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Attaining environmental sustainability is not possible without limiting carbon dioxide 
(CO2) emissions; therefore, this study examines the impact of hydro energy consumption, 
coal consumption, and political stability on India’s environmental sustainability from 
1985 to 2021. Empirical findings indicate that hydro energy has an insignificant impact, 
coal consumption significantly increases CO2 emissions, and political stability promotes 
environmental sustainability. The study recommends implementing policies to address 
urgent environmental challenges and foster a sustainable future in India. 

I. Introduction   

The quest for attaining environmental sustainability is 
only possible by limiting carbon dioxide (CO2) emissions 
because it accounts for 75% of global greenhouse gas emis
sions and is a primary cause of environmental depletion 
(Behera, Behera, et al., 2024). Increasing CO2 further esca
lates global warming and climate change; thus, lessening 
CO2 emissions is crucial to addressing climatic risk and 
achieving environmental sustainability (Adebayo, 2022). 
Moreover, as per the International Energy Agency Report 
(IEA, 2020), global energy demand is estimated to escalate 
by 30% by 2040 with increasing industrialisation, urbanisa
tion, and anthropogenic activities. In addition, the domi
nance of conventional fuels, such as oil and coal consump
tion, continues to increase in the global energy mix, as they 
are less costly than non-conventional energy sources (Be
hera, Sucharita, et al., 2024). However, the consumption of 
fossil fuels results in the exploitation of natural resources, 
leading to severe environmental depletion and climate 
change. Therefore, policies aiming at a paradigm shift to
wards non-conventional energy use from conventional 
ones are vital for achieving environmental sustainability 
and sustainable growth. 

On the other hand, as an emerging economy, India, with 
its higher demand for primary energy consumption, is the 
third-leading global energy consumer, utilising various dis
aggregated energy sources (Ritchie et al., 2023b). The share 
of India’s energy consumption from distinct sources is pre
sented in Figure 1. 

Figure 1. Share of disaggregated renewable (a) and       
non-renewable (b) energy use in India.       
Note: The share of disaggregated energy sources is in percentage. 

Figure 1(a) shows that hydro energy consumption rep
resents 39% of the total renewable energy consumption 
from different sources in India, followed by solar energy 
(21%) and wind energy (16%) consumption. Additionally, 
India has an installed hydroelectric capacity of “148,701 
megawatts (MW),” and in the year 2022, it accounted for 
approximately “456.04 terawatt-hours (TWh) units” of 
electricity generation (Ritchie et al., 2023b). 

Furthermore, Figure 1(b) demonstrates that coal con
sumption accounts for 62% of the total disaggregated non-
renewable energy sources, followed by oil (31%) and gas 
(7%) consumption. This is primarily because, in the last 
four decades, there has been a surge of 700% in per capita 
commercial energy consumption from coal energy (Powell 
et al., 2023). India, with its higher reliance on conventional 
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energy sources, stands as the third leading carbon emitter 
in the world (Ritchie et al., 2023a). Thus, claiming a safer, 
sustainable, and cleaner alternative to energy consumption 
is imperative to accomplish environmental sustainability. 
Since India highly relies on hydro and coal energy con
sumption, among other disaggregated energy sources, the 
present research aims to assess the effect of coal and hydro 
energy consumption on CO2 emissions. 

Nonetheless, this study has considered the decisive role 
of political stability because it helps implement effective 
and coherent policies to mitigate CO2 emissions and foster 
environmental sustainability (Behera, Behera, et al., 2024). 
Additionally, political stability indicates government effec
tiveness in endorsing policies such as “tax benefits and 
feed-in tariffs” to attract investments for green projects 
and fostering innovation in the renewable sector to attain 
environmental goals by reducing CO2 emissions (Adebayo, 
2022). Furthermore, this study has included economic 
growth (GDP growth used as a proxy) and natural resource 
rents, given their definitive role in determining the en
vironmental sustainability of a country. Studies have also 
reported that conventional energy-led economic growth 
backed with higher industrialisation depletes natural re
sources, resulting in long-term environmental deteriora
tion (Hassan et al., 2022). Although numerous findings 
have demonstrated the effect of aggregate renewable and 
non-renewable energy utilisation, the impact of an individ
ual energy source on CO2 emissions needs to be studied 
more. This study thus makes novel contributions to the lit
erature on energy and the environment by investigating the 
effect of hydro and coal energy consumption on India’s en
vironmental sustainability spanning from 1985 to 2021. For 
robust empirical analysis, this study employs the autore
gressive distributed lag (ARDL) approach to investigate the 
short- and long-run effect of the individual regressors on 
CO2 emissions. 

II. Data   

The study is based on a time-series analysis of India 
from 1985 to 2021. For the empirical investigation, CO2 
emissions per capita are considered as the response vari
able, whereas the independent variables are hydro energy 
consumption (HEC), coal consumption (CC), and political 
stability (PS). Additionally, economic growth and natural 
resources rent (NRR) are considered as control variables. 
The secondary data sources for the variables under consid
eration include the World Bank, Our World in Data, and the 
Political Risk Services Group database. 

A. Model Specification and Methodology      

The empirical equation demonstrating the effect of ex
planatory variables on CO2 emissions is presented in Equa
tion (1), after transforming all the variables into their nat
ural logarithmic forms, as per the approach adopted by 
Sahoo & Sahoo (2020). 

Where, HEC, CC, and PS indicate the independent variables, 
t is the time-period,  is the vector of control variables 
i.e., natural resources rent and economic growth, and 
is the residual term. Furthermore, the ARDL estimation 
method is presented as follows: 

In Equation (2), the first difference is denoted by , and 
is the constant term. Additionally, long- and short-run co
efficients are represented by    and to , respec
tively. Furthermore, the ARDL estimator with the lagged 
error correction model ( ) is demonstrated in Equa
tion (3). 

III. Empirical Findings and Discussion      

The descriptive statistics and Zivot-Andrews (ZA) unit 
root test are presented in Table 1. The variables are ob
served to be normally distributed around the mean value, 
which is also affirmed by the insignificant coefficient value 
of the Jarque-Bera (J-B) normality test, as presented in 
Table 2. Furthermore, the unit root test result confirms the 
stationarity of the variables at level and first difference. As 
per the “Hannan-Quinn” criterion, 1 is selected as the lag 
period for all variables to yield an unbiased outcome. Ad
ditionally, the lower upper bound value compared to the 
F-statistic (13.70) indicates the cointegration nexus among 
the stated variables. 

Next, we analysed Equation (1) using the ARDL estima
tion since it follows the bias-corrected bootstrap technique 
and non-linear functions of the conditional error correc
tion model coefficients, which aids in assessing the long-
run nexus between the variables (Ali et al., 2021, p. 4598), 
as presented in Table 2. Table 2 demonstrates that HEC has 
an adverse but statistically insignificant impact on CO2 in 
the short and long run. This corroborates the study by Sa
hoo and Sahoo (2020), who suggest that inadequate assess
ment of the environmental effects of building hydro pro
jects, poor construction of dams, and the exploitation of 
hydro energy beyond threshold limits can have adverse ef
fects on both the economy and the environment. 

Furthermore, coal energy consumption is found to sig
nificantly increase CO2 in India. Coal consumption is at
tributed to the extraction and over-exploitation of natural 
resources, which impedes environmental sustainability by 
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Table 1. Descriptive statistics and preliminary analysis      

Variables Min Max Mean Std. dev. Kurtosis Skewness 

lCO2 -0.670 0.650 0.035 0.405 1.831 0.045 

lHEC 3.890 5.100 4.519 0.353 1.806 0.005 

lCC 6.750 8.590 7.743 0.543 1.832 -0.025 

lPS 3.770 4.270 4.160 0.130 4.164 -1.470 

lGDPR 0 2.260 1.721 0.502 7.606 -2.054 

lNRR 0.560 1.960 1.010 0.333 3.191 0.762 

Zivot-Andrews Test for Unit Root 

Variables 
Level First Difference 

I (0) Break Year I (1) Break Year 

lCO2 -3.367 2009 -7.021*** 2004 

lHEC -4.098** 1996 -7.126** 2004 

lCC -3.155*** 2007 -6.797*** 2004 

lPS -6.998*** 1992 -5.005** 1998 

lGDPR -5.949** 1994 -6.101*** 1992 

lNRR -3.956*** 2014 -7.057*** 2009 

Optimal Lag Selection Criterion 

Lag LogL AIC SC HQ 

0 98.932 -5.310 -5.044 -5.218 

1 263.695 -12.668*** -10.802*** -12.024*** 

2 291.606 -12.206 -8.740 -11.010 

Cointegration Analysis with ARDL Bound Test 

Model F-Statistic Significance Upper Bound (I-1) Lower Bound (I-0) 

lCO2= f (lHEC, lCC, lPS, lGDPR, NRR) 13.704*** 10.00 3.35 2.26 

K (5) 5.00 3.79 2.62 

2.50 4.18 2.96 

1.00 4.68 3.41 

Note: *, **, and *** indicates statistical significance at the 10%, 5%, and 1% levels, respectively. 

Table 2. Outcome of ARDL estimation     

Variables 
Short run 

Variables 
Long run 

Coefficient S.E. p-value Coefficient S.E. p-Value 

lHEC -0.028 0.034 0.420 lHEC -0.053 0.064 0.412 

lCC 0.420*** 0.100 0.000 lCC 0.804*** 0.040 0.000 

lPS -0.094** 0.036 0.015 lPS -0.180** 0.083 0.039 

lGDPR 0.022** 0.008 0.011 lGDPR 0.042* 0.022 0.069 

lNRR 0.001 0.014 0.988 lNRR 0.001 0.014 0.978 

ECT (-1) -0.523*** 0.053 0.000 Constant -2.739*** 0.283 0.000 

Diagnostic Test 

Jarque Bera Test for Normality 1.114 (0.573) 

B-G Test for Serial Correlation 0.095 (0.909) 

B-P-G Test for Heteroskedasticity 0.409 (0.867) 

Note: *, **, and *** indicates statistical significance at the 10%, 5%, and 1% levels, respectively. 

emitting higher CO2 levels, as supported by Pata and Kumar 
(2021). Nonetheless, PS is observed to substantially reduce 
CO2 in India in both the long and short run. This supports 
the findings of Hassan et al. (2022), which state that a sta

ble political system ensures the implementation of benev
olent policies to foster renewable energy transition and 
low-carbon economic expansion, thereby enriching envi
ronmental quality. This is also evident from the Govern
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Table 3. Robustness test using VDA     

Dependent Variable: lCO2 

Period S.E. lCO2 lHEC lCC lPS lGDPR lNRR 

1 0.029 100.000 0.000 0.000 0.000 0.000 0.000 

2 0.037 81.961 2.791 6.153 8.383 0.059 0.653 

3 0.048 65.767 8.117 16.839 7.681 0.096 1.499 

4 0.056 55.736 9.733 24.611 6.465 0.131 3.324 

5 0.063 47.327 9.316 33.173 5.189 0.109 4.886 

6 0.069 39.998 8.746 40.521 4.214 0.112 6.408 

7 0.076 33.974 8.273 46.096 3.566 0.141 7.950 

8 0.083 29.102 7.931 50.537 3.087 0.191 9.157 

9 0.089 25.172 7.705 54.141 2.699 0.251 10.029 

10 0.095 22.054 7.547 57.007 2.378 0.308 10.704 

Note: VDA shows the change in a variable due the variation in another variable. 

ment of India’s commitments to transforming the energy 
sector, including India’s leadership in the International So
lar Alliance, the aim to achieve renewable energy capacity 
of 500 GW by 2030, and initiatives to promote solar energy 
usage through the “rooftop solar” scheme (PIB, 2024), 
showing India’s vision towards attaining environmental 
sustainability by reducing CO2 emissions to achieve sus
tainable goals. 

Furthermore, as per the study’s findings, among the con
trol variables, economic growth escalates CO2 in India pri
marily because the country relies on non-conventional en
ergy consumption for various economic activities (Ritchie 
et al., 2023b). In addition, the long- and short-run effect 
of natural resources on CO2 emissions is observed to be 
positive but insignificant. This corroborates the findings of 
Huang et al. (2020), who posit that unsustainable use of 
natural resources in the absence of effective environmental 
policies can have deleterious consequences on the economy 
and the environment. 

Furthermore, Table 3 illustrates the robustness results 
using the variance decomposition analysis (VDA), which 
measures the degree to which the response variable is ex
plained by the variation in explanatory variables over a 
10-year time horizon (Behera, Sucharita, et al., 2024). The 
VDA results in Table 3 suggest that over the course of a 
10-year time horizon, significant variation in CO2 is attrib
uted to the variation in coal consumption (57%), followed 
by hydro energy consumption (7.56%) and political stability 
(2.38%). These results support the ARDL findings, indicat
ing that coal consumption substantially induces CO2 emis
sions compared to hydro energy and political stability in In
dia. 

IV. Conclusion   

The empirical analysis concludes that hydro energy con
sumption plays an insignificant role in achieving environ
mental sustainability in India, whereas coal energy con
sumption is identified as a major contributor to carbon 
emissions. Therefore, from a policy perspective, there is a 
pressing need to initiate a paradigm shift in energy con
sumption by gradually increasing the share of renewable 
energy in India’s energy mix. Additionally, the government 
should offer tax incentives and subsidies to encourage in
vestment in research and development (R&D) activities 
aimed at advancing India’s renewable energy sector. Fur
thermore, effective policy measures must be implemented 
to raise public awareness about the benefits of using renew
able energy, as this can foster inclusive growth by curbing 
environmental degradation. 

Nonetheless, recognising the limitations and future 
scope of this study, future research can be expanded to in
clude the role of green finance and technological innova
tion, which are essential for mobilising the capital required 
for investment and facilitating technological diffusion in 
the renewable energy sector. More nuanced insights may 
also be obtained by incorporating panel data analysis or 
conducting comparative studies between countries, thereby 
providing relevant policy recommendations, given the ur
gent need to achieve environmental and sustainable devel
opment goals. 

Submitted: January 05, 2024 AEDT. Accepted: February 18, 
2025 AEDT. Published: December 23, 2025 AEDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-sa/4.0 and legal code at https://cre

ativecommons.org/licenses/by-sa/4.0/legalcode for more information. 

Assessing the Impacts of Hydro Energy Consumption, Coal Energy Consumption and Political Stability on …

Energy RESEARCH LETTERS 4



References  

Adebayo, T. S. (2022). Renewable energy consumption 
and environmental sustainability in Canada: Does 
political stability make a difference? Environmental 
Science and Pollution Research, 29, 61307–61322. 
https://doi.org/10.1007/s11356-022-20008-4 

Ali, S., Ying, L., Anjum, R., Nazir, A., Shalmani, A., 
Shah, T., & Shah, F. (2021). Analysis on the nexus of 
CO2 emissions, energy use, net domestic credit, and 
GDP in Pakistan: an ARDL bound testing analysis. 
Environmental Science and Pollution Research, 28, 
4594–4614. https://doi.org/10.1007/
s11356-020-10763-7 

Behera, B., Behera, P., & Sethi, N. (2024). Decoupling 
the role of renewable energy, green finance and 
political stability in achieving the sustainable 
development goal 13: Empirical insight from 
emerging economies. Sustainable Development, 32(1), 
119–137. https://doi.org/10.1002/sd.2657 

Behera, B., Sucharita, S., Patra, B., & Sethi, N. (2024). A 
blend of renewable and non-renewable energy 
consumption on economic growth of India: The role 
of disaggregate energy sources. Environmental Science 
and Pollution Research, 31(3), 3902–3916. https://
doi.org/10.1007/s11356-023-31372-0 

Hassan, T., Khan, Y., He, C., Chen, J., Alsagr, N., Song, 
H., & Khan, N. (2022). Environmental regulations, 
political risk, and consumption-based carbon 
emissions: Evidence from OECD economies. Journal 
of Environmental Management, 320, 115893. https://
doi.org/10.1016/j.jenvman.2022.115893 

Huang, Y., Raza, S. M. F., Hanif, I., Alharthi, M., Abbas, 
Q., & Zain, S. (2020). The role of forest resources, 
mineral resources, and oil extraction in economic 
progress of developing Asian economies. Resources 
Policy, 69. https://doi.org/10.1016/
j.resourpol.2020.101878 

IEA. (2020). World Energy Outlook 2020. International 
Energy Agency. https://www.iea.org/reports/world-
energy-outlook-2020 

Pata, U. K., & Kumar, A. (2021). The influence of 
hydropower and coal consumption on greenhouse gas 
emissions: a comparison between China and India. 
Water, 13(10), 1387. https://doi.org/10.3390/
w13101387 

PIB. (2024). PM Surya Ghar Muft Bijlee Yojana. Press 
Information Breau, Govt. of India. https://pib.gov.in/
PressReleasePage.aspx?PRID=2010674 

Powell, L., Sati, A., & Tomar, V. K. (2023). Coal demand 
growth in India: Pushing peak coal down the Road? 
Observer Research Foundation. https://
www.orfonline.org/expert-speak/coal-demand-
growth-in-india/ 

Ritchie, H., Roser, H., & Rosado, P. (2023a). CO₂ and 
Greenhouse Gas Emissions. OurWorldInData.Org. 
https://ourworldindata.org/co2-and-greenhouse-gas-
emissions 

Ritchie, H., Roser, H., & Rosado, P. (2023b). Energy. 
OurWorldInData.Org. https://ourworldindata.org/
energy 

Sahoo, M., & Sahoo, J. (2020). Effects of renewable and 
non-renewable energy consumption on CO2 
emissions in India: Empirical evidence from 
disaggregated data analysis. Journal of Public Affairs, 
22(1), e2307. https://doi.org/10.1002/pa.2307 

Assessing the Impacts of Hydro Energy Consumption, Coal Energy Consumption and Political Stability on …

Energy RESEARCH LETTERS 5

https://doi.org/10.1007/s11356-022-20008-4
https://doi.org/10.1007/s11356-020-10763-7
https://doi.org/10.1007/s11356-020-10763-7
https://doi.org/10.1002/sd.2657
https://doi.org/10.1007/s11356-023-31372-0
https://doi.org/10.1007/s11356-023-31372-0
https://doi.org/10.1016/j.jenvman.2022.115893
https://doi.org/10.1016/j.jenvman.2022.115893
https://doi.org/10.1016/j.resourpol.2020.101878
https://doi.org/10.1016/j.resourpol.2020.101878
https://www.iea.org/reports/world-energy-outlook-2020
https://www.iea.org/reports/world-energy-outlook-2020
https://doi.org/10.3390/w13101387
https://doi.org/10.3390/w13101387
https://pib.gov.in/PressReleasePage.aspx?PRID=2010674
https://pib.gov.in/PressReleasePage.aspx?PRID=2010674
https://www.orfonline.org/expert-speak/coal-demand-growth-in-india/
https://www.orfonline.org/expert-speak/coal-demand-growth-in-india/
https://www.orfonline.org/expert-speak/coal-demand-growth-in-india/
https://ourworldindata.org/co2-and-greenhouse-gas-emissions
https://ourworldindata.org/co2-and-greenhouse-gas-emissions
https://ourworldindata.org/energy
https://ourworldindata.org/energy
https://doi.org/10.1002/pa.2307

	Assessing the Impacts of Hydro Energy Consumption, Coal Energy Consumption and Political Stability on Environmental Sustainability in India
	I. Introduction
	II. Data
	A. Model Specification and Methodology

	III. Empirical Findings and Discussion
	IV. Conclusion
	References


