to the literature by linking two important strands in a global 

framework: energy poverty and income inequality. In fact, energy poverty is generally the 

issue of a lack of access to energy or electricity, the lack of clean fuels and technologies for 

cooking, the lack of minimum energy for each people, or minimum income for energy 

spending on basic necessities (e.g., see Pachauri and Spreng (2011), and González-Eguino 

(2015)). Income inequality is essentially the difference between high-income earners and 

low-income earners. Higher energy poverty means there are more people without access to 

electricity and energy for necessities (Herrero 2017), which influences the lives and working 

of one of the most vulnerable groups – people of low-income. Moreover, energy poverty may 

cause degradation in social wellbeing (Awaworyi Churchill, Smyth et al. 2020) and the health 

of labour (Kose 2019). As a result, energy poverty may exacerbate the prevailing levels of 

income inequality. In return, income inequality illustrates the distance in income between 

the two main groups – high earners and low earners – as low earners may face difficulty in 

accessing electricity and energy. Therefore, an increase in income inequality may also 

worsen energy poverty. In summary, there may be a two-way relationship between energy 
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poverty and income inequality, which is very important to policymakers in policy 

formulation aimed at eradicating both issues.  

In terms of empirical measurement, this study takes an inclusive approach to energy poverty 

and income inequality. For energy poverty, it uses five different dimensions: use of clean 

fuels and technologies for cooking; access to electricity of the total population; access to 

electricity of rural population; access to electricity of urban population; and electricity 

consumption per capita. Furthermore, the Gini index pre-tax and pre-transfer, and the Gini 

index post-tax and post-transfer are used to proxy for income inequality. The use of different 

aspects of energy poverty is based on the rationale of investigating the relationship between 

energy poverty and income inequality using different dimensions of energy poverty, while 

the use of two Gini indices for income inequality is for a robustness check. In estimations, we 

control the Kuznets Curve by using income level and its square in the estimate of income 

inequality. Moreover, other potential determinants of income inequality including financial 

development, human capital, industrialisation, trade openness and FDI net inflows are also 

accounted for. In the estimation of energy poverty, the three main control variables are: 

income level, energy price, and energy efficiency (e.g. see Hills (2011), Moore (2012)), while 

other potential determinants of energy poverty, urbanisation and financial development, are 

added for inclusiveness and to limit omitted-variables bias. In this setting, we employ the 

panel Granger causality test by Dumitrescu and Hurlin (2012) to examine the causal 

association between five measures of energy poverty with two indices of income inequality. 

The results show a statistically significant causal nexus between energy poverty and income 

inequality, except for one-way causality from income inequality to the use of clean fuels and 

technologies for cooking. Capitalising on the evidence on mutual causalities, a two-stage 
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least squares (2SLS) estimation is applied for a system of two equations of energy poverty 

and income inequality. Furthermore, three-stage least squares (3SLS) and two-step system 

generalised method of moments (GMM) estimate are also applied for robustness checks. The 

results provide four important findings. First, robust results indicate that income inequality 

causes energy poverty in all five aspects of energy poverty. In return, increases in energy 

poverty exacerbate income inequality, except in the case of electricity consumption per 

capita. The results imply that the two issues of energy poverty and income inequality are 

linked, which requires a policy to target both simultaneously. Second, the result shows that 

the increase in electricity consumption implies a decrease in energy poverty, causing income 

inequality. This raises a question in the context of policy formulation, which should focus on 

inclusive electricity consumption and greater access to electricity rather than an increase in 

the level of electricity consumption to deal with energy poverty and income inequality. Third, 

the study analyses the relationships in two subsamples (Low and lower middle income 

economies [LMEs] and upper middle income economies [UMEs]), showing consistent 

findings in LMEs, while most results are consistent in UMEs except for the case of electricity 

consumption per capita. An increase in electricity consumption per capita is found to 

increase income inequality in LMEs, but it has the effect of decreasing income inequality in 

UMEs. The result is evidence of a non-inclusive increase in electricity consumption in LMEs, 

which implies that the respective governments should carefully consider and focus on 

electricity provision programmes for inclusive development. Lastly, human capital, 

industrialisation, financial development, trade and FDI net inflows have a significant impact 

on income inequality. In addition to income inequality, energy poverty is also affected by 
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income level, energy efficiency, energy price, financial development, and urbanisation. The 

results provide significant policy implications for energy poverty and inequality reduction. 

The next section critically discusses the existing literature on the subject. The methodology 

and data are discussed in Section 3. The results are presented and discussed in Section 4. The 

conclusion and policy implications are provided in Section 5. 

2. Literature review 

This section reviews the existing evidence on determinants of income inequality and the 

concept of energy poverty. Thereafter, it explains the linkages between two factors and 

develops a hypothesis. 

2.1 Determinants of income inequality: a short summary 

Income inequality is one of the most crucial and longstanding economic issues (Oishi, 

Kushlev et al. 2018, Zhang and Ben Naceur 2019). The Kuznets Curve theory by Kuznets 

(1955) suggests that income inequality increases in the early stage of economic development 

along with industrialisation, democratisation, and welfare development, until a tipping point 

of GDP per capita at which income inequality starts to decline. That is, income inequality and 

income level may present an inverted-U shape relationship. In the years following the study 

in 1955, Kuznets conducted several empirical studies to examine this hypothesis (e.g. see 

Kuznets (1956), Kuznets (1957), Kuznets (1967), among others). The development of the 

literature shows that Kuznets Curve theory is one of the most important pieces of research 

in explaining the dynamics of income inequality. Even now, there is still debate on the 

existence of the Kuznets Curve. For instance, Wu and Yao (2015) found evidence of the 

Kuznets Curve in China over a long period in history, from 22 B.C. to 1911. Meniago and 
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Asongu (2018) found similar evidence in 48 African countries. Meanwhile, Perera and Lee 

(2013) did not find evidence of the Kuznets Curve in Asian countries over the period 1985–

2009, while Yang and Greaney (2017) showed an S-shaped relationship between income 

inequality and income level in China, Japan, South Korea, and the US.  

The recent literature shows evidence going beyond income levels, and there is some 

endeavour to explain the dynamics of income inequality from other angles, with other 

determinants such as financial development (Jauch and Watzka 2016, Zhang and Ben Naceur 

2019), human capital (Lee and Lee 2018), economic integration (Cabral, García-Díaz et al. 

2016, McCalman 2018), or industrialisation (Mehic 2018). For instance, Altunbaş and 

Thornton (2019) argued that financial development is an important driver of income 

inequality, which decreases income inequality in upper-middle-income economies but 

increases income inequality in low- and high-income economies. Abrigo, Lee et al. (2018) 

indicated that human capital investments improve income equity in Asia. Jaumotte, Lall et al. 

(2013) found that average years of schooling have an increasing effect on income inequality 

in a sample of 51 countries. Mehic (2018) showed that industrialisation with industrial 

employment provides benefit in reducing income inequality in a sample of 27 high- and 

middle-income economies. In term of economic integration, the literature focuses on the 

impacts of trade openness and FDI inflows (Khan and Nawaz 2019). For instance, Kanbur 

(2015) and Bergh and Nilsson (2010) argued that trade openness has positive links with 

inequality; while Asteriou, Dimelis et al. (2014) highlighted the equalising effect of trade 

openness on income inequality. Meanwhile, recent studies likely agree on the effects of FDI 

on income inequality. For instance, Herzer, Hühne et al. (2014) found an increasing effect of 
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FDI inflows on income inequality in Latin American economies. A study on 16 African 

countries by Kaulihowa and Adjasi (2018) reached the same conclusion.  

Recent studies have focused on different drivers of income inequality. For instance, Canh, 

Schinckus et al. (2020) reveal the reducing effects of Internet and mobile usage on income 

inequality in a global sample of 87 countries from 2002 to 2014. Furthermore, Bonacini, 

Gallo et al. (2021) add that the work-from-home practices in the recent pandemic (COVID-

19) likely bring more benefit for high-paid, high-educated, male, older employees. In this 

development, the study of Topcu and Tugcu (2020) is among the few considering the linkage 

between energy and income inequality. They show that the consumption of renewable 

energy decreased income inequality in a sample of 23 developed countries from 1990 to 

2014. 

2.2 Energy poverty: a new concept with important implications 

The importance of energy and the effects of changing energy prices have gained significant 

attention from scholars and policymakers. In this context, besides energy security (Le and 

Nguyen 2019), energy poverty is a new concept with significant implications (Awaworyi 

Churchill and Smyth 2020, García Alvarez and Tol 2020). There is an unresolved debate on 

the definition of energy poverty (Bouzarovski, Petrova et al. 2012, Nussbaumer, Bazilian et 

al. 2012, González-Eguino 2015) and the discussion on the differences between energy 

poverty and fuel poverty (Li, Lloyd et al. 2014); however, energy poverty is often perceived 

by economists as the inability of households to meet domestic energy needs (Thomson, Snell 

et al. 2016). Pachauri and Spreng (2011) argued that there are three alternative approaches 

to measure energy poverty: technological threshold, physical threshold, and economic 
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threshold. The technological threshold approach concerns the lack of access to modern 

energy services for people. The physical threshold approach raises the focus on the 

minimum energy consumption for ‘basic necessities’ that is likely in line with the absolute 

poverty level of the World Bank. The economic threshold approach focuses on the economic 

aspect, as maximum percentage income is needed for a reasonable level of energy spending. 

González-Eguino (2015) further explained that these three approaches are complementary 

but each has their limitations. For example, there is no information on energy consumption 

income level in the first approach; the difficulty of defining ‘basic necessities’ is the problem 

of the second approach; and differences in purchasing power, energy prices, and the 

difficulty of determining adequate temperature levels between countries for comparison is 

the problem of the third approach. 

The empirical literature overcomes this continuous development of energy poverty by using 

different measurements of energy poverty following the availability of data. For instance, 

Pachauri, Mueller et al. (2004), in a study on India, used access to different energy types and 

energy consumption level. Buzar (2007) estimated the number of households living in 

inadequately heated homes in a study of energy poverty in Macedonia and the Czech 

Republic. Obeng, Evers et al. (2008) in their study on Ghana, and Pereira, Freitas et al. (2010) 

on Brazil, used access to electricity as a measure of energy poverty. Chevalier and Ouédraogo 

(2009) and Sesan (2012) employed access to modern energy fuels. Parajuli (2011) relied on 

access to modern technologies for cooking to measure energy poverty in Nepal. Barnes, 

Khandker et al. (2011) and Chester and Morris (2011), determined the threshold point at 

which energy consumption begins to rise with increases in household income in Bangladesh 

and Australia, respectively. Several recent studies (Chakravarty and Tavoni 2013, El-Katiri 
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2014, Papada and Kaliampakos 2016, Awaworyi Churchill and Smyth 2020, Awaworyi 

Churchill, Smyth et al. 2020) considered access to clean fuels and modern technologies for 

cooking, or access to electricity, as good measures of energy poverty. 

Going beyond its definitions and measurements, energy poverty is a crucial issue that has 

significant implications as an important facet in sustainable development. Previous studies 

(Sovacool, Cooper et al. 2012, Legendre and Ricci 2015, Thomson, Snell et al. 2016, 

Burlinson, Giulietti et al. 2018) emphasised the existence and severity of energy poverty 

across the globe. Chevalier and Ouédraogo (2009) argued that approximately 1.6 billion 

people have no access to modern energy fuels around the world. Sovacool, Cooper et al. 

(2012) warned that nearly 2.4 billion people across the globe are still living without access 

to electricity, or have access only to intermittent or unreliable electricity networks. Energy 

poverty is, in fact, very severe in developing countries such as India (Jain 2010), Bangladesh 

(Barnes, Khandker et al. 2011), Nepal (Parajuli 2011), South Africa (Monyei and Adewumi 

2017), and Brazil (Giannini Pereira, Vasconcelos Freitas et al. 2011), among many others. 

However, the issue of energy poverty is not noticeable only in poor and developing countries, 

but also in developed countries, such as the EU (Bouzarovski, Petrova et al. 2012, Thomson, 

Snell et al. 2016) and the UK (Burlinson, Giulietti et al. 2018). Some recent studies have paid 

attention to the drivers of energy poverty or the contribution of energy prosperity to 

economic development in developing countries. For instance, Nguyen, Su et al. (2021) 

showed in a sample of 65 economies that financial development reduces energy poverty. In 

the same vein, Koomson and Danquah (2021) concluded that financial inclusion has the 

effect of reducing energy poverty in China. Similarly, Dey and Tareque (2019) indicated a 
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long-term relationship between electricity consumption and GDP in Bangladesh from 1971 

to 2014. 

Notably, the literature shows several consequences of energy poverty related to wellbeing 

and health (Biermann 2016, Rodriguez-Alvarez, Orea et al. 2019, Awaworyi Churchill, Smyth 

et al. 2020). For instance, Chevalier and Ouédraogo (2009) argued that energy poverty leads 

to health problems and accelerates deforestation. Sovacool (2012) added that energy 

poverty has important environmental impacts encompassing deforestation and land-use 

changes, and also greenhouse gas emissions. Bouzarovski (2014) highlighted that energy 

poverty exacerbates economic vulnerability. Biermann (2016) revealed that fuel poverty2 

has a significant negative effect on wellbeing in Germany. Thomson, Snell et al. (2017) argued 

that energy poverty has a strong link with poor health, including physical and mental health, 

in a sample of 32 European countries. In the same vein, Rodriguez-Alvarez, Orea et al. (2019) 

concluded that energy poverty has a negative effect on individuals’ wellbeing in the case of 

Spain. Kose (2019) found that energy poverty is negatively linked with household health in 

Turkey, as a result of physical deficiencies and insulation problems. More recently, 

Awaworyi Churchill and Smyth (2021) added that energy poverty is linked to lower general 

health in Australia. A study in China by Zhang, Appau et al. (2021) revealed the negative 

impact of energy poverty on children’s subjective wellbeing. Acheampong, Erdiaw-Kwasie et 

al. (2021) showed that access to electricity and clean energy enhances human development 

in 79 countries in Caribbean-Latin America, Sub-Saharan Africa, and South Asia. 

                                                           
2 A form of energy poverty which is usually used in studies in developed countries (see Li, Lloyd, Liang, & Wei, (2014) for mode explanation).  
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According to Chevalier and Ouédraogo (2009), energy poverty has a strong link with 

economic development, which should have linkages with income inequality. However, likely 

no attempt has been made to explore the linkages between energy poverty and income 

inequality. Thus, the next subsection discusses the linkages between energy poverty and 

income inequality. 

2.3 Energy poverty and Income inequality 

The literature on energy poverty mostly agrees that energy efficiency, income, and energy 

prices are its main drivers (Hills 2011, Moore 2012); however, Awaworyi Churchill and 

Smyth (2020) argued that there are several potential determinants of energy poverty that 

should be further examined. Pereira, Freitas et al. (2010) studied the effectiveness of the 

electrification programme in Brazil over the period 2000–2004 and concluded that this 

programme reduced energy poverty. In contrast, García Alvarez and Tol (2020) found that 

the Bono Social de Electricidad, a similar programme in Spain, had not been effective in 

reducing energy poverty. On the other hand, Chester and Morris (2011) indicated that an 

increase in energy prices was the cause of energy poverty in Australia over the period 2007–

2012. Okushima (2017) arrived at the same conclusion, that increasing energy price was the 

cause of energy poverty in Japan. Ogwumike and Ozughalu (2016) took a different approach, 

considering the characteristics of households in Nigeria, and found that household size, age 

of household head, food expenditure to total expenditure, educational level of household 

head, and household general poverty, are the determinants of energy poverty. Interestingly, 

Awaworyi Churchill and Smyth (2020) found that ethnic diversity is likely to be a cause of 

energy poverty. Khandker, Barnes et al. (2010), through survey data in India, showed that 
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energy poverty is associated with poor income, especially in rural areas. However, there is 

no formal analysis of the effects of energy poverty on income inequality, and vice versa. 

According to Kakwani (1988), the existence of the Kuznets Curve in developing countries is 

explained by the shift in economic structures that leads to changes in income distribution 

between rural and urban areas. The process of urbanisation may lead to a greater need for 

energy in urban areas. Thus, rural areas with lower income and less economic activity may 

not be prioritised in supplying electricity or clean fuels, as developing countries prefer to 

focus on economic growth (Rock and Angel 2007, Barnes, Khandker et al. 2011). Meanwhile, 

in urban areas with higher income, citizens can afford to pay for these energy resources at 

higher prices (Lariviere and Lafrance 1999). As a result, a greater disparity in income 

between urban and rural areas may lead to an increase in energy poverty. For instance, Dong 

and Hao (2018) studied urban-rural income inequality with electricity consumption in 

China, over the period 1996–2013, and concluded that income disparity has a negative 

impact on electricity consumption per capita. Furthermore, an increase in income inequality 

may lead to asymmetric responses of people to the increase in energy prices; high earners 

may be willing and able to pay for higher energy prices, but low earners do not have the same 

capability to respond to increases in energy prices (Aristondo and Onaindia 2018).  

In terms of the nexus between energy and income poverty, Chevalier and Ouédraogo (2009) 

argued that energy poverty is always linked with economic poverty, since people with low 

income are likely to have low energy consumption and no access or only limited access to 

modern energy fuels. Specifically, the literature shows that people with energy poverty have 

to spend much of their time collecting water and local energy resources, which leads to 



14 
 

health problems and therefore income of these people (Chevalier and Ouédraogo 2009). 

Kaygusuz (2010) explained that energy is a basic need for household uses such as cooking, 

lighting and heating; it is also needed for agriculture, where energy poverty might cause 

disruption to the social and economic activities of people. Furthermore, Bouzarovski (2014) 

emphasised that energy poverty can lead to economic vulnerability, particularly for people 

with low and vulnerable income. Groh (2014) argued that people with poor access to energy 

services (who are experiencing energy poverty) have to spend more money on energy 

relative to their total income than people who enjoy better energy service quality. The study 

by Legendre and Ricci (2015) on France showed that increases in domestic fuel costs can 

push people into poverty. Similarly, Okushima (2016) found that energy poverty, especially 

among lower-income and vulnerable households, results in decreasing income. Lastly, 

increases in energy poverty are associated with negative impacts on people’s health and 

wellbeing (Kose 2019, Awaworyi Churchill, Smyth et al. 2020, Kahouli 2020, Llorca, 

Rodriguez-Alvarez et al. 2020), which might have an impact on labour productivity. This 

effect may be stronger for lower (rural) earners as their economic activities are 

underdeveloped. Concomitantly, we can expect an increasing effect of energy poverty on 

income inequality. In a nutshell, for both ways of linkage between energy poverty and 

income inequality, the hypothesis is formed as follows: 

H1: Energy poverty and income inequality are mutually and positively linked 

3. Methodology and data 

3.1 Functions of Energy poverty and Income inequality 
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The study first looks at the function of income inequality, where income level (Income) and 

the square of income level are used as control variables to control for the Kuznets Curve 

(Kuznets, 1955), which is the same as in several previous studies (Adam, Kammas et al. 2015, 

Zhang and Ben Naceur 2019): 

𝐼𝐼 = 𝑓(𝐼𝑛𝑐𝑜𝑚𝑒, 𝐼𝑛𝑐𝑜𝑚𝑒^2)        [1] 

Moreover, a set of additional control variables including human capital (HC) (Lee and Lee 

2018), industrialisation (Industry) (Mehic 2018), trade openness (Trade) (Yang and Greaney 

2017), FDI net inflows (FDI) (Cabral, García-Díaz et al. 2016), financial development (FD) 

(Zhang and Ben Naceur 2019) are added to Eq. [1]: 

𝐼𝐼 = 𝑓(𝐼𝑛𝑐𝑜𝑚𝑒, 𝐼𝑛𝑐𝑜𝑚𝑒^2, 𝐹𝐷,𝐻𝐶, 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦, 𝑇𝑟𝑎𝑑𝑒, 𝐹𝐷𝐼)   [2] 

Lastly, to examine the effect of energy poverty on income inequality, energy poverty is added 

as the augmented factor of income inequality: 

𝐼𝐼 = 𝑓(𝐼𝑛𝑐𝑜𝑚𝑒, 𝐼𝑛𝑐𝑜𝑚𝑒^2, 𝐹𝐷,𝐻𝐶, 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦, 𝑇𝑟𝑎𝑑𝑒, 𝐹𝐷𝐼, 𝐸𝑃)   [3] 

In terms of energy poverty, the literature agrees on three main drivers of energy poverty: 

energy efficiency (EI); income level; and energy prices (Eprice) (see Hills (2011), Moore 

(2012)). Thus the baseline function of energy poverty is as follows: 

𝐸𝑃 = 𝑓(𝐼𝑛𝑐𝑜𝑚𝑒, 𝐸𝐼, 𝐸𝑝𝑟𝑖𝑐𝑒)       [4] 

Then, financial development (FD) and urbanisation (Urban) are added as additional 

determinants of energy poverty to present for the financial aspect and urbanisation process 

on energy poverty (Jamasb, Mota et al. 2005, Khandker, Barnes et al. 2010). 
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𝐸𝑃 = 𝑓(𝐼𝑛𝑐𝑜𝑚𝑒, 𝐸𝐼, 𝐸𝑝𝑟𝑖𝑐𝑒, 𝐹𝐷, 𝑈𝑟𝑏𝑎𝑛)      [5] 

Income inequality is then added as the augmented determinant of energy poverty, as follows: 

𝐸𝑃 = 𝑓(𝐼𝑛𝑐𝑜𝑚𝑒, 𝐸𝐼, 𝐸𝑝𝑟𝑖𝑐𝑒, 𝐹𝐷, 𝑈𝑟𝑏𝑎𝑛, 𝐼𝐼)     [6] 

From these theoretical models of energy poverty and income inequality, with assumption on 

mutual linkages between energy poverty and income inequality, the empirical equations are 

formed as a system of equation for cross-country panel data: 

{

𝐼𝐼𝑖𝑡 = 𝛼0 + 𝛼1𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡 + 𝛼2𝐼𝑛𝑐𝑜𝑚𝑒2
𝑖𝑡
+ 𝛼3𝐸𝑃𝑖𝑡 + 𝛼4𝐹𝐷𝑖𝑡 + 𝛼5𝐻𝐶𝑖𝑡 + 𝛼6𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦𝑖𝑡

+𝛼7𝑇𝑟𝑎𝑑𝑒𝑖𝑡 + 𝛼8𝐹𝐷𝐼𝑖𝑡 + 𝜖𝑖𝑡
𝐸𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡 + 𝛽2𝐸𝑝𝑟𝑖𝑐𝑒𝑖𝑡 + 𝛽3𝐸𝐼𝑖𝑡 + 𝛽4𝐼𝐼𝑖𝑡 + 𝛽5𝐹𝐷𝑖𝑡 + 𝛽6𝑈𝑟𝑏𝑎𝑛𝑖𝑡 + 𝜕𝑖𝑡

[7] 

in which: i, t are country i at year t, respectively; 𝛼, 𝛽 are coefficients; and 𝜖, 𝜕 are residual 

terms.  

3.2 Data 

In terms of data, this study employed two Gini indices: Gini index post-tax and post-transfer 

(II1), and Gini index pre-tax and pre-transfer (II2) from the Standardized World Income 

Inequality Database (SWIID, Frederick (2016)) to proxy for income inequality, which is 

available from 1960 to 2017. However, there are in fact some technical drawbacks (see e.g. 

Jenkins (2015)). The literature generally agrees that SWIID is the best available database for 

income inequality at the country level (Gimpelson and Treisman 2018), and it has been 

recruited as the proxy of income inequality in several previous studies (Le, Nguyen et al. 

2020). In this study, both Gini indices pre- and post-tax and transfer are used for 

inclusiveness and robustness; however, the Gini index pre-tax and pre-transfer is focused as 

the main proxy since it is not impacted by tax or transfer policies of governments. 
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In terms of energy poverty, the study uses five different proxies of energy poverty, which is 

also a novel contribution of this study. According to the literature (see Pachauri and Spreng 

(2011) and González-Eguino (2015)), energy poverty can be measured using three 

approaches: technological threshold, physical threshold, and economic threshold. However, 

the second and third approach is limited in choosing the minimum energy consumption 

(second approach), or minimum income spending for energy consumption (third approach) 

in the cross-country study (González-Eguino 2015). Thus, this study focuses on the first 

approach, and uses several proxies to obtain a comprehensive view of energy poverty:  

percentage of the population having access to clean fuels and technologies for cooking to the 

total population (EP1); percentage of the population having access to electricity to the total 

population (EP2); percentage of rural population with access to electricity to total rural 

population (EP3); percentage of urban population with access to electricity to total urban 

population (EP4); and log of the electric power consumption per capita (EP5). EP1 reflects 

one of the most important aspects of energy poverty; that of access to modern energy 

services. EP2, EP3, and EP4 reflect the access to electricity in overall, rural, and urban areas. 

Meanwhile, EP5 proxies for electricity consumption levels. In fact, these variables have been 

used in some previous studies (e.g. see Pachauri, Mueller et al. (2004), Obeng, Evers et al. 

(2008), Chevalier and Ouédraogo (2009), Pereira, Freitas et al. (2010), Parajuli (2011)). All 

five proxies imply that an increase in these indicators means a decrease in energy poverty. 

The data of the five proxies of energy poverty is collected from the World Development 

Indicators (WDI – World Bank) and is mostly available from 2002 to 2014. 

Control variables (real GDP per capita (taking logarithms); industrial value-added as a 

percentage of GDP; trade as a percentage of GDP; FDI net inflows as a percentage of GDP; 
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energy intensity level of primary energy (taking logarithms); and urban population as a 

percentage of the total population) are collected from the WDI to proxy for income level, 

industrialisation, trade openness, FDI net inflows, energy efficiency, and urbanisation, 

respectively. A higher level of energy intensity implies lower energy efficiency.3 This data is 

available from the 1960s to 2018. The human capital index is collected from the Penn World 

Table 9.1 (PWT) (Feenstra, Inklaar et al. 2015), and logarithmic transformation is carried 

out to proxy for human capital, which is available from the 1970s to 2017. The overall 

financial development index is collected from the financial development database of the IMF 

to proxy for financial development, which is available from 1980 to 2017. Lastly, the WTI oil 

price is collected from the database of Thomson Reuter Eikon, and logarithmic 

transformation is also carried out to proxy for energy prices. 

Table 1. Variables, Definition, Calculation, Sources, data availability, and data description 

Variable Definition Calculation Sources Availability Obs Mean S.D. Min Max 

II1 Income 
inequality 1 

Log of Gini index of 
inequality in equivalised 
(square root scale) 
household disposable 
(post-tax, post-transfer) 
income 

SWIID 1960–2017 642 3.77 0.15 3.27 4.19 

II2 Income 
inequality 2 

Log of Gini index of 
inequality in equivalised 
(square root scale) 
household disposable 
(pre-tax, pre-transfer) 
income 

SWIID 1960–2017 642 3.83 0.14 3.53 4.25 

EP1 Energy poverty 1 Access to clean fuels and 
technologies for cooking 
(% of population) 

WDI 2002–2014* 663 53.04 33.90 0.66 99.0 

EP2 Energy poverty 2 Access to electricity (% of 
population) 

WDI 2002–2014* 663 74.66 27.38 7.10 100 

EP3 Energy poverty 3 Access to electricity, rural 
(% of rural population) 

WDI 2002–2014* 655 63.39 33.03 0.09 100 

EP4 Energy poverty 4 Access to electricity, 
urban (% of urban 
population) 

WDI 2002–2014* 663 89.25 15.70 25.00 100 

                                                           
3 which may be exactly true in the developing countries. In developing countries, the increase in energy intensity 
may reflect the change in economic structure, especially the industrial structure, i.e. from low energy-intensive 
such as agriculture to high energy-intensive economic activities such as industry. However, this study uses the 
energy intensity proxy as the energy consumption to produce a unit of output (GDP). The decrease in this proxy 
may imply the increase in the efficiency of energy consumption in economic activities.  
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EP5 Energy poverty 5 Log of electric power 
consumption (kWh per 
capita) 

WDI 2002–2014* 663 6.52 1.16 3.39 8.63 

Income Income level Log of GDP per capita 
(constant 2010 US$) 

WDI 1960–2018 663 7.79 0.97 5.78 9.59 

Industry Industrialisation Industry (including 
construction), value-
added (% of GDP) 

WDI 1960–2018 663 28.05 8.49 2.53 61.74 

Trade Trade openness Trade (% of GDP) WDI 1960–2018 663 72.47 31.47 19.46 169.5 
FDI FDI net inflows Foreign direct 

investment, net inflows 
(% of GDP) 

WDI 1960–2018 663 3.99 3.89 -4.89 39.46 

FD Financial 
development 

Overall financial 
development index 

FD-IMF 1980–2017 663 0.25 0.14 0.05 0.70 

HC Human capital Log of Human capital 
index, based on years of 
schooling and returns to 
education) 

PWT 1970–2017 663 0.77 0.25 0.12 1.20 

Eprice Energy price Log of Crude Oil Prices 
(West Texas Intermediate 
- Cushing, Oklahoma, 
Dollars per Barrel, 
Annual, Not Seasonally 
Adjusted) 

Thomson 
Reuter 
Eikon 

Until 2020 663 4.17 0.43 3.27 4.60 

EI Energy intensity Log of Energy intensity 
level of primary energy 
(MJ/$2011 PPP GDP) 

WDI 1990s–2014** 663 1.66 0.45 0.69 3.25 

Urban Urbanisation Urban population (% of 
total population) 

WDI 1960–2018 663 51.13 20.92 14.24 94.95 

Notes: SWIID is The Standardized World Income Inequality Database, version 8.3-May/2020; WDI is the World Development Indicators database (WDI – 
World Bank, version Dec/2019); FD-IMF is the Financial Development database of IMF; PWT is Penn World Table version 9.1.; The data of oil price is 
collected from database of Thomson Reuter Eikon system; *: The data of energy poverty, especially the data of electricity consumption per capita, is mostly 
available for most countries from 2002 to 2014; ** the data of energy intensity is available mostly to 2014; thus the period from 2002 to 2014 is the best 
period. 

 

After collecting all the variables, the data is matched, then the countries with too much 

missing data are dropped. It is important to note that increases in proxies of energy poverty, 

i.e. access to electricity or access to clean fuels and cooking technologies, may, along with 

increases in income levels, reach one hundred per cent. From this ceiling, there will be no or 

only very small evolution, in proxies of energy poverty. For this reason, the study drops the 

countries with one hundred per cent access to clean fuels and technologies for cooking, or 

access to electricity. Furthermore, the study has also controlled for evolution in income in 

both equations of income inequality and energy poverty (Eq.7). The final sample has 51 

countries consisting of 29 LMEs and 21 UMEs (see Table A1, Appendix, for the list of 

countries). In terms of the study period, despite data on income inequality being available to 
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2017, the data on energy intensity is mostly available only to 2014. In addition, data on the 

proxies of energy poverty are mostly available for countries in our sample from 2002. As a 

result, the period of 2002–2014 is chosen as the best for empirical analysis.4 This is a 

relatively short period of study, but our sample is a relatively large N (with 51 countries) so 

that the estimates for panel data can provide reliable results (see more detail on data 

availability in column 5 in Table 1). Table 1 presents variables, definitions, calculations, 

sources, data availability, and data descriptions. Table 2 reports the unconditional 

correlation among variables. Observations show negative correlations between EP1, EP2, 

EP3, and EP4 with both II1 and positive correlations between EP5 with II1. In addition, EP1 

and EP5 have positive correlations with II2, while EP2, EP3, and EP4 have negative 

correlations with II2. That is, access to electricity (EP2, EP3, EP4) likely has negative linkages 

with income inequality, while electricity consumption is positively linked. 

Table 2. Correlation matrix 

Correlation II1 II2 EP1 EP2 EP3 EP4 EP5 Income Industry Trade FDI FD HC Eprice EI Urban 

II1 1.00 
               

II2 0.88 1.00 
              

p-value 0.00 
               

EP1 -0.08 0.06 1.00 
             

p-value 0.04 0.12 
              

EP2 -0.15 -0.07 0.84 1.00 
            

p-value 0.00 0.08 0.00 
             

EP3 -0.24 -0.15 0.80 0.94 1.00 
           

p-value 0.00 0.00 0.00 0.00 
            

EP4 -0.19 -0.12 0.71 0.93 0.83 1.00 
          

p-value 0.00 0.00 0.00 0.00 0.00 
           

EP5 0.07 0.24 0.83 0.81 0.77 0.65 1.00 
         

p-value 0.06 0.00 0.00 0.00 0.00 0.00 
          

Income 0.17 0.33 0.80 0.71 0.60 0.60 0.79 1.00 
        

p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
         

Industry -0.03 -0.05 0.33 0.47 0.35 0.40 0.46 0.47 1.00 
       

p-value 0.41 0.18 0.00 0.00 0.00 0.00 0.00 0.00 
        

Trade -0.08 -0.05 0.09 0.14 0.13 0.15 0.18 -0.05 0.05 1.00 
      

p-value 0.05 0.20 0.02 0.00 0.00 0.00 0.00 0.22 0.22 
       

FDI -0.06 0.01 0.04 -0.06 -0.05 -0.07 0.13 0.00 -0.09 0.44 1.00 
     

p-value 0.12 0.86 0.30 0.15 0.21 0.07 0.00 0.95 0.03 0.00 
      

FD 0.09 0.21 0.49 0.54 0.57 0.47 0.62 0.58 0.35 0.01 -0.03 1.00 
    

p-value 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 0.49 
     

HC -0.01 0.07 0.65 0.75 0.70 0.64 0.77 0.63 0.41 0.24 0.04 0.41 1.00 
   

p-value 0.87 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.00 
    

Eprice -0.07 -0.06 0.09 0.11 0.11 0.12 0.11 0.11 0.03 0.07 0.17 0.12 0.12 1.00 
  

p-value 0.08 0.10 0.03 0.00 0.01 0.00 0.01 0.00 0.41 0.08 0.00 0.00 0.00 
   

EI -0.11 -0.11 -0.45 -0.49 -0.39 -0.54 -0.27 -0.52 -0.15 0.10 0.14 -0.21 -0.39 -0.11 1.00 
 

                                                           
4 It is worthy of note that the short period of time (T=13 years) leads us to a decision not to check the stationarity 
or structural break of data variables; according to Baltagi, B. (2008). Econometric analysis of panel data, John Wiley 
& Sons., Chapter 12, panel data with T>25 is appropriate for unit root tests and other tests such as cointegration or 
structural break tests. We acknowledge the suggestion from the anonymous reviewer. 
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p-value 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 
  

Urban 0.12 0.25 0.78 0.62 0.47 0.52 0.66 0.84 0.33 -0.08 0.05 0.36 0.51 0.07 -0.43 1.00 
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.20 0.00 0.00 0.07 0.00 

 

 

3.3 Empirical estimations 

Econometrically, the assumption of the system equation in Eq. [7] is that energy poverty and 

income inequality have a mutual linkage or two-way causal nexus. To prove this point, the 

study first employs the Granger causality test for panel data, following the approach 

developed by Dumitrescu and Hurlin (2012). In so doing, it examines the causality between 

each proxy of energy poverty and income inequality. In fact, while the validity of the Granger 

causality test has been criticised in the econometrics literature (see Haufe, Nikulin et al. 

(2012)), it is used to provide a piece of additional econometric evidence for our hypothesis 

on the mutual nexus between energy poverty and income inequality. The results of panel 

Granger causality are presented in Table 3, showing statistical significance causal impact of 

energy poverty and income inequality on each other, excluding insignificant statistics in the 

causality of EP1 to both II1 and II2, respectively. The results firstly imply that there are bi-

directional causalities between energy poverty and income inequality in most aspects, 

except the uni-directional causality from income inequality to the use of clean fuels and 

technologies for cooking (EP1). This is an interesting finding, that access to electricity (total, 

rural area, urban area) or electricity consumption has mutual causality with income 

inequality, while there is only one-directional causality from the use of clean fuels and 

technologies for cooking on income inequality, but the reverse causality is not statistically 

signifiance. 

Table 3. Granger causality tests 

Energy 
poverty 

Income inequality (II1) does not Granger-cause Energy 
poverty 

Energy poverty does not Granger-cause Income 
inequality (II1) 

Z-bar p-value Z-bar p-value 
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EP1 29.88*** 0.0000 0.546 0.5845 
EP2 10.78*** 0.0000 21.29*** 0.0000 
EP3 8.936*** 0.0000 18.21*** 0.0000 
EP4 7.017*** 0.0000 26.04*** 0.0000 
EP5 12.76*** 0.0000 13.11*** 0.0000 

Energy 
poverty 

Income inequality (II2) does not Granger-cause Energy 
poverty 

Energy poverty does not Granger-cause Income 
inequality (II2) 

Z-bar p-value Z-bar p-value 

EP1 50.05*** 0.0000 0.486 0.6265 
EP2 25.04*** 0.0000 16.18*** 0.0000 
EP3 18.59*** 0.0000 12.22*** 0.0000 
EP4 16.85*** 0.0000 21.48*** 0.0000 
EP5 21.75*** 0.0000 11.12*** 0.0000 

Notes: in Granger causality tests (Dumitrescu & Hurlin (2012)): H0: X does not Granger-cause Y; H1: X does Granger-cause Y for at least 
one panelvar (country). *** is significant at 1%. 

The results in Table 3 provide statistical evidence supporting the hypothesis and the 

estimation of the system equation in Eq. [7]. In estimating structural equations with mutual 

linkages between dependent variables, the econometrics literature suggests the two-stage 

least squares (2SLS) estimate as appropriate for the analysis of structural equation (James 

and Singh 1978, Angrist and Imbens 1995). According to James and Singh (1978), the 2SLS 

has been proven with statistical and substantive examples in estimating reciprocal causation 

while eliminating bias due to random measurement errors. That is, the use of 2SLS for our 

study controls the mutual causal relationship between energy poverty and income inequality 

while eliminating any bias due to measurement errors. Latterly, the econometrics literature 

has introduced an alternative technique to 2SLS, namely, the three-stage least squares 

estimator (3SLS) (Zellner and Theil 1962). In fact, the 3SLS is a combination of 2SLS and 

multivariate regression (namely, seemingly unrelated regressions estimation) (Zellner and 

Theil 1962). According to Belsley (1988), the 3SLS is a better fit for larger systems of 

equations. Meanwhile, our analysis is for a small system of equations, thus 2SLS is still used 

as the main technique, while 3SLS is recruited as a robustness check. Lastly, it is worth noting 

that we also use the two-step system GMM estimate by Blundell and Bond (1998) as an 

alternative robustness check for 2SLS and 3SLS. According to Roodman (2009), the two-step 



23 
 

system GMM estimator is an appropriate estimator for short panel data with large N. 

Furthermore, the econometrics literature shows that the two-step system GMM estimator is 

among the most used technique to deal with any potential endogeneity (Windmeijer 2005). 

4. Results and discussion 

The main results by 2SLS are presented in Tables 4 and 5, while the robustness check by 3SLS 

and two-step system GMM is reported in Tables A2 to A4, Appendix. 

Table 4. The linkages among Energy poverty and Income inequality 
 

Note: *, **, *** are significant levels at 10%, 5%, and 1%, respectively; standard errors are in []. 

Model (2SLS) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Dep. var: II1 II1 II1 II1 II1 II2 II2 II2 II2 II2 

Income 0.6151*** 0.6772*** 0.5189*** 0.7468*** 0.6079*** 0.1971 0.2861** 0.0977 0.3981*** 0.3451**  
[0.1352] [0.1356] [0.1205] [0.1551] [0.1946] [0.1201] [0.1149] [0.1092] [0.1314] [0.1746] 

Income^2 -0.0333*** -0.0381*** -0.0269*** -0.0432*** -0.0355*** -0.0057 -0.0117 0.0018 -0.0194** -0.0187 
 [0.0085] [0.0084] [0.0078] [0.0097] [0.0131] [0.0075] [0.0072] [0.0071] [0.0082] [0.0118] 

EP1 -0.0015**     -0.0013**      
[0.0007]     [0.0006]     

EP2  -0.0026**     -0.0030***     
 [0.0010]     [0.0009]    

EP3   -0.0049***     -0.0060***    
  [0.0017]     [0.0015]   

EP4    -0.0031**     -0.0041***  
    [0.0014]     [0.0012]  

EP5     0.0123     0.0491* 
     [0.0329]     [0.0295] 

FD -0.0314 0.0116 0.1372* -0.0056 -0.0482 0.0208 0.0719 0.2304*** 0.0562 -0.0393 
 [0.0586] [0.0590] [0.0792] [0.0590] [0.0737] [0.0521] [0.0500] [0.0718] [0.0499] [0.0661] 

HC -0.1126*** -0.0399 0.1170 -0.0801* -0.1678*** -0.1336*** -0.0369 0.1647* -0.0725* -0.2287*** 
 [0.0393] [0.0556] [0.0982] [0.0470] [0.0542] [0.0349] [0.0471] [0.0890] [0.0398] [0.0486] 
Industry -0.0034*** -0.0020** 0.0000 -0.0026*** -0.0032*** -0.0042*** -0.0026*** -0.0001 -0.0033*** -0.0047*** 
 [0.0010] [0.0010] [0.0013] [0.0009] [0.0012] [0.0009] [0.0008] [0.0012] [0.0008] [0.0010] 

Trade 0.0002 0.0003 0.0006** 0.0002 0.0000 0.0004* 0.0005** 0.0009*** 0.0004** 0.0000 
 [0.0002] [0.0002] [0.0003] [0.0002] [0.0003] [0.0002] [0.0002] [0.0003] [0.0002] [0.0003] 

FDI -0.0007 -0.0020 -0.0045** -0.0016 -0.0009 0.0000 -0.0015 -0.0047** -0.0012 -0.0006 
 [0.0018] [0.0018] [0.0021] [0.0018] [0.0020] [0.0016] [0.0015] [0.0019] [0.0015] [0.0018] 

Const. 1.2887** 1.1102** 1.5490*** 1.0161* 1.3758* 2.9080*** 2.6109*** 3.1227*** 2.4062*** 2.2867***  
[0.5314] [0.5276] [0.4623] [0.5664] [0.8146] [0.4721] [0.4472] [0.4188] [0.4797] [0.7309] 

R-squared 0.2021 0.2660 0.3492 0.2292 0.0915 0.2645 0.3840 0.3759 0.3540 0.1455 

Obs. 546 546 546 546 546 546 546 546 546 546 

F-stat 8.56 9.47 10.82 8.88 7.02 15.74 19.62 19.81 18.81 13.38 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Dep. var: EP1 EP2 EP3 EP4 EP5 EP1 EP2 EP3 EP4 EP5 

Income 17.52*** 14.40*** 24.93*** 4.0292*** 1.1708*** 19.429*** 20.316*** 31.007*** 7.5146*** 1.2188***  
[2.0666] [2.8201] [3.7814] [1.3369] [0.1337] [2.2183] [2.9181] [3.5364] [1.5027] [0.1122] 

Eprice -2.1844 -6.0136** -7.3622** -2.8646** -0.1741 -2.2023 -6.7662*** -7.3603** -3.6165*** -0.1158  
[1.9358] [2.6416] [3.5421] [1.2522] [0.1252] [1.8919] [2.4887] [3.0160] [1.2816] [0.0957] 

EI -1.4179 -12.402*** -9.3746** -12.244*** 0.6099*** 1.8655 -4.2024 1.2873 -8.3023*** 0.8623***  
[2.0278] [2.7672] [3.7104] [1.3117] [0.1312] [2.0637] [2.7147] [3.2900] [1.3980] [0.1044] 

II1 -79.43*** -182.85*** -259.25*** -79.34*** -7.4125***       
[18.67] [25.48] [34.17] [12.08] [1.2081]      

II2      -81.57*** -208.2*** -264.4*** -102.6*** -5.885***  
     [17.56] [23.09] [27.99] [11.89] [0.8885] 

Urban 0.5954*** 0.0697 -0.2328* 0.0745* -0.0060 0.6270*** 0.1283 -0.1286 0.0915** -0.0019  
[0.0686] [0.0936] [0.1255] [0.0444] [0.0044] [0.0655] [0.0862] [0.1045] [0.0444] [0.0033] 

FD 10.188 27.80*** 34.03** 19.8882*** 0.4344 11.3620 28.59*** 38.02*** 19.09*** 0.7046*  
[7.7585] [10.58] [14.19] [5.0188] [0.5018] [7.5427] [9.9222] [12.02] [5.1094] [0.3816] 

Constant 196.53*** 689.7*** 899.40*** 381.30*** 25.451*** 187.53*** 738.75*** 864.1*** 444.2*** 18.74***  
[68.90] [94.02] [126.07] [44.57] [4.4564] [61.41] [80.79] [97.91] [41.60] [3.1074] 

R-squared 0.6773 -0.0741 -0.1679 0.2616 -0.5303 0.6873 0.0326 0.1408 0.2152 0.0924 

Obs. 546 546 546 546 546 546 546 546 546 546 

F-stat 179.7 45.60 38.41 56.81 45.05 185.9 54.66 54.05 59.10 72.70 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



24 
 

In terms of control variables, some key findings merit particular attention. The results on 

income inequality suggest significant positive coefficients of income level and significant 

negative coefficients of the square of income level, especially in the case of II1 (the Gini index 

post-tax and post-transfer). This implies the existence of the Kuznets Curve. The results 

show significant negative impacts of human capital, industrialisation, and FDI net inflows on 

income inequality, which means that human capital accumulation, the process of 

industrialisation, and FDI inflows are good factors in reducing the inequality in income 

distribution. Meanwhile, financial development and trade openness have inconsistent 

impacts. In terms of energy poverty, the results show significant positive impacts of income 

level on five proxies of energy poverty, which implies that increases in income (or economic 

development) increase the use of clean fuels and technologies for cooking, access to 

electricity (total, rural area, urban area), and electricity consumption per capita. In other 

words, economic development potentially reduces energy poverty. There are similar effects 

in the case of urbanisation and financial development that are documented with positive 

impacts on energy poverty. In contrast, energy prices and energy intensity appear to have 

negative impacts on proxies of energy poverty, which means that increases in energy prices 

or energy intensity reduce the use of clean fuels and technologies for cooking, access to 

electricity, and electricity consumption per capita, and hence exacerbate energy poverty. 

Next, the effects of energy poverty and income inequality on each other are discussed. First, 

the results in Table 4 present the effects of energy poverty and income inequality on each 

other in the full sample. Tables A2 and A3 in Appendix show consistent findings with the 3SLS 

and two-step system GMM estimates, respectively. These observations show that four in five 
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proxies of energy poverty (EP1, EP2, EP3, and EP45) have significant negative impacts on 

both Gini indices (II1 and II2), while EP5 has a positive impact. In return, both Gini indices 

(II1 and II2) have a significant negative impact on all five proxies of energy poverty. The 

results imply that the use of clean fuels and technologies for cooking (EP1), access to 

electricity (EP2), access to electricity of rural population (EP3), and access to electricity of 

urban population (EP4), have the effect of decreasing income inequality, which implies that 

decreases in energy poverty in respect of the use of clean fuels and technologies for cooking 

and access to electricity could alleviate income inequality. Meanwhile, the increase in 

electricity consumption per capita (EP5) has a positive impact on income inequality, which 

means that the increase in electricity consumption has a side-effect of increasing income 

inequality. In return, the significant negative impacts of both Gini indices on all five aspects 

of energy poverty mean that increases in income inequality (both pre- or post-tax and 

transfer) can cause energy poverty. That is, income poverty leads to energy poverty. 

Overarchingly, the results confirm our hypothesis that energy poverty and income inequality 

have a mutual linkage except in the case of electricity consumption level. The results provide 

empirical evidence at a global level that energy poverty and income inequality are strongly 

interlinked, which should be dealt with as an appropriate policy for both issues.  

The results have the important implication that there are strong interlinkages between 

energy poverty and income inequality. On the side of income inequality, the results highlight 

a new potential driver of income inequality – energy poverty – besides other documented 

drivers such as income level, as in the Kuznets Curves (Kuznets 1955), or financial 

                                                           
5 Reminder that increases in these variables means decreases of EP. 
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development (Altunbaş and Thornton 2019), and human capital (Lee and Lee 2018). That is, 

not using energy poverty in defining the dynamics of income inequality may result in the 

problem of omitted variables and impact the robustness of the results. Moreover, the results 

hint that any programme to fight income inequality should consider energy issues. On the 

side of energy poverty, it is likely the first attempt to link income inequality with energy 

poverty through a comprehensive analysis for a global sample, despite some previous 

studies (Chevalier and Ouédraogo 2009, Kaygusuz 2010). The study reveals that income 

inequality is one of the major drivers of energy poverty. Above all, the study should prompt 

action in fighting both energy poverty and income inequality, especially making energy 

poverty a sustainable development goals (Kaygusuz 2011, Ogwumike and Ozughalu 2016). 

Furthermore, the effect of electricity consumption per capita (implying lower energy 

poverty) increasing income inequality has important policy implications. That is, a 

government policy focusing on the level of electricity consumption may exacerbate income 

inequality, which then has return effects on energy poverty, creating a poverty circle in both 

income and energy. This evidence raises an issue in fighting energy poverty besides the 

trade-off between energy poverty alleviation and climate change mitigation (Chakravarty 

and Tavoni 2013). In terms of energy poverty, governments should pay more attention to 

inclusive development of electricity programmes and the electricity sector, focusing on 

access to electricity or the use of clean fuels and technologies for cooking rather than 

increases in electricity consumption per capita. 
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Table 5. The linkages among Energy poverty and Income inequality (pre-tax and pre-transfer) in two 

sub-groups  
 

Note: *, **, *** are significant levels at 10%, 5%, and 1%, respectively; standard errors are in []. 

 

Further analysis for two subsamples (LMEs and UMEs) is presented in Table 5 for the case 

of the Gini index pre-tax and pre-transfer (II2). The analysis for the Gini index post-tax and 

post-transfer (II1) for two subsamples is reported in Table A4, Appendix, showing consistent 

results. 

Model (2SLS) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Group: 29 LMEs 22 UMEs 

Dep. var: II2 II2 II2 II2 II2 II2 II2 II2 II2 II2 

Income -0.6568 0.3857** -1.6771*** 1.2056*** 1.8328*** 2.6865*** 1.1564*** 0.6874 0.8207* 2.6330***  
[0.4017] [0.1818] [0.4210] [0.1795] [0.3892] [0.5183] [0.3878] [0.6981] [0.4224] [0.6348] 

Income^2 0.0613** -0.0175 0.1276*** -0.0762*** -0.1328*** -0.1451*** -0.0603*** -0.0350 -0.0422* -0.1409*** 
 [0.0304] [0.0131] [0.0302] [0.0125] [0.0282] [0.0297] [0.0225] [0.0406] [0.0246] [0.0362] 

EP1 -0.0056***     -0.0037***      
[0.0013]     [0.0006]     

EP2  -0.0056***     -0.0090***     
 [0.0009]     [0.0011]    

EP3   -0.0101***     -0.0114***    
  [0.0014]     [0.0019]   

EP4    -0.0073***     -0.0134***  
    [0.0009]     [0.0025]  

EP5     0.2913***     -0.1563*** 
     [0.0578]     [0.0309] 
FD 0.1909* 0.3754*** 1.1968*** 0.3201*** -0.8129*** 0.1797*** 0.2821*** 0.6994*** 0.2038*** 0.4955*** 
 [0.1122] [0.1024] [0.2012] [0.0842] [0.1795] [0.0457] [0.0399] [0.1088] [0.0419] [0.0809] 

HC 0.2326*** 0.2612*** 0.7126*** 0.1160*** -0.7900*** -0.4484*** -0.2478*** -0.0494 -0.3255*** -0.4674*** 
 [0.0754] [0.0568] [0.1105] [0.0344] [0.1542] [0.0521] [0.0540] [0.1108] [0.0595] [0.0626] 
Industry -0.0070*** -0.0016 -0.0024* -0.0023** 0.0016 -0.0078*** -0.0055*** -0.0101*** -0.0057*** -0.0065*** 
 [0.0021] [0.0010] [0.0014] [0.0010] [0.0019] [0.0007] [0.0006] [0.0012] [0.0007] [0.0009] 

Trade 0.0007** 0.0010*** 0.0019*** 0.0010*** -0.0009** -0.0003 -0.0011*** -0.0020*** -0.0007*** -0.0001 
 [0.0003] [0.0002] [0.0004] [0.0002] [0.0004] [0.0003] [0.0002] [0.0005] [0.0003] [0.0003] 

FDI 0.0032* 0.0011 -0.0008 0.0008 -0.0088** -0.0007 -0.0018 -0.0036 -0.0019 -0.0006 
 [0.0017] [0.0013] [0.0020] [0.0014] [0.0035] [0.0025] [0.0021] [0.0037] [0.0023] [0.0030] 

Const. 5.4694*** 2.0073*** 8.9448*** -0.4444 -3.4553** -7.5763*** -0.3978 1.7747 1.6985 -6.7000**  
[1.3238] [0.6264] [1.4209] [0.6275] [1.4423] [2.2420] [1.6673] [3.0127] [1.8483] [2.6866] 

R-squared -0.2777 0.2622 -0.5705 0.2356 -1.8050 0.5756 0.6956 0.0210 0.6427 0.3775 

Obs. 359 359 354 359 359 283 283 283 283 283 

F-stat 6.23 11.76 10.23 15.16 4.93 35.36 50.63  17.42 39.10 23.53 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Dep. var: EP1 EP2 EP3 EP4 EP5 EP1 EP2 EP3 EP4 EP5 

Income 37.360*** 20.6907*** 41.9306*** 1.3157 0.8793*** 8.4052*** 1.6589 3.3016 0.1110 0.8418***  
[8.5200] [5.3710] [8.2850] [3.1285] [0.2368] [2.6172] [1.6840] [3.7544] [0.8443] [0.0600] 

Eprice -1.7314 -0.0599 -0.5880 0.6421 0.1297 -0.9135 -1.3395 -1.1697 -1.1962* -0.0590  
[4.1825] [2.6366] [4.0751] [1.5358] [0.1163] [2.0427] [1.3143] [2.9302] [0.6589] [0.0469] 

EI 48.141*** 17.894** 49.464*** -10.159** 1.3057*** 6.7187*** -1.5860 -1.1251 -3.0128*** 0.5699***  
[11.8145] [7.4478] [11.4741] [4.3382] [0.3284] [2.3957] [1.5415] [3.4366] [0.7728] [0.0549] 

II2 -370.05*** -203.19*** -390.46*** -40.333* -5.9211*** -8.9881 -41.665*** -36.537*** -23.375*** -0.1931  
[64.04] [40.3738] [60.8403] [23.5169] [1.7803] [8.9584] [5.7641] [12.8508] [2.8897] [0.2055] 

Urban 1.4004*** 0.9348*** 0.7663*** 0.4412*** 0.0305*** 0.7534*** 0.2771*** 0.1570* 0.1226*** 0.0002  
[0.2570] [0.1620] [0.2518] [0.0944] [0.0071] [0.0596] [0.0384] [0.0855] [0.0192] [0.0014] 

FD 47.29** 93.45*** 116.80*** 56.245*** 2.7901*** 2.4849 21.8048*** 50.599*** 9.8679*** 1.3301***  
[22.352] [14.0908] [21.80] [8.2076] [0.6213] [6.4332] [4.1393] [9.2284] [2.0752] [0.1476] 

Constant 1,028.5*** 598.2*** 1,092.0*** 214.2*** 17.428*** -17.509 220.78*** 174.18*** 184.35*** -0.1975  
[191.7] [120.8] [182.0] [70.40] [5.3296] [35.870] [23.080] [51.456] [11.57] [0.8227] 

R-squared -0.1900 0.4903 0.0836 0.5638 0.1791 0.6724 0.6164 0.3414 0.5940 0.7889 

Obs. 359 359 354 359 359 283 283 283 283 283 
F-stat 30.48 66.47 34.86 69.53 28.52 91.09 41.68 10.28 33.18 172.0 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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In terms of control variables, the results show consistent findings with the existence of the 

Kuznets Curve in the case of UMEs as the significant positive impact of income and the 

significant negative impact of the square of income on income inequality, while it is not 

consistent in the case of LMEs. There are also differences between the two groups in the 

impacts of other control variables on income inequality. Human capital and trade openness 

appear to increase income inequality in LMEs, while they reduce income inequality in UMEs. 

In the control variables for energy poverty, the results show consistent effects of income 

level, urbanisation, and financial development on increasing the proxies of energy poverty, 

which imply that these factors reduce energy poverty. Meanwhile, energy prices are found 

to have a consistent, negative impact on the proxies of energy poverty in both groups, which 

means that increases in energy price are likely the common cause of energy poverty. 

The results in Table 5 for LMEs (model 1 to model 5) show consistent findings. That is, the 

use of clean fuels and technologies for cooking (EP1), and access to electricity (EP2, EP3, 

EP4), have significant negative impacts on income inequality; while electricity consumption 

per capita (EP5) has a significant positive impact. In return, the Gini index pre-tax and pre-

transfer (II2) has significant negative impacts on all five aspects of energy poverty in LMEs. 

The results highlight again the mutual positive linkages between energy poverty and income 

inequality in LMEs except for the case of electricity consumption level; this shows that 

increases in electricity consumption per capita in LMEs are not inclusive for all people, 

especially low-income earners, and thus income inequality is exacerbated.  

Meanwhile, most results are consistent in the case of UMEs (results in model 6 to model 10). 

Energy poverty in the aspects of the use of clean fuels and technologies for cooking (EP1), 
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and access to electricity (EP2, EP3, EP4), have significant negative impacts on income 

inequality, while income inequality has a significant negative impact on all five proxies of 

energy poverty. However, there is an interesting finding in the case of electricity 

consumption per capita (EP5) that is different from LMEs and also the full sample. The result 

in model 10 shows that EP5 has a significant negative impact on income inequality, which 

means that an increase in electricity consumption per capita (or decrease of energy poverty) 

in UMEs contributes to alleviating income inequality. The increases in electricity 

consumption level in UMEs are likely to be more inclusive than in LMEs. This may be due to 

the difference in the efficiency of the development of the electricity sector and development 

of infrastructure in UMEs, which helps them deliver electricity access, along with electricity 

consumption level, to more people. Lastly, it is important to acknowledge that there are 

several measurements of income inequality (Cowell 2011). This study collected and 

calculated four alternative proxies of income inequality from the World Inequality Database 

(https://wid.world). The results are properly consistent and robust.6  

5. Conclusion and Policy implications  

The importance of energy poverty and income inequality as two important facets of 

sustainable development is profound and highlighted in the existing literature. There are 

several studies on the determinants of income inequality, but little attention has been paid 

to energy poverty. Moreover, there are potential linkages between energy poverty and 

income inequality as energy poverty accompanies income poverty, and vice versa. In this 

context, the study sheds light on these two important aspects of energy poverty and income 

                                                           
6 The detailed results can be provided upon request. We acknowledge this helpful comment from two anonymous 
reviewers. 

https://wid.world/
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inequality by examining these linkages. In this endeavour, we took an inclusive approach and 

used five different measurements of energy poverty: use of clean fuels and technologies for 

cooking, access to electricity (total, rural population, and urban population), and electricity 

consumption per capita, along with two Gini indices (pre-tax and pre-transfer, and post-tax 

and post-transfer). The study first employed a panel Granger causality approach to examine 

the causal nexus between variables in a sample of 51 economies. Our results lead us to 

conclude that there is bi-directional causal nexus between two variables in most aspects 

except the case of use of clean fuels and technologies for cooking; whereas there is only one-

way causality from income inequality to use of clean fuels and technologies for cooking. In 

the policy context, the focus of public policy should be both on income inequality and energy 

poverty, as both are crucial for sustainable development in both developing and developed 

economies. Nevertheless, to use more sustainable sources of energy and address climate 

challenges, it is vital to overcome the income inequality that prevails, even in developed 

economies.  

In the second stage of empirical analysis, we employed 2SLS as the main estimation 

approach. This was complemented by 3SLS and two-step system GMM estimation to 

investigate the effects of energy poverty on income inequality, and vice versa, through 

system equation. The empirical results are found to be robust and consistent across all 

estimates, which provides us with the confidence to draw inferences. In examining the nexus 

between energy poverty and income inequality, the study provides findings that have crucial 

policy implications, particularly in the context of sustainable development. First, increases 

in income inequality cause an increase in energy poverty in all five aspects; while decreases 

in energy poverty can also reduce income inequality except in the case of electricity 
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consumption per capita, which exacerbates income inequality. Second, the investigation for 

29 LMEs and 22 UMEs shows that the results in LMEs are consistent, while the results for 

UMEs have one interesting difference. An increase in electricity consumption per capita in 

UMEs appears to have a negative impact on income inequality, which differs from its positive 

impact in the full sample and LMEs; this implies that increase in electricity consumption per 

capita in UMEs is more inclusive than in LMEs, such that it can reduce income inequality.  

In terms of control variables, these findings lead us to conclude that the Kuznets Curve exists 

in the overall sample and UMEs, but not in LMEs; this implies that economic growth may not 

lead to diminishing income inequality, and hence distributional policies are crucial, 

particularly in LMEs. Urbanisation and FDI net inflows are found to reduce income inequality 

consistently in both LMEs and UMEs, implying that a policy of encouraging urbanisation and 

FDI inflows helps reduce income inequality. Nonetheless, economic development, 

urbanisation, and financial development contribute to the reduction of energy poverty 

consistently in the full sample and two subsamples. This implies that policy focus on 

economic growth, financial development and urbanisation, can also help reduce energy 

poverty. In contrast, increases in energy prices are found to be a major cause of energy 

poverty, implying that fiscal policy should address increases in energy prices, as these may 

exacerbate energy poverty. Therefore, a policy focusing on energy support and subsidising 

low-income households can be useful in dealing with energy poverty, both in developed and 

developing economies.  

Finally, we should acknowledge that this study carries out empirical analysis for a global 

sample but with a relatively short period, i.e., for around 13 years. Therefore, future studies 
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with a longer dataset, particularly the time dimension, can further test the long-run 

relationship. 
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Appendix 

Table A1. List of 51 countries 

29 low and lower-middle-income economies (LMEs) 

Bangladesh El Salvador Kyrgyzstan Nigeria Tanzania 
Bolivia Ghana Morocco Pakistan Togo 

Cambodia Honduras Mozambique Philippines Tunisia 
Cameroon India Nepal Senegal Vietnam 

Côte d'Ivoire Indonesia Nicaragua Sudan Zambia 
Egypt Kenya Niger Tajikistan 

 

22 upper-middle-income economies (UMEs) 

Argentina Costa Rica Iran Mexico South Africa 

Brazil Dominican Republic Jamaica Namibia Sri Lanka 
Chile Ecuador Jordan Panama Thailand 

China Gabon Kazakhstan Peru Uruguay 
Colombia Guatemala 

  

Note: The income classification is followed WDIs (World Bank). 

 

Table A2. The linkages among Energy poverty and Income inequality: Robustness check by 3SLS 
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Note: *, **, *** are significant levels at 10%, 5%, and 1%, respectively; standard errors are in []. 

 

Table A3. The linkages among Energy poverty and Income inequality: Robustness check by two-step system 

GMM 

Model (3SLS) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Dep. var: II1 II1 II1 II1 II1 II2 II2 II2 II2 II2 

Income 0.4362*** 0.1556 0.1456* 0.1193 0.4328*** 0.1148 0.0766 0.0671 -0.0368 0.5739***  
[0.1284] [0.0976] [0.0791] [0.1292] [0.1313] [0.1136] [0.0550] [0.0609] [0.0826] [0.1226] 

Income^2 -0.0213*** -0.0047 -0.0032 -0.0033 -0.0242*** -0.0001 0.0015 0.0037 0.0078 -0.0337*** 
 [0.0080] [0.0059] [0.0052] [0.0079] [0.0088] [0.0071] [0.0032] [0.0042] [0.0050] [0.0084] 

EP1 -0.0018***     -0.0015**      
[0.0007]     [0.0006]     

EP2  -0.0028***     -0.0031***     
 [0.0010]     [0.0008]    

EP3   -0.0046***     -0.0061***    
  [0.0016]     [0.0015]   

EP4    -0.0022*     -0.0034***  
    [0.0013]     [0.0011]  

EP5     0.0010     0.0686** 
     [0.0297]     [0.0273] 
FD -0.0371 0.0430 0.1421* 0.0216 -0.0369 0.0126 0.0734 0.2273*** 0.0505 -0.0691 
 [0.0577] [0.0555] [0.0738] [0.0566] [0.0700] [0.0514] [0.0471] [0.0674] [0.0475] [0.0643] 

HC -0.1535*** -0.1091** 0.0340 -0.1761*** -0.1866*** -0.1665*** -0.0689* 0.1242 -0.1211*** -0.3089*** 
 [0.0376] [0.0466] [0.0879] [0.0396] [0.0508] [0.0335] [0.0388] [0.0811] [0.0314] [0.0444] 

Industry -0.0022** -0.0018** 0.0002 -0.0030*** -0.0018** -0.0030*** -0.0010 0.0015 -0.0019*** -0.0034*** 
 [0.0009] [0.0007] [0.0012] [0.0007] [0.0008] [0.0008] [0.0007] [0.0011] [0.0006] [0.0008] 

Trade -0.0002 -0.0003* 0.0001 -0.0004** -0.0004*** 0.0001 -0.0002 0.0003 -0.0003** -0.0006*** 
 [0.0002] [0.0001] [0.0002] [0.0002] [0.0002] [0.0002] [0.0001] [0.0002] [0.0001] [0.0002] 

FDI 0.0001 0.0010 -0.0009 0.0011 -0.0009 0.0006 0.0008 -0.0021 0.0012 -0.0013 
 [0.0016] [0.0010] [0.0014] [0.0013] [0.0009] [0.0015] [0.0007] [0.0014] [0.0009] [0.0012] 
Const. 1.9880*** 3.2040*** 3.0608*** 3.4954*** 2.1219*** 3.2347*** 3.4615*** 3.2701*** 4.1048*** 1.3871***  

[0.5057] [0.3780] [0.2864] [0.4635] [0.5596] [0.4477] [0.2193] [0.2180] [0.2888] [0.5277] 

R-squared 0.2009 0.2086 0.3170 0.1264 0.0768 0.2609 0.3543 0.3487 0.2865 0.0890 

Obs. 546 546 546 546 546 546 546 546 546 546 
F-stat 86.29 293.1 366.8 164.1 116.4 142.1 421.6 268.6 293.3 168.0 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Dep. var: EP1 EP2 EP3 EP4 EP5 EP1 EP2 EP3 EP4 EP5 

Income 17.383*** 13.435*** 23.137*** 2.8754** 0.9739*** 18.884*** 20.116*** 31.293*** 6.9407*** 1.0945***  
[2.0415] [2.7902] [3.6879] [1.2985] [0.1085] [2.1913] [2.8982] [3.5010] [1.4762] [0.1018] 

Eprice -0.7152 -0.3745 -0.0436 -0.7941 -0.0021 -0.6206 -0.5226 -1.7125 -0.7135 0.0025  
[1.7822] [1.3566] [1.4711] [0.8977] [0.0634] [1.7772] [1.1372] [1.6388] [0.7486] [0.0668] 

EI -1.4510 -5.6330*** -0.2518 -9.8111*** 0.5637*** 0.7541 -2.9055* 2.6266 -6.5211*** 0.8375***  
[1.8793] [1.7608] [2.4248] [1.1511] [0.1274] [1.9569] [1.6443] [2.3999] [1.1537] [0.1027] 

II1 -78.90*** -170.64*** -243.17*** -75.32*** -7.5009***       
[18.51] [25.10] [33.66] [11.97] [1.1964]      

II2      -81.556*** -208.01*** -263.4*** -104.1*** -6.0817***  
     [17.4470] [22.913] [27.743] [11.782] [0.8791] 

Urban 0.5986*** 0.1944** -0.0387 0.1607*** 0.0031 0.6341*** 0.1465* -0.1353 0.1472*** 0.0043*  
[0.0681] [0.0842] [0.1015] [0.0381] [0.0025] [0.0651] [0.0780] [0.0893] [0.0359] [0.0024] 

FD 9.9513 24.7870** 30.6793** 19.811*** 0.6503 12.0790 26.249*** 35.22*** 18.085*** 0.8403**  
[7.6865] [10.4891] [14.0431] [4.9809] [0.4862] [7.4690] [9.7816] [11.87] [5.0669] [0.3727] 

Constant 189.4*** 611.1*** 798.2*** 358.15*** 26.15*** 186.3*** 710.83*** 833.2*** 437.0*** 19.65***  
[67.93] [91.12] [121.8] [43.89] [4.3211] [60.90] [79.67] [96.21] [40.99] [3.0211] 

R-squared 546 546 546 546 546 546 546 546 546 546 

Obs. 0.6776 0.0249 -0.0608 0.2946 -0.5818 0.6866 0.0223 0.1410 0.1833 0.0386 

F-stat 1095 287.5 267.3 338.1 313.5 1135 402.3 351.4 378.0 462.0 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Model (GMM) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Dep. var: II1 II1 II1 II1 II1 II2 II2 II2 II2 II2 

Income 0.4839*** 0.7425*** 0.6867*** 1.5187*** 0.5848*** 0.3812*** 0.7833*** 0.5716*** 1.1310*** 0.4180***  
[0.1087] [0.1001] [0.1261] [0.1073] [0.1503] [0.0710] [0.1088] [0.0587] [0.0892] [0.1522] 

Income^2 -0.0239*** -0.0432*** -0.0400*** -0.0898*** -0.0380*** -0.0199*** -0.0419*** -0.0296*** -0.0631*** -0.0260*** 
 [0.0067] [0.0057] [0.0075] [0.0066] [0.0099] [0.0042] [0.0065] [0.0038] [0.0057] [0.0097] 

EP1 -0.0028***     0.0008      
[0.0006]     [0.0006]     

EP2  -0.0040***     -0.0048***     
 [0.0004]     [0.0004]    

EP3   -0.0026***     -0.0025***    
  [0.0002]     [0.0002]   

EP4    -0.0126***     -0.0107***  
    [0.0010]     [0.0009]  

EP5     0.1029***     0.1324*** 
     [0.0147]     [0.0152] 

FD 0.0262 0.1176*** 0.1671*** 0.1410*** -0.2182*** 0.0418* 0.1402*** 0.1761*** 0.1977*** -0.1430*** 
 [0.0204] [0.0370] [0.0281] [0.0504] [0.0331] [0.0233] [0.0364] [0.0348] [0.0335] [0.0427] 
HC -0.0634 0.1906*** 0.0899* 0.0729** -0.2424*** -0.2767*** -0.0354 -0.1062*** -0.1168*** -0.4391*** 
 [0.0450] [0.0315] [0.0530] [0.0276] [0.0324] [0.0310] [0.0474] [0.0332] [0.0409] [0.0557] 

Industry -0.0033*** -0.0019*** -0.0028*** -0.0020*** -0.0037*** -0.0033*** -0.0022*** -0.0034*** -0.0022*** -0.0047*** 
 [0.0004] [0.0002] [0.0003] [0.0004] [0.0008] [0.0002] [0.0002] [0.0004] [0.0004] [0.0006] 

Trade 0.0002** -0.0000 -0.0001 0.0006*** -0.0004*** 0.0003*** 0.0006*** 0.0004*** 0.0009*** -0.0000 
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Note: *, **, *** are significant levels at 10%, 5%, and 1%, respectively; standard errors are in []. 

 

Table A4. The linkages among Energy poverty and Income inequality (post-tax and post-transfer) for two 

sub-groups 

 [0.0001] [0.0001] [0.0001] [0.0001] [0.0001] [0.0000] [0.0001] [0.0000] [0.0001] [0.0001] 
FDI -0.0002 -0.0010** -0.0014** -0.0033*** -0.0019*** 0.0002 -0.0016*** -0.0009*** -0.0033*** -0.0024*** 
 [0.0002] [0.0005] [0.0005] [0.0007] [0.0004] [0.0002] [0.0004] [0.0003] [0.0006] [0.0004] 

Const. 1.7432*** 0.8281** 1.0181** -1.4836*** 1.2689** 2.3126*** 0.6845 1.4627*** -0.0958 1.8248***  
[0.4216] [0.3991] [0.4994] [0.3692] [0.5862] [0.2866] [0.4102] [0.2208] [0.3226] [0.5792] 

Obs. 51 51 51 51 51 51 51 51 51 51 

No. of Countries 642 642 637 642 642 642 642 637 642 642 

No. of IVs 47 47 47 47 47 47 47 47 47 47 

Hansen test (p-value) 0.352 0.360 0.457 0.330 0.289 0.314 0.616 0.422 0.571 0.220 
Dep. var: EP1 EP2 EP3 EP4 EP5 EP1 EP2 EP3 EP4 EP5 

Income -3.2146 11.3168*** 10.0604*** 4.4690*** 1.3777*** -1.7900 9.9705*** 12.7505*** 5.7112*** 1.4115***  
[2.2636] [1.9440] [2.5353] [0.9485] [0.0626] [2.1157] [1.7971] [3.0018] [0.9630] [0.0202] 

Eprice -2.3022*** -1.0905*** -2.0966*** -0.5856*** -0.0062 -2.2897*** -1.6229*** -2.3788*** -0.9106*** -0.0017  
[0.2329] [0.2054] [0.3255] [0.0944] [0.0068] [0.3285] [0.1216] [0.3935] [0.0940] [0.0053] 

EI -15.727*** -12.339*** -14.346*** -10.884*** 0.5937*** -10.953*** -12.866*** -10.757*** -9.7172*** 0.6294***  
[1.0852] [1.5513] [2.6803] [0.6263] [0.0539] [1.1833] [1.1793] [1.8787] [0.7844] [0.0469] 

II1 -68.825*** -32.012*** -91.721*** -16.792*** -1.3417***       
[6.9841] [6.7554] [8.4895] [3.4600] [0.1468]      

II2      -63.690*** -45.091*** -100.38*** -27.986*** -1.2350***  
     [12.477] [7.5558] [8.2516] [3.9940] [0.2508] 

Urban 1.1241*** 0.2165*** 0.1381 0.0780* -0.0125*** 1.2681*** 0.2781*** 0.1970 0.0463 -0.0122***  
[0.0928] [0.0656] [0.1078] [0.0423] [0.0030] [0.0765] [0.0695] [0.1231] [0.0388] [0.0015] 

FD 60.958*** 40.987*** 87.159*** 21.248*** 0.6840*** 55.530*** 46.688*** 89.218*** 21.373*** 0.5470***  
[5.3040] [4.9699] [6.6595] [2.0531] [0.1160] [8.6205] [4.9524] [7.5316] [2.1899] [0.1058] 

Constant 301.2*** 111.6*** 334.0*** 129.0*** 0.3822 260.1*** 172.4*** 343.7*** 164.8*** -0.2730  
[29.980] [29.816] [35.249] [14.198] [0.4389] [55.806] [34.994] [38.610] [18.151] [0.9114] 

Obs. 642 642 637 642 642 642 642 637 642 642 
No. of countries 51 51 51 51 51 51 51 51 51 51 

No. of IVs 49 49 49 49 49 49 49 49 49 49 

Hansen test (p-value) 0.573 0.371 0.311 0.420 0.260 0.845 0.334 0.457 0.504 0.301 

Model (2SLS) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Group: 29 LMEs 22 UMEs 

Dep. var: II1 II1 II1 II1 II1 II1 II1 II1 II1 II1 

Income -1.2938*** -0.0096 -2.4816*** 0.9677*** 1.6945*** 3.0373*** 1.2398*** 0.6512 0.9014* 3.6559***  
[0.4671] [0.2166] [0.5114] [0.2146] [0.4567] [0.5770] [0.4686] [0.9523] [0.5051] [0.6712] 

Income^2 0.1093*** 0.0121 0.1859*** -0.0579*** -0.1237*** -0.1698*** -0.0701** -0.0382 -0.0522* -0.2013*** 
 [0.0354] [0.0157] [0.0367] [0.0149] [0.0331] [0.0331] [0.0272] [0.0554] [0.0294] [0.0383] 

EP1 -0.0069***     -0.0044***      
[0.0015]     [0.0006]     

EP2  -0.0067***     -0.0102***     
 [0.0010]     [0.0013]    

EP3   -0.0120***     -0.0147***    
  [0.0016]     [0.0026]   

EP4    -0.0086***     -0.0129***  
    [0.0010]     [0.0029]  

EP5     0.3407***     -0.2514*** 
     [0.0678]     [0.0326] 

FD 0.0392 0.2518** 1.2261*** 0.1803* -1.1525*** 0.1473*** 0.2640*** 0.8126*** 0.1739*** 0.6480*** 
 [0.1304] [0.1220] [0.2443] [0.1007] [0.2107] [0.0508] [0.0482] [0.1485] [0.0501] [0.0856] 

HC 0.3147*** 0.3418*** 0.8768*** 0.1659*** -0.8966*** -0.3862*** -0.1621** 0.1345 -0.2844*** -0.3831*** 
 [0.0877] [0.0677] [0.1342] [0.0411] [0.1809] [0.0580] [0.0653] [0.1511] [0.0711] [0.0662] 

Industry -0.0062*** 0.0005 -0.0005 -0.0004 0.0042* -0.0072*** -0.0045*** -0.0103*** -0.0050*** -0.0054*** 
 [0.0024] [0.0012] [0.0017] [0.0012] [0.0022] [0.0008] [0.0008] [0.0016] [0.0008] [0.0009] 
Trade 0.0003 0.0007** 0.0017*** 0.0007** -0.0015*** -0.0003 -0.0012*** -0.0025*** -0.0007** -0.0002 
 [0.0003] [0.0003] [0.0005] [0.0003] [0.0005] [0.0003] [0.0003] [0.0007] [0.0003] [0.0003] 

FDI 0.0036* 0.0011 -0.0012 0.0008 -0.0104** -0.0043 -0.0056** -0.0078 -0.0060** -0.0032 
 [0.0020] [0.0016] [0.0024] [0.0016] [0.0041] [0.0028] [0.0025] [0.0051] [0.0027] [0.0032] 

Const. 7.5296*** 3.2691*** 11.588*** 0.3475 -3.1531* -8.8331*** -0.4173 2.3762 1.5948 -10.533***  
[1.5394] [0.7462] [1.7258] [0.7502] [1.6925] [2.4959] [2.0147] [4.1097] [2.2101] [2.8409] 

R-squared -0.3408 0.1874 -0.7955 0.1522 -1.9975 0.5447 0.6152 -0.5775 0.5577 0.3973 
Obs. 359 359 354 359 359 283 283 283 283 283 

F-stat 6.95 12.28 9.99 15.42 5.09 29.02 35.03 10.58 25.94 24.69 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Dep. var: EP1 EP2 EP3 EP4 EP5 EP1 EP2 EP3 EP4 EP5 

Income 38.089*** 24.049*** 41.198*** 8.6440** 0.8750*** 7.7356*** -2.4157 -0.0199 -2.1888*** 0.8299***  
[7.5921] [5.5343] [7.5174] [3.4688] [0.2267] [2.2981] [1.5828] [3.3334] [0.7964] [0.0536] 

Eprice -1.3517 -0.0857 -0.1054 0.1093 0.1370 -1.2333 -0.2722 -0.8950 -0.5611 -0.0725  
[3.6571] [2.6659] [3.6129] [1.6709] [0.1092] [1.9070] [1.3134] [2.7660] [0.6608] [0.0445] 

EI 39.688*** 18.292*** 38.097*** 1.2672 1.1434*** 5.1155** -2.6601 -3.7158 -3.5249*** 0.5190***  
[9.388] [6.8440] [9.3874] [4.2896] [0.2804] [2.5394] [1.7490] [3.6833] [0.8800] [0.0592] 

II1 -283.26*** -183.1*** -287.4*** -98.53*** -4.3842*** -15.296* -38.54*** -42.19*** -21.16*** -0.4124**  
[43.90] [32.0067] [43.28] [20.0610] [1.3112] [8.6884] [5.9840] [12.6024] [3.0107] [0.2027] 

Urban 1.2478*** 0.8982*** 0.5950*** 0.5403*** 0.0278*** 0.7365*** 0.2823*** 0.1399* 0.1267*** -0.0004  
[0.2167] [0.1580] [0.2167] [0.0990] [0.0065] [0.0579] [0.0399] [0.0839] [0.0201] [0.0014] 

FD 10.22 68.10*** 80.22*** 39.96*** 2.2238*** 4.3917 21.137*** 52.4802*** 9.3583*** 1.3957***  
[21.01] [15.31] [20.71] [9.6008] [0.6275] [6.2403] [4.2980] [9.0516] [2.1624] [0.1456] 

Constant 707.5*** 495.3*** 725.2*** 358.9*** 11.899*** 15.769 238.2*** 224.9*** 192.1*** 0.8716 
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Note: *, **, *** are significant levels at 10%, 5%, and 1%, respectively; standard errors are in []. 

 
[123.8] [90.26] [122.0] [56.57] [3.6979] [40.45] [27.86] [58.67] [14.01] [0.9439] 

R-squared 359 359 354 359 359 283 283 283 283 283 

Obs. 0.0875 0.4774 0.2781 0.4821 0.2735 0.6942 0.5897 0.3715 0.5627 0.7961 

F-stat 39.44 66.17 42.90 62.17 32.00 97.92 37.74 11.23 28.92 178.6 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


