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a b s t r a c t 

Energy poverty has far-reaching socioeconomic consequences on household wellbeing. Fuel cost, low incomes 
and energy inefficient dwellings, which are key constituents of energy poverty have implication on under 5 mor- 
tality rate and inequality in education. This study examined the link between energy poverty, under 5 mortality 
and inequality in education using data for 33 African countries. Empirical evidence from this study is based on 
panel cointegration, causality and fully modified ordinary least squares (FMOLS). The result suggests the exis- 
tence of cointegration between energy poverty and under 5 mortality as well as between energy poverty and 
inequality in education. The result also suggests a unidirectional causality running energy poverty to under 5 
mortality and from energy poverty to education inequality. The FMOLS result show that energy poverty is nega- 
tively and significantly related to under 5 mortality and inequality in education. The insights from this study are 
informative to policy makers among these African countries to support decision making around energy poverty 
in order to optimize the health and wellbeing of families. An increase in household access to energy through state 
intervention may reduce its impact on under 5 mortality, as well as reduce the gap in educational opportunities 
between the rural-poor and urban centers. 
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. Introduction 

The critical role of energy in an economy in addition to the surg-
ng prices of energy traversing over numerous countries worldwide has
timulated interests in energy poverty among policymakers, political in-
titutions and academics in recent years. As simply explained in the liter-
ture, energy poverty implies households’ inability to provide for basic
omestic energy needs, a challenge which is not only common to de-
eloping countries, but is also present in developed nations to a large
xtent, with European countries’ energy poverty rates estimated to be
s high as 40% [ [11] , [71] ]. The energy poor constitute between 1.4 bil-
ion and 3 billion people without access to useful energy for domestic
se and/or mechanical use. The energy poor are categorized into two
roups of people. The first are the highly vulnerable, comprising over
.4 billion people living on less than $1.15/day, without access to safe,
eliable and efficient energy sources for domestic use (cooking and light-
ning) and/or for mechanical use. The second group comprises over 3
illion people (nearly 50% of the World’s population) who depend on
he use of harmful energy sources such as biomass-generated energy for
ooking and heating (United Nations Secretary General Advisory Group
n Energy and Climate Change, [75] ). This biomass generated energy is
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sually obtained by burning animal wastes (animal dung), crop residues,
ood or raw coal. The smoke coming from the burning of such biomass-

elated substances negatively impact on human health by way of induc-
ng premature deaths, due to respiratory infections inflicted on over 2
illion people as a result, most of whom are women and children. More

o, the biomass-generated energy doesn’t provide the basic energy forms
equired even in rural agriculture for irrigation, ploughing, harrowing,
arvesting, grinding, milling, food processing, etc. Income generation
ia small businesses needs energy for transportation and distribution of
oods and services to markets and also for telecommunications. In com-
unities and schools, installed water treatment plants requires energy

o provide quality drinking water for people. Energy is also required
or refrigerating important drugs and vaccines. In addition, energy is
ritical for lighting and heating in schools, as well as at home to allow
tudents complete their homework (United Nations Secretary General
dvisory Group on Energy and Climate Change, [75] ). According to a

oint report by the United Nations Development Programme (UNDP)
nd the World Health Organization (WHO), while an estimated 28%
f people residing in developing countries are without access to elec-
ricity, the number is 79% for those in the least-developed countries
LDCs). Generally, the lack of access to critical energy sources in LDCs
 28 November 2021 
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as greatly contributed to creating and compounding their energy cri-
is, thereby keeping them trapped at the base of the energy ladder [39] .
DCs are countries characterized as economically and socially deprived,
ith income per capita of less than US$905. In addition, LDCs are also
nown to have weak human assets (mortality, illiteracy and low enroll-
ent), high exposure to shocks and disasters, trade shocks, economic

mallness and economic remoteness. Since traditional energy sources
re usually harmful, unproductive and inefficient, it calls for an urgent
eed to introduce Appropriate Sustainable Energy Technologies (ASETs)
o bridge the gap between modern/advanced technologies (which are
sually highly capital-intensive) and the energy poor’s traditional sub-
istence technologies. This will promote the drive towards sustainable
evelopment in LDCs [ [21] , [55] ]. Energy affects and influences nearly
ll aspects of the human and social world [ [63] , [47] ]. As hypothesized
y Herbert Spencer, the society’s ability to harness energy determines
hat it can produce, and hence, the basis for social progress and dif-

erences in the level of development among societies [48] . This means
hat, the ability or inability of a society to harness energy constrains the
ociety’s capacity to grow and develop [23] . This follows further to im-
ly that the inability to access energy breeds poverty, thereby forcing
he energy poor to rely on harmful and inefficient biomass-generated
nergy sources for daily survival. 

Global estimates show that 2.4 billion people still survive on earth
ithout electricity, or at least have access to unreliable and irregular

lectricity systems (Savacool et al., [68] ). For example, in the United
ingdom, 10% of households are said to be experiencing fuel poverty,
ost of whom have been linked with related health complications, while

n France, the number of households estimated to be in energy poverty is
ut at around 3.8 million ( [38] ; Burlinson et al. [15] ). The United King-
om’s government spends around £1.3 billion yearly in the provision of
nergy poverty-linked health services for the elderly people (Age UK,
1] ). According to a UNDP report in 2014, Sub-Saharan Africa, Latin
merica and South Asia are among the three regions in the world that
uffer most from energy poverty. Energy constitutes the most signifi-
ant inputs for livelihood sustenance. At the most basic level, it pro-
ides cooked food, boiled water and warmth, conventional energy, etc.
esides the high cost of conventional energy, most people use biomass
s their main energy source. The increasing shortage of biomass con-
titutes an additional burden on access to energy. However, the use of
iomass has a number of health implications due to low fuel quality and
he emission of smoke and particulates known to have negative effect on
ealth. Other dimension of energy poverty is that less water is boiled for
rinking and other hygiene purposes, thus, increasing the likelihood of
ater borne disease. Poor health reduces the ability of people to improve

heir livelihood by preventing them from working effectively. Similarly,
oor access to energy affects children’s learning outcomes as it affects
oth children and adult from studying at night. This has negative impact
n their educational performance which may work against sustainable
ivelihood in the future [64] . As evident from Fig. 1 , the double-sided
rrow indicates that causality runs in both ways. 

Aside monetary costs, there are several other socioeconomic conse-
uences associated with energy poverty which have huge bearings on
he social wellbeing, productivity and health of households ([ [9] , [62] ];
waworyi-Churchill et al., [7] ). Though a few studies in the literature
ad addressed several aspects of energy poverty, some questions are still
et to be answered. In the first instance, a number of studies had chal-
enged the existing measures of energy poverty as well as raised issues
urrounding the conceptualizations of energy poverty (see, [ [58] , [2] ]).
owever, the lack of agreement among scholars on a standard con-
eptual and methodological framework to adopt has made it difficult
or policymakers to tackle energy poverty issues [ [65] , [2] ]. Another is-
ue pertains understanding the evolutions in energy poverty, with many
tudies placing more attention to energy efficiency, energy prices and in-
ome as key determinants of energy poverty (Hills, 2012; [ [52] , [41] ]).
ocial and cultural factors like ethnic differences and trust have been
een to be key determinants of energy poverty and could give more in-
2 
ights on potential determinants of the phenomenon based on recent
vidence (Awaworyi-Churchill & Smyth, [6] ). In addition, studies cen-
ered around the impact of targeted policies and programs on energy
overty are nonexistent in the literature. This is so because policymak-
rs in some parts of the globe have come up with numerous interven-
ions and programs to tackle energy poverty and very little has been
nown about the impacts of these interventions [3] . Also, pertaining to
he effects of energy poverty and its implications on some important sec-
ors or aspects of an economy, a lot is yet to be uncovered in this area.

hile some emerging studies paid more attention to energy poverty im-
acts on wellbeing and health, others gave much attention to its impacts
n climate change [ [16] , [17] ]. However, as have been highlighted and
ypothesized conceptually in the literature, energy poverty has several
otential effects on a number of socioeconomic factors [70] , this calls
or the need to carry out studies on how energy poverty affects other
utcomes beyond wellbeing and health. A study has also shown that
conomic, social and energy insecurity set limitations to the provision of
ustainable, fair and equitable energy for abandoned communities [10] .
ore so, even studies that had looked at the impacts of energy poverty

n health and wellbeing had focused mainly on European Countries as
ell as globally [ [12] , [9] , [72] , [76] , [34] , [42] , [53] ]. On this basis and

o the best of our review, we have not come across any study that had
xamined the impact of energy poverty on Education Inequality and In-
ant Mortality in Africa. This study aims to contribute to filling this gap
n the literature. The findings of this study provide relevant informa-
ion to policy makers among the selected African countries to support
ecision making around energy poverty. 

The paper is structured into five sections. The first section provides
n introduction while section two gives the review of literature. Section
hree presents the methodology used in the study. In section four, we
resent the empirical findings and discussions of the results and section
ve concludes the study. 

. The literature 

Energy is key to many aspects of socio-economic freedom. The major
bstacle to development in many parts of Africa and other developing
ountries is lack of access to affordable energy. This apparent lack of ac-
ess to affordable energy, environmentally friendly and reliable energy
ervices constitute an important impediment to social, human and eco-
omic development and the achievement of Sustainable Development
oals (SDGs). In Africa, energy access remained one of the most forgot-

en development goals despite its central role as an enabler of other key
evelopment goals such as improved health services and education [25] .
s such, universal access to energy is far from being achieved anywhere

n the developing world, including many African countries. 
As highlighted in several studies, energy poverty is severe in many

eveloping countries ( [27] ; Awaworyi et al. [7] ). There is no univer-
ally accepted definition of energy poverty, as the concept is evolving
nd still being highly debated [ [13] , [27] ]. Despite the conceptual is-
ues in what constitutes energy poverty, it’s mostly agreed by economist
hat energy poverty is the inability of households to meet basic energy
eeds [71] . In other words, traditional biomass usage constitutes the
ajor source of energy for those experiencing energy poverty, who also

pend a large chunk of their time collecting wood and dung for their
asic energy needs [ [18] , [27] ]. According to EU guidance on energy
overty, it summarizes the concept as a combination of low income,
igh expenditure of disposable income on energy and poor energy ef-
ciency, especially as regards the performance of buildings [31] . From
his definition, it is evident that cause-effect is implicit and core to the
efinition of energy poverty. In other words, this definition incorporates
auses (like low income) and effects (energy deprivation). The coexis-
ence of the cause-effect lies at the heart of the ambiguity inherent in the
efinitions and metrics used in conceptualizing the definition of energy
overty in the last few decades [8] . Energy is vital to the wellbeing and
eneral standard of living of people, as such, the type, extent, as well
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Fig. 1. Flow chart showing energy poverty- 
education-health nexus (source: authors con- 
struct). 
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s access to energy determines the wealth status of the inhabitants of
ny country [ [56] , [4] , [46] , [30] ]. In other words, clean energy is key
o sustainable development and a more friendly environmental because
t has fewer negative health impacts and does not contribute to climate
hange [ [35] , [29] ]. 

Due to this significant impact of energy poverty on households and
ociety in general, the concept is gaining unprecedented momentum
mong scholars and policy makers alike [ [27] , [37] , [7] ]. Besides issues
elating to economic development [ [18] , [22] ], energy poverty is an im-
ortant constituent of sustainable development issues [ [52] , [69] , [27] ].
nergy poverty is also linked to several social issues ( [36] ; Awaworyi
t al., [ [7] , [42] ]). Several dimensions of the impact of energy poverty
ave been addressed in the literature, for instance some studies focused
n wellbeing and health [ [72] , [36] , [42] ]. Some recent studies have also
entioned the potential relationship between energy poverty and gen-
er inequality. For instance, Robinson [61] , Aristondo and Onaindia [5] ,
nd Moniruzzaman & Day [51] find that energy poverty seemed to dif-
er according to gender. Nguyen et al., [54] investigates the influence
f energy poverty reduction on gender inequality, using a sample of
1 developing countries from 2002 to 2017 and considering four di-
ensions: employment, health, education, and socio-political-economic

ights. By applying a two-step system generalized method of moments,
he result shows that a reduction in energy poverty appears to increase
mployment opportunities for women, especially in industry and service
ectors, which results in an improvement in the number of female wage
nd salaried workers in comparison with their male counterparts. 

The interlinkages between energy, poverty and inequality have been
idely acknowledged in the literature. Poor people energy outlook 2010

ramed lack of access to energy service as a form, an outcome and a cause
f poverty. Because it restricts human capabilities to meet their needs
nd full potentials, it is a form of poverty. Also, it is an outcome because
ow-income earners are limited in their abilities to afford goods and ser-
ices that high income earners can afford. Finally, it is a cause because it
einforces constraint in the income generation potential (United [74] ).
o put it succinctly, “a vicious circle is created whereby a lack of en-
rgy access leads to limited income-earning capability, which reduces
urchasing power, which in turn limits the access to energy that could
mprove incomes ” [60] . In addition, lack of access to energy, the lack of
lean fuels and technologies for cooking, the lack of minimum energy
or each individual, or minimum income for energy spending on basic
ecessities constitutes the building block of energy poverty [ [58] , [27] ].
ncome inequality is essentially the gap between high-income earners
nd low-income earners. As such, an increase in the incidence of en-
rgy poverty implies a dramatic rise in the number of people without
ccess to electricity and energy for necessity which leads to deterio-
ating living condition for the most vulnerable groups [ [32] , [54] ]. En-
rgy poverty has far-reaching implication on health. For instance, apart
rom health implication of biomass due to low fuel quality and emis-
3 
ion of smoke and particulate, energy poverty implies that less water is
oiled for drinking, thus, increasing the likelihood of water borne dis-
ases with implications on infant mortality. Poor access to energy also
ffects learning outcomes as it prevents both children and adults from
tudying effectively at night. This has negative impact on their educa-
ional performance which may cause unequal access to education. As
 result, energy poverty is found to be inextricably linked to unequal
ccess to education especially for rural areas with high incidence of en-
rgy poverty. Interestingly, no attempt has been made in the empirical
iterature to explore the linkages between energy poverty, education in-
quality and infant mortality in Africa. In the works of Nguyen et al.,
54] , their findings show that focusing on improving financial devel-
pment can be very effective in the reduction of energy poverty. This
as true for low-and-lower-middle income countries. Another study on
uerto Rico’s long blackout after Hurricane Maria showed a debt-energy
exus which resulted from increased borrowing by the Puerto Rican
overnment in the United States to restore electricity back to the af-
ected citizens [67] . Finally, a number of other studies had looked at
he energy-poverty-gender nexus [ [24] , [66] , [43] , [44] ]. Findings show
hat women are more affected negatively in terms of access to clean
nergy sources. 

. Econometric methodology and model 

.1. Panel cointegration 

The panel cointegration method is often used to examine the long run
ointegrating relationship between variables. As such, this study adopts
his method to investigate the cointegrating relationship among energy
overty, under 5 mortality and inequality in education. The hypothesis
an be presented in the form of two linear relationship: 

5 𝑀𝑅 = 𝑓 ( 𝐸𝑁𝑃 ) (1)

𝐸 𝐷 = 𝑓 ( 𝐸 𝑁𝑃 ) (2)

The specification of equation follows a baseline econometric model
xpressed as: 

 𝑛 ( 𝑌 ) 𝑖,𝑡 = 𝛼𝑖 + 𝐼 𝑛 ( 𝑋) 𝑖,𝑡 𝛽 + ∈𝑖,𝑡 , 𝑖 = 1 − − − − 𝑁, 𝑡 = 1 − − − − − 𝑇 (3)

Similarly, the specification of Eq. (2) follow the model expressed as:

 𝑛 ( 𝑌 ) 𝑖,𝑡 = 𝛼𝑖 + 𝐼 𝑛 ( 𝑋) 𝑖,𝑡 𝛽 + ∈𝑖,𝑡 , 𝑖 = 1 − − − − 𝑁, 𝑡 = 1 − − − − − 𝑇 (4)

here 𝐼𝑛 ( 𝑌 ) in both Eqs. (3) and (4) are logarithmic transformation
f the dependent variable, that is, under 5 mortality (U5M) and in-
quality in education (IED) respectively. 𝛼𝑖 denote the country fixed
ffects, 𝐼𝑛 ( 𝑋) represent the independent variables which includes en-
rgy poverty (ENP) proxied with access to electricity as a percentage
f population. 𝛽 denotes the coefficient estimate, ∈ is the error term, i
epresents the cross-sectional units and t is the time period. 
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Table 1 

Data used. 

Representation Variables Definition/unit of measurement 

ENP Energy poverty Access to electricity as a% of population 
IED Inequality in education Based on data from household survey estimated using the Atkinson inequality index 
U5M Under 5 mortality rates Death per thousand live births 

Source: UNICEF, HDI and WDI database. 
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.2. Panel granger causality 

The existence of a long-run cointegration among our variables of
nterest necessitates the need to explore Granger causality. To define
he direction of causality among our variables, the equation to analyze
he relationship between under 5 mortality (U5M) and energy poverty
ENP), as well as between inequality in education (IED) and energy
overty can be stated as: 

𝑰 𝒏 𝑼 5 𝑴 𝒊 𝒕 =∝ + 

𝒋 ∑

𝒋 =1 
𝜷𝒋 Δ𝑰 𝒏 𝑼 5 𝑴 𝒊 𝒕 − 𝒋 + 

𝒋 ∑

𝒋 =1 
𝜹𝒋 Δ𝑰 𝒏 𝑬 𝑵 𝑷 𝒊 𝒕 − 𝒋 + ∈𝒊 𝒕 (5)

𝑰 𝒏 𝑰 𝑬 𝑫 𝒊 𝒕 =∝ + 

𝒌 ∑

𝒌 =1 
𝜸𝒌 Δ𝑰 𝒏 𝑰 𝑬 𝑫 𝒊 𝒕 − 𝒌 + 

𝒌 ∑

𝒌 =1 
𝜗 𝒌 Δ𝑰 𝒏 𝑬 𝑵 𝑷 𝒊 𝒕 − 𝒌 + ∈𝒊 𝒕 (6)

here i = 1, ———, N refers to country, t = 1, ————, T refers to year
nd ∈ is the stochastic error term. To apply the Granger-causality test,
ll the variables must be stationary. In Eq. (5) , Δ𝐼 𝑛𝐸𝑁 𝑃 Granger-cause
𝐼 𝑛𝑈5 𝑀 if the past values of Δ𝐼 𝑛𝐸𝑁 𝑃 can predict the current values of
𝐼 𝑛𝑈5 𝑀 , even when the past values of Δ𝐼 𝑛𝑈5 𝑀 have been included in

he model. In other words, Δ𝐼 𝑛𝐸𝑁 𝑃 Granger-cause Δ𝐼 𝑛𝑈5 𝑀 if the co-
fficient 𝜹𝒋 jointly defer statistically from zero. Causality in the opposite
irection can be tested by swapping the two variables. Similarly, to test
f Δ𝐼 𝑛𝐸𝑁 𝑃 Granger-cause Δ𝐼 𝑛𝐼 𝐸𝐷 in Eq. (6) , the coefficient 𝜗 𝒌 must
e jointly equal to zero. In line with Dumitrescu-Hurlin (2012) method
f Granger causality test, all coefficients can vary across countries but
re invariant over time. 

.3. Data description 

We assemble data of 33 African countries (Benin, Burkina Faso,
oted’Ivoire, Ethiopia, Gambia, Ghana, Guinea, Guinea-Bisau, Kenya,
esotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mozambique,
iger, Nigeria, Ruanda, Senegal, Sierra Leone, Tanzania, Togo, Trinidad
nd Tobago, Tunisia, Uganda, Zimbabwe, Egypt, Gabon, Mauritius,
amibia, South Sudan and South Africa). The study used yearly data

rom 2010 to 2017, comprising data for under 5 mortality rate which
as sourced from UNICEF global database ( http://data.unicef.org ). In-

quality in education data was obtained from Human Development Re-
ort ( http://hdr.undp.org ), while data on access to electricity (% of pop-
lation) was obtained from World Development Indicator (WDI). The
hree variables used in this study take a logarithm form. To examine
he relationship between energy poverty, under 5 mortality rate and
nequality in education, this study proposed three tests which includes
anel unit root test, the panel cointegration test, panel causality test and
he estimation of fully modified ordinary least squares (FMOLS). 

. Discussion of results 

Table 2 presents the descriptive statistics for the variables used in
he estimations. The result shows that there is substantial variation in
ariables, as indicated in the standard deviation which suggest that the
ispersion around their averages is relatively wide. Also, the kurtosis
hat measures the peakedness or flatness of the series distribution indi-
ates that the series peaked to the surface or leptokurtic relative to the
ormal distribution. The skewness value for U5M and ENP have posi-
ive skewness (long right tail) which indicates more-higher values above
4 
ample average, while that of inequality in education (IED) is negative
long left tail) indicating more lower values than the sample average. 

Next, we performed the unit root test to ascertain if our variables of
nterest have unit root or not. In the literature, a number of panel unit
oot tests have been proposed which include Maddala and Wu [45] , Bre-
tung [14] , Hadri [28] Choi [20] , Levin et al. [40] and Im et al. [33] .
evin et al. [40] utilized the generalized individual unit root test to
anels with heterogeneous serially correlated errors, fixed effects and
ndividual deterministic trends. The drawback of the method is that it
equires a homogeneous autoregressive root under the alternative hy-
othesis. In contrast, Im et al. [33] panel unit root test allows for a
eterogeneous autoregressive coefficient under the alternative hypoth-
sis. However, both the Levin et al. [40] and Im et al. [33] tests suf-
er from a dramatic loss of power when individual specific trends are
ncluded due to bias correction. The Fisher type panel unit root test
s proposed by Maddala and Wu [45] and Choi [20] , combines the
robability values from individual unit root tests. The test neither re-
uires a balanced panel nor identical lag lengths in the individual re-
ressions. As such, our interpretation of unit root result in this study is
ased on MW panel unit root test with intercept and time trend, since
ur data set exhibit clear trends. The result of the panel unit root test
s presented in Table 3 show that our variables are stationary at first
ifference, which suggest the possibility of cointegration among our
eries. 

Tables 4 and 5 summarizes the results of Pedroni’s panel cointegra-
ion test. The cointegration test indicate a significant cointegrating re-
ationship between inequality in education (EDI) and energy poverty
ENP). Similarly, it also shows a significant cointegration between un-
er 5 mortality (U5M) and energy poverty (ENP). In the relationship
etween education inequality and energy poverty ( Table 4 ), the result
how that the null hypothesis of no cointegration is strongly rejected by
ve statistics with the exception of panel v-statistics and panel group
ho-statistic at the 1, 5 and 10% significance level. On the relationship
etween under 5 mortality (U5M) and energy poverty, the null hypothe-
is of no cointegration is rejected in all except for the panel rho-statistic
nd group rho-statistic. Thus, we conclude that a long-run relationship
xists between energy poverty, inequality in education and under 5 mor-
ality rates. 

Since the variables in the two equations are cointegrated, we pro-
eed to estimate the long run coefficient using the panel fully modified
LS (FMOLS) proposed by Chiang and Kao [19] . Besides proving the ex-

stence of cointegrated relationship and calculating individual samples
nd panel estimators, the FMOLS technique can correct for the devia-
ion caused by correlation and endogeneity between variables inherent
n the traditional OLS estimation ( [59] ; Westerlund, 2007). According
o Pedroni [59] , the FMOLS technique as a non-parametric approach
as advantage and can produce consistent result in small sample. Here,
he full sample coefficients of ENP in both model 1 & 2 are − 0.1925 and
 0.4237 respectively. These results implies that a 1% increase in access

o electricity will reduce infant mortality by 0.19%. This implies that en-
rgy poverty or reduction in access to electricity indicates that less water
s boiled for drinking and for other hygiene purposes, thus, increasing
he likelihood of waterborne diseases among children. As children spend
ost of their time indoors, the condition of their home matters a lot for

heir wellbeing. Studies have shown that the condition of homes have
irect and indirect impact on inhabitant’s health (see [26] ). Our result
s in line with previous studies that linked poor access to energy to child

http://data.unicef.org
http://hdr.undp.org
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Table 2 

Descriptive statistics. 

Variable No of obs Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis 

ENP 244 44.04 36.89 100.00 4.10 28.91 0.75 2.32 
IED 244 33.84713 36.80000 49.60 6.60 11.02 − 0.81307 2.83 
U5M 244 68,831.46 39,558.00 817,137.0 175.00 135,954.9 4.486140 23.23 

Source: Authors construct based on estimated data. 

Table 3 

Panel unit root result. 

LLC Im, Pesaran & Shin ADF-Fisher Chi-square 

Level 1st Diff Level 1st Diff Level 1st Diff

U5M − 4.75 − 16.8 0.35 − 6.78 69.85 − 77.59 
Prob 0.00 0.00 0.64 0.06 0.29 0.08 
ENP 11..09 − 16.89 − 0.56 − 28.77 73.21 − 153.04 
Prob 0.00 0.00 0.29 0.00 0.22 0.00 
EDIN − 22.1 − 14.99 − 0.52 − 3.31 67.32 − 83.4 
Prob 0.09 0.00 0.30 0.00 0.21 0.06 

Source: Authors construct based on estimated data. 

Table 4 

Pedroni cointegration test result (EDI and ENP). 

With Trend and Intercept 

Within-dimension Statistics Prob Between-dimension 

Panel v-Statistic − 14.04 1.00 Statistics Prob 
Panel rho-Statistic − 1.27 0.10 Group rho-Statistic 5.13 1.00 
Panel PP-Statistic − 9.54 0.00 Group PP-Statistic − 7.07 0.05 
Panel ADF-Statistic − 4.20 0.04 Group ADF-Statistic − 4.73 0.00 

Note: The null hypothesis is that the variables are not cointegrated. Under the 
null tests, all variables are distributed normal (0, 1). 
Source: Authors construct based on estimated data. 

Table 5 

Pedroni cointegration test result (U5M and ENP). 

With Trend and Intercept 

Within-dimension Statistic Prob. Between-dimension 

Panel v-Statistic − 43.10 0.00 Statistic Prob. 
Panel rho-Statistic 4.44 1.00 Group rho-Statistic 6.10 1.00 
Panel PP-Statistic − 2.51 0.09 Group PP-Statistic − 3.06 0.00 
Panel ADF-Statistic − 1.49 0.07 Group ADF-Statistic − 1.67 0.04 

Note: The null hypothesis is that the variables are not cointegrated. Under the 
null tests, all variables are distributed normal (0, 1). 
Source: Authors construct based on estimated data. 

Table 6 

Long run estimate with FMOLS. 

Dependent Variable: 
Under 5 Mortality 

Dependent Variable: 
Inequality in Education 

Model 1: U5M = F (ENP) Model 2: IED = F (ENP) 
− 0 . 1925 ∗∗ [ −5 . 4712 ] − 0 . 4237 ∗ [ −2 . 7811 ] 

Note: ∗ ’ ∗ ∗ indicates 1% and 5% respectively, t-statistics is given 
in bracket []. Abbreviations: U5M = Under 5 mortality; IED = In- 
equality in education; ENP = Energy poverty. 
Source: Authors construct based on estimated data. 
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Table 7 

Panel granger causality test (Full sample). 

Δ𝐼 𝑛𝐸𝑁 𝑃 → Δ𝐼 𝑛𝑈5 𝑀 Δ𝐼 𝑛𝐸𝑁 𝑃 → Δ𝐼 𝑛𝐼 𝐸𝐷

𝑍⃛ Statistics 2 . 160 ∗∗ 1 . 082 ∗ 

(p-values) 0.078 0.000 
Δ𝐼 𝑛𝑈5 𝑀 → Δ𝐼 𝑛𝐸𝑁 𝑃 Δ𝐼 𝑛𝐼 𝐸𝐷 → Δ𝐼 𝑛𝐸𝑁 𝑃

𝑍⃛ Statistics 1.781 0.560 
(p-values) 0.214 0.116 

Notes: ∗ , ∗ ∗ significant at 1% and 5% level. 
Source: Authors construct based on estimated data. 
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t

espiratory illness (see, [ [73] , [49] , [50] ]). This result suggests that ac-
ess to energy is crucial to reducing under 5 mortality. 

Also, the result in Table 6 reveals that as access to energy increases
y 1%, inequality in education reduces by 0.42%. Poor access to en-
rgy affects children’s learning outcomes as it prevents both children
nd adult from studying at night. This has negative impact on their ed-
cational performance which may work against sustainable livelihood
5 
n the future. Unequal access to energy due to income differentials as
ell as the differences in access to electricity between the rural poor
nd urban areas could lead to unequal opportunities in terms of access
o educational resources, thereby widening the gap between rural and
rban centers. Our result corresponds with Oum [57] who finds that en-
rgy poverty negatively impacts households’ average school years and
ealth status in Lao PDR. 

Table 7 shows the results of the Granger causality test on the
ull sample generated from R Studio. We test for both directions of
ausality, first from Δ𝐼 𝑛𝐸𝑁 𝑃 to Δ𝐼 𝑛𝑈5 𝑀 , then from Δ𝐼 𝑛𝑈5 𝑀 to
𝐼 𝑛𝐸𝑁 𝑃 . Then we repeat the process and run a bidirectional causal-

ty from Δ𝐼 𝑛𝐸𝑁 𝑃 to Δ𝐼 𝑛𝐼 𝐸𝐷, and vice versa. In the first row, the re-
ult show that at the 10% level of significance, the null hypothesis that
nergy poverty ( Δ𝐼 𝑛𝐸𝑁 𝑃 ) does not Granger cause under 5 mortality
 Δ𝐼𝑛𝑈5 𝑀 ) can be rejected, indicating that causality runs from energy
overty to under 5 mortality. However, the null hypothesis that causal-
ty runs from Δ𝐼 𝑛𝑈5 𝑀 to Δ𝐼 𝑛𝐸𝑁 𝑃 cannot be rejected. Similarly, the
ull hypothesis that Δ𝐼 𝑛𝐸𝑁 𝑃 does not Ganger-cause Δ𝐼 𝑛𝐼 𝐸𝐷 is re-
ected at the 1% significance level. This implies that energy poverty
ranger-cause inequality in education. 

. Conclusion and policy implication 

The interaction between fuel costs, low incomes and energy in-
fficient dwellings constitutes the building blocks of energy poverty
nd have been identified as public health concern. This is so because
hey have far-reaching consequences on socioeconomic outcome of
ouseholds such as education and health, especially under 5 mortal-
ty rates. As such, this study examined the link between energy poverty
 Δ𝐼 𝑛𝐸𝑁 𝑃 ), under 5 mortality ( Δ𝐼 𝑛𝑈5 𝑀 ) and inequality in education
 Δ𝐼 𝑛𝐼 𝐸𝐷) using data for 33 African countries. Empirical evidence from
his study was based on panel cointegration, causality and fully modified
LS (FMOLS). The results suggest the existence of cointegration between
𝐼 𝑛𝐸𝑁 𝑃 and Δ𝐼 𝑛𝑈5 𝑀 , as well as between Δ𝐼 𝑛𝐸𝑁 𝑃 and Δ𝐼 𝑛𝐼 𝐸𝐷. The

esult also suggests a unidirectional causality running from Δ𝐼 𝑛𝐸𝑁 𝑃 

o Δ𝐼 𝑛𝑈5 𝑀 , and from Δ𝐼 𝑛𝐸𝑁 𝑃 to Δ𝐼 𝑛𝐼 𝐸𝐷. The FMOLS result show
hat energy poverty is negatively and significantly related to under 5
ortality and inequality in education. The insights from this study are

nformative to policy makers among these African countries to support
ecision making around reducing energy poverty in other to optimize
he health and wellbeing of families. An increase in household access
o energy through state intervention may reduce its impact on under
 mortality, as well as reduce the gap in educational opportunities be-
ween the rural-poor and urban centers. 
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