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ABSTRACT

This research aims to integrate the severity of energy poverty with a multidimensional indicator established using the GRA-SRA methodology. In this 
case study, N11 nations utilize data from 2001 to 2017 to create a multidimensional indicator of energy poverty by integrating 13 indicators for N11 
nations (energy availability, energy cleanliness, and energy accessibility). This study combines the severity of energy poverty with a multidimensional 
indicator developed with the GRA-SRA approach. In this case study, N11 nations use data from 2001 to 2017 to build a multidimensional indicator of 
energy poverty by integrating 13 indicators for N11 nations (energy availability, energy cleanliness, and energy accessibility). South Korea discovered 
disparities in energy poverty among the N11 countries. It has steadily reduced its energy poverty, whereas Iran has experienced a reduction. Patterns 
of variation: This report also addresses global energy requirements for low-income people. According to the study, the type of energy utilized for 
heating is crucial in an environment of poverty and inequality. This study emphasizes the significance and use of cross-national comparisons. All 
locations share climate and other environmental characteristics. Energy poverty decreases as energy availability increases. Reduced energy poverty, 
on the other hand, leads to fewer economic disparities.

Keywords: Ecological Growth, N11 Nations, Energy Poverty, Economic Disparities, Renewable Energy 
JEL Classifications: P28, O13, P48, Q00

1. INTRODUCTION

Energy poverty is a major concern for developing countries. 
Energy is a critical resource for meeting the contemporary world’s 
various demands. When people cannot access domestic services, 
they are more likely to suffer from physical, mental, and social 
problems. There are several types of energy poverty in the globe, 
including a scarcity of clean energy (electricity and natural gas) 
(Chien et al., 2022). It is especially common in underdeveloped 
countries. Because of the global economic crisis, thirty-eight 

million people are going hungry. This figure climbed to eighty-five 
million in 2017. South Asia is home to over five hundred million of 
the world’s 1.72 billion poor, according to the World Bank (Dong 
et al., 2022). According to the pricing methodology, 84% of Sri 
Lankan households are severely impoverished in many aspects 
(Hossain et al., 2023).

In 2019, 4 billion people cooked using traditional fuels, while 870 
million remained powerless. Indoor air pollution from open fires 
kills 2.7 million people yearly (Sustainability and 2010, 2010). 
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Inadequate access to energy services reduces social interaction and 
personal well-being in general. The phrase “energy poverty” has 
been used to describe the lack of access to local energy services. 
Even though both low-and high-income countries have researched 
energy poverty, the discrepancy between access and cost is evident 
in the relevant studies (Du et al., 2022).

Given the disparity between worries about accessibility in low-
income nations and concerns about cost in high-income countries, 
the difficulty of defining energy poverty remains global (Khokhar 
et al., 2022). Indeed, the boundary between cost and accessibility 
has become fuzzier on all three fronts, both in the literature and 
real life. To measure and report progress toward the Sustainable 
Development Goals, academics and experts on energy poverty in 
developing countries developed indicators(Chien et al., 2022).

According to the Communist Party of China’s 19th National 
Congress report, China still faces several major issues, including 
uneven resource distribution, wide income disparities, and a 
discordant environment, all of which have the potential to stymie 
China’s economy and society’s green and sustainable development 
(Mustafa et al., 2023). Green growth, as advocated at the 2012 
Rio+20 Summit, provides new ideas and techniques for China’s 
long-term development (Khokhar et al., 2022). These principles 
assist China in achieving coordinated and harmonious economic, 
social, and environmental progress and aid in achieving carbon 
peak and carbon neutrality (Sy and Mokaddem, 2022). The gradual 
advancement of green growth within the framework of the new 
economic normal may effectively support the transformation of 
the economy and industrial structure (Irshad et al., 2019), resulting 
in the realization of a clean and green economic growth model as 
well as the attainment of the carbon peak and carbon neutrality 
goals(Krajnc and Glavič 2005).

The vast amount of energy consumed has significantly stifled 
China’s green growth in the process of accelerating economic growth 
(Chien et al., 2021), improving people’s welfare, and improving 
the environment, as evidenced largely by the country’s reliance on 
traditional biomass energy (Khokhar et al., 2020), a lack of clean 
energy, and the inability of energy expenditures to be cheap. Even 
though numerous studies use a set of variables to analyze green 
development, green growth evaluation has yet to meet agreed-upon 
criteria. Furthermore, little study has been conducted into the dynamic 
connection between energy poverty and green growth, and the multiple 
consequences are often ignored. Regional energy poverty should be 
addressed in tandem with the country’s general dependency on energy, 
as indicated by the country’s reliance on traditional biomass energy, 
a lack of clean energy, and difficulty in keeping energy expenditures 
low. Despite multiple studies using various methodologies to evaluate 
green development, green growth evaluation has yet to meet agreed-
upon standards. Furthermore, little study has been conducted into the 
dynamic interaction between energy poverty and green growth, and 
the multiple repercussions are generally disregarded.

2. LITERATURE REVIEW

Economic growth is a high-level concern, in addition to several 
macro and micro-ones. (Hailiang et al., 2023) Demonstrate that 

the globe is experiencing acute energy constraints. For cooking, 
one-third of the world’s population relies on wood and other 
inefficient fuels like agricultural wastes, cracks, and dung. 
A 1/3 of the world’s population lives in Poverty; most live in 
Sub-Saharan Africa, South Asia, and the African Sahel area 
(Seman et al., 2019).

Energy poverty has many implications, making these economies 
even more susceptible. This study examines how multidimensional 
energy scarcity and climate disruptions affect multivariate 
health deterioration in Pakistan (Khokhar et al., 2022). Despite 
its fundamental value, empirical findings reveal that scarcity 
considerably influences health poverty in Pakistan. Nawaz 
assesses the impact of multidimensional energy scarcity and 
environmental shocks on health in Pakistan. Energy-spending 
approaches have been employed mostly in high-income nations, 
where the affordability factor of energy poverty has been stressed 
(Maryam et al., 2021). The 10% scale established by Boardman 
is the typical scale used. If a household spends more than 10% 
of its income on energy, it is deemed energy deficient. One of the 
most common critiques against the 10% index is that it does not 
account for houses with higher incomes and demands for energy 
services that exceed community requirements, such as those with 
swimming pools (Hou et al., 2023).

Infrastructure coverage is better in industrialized countries, 
and fair access to modern energy sources exists. However, in 
developing nations, energy poverty refers to a lack of access to 
modern energy required to deliver contemporary energy services. 
This can be attributed to a lack of infrastructure, well-functioning 
energy service marketplaces, and adequate income to acquire 
contemporary energy sources (Younas et al., 2023).  Energy 
poverty impacts whole geographic units in underdeveloped nations 
(Xia et al., 2022). Rural and rural communities remain particularly 
vulnerable, with little or no access to modern energy sources. As 
a result, the current study becomes more important to researchers, 
academics, and policymakers, as it reveals implications for 
theory development, management practices, and future research 
suggestions (Hou et al., 2022). While academic studies on energy 
poverty are becoming more popular, the results have remained 
scattered, varied, and multidisciplinary. The literature on energy 
poverty draws contradictory results on several social and economic 
elements (Hassan et al., 2022).

To correct this mistake, the Low-Income High-Cost Index (LIHC) 
was developed as the official definition in England and Wales 
(Khaskhelly et al., 2022). A household is classified as energy poor 
on the LIHC scale if its required fuel expenses exceed the national 
average and its residual income after these costs are less than 
the national poverty level (Li et al., 2022). The main difference 
between the energy expenditure-based approach and the actual 
expenditure-based strategy is that the former employs “desired” 
energy expenditure rather than “actual” energy expenditure 
(Ahmad et al., 2023; Khan et al., 2022). The predicted energy 
consumption required to support the household determines the 
required energy expenditure. EP also hinders daily labor and has 
Vast Consequences, such as lessened social involvement and 
banishment (Zhao et al., 2022).
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Four factors provide the basis for undertaking an examination of 
energy poverty. For starters, there is no consensus on evaluating 
energy poverty in the same manner that income poverty is assessed. 
As a result, new criteria are necessary to reconcile the given 
rationalities when analyzing energy poverty statistics (Wasim et 
al., 2022).

The extent of the purported problem is the second impediment. 
Meanwhile, the third argument emphasizes the need to take the 
first step toward a solution by defining energy poverty (Sy and 
Mokaddem, 2022). The fourth point emphasizes the importance 
of energy availability as a driver and a byproduct of growth. 
Not only is energy essential for society expansion, but it is also 
required for health care, education, sanitation, and industrial 
output (Ruiz-Rivas et al., 2022). Despite its significance, the 
international community has mostly neglected energy poverty. 
Energy economists, according to them, are mostly responsible 
for energy poverty. The incompetence of the professionals and 
bureaucrats compounded the problem. In its 2002 World Energy 
Outlook Report, the International Energy Agency (IEA) quantified 
energy poverty for the 1st time. However, this decision has been 
modified (Hassan et al., 2022). The United Nations General 
Assembly declared 2014-2024 the Decade of Sustainable Energy 
for All. The green behaviors can be helpful for the management 
of a company in accomplishing its sustainable goals (Perez et al., 
2023). Energy poverty appears to be a research gap that can be 
filled by employing comprehensive indicators to measure it. This 
makes effective policy solutions to the problem simpler to adopt. 
Researchers have previously conducted many studies with modest 
results (Belaïd 2022).

Data from unit-level surveys and a full collection of 15 major 
energy indicators reflecting various energy elements, with weights 
assigned using principal component analysis (PCA) (Hou et al., 
2021). The energy and environmental efficiency of buildings were 
analyzed using a fuzzy analytic network approach and scenario 
modeling to handle the interconnectedness of the factors. This 
is consistent with those who proposed a global economic policy 
uncertainty index weights method that employed principal 
component analysis to account for indicator interaction.

Many academics have explored the influence of energy poverty on 
economic growth (Sorrell 2010), but few studies have concentrated 
on the impact of energy poverty on green growth; that is, few 
researchers have investigated green growth from the standpoint 
of alleviating energy poverty. Businesses and institutions are 
significant to a country since they play an important role in a 
country’s economic development; they also come with significant 
societal and environmental concerns (Sahabuddin et al., 2023). 
However, few academics have investigated the role of technical 
innovation in mediating the relationship between energy poverty 
and green development, and many researchers opt to disregard the 
varied repercussions of various forms of energy poverty on green 
growth (Rao et al., 2022).

The interdependence and interaction of indicators is frequently 
the cornerstone of the weighing approach, which considers the 
correlations between indicators and is practical. Deng’s (1982) 

Grey Relational Analysis (GRA) model and the Sequential 
Relational Analysis (SRA) technique were used to create 
indicator weights in this work (Awad and Warsame 2022). 
GRA is a prominent technique for determining the linkages 
or interconnections between measurements (Khokhar et al., 
2020). The main advantage of this model is its ability to deliver 
reliable results regardless of the probability distribution, even 
when the sample size is tiny. The GRA model is commonly used 
in applications to find grey correlation coefficients or crucial 
components. To assess alternatives, compare performance, and 
study the degrees of interdependence between various factors. 
It is used to construct the grey relational degree matrix, which 
shows how the indicators are related. Meanwhile, the SRA 
model calculates indicator weight (a higher correlated indicator 
receives more weight) (Zhao et al., 2022). The integrated method 
explores the relationship between indicators while considering 
objective weighting. This approach is simpler to use than other 
weighing methods. For example, consider the N11 countries (Liu 
et al., 2022).

3. METHODOLOGY

More than 10.1 million people in Nigeria, Bangladesh, and 
Pakistan do not have access to basic electrical services, according 
to the statistics in the table 1. Simultaneously, a growing number of 
residences around the region are beginning to invest in them-new 
renewable energy sources, such as stand-alone solar PV. Our study 
on the N11 nations supports this. Poor countries are still suffering 
from acute energy shortages. Many people in these nations are also 
affected. Every day, people utilize traditional energy sources such 
as coconut husks, wood, and fossil fuels to cook and survive due 
to budgetary constraints.

This remains the case despite some N11 members’ pledges to 
expand access to clean, affordable energy and recent investments 
in new renewable energy sources. As the table 2 shows, most N11 
nations have high energy profiles. Because it relies heavily on 
imported oil, the populace is very susceptible to price fluctuations. 
The N11 energy profile is representative of the region’s variety. 
For example, although about 100% of individuals in Turkey, 
South Korea, and Iran have access to power, just 75% of Mexicans 
have. The Philippines has 55% of Pakistan’s total population, 
and Nigeria, which has 52.5% of Pakistan’s total population, are 
the only two countries without electricity. As a result, this study 
aims to evaluate the extent of energy poverty and suggest future 
solutions to alleviate it.

Energy poverty is a multifaceted issue influenced by various 
causes, necessitating a multifaceted solution. There are a few 
facts. When selecting a neighborhood using income-based poverty 
indices, the greatest danger is an inability to satisfy necessities. It 
is reported that it does not work well, a major issue. The Material 
Difficulty Index may be a suitable substitute when energy is scarce. 
Although income is a significant issue in energy poverty, it is not 
the only one to consider. It is also linked to human health, acting 
as a link between energy poverty and good health. The table 
summarizes the four main reasons favoring this set of policies. 
The European Union Poverty Observatory has selected indicators 
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from which European policymakers and a partner might choose. 
These are the most effective energy sources for alleviating poverty. 
The collection contains further information. Support redundant 
connections and home energy poverty measures in the region. 
The subjective and important variables have the largest frequency, 
accounting for 40% of all variables. With further information, the 
deprivation characteristics were chosen to encompass all aspects 
of energy poverty. Third, no more signs should be investigated. 
This is because, as shown in the figure, the indicators were chosen 
to provide a diversified framework for analyzing energy poverty. 
The indication structure employed in this study is not unique, but 
it does have some distinguishing characteristics.

3.1. GRA-SRA Method
At the time, there was no universal standard for measuring energy. 
This objective is frequently achieved using poverty and other forms 
of indicators. This emphasizes the need to quantify energy poverty. 
To assess energy poverty properly, it is required first to analyze 
current standards and indicators based on actual situations and 
then develop and create a whole evaluation indicator capable of 
assessing energy poverty. Simultaneously, an accurate assessment 
of the energy poverty index involves creating a comprehensive 
index system capable of measuring energy poverty and collecting 
the current condition of existing evaluation criteria and indicators. 
Due to the diversity and complexity of the difficulties, the present 
indicator evaluation technique cannot capture all aspects of energy 
poverty. Furthermore, a lack of data makes choosing and using 
some metrics to detect energy poverty difficult.

As a result, an effective mechanism for quantifying energy poverty 
is essential. It should be noted that the N11 nations’ principal 
expressions of energy poverty are comparable to those observed in 
other countries. As a result, according to the International Energy 
Agency, all evidence indicates the (IEA). The Energy Poverty 
Index is available to the N11 governorates. It has the potential 
to create a comprehensive composite measure of energy poverty. 
Energy use in the home that is both efficient and ecologically 
beneficial-an acceptable set of indicators for China. As a result, 
the GRA and SRA techniques (Figure 1) are employed to generate 
the total energy poverty index in this study.

The following is the GRG computation procedure for X0 and X1 
data sequences: compute the mean image (or raw picture) of X

0

'  
and Xi

' , where i = 1,2,…,s

X
X
X

X X X X n i si
i

i
i i i i

'

( )

' ' ' '
, , , , ; , , , ,= = ( ) ( ) ( ) … ( )( ) = …
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Y k s M
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k si0 0 1 1 2 3( ) = +
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ε
ε

ε
∆

; , ; , , , ,  (4)

where ξ is the differentiating factor. It is estimated to be 0.5 in 
the works.

Computing GR grade by

Y
n

Y k i si
k

n

i0

1

0

1
1 2= ( ) = …

=
∑( ); , , ,  (5)

Where 1/n can be swapped by Wk, as shown in the following 
example, if the impact of each feature is unique, where ∑ =Wk 1,

Y k s M
i k M

k si0 0 1 1 2 3( ) = +
( ) + ( ) = …
ε
ε

ε
∆

; , ; , , , ,  (6)

Thus, 1/n denotes that the conditions are similarly weighted. The 
Energy Poverty Index is available to the N11 governorates. It has 
the potential to produce a comprehensive composite measure of 
energy poverty. Energy use in the home that is both efficient and 
ecologically beneficial. A useful set of indicators for China. As 
a result, the GRA and SRA techniques are employed to generate 
the total energy poverty index in this paper.

Assume that two data sequences Xi and Xj describe an undefined 
system. The bidirectional absolute GRG is calculated using the 
procedure below.
•	 Change the data sequence and their corresponding sequence.
•	 Normalize the data series using the minimization operator, so 

that the value of each data spans from 0 to 1 Order.
•	 Calculation of the data series’ starting zero image
•	 According to | |Qi , Qj  as well as Q Qi j− �

•	 GRG absolute account (ε)

ε ij
i j

i j i j

Q Q

Q Q Q Q
=

+ +

+ + + −

1

1

| | | |

| |

 (7)

•	 Compute the bidirectional absolute GRG (ε ±) as:
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∆
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0
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The grey feature is an extra measure of these signs. “−“ represents 
an inverse relation, while “+” is a direct relation.

Refers to a tight friendship. To understand the data, the JGI and 
JCL scales are necessary. It is possible to have bidirectional 
descriptions of detailed and absolute GRG. See the Bibliography 
for further information. Let aij indicate a Country’s performance 
for the assessment period J. The indicator yields indicator weights 
for the multidimensional energy poverty index.
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The grey feature is an extra measure of these signs. “−” represents 
an inverse relation, while “+” is a direct relation.

Describes a close friendship. Data interpretation necessitates the 
use of the JGI and JCL scales. In both directions, it is possible to 
describe detailed and absolute GRG. Check out the Bibliography. 
Let aij indicate a nation’s real performance on indicator I during 
the evaluation period j. The indicator is used to calculate indicator 
weights in the multidimensional energy poverty index.

The average GRG φk represent the significance of markers. The 
steps of SRA method is as follows:

Step 1: Normalization of Indicators: as a standard unit of measurement 
Indicators are inconsistent and need to be standardized. Before 
computing the composite index, make any necessary changes. The 
following is the normalization procedure for positive measurements:

e
e e e

e e e eij
ij ij nj

ij nj ij nj

'
, ,

max , , min , ,

=
− …( )
…( ) − …( )
min

 (10)

Standardization method for negative measurement, 

e
e e e

e e e eij
ij nj ij

ij nj ij nj

'
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max , , min , ,

=
…( ) −

…( ) − …( )
 (11)

Step 2: The grey correlation coefficient of ∆jk,
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∨
− ∨ + ∨ − ∨

1
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Step 3: The GCD (grey correlation degree) value was measured by arithmetic 
average method:
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s
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Estimated average grey relational degree as follows:
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s

s
−
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=
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1

1 1,
, Where ϕik

_
( , ) ε 0 1  (14)

The SRA method is applied to calculate the weight of each 
indicator.

SRA-Step 1: The values were sorted in decreasing order of 
correlation degree from high to low,

SRA-Step 2: The values were sorted from high to low in decreasing 
order of correlation degree,

ni i i= −− −ϕ ϕ1  (15)

SRA-Step 3: Weights were obtained:
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The controlled amount of the eij was measured as follows: case 
of cost type indicator,

b
ei e e e

ei e e ei e eij
i n ij

i n i n
=

…( ) −
…( ) − …

min , , ,

min , , , min , , ,

1

1 1

2

2 2(( )
 (18)

b
e i e e e

e i e e e i eij
i n ij

i n i
=

…( ) −
…( ) − …

min | , , ,

min | , , , min | , ,

1

1 1

2

2 2
,,en( )

 (19)

Energy Poverty Index:

EPI b j ni i iji

m
= = …

=∑ ω , , , ,1 2
1

 (20)

The study looks at the N11 countries’ multidimensional energy 
poverty index. The study utilized 14 indicators from 2001 to 2017. 
Data and information on residential energy use will be gathered from 
the following sources: Data gathered from individuals’ residences.

The International Energy Agency produces data on carbon dioxide 
emissions and energy use. Data about the country’s population, 
GDP, population share, electricity supply, mobile phones per 
100 people, and homes.

Final consumption expenditures, cooking technology, the 
proportion of the population having access to clean fuels, and the 
share of thermal energy generation in total power generation are 
all calculated using the World Bank database.

4. RESULTS AND OBSERVATION

4.1. Overall EPI
The score for the energy poverty index is shown in the table 3. 
Nigeria (0.72), Bangladesh (0.65), and Pakistan (0.47) are the N11 
countries with the highest levels of energy poverty. Meanwhile, 
the Philippines (0.36), Indonesia (0.33), and Vietnam (0.28) are 
less likely to become energy-poor than other countries in the 

Table 1: N11 countries energy profiles 2017
Lacking access 
to electricity, 

the population

%(Total) Energy use  
(kg of oil 

Equivalent Per 
Capita, 2017)

Indonesia 14,125,879.70 5.08 907.02
Egypt, Arab Rep. 7,194,750.75 7.7 807.47
Pakistan 89,007,257.04 77.74 757.74
Korea, Rep. 0 0 5714.45
Bangladesh 58,817,872.29 47.77 247.77
Iran, Islamic Rep. 77,095.44 0.07 4241.77
Nigeria 87,070,287.80 77.5 777.12
Mexico 2,719,952.55 2.15 1547.27
Vietnam 278,041.24 0.4 777.47
Philippines 17,175,240.97 17.81 795.57
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designated region. The data also suggest that Turkey and Korea 
are not impoverished in terms of energy.

The energy poverty score has varied in recent years, but it has 
never exceeded 0.93, with the lowest energy poverty score 
being 0.37. Energy poverty is difficult to assess since it is difficult 
to get reliable data from those who are affected. However, this is 

a worldwide issue, and it is estimated that energy poverty affects 
more than 50 million people in Europe. These data were created 
by comparing known parameters and including published studies. 
Energy poverty is concerned not only with the volatility of oil 
prices, but also with how to develop cleaner technologies such 
as wind, solar, biofuels, geothermal, and hydropower to meet the 
Paris Agreement in a sustainable manner. Even though the N11 
countries have not been immune to recognized energy problems 
since the 1970s, the only way for them to assure their future energy 
is to embrace cleaner energy generation that is economically 
appealing to integrate into their systems.

4.2. Key Indicator Analysis
The findings suggest a link between all criteria and the energy 
poverty sub-indicator, which covers the use of clean fuel and 
cooking technology. In Nigeria, for example, access to power has 
greatly improved. Despite this, overall energy consumption remains 
low, with no obvious changes over time. Nigeria aims to have 48% 
of its people living off-grid by 2020, rising to 70% by 2030. The 
government intends to generate 5300 MW of power from on-grid 
renewable energy by 2020, with a target of 13,800 MW by 2030.

Table 2: Energy poverty indicator
EP dimension Indicator

Urban electricity accessibility
Rural electricity accessibility
TYPES

Affordability of Energy GDP per capita
(HDI)
Cellphone ownership per 100 people
Poverty Headcount ratio

The cleanability of Energy Energy usage
Fuel and tech accessibility (Clean)
EI (primary level)
(MJ/$2001 PPP GDP)
CO2 Emission per capita
Fuel Energy Consumption (Fossil)
Power generation (renewable)

Table 3: Multi-dimensional EPI score
Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Bangladesh 0.34 0.34 0.34 0.34 0.34 0.34 0.35 0.35 0.34 0.35 0.36 0.38 0.37 0.4 0.38 0.4 0.46
Nigeria 0.38 0.39 0.42 0.43 0.41 0.41 0.44 0.44 0.43 0.4 0.39 0.41 0.41 0.41 0.4 0.4 0.41
Philippines 0.48 0.47 0.47 0.54 0.48 0.48 0.49 0.49 0.48 0.49 0.49 0.5 0.5 0.51 0.51 0.54 0.54
Pakistan 0.53 0.54 0.47 0.49 0.49 0.49 0.56 0.56 0.57 0.56 0.57 0.56 0.56 0.58 0.58 0.59 0.61
Indonesia 0.54 0.56 0.6 0.65 0.62 0.62 0.66 0.66 0.63 0.63 0.63 0.64 0.65 0.65 0.65 0.66 0.67
Vietnam 0.58 0.59 0.58 0.59 0.64 0.64 0.63 0.63 0.61 0.62 0.64 0.67 0.68 0.69 0.69 0.7 0.71
Korea 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.9 0.9 0.92 0.92 0.93 0.93
Iran 0.75 0.76 0.76 0.78 0.78 0.78 0.8 0.8 0.8 0.79 0.8 0.8 0.83 0.83 0.86 0.83 0.81
Egypt 0.73 0.74 0.76 0.76 0.78 0.78 0.77 0.77 0.76 0.79 0.77 0.78 0.78 0.79 0.8 0.8 0.79
Mexico 0.81 0.82 0.81 0.82 0.8 0.8 0.78 0.78 0.74 0.75 0.73 0.75 0.75 0.75 0.75 0.74 0.79
Turkey 0.91 0.93 0.92 0.92 0.92 0.93 0.94 0.94 0.94 0.95 0.93 0.96 0.95 0.97 0.97 0.99 0.98

Figure 1: GRA-SRA method
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All indicators in table 4 have a high degree of correlation with 
their dimensions, and each country’s grey correlation score is 
more than 0.5. All metrics are only weakly associated to energy 
reimbursement capability, with a grey correlation value of <0.55 
for each nation.

As a result, increasing the use of clean fuels, cooking methods, 
and access to power can help to relieve energy poverty. Energy 
poverty is strongly connected to per capita power use. The 
findings reveal a link between all energy poverty indicators and 
sub-indicators, including clean fuel consumption and cooking 
practices. For example, Nigeria’s electrical supply has greatly 
improved. However, overall energy consumption remains low, 
with no obvious trends over time.

Despite having access to alternate cooking energy for one-third 
of the population, Pakistan, and Bangladesh rank badly in terms 
of access to electricity and other contemporary energy sources. 
Between 3% and 3.5% of the population lives in extreme poverty.

4.3. Energy Profile Contributing to EP
These nations have made significant strides toward increasing 
energy access, with the share of powerless families decreasing. 
From 50% in 2001 to 2% in 2017. It’s all the same. From 2001 to 
2017, the State of the Energy Transition Renewable energy looks 
to be taking the place of coal and wood. The proportion of N11 
customers who use charcoal and biomass fell by 36%, while the 
proportions of those who use electricity, oil, and electricity rose 
by 47%, 8%, and 7%, respectively. Coal and biomass expenditures 
were cut by over $3 per person. Prices for electricity, oil, and 
energy increased by $17, $65, and $41, respectively.

According to the International Energy Agency, around 1.5 billion 
Chinese individuals, or nearly 20% of the entire population, lacked 
access to electricity in 2008. In addition, 96.2 million people in 
the country do not have access to power. Only 10-15% of rural 
communities are within a reasonable distance of a city. Only 
enough electricity is available to fulfil the population’s basic needs. 
Lighting, ceiling fans, cooling, and watering are all available. This 
reinforces our suspicions that these nations are more concerned 
with satisfying their fundamental energy requirements than with 
lowering greenhouse gas emissions or mitigating climate change.

Nigeria’s installed power generation capacity is predicted to 
increase from 7500 MW in 2015 to 115,000 MW in 2030, with 
energy efficiency rising by at least 20% by 2020 and 50% by 
2030. Meanwhile, Bangladesh is one of the poorest and most 
densely populated countries on the planet, with just 59.6% of the 
population having access to electricity in 2012, rising to nearly 
76% by 2016. addition, 79% of grid-connected people experienced 
load shedding, while 60% had access to low-voltage energy. 
According to 2008 IEA estimates, around 1.5 billion people in the 
country lack access to electricity, accounting for roughly 20% of 
the total population.

4.4. Socio-economic Association of EP
Politics, economics, infrastructure, and geography have all 
thwarted efforts to improve households’ socioeconomic position Ta

bl
e 

4:
 E

ne
rg

y 
po

or
 c

ou
nt

ry
 (a

na
ly

si
s)

C
ou

nt
ri

es
B

an
gl

ad
es

h
N

ig
er

ia
Ph

ili
pp

in
es

Pa
ki

st
an

In
do

ne
si

a
V

ie
tn

am
E

gy
pt

Ir
an

M
ex

ic
o

K
or

ea
Tu

rk
ey

A
cc

es
si

bi
lit

y 
of

 e
ne

rg
y

Fu
el

 a
nd

 T
ec

h 
A

cc
es

si
bi

lit
y 

(c
le

an
)

0.
53

5
0.

53
3

0.
44

6
0.

69
8

0.
64

8
0.

57
6

0.
81

1
0.

85
3

0.
75

6
0.

92
3

0.
91

3
El

ec
tri

ci
ty

 a
cc

es
s

0.
53

3
0.

56
6

0.
57

3
0.

52
3

0.
70

2
0.

73
1

0.
92

5
0.

93
7

0.
92

0.
90

8
0.

89
3

El
ec

tri
ci

ty
 a

cc
es

s u
rb

an
0.

53
4

0.
33

3
0.

52
0.

48
7

0.
65

4
0.

71
7

0.
90

7
0.

87
3

0.
81

4
0.

91
9

0.
93

5
El

ec
tri

ci
ty

 a
cc

es
s r

ur
al

0.
53

3
0.

41
0.

53
0.

65
6

0.
72

2
0.

92
2

0.
94

3
0.

98
2

0.
94

1
0.

89
0.

96
A

ffo
rd

ab
ili

ty
 o

f e
ne

rg
y

G
D

PP
C

0.
33

3
0.

33
4

0.
33

4
0.

33
3

0.
46

3
0.

44
9

0.
33

3
0.

96
0.

33
4

0.
44

8
0.

44
8

H
D

I
0.

33
3

0.
40

4
0.

65
0.

64
0.

78
1

0.
58

0.
60

7
0.

46
7

0.
48

7
0.

34
0.

50
4

C
el

l o
w

ne
rs

hi
p 

(p
er

 1
00

 p
eo

pl
e)

0.
40

4
0.

34
9

0.
48

5
0.

33
3

0.
94

5
0.

55
8

0.
45

1
0.

45
6

0.
39

5
0.

54
4

0.
54

4
Po

ve
rty

 h
ea

dc
ou

nt
 ra

tio
55

3
0.

63
7

0.
45

0.
73

1
0.

34
4

0.
35

2
0.

48
4

0.
33

9
0.

9
0.

33
3

0.
33

3
C

le
an

ab
ili

ty
 o

f e
ne

rg
y

U
sa

ge
 o

f e
ne

rg
y

0.
33

3
0.

35
59

0.
34

4
0.

34
44

0.
36

5
0.

34
5

0.
36

2
0.

53
2

0.
40

4
0.

91
0.

9
(M

J/
$2

01
1 

PP
P 

G
D

P)
0.

33
4

0.
52

5
0.

33
3

0.
49

0.
35

4
0.

55
8

0.
35

3
0.

87
0.

36
5

0.
65

2
0.

65
2

Po
w

er
 G

en
er

at
io

n 
(r

en
ew

ab
le

)
0.

45
2

0.
96

5
0.

42
0.

51
6

0.
46

3
0.

45
4

0.
34

6
0.

33
3

0.
35

6
0.

33
8

0.
33

8
Fu

el
 E

ne
rg

y 
C

on
su

m
pt

io
n 

(F
os

si
l)

0.
61

3
0.

33
3

0.
62

3
0.

51
7

0.
54

9
0.

52
9

0.
97

3
0.

89
7

0.
82

1
0.

70
7

0.
70

7
Po

w
er

 c
on

su
m

pt
io

n 
(k

W
h)

0.
33

5
0.

33
3

0.
35

0.
34

4
0.

34
6

0.
34

3
0.

37
1

0.
40

1
0.

41
1

0.
93

1
0.

9
El

ec
tri

ci
ty

 p
ro

du
ct

io
n 

(o
il 

so
ur

ce
)

0.
33

3
0.

51
2

0.
45

6
0.

74
5

0.
43

8
0.

4
0.

4
0.

46
0.

93
5

0.
36

7
0.

36
7



Raza, et al.: Sustainable Development Goals and Energy Poverty Reduction: Empirical Evidence from N11 Countries

International Journal of Energy Economics and Policy | Vol 14 • Issue 2 • 2024708

and access to key energy services such as electricity, educational 
and entertainment assets, and home appliances. Many rural homes 
continue to cook using animal dung, wood, crops, and straw, 
which pollutes the interior air and threatens the health of children 
and women.

Over 40% of people in Bangladesh, Pakistan, Nigeria, and the 
Philippines cook on firewood. Most of these people reside in rural 
regions and rely mostly on agriculture, particularly wood, seasonal 
crops, and straw because it is inexpensive and readily accessible. 
Women are often in charge of gathering wood or straw, and they 
occasionally prepare faucal bread by collecting and drying animal 
faces. Indoor air pollution happens when women and children 
cook with their faces, which can damage their health. According 
to a study, electricity is the region’s safest, most popular, and least 
ecologically damaging cooking fuel. With 2.7% of Indonesians 
using electricity for cooking, the country has the highest rate 
of power use. Despite this, household LPG and kerosene use 
remained high, at 23.8% and 36.7%, respectively.

4.5. Household EP
According to the International Energy Agency, around 1.5 billion 
Chinese citizens, or nearly 20% of the population, were without 
power in 2008. In addition, 96.2 million people in the country 
do not have access to power. Only 10-15% of rural villages are 
within reasonable driving distance of a metropolis. Only enough 
electricity is available to cover the residents’ basic requirements. 
Lighting, ceiling fans, cooling, and watering are all available. This 
validates our hypothesis that these countries are more concerned 
with addressing their fundamental energy requirements than 
lowering greenhouse gas emissions or mitigating climate change.

4.6. Average Household Electricity Consumption
Choosing energy-efficient equipment is thus an excellent way 
to reduce home power use. Electric fans are another common 
domestic cooling appliance. The weather in Badong City is hot, 
with an average daily temperature of 32° Celsius. When paired 
with a lack of natural ventilation, it typically leads to increased 
home temperature and an increased need for electric fans. The 
typical household has two to three fans, according to the poll. 
The survey discovered that culinary activities consume the most 
energy, such as rice cookers, freezers, and ovens. Choosing energy-
efficient equipment is thus an excellent way to save household 
expenditures. The amount of energy expended. Other typical 
types of electric fans include Refrigerators, common household 
equipment. The weather is nice. Badung gets hot weather with 
an annual average temperature of 32° Celsius. That specific day. 
When this is paired with a lack of natural ventilation, higher 
home temperatures and a greater reliance on electric fans occur. 
According to the poll findings, each residence has an average of 
2-3 admirers.

4.7. Robustness Analysis
Another potential new energy element is energy availability. 
Along with two other well-known issues, energy poverty and 
low-cost energy. So, disregard the energy. When the mechanisms 
of economic disparity are studied, the likelihood of poverty arising 
rises. As a result, variable bias is eliminated, making the results 

less robust. In addition, any recommended solution to the energy 
dilemma must address energy poverty. In addition to the previously 
identified qualities of energy cleanability and affordability, energy 
availability is a new potential factor of energy poverty. As a result, 
disregarding energy poverty while investigating income disparity 
dynamics may result in omitted variable bias and less robust 
results. Furthermore, any proposed energy-crisis-reduction policy 
must target energy poverty. This is most likely the first attempt to 
analyze energy poverty for a global sample while accounting for 
economic disparities.

Because economic differences are expanding, government policies 
boosting electricity use may increase income disparity, which 
impacts and promotes energy poverty. Poverty revolves around 
money and energy. The outcomes are highlighted in addition to 
considerable positive connections between energy cost, poverty, 
availability, and cleanliness. The rise in per capita energy 
consumption excludes low-income people, widening economic 
disparities.

5. CONCLUSION AND POLICY 
IMPLICATION

Utilizing the N11 nations as a case study, this research computes 
the energy poverty index using the GRA-SRA technique and a 
comprehensive set of underlying metrics. The research examined 
data from 2000 to 2017. The study created a multidimensional 
energy poverty index to rank the 11 countries. The result reveals 
that we may examine energy poverty concerns at the dimension 
and sub-indicator levels since combining various sub-indicators 
from three dimensions produces the energy poverty score. The 
energy poverty score provides a baseline with comparable 
characteristics such as energy cost, availability, and cleanability. 
The grey link degrees between energy poverty and availability, 
energy affordability, and energy cleanability were computed using 
the GRA approach to be 0.658, 0.609, and 0.537, respectively.

Energy availability and energy cleanability were determined 
to have the strongest relationship between energy poverty and 
energy affordability. The GRA-SRA approach is used in this 
study to construct an energy poverty index based on a collection 
of core factors. As an example, consider the nation N11. The 
study examined data from 2000 to the present. The study created 
a comprehensive measure of energy poverty to rank 11 nations. We 
may investigate the factors of energy poverty along one dimension, 
the f sub-index level. The degree of energy poverty is formed by 
integrating multiple sub-indicators related to the three dimensions. 
We used the energy poverty scale as a starting point and compared 
energy affordability, availability, and energy hygiene.

The approaches used in the GRA computation of energy 
affordability and cleanliness have values of 0.658, 0.609, and 
0.537, respectively. Energy cost is the strongest indicator of energy 
poverty, followed by energy availability and cleanliness. Over 
40% of individuals in the N11 countries, including Bangladesh, 
Pakistan, Nigeria, and the Philippines, cook with wood. As a 
result, geopolitical, economic, and geographical concerns must be 
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addressed as soon as possible to enhance family socioeconomic 
levels and offer access to contemporary energy devices such as 
electricity, educational assets, and domestic appliances.

The most utilized cooking materials are wood, seasonal crops, 
and hay. Fuel-related indoor air pollution may harm one’s 
health, especially for women. While 22% of Filipinos are from 
Bangladesh, 25% are from Nigeria, 36% are from Pakistan, and 
36% use LPG in their cooking. Only 2.7% of Indonesians use 
electricity for cooking. In 23.8% of the cases, LPG was used. 
A typical residence consumes around 10,649 kWh of power 
monthly, or an average of 877 kWh. As a result, wind turbine 
output ranges between 5 and 15 kW. This criterion must be met. 
Prove your financial viability. A modest wind power station can 
save up to 100% on electricity costs by avoiding the expensive 
cost of connecting utility power lines to remote areas.
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