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Abstract

India is severely affected by the COVID-19 pandemic and is facing an unprecedented public health emergency. While the
country’s immediate measures focus on combating the coronavirus spread, it is important to investigate the impacts of the
current crisis on India’s renewable energy transition and air quality. India’s economic slowdown is mainly compounded by
the collapse of global oil prices and the erosion of global energy demand. A clean energy transition is a key step in enabling
the integration of energy and climate. Millions in India are affected owing to fossil fuel pollution and the increasing climate
heating that has led to inconceivable health impacts. This paper attempts to study the impact of COVID-19 on India’s cli-
mate and renewable energy transitions through machine learning algorithms. India is observing a massive collapse in energy
demand during the lockdown as its coal generation is suffering the worst part of the ongoing pandemic. During this current
COVID-109 crisis, the renewable energy sector benefits from its competitive cost and the Indian government’s must-run status
to run generators based on renewable energy sources. In contrast to fossil fuel-based power plants, renewable energy sources
are not exposed to the same supply chain disruptions in this current pandemic situation. India has the definite potential to
surprise the global community and contribute to cost-effective decarbonization. Moreover, the country has a good chance
of building more flexibility into the renewable energy sector to avoid an unstable future.
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Introduction

The world’s yearly oil consumption is approximately 35
billion barrels, and the earth is polluted owing to the massive
dependence on fossil fuels, which are not everlasting (Mishra
2022). Scientists have estimated that the energy sector has
consumed about 40% of the world’s oil and, based on this
estimate, it has been identified that oil and gas reserves may
be exhausted in 50 years, while this timeframe for coal is
around a century (Singh 2015). On the contrary, there is
abundant sunlight, water, and wind which are considered as
renewable energy sources and these would not expire over
time. Hence, the dependencies in the electricity generation
on fossil fuel can be shifted towards the power generation

Communicated by Philippe Garrigues.

P< Thompson Stephan
thompsoncse @ gmail.com

Fadi Al-Turjman
fadi.alturjman @neu.edu.tr

Monica Ravishankar
monica.ravishankar @gmail.com

Punitha Stephan
punitharesearch @ gmail.com

Department of Computer Science and Engineering, Faculty
of Engineering and Technology, M. S. Ramaiah University
of Applied Sciences, Bangalore, Karnataka, India 560054

Artificial Intelligence Engineering Dept., Al and Robotics
Institute, Near East University, Mersin 10, Turkey

Department of Computer Science and Engineering,
Karunya Institute of Technology and Sciences, Coimbatore,
Tamil Nadu, India 641114

systems with renewable energy sources and this has been a
recent trend in many countries around the world. However,
renewable energy sources still count as a small percentage
of our energy demands on earth as the shift towards 100%
renewable energy-based generation facilities will only
be possible when these become less expensive and more
accessible. This represents a huge challenge, even in the
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case of ignoring the politics involved while mainly focusing
on science and engineering. The problems can better be
understood by understanding the methods of using energy.
The energy system is considered as one of the most complex
systems and the energy usage around the world is another
complicated part within this complex system. Therefore, it
is important to have solutions for different parts of these
complex systems in terms of transitions towards renewable
energy sources and climate changes. The two most important
factors in our everyday life are electricity and liquid fuels
which means that these two forms of energy sources play a
crucial role in our everyday activities. India is considered as
the world’s third-largest electricity producer and consumer
in the world and this sector is currently being dominated
by fossil fuels. At the same time, liquid fuels play a
primary role in the transportation as well as in the energy
production and these are considered as an important factor
for the economic development. Considering the electricity
proportion of the energy demand on earth, the motivating
factor is that the technology has already advanced enough to
capture all these electricity demands from renewable energy
sources which can be evidenced by looking into individual
sources of renewable energy. For example, the continuous
irradiation from the sun has the ability to generate around
173 quadrillion watts in the form of the solar energy on
earth and this figure is around 10,000 times greater than our
everyday electricity demands (Gupta 2019). From common
sense, it can be said that a huge surface (spanning several
hundred thousand square kilometers) would be required
to supply power and meet the electricity demands for
human beings and other facilities on earth. Another major
roadblock for the effective utilization of solar energy is the
energy efficiency though it can be improved by appropriately
placing solar panels in such locations that will enable them
to receive direct light throughout the day. However, such
facilities cannot be afforded by many people in these suitable
areas. Similarly, the location and availability have very
high impacts on implementing different forms of renewable
energy sources such as geothermal, biomasses, wind, and
hydroelectric. Theoretically, an electrical energy network
connecting the different parts of the globe may empower
the efficient electricity transportation to the locations with
high energy demands. However, the cost of implementing
such a system will be quite high, impractical, and may incur
energy loss when transferred through power lines. Thus, it
is important to construct cost-effective solutions to enable
energy transmission and distribution. Superconductors could
be an alternate solution; however, their maintenance in turn
requires more energy and does not serve the purpose. Thus,
it is important to employ renewable energy storage systems
in an easily portable form. Enabling energy transition
is highly complex as it involves politics, economics, and
technology. There are many governments and businesses
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around the world who are continuously investing in
technologies for harnessing energy from renewable energy
sources. Since renewable energy resources (including the
associated technologies) are getting cheaper day by day, the
relevant industries want to utilize the maximum benefits
from these sources. It is important to analyze the usage of
renewables and impose practical expectations in the future.
Before the COVID-19 crisis and bolstered by the rapid
fall in costs, the renewable energy sector was politically
supported. As recorded in January 2020, India’s renewable
energy generation has grown to 9.46% (Koundal 2020). Most
of these come from wind and solar while mostly used as
electricity. It can be expected to grow fast since many Indian
states have set their renewable energy goals which are aimed
to meet by 2050. The society requires major changes, like
mandates for 100% carbon free energy through measures
such as doubling offshore wind and ending any subsidies for
coal or any other fossil fuels. However, the implementation
issues are owing to the cost since 100% renewable would be
a huge undertaking. It is important to completely connect
our separated electrical grids and figure out the ways to store
wind and solar when it is not windy or sunny. Furthermore, it
is important to find ways to maximize the usage of electricity
on vehicles and manufacturing. The bottom line is that the
usage of renewable energy has increased more than ever
before, but the states and cities are working out the kinks on
their own. Thus, it means there is a long way from any kind
of widespread deployments.

COVID-19: opportunities for saving environment

The coronavirus has taken over as the biggest worry for
many as air pollution (Burns et al. 2022) has dissipated
the virus which has emptied the streets of the world’s
megacities and slowed down the manufacturing. Drastic
quarantine measures implemented by the government
authorities have resulted in significantly cleaner air and
emitting lesser greenhouse gas which is now considered
as a small victory against global warming. Many recent
studies in the literature have discussed the relationship
between environmental pollution and the COVID-19
outbreak (Bashir et al. 2020a). Scientists have long been
sounding the alarm on climate changes. The year 2019 was
the second hottest year on record with the past decades
and the greenhouse gas concentration was at the highest
level in 3 million years (WMO 2019). While countries have
been slowing to act in the face of global warming, many
of them now implemented drastic measures to slow down
the spread of the coronavirus. The climate crisis (Shuai
et al. 2021) is somehow much more abstract than the virus
and it is unpredictable that the number of people dying
because of climate changes. The entire world is currently
focused on mitigating the ill effects of COVID-19. On the
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other hand, there seems an improvement in the air quality
(Ravindra et al. 2022) with nature making a comeback.
However, the current scenario does not guarantee to
permanently eliminate global warming. It is difficult to
make a one-one comparison of two different crises, but
the governments’ reactions to tackle a global emergency
like the coronavirus pandemic, versus decades of global
inaction to solve an equally life-threatening climate crisis,
actually represents the current situation. The effects of the
pandemic are tangible, the people hear or see someone
being infected, getting sick and, in some cases, even losing
their life. And yet climate change is already affecting our
lives, too. Perhaps, if more media covered the climate
crisis like a dangerous disease, governments would take it
just as seriously as this pandemic needed to be taken. For
example, the air pollution caused by excess greenhouse
gases emitted by cars and other human activities. The
WHO has estimated that 4.6 million people prematurely
die every year from respiratory difficulties directly linked
to air pollution.! Patients with respiratory difficulties are
now at greater risk of COVID-19 complications and for
those currently contracting the new disease, unclean air
is very bad news, too. Scientists at Stanford have recently
estimated that a country’s pandemic lockdown (Bontempi
et al. 2022) alone might have saved as many as 77,000 lives
by curbing carbon-di-oxide (CO2) emissions from factories
and vehicles (Jeff 2020). In other words, the coronavirus
outbreak has proven once and for all that there is a strong
link between the economy and health of our planet (Bashir
et al. 2021). To date, climate change is mostly taking its
toll on people who live in the developing world, or on the
lowest income groups of our rich economies. The fact
that many governments reacted so drastically to COVID-
19 outbreak proves that strong economies do have the
structural, financial, and political ability to quickly react
to a life-threatening crisis and that our societies are capable
and empathetic enough to make sacrifices for the common
good. COVID-19 pandemic gives us a unique and historical
window of opportunities to make structural changes needed
to transition towards a fair and ecologically sustainable
economic system. Different governments around the world
are currently at the stage of finding out ways to invest their
emergency funds on critical businesses which were forced
to temporarily close due to COVID-19. Recently, some
highly fossil fuel-based industries, such as oil and coal
companies, aviation, or car manufacturers, are on track to
secure funding from their governments. The government
needs to focus on carbon-taxing to achieve its climate goals
and reduce future emissions. Furthermore, the long-term

U Air pollution. https://www.sciencedaily.com/terms/air_pollution.
htm.

economic funds and incentives must be arranged for less
polluting industries to accelerate the energy transition. It is
highly important to have a long-term investment plan and
defined policy for the energy transition based on renewable
energy sources and this is the best time for transforming
the energy infrastructure goods so that the air quality can
be managed at a reasonable level. If any of these above
sounds familiar, that is because the world has never been
in a similar situation before. During the world’s most
severe economic collapse in 2008 after the Second World
War, no alternatives were identified to a neoliberal system
and no one has proposed to utilize existing solutions for
preparing a comprehensive plan for setting out policies that
can readily be implemented in future crisis conditions such
as COVID-19 pandemic . Though there have been some
proposals, e.g., US or European Green Deals which are
considered as roadmaps for developing a resilient and more
sustainable economic system, these do not consider the
planetary boundaries. However, the economy may go down
the same path as it was in 2008 if these changes related
to the planetary boundaries are not imposed by different
governments around the world. From the recent news in
different newspapers around the world, it can be evidenced
that the economic system is not sustainable yet from the
perspectives of both people and climate. After COVID-
19, our societies will never be the same as we will be
moving to a new normal. The impacts of human activities
on the environment were well known before COVID-19.
Carbon and sulfur di-oxides (two most dangerous gases)
are produced from burning fossil fuels that are used to
generate electricity and these gases significantly contribute
to climate changes at the global level as well as to the air
quality at the local level and India could be a great example
for demonstrating the impacts of air pollution (Pal et al.
2022) at the local level because of burning fossil fuels. In
2018, the Inter-Governmental Panel of the United Nation
(UN) on Climate Change reported that the prolific emitters
need to transition away from fossil fuels and cut carbon
emissions to net zero by 2050 in order to avoid the level
of global warming that could be seriously harmful for the
environment and human health. As different countries
around the world are now passing stimulus bills to
alleviate the financial strain on their economies caused by
COVID-19 pandemic, people are calling on governments,
which drive up to 70% of global energy investments, to
also invest in clean energy transitions (Darius Snieckus
2020). The decision we make now will impact our
environment for around 30 to 40 years and will change
the way the industries are currently functioning. There is
an opportunity to accelerate some of these transitions that
can be done, e.g., the fossil fuel subsidy reform. If fossil
fuel energy prices are low, it is important to reform those
subsidies and redirect them to the green industry.
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Table 1 Factors related to the

e Percentage of the global average energy transition index (ETI) score in 2020 55.10%
energy transition [11]
Number of countries improving their ETI score since 2015 94
Number of countries making steady progress each year since 2015 11
Percentage increase in the average ETI score of countries in the top quartile since 2015 <1%
Percentage of global population using as much energy as the remaining 80% 20%
Expected percentage of decline in the coal power generation globally in 2019 3%

Percentage of young people considering the energy transition speed to be either stagnant or too slow 70%

Impacts of COVID-19 in India

The 30th January 2020 was the first date when India reported
the confirmed case of COVD-19 in the state of Kerala which
was identified as a link with travel history from Wuhan,
China (considered as the source of COVID-19). India has
reported more than 0.2 million cases of COVID-19 (as of 4
June 2020 08:00 IST (GMT+5:30)), replacing China as Asia’s
hotspot (Government of India 2020c). As India enters into
Lockdown 5.0 for reducing the transmission rate of COVI-
19, Indian citizens have been advised to continue actively
exercising social distancing. Based on the prevalence of
COVID-19 infections, more than 700 districts in the country
are currently classified into Red, White, and Green zones
(Nair 2020). The tracking speed and direction of the energy
transition has been enabled owing to the annual benchmarking
of energy systems across the country and further allowing
opportunities to be identified for improvements. The hard-
earned momentum for transforming the energy system to
combat climate changes has been lost due to the economic and
social damages caused by the ongoing COVID-19 pandemic.
In recent times, COVID-19 pandemic has redefined the
economic, political, and social aspects relevant to the energy
transition and it is unprecedented in its scale and speed. To
address this global outbreak, societies are forced to change
and relinquish valuable commodities and freedoms, and such
an effect is required for successfully achieving the energy
transition which could alleviate the storm caused in the energy
markets. COVID-19 has caused severe disruptions of almost a
third of the global energy demand and uncertainties over the
employment prospects of millions of workers in the energy
sector.

Energy transition and energy transition index

The transition of fossil fuel-based energy production and
consumption, especially from coal, natural gas, and oil, into
renewable energy sources that include solar energy, hydro-
power, and wind energy in the energy sector is termed the
energy transition. The major drivers for the energy transi-
tion include the spread of electricity, enhanced energy stor-
age capacity, and rising access to renewable energy in the
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energy mix. According to the Geneva-based World Eco-
nomic Forum (WEF), different factors associated with the
energy transition are provided in Table 1 (World Economic
Forum 2020). It is worth mentioning that the ETI is a rank-
ing system based on facts and intends to allow policymakers
and business people to strategize a blooming energy tran-
sition. Across different countries, the energy systems are
benchmarked annually. The ETT tracks the energy system’s
performance of a country and is used as a global index tool
for decision-making with regard to energy. For an effective
energy transition, ETI integrates social, institutional, geopo-
litical, and macroeconomic deliberation.

Energy transition: facts related to India

As the global energy system has been destabilized, COVID-
19 crisis has put a spotlight on vulnerabilities. The ETI from
this year shows the progress at a slower rate (but surely there
is progress) with more than 80% of countries increasing their
score on the index since 2015. Around 75% of countries
have enhanced their environmental statuses in 2020 (World
Economic Forum 2020). Since 2015, India is considered
one of the very few countries to have steady improvement
on a Global Energy Architecture Performance Index (EAPI)
which was released as a part of the report from the WEF.
The WEEF collaborated with Accenture Strategy (a company
having its headquarter in Ireland) to develop a composite
index, named as the EAPI. The EAPI tracks 18 indicators for
measuring the performance of energy systems. The WEF has
developed the ETI 2020 framework by considering the sys-
tem performance imperatives in conjunction with transition
readiness enabling dimensions as shown in Fig. 1 (World
Economic Forum 2020).

From Fig. 1, it can be seen that system performance
imperatives are presented in terms of the energy security and
access; environmental sustainability; and economic growth
and development within an energy triangle by placing these
factors on three sides. At the same time, transition readiness
enabling dimensions are presented in the form of a hexagon
having six factors that include capital and investment; regu-
lation and political commitment; institutions and govern-
ances; infrastructure and innovative business environment;
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human capital and consumer participation; and energy sys-
tem structure. The ETI is built on its EAPI, which is con-
sidered as its predecessor and it is important to note that the
ETI does not perform benchmarking of countries according
to its current energy system performance but measures its
preparedness for the energy transition.

India is currently facing a big challenge to maximize the
energy access and security indicators though it is showing
gradual improvement in the performance index. India’s
chances of leading the renewable energy capacity chart
are high as it has committed to maximize the solar power

G20 Countries

generation capacity to 100 gigawatts (GW) by 2022 (NewlIn-
dianXpress 2019). India along with China, Italy, and Argen-
tina is one of the major countries with steady improvements
annually. According to WEF, India is ranked as 74th in the
ETI ranking and 15th among G20 countries as shown in
Fig. 2 (World Economic Forum 2020).

Furthermore, India is recognized as one of the emerging
centers of demand while making steady attempts to bolster the
energy environment. Major gains for India have come from the
government-mandated renewable energy expansion program,
now extended to 275 GW by 2027 (Gupta 2019). Moreover,
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the mass procurement of smart meters, LED bulbs, and pro-

grams for appliance labeling have driven important strides

in enhancing energy efficiency and driven unprecedented oil

price volatility and subsequent geopolitical implications.
Thus, the major objective of this research is to:

e analyze the impact of COVID-19 on the country’s renew-
able energy transitions.

e forecast the growth of renewable energy generation.

e analyze the impact of COVID-19 lockdowns on the cli-
mate.

e analyze the impact of partial lockdowns on a country’s
air quality.

The remainder of this paper is structured as follows. The
works related to the impacts of COVID-19 on energy and
air quality are discussed in Section 2. Section 3 presents the
major threats in the energy sector due to COVID-19. Sec-
tion 4 discusses India’s renewable energy ambitions during
COVID-19. Section 5 presents the impacts of COVID-19 on
India’s energy transition goals. Section 6 presents COVID-
19 and its impact on air quality in India, while India’s strat-
egy towards enhancing the renewable energy transition and
air quality is presented in Section 7. Finally, Section 8 pre-
sents the conclusion along with future directions.

Related works

Recently, it has been identified that renewable energy
sources may experience the first annual decline in two dec-
ades as the global renewable power capacity additions in
2020 are likely to fall by 13% year-on-year to 167 GW
(Shumkov 2020). COVID-19 pandemic is directly delaying
and posing challenges for the construction and financing in
the renewable energy sector which has been indicated in a
report released by the International Energy Agency (IEA)
(Iea 2020). The recent Indian Government notifications and
initiatives concerning the impact of COVID-19 on the
energy sector are summarized in Arora (2020). Three differ-
ent policy horizons are differentiated in Steffen et al. (2020)
to assist the energy policymakers with policy frameworks
during COVID-19. The influences of lockdown on the air
quality and water pollution in several cities in the world are
investigated in Saadat et al. (2020). The necessity for new
rules and regulations while considering the socio-economic
and unpredictable environmental aspects of COVID-19 is
also discussed (Saadat et al. 2020). Furthermore, the authors
in Saadat et al. (2020) have discussed the risk of being
affected by COVID-19 and the importance of social distanc-
ing for eliminating the spread of COVID-19. A comprehen-
sive study for the estimation of the environmental effects
owing to COVID-19 epidemic lockdown strategies in Italy
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is presented in Rugani and Caro (2020) using the globally
accepted carbon footprint (CF) indicator. Though the esti-
mated CF includes uncertainties, the authors in Rugani and
Caro (2020) have provided a quantitative analysis of the
degree to which the climate is affected by the lockdown
measures in Italy and the investigation gives an insight into
the relation between COVID-19 spread and air pollution.
The analysis in Manka Behl / TNN / Apr 18 (2022) by the
Centre for Research on Energy and Clean Air (CREA) has
revealed that a drastic fall in Nitrogen Dioxide (NO2) pollu-
tion is witnessed in the major Indian cities and other impor-
tant COVID-19 hotspot areas. This study has revealed that
NO?2 levels are mainly down due to a decline in the con-
sumption of diesel and petrol in the transportation sector;
decline in the consumption of petroleum products and coal
by industries; and drop in the overall power demand and coal
consumption for the power generation. This study also rec-
ommends shifting from a fossil fuel dependent economy to
a clean energy-based system by investing heavily on green
energy solutions, transforming existing transportation sys-
tems towards intensive public transportation systems, and
strengthening emissions standards for polluting industries.
The Central Pollution Control Board (CPCB) has recently
assessed the effects of the lockdown due to COVID-19 over
the water in the Yamuna, the longest tributary in India.’
From this analysis, it has been revealed that important
parameters such as the Biochemical Oxygen Demand (BOD)
which indicates the amount of oxygen needed by the river to
maintain its flow and Dissolved Oxygen (DO) which indi-
cates the oxygen level presented in the river for the survival
of aquatic life, have decreased during COVID-19 lockdown.
However, it was not within the acceptable limits set for the
bathing standards. In all monitored areas by the CPCB, there
was a significant decrease in the level of Chemical Oxygen
Demand (COD) which indicates the existence of industrial
effluents in a water body. However, the domestic sewage
contributes to 80-90% of the pollution load. Thus, the major
positive was the decreased discharge of industrial sewage
and the decline in human activities such as bathing, washing
clothes down by the local river, disposal of solid waste, etc.
The impacts of COVID-19 spread is discussed in® as a
momentary change or long-lasting effect on the pollution
and greenhouse gas emissions across the continents while
the links between high levels of air pollution and the rising
COVID-19 death risks are studied (Khadka 2020). The
hilarious trends in twitter owing to the impact of COVID-19
lockdown are shown in Kohli (2020). The impacts of

2 Central pollution control board. https://www.cpcb.nic.in/.

3 Will COVID-19 have a lasting impact on the environment? https:/
www.bbc.com/future/article/20200326-covid-19-the-impact-of-coron
avirus-on-the-environment.
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COVID-19 pandemic shutdowns are discussed in Levy
(2020) in terms of aiding to decline the pollution and influ-
ence of aerosols over the climate while the same has been
done in Eric (2020) to highlight the impacts on the environ-
ment. Some satellite photos are portrayed in Ghosh (2020)
showing the impact of COVID-19 lockdowns on global
emissions. COVID-19 lockdown is discussed as an unprec-
edented natural experimentation in Welle (2020) for noise
pollution along with the trends in falling down the transpor-
tation during COVID-19 lockdowns that have led to a drop
in pollution levels which has benefitted animals. The impacts
of COVID-19 in terms of ruining weather forecasts and cli-
mate records are presented in Viglione (2020). The oppor-
tunities for capitalizing the moment created with COVID-19
are analyzed in Watts (2020) with respect to delivering
remarkable environmental benefits such as lower carbon
emissions and cleaner air. The dramatic impact of the
world’s largest COVID-19 lockdown on pollution in India is
studied in Watts (2020) which demonstrates the remarkable
fall of NO2 levels in India’s major cities like Delhi, Mumbai,
Bengaluru, Chennai, and Kolkata. Furthermore, the reduc-
tion of air pollution due to the decreased fossil fuel emis-
sions occurring as a result of a slowdown in the transport
sector and emission-related activities is rigorously discussed
in Watts (2020) including the necessity of renewable energy
transitions and India’s investment for a cleaner future. The
relationship of climate indicators with the COVID-19 epi-
demic in New York City is examined in Bashir et al. (2020c)
which clearly indicates that there is a considerable correla-
tion with COVID-19 pandemic and air quality. Another
study in Muhammad et al. (2020) has revealed that there is
a 30% decrease in the pollution levels in COVID-19 hotspots
such as China, the USA, Italy, and Spain. Correlation tests
are performed in Bashir et al. (2020b) to examine the impact
of most significant pollutants on COVID-19 pandemic in
California. All these studies are useful to motivate the regu-
latory bodies to endorse changes for minimizing the adverse
effects of environmental pollutants. COVID-19 measures
have improved the overall air quality which has been
reviewed in Wang et al. (2020). The decreased emissions
from the industry and transportation sector are one of the
major reasons for the overall improvement and the necessity
to control emissions from the residential sector is also dis-
cussed in Wang et al. (2020). The significant relationship
between COVID-19 spread and air pollution is examined in
Zhu et al. (2020) in which the authors have discussed the
positive impact of national lockdown on air pollution. How-
ever, the authors have also examined that the number of daily
confirmed COVID-19 cases is negatively associated with
Sulphur dioxide (SO2). The changes in air quality during
COVID-19 pandemic are analyzed in Li et al. (2020) in the
Yangtze River Delta Region in China. In Li et al. (2020),
lowered human activities are identified as the key factor that

positively affects the changes in the air quality. The study in
Li et al. (2020) has also revealed factors related to residual
pollution in order to control the future air quality. The
impacts of travel constraints on the air pollution are esti-
mated in Bao and Zhang (2020) from where it is found that
the human mobility is one of the main reasons underlying
the significant reductions in the concentrations of particulate
matter (PM)2.5, PM10, SO2, carbon monoxide (CO), and
NO2 by 5.93%, 13.66%, 6.76%, 4.58%, and 24.67%, respec-
tively. The authors in Bao and Zhang (2020) have also inves-
tigated that the government imposed travel bans have
impacted human mobility to drop by 69.85%. A similar
study has been presented in Kerimray et al. (2020) to exam-
ine COVID-19 lockdown effects on the concentration levels
of PM2.5, NO2, and CO which has evidenced that these
levels are reduced by 21%, 35%, and 49%, respectively in
Almaty, Kazakhstan. The study in Kerimray et al. (2020) has
also shown a rise in ozone (O3) levels by 15% while compar-
ing the previous 17 days prior to COVID-19 lockdown.
Similarly, the toluene and benzene concentrations are found
as 2-3 times higher as compared with the same seasons of
2015-2019 Kerimray et al. (2020). The analysis as presented
in Lal et al. (2020) has demonstrated a considerable drop in
NO2, a slight decrease in CO, and a slight to moderate
reduction in Aerosol Optical Depth (AOD) during COVID-
19 pandemic. Another study as presented in Nakada and
Urban (2020) is carried out to examine the impacts of the
partial lockdown due to COVID-19 on the air quality in the
regions of Sdo Paulo state, Brazil which is among the
world’s most populous cities. From the study in Nakada and
Urban (2020), it is observed that there is a 64.8% decrease
in the concentration of CO in the city center while the
decreases in the nitric oxide (NO), and NO2 concentrations
are observed as 77.3%, and 54.3%, respectively for urban
roads. The effects of partial lockdown due to COVID-19 on
the air quality are also studied in Dantas et al. (2020) for
another Brazilian region, of Rio de Janeiro, the second-most
populous municipality in Brazil). In this study, the effects
are analyzed in terms of vehicular as well as industrial emis-
sions and it is found that there have been significant reduc-
tions in such emissions, i.e., the reduction in the CO levels.
At the same time, it is found in Dantas et al. (2020) that the
decline in industrial emissions has also decreased the NO2
levels and during the first week of the partial lockdown, the
region has observed a drop in the PM10 levels. The study in
Xu et al. (2020) has focussed on examining the relationship
between confirmed COVID-19 cases and the air quality
index (AQI) while another analysis in Sharma et al. (2020)
has estimated the impact of human mobility owing to
COVID-19 on the air quality in 22 Indian cities. The authors
in Sharma et al. (2020) have examined that most of the
regions experienced maximum reduction in PM2.5 levels.
While comparing with previous years, this analysis revealed
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a correlation among different Indian cities, particularly in
eastern and northern regions. The impacts on the air quality
in Milan (a metropolis in Italy’s northern Lombardy region)
are assessed in Collivignarelli et al. (2020) due to COVID-19
lockdown on air quality in Milan, a metropolis in Italy’s north-
ern Lombardy region where the trends of 9 pollutants are
meteorologically analyzed for a specific time period along with
relevant comparable time frames. The analysis in Collivi-
gnarelli et al. (2020) has revealed that there are significant
reductions in key pollutants such as PM10, PM2.5, BC, ben-
zene, CO, and NO owing to COVID-19 lockdown. In the more
peripheral areas, the SO2 concentration has been observed to
be unaffected while the decreases in NO levels due to COVID-
19 lockdown increase O3 levels. A study in Otmani et al.
(2020) has examined the impact of Covid-19 lockdown and
analyzed that the concentration levels for PM10, NO2, and
SO2 have decreased by nearly 50% during the lockdown period
in Salé city (North-Western Morocco). The air quality of 4
European cities and 1 Chinese city is assessed in Sicard et al.
(2020) during the COVID-19 lockdown which has revealed
that oxides of nitrogen (NOx) levels in these are substantially
reduced by 56%. A different study in Chauhan and Singh
(2020) had analyzed the impact of lockdown on the concentra-
tion levels of PM2.5 for major cities of the world and this study
indicates a noticeable decline in the levels of PM2.5 in major
Indian cities such as Delhi and Mumbai. In Mahato et al.
(2020), COVID-19 lockdown effects in the regions of Delhi, a
highly polluted Indian city, are analyzed in terms of the con-
centration levels for PM10 and PM2.5 are reduced by 50%
while comparing with the pre-COVID-19 period. Furthermore,
the levels of CO and NO2 are also assessed in Mahato et al.
(2020) which have considerably declined during COVID-19
lockdown. The analysis in Mahato et al. (2020) has shown the
significant improvements in the air quality for the eastern and
central Delhi and it is worth noting that around 40-50%
improvements in the air quality was observed in the 2nd and
4th day of COVID-19 lockdown.

COVID-19: major threats for renewable
energy transitions and air quality

COVID-19 is having a huge impact across the whole energy
sector in both demand and supply sides. On the demand
side, due to the sharp reduction in the energy consumption,
e.g., 10-25% reduction in the oil demand on a global scale
while focusing on individual countries such as Italy (which is
mostly affected by COVID-19 pandemic), it is to be noticed
that the electricity demand was dropped by 13% in the first
week of the first lockdown and gas demand was likewise
dropped by 10% (GECF 2022). There is widespread concern
that the fight against pollution and climate change will have a
negative impact on global renewable energy transitions, both
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short- and long-term. In the short term, hydrocarbon prices
are much lower, so consumers may be inclined to increase
their consumption and delay their transition towards cleaner
technologies such as electric vehicles. Moreover, the pro-
duction of some clean technologies (e.g., solar panels, wind
turbines, batteries, etc.) will further face delays due to the
problems related to the supply chain disruptions. Thus, gov-
ernments should consider these opportunities to step up their
climate ambitions and launch sustainable stimulus packages
focusing mostly on clean energy technologies. In real-time,
COVID-19 has unleashed cascading effects throughout the
economy, including the energy sector and uncertainty over
its long-term consequences. COVID-19 has eroded almost a
third of global energy demand and is affecting every indus-
try in some way or other. The current COVID-19 pandemic
had caused unusual unpredictability in oil and gas prices.
Pre-planned energy projects are being delayed and the
investments are getting stalled, which is affecting the lives
of millions of workers working in the energy sector. Though
short-term benefits are expected due to this alignment, con-
siderable benefits are expected in the long-term. The pros-
perity of the economy is still highly dependent on oil and
gas. In the case of electricity, the security and reliability of
the energy sector are also required to maintain its balance.
The vulnerabilities in the system are highly exposed owing
to the increased risk of cyberattacks, extreme weather inci-
dents, and disturbances to supply and demand balance from
sudden pandemics such as COVID-19, which are harmful
to society on a large-scale. Stability in the energy markets
can be promoted by achieving a balance between security,
reliability, and economic growt. The following are the two
main reasons to act in order to achieve and maintain sustain-
ability in this current COVID-19 pandemic situation. There is
aneed to reboot the pre-COVID-19 energy system by invest-
ing in a revival that could accelerate the energy transitions.
This necessitates the coordination of various solutions such
as the circular economy, improving the efficiency of the cur-
rent energy system, reducing fossil fuel emissions, maximiz-
ing financial assistance for future energy systems, and, most
importantly, shifting the focus to renewable energy systems.
The prospects are promising, as energy-based companies
plan their long-term investments with these solutions in
mind. The collapse in oil prices has greatly reduced the cost
of energy for large-scale energy consumers such as India. The
significance of steadiness in the energy markets is greatly
emphasized by the aggravated COVID-19 disturbance. This
can be mainly achieved by focusing on improving the overall
architecture of the energy system instead of acting based on
immediate requirements. Stability may also be achieved by
taking necessary measures to stabilize the electricity system
along with gas and oil. The frequent priority conflicts can be
harmonized through efficient energy regulatory bodies. Such
measures ensure the market remains competitive and open
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and further help in preparing to tackle the difficulties caused
by any future catastrophic events or a pandemic similar to
COVID-19. Usually, the shifts are gradually driven by global
geopolitics or a country’s political economy. However, the
world is currently facing a sudden fright and it is important to
carefully reboot the energy system for a cleaner environment.

COVID-19 and India’s renewable energy
ambitions

India has set one of the most belligerent renewable energy
ambitions in the world. For several energy policies, India
is considered as a social welfare center. However, India’s
energy model is at risk due to the ongoing COVID-19
pandemic. The existing state of affairs may not remain the
same though it is a too early prediction regarding the deep
structural change in India. Due to this severe lockdown in
recent days, India is heavily hit by the recession, tourism,
spending patterns, and variations in discretionary purchases.
India’s current energy transition may likely be impacted
due to COVID-19 pandemic and there are high levels of
uncertainties over the trajectory being shifted or paused
or prompting radical changes. Considering the 2020 ETI
as shown in Fig. 2, India is ranked almost in the middle
among G20 countries and masked some important details
(World Economic Forum 2020). Globally, the renewable
energy ambitions of India are the most aggressive. India
has set the short-term target to have 175 GW capacity from
renewable energy sources by 2022 that would not require
heavy storage or grid upgrades and this may be upgraded
to 450 GW by 2030 (www.ETEnergyworld.com 2020). At
the same time, many policy interventions are being planned
to push energy storage, electric vehicles, smart grids, and
other upcoming renewable energy technologies and prac-
tices. However, the economic contraction induced by the
current COVID-19 pandemic toppling the priorities of
India’s renewable energy transition is still a big question
that needs to be answered. In recent years, India has received
a lot of international attention owing to its ambitious renew-
able energy goals. Currently, India is producing almost half
of its commercial primary energy from coal, which is the
dominant fuel for the power generation. At least for the
most new electricity generation systems, coal is now being
replaced by renewable energy sources. Importantly, India is
focusing on implementing electric vehicles (EVs). Moreo-
ver, the financial status in India is unsteady though the sup-
ply and demand can be balanced by the electrical grid. One
of the main aspects of the energy policy is the social welfare
redistribution, through which homes and agriculture sec-
tors are cross-subsidized. However, this model is facing high
risk as the overall demand has come down to 25% as many
well-established companies such as the Tata Consultancy

Services (TCS), one of the largest Indian companies, have
planned to establish work from home policies by the end of
2025 (Online 2020). Renewables are the recent investment
of energy generation in India, however, owing to the chal-
lenge of managing the financial liquidity as the capital is of
more concern than the labor. Before COVID-19 lockdown,
India had excess capacity, and the addition of non-renewable
capacity was in the proposal. However, COVID-19 pandemic
has delayed it further from the implementation. The strategic
capabilities and supply chains are highly difficult for many
countries owing to COVID-19. India’s manufacturing capac-
ity is modest as it stands at 3 GW and 80% of our solar cells
and modules rely on the Chinese manufacturers, however, it
is now a concern after COVID-19 pandemic (Times 2022).
On the other side, India’s Make in India movement which
is a local movement that covers 25 sectors of the Indian
economy and it was launched at the end of third quarter in
2014 for encouraging Indian companies to manufacture their
products in India, which has boosted domestic manufactur-
ing and job creations. Coal might be a good suggestion as
it is highly domestic. Though India might strategize their
investments on renewable energy sources as well as batteries
which could highly support the implementation of electric
vehicles in the country. The bold reforms are highlighted in
the proposed amendments to the Electricity Act 2003 (Par-
dasani 2018). The full cost to the electricity has to be paid in
the case of direct distribution of subsidies to the consumers.
Such initiatives would increase the use of separate funds
for implementing renewable energy technologies. However,
50% of the electricity in India would still come from coal
by 2030 (Ali and Tongia 2019). Nevertheless, India should
find ways to clean up coal emissions and prevent health
impacts of air pollution from India’s coal power expansions
(Guttikunda and Jawahar 2014). Therefore, it is important
to combat climate change through clean energy and move
towards efficient energy transition. The main challenge of
implementing energy transition is the lack of willingness
among the largest emitters in the world which include India.

COVID-19 and energy transition goals
of India

According to the Indian Energy Exchange (IEX),* it is
important to address the fluctuating domestic demands dur-
ing COVID-19 in India and ensure sufficiency of power
through energy exchanges (Tomar and Gupta 2020). The
power demand across India is experiencing increased vari-
ation due to the current lockdown. Major disruptions in the

4 Overview. https://www.iexindia.com/Aboutus.aspx 7id=Gy9kT
d80D98%3D&mid=Gy9kTd80D98%3D.
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availability of energy to the critical sector such as healthcare,
communication, etc. might occur in the case of mismatch in
the demand and supply. Considering the ongoing COVID-19
pandemic, the energy transition goals set by the Indian Gov-
ernment are highly influenced by four major factors that are
discussed in the remaining part of this section.: The ongoing
crisis has put the energy transition at high risk and induced
fear that the transition may be completely abandoned. How-
ever, the Ministry of New and Renewable Energy (MNRE)
under the Central Government of India is working for the
quick restoration and continuously making efforts to ease
the movement of materials by issuing enough extension dur-
ing the lockdown period. The ministry is also looking for
different locations to fit enough for manufacturing renew-
able energy technologies. The popularity and advantages of
renewable energy sources, which have gained in recent years,
are diminished because of the downtrend in the electricity
demand and fossil fuel prices. The prices of crude oil have
drastically declined along with coal prices. For example, the
kerosene subsidy in India is reduced to zero in March 2020
and the cost of LPG subsidy came down to nearly zero in
May 2020. To maintain demand and reduce the prices of coal,
the coal ministry has eliminated the surcharges, restrictions
in the quantity, and requirements of an advance payment.
For production maintenance, substituting coal imports, and
promoting sales; the Indian Government is still continuing
its protection on coal as many workers, deprived states, and
dependency of major Indian sectors such as railways on the
economy of the coal. For boosting the revenues from the tax,
the government has increased the excise duty on petrol and
diesel. However, achieving the cost-competitive renewable
energy technologies and benefiting fossils through the Central
Government’s use of tax and subsidy are highly unpredict-
able. The COVID-19 pandemic opens different investment
opportunities, though there is increasing enthusiasm in the
energy transition from the global capital. The current renew-
able energy expansion in India is financially highly supported
by the private and foreign capital and this current support is
going from bad to worse due to this current COVID-19 pan-
demic. The inactive energy assets are also limited to financial
support from the domestic public capital which could affect
the transition towards renewable energy. The space for fresh
renewable energy technologies may probably diminish as
the demand for the electricity declines. The maintenance of
extra power purchase contracts is high for various distribu-
tion utilities. During the initial stages of COVID-19 lock-
down, some states attempted to temporarily reprieve from
the renewable energy plants though the Indian Government
is mandating and providing financial support to ensure proper
functioning. During COVID-19 lockdown, India is continu-
ously providing support for renewable energy through the
completion of tenders for solar power (2 GW). Moreover,
the central may retire older and highly polluting coal-fired
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power stations to make space for implementing renewable
energy. It is important to note that the support for the energy
transition is signaled by the government’s attempts to protect
renewable energy. Moreover, the amendment of the Electric-
ity Act notified in the middle of COVID-19 lockdown clearly
indicates extra protections such as necessitating the national
renewable energy policy. The three most important steps
that may strategize India’s approach towards sustaining the
energy transition are: (a) engaging the politically economic
opportunities, (b) considering state-level constraints, and (c)
allowing the transition pathways to be charted by the states.
The states should support the Central Government as they
take necessary measures for generating financial aids and
other incentives. The energy transition could offer an oppor-
tunity and major support in providing an infrastructure with
clean energy. During recovery strategies for post-COVID-19,
the energy transition should be used as the major force for
rebooting the economy. For example, the decentralization of
clean energy may help health emergencies to be managed
through several health infrastructures. The energy transition
in India is experiencing unpredictability as the electricity
system of India is worsened due to the current COVID-19
pandemic forcing the country into lockdown. Though the
requirement of power generation has dropped out, it is impor-
tant to analyze the performance of other resources associated
with the power generation. A decade back, the world’s power
systems witnessed a dramatic fall. However, the emergence
of renewables has made a significant difference with solar,
wind, and other renewable energy sources were counted as
5% of the total power generation capability of the world in
2009 and in the USA, the net domestic electrical generation
has become 18% in 2019 clearly demonstrating the higher
share of renewable energy sources in the market (Bossong
2020). The year-on-year changes in the power generation dur-
ing COVID-19 lockdown by considering the timeframe in
2019 and 2020 are shown in Fig. 3 for India, US-PIM, South
Korea, and Italy based on the available data in Zhou (2021).

Preventive measures must be taken to restrain the impact
of the renewable energy system and fossil fuel. Such meas-
ures could be a combination of various technologies working
towards the structural restoration of pre-COVID-19 which may
balance and help to build a flexible electricity system in the
future. Thus, incremental and multifaceted approaches which
include restructuring electricity markets, pricing carbon, forc-
ing coal plants to retire before schedule, and the integration
of renewable energy sources may help India to sustain the
energy transition. Figure 4a-d shows the comparison of energy
requirement, energy availability, peak power demand, and peak
power demand met, respectively, between 2019 and 2020.

As compared to Feb. 2019, the energy requirement,
energy availability, peak power demand, and peak power
demand for Feb. 2020 increased by 10.9%, 10.85%, 9.19%,
and 9.27%, respectively. However, as shown in Table 2, there



Environmental Science and Pollution Research (2022) 29:79443-79465

Fig.3 Year-on-year changes
in the power generation during
COVID-19 lockdown by con-
sidering the timeframe in 2019
and 2020

Fig.4 (a). Comparison of
energy requirement between
2019 and 2020 (b). Comparison
of energy availability between
2019 and 2020 (c). Comparison
of peak power demand between
2019 and 2020 (d). Comparison
of peak power demand met
between 2019 and 2020 (e).
PLF in the country (Coal &
Lignite based) from 2009-2010
to 2020-2021
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Table 2 Comparison of energy and power between April 2019 and
April 2020 in India

people driving and flying, the oil consumption has fallen
off a cliff. Global greenhouse gas emissions are 5% lower

Region Drop (%) in April 2020 as compared with April this year than last year (Ambrose 2020) which would be
2019 the biggest drop in history. However, the current situation
Energy (MU) Power (MW) is temporary. In China, the air pollution is almost back to
- — normal while CO?2 is still being added to the atmosphere,
Requirement Availability Peak demand Peak met . . . .
just a little more slowly. The world needs to lower its emis-
Northern India  26.16 26.56 13.71 13.83 sions by about 2.7% each year over this decade to keep the
Western India ~ 22.02 22.02 22.26 22.24 planet under 2 degrees of global warming. That means big
Southern India  19.4 19.4 13.11 12.9 investments may be driven towards renewable energy and
Eastern India ~ 23.9 23.67 25.97 25.85 efficiency. Experts expect that trillions of dollars of govern-
North Eastern ~ 17.48 18.28 13.1 12.48 ment-supported COVID-19 stimulus could help to speed the
India shift towards a greener economy. To contain the spread of
All India 2257 22.66 24.86 249 COVID-19 outbreak in India, the government has imposed
lockdown measures through five different phases in the year
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Fig.5 (a). Concentration levels of the major air pollutants in 2020 (b). India’s annual fossil fuel emissions

is a high percentage drop in energy requirement, energy
availability, peak power demand, and peak power demand
for April 2020 as compared with April 2019.

COVID-19 and its impact on the air quality
in India

According to the 2019 World Air Quality Report, India
has 21 cities with the worst air pollution out of 30 cities
in the world.> COVID-19 lockdowns are clearing the air in
the polluted countries like China and India. With so few

> World’s most polluted countries in 2020 - pm2.5 ranking: Airvis-
ual. https://www.iqair.com/world-most-polluted-countries.
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2020. Phase 1 lockdown was put in place for 21 days (from
the 25th March 2020 to the 14th April 2020) with an almost
complete shutdown of all services and factories. Phase 2
was implemented for 19 days (from the 15th April 2020 to
the 3rd May 2020) with a conditional relaxation only for
COVID-19 contained regions. Phase 3 (from the 4th May
2020 to the 17th May), Phase 4 (from the 18th May 2020 to
the 31st May 2020), and Phase 5 (started from the 1st June
2020 and scheduled to end on the 30th June 2020) were
more relaxed as compared to the first two phases. It is impor-
tant to note that the first two major lockdown phases were
implemented in between March and April 2020. Some of
the major air pollutants (especially, SO2, NOx, and PM10
has been routinely monitored by India’s CPCB and from
such monitoring, it has been revealed that the concentration
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levels of SO2, NOx, and PM10 have dropped by 41.16%,
71.08%, and 42.31%, respectively in April 2020 as compared
to March 2020 as shown in Fig. 5a. Figure 5a also shows
that the concentration levels of SO2, NOx, and PM10 have
slightly increased by 18.81%, 12.5%, and 20%, respectively
in May 2020 as compared to April 2020.

In four decades, CO2 emissions in India have signifi-
cantly reduced due to the impact of COVID-19 which has
slowed down the current economy, and negatively affected
the growth in renewable energy (Myllyvirta 2021). In the fis-
cal year ending March 2020, the fall in the coal consumption
and flattening of the oil consumption have resulted in the fall
of emissions by around 1% (Myllyvirta 2021). Since 2019,
the headwinds already affecting the Indian economy have
been reflected due to the increased generation of renewable
energy and the decline in emissions. Owing to the meas-
ures for combating COVID-19 pandemic, the Indian data
analysis in the entire 2019-2020 financial year has seen a
sudden fall in March 2020. The CO2 emission in India is
expected to fall by 30% in the month of April 2020 as it has
already seen an estimated fall of 15% during March 2020.
As the Indian Government responds to the crisis, there is a
significant chance for shaping India’s longer-term outlook
for emissions owing to the global CO2 impact of COVID-
19 pandemic and key long-term implications for India’s air
quality trajectory and CO2 emissions. The coal is seen bear-
ing the brunt of demand crunch. For the first time in three
decades, the drop-off in March 2020 has pushed the genera-
tion growth below zero in the financial year which ended
March 2020. Throughout the past 12 months, the demand for
thermal power generation was weakened due to lower power
demand growth and high competition from renewables. The
thermal power generation growth has reached an average of
7.5% per year considering the preceding decade (Myllyvirta
2021). The coal sector has amplified the impact on emissions
and resulted in a drastic fall in the total energy demand.
According to the daily data from the Power System Opera-
tion Corporation, the power generation via coal fell by 31%
in the first three weeks of April 2020 which was a follow-up
to 15% fall in March 2020.° On the other hand, the renewable
energy generation observed a minor reduction of 1.4% in the
first three weeks of April 2020 which was a follow-up to the
6.4% increase in March 2020. Mostly at the expense of coal,
the electricity demand in India has been observed owing to
COVID-19. The data on coal supply provides evidence that
the fall in total coal demand extends beyond the power sec-
tor. In the financial year 2019-2020, Coal India Ltd (which
is the main coal producer in India) has seen a fall of 4.3% in
the coal sales whereas the coal imports rose by 3.2% (Myl-
lyvirta 2021). Thus, 2% fall in the total coal deliveries is

5 Home. https://posoco.in/reports/daily-reports/.

signaled the first year-on-year fall in the consumption over
two decades. There has been a sudden 10% fall in coal sales
and a 27.5% fall in coal imports in March 2020 (Pti 2020).
Thus, total coal deliveries fell by 15% which has been in line
with the reduction in the power generation. The coal output
shrinks to 6.5% in March 2020, though a heavy fall in coal
sales has been observed (Chakraborty 2020). This trend has
mainly been due to the lack of demand which in turn forced
a drastic drop in the sale of coal though the mining of coal
has been maintained at a high level. Figure 4e shows the
plant load factor (PLF) in India (Coal & Lignite based) from
2009-2010 to 2020-2021.

Since 2019, the oil consumption in India has slowed
down similarly to the electricity demand. The oil consump-
tion has now increased further owing to the national level
COVID-19 lockdown which has highly affected the transport
sector. In March 2020, with COVID-19 lockdown, the oil
consumption had fallen to 18% (Myllyvirta 2021). With a
slower demand growth at the start of the year and an addi-
tional lower oil demand owing to the ongoing COVID-19
pandemic, the oil consumption has had a very slight increase
of up to 2% which is considered the slowest in the last 22
years (Myllyvirta 2020a). Considering the natural gas sec-
tor, the consumption is predicted to fall by 15-20% during
COVID-19 lockdown though it has been maximized up to
5.5% in the first 11 months of the financial year.” Compared
to the last financial year, the natural gas and crude oil pro-
ductions in India have decreased by 5.2% and 5.9% respec-
tively (Government of India 2020). Over the last financial
year, the refinery production with regard to crude oil pro-
cessed fell by 1.1% (Government of India 2020). Compared
to February 2020, the crude steel production in India fell by
22.7% in March 2020 (PTI 2020). According to the Ministry
of Steel, in comparison to the last year, a fall of 2.2% was
experienced in the financial year 2019-2020 (PTI 2020).
For the first time in four decades, CO2 emissions in India
have experienced a steep fall. For the financial year end-
ing March 2020, the CO2 emissions were estimated based
on the above indicators for oil, coal, and gas consumption
and it is observed that the CO2 emissions are dropped by
30m tons of CO2 MtCO2, 1.4%). It is observed that in four
decades, the emission level of CO2 has seen the first annual
decline. Moreover, CO2 emissions dropped by 30% in April
2020 which is a follow-up to 15% fall year-on-year in March.
According to Fig. 5b, the values for 2009 onwards corre-
spond with financial years ending that March, with the 2020
number showing the fiscal year 2019-20.

7 Petroleum planing & analysis cell. https:/www.ppac.gov.in/conte
nt/152_1_Consumption.aspx.
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Data analysis

The current COVID-19 pandemic is a historic opportunity
for India to recover the economy and accelerate the energy
transition by strategizing their investments. The ongoing
COVID-19 pandemic may control the long-term strategy
of India’s energy usage and emissions along with the cur-
rent impact which it is having over CO2 emissions in India.
India’s renewable energy program could be energized by
directing the post-COVID-19 economic stimulus towards
it.It is important to impose structural changes in the power
sector by providing necessary financial assistance as existing
financial problems in the power sector got worsened owing
to the plunge in the current electricity demand. The stand-
ards and targets could be strengthened by adding momentum
from the currently observed exceptional air quality to the
attempts and measures taken against controlling air pollu-
tion. The country’s policymakers could be further catalyzed,
reinforced, or accelerated by the current COVID-19 pan-
demic. For instance, as stated by the European members to
initiate the recovery through renewable energy programs,
India has also taken measures for supporting such programs.
One of the main motivations of taking such measures is the
affordability of solar offers in comparison with coal and
electricity. With an average of 2.55-2.56 rupees per kilo-
watt-hour, a 2,000 megawatts (MW) of solar capacity was
secured in a recent auction which happened in the middle
of a phase of high uncertainty over the current financial
situation and the performance of the futures market, and
moreover, the auction being conducted during COVID-
19 lockdown period (Myllyvirta 2020b). On the contrary,
India’s prime coal generator, the National Thermal Power
Corporation (NTPC) charged an average of 3.38 Rs/kWh
to a unit of electricity.® Owing to the implementation of
stringent emission standards, inflation, and increased cost
of operation; this is likely to go in an upward trend each
year. Furthermore, the distribution companies were called
by the Indian Government to make appropriate payments
to power generators and impose strict rules to ensure the
operation of current solar and wind projects and this shows
another example of the country supporting the renewable
energy industry during COVID-19 lockdown. For COVID-
19 lockdown period, the deadlines for renewable energy pro-
ject completion were extended by the MNRE which could
prevent the renewable energy developers from any kind of
penalty for missing their timelines. India is also working
towards maximizing the capacity of manufacturing domestic
renewable energy technologies through notifications to dif-
ferent states. Enhancing the industries’ political weights and

8 Ntpc. https://www.ntpc.co.in/presentations/8262/presentation-15th-
analysts-investors-meet-held-mumbai-19082019.

@ Springer

supply chains could assist in strengthening the renewable
energy program by maximizing the domestic supply.

Forecasting renewable energy transition: a case
study with off-grid solar applications

Since ancient times, the Sun has been revered as a life-giver
to our world. The Industrial Revolution taught us how to
use sunlight as a source of energy. India has a tremendous
amount of solar energy potential. India’s geographical area
receives over 5,000 trillion kWh of energy each year, with
most regions receiving 4—7 kWh per sq. m every day.

Solar photovoltaic electricity can be successfully harnessed
in India, allowing for massive scalability. Solar also allows for
dispersed power generation and allows for quick capacity expan-
sion with short lead periods. One of the Indian ministry’s oldest
programs, the Off-Grid Solar PV Applications Program,” aims
to provide solar PV-based applications in locations where grid
electricity is either unavailable or unreliable. The program cov-
ers solar house lights, solar street lighting, solar power plants,
solar pumps, solar lanterns, and solar study lamps, among other
applications. Solar pumps are an important part of the Indian
solar off-grid program because they provide dependable irri-
gation in rural and isolated regions. Solar photovoltaic water
pumping systems may readily satisfy the irrigation needs of
small and marginal farmers’ landholdings. As a result, solar
pumps are being employed to replace the existing diesel irriga-
tion pump. Farmers will have a reliable supply of irrigation,
which will enhance their revenue as well as their general eco-
nomic standing and well-being. Rural electrification and fulfill-
ing other energy demands for electricity, heating, and cooling
in both rural and urban regions would benefit from off-grid
decentralized and low-temperature applications. Solar is the
most secure of all energy sources in terms of energy security
since it is readily accessible. A small percentage of total incident
solar energy (if caught efficiently) might theoretically fulfill the

entire country’s electricity needs.

Forecasting tools (Kariniotakis 2017) for renewable
energy give useful information about the projected changes
in energy generation in the near future. Renewable energy
is becoming a larger part of the energy mix as fossil fuel
supplies are depleted, and worries about climate change
grow. Because solar, wind, wave, and hydro energy are all
heavily reliant on weather, their growing penetration will
result in significant variations in the power pumped into the
electricity system, which must be regulated. For the easy

9 Solar off-grid. https://mnre.gov.in/solar/solar-offgrid.
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Fig.6 (a). Predicted number of off-grid solar applications (b). Predicted Stand Alone Power Plants (kW)
Tablg 3 ‘Forecasting off-grid Year Street Lighting Home Light Solar Lantern Solar Pumps Stand Alone
applications Power Plants
(kW)
2016 387632 1285877 996931 61834 150001.44
2017 464103 1407209 996931 114878 176847.36
2018 605249 1647821 3074002 171228 185900.07
2019 659218 1715214 5823800 237120 212054.17
2020 15029 1721343 7529365 256156 214565
2021 830373 1723479 7948219 286830 216407.67
2022 587247 1938529 10132680 353791 241842.77

integration of significant volumes of solar, wind, wave, and
hydropower into the grid, as well as the profitability and
efficacy of such renewable energy projects, reliable, high-
quality predictions of renewable power output are required.
Table 3 shows the forecasting of Off-grid applications for
the year 2022 using Prophet (Mitchell 2021; Satrio et al.
2021), a procedure for forecasting time series data. Time
series forecasting may be difficult due to the numerous
techniques available and the numerous hyperparameters
associated with each approach. The Prophet algorithm is
built to discover a solid combination of hyperparameters
to generate accurate forecasts for data with trends and sea-
sonal structure. The prophet!? is utilized in a variety of
Facebook apps to generate accurate forecasts for planning

10 Forecasting at scale https://facebook.github.io/prophet/.

and goal-setting. In the vast majority of situations, it is
found to outperform any other strategy (Satrio et al. 2021).
Outliers, missing data, and abrupt changes in the time
series are handled efficiently using Prophet. For the year
2022, Fig. 6a shows the predicted number of off-grid solar
applications, and Fig. 6b shows the predicted Stand Alone
Power Plants (kW) using the Prophet algorithm.

It is observed that Street Lightings, Home Lights, Solar
Lanterns, and Solar Pumps are expected to increase up
to 18.97%, 22.42%, 130.56%, and 88.18%, and as com-
pared to the average number of units installed during
2016-2021. Also, the Stand Alone Power Plants (kW)
are expected to increase up to 25.55% compared to the
average Stand Alone Power Plants (kW) recorded during
2016-2021.
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Fig.7 PM2.5 concentration analysis in different parts of Bengaluru
City during Phase 1 lockdown due to COVID-19

Air quality analysis: a case study with Bengaluru’s
partial lockdown

COVID-19 has influenced nationwide lockdowns that in turn
allowed the air to be cleaner than before and led to a drop
in the air pollution in major cities. For example, the World
Air Quality Report issued by the World Health Organiza-
tion (WHO) in 2019 has assessed PM2.5 of top cities across
the globe from where it is found that Bengaluru, known as
the Garden City of India and home to Information Technol-
ogy Hubs, has had an annual average of 32.6 micrograms
per meter cube while its standard value is 10 micrograms
per meter cube (NewIndianXpress 2020). The main rea-
sons behind such a high value of PM2.5 are emissions from
vehicles, construction activities, poor traffic monitoring and
management of traffic, etc. During Phase 1 lockdown due to
COVID-19, the PM2.5 levels in major regions of Bengaluru
have largely been under the acceptable limits in 2020 as
compared to the same period in 2019'! as shown in Fig. 7.
The lockdown in several Indian states resulted in the shut-
down of power plants, transportation, and other businesses,
resulting in a significant reduction in pollution concentra-
tion levels. Beginning in June 2020, services were restored
in phases in India. “Unlock” was the name given to it. The
government confirmed that the country’s complete lock-
down had ended and that the ‘unlock’ process had already
begun. The lockdown was lifted in various zones with mul-
tiple relaxations. For most days from June 2020 to August
2021, the government imposed a partial lockdown on week-
days with severe travel restrictions and a partial/complete

' National air quality index. https://app.cpcbeer.com/AQI_India/.
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lockdown on the weekends in many states such as Bengaluru,
India. Many non-essential business operations were be shut
down in a desperate attempt to stop the spread of Covid-19
infections. Markets all around the city were compelled to
close their doors. On weekdays, stores and institutions sell-
ing non-essential items, multiplexes, shops, malls, theaters,
water parks, and clubs have been closed as part of the “partial
restrictions.” During partial lockdown in Bengaluru, buses,
taxis, and other forms of public transportation were permit-
ted to run at 50% of their capacity. Many private automobiles
were only allowed for necessary purposes. Restaurants were
allowed to provide takeout on weekdays and home delivery
on weekends. Only takeout was allowed in stand-alone liquor
vends and only on weekdays. Private offices in critical areas
such as banking, insurance, medicine, water, and electricity
supply were permitted to function from their offices, while
government offices dealing with the pandemic were fully
operational. Malls, movie theaters, gyms, and swimming
pools were all closed. Marriage, funerals, and public gather-
ings were prohibited with tight restrictions. Metro rail and
bus services were permitted, but with strict social distancing.
Curfews were set at night to prevent needless movement. All
facilities in the necessary commodities supply chain were
allowed to operate, including wholesale and retail of such
items through local shops and e-commerce firms. Restric-
tions like officials requiring ID cards for office work and stu-
dents taking exams were required to present entrance tickets
as a transit permit. The operation of all industrial operations,
industrial enterprises, and production units was permitted.
The employees were allowed to walk about by displaying
ID cards supplied by the respective industries. All types of
building and civil repair work were allowed. Outside the con-
finement zones, all agricultural-related operations, including
stores and godowns, were allowed to operate. Most govern-
ment agencies were urged to work from home. All health-
related services remained operational, including AYUSH and
veterinary facilities.

This section aims to study the impact of partial lock-
downs on Bengaluru’s air quality levels. We are primarily
interested in the impact on specific air pollutants, such as
PM2.5, PM10, and NO2.

Bengaluru has greater air pollution than some of the
most polluted cities in the United States. Construction and
automobile traffic are the villains in this metropolis (Anien
2021), unlike Delhi, another heavily polluted Indian city
where stubble burning, in addition to vehicular and indus-
trial pollutants, contributes to air pollution. Air pollution is a
major problem in India. In India, one out of every eight fatal-
ities is caused by this disease. Because of air pollution, life
expectancy has been reduced by an average of 5.25 years.
Bengaluru witnessed an 80% increase in respiratory dis-
eases between 2015 and 2020. The most polluted people are
those who ride two-wheelers, street sellers, and construction
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Table 4 Climate factors affecting air pollutant concentrations

Climate Features PM2.5 PM10 NO2

T: Average Temperature 0.03664602 0.03316525 0.04767059
(°0)

TM:Maximum temperature
°0)

Tm: Minimum temperature
(°O)

H: Average relative humid-
ity (%)

VM: Maximum sustained
wind speed (Km/h)

VV: Average visibility (Km) 0.21300068 0.22666861 0.28990238

0.43246175 0.41633132 0.23890303

0.01763994 0.03148776 0.01931601
0.09971398 0.0960497  0.21996907
0.0800367  0.08955058 0.09324564
0.12050093 0.10674678 0.09099328

V: Average wind speed
(Km/h)

Fig.8 Correlation values
among different features

workers. Bengaluru’s major pollutants are PM10 and PM2.5.
Unlike Delhi, Bengaluru contributes more to air pollu-
tion through transportation. According to research by The
Energy and Resources Institute,'> PM10 is mostly caused by

12 Creating innovative solutions in energy, environment and sustain-
able development to accelerate india’s transition to a cleaner future.
https://www.teriin.org/.

transportation (42%) and road dust (20%). Because vehicular
activity stirs up road dust, a considerable portion of the 20%
should be allocated to transportation, bringing transporta-
tion’s contribution to over 50%. While particle matter (PM)
continues to be the focus of attention due to its role in rising
air pollution levels, nitrogen dioxide (NO2) is often ignored.
Smog’s reddish-brown color is caused by NO2, a toxic gas
that reacts with other pollutants in the air to form ozone,
which causes respiratory illnesses such as asthma. Experts
(Contributor 2020) have expressed concern about the ris-
ing levels of NO2 in Bengaluru, citing vehicular traffic and
garbage mishandling as the major causes. Vehicles, garbage
burning, agricultural soil management, and industrial waste
all contribute to the production of NO2 in Bengaluru. The
burning of fuel by vehicles is mainly causing a rise in NO2.
Short and long-term exposure to ambient air pollution can

Feature-correlation (pearson)

08

0.6

-04

-02

-0.0

decrease lung function, respiratory infections, and asthma
exacerbation in both children and adults. This section aims
to study the impact of the stringent measures taken during
the partial lockdown on the air quality. The dataset is down-
loaded and imported from Tutiempo Network (2015). It pro-
vides data from Jun. 2020 - Aug. 2021 (partial lockdown
period) on average hourly measurement of key air pollutants

@ Springer
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(@)

Fig.9 Prediction of most important features

in Bengaluru city. Using regression analysis, this dataset is
utilized to estimate the level of pollutants, namely PM2.5,
PN10, and NO2, depending on key parameters. As shown
in Table 4, the dataset includes seven key features, namely
T, TM, Tm, H, VM, VV, V that aid in air quality predic-
tion. The contribution of different features in assisting the
prediction of the pollutant levels are shown in Fig. 8 as well
as recorded in Table 4. The dataset is first preprocessed with
appropriate approaches to eliminate inconsistent and miss-
ing valued data, and the required features from the dataset
are then picked for better results. The dataset is then divided
into train and test datasets in order to assess the model’s per-
formance. For reliable findings, the generated data sets are
examined using 37 regression analysis techniques. Regres-
sion analysis is a predictive modeling approach that explores
the relationship between independent (T, TM, Tm, H, VM,
VV, V) Table 4 and dependent (PM2.5, PM10, NO2) vari-
ables. Pearson Correlation [100] is used to determine the
correlation among the different features as shown in Fig. 8.
Figure 9 shows the important features extracted using
ExtraTreesRegressor (Reza and Haque 2020).

The prediction results and the key performance metrics,
namely Adjusted R-squared (R? 4)» R-squared (R?), Root
Mean Square Error (RMSE), algorithm running time (z,),
and prediction results (4,,) of all the 37 regression models
are shown in Table 5. Considering the key performance met-
rics, KNeighborsRegressor (Tunkiel et al. 2022; Yasir et al.
2022) has given the best prediction results of 79.94 ug/m?,
46.36 pg/m3, and 8.86 ppb for PM2.5, PM10, and NO2,
respectively. The average pollutant levels recorded during
the pre-lockdown period (measured from Feb. 2019 to Feb
2020) for PM2.5, PM10, and NO2 are 99.96 pg/m3, 58.65
ug/m3, and 18.17 ppb. Thus, the pollutant levels of PM2.5,
PM10, and NO2 are less than 20.04%, 20.95%, and 51.25%
compared to the corresponding levels recorded during Feb.

@ Springer
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2019 to Feb. 2020. As seen, the significant drop in NO2
levels is attributed to the reduction in vehicular movements
due to stringent measures taken by the government during
the period of partial lockdown. This study raises public
awareness about the impact of poor air quality on people’s
health and supports environmentalists and the government
in developing air quality standards and regulations based on
hazardous and pathogenic air exposure and health-related
risks to human welfare. As a result of less human activity,
the amount of air pollution in Bengaluru decreased consider-
ably throughout the partial lockdown periods. According to
this study, air quality can be improved if rigorous procedures
are applied, as seen during the partial lockdown. Other vehi-
cles, such as jeeps and taxis, play a larger role in the vehicle
fleet than other vehicles. In Bengaluru Urban, they account
for roughly 21.5% of all cars. Over 35% of them run on
diesel, which is a more harmful fuel.

The air pollution level and CO2 emissions have been
observed to decline over the past year. There is a sense of
belief among policymakers and the public that, with appro-
priate strategic measures, there is a definite chance of achiev-
ing cleaner air in India with the lockdown enforcing no taxis,
no passenger trains, no flights, and only a few industries
under-functioning, which are the major causes of India’s
CO2 emissions. Additionally, if the government considers
taking measures to improve air quality standards, emission
levels could further be reduced. With an aim to minimize
air pollution levels by 20-30% across 102 cities by 2024
due to public demand, the National Clean Air Programme
was introduced by the Indian Government.'® The 2009 Air
Quality Standards imposed by the Indian Government for the
maximum permissible limits for pollutants require reassess-
ment to improve its standards as there are reports regarding

13 India National Clean Air Programme. https://urbanemissions.info/
blog-pieces/india-ncap-review/.


https://urbanemissions.info/blog-pieces/india-ncap-review/
https://urbanemissions.info/blog-pieces/india-ncap-review/

79461

Environmental Science and Pollution Research (2022) 29:79443-79465

$89  L00 1€ 80  SLO L6OF 800  8FI  LFO  I¥0  EFIL 800 ISE€C IS0 9¥0 (0Z0T "T¢ 19 212 10SSRIFOYIVSNVY
8T8 810 8T T80 80 TS 810 98El €S0 640 TIPL 610  9€E€T SO L¥O (1Z0T T8 19 MEID) 10SSAITOPISUOJWOpUELY
€8 700 8€€  PLO 10 TISH 00 pIFL IS0 KO  ¥6EL  T00  $9TT  SSO ¢'0  (800T JOWWNZS PUE OEZUEY) J0SSUFOYUOSSIOd
1Ty 00 8¥E  TL0 690 LI'SE 100  €LI  LTO 0 1001 TO0  LTT  ¥S0 §'0  (Q0ZOT ‘T8 10 DI[BIN) 105521800AIss2155 yoATssEd
SE'8 T00  60€  8L0  9L0 PLVR €00 IEFI S0 K0 96€L SO0  €€T IS0 L¥O (810¢ MueA[ey| pue [ruuwmey)
ADNNsIg3uryojeNeu03oyII0
L1'8 200 eLY 610 o eLvy 100 42! wo Se0 creL v00 §C9c 6¢0 £e0 (T10T 'Te 10 Suep) INSINGSUTYIIENRUOSOYLIQ
cLL SO0 £8'C 80 80 ovvr SO0 LYyl 610 70 LS'TL €00 €L'ST 840 ge0 (610C duoeIRq) YASOIN
96°'L 1L0 9T’ SLO eLo0  eTvy  IL0 8691 €0 €C0 96'CL 1L0 9ve  900— LI'0— (¥107 weyeIqy pue e[[eIqen) 10ssa13oyd TN
86'I1 200 e 6L°0 LLO 6905 100 SEVI (] 940 ¥8'¢L 100 96°¢C IS0 90 (10T U] pue o) YASTedUI]
9C'8 100 16C 80 8L0 08vy 100 LTl 19°0 LSO ¥9'eL 100 9°1C 650 60 (120T 'Te 30 AIQWOSIUOIA]) UOISSAITYIeaul]
€8 200 cre 8L0 SLO 08ty 200 9LCI 190 960 ¥9eL 200 L'1T 860 S0 (00T 'Te 10 ory) DIsreTosse]
97’8 €00 96'C 80 8L0 08%y ¥00 eLCl 190 LSO ¥9eL  ¥0°0 9'1¢ 650 S0 (610T 'Te 10 BAKYT) ADSIETTOSSE]
S6'L 100 199  100— I1I'0— II'ty 100 £0¢ 0 10— 8¢'¢L 100 66°0¢ SIo 900 (T10T "Te 32 Tes()) sreJosser]
8C'8 110 L6'C 80 8L'0 06vy SI0 S6'CI 650 §s0 98'¢L SI1°0 SL'IC 860 S0 (610C ueyZ pue IA) ADOSSe]
¢e'8 €00 g'e Lo 690 0OI'Sk 200 9TVl 1670 90 8CvL 700 1v'ec 16°0 90 (800€ ®BIIoSED pUE YIBd) OSSE]
0e€8 €00 I'e 8L0 9L'0  88%F 800 9TVl 1670 90 SEYL 800 ceee [43V) LY0 (10T 'Te 10 ueyeunfuejy) ADsIe]
62’8 200 18¢C 80 80 o6LSy 00 Sy'ey  8Se—  SOV— vI'eL €00 90°¢€¢ €50 8¥°0 (110 "Te 39 oY1) sTe]
988 100 ¥S'C ¢80 $8°0 9¢9¥ 00 evel 290 650 v6'6L 100 £9°0C 290 860 (0T0T 'T& 10 [o1ed) 10SSITAYSI0qUSION
8I'8 200 vL8  9L0— v6'0— 9Svy <00 er'sy  voe—  Svv— IveL  ¥00 L9¢L  18°¢— 1Y~ (E10T JA0A) a3pry[ouray
178 €00 6'C 80 8L'0 9vvy €00 96Tl 290 860 10€L €00 L9°0¢ 290 860 (80TOT 'Te 10 DY[EJA]) 108SIZYIqNH
6Cc8 V10 8'C 80 80 LI'SY 610 LLET 60 670 ocvL  SI°0 6€°¢C 1670 90 (120T 'Te 10 ueserty)
HOwaHWQMMﬂﬂwOOm—uﬁom—uﬁhmvuwmm
8C8 110 8'C 80 80 vI'sy 800 [4: 33! 60 6v°0 0TvL 1o V'eT 1670 90 (810€ "T& 10 I'T) J0SsAIZAYSUNSO0gIusIpeIs)
8T8 00 8¢ 280 80 vI'st €00 (4531 60 6v'0 0ocvL €00 'eT 1670 90 (LT0T "Te 19 o1AOUSWRIS)
HOme&MOmeQOOHQENmmmSNO
§c8 100 (A0 % £€9°0 650 LI'SY 100 i iad! 61°0 70 98vL 100 cLee 0 S (10T ' 10 or]) Jossardayewuwer
8C'8 110 8'C 280 80 vI'Sy 110 (4531 60 61°0 ocvL  11°0 V€T IS0 910 (0T0T onbey pue ezay) 10SsAITOYSILLNXH
62’8 800 70'¢€ 6L0 LLO  VvO'SY  LOO 86°¢l €50 8¥°0 eSyL  LOO 18°C¢ S0 610 (120T 'Te 10 peeIeQ) ADINPUSE[H
ye8 100 8¢ 99°0 290 <I'sy 100 7ad! S0 S0 68vL 100 29°¢C 1670 S (110C sueH) 1oNdnse[q
S6'L 100 199 100— II'0— CI'ty 100 £0¢C 0 1Io— 69°¢cL 100 sLee 100—  I1°0— (100T 01-uemy|) JossarSoyAurung
68 100 8¢ 80 80 SI'sv 100 (453! S0 61°0 vl 100 ¥'eT 16°0 90 (120T 'Te 10 ©1dnD) 10S$2IFOYIRLLUOISIA(T
L8 100 €0'¢ 6L°0 LLO  VvO'SY 100 6011 0 LYo LO¥YL 100 £8°CC 60 6v'0 (020t Suex pue Suex) a3pryjuerseleq
w8 100 S6'C 80 8L0 8Yr €00 [484! [43\] LYo 0L €00 61°¢C 160 9°0 (810¢ Tewny pue e[ekipey)) Iossarsoysursseq
78 €00 yTe 9L°0 €L0 TSy €00 SLEl S0 61°0 LyvL €00 LTYC 8¥°0 w0 (610T 'T& 12 Ysy-[V) 10SSaI30Y1500gEPY
‘A mswa A T MM aswa A W MM mswa oo W
CON OTINd STINd S[9PON

SwyILIOS[e UOISSAIZAL YIIM S)[NSal 159} uonorpaid syuenjjod G d|qel

pringer

a's



79462 Environmental Science and Pollution Research (2022) 29:79443-79465
gle v g = health issues emerging from low concentrations of pollutants
T|6| 6 G 6 % (Vodonos et al. 2018) and needs to be benchmarked with the
guidelines provided by WHO (2019). In spite of the flatter-
= = N = N . .. .
~lSl2 S8 S ing conditions for boosting the renewable energy sector, the
government may not restrict coal generators from operation
%J I I and is still expected to meet the basic demands even after
~ slas 22 the COVID-19 lockdown period.
[o) — v
P el :
eSS Conclusion
o — . . .
% ) E § § § 2 Over the past six years, only few countries have steadily
progressed on the annual ETI which proves the challenges
R A and complexities involved for a successful energy transition.
SF|IIS I India’s energy transition can be unlocked through efficiently
al o - strategizing technology development, investment, capital,
S = === political commitment, and regulating energy policies along
with redeveloping standards. Machine learning techniques
2 A1y o were used in this work for pre-COVID and post-COVID data
Z|ole X d= analysis and forecasting. Through the analysis, it is observed
that renewable energy sources are expected to increase in
I A R e the post-COVID era as the pandemic has triggered a transi-
Sleleceee tion for the better. Partial lockdowns were imposed, leading
= to partial interventions in public transportation and office
E oy g E gr_ E i operations while the economy was not adversely affected.
Analysis of air quality during the partial lockdown suggests
2lgaz a massive improvement in pollutant levels. Thus, govern-
S|l g ow ments should be encouraged to develop a system that can
balance the economy as well as the environment’s stabil-
s|38 83 ity. There is a growing concern about India’s efforts to
S jol o ©o ©o o . . . . . .
strengthen their climate plans in this decade, considering
o nlo s g s their ability to withstand the impact of the economic slow-
E dlgw s s down. The COVID-19 pandemic has led to less road traffic
and the closure of factories that have shrunk the demand
Ol o = o o for coal and other fossil fuels. It may be the case that emis-
o | v = . . . . . .
X |lo|loc s o o sions may decline and the air quality may improve in 2020.
“ On the other hand, the reduction in emission levels is not a
%‘ BRI TSRS reason to rejoice as it must be highly influenced via efficient
A~ clece =< energy policies. Though the decade has begun in the worst
possible manner due to the COVID-19 pandemic, the cur-

S rent situation also offers an opportunity to consider different

& strategies for stabilizing the energy markets and encouraging

Q .

25 the use of renewable energy for a cleaner India. The gov-
~ ; § ernment should ensure that the post-COVID-19 renewable
§ § 8 < energy systems sustain the expansion of a more prosperous
=29 2 g environment and build communities more resilient to future

g E g ;‘-:0 é pandemics and climate shocks.
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