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Abstract 
Coal is the primary source of energy and predominantly used for electricity generation in India. 
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consumption. Elasticity of coal consumption with respect to economic growth increases from 

0.205 to 0.631 from short to long run; while elasticity of CO2 emissions with respect to coal 

consumption decreases from 0.915 to 0.148 from short to long run. In increasing demand 

environment, we suggest more investment in cleaner coal technologies, reducing regulatory 

constraints in the coal sector, and exploring alternative sources of energy will help India for energy 

security and sustainable development in the long run.  
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1. INTRODUCTION  

Starting from the Hindu growth rate of 3 per cent between 1950 and 1980, the Indian economy 

grew at a remarkably average rate of 9.7 per cent between 1991 and 2010. Coal as the primary 

source of energy has been playing a significant role and will influence future economic progress 

by reducing the poverty, and improving social infrastructure in India. Nationwide economic 

reforms since 1990s have brought about considerable changes by reducing barriers and regulations 

and opening up key sectors; however, the rate of change has been slow in some sectors, 

particularly in coal sector which still remains highly regulated.  

The World Energy Outlook (WEO 2007) published by the International Energy Agency 

(IEA) ranked India third in the world both in production and consumption of coal, with the country 

having the fourth largest coal reserves after the United States, Russia and China. Under the WEO 

2011, the New Policies Scenario (NPS) projects that India’s energy demand will increase by a 

compound annual rate (CAGR) of 3.1
 
per cent from 2009 to 2035.

1 
The WEO 2011 reports that 

coal will remain India’s major energy source, and expected to meet about 42 per cent of energy 

demand in this country by 2035. The WEO 2012 projects that by 2025 India will be the second 

largest consumer of coal after China. 

 India’s coal requirements are met by its increasingly large volume of imports, 

predominantly from Australia, Indonesia and South Africa. To meet its growing needs for energy 

to sustain economic development, the Indian economy faces constraints both from the supply side 

and in implementing demand management policies in the coal sector.  

                                                           

1 World’s energy demand will grow at 1.3 per cent for the same period; import dependence in this 

sector has increased from 34 metric tonne oil equivalent (MToe) to 236 MToe (from 11 per cent to 

35 per cent) between 1990 and 2009. 
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In 2009, India was the third largest CO2 emitter in the world after China and the United 

States (WEO, 2012). Following Garg and Shukla (2009), it is anticipated that annual CO2 

emissions will increase by2.5 times between 2005 and 2030, reaching 3084 Mt of CO2 in 2030 in 

India. This represents an annual CO2 emissions growth of 3.7 per cent. Maintaining the long-term 

relationship between ‘coal consumption and production’ and ‘development trajectories’, and 

simultaneously curbing CO2 emissions is a pressing issue for India in terms of its energy security 

and other energy-related challenges. 

Coal is the most significant source of energy in India, comprising two-thirds of total 

production in terms of energy mix and provides over half of energy consumption in this country.
2
  

Yet there is no study considering demand, supply and emissions in a multivariate framework in 

case of India. 
3
 Therefore, India presents a clear case for our analysis. With economic growth and a 

greater need to increase coal consumption, how is India going to tackle CO2 emissions for 

sustainable development? While reduction in coal consumption seems to be an option to reduce 

CO2 emissions, its impact on economic development can be negative at least in the medium term, 

particularly for India where coal is the major source of the energy mix. Hence, we posit that 

improving efficiency and the overall performance of the coal sector (including the end-user 

electricity sector) is an urgent issue to maintain the growth level.  

                                                           
2
 Planning Commission; these are projected figures for 2021-22. The projected figure for coal 

import is 25.9 per cent at the end of 2021–22 (see, http://planningcommission.nic.in/). 

3 India is a country of 1.28 billion people that has a rising trend in population, with 25 per cent 

currently lacking access to basic electricity (WEO, 2012). Coal sector plays a prominent role, 

supplying almost 70 per cent of current electricity needs in an increasing energy demand 

environment.  
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Coal is the major source of CO2 emission in India. Incorporating other factors such as 

capital and labour with coal in the same growth accounting framework along with a separate 

model for coal demand and CO2 emissions will provide a complete framework to understand the 

role of coal in India’s growth process. More importantly, incorporating CO2 emissions within the 

model will unfold the challenges that India will need to face within the coal sector (and primary 

end-user electricity) to combat pollutant emissions and in maintaining sustainable development. 

The purpose of this paper is threefold. Firstly, we investigate the causal relationship 

between coal consumption and economic growth (measured in real GDP) in a multivariate 

framework, and extend our analysis from both demand and supply sides.
 4

  In this respect, time 

series properties will be tested through establishing dynamic links between economic growth, coal 

demand and CO2 emissions. Secondly, we investigate how shock (or innovation) from economic 

growth and coal consumption may affect CO2 emissions, and vice versa till 2030, beyond twenty 

years for  our sample period. Finally, we relate our major findings in a policy context. This 

includes policy discussions on carbon-reducing techno-economic strategies to combat emissions, 

with a particular focus on the role of coal and related primary user electricity sector in 

implementing overall energy policies for the growth process. 

The rest of the paper is organised as follows. In the next section, we review the literature 

briefly. In section 3, we describe the methodology of the study. This includes our empirical models 

and a description of data we use for this purpose. In Section 4, we provide empirical results and 

analyse these in Indian context.  Section 5 provides a discussion on findings, and we relate this 

with recent statistics to corroborate our study. In this concluding section, we highlight major 

policy challenges ahead for the coal sector. Here, we prescribe multiple techno-economic policy 

suggestions to improve efficiency and overall performance of coal sector in maintaining energy 

security and sustainable development for India.  

                                                           
4
 Coal demand and coal consumption; economic growth and GDP are used synonymously. 
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2. LITERATURE REVIEW  

There are two strands of literature. The first group of studies mainly focuses on energy 

consumption-economic growth nexus (see, e.g., Ozturk (2010), and Tugcu et al. (2012) for reviews) 

while, the second group mainly focuses on environment-economic growth (see, e.g., Dinda (2004), 

and Stern (2004) for reviews).  

Existing studies on the nexus between energy consumption and economic growth are 

numerous. Representative studies in this regard are Paul and Bhattacharya (2004), Lee and Chang 

(2008), Payne (2009), Soytas and Sari (2009), and Chandran et al. (2010) among others.
5
  Another 

group of studies relate emissions, energy consumption and economic growth, including those by 

Ang (2007), Narayan and Smyth (2008), Halicioglu (2009), Ozturk and Acaravci (2010), and 

Aperis and Payne (2010). Different causality relationships between economic growth and energy 

consumption suggest different energy conservation and economic growth policies using data from 

both developed and developing countries.
6 

 

Similar to the relationship between aggregate energy consumption and economic growth, 

the empirical relationship between coal consumption and economic growth is also mixed and 

conflicting. For instance, both Yang’s (2000) Taiwanese study and Yoo’s (2006) research in Korea 

find causal relationship is bi-directional between coal consumption and economic growth, while 

Wolde-Rufael’s (2004) study on Shanghai establishes coal consumption Granger causes real GDP. 

The differences in causal relationships between coal consumption and GDP in major OECD and 

                                                           
5
 In the Indian context, earlier studies include Pachuri (1977), Cheng (1999), and Asafu-Adjaye 

(2000). 

6
 Literature is vast and extensive. Recent studies, viz., Payne (2010a and 2010b), Ozturk (2010), 

and Tugcu et al. (2012), review the existing literature that links energy consumption and its nexus 

with economic growth. 
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non-OECD countries are reported by Jinke et al. (2008). The authors establish a unidirectional 

causality from GDP to coal consumption in the case of China and Japan, while no causality is 

found in the case of India, South Africa and South Korea. Both Apergis and Payne’s (2010a) study 

of 25 OECD countries and Apergis and Payne’s (2010b) research into 15 emerging countries 

analyse coal consumption-economic growth nexus within a multivariate panel framework. Real 

GDP, coal consumption, real gross fixed capital formation and labour force are found to be related 

in the long-run, while coal consumption and economic growth is negative in the short-run in both 

studies. 

Wolde-Rufael (2010) revisits coal consumption-real GDP relationship for top six coal-

consuming countries.  In case of India and Japan, a unidirectional causality is established running 

from coal consumption to economic growth, while causality runs from economic growth to coal 

consumption for China and South Korea. However, a bi-directional causality is established 

between coal consumption and economic growth for South Africa and the United States. 

Govindaraju and Tang (2013) compare the nexus of CO2 emissions, economic growth and coal 

consumption in China and India, variables are found to be cointegrated only in the case of China.  

 

3. EMPIRICAL FRAMEWORK 

Being a coal dependent country, India is facing challenges in meeting an increasing supply-

demand gap of coal to maintain economic growth. We develop an empirical framework 

considering both sides of the market. The following sub-sections describe our model and data. 

 

3.1. Models 

We consider a coal inclusive growth model from supply side. In demand side, we include coal 

demand and CO2 emissions models. We assume that CO2 is the main greenhouse gas (GHG) from 
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burning coal, and that increasing coal consumption will generate additional CO2. Including a 

simple model for CO2 emissions in demand side would complete the demand-supply framework. 

We consider an augmented growth model in supply side that includes coal as an input 

along with capital and labor.  

 

GDP t = f (Capital t, Labour t, Coal t)         (1) 

 

We consider logarithm versions for estimating purposes for each model. 

 

ln (GDP t) = α ln (Capital t) +β ln (Labour t) + δ ln (Coal t) +µt   (1’) 

 

where, GDPt denotes aggregate real output at time t, Capital is a flow of capital,  and Labour is 

labour employed  in the economy.
7
 Coal is coal consumption, α, β and δ reflect the elasticities of 

output with respect to capital, labour and coal demand, respectively in logarithm version, while µt 

is error term. 

In demand side, we introduce a demand model for coal where coal demand depends on 

growth (or economic activities) and coal prices. In addition, we consider a CO2 emissions model 

where coal consumption and GDP (or growth activities) generate CO2 during the production 

process in various sectors.
8
 

                                                           
7
 In our growth model we do not specify technology, as this is broadly not coal specific. However, 

any improvement in technology or investment in R&D in the coal sector will reduce coal intensity 

and/or reduce carbon-intensity over time. In the case of India, technological progress has been 

extremely slow until recent times compared to China. We include technology related discussion in 

the final section. 

8
 Industrial production and emission data for different sectors are not available for our time period. 



8 

 

 

Coal t = g(GDP t, Price t)          (2) 

 

ln (Coal t) = ρln (GDP t) + η ln (Price t) +µt       (2’) 

 

where, Coal denotes coal consumption, GDP is aggregate real output, Price is coal prices, while  ρ 

and η reflect the elasticities of coal demand with respect to aggregate output (or GDP) and coal 

prices, respectively. 

 

CO2 t = k (GDP t, Coal t)          (3) 

 

ln (CO2 t) = φ ln (GDP t) +γ ln (Coal t) + µ t       (3’) 

 

where, CO2 denotes CO2 emissions, GDP is aggregate real output, Coal is coal consumption, and  

φ and γ reflect the elasticities of CO2 emissions with respect to aggregate output (or GDP) and coal 

consumption, respectively. For empirical purposes, we analyse the time-series properties of these 

three models separately. 

 

3.2. Data  

Our study uses annual data for a thirty-year period between 1980 and 2010. The data on primary 

coal production, coal consumption, CO2 emissions, GDP and gross capital formation are taken 

from the World Development Indicators (WDI) available from the World Bank website. 

Consumption and production data for coal are in thousand tonne, CO2 emissions in metric tonne, 

and real gross domestic product (GDP) in constant 2000 US dollar. Coal prices are taken from the 

data compiled by Indiastat and measured in constant 2001 US dollar. The labour variable is taken 
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from the International Labour Organization (ILO) site and expressed as total paid employment. 

Gross capital formation is considered as a proxy for capital variable and measured in constant 

2000 US dollar.
9
 All variables are in natural logarithms for our analysis, as this helps to induce 

stationarity in the variance-covariance matrix.
10

Time series plots for real GDP, Coal consumption, 

Coal production and CO2 emissions are shown in Figure.1, while descriptive statistics are 

presented in Table 1.
11

 

Table 1: Descriptive Statistics 

 

Descriptive
 

Mean
 

Std. Dev.
 

Skewness
 

Kurtosis
 

Jarque-Bera
 

Coal 19.4679 0.4832 -0.0960 2.1428 0.9967 

CO2 20.0345 0.4927 -0.1747 2.0744 1.2644 

GDP 26.6059 0.5345 0.2147 1.9276 1.7237 

Price 2.3130 0.7493 -0.3909 2.0283 2.0092 

Capital 25.2184 0.7102 0.3485 2.0279 1.8483 

Labour 17.0818 0.0626 -0.9997 3.2413 5.2391
c
 

a, b and c denote statistical significance at the 1 per cent, 5 per cent and 10 per cent levels respectively. 

 

 

 

                                                           
9
 Gross capital formation is considered as a proxy for capital stock following literature. In the 

absence of appropriate data on capital, this is common in the energy literature, for example, in Lee 

(2005), Soytas and Sari (2006, 2009), and Narayan and Smyth (2008) among others. Gross fixed 

capital formation is treated as a proxy for capital on the basis that changes in the capital stock 

reflect changes in investment. This relies on the standard assumption in this literature of a constant 

depreciation rate using the perpetual inventory method (see, e.g., Liddle (2013); Apergis and 

Payne (2011, 2012), and the references cited therein). 

10 Fatai, Oxley, and Scrimgeour (2004) 

11 Following Friedl and Getzner (2003), we use total figure instead of per capita emissions, as 

Kyoto protocol embarked on a reduction in total emissions. 



10 

 

Figure 1: Trends: Real GDP, Coal Production, Coal Consumption and CO2 Emissions 

 

 

4. ECONOMETRIC FINDINGS 

In establishing long-run dynamics and causality amongst key variables, we follow four major steps, 

and discussed in each sub-section. These are unit root test without and with structural break, 

cointegration and causality tests, and variance decomposition for forecasting. 

4.1. Unit root test without structural break 

In order to examine the stationarity (presence of unit root implies non-stationarity in the series) of 

each variable, we conduct the Augmented Dickey Fuller (ADF) test (Dickey and Fuller, 1979, 

1981) to examine the possibility of a unit root amongst these variables. We include a time trend in 

the ADF test.  For all six variables, we are not able to reject the null hypotheses of a unit root in 

level form. However, when we consider first differences, the null of unit roots is rejected at the 1 

per cent level of significance for all series.
12

  

                                                           
12

 We do not report this to conserve space. 
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4.2. Unit root test with structural break 

Perron (1989) points out that ignoring structural break in the trend function leads to considerable 

power reduction in traditional unit root tests. We apply the LM unit root test proposed by Lee and 

Strazicich (2003, 2004) to each of our series.
13

 Tables 2a and 2b present the findings following 

Lee and Strazicich (2004) with models A and C. Model A (crash model) accommodates a 

structural break in the intercept only, while Model C (crash-with-growth model) contains a break 

in the intercept and slope. We acknowledge that apart from providing a methodological advantage, 

including a structural break to capture various reforms since mid-1980 may affect the series we are 

considering for our analysis. In Table 2a (Model A), we are not able to reject the unit null. Each 

series is integrated with order 1 in Model A. The date of structural break occurs around 1995 after 

a set of economic reforms were introduced within trade, foreign ownership and industry policies in 

India.  

Table 2b presents the findings for Model C, where the unit root null is rejected for GDP (at 

the 10 per cent level) and Capital (at the 1 per cent level) only. All series are with I(1), except for 

GDP and capital, which are with I(0). The break in the intercept and/or slope is statistically 

significant in Model C for all series. The break years cover 1991 to 2004 and are associated with 

various reform programs in India that may lift some barriers in the factor market (e.g., labour, 

capital and energy) and facilitate overall growth of the economy. 

 

 

 

 

                                                           
13

 We consider only one break due to small sample size. Incorporating a second structural break 

may result in substantial deviations in size and power in small samples as suggested by Lee and 

Strazicich (2003).  
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Table 2a: Results of LM Test with One Break: Model A 

Series TB k St-1 Bt 

Coal 1995 0 -0.1539                   

(-1.5813) 

-0.0687
c
                  

(-2.0015) 

CO2 2002 0 -0.2225 

(-1.9380) 

-0.0744 

(-1.3402) 

GDP 1986 1 -0.1403 

(-1.6404) 

-0.0162 

(-0.8254) 

Price 2001 0 -0.2803 

(-2.2111) 

-0.1036 

(-1.3578) 

Capital 2003 0 -0.4233 

(-2.8380) 

0.1059 

(1.4748) 

Labour 1997 2 -0.0474 

(-1.3350) 

-0.0022 

(-0.2846) 
Notes: TB is the date of the structural break; k is the lag length; St-1 is the LM test statistic; Bt is the dummy 

variable for the structural break I the intercept. Figures in parentheses are t-statistics.  Critical values for the 

LM test statistic from Lee and Strazicich (2004) at the 10 per cent, 5 per cent and 1 per cent significance 

levels are -3.211, -3.566, -4.239. Critical values for the dummy variable follow the standard normal 

distribution. a, b and c denote statistical significance at the 1 per cent, 5 per cent and 10 per cent levels 

respectively.   

 

Table 2b: Results of LM Test with One Break: Model C 

Series TB k St-1 Bt Dt 

Coal 1996 0 -0.4529                   

(-2.9634) 

0.0380                    

(1.1007) 

-0.0698
a
                   

(-2.8090) 

CO2 2001 0 -0.6708 

(-3.8911) 

-0.1063
b
 

(-2.4247) 

-0.0684
b
 

(-2.5730) 

GDP 1998 2 -0.7088
c
 

(-4.3558) 

0.0311
c
 

(1.8452) 

0.0004 

(0.0623) 

Price 1999 0 -0.4883 

(-3.1128) 

-0.0620 

(-0.8731) 

-0.1208
a
 

(-3.5460) 

Capital 2004 2 -1.4661
a
 

(-5.1226) 

-0.0701 

(-1.0007) 

0.2721
a
 

(4.9399) 

Labour 1991 2 -0.2465 

(-3.4390) 

0.0101 

(1.6318) 

-0.0144
a
 

(-5.9013) 

Critical values for St-1 

Location of break, λ 0.1 0.2 0.3 0.4 0.5 

1 per cent significant level -5.11 -5.07 -5.15 -5.05 -5.11 

5 per cent significant level -4.50 -4.47 -4.45 -4.50 -4.51 

10per cent significant level -4.21 -4.20 -4.18 -4.18 -4.17 

Notes: TB is the date of the structural break; k is the lag length; St-1 is the LM test statistic; Bt is the dummy 

variable for the structural break in the intercept and Dt is the dummy variable for the structural break in the 

slope. Figures in parentheses are t-statistics. Critical values in Model C (intercept and trend break) depend 

(somewhat) on the location of the break (λ = TB/T) and are symmetric around λ and (1-λ). Model C critical 

values at additional break locations can be interpolated. Critical values for the dummy variable follow the 

standard normal distribution. a, b and c denote statistical significance at the 1per cent, 5 per cent and 10 per 

cent levels respectively. 
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Our findings from models A and C are different. Following Sen (2003a, 2003b), we prefer 

Model C as this provides more reliable estimates of break points when the break dates are 

unknown. In summary, findings from the ADF test along with the LM tests in tables 2a and 2b 

suggest most of the variables are I(1); therefore, any shock will have permanent effects on all of 

our series. 

4.3. Cointegration and Causality 

After establishing the time-series properties, we consider an autoregressive distributed lag (ARDL) 

model to check if the variables are cointegrated or not.
 
ARDL bounds testing approach has several 

advantages compared to any other approach in finding a cointegrating relationship for a small 

sample size. Details are discussed in Shahbaz et al. (2012), and Shahbaz and Lean (2012).
 
 

4.3.1. Cointegration  

Table 3 presents the findings for our cointegration test from the ARDL bounds testing approach. 

The details of this approach with critical values for various confidence intervals can be found in 

Narayan (1995). The calculated F-statistic for growth model is higher than the upper bound critical 

value of 7.063 at the 1 per cent level. Our result provides strong evidence for the existence of a 

long-run relationship among GDP, capital, labour and coal consumption for the supply side model. 

In the coal demand model, the F-statistic lies between the lower and upper bounds critical values at 

the 10 per cent level of significance, implying that the result is inconclusive for the coal 

consumption equation. In the CO2 emissions model, the calculated F-statistic is greater than the 

upper bound critical value of 4.47 at the 10 per cent level of significance. This suggests a long-run 

relationship among CO2, GDP and coal consumption for our CO2 emissions model.  
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Table 3: Result from ARDL Cointegration Test 

 

Growth Model: ARDL (2,0,0,0): GDP=f(Capital,Labour,Coal) 

 

F-statistic 7.537*** 

Critical Values 1 % level 5 %  level 10 % level 

     Lower Bound 5.333 3.71 3.008 

     Upper Bound 7.063 5.018 4.150 

 

Coal demand Model : ARDL (1,0,0): Coal=f(GDP,Price) 

F-statistic 3.630 

Critical Values 1 % level 5 %  level 10 % level 

     Lower Bound 5.473 4.267 3.437 

     Upper Bound 7.873 6.183 4.47 

 

CO2 emissions Model: ARDL (1,0,0): CO2=f(GDP,Coal) 

F-statistic 4.488* 

Critical Values 1%  level 5 % level 10 % level 

     Lower Bound F-statistic 4.488* 3.437 

     Upper Bound 7.873 6.183 4.47 
Notes: Critical values of the F-statistics for the bounds test are taken from Narayan (2005).  Selection of the number of 

lags is based on Akaike Information Criterion (AIC) and specification tests. *** (*) denote statistical significance at 1 

and 10 per cent levels respectively. 

 

4.3.2. Long-run and short-run elasticities 

In Table 4, we present the long-run and short-run elasticities for our models. Capital variable has a 

positive and significant effect on GDP both in the short and long run for growth model. Elasticity 

of output with respect to capital increases from 0.203 to 1.109 from short to long run. For the coal 

demand model, the result indicates that GDP has a positive and significant effect on coal 

consumption in both the short and long run. Elasticity of coal consumption with respect to GDP 

(economic growth) increases from 0.205 to 0.631 from short to long run. Our findings also reveal 

coal consumption is highly significant and positive on CO2 both in the short- and long-run periods. 

Elasticity of CO2 emissions with respect to coal consumption decreases from 0.915 to 0.148 from 

short to long run. We believe that this reduction in elasticity in the long run could be due to the 
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better quality of coal that India has started importing recently and the advent of newer and more 

efficient units in the recent past, albeit in smaller numbers.
14

 

Finally, the coefficients of the lagged error correction term are negative and significant in 

all three models. This confirms the existence of a long-run relationship in both supply and demand 

side models. In addition, the coefficient suggests that a deviation from the long-run equilibrium 

following a short-run shock is corrected by about 18 per cent, 32 per cent and 79 per cent per 

annum in the three models, respectively. Adjustment is faster for the demand side model than the 

supply side model. Our findings suggest that implementing demand management policies for coal 

and CO2 emissions will have faster adjustments compared to supply side policies in future.  

4.3.2. Causality 

The presence of cointegration among the variables rules out the possibility of having a ‘spurious’ 

correlation; however, causality is not established among variables. The direction of Granger 

causality is tested here by the Toda and Yamamoto (1995) method (hereafter, TY). This method 

suits a small sample size and when the order of integration for the time-series variables may not be 

the same.
 15

 By directly performing the test on the coefficients of the levels VAR, the TY method 

minimises the risk associated with identifying the order and/or presence of a cointegration 

relationship. 

 

  

                                                           
14

 In recent years, some of low-rank Indonesian coal bought by India, are replaced with better-

quality supplies, either from the Southeast Asian nation or from other producers such as South 

Africa and Australia.  

15
 We implemented the vector error correction model (VECM) as an alternative approach to check 

the causality among variables; findings are similar to Table 5. 
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Table 4: Long-run and Short-run Elasticities 

Panel A. Long Run Results 

Variable  Growth 

model 

Coal 

demand 

model 

 CO2 

emissions 

model 

Constant    6.8489 2.3188  2.0324 

Dummy   0 .0815 -0.0705  0.0625 

Capital    1.1099* -  - 

Labour  0.1141 -  - 

Coal      -0.5065 -  0.1487*** 

GDP  - 0.6315*           -0.1648 

Price  - 0.2213      - 

Panel B. Short Run Results    

Variable  Growth 

model 

Coal 

demand 

model 

 CO2 

emissions 

model 

Constant  -0.0929 0.7558    1.6194** 

∆Dummy  0.0149 -0.0229  0.0498*  

∆Capital  0.2035*** -  - 

∆Labour  0.02093 -  - 

∆Coal  -0.0929 -    0.9153***   

∆GDP  - 0.2058*  -0.1313 

∆Price  - 0.0721  - 

ECTt-1  -0.1833** -0.3259***  -0.7968** 
Panel 3. Diagnostic Tests    

Test      

χ
2
normal  1.0294 

(0.598) 

1.3810 

(0.501) 

 67.409 

(0.000) 

χ
2 

serial  1.4717 

(0.239) 

0.4839 

(0.494) 

 0.0470 

(0.830) 

χ
2
 ARCH  3.4431 

(0.074) 

2.0418 

(0.164) 

 0.0852 

(0.773) 

χ
2
ramsey  0.0947 

(0.761) 

0.1774 

(0.678) 

 0.1991 

(0.660) 
Note: (*), (**) and (***) indicate 10, 5 and 1 per cent level of significance, respectively. Optimal 

lag length is determined by AIC. [.] is the order of diagnostic test. Critical values are collected 

from Narayan (2005). Critical values are generated via stochastic bootstrapping of 40,000 

replications. 

 

Table 5 reports the findings of the TY causality test. We could not establish causality for 

growth and coal demand models. In the CO2 emissions model, we find unidirectional causality 

from GDP to CO2. In addition, there is a bi-directional causality between GDP and coal 
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consumption in the CO2 emissions model. Findings from our CO2 emissions model establish that 

Indian growth will continue to generate more CO2. In addition, the bi-directional causality between 

GDP and coal demand establishes feedback effects into the CO2 emissions model. This has strong 

policy implications. Growth and coal demand are complementary in the case of India, and in this 

process overall CO2 emissions will increase in the future, even though the Carbon intensity can be 

reduced as discussed in the final section.  

Table 5: Results of Toda Yamamoto-Granger Causality Test  

Growth 

Model 
∆GDP 

∆Coal ∆Capital ∆Labour ECTt-1
 

∆GDP - 0.3899 0.9339 0.4104 -0.3298 

∆Coal 2.0373 - 1.1655 0.5021 -0.3516 

∆Capital 1.0199 0.2983 - 0.1169 -0.3108 

∆Labour 5.1935 4.6757 5.0231 - -0.01652 

Coal demand 

Model 
∆GDP 

∆Coal ∆Price   

∆GDP - 0.0790 0.1754  0.0065 

∆Coal 0.3627 - 0.1312  -0.4574** 

∆Price 0.0108 2.1341 -  -0.0170 
CO2 

emissions 

Model 

∆GDP 
∆Coal ∆CO2   

∆GDP - 2.8060* 2.2762  -0.3843** 

∆Coal 4.6398** - 0.8149  -0.1519 

∆CO2
 3.5738* 0.1454 -  -0.9561** 

Note: **.* denotes the significance at 5% and 10% levels respectively 
 

4.4. Generalised forecast error variance decomposition (GVDC)  

The TY procedure examines the long-run Granger causality relationship among the series. 

However, it does not provide any information on how does each variable respond due to 

innovations in other variables in our model. In the final step, we conduct Generalised forecast error 

variance decomposition (GVDC) to analyse the persistence and strength of innovations (or shocks) 

from one variable to others. In order to test the relative strength of our findings based on causality 

tests, we introduce shocks (due to innovations) for our variables, check their effects on other 

variables for each of our model beyond sample period, and separate the forecast error variance of 
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each of the variables. The decompositions are presented in panels A, B and C, respectively, in 

Table 6.
 16

 

In Panel A, we present the decompositions from our growth model. Coal consumption 

explains only 0.09 per cent of the variations of GDP after five years, with this figure increasing to 

only 0.21 per cent after twenty years. Further, the importance of GDP in explaining variations in 

coal demand increases over time. GDP explains 38.95 per cent of the variations in coal demand 

after five years, which increases to 58.05 per cent after twenty years. This corroborates our 

findings from causality tests. India’s future growth will increase coal consumption, shifting from 

service-led industries to manufacturing and improvement in infrastructure that will require 

significant amount of electricity generation.  

In Panel B, we present the decompositions from our coal demand model. GDP explains 

40.01 per cent variation in coal demand after five years and 57.79 per cent variations after twenty 

years. Coal price explains only 11.39 per cent of coal demand variation after five years and 24.10 

per cent variation after twenty years. The strength of causality from GDP to coal demand and price 

to coal demand increases over the horizon. This implies any increase in economic growth will 

increase coal demand substantially for our horizon. 

In Panel C, we present the decompositions from our CO2 emissions model. GDP explains 

8.67 per cent variation in CO2 emissions after five years and 50.68 per cent variation after twenty 

years. Also, GDP explains 14 per cent of variation in coal demand after five years and 53 per cent 

variation after twenty years. CO2 emissions cause 52.46 per cent variation in coal demand in the 

first year, which reduce to 40.38 per cent after twenty years. This indicates India needs to invest 

more in more efficient cleaner coal technologies, use better quality coal in more efficient 

electricity generating plants, operate these more efficient plants closer to design conditions, and 

explore alternative sources of energy. 

                                                           
16

 We have considered the model without dummy. The findings are not reported to converse space. 
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Table 6: Generalized forecast error variance decomposition (with dummy) 

Panel A: GDP = f (Capital, Labour, Coal) 

 Percentage of forecast variance explained by innovation in: 
Horizon  Variance decomposition of GDP Variance decomposition of Capital 
 ∆ GDPt ∆Capitalt ∆Labourt ∆Coalt ∆ GDPt ∆Capitalt ∆Labourt ∆Coalt 

1 100.00 0.00 0.00 0.00 55.94 44.06 0.00 0.00 

5 87.65 8.69 3.58 0.09 75.41 21.51 2.99 0.10 

10 83.46 11.77 4.63 0.14 77.14 19.22 3.60 0.04 

15 81.72 13.07 5.03 0.18 77.30 18.81 3.86 0.03 

20 80.83 13.73 5.23 0.21 77.29 18.68 4.00 0.03 

 

 Percentage of forecast variance explained by innovation in: 
Horizon  Variance decomposition of Labour Variance decomposition of Coal  
 ∆GDP ∆Capital ∆Labour ∆Coal ∆ GDP ∆Capital ∆Labour ∆Coal 

1 11.22 15.26 73.51 0.00 0.00 2.53 7.05 90.42 

5 6.10 80.69 12.66 0.55 38.95 11.12 11.83 38.10 

10 22.25 74.14 3.07 0.54 52.24 15.51 11.42 20.84 

15 31.07 66.69 1.65 0.59 56.27 16.99 11.04 15.70 

20 35.38 62.64 1.36 0.62 58.05 17.66 10.83 13.45 

 

Panel B: Coal = f (GDP, Price)  

 Percentage of forecast variance explained by innovation in: 
Horizon  Variance decomposition 

 of Coal 
Variance decomposition  
of GDP 

Variance decomposition of  
Price 

 ∆Coal ∆GDP ∆Price ∆Coal ∆GDP ∆Price ∆Coal ∆GDP ∆Price 

1 100.00 0.00 0.00 0.18 99.82 0.00 0.07 1.30 98.63 

5 48.60 40.01 11.39 0.06 93.97 5.97 26.56 1.18 72.26 

10 28.27 52.43 19.30 0.13 89.08 10.79 31.59 17.50 50.91 

15 21.33 56.17 22.50 0.19 86.49 13.32 26.39 42.20 31.42 

20 18.12 57.79 24.10 0.23 85.00 14.77 20.83 57.79 21.38 

 

Panel C: CO2 = f (GDP, Coal) 

 Percentage of forecast variance explained by innovation in: 
Horizon  Variance decomposition 

 of CO2  
Variance decomposition of 
 GDP 

Variance decomposition of 
 Coal 

 ∆CO2 ∆GDP ∆Coal ∆CO2 ∆GDP ∆Coal ∆CO2 ∆GDP ∆Coal 

1 100.00 0.00 0.00 1.63 98.37 0.00 52.46 9.40 38.15 

5 89.61 8.67 1.72 1.02 94.09 4.89 38.63 13.91 47.46 

10 73.30 24.21 2.49 4.50 88.31 7.19 33.52 44.32 22.16 

15 55.83 39.38 4.79 7.81 83.63 8.56 37.59 52.34 10.07 

20 42.15 50.68 7.17 10.26 80.35 9.39 40.38 52.57 7.05 
Notes: Figures in the first column refer to horizon (i.e., number of years). All other figures are estimates rounded to 

two decimal places, rounding error may prevent perfect percentage decomposition in some cases  
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5.  CONCLUSIONS AND POLICY SUGGESTIONS 

Coal is indeed a double-edged sword – it is black gold for industrialisation but as we find can be a 

dark cloud in a fragile environment, particularly for an emerging economy like India.
 17

  Our 

findings establish long-run cointegrating relationships among economic growth, coal consumption 

and CO2 emissions. Following findings from the causality test, we establish that an increase in 

economic growth will lead to an increase in coal consumption with feedback effects. For policy 

analysts and forecasters, our findings suggest rising economic growth will lead to an increase in 

coal demand and CO2 emissions. Also, following our findings from the variance decomposition 

model, the 58 per cent variation in GDP by 2030 can be explained by the variation in coal 

consumption, which will cause a 40.38 per cent variation in CO2 emissions. 

The coal sector needs to strengthen policies in reducing supply side constraints and 

simultaneously implement effective demand management policies to meet this increasing demand. 

Fuel subsidies in core industries, an increase in import dependency and inconsistent energy sector 

reform are some elements behind the widening gap between supply of and demand for coal. 

Moreover, the coal and overall energy sector in general lacks engagement with private and foreign 

investment.  India needs forward-looking policies in coal sector and in overall energy market in 

maintaining sustainable growth in future. 

In this final section, we recommend several policy aspects to improve efficiency and 

overall performance of coal and its primary user electricity sector that we believe will help to 

narrow the gap between supply and demand of coal. These include improving efficiency of coal-

fired power plants (the primary end user) in reducing carbon intensity and CO2 emissions; along 

with freeing different barriers in coal sector in the long run:  

                                                           
17

 For every ton of coal burnt, at least three quarters of a tonne of carbon is released as CO2. It has 

been found that 0.8-0.9 kg/kWh CO2 is emitted by Indian power plants (Raghuvanshi et al., 2006). 
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 Additional efforts and measures are needed to improve thermal efficiency of coal-fired 

power plants and also to switch to alternative sources of energy in generating electricity. This will 

reduce overall demand for coal. India needs to invest more in cleaner coal technologies (CCT) to 

increase the efficiency of coal used in electricity generation. While policies have been introduced, 

implementation is very slow due to financial, infrastructural and regulatory barriers. This has 

resulted in continued construction of smaller and less efficient sub-critical units. Even though 

these generate much needed power for economic growth, these are inadequate to achieve the rate 

of CO2 emissions reduction needed. Additionally, continued reliance on fossil fuels will require 

that India increasingly supplement domestic supplies of coal with imports. Investing in cleaner 

energy and linking this with CO2 abatement policies and faster implementation should be high on 

the agenda. 

 In implementing CCT, the coal-fired power sector in India should invest more in Super and 

Ultra-Supercritical (USC) technologies in the near term, coal-bed methane (CBM), and combine 

alternative energy sources such as gas, and renewables in the energy supply mix.
18

 The programme 

implemented in Ultra Mega power projects (4000MW gross per plant) to build large Supercritical 

units (each 600-800 MW) is a move in the right direction in terms of policy. These larger and 

Supercritical units are around 6-8 percentage points more efficient than the conventional small size 

(200MW or lower) Sub-Critical units. Currently, only 10 per cent of the Indian coal-fired fleet 

consists of Super-Critical units. This will increase when all Super-Critical capacity (100,000 MW 

envisaged in the eleventh five year plan 2007-2012) become operational. In this respect, however, 

                                                           
18

 Sub-critical pulverised coal (PC) combustion power plants manufactured by Bharat Heavy 

Electricals Limited (BHEL) with technologies from various international manufacturers formed 

the backbone of coal-power plant in India till recently. 
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India is progressing at a somewhat slow pace compared to China where USC units are already 

commissioned.
19

  

 A major reason for the low efficiency and low availability of the coal-fired power 

generation sector is the use of poor quality of the coal. As most indigenous Indian coals have high 

ash content (30-50 per cent by weight), burning these types of coals in existing power generation 

units results in boiler outage, low operating efficiency and, hence, high CO2 emissions per unit of 

electricity. Designing or retrofitting boilers to burn indigenous coals that are blended with 

imported low ash coals will improve efficiency and lower CO2 emissions. Following Deo Sharma 

(2004), improving the efficiency of coal-fired power plant by one percentage point would reduce 

coal consumption and CO2 emissions by up to 3 percentage points.  

 Increasing competitiveness in a near-monopoly market structure in coal as well as 

increasing private ownership through foreign investment will improve the coal market.
20

 

Introducing an effective regulatory framework in the coal sector is needed.
 21

 We note that of late, 

this is gradually happening with participation of private companies in the coal-fired electricity 

generation sector.  

 Improving the coal transport infrastructure will reduce the cost of transporting coal from 

production zones (currently based mostly in the eastern and central states) to industrialised zones 

in the western and southern states of India, some of which are over 1000 km apart. 

                                                           
19

 Burnard and Bhattacharya (IEA, 2011) summarise the current status of various technologies in 

generating power from coal. 

20
 The Ministry of Coal (MOC) is responsible for all aspects of the coal sector. . 

21
 Over 90 per cent of coal production is from government-controlled mines. Coal India Ltd (CIL) 

is the largest contributor (81 per cent), Singareni Collieries Company Ltd (SCCL) contributes 9.5 

per cent, while the remainder is from privately-operated collieries and captive coal mines. 
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 India is now the third largest importer of coal while holding fifth largest reserves in coal. 

Delays in obtaining environmental approvals, red tape, strikes and protests against land acquisition 

are primary reasons behind keeping coal supply far below demand. 

 The current regulated price system does not encourage innovation in coal extraction and 

efficient electricity plants. Long-term coal contracts should be introduced to lock in lower prices 

for appropriate quantities based on a conservative estimate of import need.  

On a final note, global demand for coal is expected to grow despite the world  gradually 

shifting towards alternative energy-mix. India, China along with other emerging economic 

countries will play a significant role in maintaining growth and industrialisation and 

simultaneously combating future energy challenges. Our economic analysis can be readily 

extended to incorporate elements of globalisation (viz., exporting, importing, and foreign 

investment activities) to explain the future growth process and the role of the coal-energy chain. 

Including these factors will reveal structural channels and prioritise the need to invest in newer 

technologies in the coal (and electricity) sector, as well as the role of an energy mix (lower CO2 

intensive) to maintain sustainable growth. In this respect, industry-specific data would be helpful 

to analyse the sector-specific need for energy that would lead to sustainable development. The 

future coal/energy research agenda for India should extend involvement from economists, 

engineers and environmental scientists in related disciplines with academia, industry and 

government bodies to quantify and implement these policy challenges in establishing long-term 

energy security for India.  
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