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Abstract
The aim of this study is to examine the nexus among the renewable energy, non-renewable
energy consumption and economic growth in India by considering gross fixed capital formation
and labour force during 1990-2011. Using Johanson cointegration technique, we find longrelationship among the variables. The long-run estimates reveal that renewable energy
consumption has a negative impact on economic growth whereas non-renewable energy
consumption has a positive impact. The short-run Granger causality results display that there is
an evidence of a feedback relationship between GDP growth-renewable energy consumption, GDP
growth-non-renewable energy consumption. The results on long-run (error correction term)
causality shows that GDP growth, renewable energy consumption, non-renewable energy
consumption, gross fixed capital formation and labour force have bidirectional causality. Our
study findings are suggested that India may continue in using non-renewable energy sources for
growth process. This study also suggests that government and policy makers should take
attention to investment in renewable energy for low carbon growth in India.
Keywords: Renewable Energy Consumption, Non-renewable Energy Consumption, Gross Fixed
Capital Formation, Labour Force and Economic Growth, Cointegration FMOLS India.

International Journal of Research in Economics & Social Sciences
Email:- editorijrim@gmail.com, http://www.euroasiapub.org
(An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.)

818

International Journal of Research in Economics and Social Sciences(IJRESS)
Vol. 8 Issue 2, February- 2018
ISSN(o): 2249-7382

|

Impact Factor: 6.939

1. Introduction
The most serious environmental problem facing human society is the potential for
significant changes in the global climate. The main source of CO2 emissions is the burning of fossil
fuel, which accounted for 87% global energy supply in 2012. The United Nations designed the
decade 2014-2024 as the Decade of Sustainable Energy for all. In the global context, there is an
increasing development of renewable energy that helps in addressing climate change.
India was the fourth-largest energy consumer in the world after China, U.S. and European
Union in 2013. Indian energy sector is predominantly coal-based (69%), with 5% non-hydro
renewable and hydro power. The increase in carbon dioxide (CO2) emissions in the atmosphere
considered as a Green House Gas (GHG) effect leads to environmental degradation. The energy
consumption-economic growth nexus is set around four different hypotheses (Apergis and Payne,
2009, 2011 Paramati et al., 2016; Ewing et al., 2007; lee 2006):
Growth hypothesis refers to a situation in which energy consumption plays a vital role in
the economic growth process, if unidirectional causality found from energy consumption to
economic growth. In this scenario, energy conservation policies will have a negative impact on
economic growth. The conservation hypothesis implies that economic growth causes
consumption of energy. Under situation, conservation policy will not affect economic growth. The
feedback hypothesis states a mutual relationship among energy consumption and economic
growth. The feedback hypothesis supported if there exists bi-directional causality between energy
consumption and economic growth. In this case, energy conservation policies designed to reduce
energy consumption may decrease economic growth performance, changes in economic growth
are reflected back to energy consumption. The neutrality hypothesis indicates that energy
consumption does not affect economic growth. The absence of causality between energy
consumption and economic growth provide evidence for the presence of neutrality hypothesis. In
this case, energy conservation policies devoted to reducing energy consumption will not have any
impact on economic growth.
2. Literature review
The idea that energy consumption is one of the basic indicators of economic development
(Halicioglu, 2009) has attracted economists to deal with studies which try to explain the
interrelations between energy and economic growth. Payne (2009) examined the causal
relationship between renewable and non-renewable energy consumption and real GDP in the US
over the period 1949-2006. Findings showed that there exists no casual relationship between
renewable and non-renewable energy consumption and economic growth, which indicating the
presence of the neutrality hypothesis. Huang et al. (2008) provide evidence in favour of the
neutrality hypothesis for low income panel.
Apergis and Payne (2012) examined the relationship between renewable and nonrenewable energy consumption and economic growth for 80 countries within a multivariate panel
framework over the period 1990-2007. Results supported the existence of bi-directional causality
between renewable and non-renewable energy consumption and economic growth both shortrun and long-run, indicating the validity of the feedback hypothesis. Sebri and Salha (2014)
investigated the casual relationship between economic growth and renewable energy
consumption in the BRICS countries over the period 1971-2010. The empirical findings
conformed feedback hypothesis between economic growth and renewable energy consumption.
Tugcu et al. (2012) analysed the long-run and causal relationships between renewable
and non-renewable energy consumption and economic growth by using classical and augmented
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production functions in G7 countries for 1980-2009, results confirmed that there is no causal
relationship between renewable energy consumption and economic growth in France, Italy,
Canada and the USA; the feedback hypothesis present for England and Japan, that is there exists
bi-directional causality between renewable energy consumption and economic growth, and the
conservation hypothesis supported for Germany.
A recent study by Mallaiah and Santhosha (2016) examined the relationship between
energy consumption and economic growth in India during the period from 1971Q4 to 2011Q4.
The empirical results confirmed that there is a unidirectional causality running from per capita
GDP and CO2 emissions to energy consumption in the long-run.
3. Data and methodology
Annual data covering the period from 1990 to 2011 were used in this study. The data on
all series are extracted from the World Development Indicators (WDI) database. We use real GDP
or output (Y) in constant 2010 US Dollars as measure of economic output, we use renewable
energy consumption as electricity consumption generated from renewable energy sources and
measured in billion kilowatt-hours. On the other hand, non-renewable energy sources include
coal and coal products, oil and natural gas, real gross fixed capital formation (GFCF) in constant
2010 US Dollar is used as a proxy for the growth of capital stock, and total labour force (LF) is
used as measure of available labour in the market. The output and GFCF are measured in
monetary units while labour is measured in numbers.

ln Yt  1 ln RECt   2 ln NRECt   3 ln GFCFt   4 ln LFt 



t

(1)
t

Where  1 ,  2 ,  3 and  4 are elasticities of output with respect to renewable, non-renewable,
gross fixed capital formation and labour respectively.

 is the error term.

3.1 ADF and PP test
Before going to estimate any econometric model, we have to apply unit root tests on time
series data because it is important in examining the stationary of a time series. There are several
tests are identified in literature for testing unit root tests, some of them are augmented Dickey
and Fuller (ADF) (1979) and the Phillips and Perron (PP) (1988). In order to check the stationary
properties of variables the ADF and PP tests are applied.
3.2. Cointegration test
We applied Johansen and Juselius (1990) cointegration technique to analyze the long run
relationship between economic growth, renewable energy, non-renewable energy, gross fixed
capital formation and labour force in India.
The Johansen methodology involves two tests for cointegration: the trace and maximumeigenvalue cointegration rank (r) tests. The trace statistic (
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) evaluates the null hypothesis

that there are at most r cointegrating vectors against alternative that they number more than r.
The null hypothesis under the maximum-eigenvalue test is that there are r cointegrating vectors
and the alternative is that there are r +1 cointegrating vectors.
The trace test and maximum eigenvalue which follow:
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is the estimated ordered eigenvalue obtained from the estimated matrix and T is

the number of usable observations after lag adjustment. The trace statistics tests the null
hypothesis that the number of distinct cointegrating vector (r) is less than or equal to r against
alternative. The maximal eigenvalue tests the null that the number of cointegrating vector is
against the alternative of r+1 cointegrating vector.
3.3. Granger causality Test
In this section, we describe the methodology that aims to explore the dynamic causal
relationship between economic growth, renewable energy consumption, non-renewable energy
consumption, gross fixed capital formation and labour force. Engle and Granger (1987) argue that
if non-stationary variables are cointegrated in the long-run, then the vector error correction
model (VECM) can be applied for exploring the direction of causality among the variables in the
short-run as well as in the long-run. The short-run Granger causality can be established by
conducting a joint test of the coefficients based on the F-test and the x 2 test. Likewise, the longrun Granger causality between the variables can be understood through the statistical significance
of the lagged error term in the VECM framework based on the t-statistics.
Ganger causality test for short-run and long-run can be described based on the following
equations:
p
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Where ∆ is the first difference operator; 𝑙𝑛𝑌𝑡 is the natural logarithm of GDP
growth at time t; 𝑙𝑛𝑅𝐸𝑡 is the natural logarithm renewable energy at time t; 𝑙𝑛NRE𝑡 is the natural
logarithm of non-renewable energy at time t; 𝑙𝑛GFCF𝑡 is the natural logarithm of gross fixed
capital formation at time t; 𝑙𝑛LF𝑡 is the natural logarithm of labour force at time t; 𝛽, 𝛿 𝑎𝑛𝑑 𝛾 are
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short-term coefficients and 𝑝 , 𝑞 𝑎𝑛𝑑 𝑟 are the log orders, 𝜀𝑖𝑡 ( 𝑖 = 1,2,3,4,5) are serially
uncorrelated error terms, 𝐸𝐶𝑀𝑡−1 is the lagged error correction term, and 𝜆s are the speed of
adjustment parameters.
3.4. FMOLS
The FMOLS technique was at first introduced and developed by Phillips and Hamsen
(1990) for estimating the single cointegrating relationship. In order to achieve asymptotic
efficiency, this technique modifies least squares to account for serial correlation effects and test
for the endogeneity in the regressors that result from the existence of cointegration relationships
(Rukhsana and M. Shahbaz, 2008).
4. Empirical findings
Table 1 Summary Statistics
Variables
Y
RE
NRE
GFCF
LF

Mean Median
9.61
51.06
80.64
2.51
4.13

8.57
52.40
81.24
1.89
4.12

Max.
1.82
58.40
85.26
5.93
4.75

Min.

Std. Dev. Skew.

4.86
39.85
73.11
9.72
3.29

4.09
5.40
2.98
1.54
5.10

Kurt.

0.67
-0.73
-0.86
0.88
-0.66

J.-B

2.30
2.61
3.35
2.44
1.55

2.13
2.12
2.84
3.12
2.00

Summary statistics of this study are presented in above the table 1. This indicates that all
the series are having positive mean. The series of real GDP growth and real gross fixed capital
formation are having positive skewness and renewable energy consumption, non-renewable
energy consumption and labour force are shows negative skewness. This implies that the
positively skewed series are flatter to the right as compared to the normal distribution and while
negative skewed series is flatter to the left. While the kurtosis value of non-renewable energy
consumption are higher than the normal value of it and this suggests that the kurtosis curve is
leptokurtic. While the kurtosis value of all other series are less than the normal values of it, and
this suggest that the kurtosis curve is platykurtic. In general, value for skewness is ‘zero’ and
kurtosis is ‘three’ when the observed series is perfectly normally distributed. Since, the results of
this study indicate that none of these series are normally distributed. This view also supported by
Jaque-Bera (JB) test, the JB test is used to assess whether the given series is normally distributed
or not. Here, the null hypothesis is that the series is normally distributed. Results of JB test find
that the null hypothesis is rejected for all the variables and suggest that all the observed series are
not normally distributed.
Table 2 Correlation Matrix
Y
Y
RE
NRE
GFCF
LF

1

RE
-0.98***
1

NRE

GFCF

0.36***
-0.39***
1

0.99***
-0.97***
0.26***
1

LF
0.92***
-0.89***
0.60***
0.88***
1

Note: Variables are in natural logarithms. *** Indicates statistical significance at 1% level.
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The above table provides information on correlation between observed variables. The
renewable energy consumption is negatively correlated with real GDP growth. This is suggesting
that there is an inverse relationship from real GDP growth to renewable energy consumption. In
contrary, output had higher correlation with capital and labour, and lowest correlation with nonrenewable energy consumption. These finding indicates that capital and labour non-renewable
energy consumption played a significant role in promoting economic growth.
Table 3 Unit Root Test Results

Variable
Y
RE
NRE
GFCF
LF

ADF Test
Level
1st Difference
2.306 (0.999)
-4.184 (0.004) ***
2.401 (0.999)
-2.976 (0.054) **
-3.081 (0.056) ** -3.821 (0.043) ***
1.469 (0.998)
-4.872 (0.001) ***
-1.578 (0.474)
-4.334 (0.003) ***

PP Test
Level

1st Difference

2.671 (1.000)
-4.276 (0.003) ***
2.401 (0.999) -2.931 (0.059) **
-3.114 (0.040) ** -3.787 (0.010) ***
1.469 (0.998)
-4.877 (0.001) ***
-2.149 (0.228)
-4.334 (0.003) ***

Note: The ADF and PP tests examine the null hypotheses of a unit root against the alternative of
stationarity and P values are parentheses. (***) and (**) denotes that 1% level and 5% level of
significance, which are estimated in EVIEWS 8 version.
The table 3 display unit root tests results, by encompassing the ADF (Augmented Dickey
and Fuller, 1979), PP (Phillips and Perron, 1988) t-statistics. The unit root tests are performed on
the natural logarithm data series. The ADF and PP tests are carried out on the assumption that the
null hypothesis of a unit root (non-stationary) is tested against the alternative hypothesis of no
unit root (stationary). These tests models are estimated at the levels and first-difference for each
case. Our estimated results reveal that all variables are non-stationary (except non-renewable
energy consumption) in their level form. However, all the series are stationary at ﬁrst difference.
Thus, we reject the null hypothesis of non-stationary at 1% level, 5% level of signiﬁcance. Since
the results indicate that all of the variables are integrated of same order. Therefore, there may be
a cointegration relationship among these variables which can be explored using the Johansen
cointegration approach in the following section.
Table 4 Johansen cointegration test results
Hypothesized
Trace test
Max-Eigen test
No. Of CE(s)
Statistic
Prob. **
Statistic
Prob. **__________
None*
111.58
0.000**
50.89
0.00**
At most 1*
60.87
0.00**
31.25
0.01**
At most 2
29.42
0.05 17.73
0.14
At most 3
11.04
0.30
10.64
0.17_____________
Note: ** indicates the rejection of the null hypothesis of no cointegration 1 % level of significance
levels respectively.
The above Table 4 presents the following the unit root properties, we have estimated the
Johansen cointegration test to examine the long run relationship between the renewable
consumption, non-renewable energy consumption, economic growth, gross fixed capital
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formation and labour force in India. Based on the trace statistics and maximum eigenvalue
statistics, we have rejected the null hypothesis of no cointegration between the variables at 5 per
cent level of significant. We have identified two cointegrating equation among the variables. The
results indicate that existence of long run relationship between the economic growth, renewable
energy consumption, non-renewable energy consumption, gross fixed capital formation and
labour force.
We aim to empirically investigate the short-run and long-run causal relationship between
GDP growth, renewable energy consumption, non-renewable energy consumption, gross fixed
capital formation and labour force. The dynamic Granger causality tests results on short-run and
long-run are presented in Table 5. The short-run Granger causality results display that there is an
evidence of a feedback relationship between GDP growth-renewable energy consumption, GDP
growth-non-renewable energy consumption.
The short-run causality test results show the unidirectional causality that runs from labor
force to GDP growth. We also found one-way causality that runs from GDP growth, non-renewable
energy consumption and gross fixed capital formation to the renewable energy while nonrenewable energy is also caused by Y, gross fixed capital formation and labour force in the shortrun.
The results on long-run (error correction term) causality shows that GDP growth,
renewable energy consumption, non-renewable energy consumption, gross fixed capital
formation and labour force have bidirectional causality.
Table 5 Granger Causality VECM test results
∆𝑌
∆𝑅𝐸
∆𝑁𝑅𝐸
Short-run Granger causality
∆𝑌
F- Statistic
9.464*** 2.150*
Prob.
0.008
0.341
∆𝑅𝐸
F- Statistic
1.857
1.122
Prob.
0.395
0.570
∆𝑁𝑅𝐸 F- Statistic
0.640
2.991*
Prob.
0.725
0.224
∆𝐺𝐹𝐶𝐹 F- Statistic
1.740
3.434*** 4.336***
Prob.
0.418
0.179
0.114
F- Statistic
2.848**
1.168
LF
Prob.

0.240

0.557

0.322

∆𝐺𝐹𝐶𝐹

∆𝐿𝐹

0.820
0.663
4.311***
0.115
0.418
0.811

5.597***
0.060
4.642***
0.098
2.939**
0.230
7.265***
0.026

2.265*

5.751***

0.056

Long-run Granger causality
𝐸𝑐𝑡 (-1)
t- Statistic 2.358***
2.296** 2.557*** 9.213***
3.714***
Prob.
0.000
0.000
0.000
0.000
0.001
Note: Ect(1) represents the error correction term with one lagged period;

 represents the first difference;
The optimal lag length is selected based on the AIC;
***, ** & * denote rejection of null hypothesis of no Granger causality at the 1%, 5% and 10%
significance levels, respectively.
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Table 6 Long-run output elasticities using FMOLS model (dependent variable: Output).
Variables

Coefficient

t- Statistic

RE
NRE
GFCF
LF

-1.03
0.45
0.32
0.92

-4.41
1.60
3.26
2.76

Prob.
0.00
0.12
0.00
0.27

R-squared
0.99
____________________________________________________________________________________
Notes: FMOLS is fully modified ordinary least square method respectively.
The long-run output elasticities are estimated using fully modified OLS (FMOLS) model. The
empirical findings are presented in Table 5. For empirical interpretation, the long-run output
elasticities were statistically significant but had negative coefficient (-1.03), it implying that the
increase in renewable energy consumption led to decrease in output growth. A 1% increase in
non-renewable energy consumption increased output by 0.45. Each of the variables from FMOLS
estimations is statistically significant at 1% level. Our findings suggest that India may continue to
use non-renewable energy sources for future growth process. The findings on long-run output
elasticities suggest that along with traditional inputs such as capital and labour played a
significant role in the process of economic development.
5. Conclusion and policy implications
The aim of this study is to examine the nexus among the renewable energy, non-renewable energy
consumption and economic growth in India by considering gross fixed capital formation and
labour force during 1990-2011. Using Johanson cointegration technique, we find longrelationship among the variables.
The empirical result of cointegration test suggest that a significant long-run equilibrium
relationship exists between GDP growth, renewable energy consumption, non-renewable energy
consumption, gross fixed capital formation and labour force. This evidence indicates that all of
these variables share a common trend in the long-run. The short-run Granger causality results
display that there is an evidence of a feedback relationship between GDP growth-renewable
energy consumption, GDP growth-non-renewable energy consumption.
The long-run output elasticities were statistically significant but had negative, it implying
that the increase in renewable energy consumption led to decrease in output growth, which may
cause slow development process with an adverse effect on economic growth. India, energy
depending more on coal-based, our findings suggest that India may continue to use nonrenewable energy sources for future growth process. The findings on long-run output elasticities
suggest that along with traditional inputs such as capital and labour played a significant role in
the process of economic development. This study also suggests that government and policy
makers should take attention to investment in renewable energy and clean energy for low carbon
growth in India.

International Journal of Research in Economics & Social Sciences
Email:- editorijrim@gmail.com, http://www.euroasiapub.org
(An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.)

825

International Journal of Research in Economics and Social Sciences(IJRESS)
Vol. 8 Issue 2, February- 2018
ISSN(o): 2249-7382

|

Impact Factor: 6.939

References
Abid, M. 2015. The close relationship between informal economic growth and carbon emissions
in Tunisia since 1980: The (ir)relevance of structural breaks. Sustainable Cities and
Society, 15(0): 11-21.
Al-Mulali, U., Saboori, B., & Ozturk, I. 2015. Investigating the environmental Kuznets curve
hypothesis in Vietnam. Energy Policy, 76(0): 123-131.
Apergis, N., Payne, J.E., 2009a. Energy consumption and economic growth in Central
America:evidence from a panel cointegration and error correction model. Energy Econ. 31,
211-216.
Apergis, N., Payne, J.E., Renewable and non-renewable energy consumption-growth nexus:
Evidence from panel error correction model. Energy Econ. 34, 733-738
Bhattacharya, M., Paramati, S., Ozturk, I., 2016. The effect of renewable energy consumption on
economic growth: evidence from top 38 countries. Applied Energy 162 733-741.
Boutabba, M. A. 2014. The impact of financial development, income, energy and trade on carbon
emissions: Evidence from the Indian economy. Economic Modelling, 40(0): 33-41.
Bowden, N., Payne, J.E., 2010. Sectoral analysis of the causal relationship between renewable and
non-renewable energy consumption and real output in the U.S. Energy Sources Part B. 5,
400-408.
Ewing, B.T., Sari, R., Soytas, U., 2007. Disagregate energy consumption and industrial output in the
United States. Energy Policy 35, 1274-1281.
Ghosh, S. 2010. Examining carbon emissions economic growth nexus for India: A multivariate
cointegration approach. Energy Policy, 38(6): 3008-3014.
Grossman, G. M., & Krueger, A. B. 1995. Economic Growth and the Environment. The Quarterly
Journal of Economics, 110(2): 353-377.
Halicioglu, F., 2009. An economic study of CO2 emissions, energy consumption, income and foreign
trade in Turkey. Energy Policy 37, 1156-1164.
Heidari, H., Turan Katircioglu, S., & Saeidpour, L. 2015. Economic growth, CO2 emissions, and
energy consumption in the five ASEAN countries. International Journal of Electrical
Power & Energy Systems, 64(0): 785-791.
Huang BN, Hwang MJ. Yang CW. Casual relationship between energy consumption and GDP growth
revisited: a dynamic panel data approach. Ecol Econ 2008;67:41-54.
Hwang, J.-H., & Yoo, S.-H. 2014. Energy consumption, CO2 emissions, and economic growth:
evidence from Indonesia. Quality & Quantity, 48(1): 63-73.
Lee, C.C., 2006. The causality relationship between energy consumption and GDP in G-11 countries
revised. Energy Policy 34 (9), 1086-1093.
Lindmark, M. 2002. An EKC-pattern in historical perspective: carbon dioxide emissions,
technology, fuel prices and growth in Sweden 1870–1997. Ecological Economics, 42(1–
2): 333-347.
Lise, W., & Van Montfort, K. 2007. Energy consumption and GDP in Turkey: Is there a co-integration
relationship? Energy Economics, 29(6): 1166-1178.
Mallaiah, J., Santhosha, G., 2016 The dynamic relationship between energy consumption,
economic growth and CO2 emissions: evidence from india. Asian Journal of research in
Business Economics & Management, 7-13.
Mallick, H., & Mahalik, M. K. 2014. Energy consumption, economic growth and financial
development: a comparative prospective on India and China. Bulletin of Energy
Economics, 2(3): 72-84.
International Journal of Research in Economics & Social Sciences
Email:- editorijrim@gmail.com, http://www.euroasiapub.org
(An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.)

826

International Journal of Research in Economics and Social Sciences(IJRESS)
Vol. 8 Issue 2, February- 2018
ISSN(o): 2249-7382

|

Impact Factor: 6.939

Nasreen, S., & Anwar, S. 2014. Causal relationship between trade openness, economic growth and
energy consumption: A panel data analysis of Asian countries. Energy Policy, 69(0): 8291.
Paul, S., & Bhattacharya, R. N. 2004. Causality between energy consumption and economic growth
in India: a note on conflicting results. Energy Economics, 26(6): 977-983.
Saboori, B., & Sulaiman, J. 2013. CO2 emissions, energy consumption and economic growth in
Association of Southeast Asian Nations (ASEAN) countries: A cointegration approach.
Energy, 55(0): 813-822.
Shafiei, S., & Salim, R. A. 2014. Non-renewable and renewable energy consumption and CO2
emissions in OECD countries: A comparative analysis. Energy Policy, 66(0): 547-556.
Shahbaz, M., Hye, Q. M. A., Tiwari, A. K., & Leitao, N. C. 2013. Economic growth, energy consumption,
financial development, international trade and CO2 emissions in Indonesia. Renewable
and Sustainable Energy Reviews, 25(0): 109-121.
Shahbaz, M., Mallick, H., Mahalik, M. K., & Loganathan, N. 2015. Does globalization impede
environmental quality in India? Ecological Indicators, 52(0): 379-393.
Sustainable Energy for all, at <http://www.se4all.org/> (accessed July 05, 2015).
Tang, C. F., & Chua, S. Y. 2012. The savings-growth nexus for the Malaysian economy: a view through
rolling sub-samples. Applied Economics, 44(32): 4173-4185.

International Journal of Research in Economics & Social Sciences
Email:- editorijrim@gmail.com, http://www.euroasiapub.org
(An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.)

827

