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Abstract: This study aims to examine the impact of coal energy consumption on the economic
progress in Pakistan by using annual time series data during 1972–2019. Three-unit root tests were
employed to rectify the variables’ stationarity. The quantile regression approach with the extension
of cointegration regression test was utilized to check the variables interaction with the economic
progress. The outcomes of the quantile regression uncover that coal energy consumption in power
sector and coal energy consumption in brick kilns have adverse influence to the economic progress,
while total coal energy consumption has a productive association with the economic progress.
Similarly, the findings of cointegration regression analysis uncover that via FMOLS (Fully Modified
Least Squares) and DOLS (Dynamic Least Squares) that variables coal energy consumption in power
sector and brick kilns have an adverse connection with the economic progress, while total coal
energy consumption uncover a productive linkage to the economic progress in Pakistan. Pakistan is
still facing a deep energy crisis because of the lack of energy production from cheap sources. New
possible policies are required in this direction to improve the energy sector by paying more attention
to the alternative energy sources to foster the economic progress.

Keywords: coal production; energy crisis; power sector; environment; economic progress;
quantile regression

1. Introduction

Energy plays a vital role in the economic development of any economy. Pakistan’s
disastrous energy failure policies have led the economy to a major power crisis, with
an important negative economic impact for almost two decades [1]. However, with the
growing energy production and system transmission capacity, Pakistan has effectively
overcome the energy crisis lately. The energy crisis directly and indirectly affected all the
areas of the economy. The power industry now faces a demand gap and needs to increase
its supply at a reduced cost with an improvement in its energy structure. As far as the
energy structure is concerned, Pakistan’s dependency on energy has declined in recent
years, including fossil fuel, local coal, and natural gas. Pakistan’s total reliance on natural
gas is dropping in its energy mix and this might be ascribed to a fall in the natural gas
reserves [2]. Coal has a crucial part in sustaining the economic development in the world
and in eradicating the poverty. It is a major energy source for the world as well. Over time,
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global coal consumption is expected to rise to meet the power rate based on more than
29.6 percent of the world total coal supply. In addition to promoting the economic growth
and environmental sustainability, coal is a significant source for several environmental
issues including soil degradation, dust, water pollution, and local biological impacts [3,4].

Coal is widely known around the world as the cheapest fossil fuel. Therefore, it is seen
as a reliable energy source. Moreover, the political instability and related volatility of the oil
prices in some major oil-producing nations have prompted the industrialized economies
to depend increasingly on some safe indigenous energy sources, such as coal. Depen-
dence on coal, however, prompted some issues regarding to greenhouse gas emissions
in the environment. This dependence has led to worldwide effects, such as greenhouse
gas emissions, alternative energy production, and the launch of different governmen-
tal tax credit programs for renewable energy and sustainable development projects. In
the light of the changes in the energy distribution system towards alternative energy
sources, a subsequent investigation will look at the effect of coal use on the economic
development [5–8]. Indeed, not only the energy consumption, but the environmental
considerations are also reflected in the link between economic development and energy use.
The use of traditional sources, such as charcoal, in view of the substantial environmental
degradation generated by this use, reflects, to a certain degree, the local environmental
pressure. Traditional energy sources including coal, oil, and natural gas are widely used.
The energy system is mostly reliant on fossil fuels and the already vulnerable environment
is subject to an increased energy demand [9,10].

The effects of global warming and greenhouse gas production are increasingly causing
concerns for people regarding the usage of fossil fuels, which causes environmental degra-
dation. Renewable energy has the greatest impact on lowering CO2 emissions and helping
to protect the environment. According to this hypothesis, fossil fuels can split again for a
long time, but they will face extinction in the near future. Renewable energy consumption
has grown into an energy source that may alleviate people’s growing concerns about the
greenhouse gas emissions, high costs, fluctuating energies, and foreign energy reliance, not
to mention the geopolitics of fossil fuels in some parts of the world [11,12]. The utiliza-
tion of the sustainable energy has an impact on the economic growth, but countries are
abundant in coal resources and additional investigation is in progress in various places,
although only a tiny fraction was exploited so far. We need to encourage and make more
investments to local coal in the coming several years. The present research study makes a
novel contribution to the existing literature by investigating the coal energy consumption
in Pakistan and its contribution to the economic progress in Pakistan. Three-unit root
techniques were employed to examine the variables’ stationarity. The quantile regression
approach with the extension of cointegration regression test were utilized to check the
variables interaction with the economic progress in Pakistan.

2. Literature Review

In addition to promoting sustainable development, the energy sector improves re-
source efficiency while also creating jobs, and it supports the global economic success.
Every country’s economic development and expansion are heavily reliant on energy. The
fact that energy promotes economic growth and growth based on productivity supports
employment and increases incomes is indisputable. All cornerstones are the energy services
of the efficient energy business: the transport industry, the home and the service industries
of all economies. Energy has always been the lubricant for the sustainable development
and economic prosperity [13–15]. In the interest of the sustainable development, the gov-
ernments, international organizations, and other potential investors rapidly becomes very
involved in the struggle for steady growth and a sustainable environmental quality. We
have previously found that an increased use of energy, especially carbon sources, in eco-
nomic development is associated with an increase in carbon emissions, which are harmful
to the environment and human health. Developing countries believe that restrictions on
carbon-intensive energy are detrimental to their economic expansion goals, implying that



Mathematics 2021, 9, 2083 3 of 15

industrial economies should increase investments in industrial mitigation programs. In
the developing economies, production and consumption of oil and natural gas are key
drivers of the economic development, and regulating emissions of carbon dioxide may be
problematic since it may ultimately impair the economic progress [16–18].

With the advent of the Great Industrial Revolution, urbanization and industrialization
were seen as critical components of the economic progress. The idea of the connection
between urbanization and industrialization has been extensively acknowledged globally
from the beginning of the Western Industrial Revolution. This connection is based on a
strong desire for a fast economic advancement [19,20]. This sort of connectivity shows,
on the one hand, that promoting economic development in the developing nations via
an expansion of production is no less than a benefit. On the other side, massive amounts
of energy consumption of both households and industry sectors have generated pollu-
tant emissions that are a curse of the humanity, among them we find carbon dioxide
and other greenhouse gases. This has allowed society to modernize and enhance its
living conditions, along with inevitable public health challenges, via urbanization and
industrialization [21,22]. Abbasi et al. [23] proved in their study that energy consumption,
industrial growth, and urbanization positively impact on the economic progress in Pakistan.
Economic progress relies on the energy consumption; hence, any decrease in energy use
is predicted to reduce the economic progress. In contrast, every increase in energy use
has a negative effect on the economic development under certain circumstances. This is
ascribed to an economic progress pattern, that is that of shifting output towards sectors
with lower energy requirements or supplying energy to sectors with capacity limits and
inefficiency that need energy reduction. In turn, the presence of double-way causality
demonstrates that those two factors interconnect and fulfil the connection, therefore making
no detrimental impact on the economic development in the context of an increased energy
consumptions [24–26].

Global warming, geopolitical conflicts, and recent nuclear disasters have heightened
worries about the energy security and the implications of energy generation and use on
the environment. As such, several governments are now considering significant policies
for energy substitution and drastic steps to save energy. The chances for the success and
possible influence of such measures on the economic development must thus be evaluated.
In such situations, fuel substitution is a method to support sustainable development in
energy policy. Many nations are planning to replace coal with oil, natural gas, or renewables
to minimize global warming, since the coal has the highest environmental effect [27–29].
The huge number of emissions from fossil fuels is responsible for global warming. Coal
is the principal fossil fuel type and has a larger environmental effect than any other fossil
fuel source. While the environmental benefits of reducing coal use are obvious, there is
on-going debate over whether it is economically viable to reduce coal use in the energy
generation. At the same time, the economic growth is highly dependent on the energy
consumption and vulnerable to the external shocks; most developing economies still have
vast coal reserves. The global economy is undeniably reliant on coal [30,31].

The primary sources of global warming and climate change are assumed to be fossil
fuels, particularly oil, natural gas and coal energy usage. As a result, several nations are
seeking alternatives, such as renewable energy. On the other hand, it is well-known that
industrial and economic activity still relies on the use of fossil fuel in most nations. This
generates a tangled situation, as economic progress influences the investments required
for the renewable energy sector. Politicians are reasonable to raise the percentage of the
renewable energy into the energy mix without jeopardizing economic activities. It is
thus important to identify the influence of inefficient fossil-fuel usage on the economic
development [32–34]. The low-carbon transformation of energy is of major importance for
the climate change mitigation, air pollution reduction and fossil fuel usage. Uncontrolled
economic expansion will pose real hazards to the world environment once natural resources
(as the source of the economic activity) are not inexhaustible. Emissions of carbon dioxide
originate from fossil fuels and hence rely on the energy demand or the energy intensity
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level. Without taking environmental damage into consideration, scholars, practitioners,
and policy-makers from the mostly developed economies are now aware of the risks
involved in industrialization, deforestation, and other human activities and responses that
follow after several periods of economic progress [35–37].

Disputes concerning the sustainability of the current energy use in many nations
have led to the dependency on fossil fuels in the energy production. One of the explored
themes was how to employ the alternative energy sources to lessen the effect of carbon
dioxide emissions on the environment and enhance energy usage sustainability in highly
energy-dependent nations in order to foster economic development. Comprehensive
knowledge of energy usage, CO2 emission and economic progress may support nations’
development of current energy sources, formulation of energy policies and promotion
of sustainable development and sources. Different research has sought in recent years
to establish links between the economic development and energy usage [38–40]. Over
the past two decades, worldwide countries have worked hard to minimize the global
warming and avert damaging climate change consequences, because greenhouse gas
emissions from burning have been covered up for the consumption of fossil fuels. The aim
is thus to enhance the energy supply sector in order to create safer and cheaper energy
while minimizing the emissions of greenhouse gases. Every effort must be made to locate
alternate fossil fuel energy sources. The challenges of addressing energy pollution and
sustainability may be resolved by using either nuclear or renewable energy. However, it
may not be easy to have an influence of renewable and nuclear energy usage on GHGs.
While new renewable energy or nuclear power stations may result in the closure of coal-
fired power stations, it may also reduce coal costs, which, in turn, encourages other energy
users to burn them to substitute cleaner energy, thereby raising the global level of carbon
dioxide emissions [41–43].

The decrease of the oil reserves may diminish the global energy supply during the
next few decades. The environmental effect of fossil fuel dependence issues includes its
adverse influence. Fossil fuels are responsible for generating CO2 and other harmful gases,
increasing their greenhouse effects and leading to global warming. If greenhouse gas
emissions continue to rise over the next decades, the above-historical global temperature
will climb, hurting the earth’s ecology and affecting people. Significant measures should be
taken to discover other energy sources and increase energy variety in order to alleviate these
concerns, maintain energy security, and reduce reliance on oil. Our planet requires clean
energy to accomplish its long-term growth and development. While fossil fuels are used,
civil nuclear power is an important solution since it does not emit greenhouse gases. This is
why clean energy is considered as important [44–46]. The relationship between the energy
consumption and economic growth has a direct impact on the advancement of economic
and industrial standards. With the increasing worldwide needs for energy, the energy
consumption is directly proportional to current automation technologies and comfortable
living conditions. As a result, various types of research analyses were conducted to examine,
among other things, the dynamic relationship between economic growth and energy use.
They are one-way correlation, reversal causation, and multiple-way causality. There is no
clear relationship between energy use and economic growth [47,48].

3. Data and Methods

This analysis has used the annual data series during 1972–2019 for Pakistan. Because
of the lack of the available data for the variables we have used in our analysis, this is the la-
rgest data sample we could collect to achieve some significant results. The main sources
of data used in this study are WDI (World Development Indicators) and GOP (Govern-
ment of Pakistan) [2]. Furthermore, the major variables of this study include economic
progress, coal energy consumption in power sector, coal energy consumption in brick kilns
sector, and total coal energy consumption in Pakistan. The graphical representations of the
variables are illustrated in Figure 1.
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Figure 1. Graphical display of variables.

Specification of Econometric Model

The variables linkages can be demonstrated by specifying the following model as

ECOPt = f(CCPSt, CCBKt, TOCCt,) (1)

The variables’ explanation in Equation (1) are as folllowing: ECOPt indicates the
economic progress, CCPSt display the coal energy consumption in power sector, CCBKt
reveals coal energy consumption in brick kilns, and TOCCt presents the total coal energy
consumption in Pakistan.

The Equation (1) can be expended further as

ECOPt = β0 + β1CCPSt + β2CCBKt + β3TOCCt ++εt (2)

For unit root testing among the study variables, following Equation can be specified as

∆Pt = ω◦ + α◦T + α1Rt−1 +
w

∑
m=1

ω1∆Pt−1 + εt (3)

Equation (3) is the general demonstration of the unit root testing, where: P designates
the variables estimated for the test; ∆ expose the main difference between the operators;
t represents the time subscript; and εt is a stochastic error that normally distributed.
Furthermore, this analysis has utilized the quantile regression technique to study the
economic progress linkage with coal energy consumption in the power sector, coal energy
consumption in brick kilns and total coal energy consumption by following the approach
of Koenker and Basset [49]. In this paradigm, different estimates of the dependent variables
are verified, so that the independent variables may be changeable via many perspectives.
Moreover, this procedure contradicts the limit on the assumption of the same misconception.
The model may generally be defined as

zi = v′ iπθ + τθi (4)

In the Equation (4) zi expresses the dependent variable, τθi expresses the error term
which is anonymous and πθ expresses the unacquainted vector regression estimation for
the parameter (h × 1). The range of θ varies from 0–1. Further, the Equation (4) can be
written in its conditional quantile form by ensuing zi and vi as

Qθ

(
zi

vi

)
= v′ iπθ (5)
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In addition, by reducing the appropriate value of π, we also measure the function πθ
vector as {

∑
t:zt >vt

θ|zt − v′ iπθ |+ ∑
t:zt >vt

(1− θ) ||zt − v′ iπ||
}

(6)

In particular, quantile regression employs generalized time approach or a linear
fundamental algorithm. Therefore, we limit to a moderate level the number of weighted
absolute error criteria, such that in the given amount of valuing the weighting of positive
and negative residues is different. Therefore, by taking Equation (2) further in the following
direction, the interaction of relative variables can be obtained as

ECOPt = ϑθ
0 + ϑθ

1 CCPSt + ϑθ
2 CCBKt + ϑθ

3 TOCCt + εt (7)

In Equation (7), ϑθ
0 , ϑθ

1 , ϑθ
2 , ϑθ

3 , indicates that the quantile regression estimated coeffi-
cients varies from 0.1–0.9.

4. Empirical Results and Discussion
4.1. Exploratory Data Analyses and Correlation

The outcomes of the descriptive data and correlation estimation for the variables are
displayed in the Table 1 with probability values. The correlation for the variables economic
progress, coal energy consumption in the power sector, coal energy consumption in the
brick kilns and total coal energy consumption demonstrated that all variables are correlated
with each other.

Table 1. Outcomes of exploratory data analyses and correlation.

ECOP CCPS CCBK TOCC

Mean 1.439 4.491 7.783 8.163

Median 1.576 4.091 7.942 8.059

Maximum 2.323 8.682 8.416 9.931

Minimum −0.206 0.587 6.881 6.970

Std. Dev. 0.568 1.405 0.416 0.766

Skewness −1.220 0.595 −0.804 0.328

Kurtosis 4.147 4.779 2.434 2.255

Jarque-Bera 14.543 9.167 5.822 1.971

Probability 0.000 0.010 0.054 0.373

ECOG (1.000)

CCPS −0.384 (1.000)

CCBK −0.203 0.547 (1.000)

TOCC −0.251 0.704 0.852 (1.000)

4.2. Stationarity Testing

The change in the average or covalent time series is not stationary over the time. If the
initial difference of this series is stationary, the integration of order one may be thought of
as this sequence. A static time-series test, notably the unit root test, is frequently necessary
to prevent erroneous regression induced by non-stationary data. In directive to examine
the position of the time series data in this study, three kinds of unit root test techniques,
namely, Augmented Dickey-Fuller (ADF) [50], Kwiatkowski-Phillips-Schmidt-Shin [51],
and Phillips-Perron (P-P) [52] tests. These three categories of testing methodologies for
unit roots nonetheless do not address whether data interruptions might lead to erroneous
findings. Table 2 illustrates the key findings of these three-unit root testings’ at level and at
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the first difference. The examined results indicate that economic progress and all energy
consumption variables are stationary at level and first difference.

Table 2. Unit root technique outcomes.

Variables
ADF (Prob. *) P-P (Prob. *) KPSS (Prob. *)

Level First Difference Level First Difference Level First Difference

ECOG −5.742
(0.000)

−10.608
(0.000)

−5.881
(0.000)

−16.385
(0.000)

0.258
(0.000)

0.396
(0.006)

CCPS −0.890
(0.782)

−9.224
(0.000)

−0.432
(0.894)

−9.132
(0.000)

0.652
(0.000)

0.228
(0.008)

CCBK −1.228
(0.654)

−7.953
(0.000)

−1.118
(0.700)

−7.943
(0.000)

0.686
(0.000)

0.100
(0.000)

TOCC 1.000
(0.996)

−3.531
(0.011)

0.685
(0.990)

−6.329
(0.000)

0.861
(0.000)

0.153
(0.005)

* Displaying the probability values of MacKinnon (1996).

4.3. Cointegration Testing for the Variables

The Johansen cointegration test, introduced by Johansen [53], is generally used to
determine if there is a cointegration connection between the time series and the same
sequential integration. The Johansen integration test is greater than two-time, contrary to
the Engle-Granger test. Connection with Johansen focuses on the regression coefficient
and his core assumption is that the challenge of obtaining the greatest probability function
should be turned into a problem of identifying the root of the feature and the creator. Table 3
is exposing the outcomes of the cointegration test with trace and max-eigen value statistics.

Table 3. Cointegration testing outcomes.

Statistical Outcomes of Trace Test

Hypo-No. of CE(s) Eig-Value T-Statistic C-Values at 0.05 Prob.

None * 0.625 60.155 47.856 0.002

At most 1 0.199 14.984 29.797 0.781

At most 2 0.091 4.770 15.494 0.832

At most 3 0.008 0.370 3.841 0.542

Statistical Outcomes of Max-Eigenvalue

Hypo-No. of CE(s) Eig-Value M-Eigen
Statistic C-Values at 0.05 Prob.

None * 0.625 45.170 27.584 0.000

At most 1 0.199 10.213 21.131 0.724

At most 2 0.091 4.400 14.264 0.814

At most 3 0.008 0.370 3.841 0.542
* Reveals the hypothesis denial at the level of 0.05 levels.

4.4. Results of Quantile Regression Estimation

The findings of the Table 4 exhibited that variable total coal energy consumption ex-
posed a productive linkage to the economic progress with coefficient (0.955) and
p-value is (0.000) that indicates a positive and significant impact on the economic progress
in Pakistan. Further, the variables coal energy consumption in power sector and coal
energy consumption in brick kilns have an adverse and significant impact on the economic
progress in Pakistan with coefficients (−0.489), (−0.540), and probability values (0.000),
(0.083) respectively. There are two main concerns regarding the expanding interaction of
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energy consumption in advanced and emerging countries and the effluents in the rich
countries: (1). the use of the most easily accessible sources of energy like coal, natural gas
and oil, as well as (2). the rapid growth in greenhouse gas emissions such as methane and
CO2 emission. The global character of the energy crisis calls for an appropriate renewable
energy management and usage. Generally, renewable energies are described as energies
that are generated from solar, wind, geothermal, tidal and wave energy, forestry, waste,
and biomass. Renewable energy is clean, safe and limitless in contrast to the conventional
energy. Switching to sustainable energy not only protects the environment but also sup-
ports the increasing of the revenue and opportunities. This will quickly expand throughout
the globe and will exceed several conventional energy components and hold a prominent
position in the total percentage of energy consumption according to the forecasts [54–56].
Although coal is very rich in economics and resources, its emissions from greenhouse gases
will pose substantial environmental difficulties, amongst other things. For these reasons,
the implementation of resource policies might be a worthwhile topic. Indeed, a decrease
in coal usage may lower emissions of greenhouse gases. Although coal is a two-sided
energy source, its use should be determined by any country or international body. Given
the environmental cost of carbon dioxide, the policymakers may decide to use more coal
in other sectors while reducing carbon emissions if carbon is perceived to be absolutely
economically worthwhile [57–59].

Table 4. Fiftieth (0.50) quantile regression estimates of Equation (1).

Variables Coefficients S-Error t-Statistic Prob.

CCPS −0.489 0.106 −4.601 0.000

CCBK −0.540 0.305 −1.773 0.083

TOCC 0.955 0.214 4.453 0.000

C 5.522 1.976 2.793 0.007

Pseudo R2 0.429 M-dependent var 3.439

Adj- R2 0.401 S.D. dependent var 0.558

SE of regression 0.896 Objective 6.109

Qua-dependent var 1.543 Restr. Objective 6.632

Sparsity 1.140 Quasi-LR statistic 2.901

Prob(Quasi-LR stat) 0.000

For the economic output, energy is a crucial input. Moreover, the development in
manufacturing helps to boost the demand for energy by increasing the energy consumption.
The usage of energy is intimately linked to the country’s overall development. Thus,
the energy consumption per capita is used to gauge a country’s social and economic
progress [60,61]. For human existence, economic prosperity and societal advancement, the
fossil energy is a material foundation. It is coming closer to the linkage between energy
and economic development. The largest source of greenhouse gases is represented by the
energy usage, which may greatly disrupt the balance of the international ecosystems. The
shared objectives of worldwide nations have been to respond to the climate change, to
reduce the carbon dioxide emissions and to adopt some sustainable development methods.
The widespread use of fossil fuels is now an emblem of the contemporary civilizations.
The primary source for greenhouse gas emissions, however, is energy use which would
have a major impact on the global ecological balance. Moreover, the changes toward the
energy-dependent economic development have become a hot subject globally [34,62,63].
Energy is clearly the most significant engine of the economic development in both emerging
and developed countries. Even while the majority of energy originates from the use of
the conventional energy sources, including oil, coal and natural gas, they create massive
greenhouse gas emissions that might contribute to climate and global warming. The
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industrialized nations concentrated on the usage of clean energy and the production
of sufficient energy for economic expansion for many years from now. Low costs and
convenient old fuels, however, still prohibit these sophisticated giants from abandoning
filthy fuels altogether. In other words, policymakers cannot even lower carbon dioxide
emissions without sacrificing the great economic progress [64,65].

4.5. Estimation of Quantile Process

The Table 5 is presenting the estimated outcomes of the quantile process for CCPS,
CCBK, TOCC, and C with having the quantile range of (0.1–0.9). All variable’s quantile
range shows the significant impact of different coal energy consumption on the economic
progress in Pakistan.

Similarly, the graphical representation of the quantile process estimates is illustrated
in the Figure 2. It shows the relevance of the factors where improvements in economic
progress are made through the whole cycle. The strong red line indicates the approximate
value and provides a 90 percentage confidence interval.

Table 5. Consequences of estimated quantile process.

Variables Quantile Coefficients S-Error t-Statistic Prob.

CCPS
(Coal Energy Consumption in

Power Sector)
(0.1–0.9)

−0.821 0.411 −1.995 0.052

−0.184 0.100 −1.831 0.073

−0.596 0.202 −2.949 0.005

−0.861 0.347 −2.480 0.017

−0.417 0.197 −2.116 0.040

−0.142 0.004 −34.804 0.000

−0.392 0.106 −3.689 0.000

−0.147 0.076 −1.939 0.058

−0.128 0.009 −14.010 0.000

CCBK (Coal Energy
Consumption in Brick Kilns

Sector)
(0.1–0.9)

−0.611 0.201 −3.043 0.003

0.341 0.186 1.833 0.073

0.856 0.511 1.673 0.101

0.654 0.271 2.414 0.020

−0.163 0.005 −31.425 0.000

−0.495 0.169 −2.924 0.005

−0.885 0.336 −2.630 0.011

−0.868 0.154 −5.626 0.000

−0.723 0.212 −3.408 0.001

TOCC (Total Coal Energy
Consumption) (0.1–0.9)

0.592 0.247 2.394 0.021

−0.623 0.367 −1.696 0.096

−0.798 0.343 −2.323 0.024

−0.576 0.248 −2.320 0.025

0.655 0.294 2.228 0.031

0.557 0.266 2.090 0.042

0.143 0.046 3.096 0.003

0.533 0.156 3.415 0.001

0.593 0.204 2.902 0.005
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Table 5. Cont.

Variables Quantile Coefficients S-Error t-Statistic Prob.

C (Constant) (0.1–0.9)

0.378 0.169 2.235 0.030

5.128 2.099 2.442 0.018

2.047 1.111 1.843 0.072

1.638 0.462 3.543 0.001

2.022 0.766 2.637 0.011

2.558 0.888 2.879 0.006

3.245 0.991 3.271 0.002

3.029 1.980 1.529 0.133

3.267 0.622 5.253 0.000

Figure 2. Plot of the quantile process estimates.

4.6. Estimates of Symmetric Quantiles and Slope Equality Test

Table 6 is expressing the consequences of the symmetric quantile technique that varies
from (0.1, 0.9), (0.2, 0.8), (0.3, 0.7), (0.4, 0.6), with chi-square statistics (14.520) and p-value is
(0.560) correspondingly.

Table 6. Consequences of symmetric quantile test.

Symmetric Quantiles Test

Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.

Wald Test 14.520 16 0.560

Quantiles Variables Restr. Value S-Error Prob.

0.1, 0.9

CCPS −0.291 0.195 0.137

CCBK −1.408 1.081 0.192

TOCC 0.749 0.701 0.285

C 5.7450 4.310 0.182

0.2, 0.8

CCPS −0.157 0.164 0.336

CCBK 0.222 0.700 0.750

TOCC −0.261 0.490 0.594

C 0.957 3.189 0.763
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Table 6. Cont.

0.3, 0.7

CCPS −0.131 0.127 0.302

CCBK 0.109 0.572 0.847

TOCC −0.250 0.390 0.521

C 1.643 2.636 0.533

0.4, 0.6

CCPS −0.071 0.088 0.418

CCBK 0.321 0.405 0.427

TOCC −0.199 0.275 0.470

C −0.751 1.796 0.675

Furthermore, Table 7 is stating the consequences of the quantile equality test having
value of chi-square (21.971) with probability value (0.581). The linkage amid variables
is verified through quantiles range (0.1, 0.2), (0.2, 0.3), (0.3, 0.4), (0.4, 0.5), (0.7, 0.8), and
(0.8, 0.9).

Table 7. Consequences of slope equality test.

Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.

Wald Test 21.971 24 0.581

Quantiles Variable Restr. Value Std. Error Prob.

[0.1, 0.2]

CCPS −0.106 0.084 0.208

CCBK −1.372 0.762 0.071

TOCC 0.746 0.446 0.094

[0.2, 0.3]

CCPS 0.064 0.064 0.319

CCBK 0.032 0.341 0.923

TOCC −0.092 0.232 0.689

[0.3, 0.4]

CCPS −0.077 0.067 0.252

CCBK 0.042 0.339 0.901

TOCC −0.072 0.226 0.749

[0.4, 0.5]

CCPS −0.074 0.064 0.244

CCBK 0.326 0.316 0.302

TOCC −0.221 0.211 0.293

[0.5, 0.6]

CCPS −0.002 0.058 0.962

CCBK 0.004 0.256 0.985

TOCC −0.022 0.176 0.897

[0.6, 0.7]

CCPS −0.017 0.066 0.791

CCBK 0.253 0.288 0.378

TOCC −0.021 0.197 0.915

[0.7, 0.8]

CCPS 0.090 0.088 0.310

CCBK −0.080 0.323 0.804

TOCC −0.081 0.241 0.734

[0.8, 0.9]

CCPS 0.027 0.105 0.796

CCBK 0.258 0.366 0.480

TOCC −0.264 0.296 0.371
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4.7. Estimates of Cointegration Regression Technique

This study has also employed the cointegration regression technique with fully mod-
ified least squares (FMOLS) and dynamic least squares (DOLS) in order to expose the
linkages among variables.

Table 8 presents findings of FMOLS estimations and exposes that the variables coal
energy consumption in power sector and coal energy consumption in brick kilns sector
display an adverse and significant linkage with the economic progress in Pakistan with
coefficients (−0.607), (−0.9694) with the probability values (0.006), (0.000) correspondingly.
The variable total coal energy consumption reveals a positive association to the economic
progress with coefficient (0.807), having p-value (0.007). Moving towards to the results
of the DOLS estimations, they expose that both coal energy consumption in power sector
and coal energy consumption in brick kilns sector have negative coefficients that express
an adverse linkage to the economic progress, while total coal energy consumption has a
constructive linkage to the economic progress in Pakistan.

Table 8. Outcomes of FMOLS and DOLS.

Fully Modified Least Squares (FMOLS)

Variables Coefficients S-Error t-Statistic Prob.

CCPS −0.607 0.211 −2.876 0.006

CCBK −0.969 0.257 −3.770 0.000

TOCC 0.807 0.285 2.828 0.007

C 3.973 1.232 3.224 0.002

R2 0.296 M-Dependent var 1.743

Adj-R2 0.able 8254 S.D-dependent var 0.566

S.E. of regression 0.498 S-S resid 10.157

Long-run variance 0.156

Dynamic Least Squares (DOLS)

Variables Coefficients S-error t-Statistic Prob.

CCPS −0.538 0.137 −3.905 0.000

CCBK −0.356 0.103 −3.447 0.001

TOCC 0.298 0.100 2.966 0.004

C 1.222 0.246 4.953 0.000

R2 0.575 M-Dependent var 1.559

Adj-R2 0.428 S.D-dependent var 0.582

S.E. of regression 0.383 S-S resid 3.806

Long-run variance 0.402

5. Conclusions and Policy Recommendations

In the present investigation, the impact of the coal energy consumption on the eco-
nomic progress in Pakistan was checked by using the annual data series. The stationarity
was verified by using the three unit-root testing. The quantile regression approach with the
extension of cointegration regression test was utilized to check the variables’ interaction.
The outcomes of the quantile regression reveal that coal energy consumption in power and
brick kilns sector has an adverse linkage to the economic progress, while total coal energy
consumption has a positive relation with the economic progress in Pakistan. The outcomes
of cointegration regression analysis through FMOLS and DOLS uncover that variables
coal energy consumption in power sector and coal energy consumption in brick kilns have
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an adverse linkage to the economic progress, while total coal energy consumption has a
productive connection to the economic progress in Pakistan.

Pakistan is a developing economy and has been facing an energy crisis for several
years because of the insufficient energy production from different sources. The energy
demand and consumption continue to grow as the population rises, as in other emerging
economies. As a result of Pakistan’s strong dependency on oil and gas, lower capacity
ratings, cyclical debt, security and dangers of resources and bad governance, the country
has faced a huge energy crisis. Policies designed to attain minimal debt levels and avoid
loan-based investments should be developed in order to manage the energy issues. Facts
have shown the terrible day-to-day power difficulties. The unfortunate scenario is that
although Pakistan possesses significant amounts of renewable energy, it will have to import
vast quantities of hydrocarbons from outside the country to fulfil its energy requirements.

An important limitation of this study is the data sample we have used in our analysis.
The number of observations that are usually used in this type of analysis is quite larger, but
because of the lack of available data for all the variables we have used, this is the largest data
sample we could use in order to achieve significant results. However, these obtained results
must be carefully considered and interpreted with caution considering the data sample we
have used. Therefore, a direction for further research must consider an analysis based on
a larger number of observations so that the achieved results could be more reliable and sounder.
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