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Abstract: Just after the Indian government issued the first lockdown rule to cope with the
increasing number of COVID-19 cases in March 2020, the energy consumption in India plummeted
dramatically. However, as the lockdown relaxed, energy consumption started to recover. In this study,
we investigated how COVID-19 cases affected Indian energy consumption during the COVID-19
crisis by testing if the lockdown release had a positive impact on energy consumption and if
richer regions were quicker to recover their energy consumption to the level before the lockdown.
Using the autoregressive distributed lag (ARDL) model, the study reveals that a long-run relationship
holds between the COVID-19 cases and energy consumption and that the COVID-19 cases have
a positive effect on Indian energy consumption. This result indicates that as lockdown relaxed, energy
consumption started to recover. However, such a positive impact was not apparent in the Eastern
and North-Eastern regions, which are the poorest regions among the five regions investigated in the
study. This implies that poorer regions need special aid and policy to recover their economy from the
damage suffered from the COVID-19 crisis.
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1. Introduction

The COVID-19 pandemic has forced governments around the world to impose tough restrictions
on daily life to prevent the spread of the virus. With these restrictions, roads and airports are nearly
empty, shops and restaurants are closed, and industrial activities are largely at a halt worldwide.
As strict lockdown was imposed all over India from 25 March 2020 to May 2020, a significant decline
in power demand was seen, a nearly 20% to 40% drop. Conversely, this declining trend started to
reverse from May 2020. According to Pillay [1], the rate of the demand for energy depreciation has
recovered from 22% to 17%, and residential demand emerged compared to the industrial demand in
May compared to April.

India’s power consumption shrunk 9.24% and 22.75% in March and April, but this slump in
power consumption narrowed down in May to 14.16% [2,3]. The Economic Times [4] suggests that
this recovery of the energy demand is related to the government starting to implement relaxations
for economic activities and the increased use of air conditioners as the temperature soared beyond
45 degrees Celsius in May. The country’s electricity consumption fell by nearly 19% on 3 April 2020,
and coal-based power generation reduced by 26% in the two weeks just after the lockdown began [5],
but levels of electricity demand recovered in late May as the lockdown relaxed.
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The International Energy Agency (IEA) [6] asserts that the reduction in the energy demand
after the lockdown occurs due to a decrease in the demand from the service and industry sector,
but a study shows that the domestic household consumption tends to increase during the lockdown [7].
However, the amount of energy consumed in the service and industry sector exceeds the household
use, and thus lockdown, in general, has a negative impact on energy consumption. Therefore, in many
countries, the energy demand plummeted after the lockdown as the level of industrial activities shrunk,
and it only started to surge when business restarted as restrictions relaxed.

The outbreak of COVID-19 is indeed causing dramatic impacts on energy consumption as
explained above. However, since the world is still far from controlling the pandemic, not much is
known about how the increased number of COVID-19 cases is affecting energy consumption. To shed
light on this issue, we examined how changes in the total number of COVID-19 cases influenced energy
consumption by investigating cases in India. As of 12 June 2020, India is ranked fourth in the world
in terms of its COVID-19 caseload and is one of the most populated countries among the emerging
economies. Hence, understanding the effects of the COVID-19 cases on energy consumption for India
provides valuable information for other developing countries struggling to supply energy effectively
during the COVID-19 crisis and seeking to implement energy policy plans afterward. The current
study is innovative as we investigated how COVID-19 cases influenced energy consumption not only
at the national level but also at the regional level. We compared and found out whether income gaps
among the Indian regions led to differences in the way their energy consumption was affected by the
COVID-19 cases.

In many countries, lockdown measures have softened as the growth of new COVID-19 cases
declines. This was also the condition of lockdown release in India, but in India, the relaxation process
was conducted gradually by extending the lockdown five times [8]. Although the number of cases itself
continued to increase during each successive lockdown period, the growth rate of the cases slowed
down, and regulations have been relaxed as time passed from the first lockdown rule (Lockdown 1.0)
on 25 March 2020 to the latest Lockdown 5.0 extended on 1 June 2020 [8,9]. Hence, we expected that the
changes in the number of COVID-19 cases had a positive impact on energy consumption, and based
on this anticipation, we stated the following hypothesis.

Hypothesis 1 (H1): As lockdown measures are relaxed, energy consumption in India is inclined to increase to
levels before the lockdown.

As half of India’s annual power consumption comes from industries and offices, we conjectured
that an increase in energy consumption after the lockdown release would be more apparent in regions
with a higher income level, since most of the major industries and large companies in India are located
in these regions. Thus, the following hypothesis was also tested in this study.

Hypothesis 2 (H2): Regions with higher income levels are quicker to recover their energy consumption to levels
before the lockdown.

Pachauri [10] identifies that in India the household income level is the most important factor in
household energy consumption. Therefore, it is likely that the economy of regions with low average
energy consumption is more susceptible to the impact from the COVID-19 crisis, and we hypothesize
that these regions are slower to recover their energy consumption.

Studies have investigated the impact of COVID-19 on air pollution [11,12], but as yet, no studies
have examined the effects of the COVID-19 pandemic on energy consumption, which is an important
issue for countries like India that are on the verge of development.

In the next section, we discuss the previous studies relevant to the study. The third section
describes the methods of the study, and the fourth section displays the results and provides discussions
based on the results. Finally, we conclude in the last section.
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2. Literature Review

The current pandemic situation has made remarkable socioeconomic, health, and environmental
impacts due to the imposition of strict restrictions worldwide. There was an immediate positive effect
on global CO2 emission, which dropped by 17% in April 2020 compared to the average emission level
of 2019 [13]. NASA released an image on 21 April 2020 that showed aerosol levels at a 20-year low for
this time of the year in Northern India, an area that is among the most highly polluted regions of the
world [5].

On the economic side, the creation of a global recession due to COVID-19 is unavoidable.
The impact of the current pandemic on economic activity and energy demand has been unexpectedly
severe compared with the 2008–2009 financial crisis [14,15]. A recent study of the impact of COVID-19
on household energy and food security in Kenya showed that 25% of the respondents are paying
more for primary fuel than they would under normal conditions [16]. Another study highlights that
shutting down all modes of travel has caused a massive fall in the crude oil price [17]. Governments are
implementing huge stimulus packages for these sectors to recover from the damage [18].

COVID-19 has an especially adverse impact on the energy sector directly and indirectly. A study
on crises and opportunities in terms of energy and artificial intelligence (AI) technologies during the
COVID-19 pandemic for India found that the decline in electricity demand has directly resulted in
a decrease in the use of coal by power plants [19]. India’s energy demand fell 26% within 10 days after
imposing lockdown [20]. This drop is much larger than the average global energy demand reduction
of 6% [21]. Another study observed that before starting the lockdown, the daily energy consumption
across the country attained a greater magnitude of around 3500 GWh. Then, its consumption started
to fall and reached near 2500 GWh on 1 April 2020 [22].

Quite a few studies investigate India’s economic growth and energy consumption. For example,
Nain et al. [23] examine the short-run and long-run causal relationships among economic growth,
energy consumption, and CO2 by using aggregate and disaggregate (sectoral) energy consumption
measures from the annual data (1971–2011). The study applied the Toda–Yamamoto causality test,
and the result showed that there are no symmetrical relationships among the variables included in
the model. There is a significant number of studies examining the direction of the causal relationship
between energy consumption and economic growth for India [24,25].

Among the studies investigating the effects of a crisis on energy markets, most of them focus
on the global oil shocks in the 1970s and 1980s [26–28], energy shocks after the 2008–2009 financial
crisis [29–31], and the shocks after the Fukushima disaster [32–34]. More studies will likely be coming
out after the COVID-19 crisis, but at the moment, not many studies exist analyzing the energy shocks
resulting from a global pandemic.

Studies exploring the impact of the COVID-19 outbreak include the work of Bao and Zhang [11],
who tested how the lockdown has affected the level of air pollution in Northern Chinese cities. They find
that the emissions of the five air pollutants (SO2, PM2.5, PM10, NO2, and CO) have decreased after
the lockdown restrictions, suggesting that the air quality has improved after the COIVD-19 outbreak.
Similarly, Sarfraz et al. [12] find evidence of air pollution improvement in Delhi and Mumbai after the
spread of COVID-19. They reveal that the NO2 emissions have declined after the lockdown started.
Therefore, the lockdown is suggested to have a positive effect on the environment. Our study is
different from these studies because the focus is on the effects of the pandemic on energy consumption
and how the energy consumption might recover as lockdown relaxes.

As the use of the autoregressive model is becoming popular for analyzing the changes in the spread
of disease over time [35], our study is also modeled using this method. For example, Laguna et al. [36]
tested how climatic variables such as local rainfall, temperature, and humidity affect the weekly cases
of malaria using the autoregressive distributed lag (ARDL) model, and Upshur et al. [37] examine
the relationship between the number of influenza isolates and hospital admissions for pneumonia.
Recently, the importance of considering the effects of spatial autocorrelation in the autoregressive
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model was suggested [38,39], but the current study used the simple ARDL model, since our study
applied a separate ARDL model for each Indian region and did not use panel data.

The current study is the first study to investigate how energy consumption is affected by the
COVID-19 pandemic in India and how the effects might be different among the five geographical
regions of India. As COVID-19 is causing devastating impacts on the world’s energy markets, this study
not only contributes to understanding how the coronavirus shock has influenced the Indian energy
sector but will also become a good reference for analyzing the effects of the pandemic on other countries’
energy sectors.

3. Overview of the Energy Consumption and COVID-19 Cases of India

3.1. Geographical Regions

India is a country in South Asia, with a rich cultural heritage and versatile socio-economic progress
since its independence. It is the second-largest country in terms of population and has the world’s
seventh-largest area [40]. Unofficially, there are 29 states, which are grouped into six regions to develop
a cooperative working environment within these states. According to the Power System Operation
Corporation Limited (POSOCO) regional electricity consumption data, India is divided into five major
geographical regions: Northern (NR), Western (WR), Southern (SR), Eastern (ER), and North-Eastern
(NER) [41]. The analyses performed in the current research are based on this regional classification.
Table 1 presents the list of the states consisting of the five regions.

Table 1. All states of India with regions.

Regions States

Northern Region (NR)

Punjab
Haryana
Rajasthan

Uttar Pradesh
Uttarakhand

Himachal Pradesh
Jammu and Kashmir (UT) and Ladakh (UT)

Western Region (WR)

Chhattisgarh
Gujarat

Madhya Pradesh
Maharashtra

Goa

Southern Region (SR)

Andhra Pradesh
Telangana
Karnataka

Kerala
Tamil Nadu

Eastern Region (ER)

Bihar
Jharkhand

Orisha
West Bengal

Sikkim

North-Eastern Region (NER)

Arunachal Pradesh
Assam

Manipur
Meghalaya
Mizoram
Nagaland

Tripura
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Karnataka is the richest state followed by Maharashtra, Telangana, Gujarat, and Tamil Nadu,
whereas Uttarakhand of the NER is ranked top among the Hill States of India [42]. On the other hand,
Bihar, Uttar Pradesh, Manipur, Jharkhand, and Assam are the five poorest states. Gross state domestic
product (GSDP) per capita of Goa is 3.56 times more than the Indian average and 11.0 times greater
than the lowest-ranked state Bihar. Maharashtra has the highest GSDP among the 29 Indian States [43].

The Northern Region (NR) is mainly agrarian but is changing fast with rapid economic growth
that is typically above 8% annually. As a consequence of the Green Revolution, several parts of North
India have prospered, including Punjab, Haryana, and Western Uttar Pradesh, and have experienced
both economic and social development. Due to the unavailability of local jobs, a large number of
unskilled and skilled workers have moved to Southern India and other nations. As shown in Table 2,
the NR is ranked third for both GSDP and net state domestic product (NSDP) per capita among the
five regions.

Table 2. Gross state domestic product (GSDP) and net state domestic product (NSDP) per capita of the
five regions (USD).

Regions 2017 GSDP 2018–2019 Average NSDP Per Capita

WR $812 billion $3026
NR $438 billion $2167
SR $1.1 trillion $2819
ER $365 billion $1994

NER $80 billion $1627

Source: IMF [44] and Ministry of Statistics and Programme Implementation, Gov. of India.

The Western Region (WR) is highly industrialized, with a large urban population. The WR
comprises Goa, Gujarat, Maharashtra, Chhattisgarh, and the Madhya Pradesh, where Gujarat is highly
industrialized and Goa and Rajasthan are tourist magnets. The WR generates 24% of the national GDP
of the country, with an annual growth rate of 14.5% as of 2006. The states engender about 23% of the
tax returns of the country. More than 85% and 65% of the households have access to electricity and
television facilities, respectively [45]. It has the highest NSDP and is the second for GSDP among the
five regions (see Table 2).

The Southern Region (SR) consists of the states of Andhra Pradesh, Karnataka, Kerala, Tamil
Nadu, and Telangana having GDP per capita of 2964 USD and is ranked fourth among all Indian states.
Telangana is the second most industrialized state in India next to Maharashtra. Tamil Nadu is among
the most industrialized states in the country and is known for its automobile industry containing
Chennai, which is the largest industrial center of the SR. The SR has the highest GSDP and the second
NSDP per capita among the five regions.

The Eastern Region (ER) states of West Bengal, Bihar, Orisha, Jharkhand, and Sikkim are expected
to contribute at least 25% of the country’s GDP by 2035 [46]. The annual per capita income of the ER
has been on a steady rise during 2019–2020 [46]. Among the Eastern region states, West Bengal has the
highest share of GSDP (39%), followed by Bihar at 18% and Odisha at 15% [46]. The ER’s GSDP and
NSDP are the fourth among the five regions.

The North-Eastern Region (NER) includes Arunachal Pradesh, Assam, Manipur, Meghalaya,
Mizoram, Nagaland, and Tripura. The economy of the NER is primarily agrarian. In this region, a very
insignificant area of land is available for slash-and-burn agriculture known as jhum. The inaccessible
terrain and internal disturbances have made rapid industrialization difficult in the region [47]. Both the
GSDP and NSDP of the NER are the lowest among the five regions (see Table 2).

According to the Centre for Research on Energy and Clean Air (CREA), there has been a significant
reduction in overall power demand and associated coal consumption by power generation facilities
across the country. For example, all coal-based power plants within a 300 km radius of Delhi (Haryana,
Punjab, and Uttar Pradesh) except two units at Dadri Power Plant have been shut down due to low
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demand caused by the lockdown restriction [48]. Data from POSOCO also show the steepest decline in
consumption in the Western region, where it fell 35% to 771 GWh on 26 March 2020, as compared to
1187 GWh on 18 March 2020. Moreover, it is suggested that the power demand from the industrial hubs
of Maharashtra, Gujarat, Rajasthan, and Tamil Nadu declined dramatically [49]. However, in Southern
and Western India, some increase in the energy demand occurred due to hot weather conditions [50].

3.2. Energy Consumption and COVID-19 Cases of India

The daily energy consumption of the five geographical regions and the entirety of India was
obtained from POSOCO [41], an independent company owned by the government of India. Data for
the COVID-19 cases for the regions and the entirety of India were collected from Our World in Data
(ourworldindata.org). The data period covered in this study is from 24 March 2020 to 11 June 2020.
One reason for using 24 March as the initial period is because this is the date when the first COVID-19
cases were detected in North-Eastern India. Another reason is that on 24 March, the Indian prime
minister declared a nationwide lockdown, and the first phase of the lockdown of India began on
25 March. Since the lockdown announcement, the Indian government has extended its lockdown by
relaxing its regulation little by little, but India is still under the lockdown restrictions as of June 2020.

Table 3 illustrates the descriptive statistics of the energy consumption and COVID-19 cases of India
and its five regions. It is observable that the order of the mean energy consumption and COVID-19 cases
among the five regions is the same. In both mean energy consumption and COVID-19 cases, the WR
is ranked the highest, the SR is the second, the NR is the third, the ER is the fourth, and, with a gap,
the NER has the smallest mean.

Table 3. Descriptive statistics.

Variable Mean Median Maximum Minimum Std. Dev.

All India energy cons. 3103.04 3049.50 3775 2592 320.96
WR energy cons. 963.94 975.50 1133 761 91.04
NR energy cons. 861.60 813.50 1250 566 177.89
SR energy cons. 877.94 877.00 983 749 52.81
ER energy cons. 347.67 335.50 461 259 50.21

NER energy cons. 37.65 37.00 52 28 6.12

All India COVID 84,463.29 51,193.50 298,283 536 88,997.86
WR COVID 40,504.87 25,412.00 135,264 151 41,838.18
NR COVID 12,150.58 9099.00 40,604 137 11,728.35
SR COVID 15,404.10 8491.00 56,955 215 16,196.14
ER COVID 4992.81 2259.00 20,714 14 6066.16

NER COVID 799.48 115.50 5078 1 1391.82

Figures 1 and 2 are the plots of energy consumption and COVID-19 cases. It is apparent from
Figure 1 that in all regions except the SR, the energy consumption had an upward trend until mid-May
when the Ministry of Home Affairs (MHA) implemented Lockdown 4.0, the fourth phase of the
lockdown, on 18 May 2020. After the drop related to this new lockdown rule, the energy consumption
of all regions except the SR again started to increase. From Figure 2, we can see that in all figures there is
a continuous upward trend in the total accumulative number of COVID-19 cases. However, the level of
the growth of the cases is slower for the NR, WR, and SR compared to the ER and NER. After mid-May,
the growth of the former three regions was less than twofold, but that of the ER and NER was more
than fourfold. This suggests that the growth rate of people getting infected with the virus was higher
in the ER and NER.
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Figure 2. COVID-19 cases in India.

4. Methods

To capture the effects of the changes in the COVID-19 cases on energy consumption, we used the
log series of COVID-19 and energy consumption data. Hence, all our analyses were performed using
the log form of the series.

To identify both the short-run and long-run relationships between Indian energy consumption
and the number of accumulative confirmed COVID-19 cases, we used the ARDL model developed by
Pesaran et al. [49]. As not much time has passed since the spread of COVID-19, it was not possible to
obtain large sample data. One of the main reasons we used the ARDL model is because this model
is effective even when the sample size is small and can avoid omitted variables and auto-correlation
issues. Figure 3 illustrates the steps of the methods followed in the study.
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Figure 3. Overview of the steps of the methods.

To use the ARDL model, the endogenous variables in the model must be either integrated of order
zero or one. To test this, we initially performed stationarity tests on energy consumption and COVID-19
variables. For this purpose, we performed the augmented Dickey–Fuller (ADF), Phillips–Perron (PP),
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and the Kwiatkowski–Phillips–Schmidt–Shin (KPSS) unit root tests. Table 4 illustrates the results of
these tests. All three unit root tests suggest that the energy consumption variables of the WR, NR,
and ER, and the COVID-19 variable for the SR are integrated of order one at the 5% significance level.
The unit root tests suggest that the other variables are also either integrated of order zero or one,
suggesting all our test variables satisfy the precondition of the ARDL model.

Table 4. Unit root tests.

Level First differences

ADF PP KPSS ADF PP KPSS

All India energy cons. −3.678 ** −3.658 ** 0.219 *** −6.088 *** −6.273 *** 0.112
WR energy cons. −2.664 −2.756 0.160 ** −4.397 *** −5.488 *** 0.084
NR energy cons. −3.420 * −2.862 0.072 −7.237 *** −8.305 *** 0.073
SR energy cons. −3.638 ** −3.361 * 0.124 * −5.185 *** −4.874 *** 0.148 **
ER energy cons. −2.089 −2.812 0.229 *** −8.044 *** −13.803 *** 0.111

NER energy cons. −2.846 −2.862 0.109 −7.490 *** −8.305 *** 0.082
All India COVID −7.220 *** −1.518 0.219 *** −0.981 −10.651 *** 0.112

WR COVID −8.635 *** −1.278 0.230 *** −1.373 −9.847 *** 0.112
NR COVID −5.994 *** −1.582 0.216 *** −1.042 −9.898 *** 0.122 *
SR COVID −2.477 −2.477 0.175 ** −10.313 *** −10.400 *** 0.119 *
ER COVID −4.453 *** −1.922 0.229 *** −2.381 −17.921 *** 0.111

NER COVID −2.686 −2.807 0.088 −5.720 *** −5.673 *** 0.106

Note: All the unit root tests include both a constant and a linear trend. ***, **, and * denote significance at 1%, 5%,
and 10% levels, respectively.

The ARDL model used in this study has the following form:

energy const = c +
∑p

i=1
φienergy const−i +

∑q

j=1
θiCOVIDt− j + δXt + εt (1)

where energy cons is the log of the daily energy consumption in gigawatt hours (GWh), c is the constant
term, COVID is the log of the accumulative number of COVID-19 cases, X includes the log converted
fixed variables to control the effects from economic and energy-related factors that are likely to have
influences on energy consumption, and εt is the error term. φi and θi are the coefficient parameters
of the lags of energy cons and COVID. The optimal lag length of the ARDL model is identified by
the Akaike information criterion (AIC). For the fixed variables, we used the Nifty 50, Nifty Energy,
Nifty Oil and Gas, and Nifty Auto indices. These data were obtained from the homepage of the
National Stock Exchange of India Ltd. Nifty 50 is one of the major benchmark stock indices in India
and was added to the model to control the impact of the Indian economy on energy consumption.
Nifty Energy consists of companies representing petroleum, gas, and power sector to consider the
influence of the energy sectors. Nifty Oil and Gas and Nifty Auto are indices related to the gas and
petroleum and the automobiles sectors [51]. Using Equation (1), we estimated the short-run effects of
the COVID-19 cases on energy consumption for all of India and the five geographical regions (the WR,
NR, SR, ER, and NER).

To examine the long-run relationship between energy consumption and COVID-19 cases, the ARDL
conditional error correction model was estimated with Equation (2):

∆energy const = c + λECt−1 +
∑p

i=1
φi
′∆energy const−i +

∑q

j=1
θi
′∆COVIDt− j + δXt + εt (2)

where ∆ is the first difference operator and ECt−1 is the error correction term, which captures the
long-run relationship between energy consumption and COVID-19 cases.
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Based on this equation, the ARDL cointegration test, which is also known as the bounds testing,
was conducted. For the two variables of our interest to be cointegrated, the F-test statistic computed
from the equation must be higher than both the lower and upper bound critical values provided in
Pesaran et al. [49].

To check if the residuals of the ARDL model faced serial correlation and heteroskedasticity issues,
the Breusch–Godfrey (BG) and Breusch–Pagan–Godfrey (BPG) tests were performed. Table 5 depicts
the summary results of these tests for the entirety of India and five geographical regions. It is discernible
from the table that all our models do not have serial correlations. However, we found that the WR
model has a heteroskedasticity problem. Thus, we used the heteroskedasticity and autocorrelation
corrected (HAC) standard errors proposed by Newey and West [52], which enabled us to reduce the
biases when measuring the standard errors of the ARDL models in the presence of heteroskedasticity.

Table 5. Serial correlation and heteroskedasticity tests.

Model BG F-stat. BPG F-stat.

All India 0.632 1.203
NR 0.205 1.217
WR 1.691 5.418 ***
SR 0.317 0.994
ER 0.463 0.991

NER 1.877 1.893

Note: *** denotes significance at the 1% level.

5. Results and Discussions

We estimated the ARDL model to investigate if the daily changes in the total accumulative number
of COVID-19 cases in India along with its five regions have an impact on daily energy consumption.
The results of the model estimations are presented in Table 6. It is apparent from Table 6 that the daily
changes in the accumulative number of COVID-19 cases had a statistically positive effect on the daily
energy consumption of all of India and the NR, WR, and ER based on the 5% significance level. The SR
was only significant at the 10% level, but the direction of the impact indicates that the COVID-19 cases
have a positive influence on energy consumption. It is also noticeable from the result of the SR and ER
models that the total COVID-19 cases of one day before negatively impacted the energy consumption.
COVID-19 did not have a significant short-run impact on energy consumption in the NER. As shown in
Table 2, the NSDP per capita of the NER is the lowest among the five regions, and it could be that this
region was less solvent compared to other regions in terms of recovering its economic activities to the
level of the period before the COVID-19 outbreak. Furthermore, as seen in Figure 2d, the level of the
growth of COVID-19 cases for the NER was higher compared to the other regions even after mid-May,
and thus, its energy consumption remained stagnant after the lockdown relaxation. This could be also
the reason for the COVID-19 cases not having a statistically significant effect on the NER.

To find out if cointegration relationships were sustained between the COVID-19 cases and energy
consumption during our whole test period, the bounds F-test was conducted. According to Table 7,
cointegration relationships exist for the entirety of India and the NR, WR, and SR models indicating
that there is a long-run relationship between the COVID-19 cases and energy consumption in these
regions. Meanwhile, the table suggests that such linkages do not hold in the ER and NER. To identify
if the long-run relationship is sustained through the effects of COVID-19 cases, we examined the
coefficients of the cointegrating equation.
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Table 6. Autoregressive distributed lag (ARDL) estimations.

Variables
All India

Variables
NR

Coef. t-stat Coef. t-stat

Intercept 7.33 *** 3.16 Intercept 10.95 *** 2.98
Energy cons.(−1) 0.80 *** 5.64 Energy cons.(−1) 0.58 *** 9.38
Energy cons.(−2) −0.28 ** −2.42 COVID 0.08 *** 3.69

COVID 0.03 ** 2.55 NIFTY50 −0.68 −1.03
NIFTY50 −0.93 *** −2.85 NIFTY Oil&Gas 0.07 0.06

NIFTY Oil&Gas −0.44 −0.70 NIFTY Energy −0.77 −0.52
NIFTY Energy 0.45 0.58 NIFTY Auto 0.47 1.47
NIFTY Auto 0.49 *** 2.70

Variables
WR

Variables
SR

Coef. t-stat Coef. t-stat

Intercept 5.34 *** 3.59 Intercept 5.66 *** 4.37
Energy cons.(−1) 0.91 *** 8.21 Energy cons.(−1) 0.84 *** 11.89
Energy cons.(−2) −0.01 −0.06 Energy cons.(−2) −0.43 *** −5.90
Energy cons.(−3) −0.25 *** −4.93 COVID 0.07 * 1.84

COVID 0.02 *** 3.18 COVID(−1) −0.06 * −2.01
NIFTY50 −0.42 −0.91 NIFTY50 −1.05 ** −2.62

NIFTY Oil&Gas −0.48 −0.75 NIFTY Oil&Gas −1.26 ** −2.26
NIFTY Energy 0.53 0.54 NIFTY Energy 1.39 *** 2.85
NIFTY Auto −0.04 −0.21 NIFTY Auto 0.62 ** 2.18

Variables
ER

Variables
NER

Coef. t-stat Coef. t-stat

Intercept 4.27 1.19 Intercept −4.13 −0.66
Energy cons.(−1) 0.95 *** 7.06 Energy cons.(−1) 0.79 *** 9.04
Energy cons.(−2) −0.51 ** −2.49 COVID 0.01 0.50
Energy cons.(−3) 0.30 *** 4.60 NIFTY50 0.50 0.52

COVID 0.18 *** 5.61 NIFTY Oil&Gas −0.64 −0.30
COVID(−1) −0.19 *** −4.25 NIFTY Energy 0.70 0.30

NIFTY50 −1.14 −1.44 NIFTY Auto −0.12 −0.26
NIFTY Oil&Gas 2.07 1.41
NIFTY Energy −2.06 −1.19
NIFTY Auto 1.15 *** 2.73

Note: ***, **, and * denote significance at 1%, 5%, and 10% levels, respectively.

Table 7. Bounds F-test for cointegration.

Models F-Stat.

India 7.09 ***
NR 4.87 **
WR 9.19 ***
SR 9.82 ***
ER 1.92

NER 1.80

Note: *** and ** denote rejection of the null hypothesis of no cointegration (I (1)) at the 1% and 5% levels, respectively.
The 1% and 5% lower bound (I (0)) critical values are 4.94 and 3.62, and those of the upper bound (I(1))critical values
are 5.58 and 4.16, respectively.

As seen in Table 8, India, the NR, and the WR had long-run impacts from the COVID-19 cases
on energy consumption, but the SR, ER, and NER did not have the effects from the COVID-19 cases.
Thus, the results of Tables 7 and 8 suggest that the long-run relationship was caused by the COVID-19
cases in all of India, the NR, and the WR but not in the SR, ER, and NER. The reason for the ER and
NER not having effects from the COVID-19 cases is likely to be related to the same reason as the case of
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the short-run relationship. The ER and NER are the poorest regions among the five regions and are the
regions where the growth of COVID-19 cases continued to be high even after mid-May. It is believable
that these factors have slowed down the recovery of the energy consumption levels for these regions.
The SR not revealing impacts from the COVID-19 cases on energy consumption is perhaps because,
as seen in Figure 1b, the SR did not have an increasing trend in its energy consumption during our
test period. Although the cool weather kept the power demand low despite a partial easing of the
lockdown from 20 April, the temperature of the SR is generally hot, which causes less variation of
electricity consumption even during the COVID-19 crisis.

Table 8. Long-run coefficients estimation.

Models Variables Coef. t-Value

India
Intercept 15.161 *** 3.793
COVID 0.055 *** 3.095

NR
Intercept 25.992 *** 2.785
COVID 0.189 *** 4.036

WR
Intercept 15.177 *** 2.868
COVID 0.066 ** 2.556

SR
Intercept 9.473 *** 3.643
COVID 0.004 0.134

ER
Intercept 16.312 0.288
COVID −0.057 0.385

NER
Intercept −19.918 −0.652
COVID 0.031 0.543

Note: *** and ** denote significance at the 1% and 5% levels, respectively.

Finally, as India, the NR, and the WR had a cointegration relationship between the COVID-19
cases and energy consumption, we present the error correction model of these regions. As seen in
Table 9, all these regions show a positive impact from the COVID-19 cases on their regional energy
consumption levels. This indicates that in these regions, the COVID-19 cases had a positive impact on
their energy consumptions.

Table 9. Conditional error correction ARDL estimations.

Variables
All India NR WR

Coef. t-stat Coef. t-stat Coef. t-stat

Intercept 7.331 *** 3.151 10.949 ** 2.442 5.343 ** 2.470
Energy cons.(−1) −0.484 *** −4.571 −0.421 *** −3.681 −0.352 *** −5.231

COVID 0.027 ** 2.346 0.080 *** 2.846 0.023 ** 2.621
∆Energy cons.(−1) 0.280 ** 2.283 na 0.258 ** 2.437
∆Energy cons.(−2) na na 0.249 ** 2.338

NIFTY50 −0.931 ** −2.238 −0.682 −0.876 −0.423 −1.167
NIFTY Oil&Gas −0.438 −0.654 0.069 0.055 −0.481 −0.759
NIFTY Energy 0.447 0.550 −0.766 −0.481 0.534 0.680
NIFTY Auto 0.487 ** 2.268 0.473 1.185 −0.036 −0.221

Note: *** and ** denote significance at 1% and 5% levels, respectively.

6. Conclusions

As COVID-19 spread out worldwide, India was not an exception to the high infection rate of the
virus, and the government had to impose severe stay-at-home restrictions. The energy consumption
in India plummeted dramatically by the end of March 2020 because of this lockdown regulation.
However, since the end of April, energy consumption started to recover as the regulation relaxed.
This study investigated how India has recovered its energy consumption after the decline in its energy
consumption in March 2020.
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We investigated if the release of lockdown positively influenced the energy consumption (H1)
and if this positive reaction differed among regions at different average income levels. We examined if
regions with higher income levels were more likely to recover their energy consumption to pre-crisis
levels faster than those with lower income levels (H2). The results of our analyses indicated that
both hypotheses H1 and H2 prevailed. This implies that even during the middle of the spread of the
pandemic, energy consumption increased as lockdown regulation relaxed.

However, we found that this recovery of energy consumption is not occurring in the ER and NER.
These two regions are the poorer regions among the five geographical regions investigated in this
study. In India, the level of energy consumption is strongly connected to household income levels [10],
and the reduction in energy consumption indicates that the individual’s economic conditions are
deteriorating. Therefore, the result of our study, revealing that poorer regions are struggling to recover
their energy consumption to levels before the pre-COVID-19, crisis imply that the economic damage
to these regions was more critical than the impact on the regions with higher average income levels.
This suggests the importance of providing special economic aid and policies for these two regions to
recover their economy to levels before the pre-COVID-19 crisis.

Our study is limited in the sense that it only used short-term data because the study was performed
in the middle of the COVID-19 pandemic. Since the effects of COVID-19 are changing as time goes by,
we would like to note that the results are likely to change when the same analyses are performed for
different periods.
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