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ABSTRACT India's sustainable and sustained economic growth is placing enormous demand on its energy resources. Energy 
demand in all the three sectors viz. Primary, secondary and tertiary has been increasing tremendously in last six 

decades. Alongside the economy is also developing at a good pace, at least after the reforms. At this juncture, it is utmost important for the 
policy makers, especially economists and �nancial analysts to understand whether economic development causes more energy consump-
tion or it is more energy consumption that brings speedy economic development. This paper is an attempt to study the causal relationship 
between the two aforesaid key variables using econometric techniques. 
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Introduction:
The estimated consumption of crude oil has a steady increase, from 
130.11 MMT during 2005-06 to 223.24 MMT during 2014-15 with 
CAGR of 5.55%.  It increased from 222.50 MMT in 2013-14 to 223.24 
MMT in 2014-15. The depleting resources and increasing pollution 
of the environment due to energy use has necessitated optimum 
use of its resources; which in turn requires proper energy planning 
to achieve energy security. The relationship between the use of 
energy and economic growth has been a subject of greater inquiry 
as energy is considered to be one of the important driving forces of 
economic growth in all economies. It needs to be noted that India 
domestically meets up 30 percent of its crude oil requirement and 
the rest is being imported from the oil producing nations6. In India, 
the transport sector is the principal consumer of petrol and diesel, 
followed by big and small industrial units. Similarly, electricity 
consumption share too is the largest by this sector. The standard 
economic theory while recognizes labour and capital as two 
important inputs into the production process, does not treat energy 
per se as a factor of production. Energy is treated, instead, as an 
intermediate product of labour and capital. Contrary to the notion 
of Neo-classical perspective, which demonstrates that energy plays 
an insigni�cant role in the development process of an economy, 
however, the magnitude of energy's in�uence on the economy has 
been hotly debated by macroeconomists. Therefore, the study 
undertakes an empirical analysis, towards verifying this nexus of 
energy consumption and economic growth and suggesting policies 
that strikes a balance between consumption and conservation of 
energy in sustaining and speeding up the growth momentum of the 
economy.

Objectives of the study:
1. To study the direction of causality among the variables under 
consideration.
2. The study the dynamic relation between the economic 
development and energy consumption.

Review of literature:
Hwang and Gum (1991) had evidenced a bi-directional causality for 
Taiwan, while Masih and Masih (1997) had found the same for both 
Taiwan and Korea. Subsequently, Yang (2000) had also con�rmed a 
bi-directional causality for Taiwan. 

Aqeel and Butt (2001) investigated the causal relationship between 
energy consumption and economic growth in Pakistan. They found 
that economic growth leads to growth in petroleum consumption, 
and electricity consumption leads to economic growth without the 
presence of their feedback effect.

Examining the causal relationship between GDP, energy 
consumption, and employment, Soytas and Sari (2003) and San and 
Soytas (2004) suggested that the causality runs from energy 

consumption to GDP in Turkey. This indicates that in the long run 
decreasing energy consumption may retard the economic growth 
of Turkey. 

Wolde-Rufael (2005) investigated the long run relationship 
between energy use per capita and per capita GDP for 19 African 
countries using the cointegration technique proposed by Pesaran, 
et al. (2001) and also the causality test proposed by Toda & 
Yamamoto (1995). The study found that there is a long run 
relationship between two series for only eight countries and 
causality for only 10 countries.

Pokharel (2007) showed how energy is important for Nepal given its 
economic structure where there exists heavy demand for both the 
traditional as well as commercial sources of energy in rural and 
urban areas respectively. Classifying the models into fuel and 
consumption sector models, Pokharel tried to determine various 
signi�cant factors in�uencing energy consumption in different 
sectors

Research Question:
1. Is there any causal relation between energy consumption and 
economic development? If yes, in which way it �ows?

Data and methodology:
This study is based on the annual data for the period of 1992 to 2014. 
The data required for the study have been compiled from websites 
of various government departments, research papers and veri�ed 
with Indian Petroleum and Natural Gas Statistics, Ministry of 
Petroleum, Natural Gas Economics and Statistics division, 
Government of India, and Energy Statistics, Ministry of Statistics and 
program Implementation, Central Statistical Organization (CSO). 
The forms of energy are expressed as a ratio to GDP at constant 
prices (2011-12=100) in order to measure them as per unit of 
output. The growth rate of GDP is de�ned as the change in the GDP 
in two consecutive periods divided by its initial period value. The 
same formula has also been followed for computing growth rates of 
the rest of the variables The study employs time series econometric 
procedures in order to understand the dynamic relationship of 
growth of various forms of energies consumed with the growth rate 
of the economy, i.e. whether energy consumption fuels economic 
growth or it is the growth rate of income measured by GDP at factor 
cost which drives the demand for more energy consumption in the 
economy. Before utilizing the time series model for estimating the 
relationships, the study carries out unit root testing procedures in 
order to apply suitable time series estimating procedures 
appropriate to the context as disregarding the unit root tests may 
result in biased estimates. Since the growth rates are usually 
expected to be stationary at their levels, therefore, the study 
proposes to employ Granger causality test and variance 
decomposition analysis of vector auto-regression (VAR) method for 
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empirical analysis. One of the important points needs to be borne in 
mind is that Granger causality test and variance decomposition 
analysis of VAR are most suitable techniques when all the variables 
are stationary at their levels. The Granger causality test 
demonstrates the direction of causality �owing from one to the 
other variables and vice versa or the information content in one 
variable in correctly predicting another variable, while variance 
decomposition analysis explains the variation in one variable due to 
the shocks in itself and shocks in another in an out of sample 
forecasts. In other words, variance decomposition can be viewed as 
an out of sample causality test. In carrying out these econometric 
tests, one of the important factors is to properly determine the lag 
length of the variables in the models. The lags of the models have 
been selected on the basis of Akaike Information Criteria (AIC) and 
Final Prediction Error (FPE) Criteria. The model can be speci�ed as 
follows: 

The estimated model in the bi-variate VAR can be speci�ed as:

X represents the left hand side variables or dependent variables and 
y represents the right hand variables or independent variables. 
However, in a VAR system all variables are endogenous.

Results and discussions:
Time series should always be check for the order of integration 
before regressing on one another. We here apply the two most 
popular stationarity tests, the ADF and PP tests. The ADF and PP tests 
results are reported below in the table-1.

Table-1: Unit root tests.

Note: The critical values at 1%, 5%, and 10% are - -3.64, -2.95, and -
2.61 respectively (without trend but intercept).

Since all of the above variables are found to be of integrated of order 
zero, therefore, it is an appropriate case for conducting bi-variate 
Granger causality test by relating growth of different forms of 
energies with economic growth measured by growth rate of GDP. 
Table-2 reports the results of the granger causality test.

Table 2: Granger Causality test result.

Note: The numbers in the above table indicates the F-statistics. The 
direction of Granger causality �ows from the left hand row variables 
to right hand column variables. The �gures in the parenthesis are the 
lags selected into the model on the basis of AIC criteria for carrying 
out the Granger causality test. 

The Granger causality test results shown in Table 3 indicate that 
except coal which in�uences/causes economic growth rate, growth 
rates of other forms of energy do not cause growth rate of income. 
Rather, growth rate of income Granger causes growth rate of 
electricity and natural gas including aggregate energy 
consumption demand in the country. This provides evidence that 
except coal energy, other forms of energy considered in the analysis 
none of them, do play signi�cant role in economic growth rate of the 
Indian economy. In turn, it is the growth rate of national income that 
leads to more demand for energy consumption. This implies that 
when national income rises, it directly leads to more consumption 
demand for electricity and natural gas energies. 

After carrying out the Granger causality test, we have estimated the 
dynamic causality relationship between growth of energy 
consumption (coal) and growth rate of GDP through variance 
decomposition analysis of vector auto-regression (VAR) technique. 
The variance decomposition is computed for 20 horizons for an out 
of sample forecast. 

The variance decomposition analysis between growth of coal 
energy and growth rate of GDP reported in Table 3 shows that when 
one standard deviation shock is given to the growth of GDP, it does 
not explain the variation in the growth rate of coal energy over the 
entire horizon. Rather, the variation in growth rate of coal energy is 
being explained by its own shocks. The bottom part of the table 
shows the results of variance decomposition of growth rate of GDP. 
This shows that the growth rate of GDP is being constantly and 
signi�cantly explained by the shocks in the growth rate of coal 
energy consumption. It almost explains 18 percent of variation in 
the growth rate of GDP from 2 horizon to 20th horizon under 
consideration. This implies that there is a one-way causality from 
coal energy consumption to growth rate of GDP (income) in the 
economy. This is also consistent with the previous Granger causality 
test result.

Table 3. Variance Decomposition of Growth of Coal:

Note: The values in parentheses shows corresponding standard 
errors of respective coefficients of error variances. Grow indicates 
GDP growth.

Conclusion:
The paper examined the linkage between various forms of energy 
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Variables ADF PP
Coal -3.63 -5.45

Petroleum -3.87 -5.27
Electricity -3.05 -4.32

Natural gas -3.71 -4.21

Aggregate energy -3.71 -4.56

GDP -3.81 -7.21

Growth 
rates

GDP Coal Crude 
petroleum

Electric
ity

Natura
l gas

Aggregat
e energy

GDP (Grow) - 0.50(1) 1.76(1) 2.84(2) 4.62(1) 4.30(2)

Coal 
(coalgr)

7.61(1) - - - - -

Crude 
petroleum 

(crudepetro
leumgr)

0.35(1) - -  - - -

Electricity 
(electricityg

r)

1.64(2) - - - -

Natural gas 
(naturalgas

gr)

0.56(1) - - - - -

Aggregate 
energy

0.23(1) - - - - -

Variance Decomposition of COALGR
Period S.E COALGR GROW

1 3.82 100.00 (0.00) 0.00 (0.00)
2 3.97 91.91 (-3.72) 0.09(-3.72)
3 3.97 91.91 (-3.72) 0.09(-3.63)
7 3.97 91.91 (-3.72) 0.09(-3.94)

10 3.97 91.91 (-3.72) 0.09(-3.95)

15 3.97 91.91 (-3.72) 0.09(-3.96

20 3.97 91.91 (-3.72) 0.09(-3.96

Variance Decomposition of GROW
Period S.E COALGR GROW

1 2.81 0.32 (-4.13) 99.68(-4.13)
2 3.10 17.79 (-12.39) 82.21(-12.07)
3 3.11 18.22 (-12.07) 81.67(-12.30)
7 3.11 18.34 (-12.30) 81.66(-12.56)

10 3.11 18.34 (-12.56) 81.66(-12.57)
15 3.11 18.34 (-12.56) 81.66(-12.57)
20 3.11 18.34 (-12.57) 81.66(-12.57)



consumption growth and economic growth in India. . The 
relationship has been examined using Granger causality test as well 
as variance decomposition analysis. e. Granger causality method is 
applied to examine whether the information content in a variable 
(independent) is correctly able to predict the other variable 
(dependent) and vice versa, whereas variance decomposition of 
VAR analysis, as an out of sample causality test, explains the 
variation in one variable how much can be attributed to its own 
shock as against the shock to the other variables in a system. The 
result from the application of Granger causality test suggests that it 
is the growth rate of GDP which leads to more demand for the 
natural gas and electricity and the overall energy consumption, and 
it is only the coal energy consumption which has an in�uence on 
GDP growth. The study provides mixed and contradictory evidence 
on the relationship between energy consumption and GDP growth 
rate as compared to the previous studies carried out in the Indian 
context.
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