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Abstract

The present study investigates the role of coal consumption on the economic growth in India
from 1980-2016. We use panel data estimation techniques for long run and VECM Granger
causality for short run analysis to find the direction of causality between coal consumption and
economic growth. The model specification aso incorporates the urbanization, labor, fiscal deficit
and service sector value added. In long-run analysis, the results confirm the unidirectional
relationship from economic growth to coal consumption. On contrary, in short-run, bidirectional
causal relationship between coal consumption and Indian economic growth confirms that higher
coal consumption supports the Indian economy through energy. Furthermore, bidirectional causality
is confirmed between economic growth and population; besides, the results show the unidirectional
causality from service sector to economic growth.
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Introduction

The significance and importance of energy cannot be denied, but long-run economic growth
is only possible if productive measurements are taken to improve the efficient and optimal use of
energy resources. This will not only be beneficial to the industries but also for the factors of
production and households which boost the industrial productions and living standards. In 80s and
90s the Indian government had never formulated any significant energy policy to cover the
electricity deficit. In addition, government has never maintained the current power sources and pays
no attention for up gradation of the energy infrastructure. With the passage of time, the increasing
population and industries push the eectricity demand, but the Indian government has not installed
new energy generation capacity to meet the demand. On the contrary, in late 90s the government
started to explore efficient alternates of energy and decreased the energy demand and supply gap,
but still there is a whole gamut of challenging areas in the energy sector that government needs to
pay attention on priority basisin order to encounter upcoming energy deficit.

Indiais fourth largest energy consuming country in the world after USA, China and Russian.
In 2013, the energy mix of India consists 52% on coal and 29% on oil. According to World Bank,
(2017) the annual gross domestic product growth (GDP) of India is 7.1%. The sudden oil price
fluctuations destabilize the economic and electricity supply, Indian government working to mitigate
this problem by shifting its electricity production infrastructure from oil to coal. Though there has
been an effort to launch a few projects to generate energy but most of them are very expensive and
the time consuming. Over the period of time, the increasing economic activities have been lifted the
energy consumption. The demand of energy has increased due to some other important factors such
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as, urbanization, industrialization and agriculture sectors. The motive behind this study is to reveal
the attention of policy makers responsible for the control of energy resourcesin Indig; oil is not the
sole option for the source of energy production. As, the production cost of energy through oil is
much higher than coal, so coal is better alternative of oil to produce energy and to fulfill the energy
requirements. Previously, coal was used as a principal source of energy, even till 1960, coal was
regarded as the fundamental source of energy and has contributed in the industrial revolution. In the
modern era, the exploration of coa has contributed in energy generation and is one of the cheap
sources of energy which decrease the cost of production and fiscal deficit.

India has large reserves of coal that can be used easily. According to estimation, the world’'s
coal reserves will end up in about 146 years. On contrary, It will take 63 years for the gas to last oil
resources and 41 years for oil. These calculations clearly show that the demand for coal will increase
in the future. In 2006, the coal consumption of the world was 127.5 quadrillion Btu which will rise
to 190.2 quadrillion Btu up to 2030; 62% of coal consumed to generate the electricity; 34% used be
the industries and the rest 4% utilized by the household and commercia sectors. According to
energy information administration (EIA, 2009), the consumption of coa will grow up to 28% in
2030.

The contribution of the current study is to re-examine the case of India. As Indiais blessed
with coal resources and having the world fourth largest coal reserve, in Chhattisgarh, Odisha and
Jharkhand etc. and the coa reserves are about 297.421 billion tones in Gondwana, 99.5% of the
whole coal reservesin India that can produce electricity for many years. Coa India Limited (CIL) is
the national coal producer, but outsourcing the production operations to foreign and private
companies to enhance the mining expertise and mechanism. CIL has planned to produce more than
1 billion metric tons of coal by 2020. India can surely decrease the cost of production by using coal
and replacing it with oil in the industrial sector. As a result, after the above discussion, we have
developed a hypothesis that coal consumption isthe cheap source of energy that fulfill the electricity
needs and play a significant role to improve the economy. But on the other hand, the environmental
degradation resists the developing economies to reduce the non-renewable sources of energy. Such
policies will have adverse impact on developing economics as it has to move towards renewable
sources of energy that are costly and are time consuming which may affect the pace of economic
growth. However, we attempt to reinvestigate the relationship between coal consumption and
economic growth in case of India.

The first objective of the study isto find the role of coal consumption in economic growth of
India. Secondly, the study investigates the causality relationship from economic growth toward coal
and vice versa. Finaly, the study provides policy implications for long term growth of economy of
India and for proper management of major energy source (coa). This paper also covers the model
specification by incorporating population, urbanization, fiscal deficit, service sector value added and
coa consumption domestically.

Background Literature

Previously, the researchers mainly focused on the oil consumption in development of the
economies, but very little literature is available, as far as author’s knowledge, that investigates the
role of coal consumption in the economies. Satti et a. (2014) studied the causal relationship between
economic growth and coa consumption by incorporating additional determinants such as
unemployment, fiscal deficit, urbanization and service sector value added in Pakistan. Their finding
confirmed bidirectiona relationship between economic growth and coal consumption. Kumar and
Shahbaz (2012) analyzed the relationship between Pakistani economic growth and coal consumption
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over the period of 1971-2009. The endogenous two-break unit root test and the ARDL bounds
approach utilized to observe the causal relationship. Dynamic and fully modified ordinary least
square (FMOLYS) is used to check the robustness of empirical estimations. The bidirectional
causality confirmed between coa consumption and economic growth. Another study by Shahbaz
and Dube (2012) confirmed the feedback hypothesis; there is a bidirectional relationship between
renewable energy consumption and economic growth. The results of non-renewable energy
consumption also validated the similar finding. Bloch et a. (2012) analyzed the causal relationship
between coa consumption and economic growth of China by dividing the supply side and demand
side functions from 1997-2008 and 1965-2008 respectively. By using the VECM and innovation
accounting method, the results reveal the bidirectional causal relationship between coal consumption
and aggregate output. In case of supply side, the finding confirmed the unidirectional causality from
coal consumption to aggregate output. Li and Leung (2012) suggested that there is an
interconnection between the real GDP and the coa consumption in case of China from 1985 to
2008. They employed the panel unit root test and co integration test to examine the stationary and
the existence of long run relationship between variables. These factual findings exposed there is a
significant relationship between economic growth and coal consumption and there is a feedback
effect among both variables. Nasiru (2012) examined the Nigeria economy to investigate the role of
coa consumption in Nigerian economy over the period of 1980 to 2010. By adopting the granger
causality approach, unidirectional causality confirmed between coal consumption and economic
growth. The result confirmed that coal consumption trigger economic growth.

Behname (2011) investigated the role of coal consumption in the economic growth of
Greater Middle East for the period 1965-2008. By applying the Pedroni co-integration test, the
results confirmed the neutral hypothesis; there is no causal relationship between coal consumption
and economic growth. Yuan et al. (2008) analyzed the relationship between coa consumption and
economic growth in China. Johansen Juselius (1990) Cointegration, Generalized Impulse Response
Analysis found the bidirectional relationship between economic growth and coal consumption. Hu
and Lin (2008) reported the bidirectional causality between economic growth and coa consumption
in Taiwan. Zhang and Li (2007) utilized the error correction method to investigate the empirical
relationship between economic growth of China and coa consumption from 1980-2004, their
finding confirmed the bidirectional relationship between coal consumption and economic growth.
Yilmaz and Uslu (2007) attempted to analyze the role of coal consumption on economic
development of Turkey from 1994-2004, the results reported the significant role of coal
consumption in economic growth. Yoo (2006) examined the causal relationship between coal
consumption and economic for the period 1968 to 2002 by utilizing Granger causality based on
ECM. The results of causality reported a bidirectional relationship between coa consumption and
economic growth in Korea. Alam and Butt (2002) on the other hand found out the relationship
between them by focusing on the production of Pakistan. Both of them believed that both the
variables are interlinked and shared a long relationship. They are interdependent upon each other.
Ageel and Butt (2001) reported that the total energy consumption is caused by economic growth
Granger.

Wolde- Rufael (2010) studies the relationship among coa consumption and economic
growth of 6 coal consuming countries from 1965-2005. By using the Toda and Y amamoto within
VAR approach, unidirectiona causality validated from coa consumption to economic growth in
Japan and India; causality from growth to coal consumption proved in South Korea and China.
United States and South Africa reported bidirectiona relation. Jinke and Li (2011) studied the
Indian and Chinese economy to analyze the role of coal consumption in the economic growth.
Granger causality results found the unidirectional causality from coal consumption to economic
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growth in India. Whereas, in case of China, the result revealed that economic growth granger causes
the coal consumption. Chandra and Tang (2013) studied about the emission of CO2 incorporated
with the consumption of coal. The relationship between the consumption of coal and the economic
growth in India also critically studied. The results showed that coa consumption is a factor
responsible for the economic growth and co integration exists between these two variables. Jin and
Kim (2015) reported a long-run relationship between coal consumption and economic growth for
OECD and non-OECD countries. Odhiambo (2016) empirically analyzed the relationship between
coal consumption and economic growth in South Africa. Their finding reported the unidirectional
flow from economic growth to coal consumption.

M ethodology

Data

The data of real GDP per capita is used as a proxy of economic growth, population, urban
population per capita and rea service sector value added per capita, fiscal deficit from the world
development indicators, (2016)*, whereas, coal consumption is obtained from Statistical review of
World Energy?. The data of studied variables cover the period of time from 1980 to 2016.

Methodological framework

To investigate the impact of coal consumption, population, urbanization, fiscal deficit, and
service sector value added on economic growth, the study follows the log-inear approach: The
equation for the economic growth in case of Indiais modeled below:

INGDPit = i + ycInCoalt + ypIn Pit +
yulnUi+ 7wINFDi+ ysINSS+& @

Following the Shahbaz, et al., (2017) the natural logirgithem of all variables obtained, where
INGDP isthe natural log of real GDP per capita, InCoal isthe natural log of coal consumption, InPis
the natural log of population per capita, InU isfor the natural log of urbanization per capita, InFD is
the natural log of real fiscal deficit per capita, InSS is the natural log of real service value added per
capitaand «i isthe error term.

Estimation technique

Estimation procedure comprises of four steps: in the initial step we will examine the random
walk problem existing in a data series by using unit root test, it will also update about the order of
integration related to data series. The equations from (2 to 3) will serve the purpose. These equations
are presented as below:

MZa= (T -29)[2T 23y (2)

t=1

T2 < dt—l .
i]z (3

v [ %

! http://data.worldbank.org/
2 http://www.bp.com/en/global /cor porate/about-bp/energy-economi cs/stati sti cal -review-of -worl denergy.html
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MZ: = MZa x MB 4

As per Ng—Perron test uses the GL S de-trending method; therefore, it becomes more robust
than that of the conventional unit root tests for instance: ADF test of Dickey and Fuller (1981) and
test by Philips and Perron (1988) discards the difficulty of distortions in the case of the disturbance
term which has large and negative MA or AR roots. The approach by Pesaran (2001) is suitable for
the small data set. We can apply it, if variables are having mixed order of integration. We are in
favor of co integration if our calculated F-statistics is greater than upper critical bound (UCB) and
vice versa. There is no decision about co integration between the variables if our calculated F-
statistics is lying between lower and upper critical bounds. The F-statistics is calculated using the
following version of the unrestricted error correction method

q
ALGDP: = axc, + 4, LGDP: -1+, Coal -1+, LR -1+, LUt -1+, LFD: -1+, LR -1+u) ALGDP: -«

k=1

] ] q ] q
+p2) ALCOal -1+ B2y ALP i+ sy ALUt -+ Bisy ALFD -+ fis )y ALSS -k+m ®
k=1 k=1 k=1 k=1 k=1

Where, A is used as a difference operator and v; is the error term. (Morley, 2006) said that if
long term relationship among the variables exists then there must be estimate of the causal
relationship between the variables also. We can apply the VECM Granger causality approach to
investigate about the direction of causality among coal consumption and economic growth in both
short run and in long run. We have developed the following equations (6-11) in order to find out the
causality directions by using the VECM Granger causality framework, which is:

g a a ] ]
ALGDP =arc, +61) | ALGDP -k+512)  ALCOAl -k+513) ALP -ic+814) ALU -+ 815y ALFD: -«
k=1 k=1 k=1 k=1 k=1
q
+5162 ALSS - k+ ynECME -1+ &1, 0]
k=1
a a q a q
ALCoal: = arc,y +61)  ALGDR -k +512 ) ALCOBl: -k+513) | ALP —c+61)  ALUr-k+815 ) ALFD: —
k=1 k=1 k=1 k=1 k=1
a
+516Z ALSS - k+ y2ECMk -1+ &2, @
k=1
q a q q a
ALP = ac, + 61y  ALGDP -k+612)_ ALCo8l -k+613) ALP -k+614) ALUt -+ 6815y ALFD: -
k=1 k=1 k=1 k=1 k=1
q
+5162 ALSS -+ yaECM -1+ €31, 1)
k=1

a q ] ] a
ALU = ac, +611)  ALGDP-i+ 612y ALCOlt -k +513) | ALP -+ 514 ) ALUt -k +515 ) ALFD: -«
k=1 k=1 k=1 k=1 k=1

q
+516Z ALSS - k+ yaECM -1+ g1, ©

k=1
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q a q aq a
ALFD: = ey + 61y ALGDPL - k+612) ALCO8lt -k +613) ALP -+ 614y ALU: -k+815) ALFDx -«
k=1 k=1 k=1 k=1 k=1

q
+§1ez ALSS -k +ysECM -1+ €51 (10)

k=1

] ] q q q
ALSS =acy + 51y ALGDR - k+612) ALCOal -k +513) ALPt-k+5uY ALUr-k+815) ALFD: -«
k=1 k=1 k=1 k=1

k=1

q
+5162 ALSS -+ yeECVE -1+ ge1, @)

k=1
where, ECM; . 1 shows lagged error correction term. Engle and Granger (1987) had a view
that the first differences of Vector Auto Regression (VAR) are not reliable. (Bannerjee, 1998)
introduced the lagged term of error correction term in the equation of the ARDL to improve the
efficiency, reliability the consistency of the results.

Results and Discussion

The study incorporated the Ng—Perron unit root test which is appropriate for small dataset; it
provides efficient and reliable results as compared to the ADF and PP test. Table 1 report the results
of Ng—Perron unit root test for studied variables and confirmed non-stationary at level. The variables
become stationary with intercept and trend i.e. economic growth, coa consumption, population,
urbanization, fiscal deficit and service sector are confirming the unique order of integration. Hence,
the results indicate the applicability of ARDL bounds testing to analyze the long run relationship
between the variables.

Table 1: Unit root analysis

Ng-Perron test | | | | |
Dependent Variable [ (0)

InGDPt InCoalt InPt InUt InFDt InSSt
MZa -2.3845 -5.4461 -8.2145 -10.7354 | -6.5914 -12.4628
MZt -1.5071 -3.9967 -1.4332 -2.1629 -1.9537 -3.1451
MSB 0.1954 0.3458 0.1137 0.9683 0.2478 0.5324
MPT 7.4951 3.5167 9.6457 2.8474 3.5649 1.8161
Dependent Variable I (2)

InGDPt InCoalt InPt InUt InFDt InSSt
MZa - - - - - -
MZt -5.1384 -2.7949 -2.4519 -3.8124 -3.5284 -5.1626
MSB 0.1184 0.1625 0.1347 0.1942 0.1024 0.1781
MPT 0.9814 1.451 0.7054 1.5648 1.4235 0.8141
™" indicates the significance at 1% and 5% respectively

Table 2 presents the result of co-integration; F-statistics is 4.563 which confirmed the
existence of co-integration; long run relationships exist between economic growth, coal
consumption, population, urbanization, fiscal deficit and service sector. Furthermore, the error term
of specified model proves to be normally distributes, there is no strong evidence of
heteroscedasticity and serial correlation.
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Significance F-statistics W-statistics

level Lower bound | Upper bound Lower bound Upper bound
5% 2.9819 4.3270 17.8914 25.9618
10% 2.4864 3.7057 14.9182 22.2340
Mode! LGDP= f(LCodl, LP, LU, LFD,
F-statistics 5.247*

W-gtatistics 28.225*

Serial correlation 0.359

Normality 0.299

Heteroscedasticit 0.182

Table 3 provides the long run estimated analysis of ARDL test, which confirms the
unidirectional flow of economic growth to coal consumption. In long-run, coa consumption has no
impact on economic growth. Moreover, the economic growth has no impact on any of the variable.
Surprisingly, the coal is statistically insignificant in al of the cases, which states that coal
consumption have no impact on economic growth, population, urbanization, fiscal deficit and
service sector. Population have no longOrun impact on economic growth, fiscal deficit and service
sector, whereas, positive and statistically significant impact on coal consumption and urbanization.
The findings states that higher population leads to increase the urbanization and coa consumption,
the reasons for increase in coal consumption can be the rise in electricity demand.

Table 3: Long-run estimation (ARDL)

GDP Coal P U FD SS
GDP 0.514** 3.323 2.528 0.196 0.097
Cod 1.374 0.163 -0.513 0.368 0.714
P 0.463 1.396** 2. 423** 0.487 0.973
U 3.164 0.517 0.749* 0.388 0.347**
FD -1.948* 1.326 1.020 0.746 1.601
SS 0.417** 0.528 0.668 0.097 0.943
" indicates the significance at 1% and 5% respectively

Urbanization has confirmed the significant impact on population and service sector, while
insignificant for economic growth, coal consumption and fiscal deficit. The estimated results
confirm the unidirectiona relationship from fiscal deficit to economic growth and from service
sector to economic growth.

Table 4 displays the results of VECM Granger causality to examine the causa relationship
between economic growth, coal consumption, population, urbanization, fiscal deficit and service
sector. (Granger, 1969) stated that in the presence of co-integration there must be unidirectional or
bidirectiona causality between the variables. The results confirm bidirectional causal relationship
between economic growth and coal consumption; the finding isin line with (Satti et al., 2014) and
confirmed the significant role of coal consumption for economic growth. The finding of VECM
further confirms the bidirectional relationship between economic growth and population.
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Furthermore, a feedback effect has also revealed between urbanization and service sector; similar
finding has confirmed by (Satti et al., 2014), the value added in service sector attracts the population
to move from rural areas to urban areas. Afterward, a unidirectional causality find from service
sector to economic growth and population to urbanization. The values added in service sector has
the ability to boost the economic growth and its importance cannot be neglected. The error
correction term (ECT) displays the results of long term relationship, the value of GDP is 0.4841
which interpret that about 48.41% disequilibrium corrected each year. In case of coal consumption,
58.86% disequilibrium corrected every year; fiscal deficit corrected by 188.46% each year.

Table4: The VECM Granger causality

Sources of causation (independent variables)

Dependent | Short-run Long-run
Variables | AGDP ACod AP AU AFD ASS ECT
Full panel
AGDP 5.638** | 2.854** | 1.995 3.387 0.143* -0.4841*
ACoa 3.574** 2.444 0.285 1.221 3.564 -0.5886*
AP 5.354** | 0.523 0.574 0.574 1.453 -1.0331
AU 4,748 4,782 1.581* 2.109 3.429* -0.9364
AFD 1.332 1.097 1.381 0.836 0.661 -1.8846*
ASS 3.227 1.909 0.672 1.354* 4517 -0.3280

" indicates the significance at 1% and 5% respectively

Conclusion and Policy Implications

The study examines the relationship between economic growth and coal consumption; in
addition to this we incorporated other significant determinants of economic growth in India by
covering the time period 1980 to 2016. Initialy, to examine the unit root in the variables, the Ng—
Perron test is used which provides efficient results as compare to the ADF and PP unit root test.
Hence the unique order stationary in the variables confirms the applicability to ARDL bound testing
approach.

The ARDL approach is aso applied in order to analyze the long run relationship between
studies variables. Furthermore, the VECM Granger causality test is used to examine the direction of
causality between the two main variable, coal consumption and economy growth. The result has
confirmed the cointegration between economic growth, coal consumption, population, urbanization,
service sector value added and fiscal deficit. The VECM results have confirmed bidirectional causal
relationship between economic growth and coal consumption; the finding isin line with (Satti et al.,
2014) and confirmed the significant role of coal consumption for economic growth. The finding of
VECM further confirms the bidirectional relationship between economic growth and population.
Furthermore, a feedback effect has also revealed between urbanization and service sector; similar
finding has confirmed by (Satti et al., 2014), the value added in service sector attracts the population
to move from rural areas to urban areas. Afterward, a unidirectional causality find from service
sector to economic growth and population to urbanization.

The empirical findings of this paper disclosed that, in long rum and short run, bidirectional
causality is present between Indian economic growth and coa consumption. Thus, present study
suggests that the government should be responsible enough to pay attention towards the exploration
of economical energy aternatives such as coal that can help in economic growth and can bring
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economic stability in the region. In addition, the Indian government should promote the service
sectors to boost the economic growth. The government should also take some actions to promote the
coa exploration industry to explore more coal reserves that increase the supply in order to enhance
the growth activities. The dependency on coal instead of oil aso prevents the economy from sudden
oil price shocksthat cause the inflation and increase the payments on oil imports.
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