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Abstract— Studies on causality between electricity consumption and economic growth has proliferated in the last two 
decades to find out whether electricity can be a binding constraint on growth and to assess the need for energy conservation 
policies. Given the conflicting results on the validity of the growth, conservation, neutrality and feedback hypothesis from 
time series studies, panel data studies have been preferred as they are based on a richer information set. However, the panel 
data studies have been made either for a set of developing, developed or a mix of both countries limiting their utility from a 
country specific policy perspective. One way to draw robust country specific inferences about causality is to employ panel 
methods for a single country by using state level data. Since there are no such studies, we fill this gap by studying causality 
relation between electricity consumption and output for 25 states of India over 1987-2010. This enriched analysis on India 
provides evidence in favour of the feedback hypothesis. 
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I. INTRODUCTION 

 
Studies on electricity consumption and economic 
growth in the last two decades in developing and 
developed countries have been guided by two major 
objectives, namely, to find out whether electricity can 
be a binding constraint on growth and second, to 
assess the need for proper energy conservation 
policies. Both these objectives have been studied 
through the causality framework. The causality 
between electricity consumption and economic 
growth assumes importance as it can be a binding 
constraint on growth. If electricity consumption 
causes growth, inadequate provision of it would 
constrain the growth rate. With regard to energy 
conservation policies, if growth leads to higher 
electricity consumption, proper energy conservation 
policies can be adopted, which will involve minimum 
sacrifice of growth. 
The causality literature recognizes four testable 
hypotheses - growth, conservation, feedback and 
neutrality in this context (Apergis and Payne 2011).  
Briefly, the growth hypothesis holds when there is 
unidirectional causality from electricity consumption 
to growth, and conservation hypothesis is valid when 
there is unidirectional causality from growth to 
energy consumption. The feedback hypothesis holds 
when there is bidirectional causality, and absence of 
causality in either direction supports the neutrality 
hypotheses. The literature is replete with studies 
performed in the time series for individual countries 
and in the panel dimension for cross section of 
countries in developed and developing countries. A 
survey of empirical literature for country specific 
studies reveals that the growth, conservation, 
neutrality and the feedback hypothesis holds in 
23.95%, 27.87%, 31.15% and 18.03% of the 
instances respectively (Payne, 2011).  
Further, Ozturk (2010), based on a survey of 
empirical literature observes that results from multi 

country and country specific results lead to 
contradictory findings, and there was no consensus 
either on the existence or the direction of causality 
between electricity consumption and economic 
growth. The literature suggests use of a host of 
approaches including the ARDL bound tests, two 
regime threshold cointegration, multivariate models 
and panel data approach to draw robust inferences. 
With smaller window data, use of panel methods 
helps yielding in more reliable and consistent 
estimates, richer information and more robust 
inferences. 
There are studies undertaken either for a set of 
developing or developed or a mix of both countries, 
exploring the causal nexus between electricity 
consumption and economic growth employing panel 
data. While these studies indicate the pattern of 
causality fairly well, their usefulness for a country 
specific policy perspective is limited. One way to 
draw robust country specific inferences about 
causality is to employ the panel method for a single 
country by using regional level data. However, since 
there are no such studies, we fill this gap by studying 
the electricity consumption and output relation for 25 
states of India for 24 years during 1987-2010. 
The rest of the paper is organized as follows. Section 
2 discusses findings from India specific studies on the 
relationship between electricity consumption and 
growth. Section 3 covers the discussion on relevant 
panel data estimation procedure. Empirical results are 
covered in Section 4. Section 5 discusses the 
conclusions from the study and policy implications.  
 
II. INDIA SPECIFIC STUDIES 

 
For India, a lower middle income country, 
availability of electricity is an indicator of quality of 
life and a key determinant of the growth trajectory. 
Though per capita consumption of electricity in India 
increased from 15 kWh in 1950 to 733 kWh in 2009, 
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it is much less than the world average of 2429 kWh. 
Further, India continues to have mismatch between 
demand and supply, and it experienced energy 
shortages of 8.5% and peak hour shortage of 10.3% 
during 2010-11.  
The elasticity of electricity consumption with respect 
to GDP declined from 5.04 during the third plan 
(1962-66) to 0.9 in the eleventh plan (2008-12). 
Though there has been a secular decline in the 
elasticity of electricity consumption with respect to 
GDP, intermittently and especially in the post 1990 
period, it has fluctuated. For instance, the elasticity 
had declined to 0.64 during 1997-2002 but increased 
to 0.9 during the 10th (2003-2007) and the 11th (2008-
12) five year plan. A decline in elasticity of electricity 
consumption can either suggest reduced dependence 
on electricity to support output or it may indicate an 
improvement in resource use efficiency.  In either 
case, we may not get an accurate idea about the 
causal relationship between the two variables. 
The causality between energy consumption and 
economic growth for India has been studied using 
time series data for different time periods. These 
studies have reported conflicting results on causality 
due to different empirical methodologies, study 
periods and variables. The studies on India can be 
classified into two categories. While the first category 
is India specific studies, the second category regards 
India as one amongst a broader set of counties 
considered for causality study.  
Employing time series data, Cheng (1999) finds 
support for the conservation hypothesis for the period 
1952-65 through use of cointegration and error 
correction. This study employed the Hsiao’s version 
of granger causality tests, which helps to indentify the 
correct lag length. Ghosh (2002) observes that there 
is no long term relationship between per capita 
electricity consumption and per capita GDP for the 
period 1951-1997. However, Ghosh (2002) notes that 
growth of GDP granger causes growth in electricity 
consumption in a bivariate unrestricted VAR 
specification. In a subsequent study, Ghosh (2009), 
using bounds test approach for cointegration for the 
period 1970-71 to 2005-06, found evidence of long-
run equilibrium relationship among employment, 
electricity supply, real GDP in a multivariate 
framework.  This study also established long- and 
short-run Granger causality running from real GDP 
and electricity supply to employment without any 
feedback effect implying that the growth in real GDP 
and electricity supply are responsible for the high 
level of employment in India. Paul and Bhattacharya 
(2004) have reported bidirectional causality between 
energy consumption and economic growth for the 
period 1950-96. This study, however, uses a mix of 
the standard granger causality test and the Engle-
Granger cointegration process to arrive at their 
inference. They use the granger causality test when 
GDP is used as the dependent variable, and the ECM 
model, when energy is considered as the dependent 

variable. However, they have not given proper 
justification for the use of two different methodology 
when different dependent variables are used in the 
estimation.  
As far as studies that  consider India as one amongst a 
broader set of counties for studying causality, Chen, 
Kuo and Chen (2007) finds no evidence of long-run 
causality between real GDP and electricity 
consumption in India for the period 1971–2001 where 
nine other Asian countries are also included. In the 
similar framework, Chontanawat, Hunt and Pierse 
(2008) in their study of the growth hypothesis for  30 
OECD and 77 non-OECD countries do not find 
evidence of causality for India during the period 
1960-2000.   
 
In view of the conflicting results from different time 
series studies on India, we try to draw more robust 
inferences about causality between energy 
consumption and output by using panel data for the 
period 1987-2010 for 25 Indian states. We use data 
on per capita electricity consumption (PEC) obtained 
from Annual reports on SEBs published by the 
Planning Commission of India and per capita net state 
domestic product (PSDP) data published by the 
Reserve Bank of India. This is the first study to 
explore the relationship between consumption of 
electricity and output at the state level for India. 
 
III. METHODOLOGY  
 
The standard approach to test for causality amongst 
economic variables is the granger causality. The first 
step to study causality in a panel context requires 
testing for stationary. We employ a battery of panel 
unit root tests, and the results indicate that both 
variables PEC and PSDP are I(1). As they are I(1), 
we have examined for cointegration between PEC 
and PSDP, and found them to be cointegrated. PEC 
and PSDP being cointegrated, we discuss the 
appropriate methods that can be employed to study 
causality. We use efficient estimation method, Fully 
Modified OLS (FMOLS), to get estimates of the 
cointegration relationship. FMOLS makes corrections 
for endogeneity of the regressors and serial 
correlation in the error term.  Due to the corrections, 
the estimators are asymptotically unbiased.  
 
Panel Causality in ECM Framework 
As we find evidence of cointegration, a moot issue is 
determination of the direction of causality. For this, a 
panel error correction model (ECM) is estimated. 
Many authors use panel OLS to construct the error 
correction terms in the ECM set up. However, as 
FMOLS is the appropriate estimation technique when 
there is evidence of panel cointegration, constructing 
the ECM term based on the residuals from an OLS 
may not be appropriate.  As such, we use residuals 
from the panel FMOLS estimate to construct the 
ECM term in the test for Granger causality. 
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The lag of the residual so obtained constitutes the 
ECM term in the estimation of (1) and (2). The 
estimated coefficients of ij1  and i1  in (1) and 

ij2 and i2  in (2) is used to infer about short run 
and long run causality. Pedroni (2003) has established 
that if X and Y are truly cointegrated, then both i1
and i2  will not be simultaneously zero. More 

specifically, if the hypothesis that ij1 is zero is 
rejected, we infer that there is causality running from 
Y to X in the short run. Further, if the hypothesis that 

i1  is zero, is rejected, there is long run causality 
from Y to X. Similarly in equation (2), a non zero

ij2  would suggest short run causality running from 

X to Y and a non zero i2  would imply long run 
causality running from X to Y.  
We use three alternative tests to study the unit root 
character of the variables in a panel context. 
Pedroni’s method has been applied to study 
cointegrating relationship between log of LPSDP and 
log of PEC. Panel FMOLS estimates are employed to 
decipher the pattern of elasticity amongst the two set 
of variables. Subsequently, we look into the causality 
between LPSDP and LPEC in an ECM set up. 
 
IV. RESULTS 
 
We first test the stationary property of the variables 
under consideration in the panel context. We employ 
three different panel unit root tests to draw robust 
inferences. The results of the panel unit root tests for 
each of our variables are shown in Table 1. In no case 
the null hypothesis that every state has a unit root for 
the series in log levels is rejected. However, the series 
are stationary in their first differences. 
 

Tab le 1: Pane l-Unit Ro o t Te s t s 

 
Figures in parentheses indicate p -values 

Hence, the variables considered are examined for 
possible cointegration in a panel context. The Pedroni 
test of cointegration has been carried out for 
assumptions of no deterministic trend and 
deterministic intercept and trend (Table 2). 
 

 
 
Pedroni (1999) shows that in small samples of N and 
moderate samples of T, the Group ADF statistics has 
the best power. Though we get mixed results, the 
group-ADF statistics suggest that the null hypotheses 
of no co-integration between the three set of variables 
under consideration are rejected. Having found 
evidence of panel cointegration, we obtain the 
FMOLS estimates. The pooled FMOLS estimates 
suggest that responsiveness of output represented by 
GDP to changes in energy consumption is much 
higher than response of energy consumption to 
changes in GDP. Except Sikkim, Arunachal Pradesh 
and Mizoram, FMOLS estimates for all other states 
also suggest that elasticity of GDP to electricity 
consumption is higher than that of electricity 
consumption to GDP (Table-3).  The causality 
between electricity consumption and GDP has been 
studied using the methodology already discussed in 
Section 3. 
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The results suggest that presence of bidirectional 
causality between PEC and PSDP in the short run as 
well as in the long run (see Table 4).  
 

 
 
Looking for causality separately for the short run and 
the long run, we find evidence of causality from PEC 
to PSDP in the short run as well as in the long run. As 
far as causality from PSDP to PEC is concerned, we 
find causality to hold only in the long run.  
 
CONCLUSION 
 
The literature on energy consumption and economic 
growth, though, has been tested for specific counties 
using time series econometrics as well as for a group 
of countries using panel data econometrics; there has 
been no study at the spatial level for individual 
countries. This paper was at attempt to fill that gap by 
studying the relationship between these two variables 
based on a rich data set for 25 states of India for the 
period 1986-2010. We find that responsiveness of 
output to energy consumption is much higher than 
that of energy consumption to output. However, from 
a causality perspective, the findings of this study 
support the country level findings of Paul and 
Bhattacharya (2004). The result of this study 
corroborates that the feedback hypothesis is valid for 
India.  
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