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Abstract: This study investigates the impact of renewable energy consumption on India's GDP and carbon
dioxide emissions. The main objective of this study is to examine the short- and long-term correlation between
the utilization of renewable energy, economic expansion, and the release of carbon dioxide in India. This study's
main variables were renewable energy consumption, GDP, Carbon dioxide emissions, population, and FDI data

from 1980 to 2021. Various methodologies were used to examine the impact of energy consumption factors on
Citation economic growth and CO2 emissions. The techniques included in this set are the Cointegration Test, Vector Error
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INTRODUCTION

This study investigates the relationship between
renewable energy consumption and carbon dioxide
emissions in India. Renewable energy, often clean
energy, is obtained from natural sources or ever-
renewing processes. Sunlight, wind, tides, waves, and
geothermal heat are all examples of natural sources
utilized in producing clean energy, also known as
renewable energy. Energy Agency of the International
Community The term renewable energy refers to energy
generated by natural processes that are continually
renewed. In its many manifestations, it originates directly
from the sun or the heat created underneath the earth.
Renewable energy sources such as solar, wind, ocean,
hydropower, biomass, geothermal resources, biofuels,
and hydrogen produced from these sources are all
included in the concept for both heat and electricity.

Given the growing concern  among
environmental scientists and policymakers, shifting from
traditional energy sources to alternative ones is urgently
needed.

Human activities and fossil fuel burning
significantly contribute to climate change and the rise of
greenhouse gas emissions. As a result, many countries,
including India, have consistently reduced their
dependence on fossil fuels and pursued renewable energy

options that minimize carbon dioxide emissions. A
recent study from the Republic of South Korea highlights
that the United Nations' Intergovernmental Panel on
Climate Change (IPCC) has pointed out the importance
of limiting the world average temperature rise to 1.5
degrees Celsius. To mitigate the damage, coal-fired
power should be phased out by 2050. In 2011, the
Intergovernmental Panel on Climate Change (IPCC)
forecasted that by 2050, almost 80 percent of the total
primary energy produced worldwide would derive from
renewable sources.

India

With its rapid industrialization and growing
energy consumption, India plays a significant role in
global carbon dioxide emissions, contributing a 7.5%
share. Over the past ten years, India's emissions have
increased by 12.212% per annum, reaching 2552.8
million tons of carbon dioxide in 2021. India was the
third-largest CO, Emission country after China and the
USA in 2021. China is the world's first-place CO,
emission country at 31.1%, and the U.S. has a 13.9%
share of global carbon dioxide.

REVIEW OF RELATED LITERATURE

The existing body of literature explores the
intricate relationships between carbon emissions, energy
consumption, economic growth, and environmental
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policies, particularly within emerging economies such as
the E7 nations. These studies employ different methods
to examine the effects of renewable energy, eco-
innovation, and ecological taxation on carbon emissions.
Lu Yunzhao (2022) analysed the E7 economies from
1995 to 2018, utilising cross-sectional dependence tests,
cointegration analysis, and unit root tests. The research
indicated that renewable energy, eco-innovations, and
environmental taxes facilitate the reduction of carbon
emissions, indicating a feedback loop where these factors
influence and are influenced by carbon emissions.

Esquivias et al. (2022) analysed the relationship
between green power and new product development in
emerging Asian nations, emphasizing human capital,
governance, and ecological quality. Using panel quantile
regression, the study concluded that renewable energy
technology  advancements, population  densities,
economic expansion, and resource exploitation
significantly contribute to the increase in CO2 emissions
in Asia. The findings suggest that investments in human
capital, green technology adoption, renewable energy,
and financing could enhance environmental
sustainability in the region.

Khan et al. (2022) investigated the links
between globalization, energy consumption, and
economic development in South Asian nations between
1972 and 2017. Utilizing a fully modified ordinary least
squares (FMOLS) methodology, the study revealed a
significant decline in environmental conditions within
the region, with countries like Bangladesh notably
impacting CO: emissions, environmental degradation
associated with non-renewable energy, and globalization
indices. The research identified a bidirectional causal
relationship between economic growth and energy
consumption, verifying the Environmental Kuznets
Curve (EKC) theory.

Filimonova et al. (2021) analysed the impact of
renewable energy sources on economic growth in Europe
and the Asia-Pacific region. The study assessed the
correlation between GDP growth and fossil and
renewable energy use increase from 1990 to 2017. The
findings provided statistical evidence of the positive
impact of wind energy in Europe and solar energy in the
Asia-Pacific region, indicating that renewable energy
stimulates economic growth in these macro-regions.

Rahman (2021) analysed the impact of energy
consumption, global trade, and foreign direct investment
(FDI) on economic growth in BRICS and ASEAN

nations from 1990 to 2017. Employing panel quantile
regression, impulse  response  function, panel
cointegration test, and heterogeneous panel causality
test, the study found that FDI, energy consumption,
international trade, and capital significantly and
positively influence long-term economic development.
The results also indicated a bidirectional causal
relationship between energy consumption and economic
development, labor force and economic growth, and
international trade and energy consumption.

Pandey and Rastogi (2019) investigated the
direct impacts of power consumption and real GDP on
environmental degradation, especially CO- emissions in
India from 1971 to 2017. The study used the Dickey-
Fuller test for stationarity, with Johansen Cointegration
and Granger Causality methods, to establish a direct and
transient  causal relationship among electricity
consumption, economic growth, and CO: emissions in
India.

Aviral Kumar Tiwari (2011) uses SVAR to
study India's renewable energy consumption, real GDP,
and CO; emissions. Renewable energy boosts economic
growth and reduces CO; emissions, and GDP growth
significantly boosts CO, emissions. Impulse response
functions indicate that renewable energy raises GDP and
reduces emissions, but GDP strongly affects emissions
despite no cointegration. Variance decomposition shows
that renewable energy affects GDP but not CO:
emissions. This analysis shows renewable energy's
economic and environmental benefits.

These studies underscore the complex interplay
between energy consumption, economic growth, and
environmental sustainability. They highlight the critical
role of renewable energy, eco-innovation, and policy
measures in mitigating carbon emissions and promoting
sustainable development, particularly within emerging
economies.

DATA AND METHODOLOGY
Date and Sources

This study is based on secondary data, which
served as the basis for this research study. The secondary
data is based on the annual data from the time series that
the research employs. The availability of data is the basis
for choosing the sample period. Data has been collected
for the last 42 years on renewable energy consumption,
CO; emission, GDP, and foreign direct investment from
1980 to 2021.
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Table 1: Summary of Variables Utilised to measure Renewable Energy Consumption's Impact on GDP and
Carbon dioxide Emissions

Variables Name Units Source
LGDP “GDP (Constant 2015 US Doller)” “WDI, World Bank 2022”
US Energy Information
LREC (Quadrillion British Thermal Units) The administration is the Source
(EIA, 2022).
“Million tonnes of Carbon Dioxide” “B.P. Statistical Review of World
LCO; »
Energy 2022
LFDI US Doller WDI, World Bank 2022
LPOP Millions WDI, World Bank 2022

Source: Prepared by the Author

To meet our study objective, “The U.S. Energy
Information Administration (EIA) provided data on
renewable energy consumption, and the World Bank's
2022 World Development Indicators (WDI) “provided
data on GDP, population, and foreign direct investment
(FDI). Ultimately, the B.P. Statistical Review of World
Energy” 2022 gathers CO. emissions. Finally, each
variable is transformed into its corresponding natural
logarithm.

Main Obijective of this study: To measure the
impact of renewable energy consumption on GDP and
Carbon dioxide emissions in India.

Hypotheses: There is no nexus between
renewable energy consumption, carbon dioxide
emissions, and India’s GDP.

MODEL

The Econometric Model is given below.

LGDPt = Q0 + Q1LRECt + Q2LPOPt + Q3LCO,t +
Q4LFDIt + €t... (1)

Where,

- LGDP=Log GDP

- LREC= Log Renewable Energy Consumption
- LPOP= Log Population.

- LCO2= Log CO, Emissions

- LFDI= Log Foreign Direct Investment.

- &t= Stochastic error term

- The respective parameters are QO0, Q1, Q2, Q3, and
Q4.

The model includes “the dependent variable
LGDP and the independent variables LREC (Log
Renewable Energy Consumption), LPOP (Log
Population), LCO; (Log CO)”, and LFDI (Log Foreign
Direct Investment), along with the stochastic error term
et. All variables are expressed in logarithmic form, and
the respective parameters are denoted as Q0, Q1, Q2, Q3,
and Q4.

This study investigates the relationship between
“India's CO2 emissions, Economic growth, and use of
renewable energy sources” over the long and short terms.
Our work uses time series data analysis to confirm this
goal. Several methodologies, such as the “Cointegration
Test, Vector Error Correction estimates, and Granger
Causality Test” have determined the impacts of energy
consumption factors on economic development and CO;
emissions Estimation of short-run  Coefficients,
Autocorrelation Test, and VEC Residual Normality
Tests.

STATISTICAL TOOLS
Unit Root Test

A unit root test is a statistical test used to
determine whether a time series is non-stationary and
possesses a unit root. It helps identify if the series
requires differencing to achieve stationarity for reliable
modeling and forecasting.

Johansen Cointegration Test

The Johansen cointegration test is a statistical
method for determining the presence and number of
cointegrating relationships between multiple non-
stationary time series. It helps identify long-term
equilibrium relationships in a multivariate framework.

Vector Error Correction Model (VEC)

Vector Error Correction (VEC) estimates are
used in time series analysis to model the long-run
equilibrium relationships between cointegrated non-
stationary variables. The VEC model incorporates error
correction terms to capture short-term deviations from
equilibrium while preserving long-term dynamics. It is
commonly applied in econometrics to analyse systems of
interdependent variables.

Granger Causality Test

The Pairwise Granger causality test is a
statistical method used to determine whether one time
series can predict another based on lagged values. It
examines the causal relationship between two variables
by checking if past values of one variable significantly
improve the prediction of the other. This test assumes
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stationarity and is widely used in economics and time

series analysis.

EMPIRICAL FINDINGS AND

DISCUSSION

The main objective of this study is to examine
the short- and long-term correlation between the
utilization of renewable energy, economic expansion,

and the release of carbon dioxide in India. We use our
study's time series data analysis to verify this objective.
Various methodologies were used to examine the impact
of energy consumption factors on economic growth and
CO; emissions. The techniques included in this set are
the Cointegration Test, Vector Error Correction
Estimates, Granger Causality Test, Estimation of Short-
run Coefficients, Autocorrelation Test, and VEC
Residual Normality Tests.

Unit Root Test Results
Table 2: Unit Root Test Outcomes

“Augmented Dickey-Fuller Test Statistic”

“Phillips Perron Test Statistic”

Level
Variable t- statistic Prob. t- statistic Prob. Inference
LREC 0.530005 0.9858 1.811944 0.9996 1(0)
LCO2 -1.712631 0.4176 -1.798175 0.3762 1(0)
LGDP 0.002586 0.9533 0.024916 0.9554 1(0)
LPOP 0.277578 0.9741 -2.517352 0.2800 1(0)
LFDI -1.018881 0.7376 -0.802068 0.8079 1(0)

“Augmented Dickey-Fuller Test Statistic

Phillips Perron Test Statistic”

First Difference

Variable t- statistic Prob. t- statistic Prob. Inference
LREC -6.93655 0.0000 -7.270401 0.0000 1(1)
LCO: -6.268644 0.0000 -6.334526 0.0000 1(1)
LGDP -6.077405 0.0000 -6.072385 0.0000 1(1)
LPOP 4.028642 0.04598 3.884149 0.0500 1(1)
LFDI -6.733712 0.0000 -7.627097 0.0000 1(1)

Before conducting the Johansen Cointegration
estimation in this investigation, we assessed the
stationarity of the variables by “ADF and PP unit-root
tests”. To achieve this objective, we have evaluated the
stationarity of the variables at both their original values
and after taking the first difference. Both tests confirmed

that all the variables are nonstationary at the levels since
the probability level of the test statistics exceeds 0.05.
However, as seen in both experiments, these variables
have reached a state of stability in their initial
differences. The findings are displayed in the tables
below:

Table 3: Johansson Cointegration Test Results

Trend assumption: Linear deterministic Trend

“Unrestricted Cointegration Rank Test (Trace”

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.593412 84.22243 69.81889 0.0023
At most, 1 * 0.545267 48.22423 47.85613 0.0461
At most 2 0.208728 16.70244 29.79707 0.6620
At most 3 0.125364 7.337892 15.49471 0.5387
At most 4 0.048294 1.979977 3.841466 0.1594

“Trace test indicates 2 cointegrating eqn (s) at 0.05.
* denotes rejection of the hypothesis at the 0.05 level

**MacKinnon-Haug-Michelis (1999) p-values”
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“Unrestricted Cointegration Rank Test (Maximum Eigenvalue”

Hypothesised Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.593412 35.99819 33.87687 0.0275
At most, 1 * 0.545267 31.52179 27.58434 0.0148
At most 2 0.208728 9.364553 21.13162 0.8020
At most 3 0.125364 5.357914 14.26460 0.6961
At most 4 0.048294 1.979977 3.841466 0.1594

“Max-eigenvalue test indicates 2 Cointegration egn (s) at the 0.05 level.
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values”

« A Vector Error Correction (VEC) model is computed to determine the long and short-term relationships.

Vector error correction estimates results time, CO, and FDI have a negative relationship with
The vector error correction estimates indicate a GDP. The error correction is—0.16, which is statistically
statistically significant positive association between significant and represents the speed of adjustment.

GDP, renewable energy use, and population. At the same

Table 4: VVector error correction estimates results

“Cointegration Eq: CointEql Cointegration Eq: CointEql”
LGDP (-1) 1.000000 LFDI (-1) -0.078421
LREC (-1) 2.291917 (0.02823)
(0.31578) [-2.77746]
[ 7.25789]
LCO2(-1) -2.979992 LPOP (-1) 6.565418
(0.40425) (1.11685)
[-7.37159] [5.87851]
C -141.7222
Error Correction: D(LGDP)
CointEql -0.164543
(0.05413)
[-3.03984]
R-squared 0.277923 S.E. equation 0.027639
Adj. R-squared -0.016256 F-statistic 0.944741
Sum sq. resides 0.020626
Pairwise Granger Causality Test Results relationship with the gross domestic product (GDP).”
A paired Granger causality test reveals a Simultaneously, a one-way causal relationship exists
reciprocal causal connection between the use of between the use of renewable energy and foreign direct
“Renewable energy and GDP. Similarly, foreign direct investment (FDI), as well as between population and
investment (FDI) and population have a causal FDI.

Table 5: Pairwise Granger Causality Test Results

“Null Hypothesis: Obs F-Statistic Prob”.
“LREC does not Granger Cause LGDP 41 2.94337 0.0444
LGDP does not Granger Cause LREC 8.52935 0.0058
LCO2 does not Granger Cause LREC 41 3.89540 0.0557
LREC does not Granger Cause LCO2 0.05644 0.8135
LCO2 does not Granger Cause LGDP 41 1.65742 0.2057
LGDP does not Granger Cause LCO2 0.12227 0.7285
LFDI does not Granger Cause LGDP 41 3.51456 0.0485
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LGDP does not Granger Cause LFDI 5.48360 0.0245
LPOP does not Granger Cause LGDP 41 4.20480 0.0473
LGDP does not Granger Cause LPOP 137.931 3.E-14
LFDI does not Granger Cause LREC 41 1.03217 0.3161
LREC does not Granger Cause LFDI 3.31858 0.0764
LPOP does not Granger Cause LREC 41 2.85543 0.0993
LREC does not Granger Cause LPOP 101.390 3.E-12
LPOP does not Granger Cause LFDI 41 14.1159 0.0006
LFDI does not Granger Cause LPOP” 0.00210 0.9637
«  Upon estimating the Vector Error Correction Model, « All the tests indicate the absence of autocorrelation,
we examined the hypothesis for heteroscedasticity, Heteroscedasticity, and nonnormality. Hence, the
autocorrelation, and normality. model behaves as per the assumptions.

Table 6: VEC Residual Serial Correlation LM Test

Sample: 1 42
Included observations: 39
“Null hypothesis: No serial correlation at lag h”

“Lag LRE* stat df Prob. F- stat df Prob”
1 20.00491 25 0.7466 0.778398 (25, 68.4) 0.7540
2 24.26056 25 0.5044 0.970666 (25, 68.4) 0.5151

«  Given that the probability value of the LM test is more significant than 0.05, it can be concluded that the model does
not include any serial correlation.

Table 7: VEC Residual Heteroscedasticity Tests (Levels and Squares)
“Sample: 1 42

Included observations: 39

Joint test”:

“Chi-sq df Prob”.
323.8683 330 0.5848
Table 8: The Jarque Bera Test
“Component Jarque-Bera df Prob”.
1 273.7288 2 0.0000
2 1.719341 2 0.4233
3 0.777374 2 0.6779
4 1.029763 2 0.5976
5 0.021801 2 0.9892
Joint 277.2771 10 0.0000
“* Approximate p-values do not account for the coefficient.
Estimation”

The Jarque-Bera statistic indicates that there is normality for most of the variables.

SUMMARY AND CONCLUSION « An explanation of the coefficients is provided
The findings of an error correction model and a below:

Cointegration investigation for the Indian setting are

represented by the following coefficients: Cointegration

refers to a long-term equilibrium relationship between

variables, while the error correction model includes

short-term deviations towards this equilibrium.

« The LGDP (-1) coefficient indicates that a one-unit
increase in the lagged Gross Domestic Product
(GDP) leads to a one-unit increase in the current
GDP. This suggests a strong positive relationship
between past and present GDP levels.
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« A one-unit increase in the lagged renewable energy
consumption results in a 2.29-unit rise in the GDP,
holding other variables constant. This indicates a
significant favorable influence of past renewable
energy consumption on GDP.

e A one-unit increase in past CO, emissions is
associated with a 2.98-unit decrease in the GDP,
keeping other variables constant. This suggests a
negative relationship between past CO, emissions
and present GDP levels.

* A one-unit increase in lagged Foreign Direct
Investment leads to a 0.0784-unit decrease in the
current GDP. This coefficient indicates a minor
negative influence of past Foreign Direct Investment
on the present GDP.

« Aone-unitincrease in the lagged Population leads to
a 6.57-unit rise in the present GDP. This suggests a
strong positive relationship between past population
levels and current GDP.

« It indicates the level of GDP when all independent
variables are absent.

« The error correction coefficient represents the
Cointegration equation’'s adjustment term. A one-
unit discrepancy from the long-term equilibrium
leads to a 0.1645-unit adjustment in the current
GDP.

As a result, the study demonstrates the presence
of Cointegration, which indicates a connection in
equilibrium among the variables over the long run.
India's economic dynamics are significantly influenced
by several factors, including its Gross Domestic Product
(GDP), use of renewable energy, population, detrimental
consequences from “CO; emissions, and Foreign Direct
Investment (FDI). The error correction term” allows for
the correction of short-term deviations from the
equilibrium at a pace defined by the coefficient.
According to the investigation results, there appears to be
a consistent and long-lasting connection between the
factors being considered. In more straightforward terms,
these variables tend to move together throughout time,
which indicates that they impact each other.

The examined variables include “GDP (Gross
Domestic Product), Renewable Energy consumption,
Population, CO, emissions, and Foreign Direct
Investment (FDI)”. These variables are crucial
determinants that significantly shape how the Indian
economy functions. GDP, which represents the country's
overall economic output, has a significant role.
Alongside this, “the consumption of renewable energy”
sources also has an impact. The size of the Population, a
fundamental demographic factor, also influences the
economic landscape. Interestingly, the adverse effects of
CO, emissions and Foreign Direct Investment are
essential factors affecting India's economic dynamics.
High levels of CO, emissions, often associated with
environmental concerns, can adversely affect the

economy. Similarly, Foreign Direct Investment,
although a vital source of capital, seems to have negative
implications for the Indian economy in the context of this
analysis.

Moreover, the study highlights that while the
variables might move together in the long run due to
Cointegration, short-term fluctuations or deviations from
this stable relationship can occur. These temporary
imbalances are rectified over time, and the error
correction term determines the speed at which they are
corrected. This term measures how quickly the economy
adjusts to its long-term equilibrium state after
experiencing short-term disturbances.

In conclusion, the analysis underscores the
interconnectedness of various economic variables in
India, collectively shaping the nation's economic
performance. It suggests that these variables are not
isolated but interact and influence the trajectory of the
Indian economy over time. The combustion of
conventional energy sources to reach the high economic
growth objective, fast industrialisation, and expanding
population have been the primary causes of recent worry
for policymakers and environmental scientists. These
three factors mainly produce global warming and climate
change. As a result, several international organizations
and nations have interpreted it as an early warning
system and begun encouraging the consumption of
renewable energy sources to reduce carbon dioxide
emissions on the one hand and satisfy the demand for
energy on the other. This study aims to investigate the
impact of electricity consumption from renewable
sources on carbon dioxide emissions and economic
growth in India. The years 1980 through 2021 are
included in the scope of this study. Our team has utilized
many different econometrics techniques and approaches.
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