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Abstract: This study examines the dynamic connection between green energy, employment, fossil fuel
energy, and human development index including additional variables such as education, life expectancy,
and poverty in panel data of 30 developing countries from 1990–2017. Previous studies analyzed the total
energy consumption on the human development index, whereas the differential effect of green and fossil
fuel energy with employment and human development index has not been examined. The empirical
exercise is based on the panel co-integration test, panel fully modified ordinary least squares, dynamic
ordinary least squares, and vector error correction estimation approaches. The results reveal that all
variables are co-integrated. The results of regression analysis indicate that green energy, education,
life expectancy, and employment increase the human development index, but fossil fuel energy and
poverty decrease the human development index by −0.016 and 0.023%. In addition, the vector error
correction model designates that there is bidirectional causality between green energy consumption and
the human development index. Therefore, for developing countries, the development and utilization of
green energy sources (wind, solar, geothermal, etc.) are needed. Moreover, these countries should rely
less on fossil fuel energy because it causes a decrease in the HDI.

Keywords: poverty; renewable energy; panel data; education; social equality; human development
index; energy consumption

1. Introduction

Energy has made significant contributions all over the world [1,2]. However, energy is
the fundamental building block for all sectors of development and an essential source for
production activities [3–5]. The United Nations [6] launched eight Millennium Develop-
ment Goals (MDGs) in 2000 to be reached by the target year of 2015, such as eliminating
tremendous poverty and hunger; accessing primary education for all; encouraging equality
between men and women and women’s empowerment; lowering teenage fertility rates;
developing maternity protection; skirmishing HIV/AIDS, paludism, and other infections;
ensuring a better quality of the environment; and developing international collaboration for
economic progress, but specific goals related to energy do not exist in this report. Energy is
imperative to all aspects of human life as it augments productivity by expediting social
and economic development [6–8].

Energy can be classified into types of energy sources: non-renewable energy sources
(coal, oil, and gas) and renewable energy sources (solar, wind, hydropower, and geother-
mal). Traditional energy sources are the most prevalent energy in the world but they
cannot be replenished, causing climate change and global warming. The burning of fossil
fuels (coal, oil, and gas) produces a significant amount of carbon dioxide (CO2) into the
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atmosphere, influencing people’s health and well-being. The demand for non-renewable
energy sources is escalating due to population growth and economic activities.

However, due to the issues associated with the usage of traditional energy, one form of
energy, known as green energy, is receiving more and more attention from investigators and
policymakers. The extensive use of green energy sources like solar, wind, and hydropower
significantly contributes to the expansion of sustainable economic growth [9,10]. On the one
hand, green energy sources may not only solve energy security issues but also significantly
lessen the terrible environmental issues that are triggered by fossil fuel energy, as well as the
fact that they can also help in achieving sustainable development goals (SDGs). In 2015, the
United Nations developed 17 SDGs to eliminate poverty, ensure energy security, and protect
the environment by the 2030 Agenda [11]. Previous research has primarily concentrated
on the effects of using renewable energy on carbon emissions and economic growth, with
just a small number of studies contemplating the effects of using aggregate energy and
renewable energy consumption on the human development index with inconsistent results
due to different use of models, countries selection, and econometric methods. Some studies,
for instance, [7,8,12] reveal that energy increases the human development index (HDI).
Whereas other studies [13] in Pakistan [14] in Malaysia argue that there is an insignificant
linkage between the two variables. However, it is still less clear whether the utilization of
energy affects HDI.

The human development index is a process that increases the ability of the masses to
live much longer, flourishing lives; expand their knowledge; and retrieve facilities required
for decent living conditions [15]. The United Nations Development Program [16] launched
an HDI annual report in 1990, covering three dimensions: life expectancy, education, and
per capita revenue to accelerate national socio-economic growth, and later it established
a modern approach in 2010 [17]. A long and healthy life under the HDI is calculated
by the life anticipation that is considered at the birth time. Education is assessed by the
average number of years in school and the anticipated years of education [18]. In the era of
globalization, education is possibly the most important part of human development because
it allows people to flourish economically, as well as broaden their grasp of communal
cultural and social activities. These three dimensions are divided into four indicators based
on their level of human development index level, as shown in Figure 1.
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Most countries usually depend on fossil fuel energy to meet the energy demand and
spend less on current technologies, consequently having lower HDI [19,20]. HDI is the
fundamental goal of economic development and it has considerable significance in social
planning because each particular society desires a flourishing life [6,21]. Thus, HDI is
significant in energy consumption, economic and social development, etc.; hence, it is
probable to find opportunities to practice the synergistic development of energy and society
to satisfy basic human needs [22,23].

Moreover, more than 736 million people in the modern world still live in absolute
poverty (earning less than $1.90 per day), and 400 million of them lack access to even the
most basic healthcare [15]. As the World Bank (WB) reported, poverty is a pronounced
deprivation of human well-being. Insufficient refuge, water scarcity, rising inflation, illit-
eracy, inequality, and improper management of solid waste disposable are identified as
having a low level of HDI [24]. All over the world, especially in developing economies,
poverty is a hindrance to the human development index due to a lack of infrastructure
development, corruption, disputes, awful administration, and the worst health services
that cannot foster a healthy population devoted to striving for progression and devel-
opment. However, poverty elimination is one of the fundamental objectives of human
development policies for sustainable development. This paper also selects the employment
indicator, which is imperative for the nation’s development. Employment increases social
and economic development as well as also improving the human development index, but
previous work ignores this issue. However, this study aims to explore the nexus between
energy-HDI-employment in developing countries from 1990–2017.

Why did we select 30 developing countries as our case study? These countries are
blessed with natural resources as well as at the forefront of investment in innovations, but
they are facing several challenges such as energy insecurity, environmental degradation,
fluctuations in economic growth, and HDI. Since 1990, Vietnam, Pakistan, Morocco, Philip-
pines, India, Bangladesh, and China were at the lowest HDI rank. According to the human
development index report, the situation of the human development process in Morocco,
Iran, and India increasing their HDI gradually, but Pakistan is ranked 154 among these
countries having 0.55 HDI.

Given this background, the current study is expected to make plentiful contributions
to recent literature and policymaking in the selected countries in numerous directions. The
main contribution of this study is added to the current literature threefold. (i) For the first
time, this study explores the nexus among green energy, fossil fuel energy, employment,
and human development in 30 developing countries with up-to-date statistics from 1990–
2017, the role of employment on HDI has not been fully explored in the previous literature.
Moreover, this study has added additional factors such as poverty, life expectancy, and
education, as the author measures the different components of HDI. (ii) Unlike the previous
work, this study analyzes the differential effects of green energy and fossil fuel energy on
HDI to find out to the extent which type of energy (green or fossil fuel) is important for
HDI. (iii) This study employs dynamic ordinary least squares (DOLS) and fully modified
ordinary least squares FMOLS regression methods for the analysis. These approaches
address core panel data problems, for instance, reducing multicollinearity, endogeneity
bias, and serial correlation problems and trying to capture the dynamic association between
the variables by using a minimum constraint set. In addition, this study also uses the panel
causality vector error correction model (VECM) to infer causality direction and present
some basic policy recommendations based on the findings.

The remainder of the paper is organized as follows: Section 2 explains the literature
review; Section 3 presents the data and methodology, including data description and variables,
theoretical framework, and model specifications; Section 4 reports the empirical outcomes
and discussions; and Section 5 explicates the study’s conclusion with policy implications.
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2. Literature Review

In this section, several studies examined the relationship between aggregate energy
consumption and the human development index including [25] the Monetary Community
of Central Africa, Sub-Saharan Africa [26]. The results of these studies disclose that energy
consumption significantly increases HDI, whereas others found an insignificant association
between them. For example, [27] in South Asian economies, argued that energy use and
HDI are strongly interrelated and the availability of enough energy resources ensures
mounting human development. Ref. [8] explored the association between energy use and
HDI in 120 nations and the empirical outcome indicates that energy consumption decreases
the HDI in developed nations. Further, other studies found a negative relationship between
energy consumption and HDI because of less utilization of modern energy services [7,28,29].

Few studies investigated the nexus between differential effects of (renewable and
non-renewable energy consumption) on HDI individually. For example, [13] investigated
the relationship between non-renewable energy, HDI, and human capital. The empirical
results show that traditional energy decreases human capital in the case of Pakistan. On the
other hand, some studies [21,30] found that renewable power usage has an insignificant
influence on the HDI in income-group countries. Table 1 summarizes the association
between renewable and non-renewable with the human development index. The results
from these studies are mixed due to different econometric models, different time-periods,
and the country’s selection.

Table 1. Literature summarized on energy consumption–development nexus.

Reference Study Area Duration Methodology Results

[6] European 1997–2008 Regression Analysis Growth Hypothesis
[19] OECD 2006–2017 3SLS Growth Hypothesis
[21] 15 Developing Countries 1988–2008 Panel Co-Integration, Error Correction Term Conservation Hypothesis
[31] 50 Income Countries 1990–2009 Panel Co-Integration, Causality Test Feedback Hypothesis
[32] 28 OECD 1990–2017 Panel Co-Integration, Causality Test Feedback Hypothesis
[33] Pakistan 1990–2017 Regression and Causality Analysis Neutrality Hypothesis
[34] Pakistan 1970–2012 ARDL, VECM Causality Feedback Hypothesis

Note: OECD, Organization for Economic Co-operation and Development; 2SLS, Two-Stage least squares, 3SLS,
three-stage least squares.

We include the poverty indicator in the study because this is an issue of particular
concern in its moral and ethical context, which is a hideous and intolerable issue in the
world. Human development is the basic aspect of any country’s social and economic
development. However, poverty reduction, the creation of jobs, the provision of social
services, access to energy services, etc., are crucial factors for sustainable development [35].

In addition, education or awareness is a key factor in increasing the human development
index of a country. Some of the categories used to classify the possible effects of improved
energy services on reducing poverty are well-being, health, education, economic opportunities
for the poor, and trickle-down effects of higher productivity [36]. The individual’s level of
education is related to an increase in their liberalization values in higher HDI nations, whereas,
it is limited in lower HDI regions [37]. The redeployment of agricultural land is claimed
to reduce poverty and income inequality, resulting in an increase in HDI for the study of
Pakistan [38]. Poverty contributes to environmental degradation in Pakistan because people
are responsible for the spoiling that has happened. However, this is often a consequence
of fundamental social and economic issues [39]. One-fourth of the world’s population lives
below the poverty line, especially in developing countries where many people struggle to
acquire essentials like food, clean water, and shelter because they live below the poverty
line [40]. The potential effect of education encourages economic growth as it, directly and
indirectly, increased social equality and cohesion in 87-income countries [41].

Over past decades, life expectancy was significantly increased in most countries due
to food security and better control of infectious diseases via vaccines [42], but due to
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the coronavirus (COVID-19), the pandemic has affected not only health systems but also
impacted on energy and the economy, which distressed the world. Due to the COVID-19
pandemic, the energy demand deteriorated to almost zero in different sectors such as the
industry and transportation sector. In April 2020, more than in 51 countries the electricity
demand decreased by 7.6% [43]. Conversely, the electricity demand in the household sector
increased because of people stay-at-home. According to [44], COVID-19 has significantly
dislocated the healthcare services delivery and it faces difficulties in the organization of
medical supplies and their utilization, especially in resources scarce countries. This worse
crisis has an impact on all HDI indices such as health, education, economy, employment,
and environment directly or indirectly.

Employment is an important indicator of the HDI to increase income and brings
economic prosperity [45,46] and examines the drivers of human development in the Eu-
ropean Union from 2010 to 2017. The result discloses that employment has an inverse
effect on HDI. On the contrary, [47] analyzed the effect of economic growth, investment,
and employment on HDI in Indonesia from 2006 to 2013 and found a positive relationship
between employment and HDI.

To summarize the literature, it is obvious that past studies concentrated on the role of
total energy in HDI, ignoring the differentiation effects of renewable and non-renewable
energy on HDI simultaneously. However, there is a need for an assessment of disaggregated
energy on human development, as ignoring one of the sources may produce flawed findings.
Moreover, compared with previous work, this paper is the first attempt to consider the role
of employment on the human development index in developing economies. Therefore, this
research will cover this gap and present reliable and explicit policy implications for the
human development index.

3. Data Source, Model Specification, and Estimation Strategy
3.1. Theoretical Framework

Before going to the econometric analysis, this section discusses the theoretical frame-
work of all selected variables. Energy is the main driver of human development, as it
enhances productivity through hastening social advancements. Without assuring and gain-
ing access to clean, dependable, and inexpensive energy, it would not be possible to realize
social and economic sustainable development [48]. Fossil fuel energy sources (oil, natural,
and coal) are the largest contributors to economic development, but they generate a huge
amount of carbon dioxide emissions. Therefore, the energy transition from conventional to
non-conventional energy sources has attracted much attention.

Green energy plays an important role in economic development [49–52] as illustrated
in Figure 2. This indicates that an increase in green energy can cause a higher level of
HDI, whereas fossil fuel energy utilization could decrease HDI. Education is one of the
aspects of the HDI and is recognized as a vital contributor to human development in the
long term [53]. An increase in the knowledge and skills of workers may increase work
productivity, which improves the human development index. Moreover, a poor education
system can cause unemployment and poverty, which may decrease HDI.

Health is considered an important indicator for HDI because good health (as a proxy
of life expectancy) plays a substantial role in human development. Life expectancy has
a strong relation with future income and labor productivity. An increase in income and
worker productivity has a positive effect on HDI, as well as having more investments
in financial resources in health, contributing to long-term levels of HDI, and reducing
poverty. Moreover, good health also improves children’s cognitive potential and rates of
absenteeism; moreover, they learn better which may lead to improving HDI.
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3.2. Data Description and Variables

This study aims to investigate the relationship between the human development index,
renewable energy, non-renewable energy, poverty, education, life expectancy, and labor
participation in 30 countries from 1990 to 2017. The list of these economies is given in
Table 2. The data from all variables were obtained from British Petroleum [54], World
Bank Development Indicators (WDI) [55], and United Nations Development Program
(UNDP) [16]. According to previous studies [6,8,12], the HDI has gained widespread
acceptance and it is a composite index of health, education, and income.

Table 2. Region-wise distribution of developing countries.

Continents Number Name of Countries

Europe and Central Asia 9
Azerbaijan (AZE), Belarus (BLR), Kazakhstan (KAZ), Russia (RUS),

Ukraine (UKR), Greece (GRC), Poland (POL), Romania (ROU),
Turkey (TUR)

South Asia 3 Bangladesh (BGD), Sri Lanka (LKA), Pakistan (PAK)

Eat Asia and Pacific 6 China (CHN), Indonesia (IND), India (IND), Malaysia (MYS),
Philippines (PHL), Vietnam (VNM)

The Middle East and North Africa 5 Algeria (DZA), Egypt (EGY), Morocco (MAR), Iran (IRN), Iraq (IRQ)

Sub-Saharan Africa 1 South Africa (ZAF)

Latin America and Caribbean 6 Argentina (ARG), Brazil (BRA), Chile (CHL), Colombia (COL),
Ecuador (EUC), Peru (PER)

Green energy sources (solar, wind, thermal, etc.) and fossil fuel power sources (coal,
oil, and gas) are estimated at a million tons of oil equivalent (MTOE) obtained from British
Petroleum [54]). The education index is calculated by years of schooling expected and
years of schooling means collected [18]. Life expectancy is calculated in the number of
years, whereas the poverty headcount ratio of $5.50 a day, according to World Bank, is
the percentage of the resident population of less than $5.50 that has been used to estimate
the poverty in selected countries. Employment is measured in people (the working-age
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population). All variables of this study are transformed into natural logarithms. Table 3
illustrates the explanation of all variables.

Table 3. Data and variables description.

Variables Measurement Data Source

HDI Human Development Index (Index) UNDP
GE Green Energy Consumption (Mtoe) BP Statistical Review
FF Fossil Fuel Energy (Mtoe) BP Statistical Review

EDU Education (Index) UNDP
LE Life Expectancy (In Years) WDI

POV Poverty Headcount Ratio WDI
EM Employment (% of the Population) WDI

3.3. Model Specifications

The current study constructs an econometric model to investigate the long run as
well as causation correlation between energy use and human development index within a
multivariate context as in the equation

HDI = (GE, FF, EDU, LE, POV, EM) (1)

Equation (1) is re-written in panel data form and adds error term as follows:

HDIit = α0 + α1GEit + α2FFit + α3EDUit + α4LEit
+α5POVit + α6EMit + εit

(2)

The above Equation (2) can be transformed into log form as presented below:

LHDIit = α0 + α1LGEit + α2LFFit + α3LEDUit + α4LLEit
+α5LPOVit + α6LEM + εit

(3)

Here, in Equation (3), LHDI indicates the logarithm of the human development index,
LGE is the logarithm of green energy consumption, LFF represents the logarithm of fossil
fuel energy, LEDU indicates the logarithm of the education index, LLE is the logarithm
of life expectancy, LPOV represents the logarithm of poverty and LEM is the logarithm
of employment. The impact of renewable energy on LHDI is projected to be favorable
and considerable (α1 > 0). The anticipated sign of non-renewable energy consumption is
adverse, and it would deteriorate human development indicators (α2 < 0). Moreover, the
projected sign for the impact of education on LHDI is positive (α3 > 0), which suggests that
education enhances human development indicators and the expected sign of life expectancy
on human development is positive and significant (α4 > 0). Poverty also has a detrimental
effect on HDI (α5 < 0). The expected sign of labor participation is positive, meaning that
this indicator will enhance the human development process (α6 > 0). εt is an error term. α0
& α6, all are parameters estimated in the model.

3.4. Estimation Strategy
3.4.1. Panel Unit Root Test and CO-Integration Test

Before conducting the analysis, the first step is to analyze the descriptive statistics.
Next, the panel unit root trial can be employed to inspect the degree of integration between
the common variables of human development, green energy and fossil fuel energy con-
sumption, education, life expectancy, poverty, and employment. The panel unit root trial
is the most widely employed econometrics technique because it is more influential than
individual time sequences unit root trial and its asymptotic distribution is standard normal.

Three-panel unit root tests augmented Dickey–Fuller (ADF) [56], Im, Pesaran and
Shin (IPS) [57], and Levin, Lin and Chu (LLC) [58] are applied in this study. Then, we use
two kinds of co-integration methods, including Pedroni [59,60] and Kao [61], to verify the
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co-integration relationship among indicators. These co-integration techniques embrace two
stages of the residual-based approach [62]. Figure 3 explains the methodological framework
of this studied variable.
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3.4.2. Long-Run Estimation Technique

Panel co-integration tests are simply able to specify the co-integrated variables. Panel
fully modified ordinary least squares (FMOLS) dynamic ordinary least squares (DOLS) will
be used to acquire efficient estimates of long-term liaison in the situation of heteroscedas-
ticity and serial relationships. These methods are moderately effective in eradicating
endogeneity problems in the regressor and resolving serial correlation issues in error
terms [63,64]. Moreover, panel FMOLS is a non-parametric technique that solves the
problem of endogeneity and autocorrelation, whereas the DOLS long-run estimator is a
parametric method that removes the difficulties and uses leads and lags of the independent
series in an OLS co-integration regression. However, more accurately, this study uses
the weighted FMOLS approach for heterogeneous co-integrated panels and the weighted
DOLS estimator, which permits heterogeneity in long-run variances.

The FMOLS estimator can be explained as follows:

ˆ
β∗
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[
N−1 ∑N

i=1

(
T

∑
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2

)]−1[(
(

T

∑
t=1

(γit−γι)

)
Cit − Tθ̂ι

]
(4)

ˆ
β∗

DOLS =

[
N−1

N

∑
i=1

(ρitρ̀ιt)
−1

(
(

T

∑
t=1

(
ρit−Cιt

))]
(5)

Here, in Equations (4) and (5),
ˆ
β∗ are the conventional FMOLS and DOLS estimator,

γ represents the independent variables, C is the dependent variable, and ρ indicates the
vector of the regressors.



Energies 2023, 16, 3132 9 of 17

3.4.3. VECM Causality Test

When a long-run relationship exists, the next step is to examine the causal relationship
between studied variables. To this extent, we employ the vector error correction model
(VECM) technique to investigate the connection of causation between variables. The VECM
causality technique permits us to explore long-run and short-run causal relations between
variables; the statistical significance of the F-statistics value connected with right side
variables is used to investigate the short-term causal association, while the meaning of
corresponding error correction term ECT (−1) is used to assess the long-term causal link
using t-test values. The following is an example of the estimated VECM equations:

∆LHDIit = ϕ1j +∑m
k=1 θ11ik∆LHDIit−k + ∑m

k=1 θ12ik∆LGEit−k
+∑m

k=1 θ13ik∆LFFit−k + ∑m
k=1 θ14ik∆LEDUit−k

+∑m
k=1 θ15ik∆LLEit−k + ∑m

k=1 θ16ik∆LPOVit−k
+∑m

k=1 θ17ik∆LEMit−k + λ1iECTit−1 + ε1it

(6)

∆LGEit = ϕ2j +∑m
k=1 θ21ik∆LHDIit−k + ∑m

k=1 θ22ik∆LGEit−k
+∑m

k=1 θ23ik∆LFFit−k + ∑m
k=1 θ24ik∆LEDUit−k

+∑m
k=1 θ25ik∆LLEit−k + ∑m

k=1 θ26ik∆LPOVit−k
+∑m

k=1 θ26ik∆LEMit−kλ2 + ECTit−1 + ε2it

(7)

∆LFFit = ϕ3j +∑m
k=1 θ31ik∆LHDIit−k + ∑m

k=1 θ32ik∆LGEit−k
+∑m

k=1 θ33ik∆LFFit−k + ∑m
k=1 θ34ik∆LEDUit−k

+∑m
k=1 θ35ik∆LLEit−k + ∑m

k=1 θ36ik∆LPOVit−k
+∑m

k=1 θ36ik∆LEM + λ3ECTit−1 + ε3it

(8)

∆LEDUit = ϕ4j +∑m
k=1 θ41ik∆LHDIit−k + ∑m

k=1 θ42ik∆LGEit−k
+∑m

k=1 θ43ik∆LFFit−k + ∑m
k=1 θ44ik∆LEDUit−k

+∑m
k=1 θ45ik∆LLEit−k + ∑m

k=1 θ46ik∆LPOVit−k
+∑m

k=1 θ46ik∆LEMit−kλ4ECTit−1 + ε4it

(9)

∆LLEit = ϕ5j +∑m
k=1 θ51ik∆LHDIit−k + ∑m

k=1 θ52ik∆LGEit−k
+∑m

k=1 θ53ik∆LFFit−k + ∑m
k=1 θ54ik∆LEDUit−k

+∑m
k=1 θ55ik∆LEit−k + ∑m

k=1 θ56ik∆LPOVit−k
+∑m

k=1 θ56ik∆LEMit−k + λ5ECTit−1 + ε5it

(10)

∆LPOVit = ϕ6j +∑m
k=1 θ61ik∆LHDIit−k + ∑m

k=1 θ62ik∆LGEit−k
+∑m

k=1 θ63ik∆LFFit−k + ∑m
k=1 θ64ik∆LEDUit−k

+∑m
k=1 θ65ik∆LLEit−k + ∑m

k=1 θ66ik∆LPOVit−k
+∑m

k=1 θ66ik∆LEMit−k + λ6ECTit−1 + ε6it

(11)

∆LEMit = ϕ7 +∑m
k=1 θ61ik∆LHDIit−k + ∑m

k=1 θ62ik∆LGEit−k
+∑m

k=1 θ63ik∆LFFit−k + ∑m
k=1 θ64ik∆LEDUit−k

+∑m
k=1 θ65ik∆LLEit−k + ∑m

k=1 θ66ik∆LPOVit−k
+∑m

k=1 θ66ik∆LEMit−k + λ7ECTit−1 + ε7it

(12)

where LHDI indicates the logarithm of the human development index, LGE is the logarithm
of green energy consumption, LFF represents the logarithm of fossil fuel energy, LEDU
indicates the logarithm of the education index, LLE is the logarithm of life expectancy,
LPOV represents the logarithm of poverty, and LEM is the logarithm of employment. i
demonstrates cross-sections (i . . . 30 states), t depicts the time-period (1990–2017), ∆ is the
difference operator; m is the optimal lag length, ε is an error term, which is supposed to be
unrelated with zero means, ϕ indicates the intercept, whereas, θ is the slope coefficient of
estimated parameters of the long run, λ represents the estimated coefficient of the speed
of adjustment from the short run to long run, the magnitude of one lag period ECTt−1
designates error correction term resultant hoe to fast the disequilibrium react in response
variables robustness to return to equilibrium.
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4. Empirical Results and Discussion
4.1. Results

The full summary statistics of the variables are computed as given in Table 4 with
mean, variation standard deviation, and boundaries minimum and maximum. Our study
analyzed three different unit root methods to investigate the variable’s level of stationarity.
To identify the order of integration, the findings of ADF [65]; IPS [57]; and LLC [58]
approaches on the integration properties of HDI, green energy, fossil fuel energy, education
index, poverty reduction, and employment are illustrated in Table 5. The results represent
that all the series are non-stationary at their levels, whereas, all the variables are found to be
stationary at first differences. In conclusion, the results imply that all factors are integrated
in order, I (1), which endorses the probability of the existence of a long-run connection
between factors.

Table 4. Descriptive statistics of the variables.

Variable HDI GE FF EDU LE POV EM

Mean −0.389207 1.824232 1.262483 −0.552165 4.250371 2.959686 3.982426
Median −0.384193 1.995378 1.417566 0.479650 4.254591 3.335770 4.056989

Maxi 4.317488 9.851510 4.174383 0.142716 4.399225 4.589041 4.597743
Mini −0.931404 −5.521461 −4.033954 −1.584742 3.978634 −3.302585 2.418589

Std.Dev 0.316075 2.286571 1.488430 0.276354 0.070039 1.327180 0.392338

Table 5. Panel unit root test results.

Method Variables Level First Difference

ADF LHDI 74.279 240.639 a

LGE 54.345 345.829 a

LFF 69.805 387.212 a

LEDU 48.794 171.181 a

LLE 73.991 303.606 a

LPOV 71.723 389.836 a

LEM 52.292 217.003

IPS LHDI 0.1670 −10.300 a

LGE 2.263 −15.771 a

LFF 0.112 −17.609 a

LEDU 0.876 −6.968 a

LLE 1.633 −4.749 a

LPOV 1.115 −18.105 a

LEM 1.860 −9.685 a

LLC LHDI −0.268 −7.832 a

LGE 2.843 −12.805 a

LFF 0.276 −16.592 a

LEDU 3.527 −3.381 a

LLE 1.610 −4.052 a

LPOV 0.673 −7.1260 a

LLC −0.150 −3.288 a

Note: a implies a significance level at 1%, respectively. HDI, GE, FF, EDU, LE, POV, EM represents the human
development index, renewable energy consumption, non-renewable energy consumption, education, poverty,
and social equality.

The next stage is to verify whether the factors have a co-integration correlation between
variables. Pedroni [59] and Kao [61] panel cointegration tests are used to determine the
level of co-integration between variables.

In the heterogeneous panel Pedroni [59] test as seen in Table 6, the results reveal out
of eleven test statistics seven statistics, five-panel statistics, and two group statistics were
significant. The Pedroni co-integration test significantly rejects the null hypothesis at a 5%
significance level; therefore, the outcomes show evidence of co-integration between factors.
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Moreover, in the Kao cointegration test, the outcomes indicate that we can strongly reject
the null hypothesis of no co-integration and that variables have a long-term relationship.

Table 6. Panel co-integration test outcomes.

Pedroni Residual Co-Integration Test

Alternative Hypothesis: Common AR Coefficients (Within-Dimension)

Panel v-Statistic −2.691
Panel rho-Statistic −1.420 c

Panel PP-Statistic −17.049 a

Panel ADF-Statistic −15.765 a

Panel v-Statistic (Weighted Statistic) −3.062
Panel rho-Statistic(Weighted Statistic) 2.203
Panel PP-Statistic (Weighted Statistic) −4.894 a

Panel ADF-Statistic (Weighted Statistic) −4.903 a

Alternative Hypothesis: Individual AR Coefficients (Between-Dimension)

Group rho-Statistic 4.162
Group PP-Statistic −4.914 a

Group ADF-Statistic −3.945 a

Kao Residual Co-Integration Test

Augmented Dickey-Fuller −1.807 b

Note: Newey–West automatic bandwidth selection and Bartlett Kernel. a, b, c specifies 1%, 5%, 10% significance
level respectively.

The findings of FMOLS and DOLS are summarized in Table 7. The outcomes reveal
that fossil fuel energy consumption has an adverse influence on the human development
index. Where a 1% increase in fossil fuel energy consumption will decrease HDI by −0.016%;
however, the relationship is weak. While green energy influenced the human development
index positively and significantly at the significance level of 1%, which indicates that
a 1% increase in green energy consumption increases HDI by 0.027%. The findings are
inconsistent with the studies of [21,66], which found that green energy is inelastic to explain
the HDI determinants but is relevant to the studies of [32,33].

Table 7. Long-run analysis.

Dependent Variable: HDI

FMOLS DOLS

Independent Variables Coefficient p-Value Coefficient p-Value

LGE 0.027 a 0.000 0.003 0.385
LFF −0.016 c 0.066 0.005 0.330

LEDU 0.294 a 0.000 0.269 a 0.000
LLE 1.279 a 0.000 1.062 a 0.000

LPOV −0.023 a 0.000 −0.002 0.696
LEM 0.097 a 0.000 0.059 0.226

Notes: a, c specifies 1%, 10% significance level respectively.

The education results indicate that a 1% increase in education increases HDI by 0.294%.
The coefficient of education is significant at a 1% significant level. The significant effect
of education on HDI in this study shows that in higher HDI nations, and especially in
lower HDI countries, an individual’s level of education is more significantly correlated
with having a liberalized attitude The coefficient of life expectancy is significant at a 1%
significance level, which indicates that a 1% increase in life expectancy increases HDI by
1.279%. The results are in the following studies [19,37]. The findings also indicate that
poverty has a pessimistic effect on the human development index, which means that nations
with high levels of poverty also have low levels of the human development index, resulting
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in lower mean values of development indicators. The findings confirm the study [24] that
reveals poverty decreases HDI. Many nations around the world are particularly concerned
about the issue of poverty. However, where discrepancies in amplification factors are
extreme, average values may not effectively speculate low status, requiring a focus on the
poverty level [67,68]. The outcomes indicate that a 1% increase in employment improves
HDI by 0.097%, which means growth in labor productivity increases the HDI.

Regarding the DOLS model, the results of the green energy show that a 1% increase in
green energy increases HDI; however, the relationship is insignificant. Furthermore, fossil
fuel energy consumption also has the same finding as green energy consumption, where the
relationship between fossil fuel energy consumption and HDI is not significant. Education is
positively significant at a 1% significance level, where a 1% increase in education increases
HDI by 0.269%. The coefficient of life expectancy is positive and significant at a 1%
significance level, where a 1% increase in life expectancy increases HDI by 1.062%. Poverty
has a negative influence on HDI; the outcomes indicate that poverty decreases HDI. The
coefficient of social equality is positive, but it is insignificant. In conclusion, the estimated
regressions revealed that the FMOLS structure gains the best outcomes in terms of better
HDI than the DOLS structure.

To interpret causality directions, VECM Granger causality is used in this paper. The
findings and direction of causality are stated in Table 8 and Figure 4. In the short-run results,
one-way causality flows from HDI to renewable energy consumption, education, and social
equality to renewable energy consumption. The findings also contribute evidence that life
expectancy Granger causes non-renewable energy consumption and education, whereas
renewable energy causes life expectancy. Moreover, HDI Granger causes poverty and a
one-sided relationship between employment to poverty.

Table 8. Panel Granger causality results.

Dependent
Variable

Sources of Causation (Independent Variables)
Short-Run

∆LHDI ∆LGE ∆LFF ∆LEDU ∆LLE ∆LPOV ∆LEMP
ECT

∆LHDI - −0.018 −0.008 0.019 −0.242 −0.014 0.276 −1.082 a

∆LGE 0.743 c − −0.229 1.919 c 12.340 0.114 12.533 a −1.140 b

∆FF 0.035 −3.649 − 0.003 0.706 a −0.003 0.003 −0.008
∆LEDU −0.014 0.0183 −0.004 - −5.630 b −0.009 −0.628 −0.395 a

∆LLE 0.000 0.000 b 0.000 0.000 - −0.000 0.003 0.000
∆LPOV −0.084 b 0.041 0.012 0.871 4.800 − 2.280 a −0.265
∆LEMP 0.0003 b 0.002 −0.000 0.028 −0.195 0.000 − −3.326 a

Notes: a, b, c denotes 1%, 5%, 10% significance level respectively.

In the long run, the coefficient of error correction term (ECT) is substantial in HDI
equations, green energy consumption, education, and employment. The error correction
term has considerable values, so any short-term divergence will result in a reverse to the
long-run connection. However, ECT coefficients are irrelevant in equations of fossil fuel
energy consumption, poverty, and life expectancy.

Further, the long-run results suggest that a unidirectional causal correlation is flowing
from green energy, fossil fuel energy, education, life expectancy, poverty, and social quality
to HDI. In addition, HDI, non-renewable energy, education, life expectancy, poverty, and
social quality all have a one-way causal relationship with renewable energy consumption.
There is also one-way causation flowing from HDI, green energy consumption, fossil fuel
energy, life expectancy, poverty, and social quality to education. The long-run results further
suggest a unidirectional causality flowing from HDI, renewable energy consumption, fossil
fuel energy, life expectancy, education, and poverty to employment. HDI and green energy
consumption have long-run bidirectional causality, which implies that any alteration in
green energy will induce a change in HDI and vice versa.
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4.2. Discussion

The findings of the empirical analysis of the disaggregated energy consumption (green
and fossil fuel), employment, HDI, education, life expectancy, and poverty in developing
countries shed significant light on potential policy approaches that can help in improving
the HDI for sustainable development.

The outcomes signify that green energy improves the human development index,
whereas, fossil fuel energy decreases the HDI in developing countries. The findings portray
that these economies still rely on traditional energy sources (oil, coal, and gas) to meet the
energy demand. Economic growth, especially in developing countries, is largely based
on the utilization of conventional energy sources [69,70]. However, replacing traditional
energy with alternative energy sources could bring social and economic development to
developing countries. Given the strong nexus between green energy and HDI, green energy
is the imperative solution for energy security and climate change reduction. Green energy is
essential to meet the energy needs for transportation, industrial use, electricity production,
and domestic cooking. Additionally, the green energy sector promotes the creation of job
opportunities and increases income levels.

Our finding shows that other indicators such as education, life expectancy, and em-
ployment significantly improve the HDI in developing countries. Education is a key factor
in determining the higher HDI in any nation [71]. Therefore, the government of developing
countries should educate the people and support the human capital through the acquies-
cence of skills and knowledge. Though, good health and education foster the abilities of
the workers which increases labor productivity. Employment is an important factor that
affects people’s well-being as well as providing financial security and reducing poverty.

According to the World Bank report [72], globally, more than 97 million people fell
into extreme poverty due to COVID-19, pandemic. Before this pandemic disease, eco-
nomic development was very slow in many countries. Our empirical results show that
poverty decreases the level of the human development index in developing countries.
However, to increase the level of the human development index, poverty can be overcome
through economic and social developmental opportunities, investments in innovations, job
opportunities, implementation of green energy sources, and a good political situation.
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5. Conclusions and Policy Recommendations
5.1. Conclusions

This study intends to analyze the connection between disaggregated energy consump-
tion (green and fossil fuel), employment, and HDI integrating education, life expectancy,
and poverty in 30 developing countries from 1990 to 2017. The FMOLS and DOLS co-
integration regression models are used in this work to demonstrate the long-term relation-
ship consistency. To determine casual correlation amid underlying variables of inquiry, we
utilize the VECM Granger casualty technique. The empirical results express interesting
and novel findings of this study. The results obtained from regression analysis showed
that renewable energy, education, employment, and life expectancy improve HDI, whereas
non-renewable energy and poverty decrease the HDI for the selected 30 countries. The
VECM Granger causality findings denote bidirectional causality between renewable power
uses and the human development index.

5.2. Policy Recommendations

The findings of this study suggest some policy implications for developing countries.
First, our findings reveal that green energy increases human development. Therefore,
governments in developing countries should develop policies to implement green energy
sources such as wind, solar, geothermal, etc. The government of these countries needs
to invest more in green energy sources for sustainable development. Effective green
energy use is beneficial to enhancing impoverished masses’ living standards, consequently
improving human development levels. However, green energy sources are imperative in
attaining an efficient and reliable human development index, particularly in developing
countries because of their enormous, well-developed, and abundant resources relative
to other energy sources. Therefore, governments in developing countries should plan
to design green energy projects for more energy production. In addition, they should
revise tax policy and make it beneficial for overseas and local investors to use green energy
sources.

Second, conventional energy sources, i.e., coal, oil, and gas are not sustainable and are
only hazardous to health but also adversely impact energy poverty, consequently leading
to a low level of human development in developing countries. However, these countries
should rely less on fossil fuel energy sources because they cause several issues such as
depleting nature, inequality in education, lack of income, and environmental degradation.

Third, based on the results, life expectancy, and education improve the HDI in de-
veloping countries. Therefore, there is a need to invest more expenditures on health and
education programs to improve HDI. A high level of education, a significant share of edu-
cated people, and people with higher knowledge can increase productivity, consequently
improving the HDI level. Finally, the empirical results disclose that employment improves
the HDI, whereas, poverty decreases the HDI in developing countries. Employment means
the large number of people working is imperative for the nation’s economy. As the number
of working people increases, it produces more output which would positively affect HDI.
Although, a large number of working people’s productivity (employment) reduces poverty.
Moreover, poverty is not simply the absence of income to guard against the exigency of life,
it produces a picture of aimlessness, insecurity, and discouragement to the extreme in the
mind of the poor.

The situation in each country is different according to the development level of the
countries; hence, the allocation of green energy sources among countries may vary depending
on the countries’ geographical locations. Developed and developing countries (American,
European, Asian, and African) are facing several challenges which need to be controlled such
as inflation, energy insecurity, low levels of HDI, and environmental deterioration. However,
some policy implications that can improve the development of these countries and reduce the
poverty such as launching programs to increase the awareness of the utilization of renewable
energy, apportioning resources for health and education programs that improve the HDI, and
creating more job opportunities to improve the level of HDI.
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Like other works, this study has some important limitations. This present study
explores the nexus between green energy, fossil fuel energy, poverty, education and em-
ployment, and HDI for the case of 30 developing economies. This opens the door for future
research including both time series and panel data for other economies that have higher
or lower human development indexes. In addition, future research work can focus on
other important factors such as institutional quality, corruption, ecological footprint, and
political instability. Moreover, the alternative econometric technique can be applied to other
countries to expand the literature.
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