
energies

Article

Evaluating the Energy Consumption Inequalities in
the One Belt and One Road Region: Implications for
the Environment

Muhammad Hafeez 1,2 , Chunhui Yuan 1,2,*, Issam Khelfaoui 3, Almalki Sultan Musaad O 4 ,
Muhammad Waqas Akbar 5 and Liu Jie 1,2

1 School of Economics and Management, Beijing University of Posts and Telecommunications, Beijing 100876,
China; hafeez_86@hotmail.com or hafeez@bupt.edu.cn (M.H.); JieLiu@bupt.edu.cn (L.J.)

2 The Center of Industrial Economics and Green Development, BUPT, Beijing 100876, China
3 School of Insurance, University of International Business and Economics, Beijing 100029, China;

khelfaouiaissam2@gmail.com
4 College of Economic Management, Nanjing University of Aeronautics and Astronautics, Nanjing 210016,

China; al7an-vip@hotmail.com
5 School of Finance, Shanxi University of Finance and Economics, Taiyuan, Shanxi 030006, China;

waqaseco786@gmail.com
* Correspondence: yuanchunhuibupt@163.com or yuanchunhui@139.com; Tel.: +86-137-1862-1693

Received: 20 March 2019; Accepted: 4 April 2019; Published: 9 April 2019
����������
�������

Abstract: Additional energy demand is needed to accomplish the mega-projects of the Belt &
Road Initiative (BRI). As energy consumption is one of the prime determinants of environmental
degradation, the present study investigates the impact of energy inequalities on environmental
degradation along with financial development. The entropy approach is applied to quantify the
three energy consumption inequalities; average, between, and total energy consumption inequality
respectively. The energy consumption inequality of BRI economies follows an uprising temporal
trend. The estimates reveal that East Asia and South Asia have the highest and lowest energy
consumption inequality among the BRI regions. Within regions, it is found that Central Asia has
the lowest, and East Asia has the highest energy inequality among the BRI regions, respectively.
Based on bootstrapping, the generalized least square (GLS) is applied to quantify the impact
of energy consumption inequalities on environmental degradation along financial development.
The energy inequalities have a statistically positive impact on environmental degradation in BRI
regions, East Asia, Central Asia, the Middle East and North African region (MENA), and Southeast
Asia respectively. In contrast, South Asian economies are sustaining environmental quality despite
the energy consumption inequalities. Financial development also has a significantly major impact on
environmental degradation in BRI, and its regions except for Central Asia, and MENA.

Keywords: energy inequality; energy consumption; One Belt and One Road; environmental
degradation

1. Introduction

China officially used the term the “One Belt and One Road initiative (BRI)” in 2015, containing
65 economies around the globe [1,2]. The National Development and Reform Commission, as well as
the Ministries of Commerce, and Foreign Affairs of China publicly announced BRI visions to integrate
industrial cooperation containing 65 countries from all over the world [2]. 57 out of 65 of these
countries had already signed the articles of agreement of the Asian Infrastructure Investment Bank for
official banking service among the BRI region [2]. BRI economies have a 30%, 38.5%, and 62.3% share of
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global gross domestic product (GDP), land area, and population respectively [1–3]. An adequate level
of energy is required to achieve the maximum level of output because energy is an essential feature for
nurturing all development processes [3,4]. Rapid economic growth leads to an increase in energy use,
which has a negative impact on the environment [5]. In the modern world, industrial expansion creates
additional demand for energy to fulfil capital intensive growth requirements and modern business
operations [3]. According to the World Bank, the world energy consumption increased by nearly 1.43%
in 2015, while China was consuming energy at an increased rate of 1.04% [6]. The patterns of energy
consumption in BRI are compiled by using the World Development Indicators database [6]. Figure 1
depicts a temporal increasing trend in average energy consumption of the BRI region. The regional
energy consumption of BRI economies is presented in Figure 2. It indicates that Europe, South Asia
and Southeast Asian economies of BRI have less volatility in their regional energy consumption pattern.
MENA economies follow a decreasing energy consumption pattern within the region. East Asia depicts
a rapidly increasing energy consumption pattern due to the Chinese economy, as China is the second
largest global economy.
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Figure 1. Pattern of Energy Consumption in BRI.
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Figure 2. Regional Patterns of Energy Consumption in BRI.
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On the other hand, BRI economies require energy to start mega-projects, which increases air
pollutants and environmental degradation [3,7]. The average energy consumption is increasing
environmental degradation in Europe. By contrast, energy consumption inequalities are decreasing
environmental degradation in South Asian economies. Hence, environmental degradation is also
an important matter of concern and is directly linked to energy consumption [8]. Energy demands
mostly depend on energy use, including renewable and non-renewable energy sources, and affect
the environmental quality in major ways by increasing the risk of catastrophes and terrible damages
(disasters) [9,10]. As for economic growth, a higher level of energy is required for present and upcoming
material needs. An increase in energy demand is a direct cause of carbon dioxide (CO2) emissions,
which lead to environmental degradation and other environmental problems [5,9,10]. CO2 emissions,
which account for 75% of greenhouse gases, are a major contributor to global warming and climate
change worldwide [11].

Effective financial policy is necessary concerning energy consumption to achieve sustainable
development [1,12]. The financial sector of the world experienced a 5.61% growth rate in 2017 [1,6].
The role of financial markets is significant as many researchers argued that financial development
encourages us to reduce energy consumption and investment in energy efficiency, mobilization and
use of saving, source monitoring and to improve environmental quality [13,14]. Financial development
includes providing foreign direct investment by increasing banking activities, stock markets domestic
credits, cost loans and by promoting newly innovated technology and via the adoption of new financial
development technologies which can increase energy efficiency [15,16]. Financial development
allows consumers to get cheaper loans to buy consumer goods and creates energy demand due
to the expansion of household consumption [1,17,18]. Several researchers have given significant
focus to investigating the relationship between energy consumption, environmental degradation
and economic growth but financial development is still inadequately investigated in the case of BRI.
Some of the studies have analyzed the relationship between energy and income growth [15,19–23],
while the remaining studies have tested the EKC hypothesis by examining the relationship between
environmental degradation and GDP [1,24–26]. Some studies also investigated energy consumption,
carbon emissions, and economic growth linkages but did not incorporate the financial development
indicators [27–29].

Although BRI is getting attention around the globe, many of its participating countries are still
considering its impacts on areas such as environmental degradation, income, and finance while seeking
to catch up on the path of sustainable development. The BRI region contains 24% of global household
consumption [1,2]. Transport infrastructure integration among BRI countries is the core objective of BRI
to enable the free flow of economic benefits and to optimize resource allocation along the markets that
are integrated [2]. The China International Trade Institute also mentioned that industrial cooperation
will be created among BRI economies [2]. BRI also promotes financing and banking services through
the Asian Infrastructure Investment Bank. Due to these circumstances, it will create an increase in
energy consumption, and potential energy markets because of its dynamic role in the economy, thereby
increasing economic growth and sustainable development [4]. BRI economies make up 42.8% of world
energy consumption [2,6]. Energy consumption enhances environmental degradation with respect
to eight air pollution indicators [7]. Sustaining rapidly growing energy consumption, and energy
market is one of the prime hurdles to achieving BRI goals. Consequently, energy inequality can be an
important instrument for predicting energy consumption patterns. Therefore, there is a dire need to
investigate the energy inequality and environmental degradation-financial development nexus within
BRI and its regions. The contribution of the study is three-fold. Firstly, the aspiration of the study
is to reveal the regional disparities of energy consumption. It also spotlights the impact of energy
inequalities on environmental degradation along with financial development. Energy inequalities with
respect to the population of BRI and its region, are computed through entropy (Theil’s index). Secondly,
it is tested whether regional, intra-regional or total energy inequality affect environmental degradation.
Lastly, the study also explores the impact of financial development on environmental degradation.
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The empirical findings will be helpful for understanding energy consumption and developing a
green economy. The temporal quantification of the energy inequalities with respect to population differ
in BRI regions. Understanding these differences will contribute to energy and environmental policy
formulations. Therefore, regional energy inequality is an essential instrument to understand energy
consumption within and across the BRI region. Furthermore, energy consumption is directly linked to
economic development and the environment. Regional energy inequality and financial development
also enlighten the regional response of environmental degradation to devise better eco-friendly and
energy policies.

2. Materials and Methods

2.1. Data and Empirical Strategy

The BRI contains 2, 5, 8, 11, 15, and 24 countries from East Asia, Central Asia, South Asia,
Southeast Asia, Middle East and North Africa (MENA), and Europe respectively [1,2]. The present
paper also takes into account the classification of countries by the China International Trade Institute
in the BRI region [1,2]. The panel of selected economies from BRI, are reported in Table 1. Due to
data availability, the sample-set of study incorporates 46 economies; 2, 3, 5, 8, 12, and 16 from East
Asia, Central Asia, South Asia, Southeast Asia, MENA, and Europe respectively. The time span of
sample-set is from 1990 to 2017. The dataset is retrieved from the World Development Indicators
(WDI) on energy consumption, population, CO2 emission, and financial development indicators
respectively [6]. A detailed description of variables is provided in Table 2.

Table 1. BRI regions and Economies.

BRI Regions Economies

East Asia China, Mongolia
Central Asia Kazakhstan, Kyrgyz Republic, Tajikistan
South Asia Bangladesh, India, Nepal, Pakistan, Sri Lanka

Southeast Asia Cambodia, Indonesia, Malaysia, Myanmar, Philippines, Singapore, Thailand, Vietnam

MENA Bahrain, Egypt, Iran, Israel, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, United Arab
Emirates, Yemen

Europe Albania, Armenia, Azerbaijan, Belarus, Bulgaria, Croatia, Czech Republic, Georgia, Hungary,
Macedonia, Moldova, Poland, Romania, Russia, Turkey, Ukraine

Table 2. Variable Description.

Variable Notation Quantification Time Span Data Source

Energy Consumption EC Energy use (kg of oil equivalent per capita) 1990–2017 WDI
Population POP Population, total 1990–2017 WDI

Environmental
Degradation ENV CO2 emissions (metric tons per capita) 1990–2017 WDI

Financial development FInDEV

FinDev indicator 1 FD1 Domestic credit provided by the financial
sector (% of GDP) 1990–2017 WDI

FinDev indicator 2 FD2 Domestic credit to private sector
(% of GDP) 1990–2017 WDI

FinDev indicator 3 FD3 Domestic credit to the private sector by
banks (% of GDP) 1990–2017 WDI

2.2. BRI’s Panel Correlation Analysis

The BRI correlation matrix is reported in Table 3. The environmental degradation, financial
development indicators (FD2, FD3) are positively associated with average and total energy inequality
respectively. Meanwhile, the first financial indicator (FD1) is negatively correlated with average energy
inequality and indicates that the financial sector considers pollution regulation and green investment
while giving domestic credit. The financial indicators are highly correlated with each other. Thus,
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PCA (principal components analysis) is applied to construct a financial development index to avoid
the issue of multi-collinearity and estimate robustness [30]. The results of the PCA are reported in
Table 4. Eigenvalues point out that the first component is explaining the 93.14% standard variation in
dependent variable as compared to other components. Thus, the first component is most relevant to
construct the financial development index. The factor loading provides the 55.5%, 58.8%, and 58.7%
standard variation of the first component from FD1, FD2, and FD3 respectively. These factors loading
are used as the weight to measure the composite financial development index (FinDev).

Table 3. Panel correlation analysis of the BRI region.

Variables FD1 FD2 FD3 ENV AEI TEI

FD1 1.000
FD2 0.850 1.000
FD3 0.845 0.994 1.000
ENV 0.073 0.139 0.149 1.000
AEI 0.017 0.068 0.077 0.928 1.000
TEI −0.011 0.108 0.117 0.444 0.487 1.000

Note: FD1 = domestic credit by financial sector, FD2 = domestic credit by private sector, FD3 = domestic credit
by banking sector, ENV = CO2 emission, AEI = average energy consumption inequality, and TEI = total energy
consumption inequality.

Table 4. PCA analysis.

Component Eigenvalue Difference Proportion Cumulative

Comp1 2.79411 2.59461 0.9314 0.9314
Comp2 0.1995 0.193107 0.0665 0.9979
Comp3 0.00639306 . 0.0021 1.0000

FInDEV indicators Factor Loading

FD1 0.5555
FD2 0.5886
FD3 0.5874

Note: FD1 = domestic credit by financial sector, FD2 = domestic credit by private sector, and FD3 = domestic credit
by banking sector.

2.3. Energy Inequalities Quantification

In information theory, information can be extracted from random variables through “Entropy” [31].
To measure uncertain information the entropy (E) can be quantified by E = −∑N

i=1 Pi ln(Pi) where
Pi is the probability of an event happened for i= 1, 2, 3, . . . , N and often considered a yardstick for
measuring uncertainty information from random variables [31,32]. Theil proposed the inequality
measure to compute the difference of variables having unique distributions [31,32]. The Theil index
provides the information inequality (disparity) of random variables of two different distributions [30,31].
The probability of an outcome indicates the information inequality among two distributions sooner and
later taking the information into account. The Theil index also spotlights that the previous distribution
does contain enough information to predict the post-distribution [32,33].

By following references [32,34–42], the present study states the cross-entropy (Et) at time “t” for
information inequality as follows:

Et =
N

∑
i=1

ait ln
(

ait
bit

)
(1)

where ait and bit are the “ith” economy’s sooner and later probabilities in time “t” respectively;
i = 1,2,3 . . . ..N, and t = 1,2,3 . . . . . . .t. The probability sum of ait and bit is 1 and non-negative [33].
The probabilities of ait and bit can be replaced by Shares of ait and bit as these shares also follow and
validate probability properties. In energy economics, entropy can be quantified through the economic
variables share to compute their distribution inequalities [34–42].
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Et is used to investigate energy consumption inequality in regional distributions of BRI of energy
consumption (EC) with respect to population. Suppose that the energy consumption shares of “i”
economy in a specific region at time “t” can be calculated as follows:

ect =
ECit

∑N
i=1 ECit

(2)

In Equation (2), ECit indicates the energy consumption of economy “i” in time “t” while ∑N
i=1 ECit

is the sum of energy consumption of economies of BRI at time “t”. Likewise, the population share of
“i” economy in a specific region at time “t” can be calculated as follows:

pt =
Pit

∑N
i=1 Pit

(3)

In Equation (3), Pit indicates the population of the economy “i” in time “t” while ∑N
i=1 ECit is the

sum of population of economies of BRI at time “t”. The cross-entropy of energy consumption index
can be denoted as follows:

Et =
N

∑
i=1

ecit ln
(

ecit
pit

)
(4)

Equation (4) denotes energy consumption inequality. The Et approaches zero if differences in
per capita energy consumption between BRI economies decrease, while if the difference in per capita
energy consumption between BRI economies arises then Et will approach infinity. In simple words,
if population share encompasses enough information to predict energy consumption share then energy
consumption inequality will converge to zero, otherwise it will increase and approaches infinity, which
depicts less information for forecasting energy consumption share.

The total energy consumption inequality (At) of BRI can be measured through inequalities of
within- BRI regions (“Wt”) and between BRI regions (“Bt”). Let a region (“r”) of BRI contain many
economies that have comparable energy consumption patterns. If an economy located in “r” region
for = 1990, 1991 . . . . . . 2017 (R ≤ N), then inequalities of (“Wt”) and (“Bt”) can be quantified as follows:

Bt =
R

∑
r=1

ECrt ln
(

ECrt

Prt

)
(5)

Wt =
r

∑
i=1

ecit
ECrt

ln

( ecit
EC rt
pit
P rt

)
(6)

In Equations (5) and (6), energy consumption share, and population share of region “r” is stated as
ECrt = ∑r

i=1 ecit, and Prt = ∑r
i=1 pit. respectively. The “At” is the sum of (“Wt”) and (“Bt”) inequalities

and stated in Equation (7) as follows:

At = Bt +
R

∑
r=1

ECrt ∗ Wt (7)

In Equation (7), the average (“Wt”) entropy is the weighted aggregation of (“Wt”) and quantifies
energy consumption inequality within economies of BRI in region “r” while (“Bt”) computes the
inequality between regions of BRI. In light of consumption inequalities, we check whether the BRI
regional disparities in energy consumption are linked with the environmental degradation-financial
development nexus. By adopting the approach of references [35,38], the econometric model is presented
in Equation (8) as follows:

ENVit = ϕit + δ1tECit + δ2tFinDevit + µit (8)
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In Equation (8), ENVit = environmental degradation, ECit = set of energy consumption inequalities
[EIt = average energy consumption inequality, BEIt = between energy consumption inequality, and TEIt = total
energy consumption inequality], FinDevit = financial development, µit = error term, “i” = BRI
economies = 1,2, . . . 46, and “t” = time = 1990,1991, . . . . . . 2017. The Equation (8) is computed
by utilizing bootstrapping generalized least square (GLS) modeling to tackle the normality and
heteroskedasticity among the BRI regions. The empirical estimates will elaborate on the effect of
regional energy consumption inequalities on the environmental degradation-financial development
nexus for the BRI region.

3. Empirical Results

3.1. Energy Inequality Analysis

BRI contains 6 regions; East Asia, Central Asia, South Asia, Southeast Asia, MENA, and Europe
(See, Table 1). The energy inequality of BRI economies is calculated by utilizing Equation (4).
The computed range of energy inequality in BRI region, is 0.002497 (0.2497 percent) to 0.002581
(0.2581 percent). It has the highest average energy per capita inequality in 2016–2017. The energy
inequality index of the BRI region has sustained its values at around 0.0025 (0.25 percent) until 2008,
then it followed an increasing trend. The energy inequality dynamics show that the BRI region has a
deviation of energy consumption in production, consumption, income level, and climate condition
across its economies. By using Equation (4), in Figure 3, the energy inequalities within BRI regions
are illustrated. The lower index value of energy inequality demonstrates the subsistence of less
energy consumption difference among economies within a BRI region and vice versa. The BRI energy
inequality index demonstrates an increasing trend. South Asia has the lowest energy inequality among
the BRI regions. European and Southeast Asian economies of BRI have minor and major energy
inequalities within regions, respectively. The central Asian and MENA economies are following a
declining trend in energy inequalities among themselves, respectively. On the other side, East Asia
has higher energy inequality within the region over time because China has a much larger economy
compared to Mongolia.Energies 2019, 12, x FOR PEER REVIEW 8 of 17 
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3.2. Pareto analysis

Pareto analysis is also conducted to elaborate the energy inequalities range difference in BRI
and its 6 regions. It is illustrated in Figure 4. The MENA region has the highest energy inequality
range difference among the BRI regions while BRI itself is the second largest among its regions with
respect to energy inequality range. Europe, South Asia, and Central Asia are ranked as 3rd, 4th, and
5th respectively. While, South Asian economies of BRI has the lowest energy inequality index value
ranging from “−0.0002864” to “−0.0002587” due to their population growth.
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By applying the Equation (5), insightful estimates are reported in Figure 5. Figure 5 reveals
the energy inequality of BRI between the regions. Central Asia has the lowest energy consumption
disparity among the BRI regions. European and Southeast Asian economies of BRI have a normal
level of disparity between the BRI regions. South Asian economies of BRI follow an increasing energy
consumption disparity over time between the BRI regions. In contrast, MENA economies follow a
declining trend in energy consumption disparity between the BRI regions. Obviously, East Asia, due to
China, has the highest energy consumption disparity between the BRI regions over time.

Furthermore, the pattern of average total energy inequality over time, is illustrated in Figure 6.
The total energy disparity traces the temporal divergence across the BRI regions due to the higher
energy consumption level of China. The minimum average value of total energy inequality is −0.0012
(−0.12 percent), and −0.0076 (−0.76 percent) in Central Asia, and East Asia respectively. There is
an uprising temporal tendency in BRI’s total energy inequality. In BRI regions, Central Asia has
the lowest total energy inequality while East Asia has the highest total energy inequality due to the
higher economy volume and population size of China. Southeast Asia also indicated an increasing
trend in total energy inequality over time but this started to decline in 2016, and 2017. Total energy
inequality in MENA economies was increasing until 2008 and then followed a declining path. European
economies of BRI followed a normal variation in total energy inequality. South Asian economies of
BRI experienced an growing trend in total energy inequality due to energy demand and increasing
population size, especially in Bangladesh, Pakistan, and India.
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3.3. Impact of Energy Inequalities and Financial Development on Environmental Degradation

To estimate the impact of energy inequalities on environmental degradation-financial
development, the generalized least square (GLS) method is applied to compute the empirical estimates
for Eq. 8 based on the bootstrapping method. The regional estimates of average, between regions,
and total energy consumption inequality for BRI are presented in Tables 5 and 6 respectively. In BRI
economies, it is found that energy inequality has a statistically positive impact on environmental
degradation in M1 (average energy consumption inequality model), M2 (between regions energy
consumption inequality model), and M3 (total energy consumption inequality model), respectively.
Energy consumption inequalities have a positive significant impact on environmental degradation in
East Asia, Central Asia, MENA, and Southeast Asia due to additional energy consumption [1,10].
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Table 5. Results of BRI Energy Inequalities.

Region BRI East Asia Central Asia Europe

Models M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3

ϕit 2.39 * 4.52 * 4.02 * 0.099 −1.79 * −1.77 * 0.244 2.81 * 2.61 * 3.13 * 3.98 * 3.89 *

(0.00) (0.00) (0.00) (0.761) (0.00) (0.00) (0.288) (0.00) (0.00) (0.00) (0.00) (0.00)

EI 1437.09 * - - 2613.6 * - - 5286.04 * - - 1336.40 * - -

(0.00) (0.00) (0.00) (0.00)

BEI - 167.78 * - - 56.78 * - - 710.62 * - - −70.90 -

(0.00) (0.00) (0.00) (0.205)

TEI - - 215.37 * - - 57.06 * - - - 77.73

(0.00) (0.00) (0.00) (0.162)

FinDev 0.029 * 0.039 * 0.038 * 0.099 * 0.085 * 0.086 * −0.017 0.049 0.029 0.032 ** 0.056 * 0.050 *

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (−0.89) (0.322) 0.522 (0.002) (0.00) (0.00)

R2 0.865 0.122 0.204 0.512 0.714 0.712 0.961 0.806 0.834 0.169 0.055 0.056

Economies 46 46 46 2 2 2 3 3 3 16 16 16

Observation 1288 1288 1288 56 56 56 84 84 84 448 448 448

Wald stats 8258.71 178.61 329.95 41.5 116.5 114.97 2573.80 336.56 408.21 90.94 26.24 26.61

Wald Prob. (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Note: ( ) = p-values are in parentheses, M1 = average energy consumption inequality model, M2 = between regions energy consumption inequality model, M3 = between regions energy
consumption inequality model, EI = average energy consumption inequality, BEI = energy consumption inequality between the regions, TEI= total energy consumption inequality, and
FinDev = financial development.
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Table 6. Results of BRI Energy Inequalities.

Region MENA South Asia Southeast Asia

Models M1 M2 M3 M1 M2 M3 M1 M2 M3

ϕit 4.90 * 7.91 * 5.95 * 0.06 0.26 *** 0.26 *** 0.184 0.136 0.14

(0.00) (0.00) (0.00) (0.279) (0.005) (0.005) (0.326) (0.461) (0.448)

EI 1365.64 * - - −1557.36 * - 1445.86 * - -

(0.00) (0.00) (0.00)

BEI - 1080.01 * - - −14.20 * - - 122.63 * -

(0.00) (0.00) (0.00)

TEI - - 871.14 * - - −14.46 * - - 123.5 *

(0.00) (0.00) (0.00)

−0.003 −0.111 −0.006 0.006 *** 0.016 * 0.016 * 0.044 * 0.041 * 0.042 *

(0.796) (0.488) (0.671) (0.006) (0.00) (0.00) (0.00) (0.00) (0.00)

R2 0.895 0.840 0.878 0.732 0.333 0.339 0.822 0.8281 0.827

Economies 12 12 12 5 5 5 8 8 8

Observation 336 336 336 140 140 140 224 224 224

Wald stats 2839 1752.45 2402.91 375.60 68.65 70.42 1025.92 1064.70 1061.40

Wald Prob. (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Note: ( ) = p-values are in parentheses, M1 = average energy consumption inequality model, M2 = between regions energy consumption inequality model, M3 = between regions energy
consumption inequality model, EI = average energy consumption inequality, BEI = energy consumption inequality between the regions, TEI = total energy consumption inequality, and
FinDev = financial development.
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Based on the bootstrapping method, GLS estimated results are reported in Table 4. It found
that financial development also has a major impact on environmental degradation in all estimated
models. Financial development is significantly enhancing the environmental degradation along-side
energy consumption inequalities in East Asia, Europe, South Asian, and Southeast Asia while it has an
insignificant impact on environmental degradation in the case of Central Asia, and MENA economies.

4. Results and Discussion

From the energy inequality index, it inferred that BRI has a temporal increasing trend in the
average consumption of energy inequality. In the regional context, Pareto analysis figures out that
MENA, and BRI are ranked 1st and 2nd with respective to energy disparity range among the regions
respectively. Energy consumption inequality is rapidly increasing within East Asia over time due to
Chinese economic expansion. Meanwhile, East Asia and South Asia demonstrate a temporal increasing
pattern in between the regions and total energy consumption inequality respectively, since these
regions have a larger population size due to countries like Bangladesh, China, India, and Pakistan.
In contrast, MENA, and Central Asia show a declining trend in between the regions and total energy
consumption inequality respectively.

The average energy consumption inequality (EI) has a substantial major influence on
environmental degradation in case of BRI, and its 6 regions. The EI of East and Central Asian countries
have a greater up-surging effect on environmental degradation as compared to other regions. However,
energy consumption inequality between the regions (BEI) also has a statistically positive impact on
environmental degradation in the case of BRI, and its regions except for MENA and South Asia.
In European economies, only EI is increasing environmental degradation. The European Environment
Agency (EEA) has indicated that air pollutants emissions have declined dramatically in recent decades
due to environmental regulations.

The total energy consumption inequality (TEI) is also significantly increasing the environmental
degradation in BRI, East Asia, Central Asia, MENA, Southeast Asia respectively but is not doing so
for Europe and South Asia. This infers that energy inequalities accrue environmental degradation as
shown in the study of reference [7], which also showed that energy consumption enhances air pollution
indicators. Non-renewable and total energy consumption is increasing CO2 emissions [43,44].

In contrast, energy consumption inequalities have a deteriorating effect on environmental
degradation in South Asian economies since these economies have successfully implemented the
“Environmental Acts”, and strategies for sustainable development [45]. Due to the Environmental
Acts, South Asia is implanting modern and eco-friendly technologies for production, which ultimately
improve the state of the environment [15,16,45–47]. South Asian countries mostly rely on primary
industries and agricultural export, which are smaller global warming determinants. An increment
in value added for agriculture leads to a decline in CO2 emissions [48]. As another possibility, South
Asian countries are utilizing hydro and nuclear projects to produce energy that produces less CO2

emissions [47,49].
In the presence of EI, financial development (FinDev) has a statistically positive impact on

environmental degradation in case of BRI, Europe, and Asian regions except for Central Asia. In MENA,
and Central Asia, financial development does not affect environmental degradation along EI. In the
presence of BEI, environmental degradation is enhanced by financial development of BRI, East Asia,
Europe, South Asia, and Southeast Asia respectively. In the presence of TEI, financial development
is significantly increasing environmental degradation in BRI and in its regions except for Central
Asia and South Asia. The first interpretation for financial development having a positive impact
on environmental degradation is the easy access of capital, and investment for production from
the financial and banking sectors, respectively [1,2]. The second reason is that rapid investment
creates demand for additional energy consumption through higher volumes of vehicles, machinery,
refrigerators, and air conditioners [1,10].
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5. Conclusions and Policy Implications

The BRI region is experiencing rapid growth in population and energy consumption as the BRI
region contains 24%, 42.8%, and 62.3% of global household consumption, energy consumption, and
population respectively. The production methods related to energy are inflating the energy inequalities
in the BRI region. Thus, the present study unveils to what extent the population is affecting the
dynamics in energy inequalities in BRI, and within BRI regions respectively to provide insightful
information for policy development. It also highlights the inter, and intra energy inequality among
BRI and its regions respectively.

The energy consumption inequalities are computed by using the state of the art “Theil’s entropy”
method. Central Asian and MENA economies are following a declining trend in energy inequalities
among themselves respectively. However, East Asia has experienced higher energy inequality within
the region over time. South Asia has the lowest energy inequality among the BRI regions. Within
regions, the model found that Central Asia has the lowest energy inequality, and East Asia has the
highest among the BRI regions respectively. South Asian and MENA show temporal increases, and a
declining trend in energy consumption disparity between the BRI regions respectively. Furthermore,
the total energy disparity traces the temporal divergence across the BRI regions due to the higher
energy consumption level of China.

The GLS based on bootstrapping is applied to quantify the impact of energy consumption
inequalities on environmental degradation along financial development. The energy inequalities
have a statistically positive impact on environmental degradation in BRI, East Asia, Central Asia,
MENA, and Southeast Asia respectively. In MENA, total energy consumption inequality enhances
the environmental degradation at a higher rate due to oil exporting countries within the region.
In contrast, energy consumption inequalities are reducing environmental degradation in the case of the
South Asian economies. Moreover, energy consumption inequalities have an insignificant impact on
European environmental degradation. Financial development also has a significantly positive impact
on environmental degradation in BRI, and its regions except for Central Asia, and MENA in average,
between the regions, and total energy consumption inequality models respectively.

Based on empirical findings, the study proposes three managerial policy implications. Firstly,
the BRI, and its regions like South Asia, can actively participate in adopting eco-friendly and
modern technologies, which can be helpful to enhance energy efficiency and bring a downturn
in environmental degradation. Secondly, the BRI, and its region having a significantly positive impact
on energy consumption inequalities regarding environmental degradation, could be active in replacing
non-renewable energy consumption with renewable energy consumption, which emits less CO2

emissions in the environment. Lastly, the quantification of energy inequalities is applicable to maintain
balance in regional energy consumption inequality within BRI and its regions. These policies can
target the higher energy consumption inequalities in BRI regions to balance additional energy demand.
Thus, the current paper suggests strategically-guiding principles concerning energy consumption,
environmental combat, and sustainable development.
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