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further scrutinized the Indian power system as a case study and explored scenarios, issues and challenges currently
being faced to manage the consumer load demand, including the actions taken by the utilities/power sector for the
smooth operation of the power system. Finally, a set of recommendations are presented to support the government/
policymakers/utilities around the world not only to overcome the current crisis but also to overcome future unfore-

seeable pandemic alike scenario.

1. Introduction

The driving force of the economy is energy. Energy, economy,
business, development and growth all are primarily dependent on public
demand, capacity and affordability. Public health and safety are the
primary variances to maintain the demand as well as growth. The
growth and development were interrupted many times due to disease
outbreak such as; Circa of China in 3000BCE, Plague of Athens in
430BCE to the last recent Zika Virus epidemic in 2015 [1] and all these
causes thousands of deaths. The first quarter of the year 2020 is inex-
plicable to observe global lockdown due to a new virus outbreak. WHO
(World Health Organization) declared it as pandemic on March 12th,
2020 [2]. This disease is spreading throughout the world and the most
affected countries include mainland China, Iran, Italy, Spain, France,
Germany, the UK and the United States. The United States of America
(USA) alone experienced 68,797 deaths as of 4th May 2020 due to
COVID-19 [3,4].

As there is no medicine yet, therefore maintaining the social
distancing is the best approach to minimize the spreading and most of
the countries imposed nation/state wise strict lockdown [5-7]. The
lockdown, social restriction, travel ban, unemployment and working
from home policy forced most of the people to stay inside the house,
which affected the normal business operation and reduced energy de-
mand from the national grid. Industries moved to the minimum manual
operation or limited their operation. Business reduced their operation;
travel ban almost collapse the aviation industry, small business almost
stopped, schools, universities moved to online mode and most other
sectors adopted working from home policy.

The global economy is affected greatly due to these activities and
increases unemployment and poverty. These brings threats in achieving
the UN mission of Sustainable Developments Goals (SDGs). More visibly,
this pandemic event has impacted the social and economic areas of a
country [8-11] at least in the following areas:

e Industrial operation and business slow down and the global stock
market crashed by more than 25% in March 2020 [12] and ongoing
lockdown can lead to a global economic recession. It is estimated that
the COVID-19 outbreak will cost around $1 trillion to the world’s
economy in 2020 [13].

The international oil price has dropped in March 2020 to the lowest
level since 2003 due to the combined effect of COVID-19 related
demand drop and business issues among Saudi Arabia, USA and
Russia [14].

Due to the closure of educational institutes worldwide, more than
91% of the registered student has been affected [15]. However,
several schools, colleges and universities have shifted to online
classes to continue education which also effected the power systems.
Most of the governments and organizations around the world are
putting efforts and money to fight against COVID, hence, there is a
possibility of delay or reduction in funding of several research ac-
tivities such as renewable energy projects or initiatives. On the other
hand, this pandemic has brought forward few multidisciplinary
research scopes like research in complex medical emergency man-
agement [16-18], mental healthcare [19,20], economic revival,
power sector management to better manage power system in such
critical conditions [21-23], etc.

Due to COVID-19 transportation sector is seriously affected and the
most affected part of it is the aviation industry. As the aviation sector

is completely in standstill, the related service in all airports is also
stopped which impacted a huge drop in electricity demand.

The use of public transport has been dropped as much as 80% to 90%
in major cities in China, Iran and U.S.A. and depending on city/route
as much as 70% for some operations in UK [24]. Although all modes
of public transports are not electrical, however in many countries a
significant part of public transport are electrical such as; tram, train
and public vehicles are electrical and less traffic impacted the elec-
tricity demand in transportation sector too.

The strict lockdown has halted the industrial operation, due to a lack
of manpower and restricted business due to a travel ban as well. All
these have indirectly helped in emission reduction from the industry
sector, which is a positive effect on the environment. Satellite images
from the European Space Agency show the drop in Nitrogen dioxide
(NOy) level in the lower atmosphere during the lockdown period.
Fig. 1 (a) shows a substantial reduction in emission in major Euro-
pean cities such as; Paris, Milan and Madrid during the lockdown
period in 2020 compared to the same time emission in 2019. Simi-
larly, Fig. 1(b) shows the emission reduction across India’s industrial
hubs during the lockdown period.

Sudden change in lifestyle has dramatically increased the residential
electricity demand and reduced electricity demand in business and in-
dustry and that eventually affects the national energy demand profile.
This may adversely affect the network equipment such as a substation,
distribution transformers and protection equipment. In India, 10 min
nationwide light off event was observed to mark the people’s partici-
pation in national lockdown. This could have a serious impact on the
national grid if it was not managed properly by the utility. Currently, the
outbreak is in peak condition in most affected countries and there is no
clear idea when it will end; moreover, it is moving to new regions/
countries such as in Africa, Latin America and Middle-East. It is pre-
dicted that a similar impact may hit all countries. Governments along
with power industries should take precautionary measures so that they
can tackle the issues and challenges observed for the smooth operation
as well as reshape the energy sector for the future that can overcome
future unforeseeable pandemic alike scenarios. Therefore, this paper has
investigated the impact on the electrical power system due to the lock-
down or social distancing measures taken to reduce the spread of
COVID-19 as well as discusses possible measures to improve the per-
formance of the power and energy sector and grid operation under such
conditions in the future.

2. Methodology

The proposed study aims to analyze the impact on energy and power
sector with the prospective recommendations to encounter the impacts
during COVID scenario and also, in future. To explore and analyze the
impacts caused by the pandemic, it demands piles of data accompanied
by tremendous efforts to identify the issues in the power sector in all
aspects. Fig. 2 represents the research framework of this study. This
study initially focuses on the menaces created in the energy sector that
occurred at a global level, and it can be categorized as direct and indirect
impacts. Direct impact indicates the changes that happened in the grid
system during the pandemic such as power demand variation and the
subsequent effect on energy cost, while the indirect impact details the
consequences of the pandemic that revolves around the parameters
which ultimately enhances the energy sector operation such as the
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implementation of new projects, investments etc. A data-driven analysis
is accomplished for investigating the direct impacts on the global sce-
nario where the data (e.g. demand load data, power generation data) is
obtained either from the trusted website (open access data) of country’s
or regional energy sector or through requesting them the requisite data
(if not open access) for this study. Authors succeeded in collecting four
country’s meticulous power system data, dated within the pandemic
period (that includes USA, Italy, Australia and India). While surface-
level data is obtained for countries like France, Italy, Spain, Portugal,
Belgium, Netherlands, Germany, UK, China and Singapore which are
grouped as other countries and the impact is quantified in terms of
power demand variation. Considering the indirect impacts, the impact
information is retrieved by extensively surveying the journal articles
(Scopus indexed) as well as by scrutinizing the information obtained
from the reputed online platforms such as [EA, IRENA, BBC and World
Economic Forum. In a similar way, the authors have investigated the
measures implemented by the various governments or authorities across
the globe for tackling the impact and framed the same under Table 1.
Further, we have decided to step up the investigation of the
pandemic impact on the power and energy sector by at least focusing
deep down into any one of the countries. Since the authors felt that India
is a potential candidate for such analysis and also, various reasons were
supporting the claim such as third-largest energy consumer, increased
focus towards renewable energy, a wide range of culture, significant
population and many others. Regarding the investigation methodology,
an in-depth discussion was first carried out among the authors, the
utility workers and authorities to figure out the potential issues and
emerged practical issues that occurred during the pandemic. The team of
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authors is framed in such a way that they are composed of technical
experts in power systems and utility authorities who had ultimately
helped in providing the foundation data that required to build the case
study. From which, the real-time data is obtained, and the subsequent
investigation of a solution is carried out in context with various power
system characteristics as categorized under Section 4. Another unique
event that occurred in India is the light-off event which is carried out as a
token of appreciation to the healthcare workers. The possible impacts
behind such an event are brought under the light by the authors and the
real-time solution that the utility workers adopted in tackling such issues
are presented here precisely. Along with this, the socio-economic issues,
technical issues and the challenges are briefly discussed.

Finally, the recommendations to overcome the impacts that prevail
in the power and energy sector is detailed in Section 6. The recom-
mendations are well-established through the joint-efforts of technical
experts and utility authorities such that the solutions are more prag-
matic, which can be easily adopted. Furthermore, the recommendations
during COVID are concentrated to emphasize safety, frame technical
strategies, enhance consumer interaction, strong financial plan, and to
recommend from a governmental point of view in terms of policies. To
provide a direction for sustainable energy sector, suggestions are pro-
vided from energy generation, transmission, consumption aspects, and
to promote digitalization, impart resilience, and also, for improving
efficiency and flexibility of the grid system. Section 6 successfully
attempted to clarify the research question — “how the post-COVID-19
power and energy sector should be designed and look like, incorporating
the lessons learnt during this period and implementing these in a redesigned
power system”.

Density of Nitrogen dioxide

BEE

Fig. 1. Change in NO, emission level in atmosphere (a) European skies and (b) Indian skies [25].
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3. Impacts on power systems- A global scenario
3.1. Direct impacts

Direct impacts emphasise the impact or the change that occurred on
the existing working systems owing to the effects of pandemic. Such
impact includes fluctuations in the power demand across all the COVID
affected regions and also, the resulted effect in energy cost.

3.1.1. Power demand variations

Overall, the power systems load can be classified mainly as resi-
dential, commercial and industrial types. These types of loads have a
typical load pattern and utility operators manage the generation
accordingly. However, transportation and agriculture load have also
become a significant load for the power grid. During the COVID-19
outbreak, the percentage demand of electricity for these sectors has
been changed and therefore, the new load mix in different countries has
observed. Fig. 3 shows the distribution of different types of loads in the
USA, Italy, Australia and India in Pre-Covid (PC) and During COVID
(DC) periods [26].

New York, USA:

New York City (NYC) is the most affected city in the USA as well as in
the world due to COVID-19. The daily average load demand from
January to April in 2020 and 2019 clearly shows a significant drop in
demand, particularly in March and April 2020 compared to 2019 de-
mand, as can be seen in Fig. 4. It was found that daily electrical energy

Methodology
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demand or total daily consumption dropped 2.9% in February to 13.7%
in April compared to the same time in 2019 [28].

Italy:

When full lockdown applied in Italy, the grid power demand also
dropped, as can be seen from in the figure the comparison of load de-
mand for the same period in 2019. It was observed that the peak load
demand drops around 3-4% when partial lockdown applied as people
are trying to adjust with the changes, however peak demand, as well as
daily total energy demand, drops 6-10% in Weekend and 18-22% in
weekdays when full lockdown applied as shown in Fig. 5 [26].

Australia:

Australia is one of the leading countries which is performing better to
control the spreading of COVID-19 by applying strict nationwide lock-
down. Like many other countries, spreading accelerated in early March
2020 and reached a peak in the last week of March and gradually
dropped to the lowest level in the last week of April 2020.

From 6,731 confirmed cases in Australia, over 3,000 cases are in New
South Wales (NSW) and lockdown restriction also affected power de-
mand more in this state. Fig. 6 (a) shows daily load profile from January
to April in 2020 compared to the same in 2019 and it is found that during
March, the highest load reduction occurred, around 7.15%, followed by
April of 5.65% compared to the same time demand in 2019 [29].

The peak load demand in NSW decreased by 3%, 6.7% 5.2% for
February, March and April respectively in 2020 compared to the same
time in 2019. Similarly, peak load demand decreased in other Australian
states as shown in Fig. 6 (b).

Power demand variations
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Due to COVID-19, the downturn economy will inevitably have an
impact on energy systems. In Australia, the overall electricity demand
was down by 6.7% in March. Comparing the pre-lockdown (1 — 7 March)
and post-lockdown (22nd - 28th March) data in one substation in North-
Western Melbourne under similar weather condition shows, decrease in
commercial demand by 7% (which usually accounts for the highest
usage), decrease in industrial demand by 1% and increase in residential
demand by 14%, however overall demand for the week in lockdown
increased by 1% [30].

This change in demand by different types of load is summarized in
Fig. 7. It was observed in Australia that, although there is a dramatic
shift in energy demand across different sectors, however, overall de-
mand has not dropped significantly compared to other countries like
USA, Italy and Spain.

India:

In India, lockdown started from March 25th, 2020, and the elec-
tricity Market Clearing Volume (MCV) immediately as wellolume as the
Market Clearing Price (MCP) also dropped, as can be seen from the
Fig. 8. As per economy, price of a product is set at a point where demand
is equal to the supply. Similarly, electricity Market Clearing Price (MCP)
is the lowest price at the point of intersection of aggregated supply and
demand curves. The average MCP for March and April 2020 was
IR2456/MWh and IR2448/MWh, respectively, however, it was IR3118/
MWh in March 2019 and IR3221/MWh in April 2019 respectively [31].

Other countries:

As we have seen, the COVID-19 has an impact on electricity demand
and the demand for electricity in most European countries has reduced,
especially in a country like France, Italy and Spain where the spread of
the virus is severe. The decline in electric demand in France, Italy, Spain,
Portugal, Belgium, Netherlands, Germany and UK are 14.8%, 11%,
7.1%, 6.4%, 6.1%, 5%, 4.9% and 6% respectively as shown in Fig. 9(a).
Energy demand reduction in some other major countries like the USA,
India, Singapore, Australia and China are 5.7%, 26%, 8%, 6.7% and
7.8% respectively, as shown in Fig. 9(b).

3.1.2. Effect on energy cost

Due to decreased electricity demand, energy prices declined in most
European markets. The energy price in the third week of March 2020
decreased compared to the second week of March 2020, as shown in
Fig. 10 [34]. European power exchange (EPEX SPOT) market price of
Belgium (BE), France (FR) and the Netherlands (NL) decreased by 23%,
20.1% and 18.2% respectively [38]. Similarly, the Italian Power Ex-
change (IPEX IT PUN), MIBL market in Spain (ES) and Portugal (PT)
decreased by 17.7% and 17.4% respectively [39]. However in Germany
(DE) and UK, change of overall energy demand remains positive as the
lockdown in those two countries started from 20th and 24th March 2020
respectively. It is to be noted that the increase in price was less than
1.8% in the German market for the mentioned week with several hours
of negative pricing averaging of €0.95/MWh. In the British market, the
increase in price was less than 2.8% for the mentioned third week of
March. With further continuation of the lockdown, the electricity de-
mand and the electricity price at different European exchanges declined
[34].

As evidenced in Fig. 3 and subsequent discussions, it was observed
that the electricity demand has dropped for commercial and industrial
loads but increased for the residential load for most of the studied
countries as the industrial and commercial activities were restricted
while people imposed to stay at home and working from home. This has
changed the load pattern for network infrastructure and the energy price
also dropped as a consequence. Due to significant changes in energy
demand, operation of the power system has become critical and to
handle the situation, government needs to offer an exigency or emer-
gency plan for users as well as for utility operators. This study high-
lighted the current measures taken as well as the future intiatives need to
be undertaken to address the impacts of COVID-19.

Applied Energy 279 (2020) 115739
3.2. Indirect impacts

Indirect impacts mark the menaces created on some parameters that
ultimately supports the power and energy sector in numerous ways such
as new projects, investments and consumer relations. Impact on such
parameters though does not affect the current power system func-
tioning, but it would have a prolonged effect on the development of the
power systems. Hence, this section elucidates various indirect impacts
that reflected in the power and energy sector owning to the pandemic.

Due to COVID-19, energy demand has decreased in the industrial and
commercial regions; however, increased in the residential areas. Over-
all, almost every region hit by the event has experienced a reduction of
overall electricity demand by around 10-30%. The centralised fossil
fuel-based power generation has decreased due to lower demand.
However, due to national policies, renewable energy penetration level
into the grid increased and this posed both positive and negative issues
[40]. The report published by AEMO also discussed the same issues of
electricity demand change for Australia [41]. The US congress website
also portrayed a similar observation in the United States [42]. The
Department of Industry, Science, Energy and Resources of the Australia
Government have published their responses regarding the energy sector
operation in Australia. They have discussed their current cooperative
role with other governmental agencies and the energy market operators.
The customer connection-disconnection issues and associated financial
issues were also well clarified in this response [43].

An International Energy Association (IEA) report and an IEEE Power
and Energy Society report discussed the recent issues of health and
economic crisis around the world due to the pandemic event. The re-
ports also investigated the issues of decline in demand for mobility and
lockdown impacts on current demand, supply chain disruptions, impact
on energy consumption and peak demand, and mid- to long-term im-
pacts. The management of the control centre and field operations,
handling the customer operation, mitigating the technical issues,
regional impacts & mitigation measures and future investment in the
electricity sector were also discussed in these reports [44]. Dr. Fatih
Birol, Executive Director of the IEA, mentioned in his article that, “The
coronavirus crisis reminds us that electricity is more indispensable than ever”.
He also discussed the flexibility of the sector, building cyber defences
and emphasized on building a secured and sustainable future [45].

International Renewable Energy Agency (IRENA) and the Council of
European Energy Regulators (CEER) discussed issues including the
importance of fuel diversification, integration and sustainability of en-
ergy production, positive effect on climate goals, the conversion of the
energy system towards a “clean energy system”, solar and wind power
becoming competitive, renewable power investment opportunities and a
shift to clean hydrogen [46].

A report from United States Agency for International Development
(USAID) and National Renewable Energy Laboratory (NREL) focused on
the impact on the power sector in the region of Southeast Asia. It dis-
cussed the issues of impacts and opportunities on power demand, energy
efficiency, utility modernization, sector reform, subsidy reform etc. in
this region. Additionally, the report discussed in detail about the con-
tracts and investments, air quality and emissions, energy sector work-
force, clean energy transition (renewable energy generation, project
development, supply chain disruption, fossil fuel price, public senti-
ment, business planning and clean energy for economic recovery). The
report also emphasized on the issues of long-term energy sector resil-
iency through proper planning of power sector, critical services and
financial matters [47].

The “pv magazine” have discussed the COVID impacts and the post-
COVID policies and the to-dos. They reviewed the construction of new
energy facilities and infrastructure delayed or stopped, a default of
payment due to COVID-19 and further discussed the responses of poli-
cymakers, regulators, and market participants [48]. IRENA also rec-
ommended about the post-COVID energy sector formation. The issues
discussed broadly were meeting the medium- and long-term
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development and climate objectives, stimulus and recovery packages,
energy transitions, decentralised solutions, recovery measures, research
and innovation, policymakers’ role and international co-operation in the
field of energy [49]. The issues highly focused in the IRENA Coalition for
Action report were regarding the revisiting of the deadlines for renew-
able energy projects that faced contractual obligations for near-term
delivery, designating the renewable energy industry and related infra-
structure as a critical and essential sector, affirming and extending
policies promoting renewable energy solutions-both centralised and
decentralised, prioritising the renewable energy sector by stimulus
measures, commit to phasing out support for fossil fuels and providing
public financial support to safeguard the industry and mobilise private
investment in renewable energy. The report also discussed the issues of
enhancing the role of renewable energy in industrial policies and
strengthening international co-operation and action to accelerate
renewable energy deployment in line with global climate and sustain-
ability objectives [50]. The IEA Statistics Report, dated May 2020 also
discussed the impact and strength of the renewable energy sector for the
post-COVID era [51].

A report published by the Union of the Electricity Industry - Eur-
electric aisbl conveyed a few recommendations on electrification and
sustainability, generation and environment, markets and investments,
distribution and market facilitation, customers and retail services
regarding the COVID impacts [52]. Digitalisation of the power and en-
ergy sector is one of the strong recommendations to battle the vulner-
abilities of the sector that has been exposed. This fact is also strongly
mentioned and raised by the World Economic Forum [53]. A report in
the “microgridknowledge” stated that building microgrids would pose a
progressive impact on rebuilding the economy and also tackling the
power and energy sector challenges [54]. Developing a microgrid-based
power system facilitates smart controls, integration of clean energy and
ability to support the grid during any crisis. Community microgrids
which are capable of providing critical services are very much
compatible with addressing many challenges stimulated by a pandemic
event.

The nuclear power industry would attract more employments to
boost up the economy if more large-scale nuclear power plants are
planned to be built in future as mentioned in BBC New. The World
Nuclear Association also projects that nuclear power plant uptake will
increase in future [40]. The transportation sector can be highly deca-
rbonised using hydrogen as an alternative fuel. In the wake of the Covid-
19 crisis, the EU and Germany have indicated their interest in investing
in this sector [40].

To summarise, the impacts due to the pandemic has posed various
challenges and consequentially opened the doors for new opportunities
and improvements in the power and energy sector. All international
organizations and government agencies acknowledged that the utilities
had been challenged to overcome the new normal scenarios. Though no
severe issues have been reported by utilities during the pandemic
period, yet they have been preparing to combat against any unforeseen
threats. Utilities are also investing now on improved system flexibilities
to tackle the technical issues due to load reduction and shifting of daily
peak demand. A necessity for system digitalization is another issue
which many utilities have addressed. Recovering economic losses
incurred by the sector entities would be tricky. During the lockdown
period, high renewable penetration into the distribution network has
also caused several technical and economic challenges. The stakeholders
associated with policymaking have been observing all these issues for
adopting new policies for the post-pandemic period to continue sup-
porting the sustainable growth in the sector, which consists of inte-
grating next-generation technologies championed by zero carbon
emission mechanisms. These recently published research papers, news
articles and media coverages form the fundamental basis to formulate
the recommendations to address during COVID and post COVID direct
and indirect impacts to build a sustainable power system for the future.
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3.3. Implementation measures

Though the impacts prevail in various forms in energy and power
sector, some of the measures that are implemented by the government
bodies or the concerned authorities of the respective sectors in different
couries are summarized in the Table 1.

Thus from the above analyses, it can be summarized that the
following scenarios have occurred due to the COVID-19 outbreak:

e Commercial load demand dropped the maximum.

e Residential load demand increased.

o Industrial load demand also dropped but not very significant in many
countries.

e Energy demand price dropped in most of the countries.

Although this section scrutinizes the impacts of COVID for different
countries from the available data, it is an essential task to explore any of
the discussed countries in detail to divulge the concrete impacts of
COVID in the power sector. On that note, the Indian grid is considered as
a case study for further deliberations as given in Section 4. It has been
selected based on several factors as given below:

o Third largest electricity consuming country in the world about 1.54
trillion kWh per year.

o It consists of five regional and thirty state load dispatch centers, one
of the complicated integrated network.

e A diverse category of people across the country such as socially,
economically, religiously, culturally, etc.

e One of the fastest GDP (Gross domestic product) growth nation in the
world about 6.68% with a global share of 3.28%. Its composition
falls on three major sectors such as Agricultural (15.4%), Industrial
(23.0%), and Service (61.5%).

By considering all these factors, it is expected that the impact of
COVID among the Indian people influences the Indian electric market
unswervingly.

4. Scenarios of Indian power system during COVID-19
4.1. Power sector during COVID

India is a vast country of over 1.3 billion people; therefore, the
electricity demand is also very high, although it varies based on popu-
lation density, geographical and industrial/commercial development
conditions, etc. The power network is divided into five different regions;
Northern Region (NR), Western Region (WR), Southern Region (SR),
Eastern Region (ER) and North Eastern Region (NER) as shown in
Fig. 11. The integrated power grid is supporting national electricity
demand. India’s Power System Operation Corporation (POSOCO) [63]
oversees the national power grid. India has one of the most extensive
synchronous interconnected grids in the world with an installed capacity
of about 370 GW and regular base-load power demand is around
150GW. Industrial and agricultural consumption is around 40% and
20%, respectively, while commercial consumption is around 8%,
whereas domestic load demand is around 30-32% [64].

Likewise, in other countries, the COVID-19 outbreak started in India
too and the government started taking action from the middle of March
2020. In India, Janata Curfew was imposed on 22nd March, whereas
nationwide lockdown started from 25th March 2020 and continued till
17th May (as per the recent announcement by Government). Fig. 12
shows historical developments of responses after COVID-19 spreading in
India. Before the start of Janata Curfew, the energy consumption across
the country attained a greater magnitude around 3500GWh. Subse-
quently, during the declaration, i.e., on 22nd March 2020, demand
started to decay and obtained a value of about 3000GWh, continued its
trend, and stretched lower most demand scale nearly 2500GWh on 1st
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Table 1
Impact on the power system in various countries due to COVID-19.
Country Population Lockdown period Lockdown level Electricity Impact on power sector/government response Ref
[55] generation (GWh)
[56]
Spain 46,754,778 14-March-2020 to 25- National level 275,000 e Power demand decreased by 3% and 24% in March and [57]1
April-2020 April-2020 compared to the same time demand in 2019
e More power generation by renewables, PV generation
increased by 72%
Belgium 11,589,623 18-March-2020 to 19- National level 74,600 e Industrial, commercial load demands more than 70% [57]1
April-2020 which had dropped substantially.
e The government will provide financial support for the
payment of energy bills.
o A decrease in cash collection and an increase in bad debts
for power companies
Netherlands 17,134,872 16-March-2020 to 28- National level 117,500 o The overall energy demand has decreased subsequently. [57]1
April-2020
Portugal 10,196,709 13-March-2020 to 11- National level 59,900 o Drop-in demand will lead to economic loss to the power  [57]
April-2020 sector. Bad debt for the company will increase.
e Government has taken measure to allow customers to
pay utility bill later
Singapore 5,850,342 7-April-2020 to 1-June-  National level 52,900 o The overall energy demand has decreased subsequently [58]
2020
China 1,439,323,776 23-Jan-2020 to 8-April- State Level (in 7,111,800 e Total electricity demand in January and February-2020 [59]
2020 Wuhan) was 8% lesser than 2019 demand during the same period.
France 65,273,511 17-March-2020 to 11- National level 574,200 e The planned energy generation of 380TWh in 2020 by [60]
May-2020 nuclear sources will be affected.
o The power sector faces approximately 70% revenue loss
in March-2020 compared to march-2019.
Germany 83,783,942 20-March-2020 to 19- State / City level 648,700 e The overall energy demand has decreased subsequently. [61]
April-2020 (Bavaria) o During COVID the share of renewable energy increase to
41% which has contributed 302TWh.
India 1,380,004,385 25-Mar-2020 to 03- National level 1,561,100 e It is estimated that Indian DISCOMs will suffer revenue [62]
May-2020 [45] loss of 4 billion US dollar and liquidity crunch of 7.2
billion US dollar during lockdown
Australia 25,499,884 23-March-2020 to (to National level 261,400 e The commercial and industrial energy demand decreased [30]
be announced) by 7% and 1% respectively in Victoria.
e Residential load demand increase by 14% in Victoria.
Italy 60,461,826 09-March-2020 to 3- National level 290,600 e Power demand decreased 10.1% during March-2020 and [57]1
May-2020 22% from 22-March-2020 onwards compared to the
same time demand in 2019
e Renewable energy generation increased by 3.5%
e Government has given relaxation for the payment of
utility bills
United 67,886,011 24-March-2020 to (to National level 333,900 e Power demand at transmission-level decreased by 10% [571
Kingdom be announced) after 23-March-2020
United States 331,002,651 20-March-2020 to 29- State wise (different 4,460,800 e Residential energy demand has increased by 20% in [32]

April-2020 (for New
York)

for different state)

some part of USA.
It is estimated that in the year 2020 there will be 4.2%
drop in retail sales of electricity to the industries.
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Fig. 3. Pre-COVID (PC) and During-COVID (DC) view of percentage demand of electricity load by major sectors [26,27].
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Fig. 4. Load demand in NY during COVID-19 lockdown period in 2020
compared to the same in 2019 [28].
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domestic power demand.

4.1.1. Regional demand pattern

The regional energy consumption pattern, as shown in Fig. 14,
exemplified that there was a sharp demand reduction in all regions be-
tween two periods (before and during the lockdown period). The load
demand dropped in NER and ER is about 22.5% and 20%, respectively,
which is comparatively higher than in other regions. Further, there is a
notable drop in NER and ER when compared with 2019 energy con-
sumption pattern.. Similarly, SR and WR showed a moderate drop of
about 16% and 14.5%, respectively. Contrarily, NR, which stakes a
higher part in all India demand, displayed the least drop of about 10%.
This declination exhibits a significant demand reduction, which posed a
severe economic and technical challenge to the power company.

From the above, it is stated that the integrated action of regional
energy consumption, as well as power demand, demonstrates a similar
pattern of national energy consumption or power demand. The
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Fig. 5. Load demand in Italy during COVID-19 lockdown period in 2020 compared to the same in 2019 [26].

April 2020. In a nutshell, the average all India daily energy consumption
reduced by 1000GWh compared to that of 2019, as illustrated in Fig. 13.
Consequently, the energy mix during the lockdown varies greatly,
particularly, coal-based generation adjusted to compensate for reduced
consumption giving higher priority to the RES generation by the dis-
tribution companies. Therefore, the power purchase cost also reduced to
a minimum compared with the pre-COVID period due to the increase in
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Fig. 6

comparative analysis of power demand between the regions during pre-
COVID and during COVID is illustrated in Fig. 15. This interpretation
demonstrates that there is a significant reduction in energy demand all
over India due to lockdown.

4.1.2. Generation scheduling
Generation scheduling analyzed the system network operations and
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. Load demand variation (a) NSW Daily load profile (b) Peak load demand in Australian states in March 2020 and 2019 [29].
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Fig. 7. Daily Demand Change in percentage in March 2020 vs March 2019 [30].

performed economic dispatch from each generating unit to optimize all
India energy delivery with available constraints. The sudden variation in
all India energy demand between pre-lockdown and lockdown periods
wanted rescheduling of the generation pattern. Hence, POSOCO
matched the new energy demand scale by shrinking the coal-based
generating units, as illustrated in Fig. 16. Furthermore, the generating
units of hydro, lignite, nuclear, gas, and RES are not shown any
rescheduling in their magnitude (roughly) during the COVID period.
However, there is a variation in RES (renewable energy resource) gen-
eration considering the availability of renewable energy resources such
as solar irradiation and wind speed. Moreover, it is assumed that gen-
eration from roof-top solar photovoltaic (PV) was utilized maximum as
most of the households were at home. Hence, there is a significant
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influence in the duck curve between Pre-COVID and during-COVID as
displayed in Fig. 17. Additionally, the regional generation scheduling in
all regions also reflects the same declination in load demand.

The mass reduction of demand patterns resulted to shut down some
conventional generators based on fuel availability particularly thermal,
gas and diesel power plants are operated economically. On other hand, a
renewable energy source such as hydro, wind, solar, bio-gas, bio-mass
and nuclear generations are utilized at maximum level considering the
economic constraints and maintaining the must-run status to wind and
solar generations. Under these circumstances, technical and operational
challenges such as intermittencies, stability, voltage and system-
balancing (both real and reactive power) problems are perceived due
to the increased stake of PV generation. However, they could be resolved
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Fig. 8. Market Clearing Price (MCP) and Market Clearing Volume (MCV) in India.
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Fig. 9. Reduction in electricity demand (% change from 1st week to 3rd Week in March-2020) (a) European (b) Non-European countries [30,32-37].

with cautious forecasting, automated controls and other appropriate
feasible technologies. This operating condition explores the possibility
of adaptation of higher penetration of PV generation over the conven-
tional generation in the future. Notably, India proposed to increase the
installed capacity of RE power plant using wind and solar and targeted
to achieve 225 GW by 2022 and 400 GW by 2030 [66].Therefore, the
penetration of PV in grid would take the upper hand in the future and
this operating procedure and measures during COVID set a strong
foundation to maintain the stability of the system when RES stakes at a
higher level. Furthermore, POSOCO managed this diverse demand
pattern effectively using generation scheduling to match the varied
demand pattern with available generation capacity within the regional
grids.

4.1.3. Frequency profile

During the dynamic behavior of power demand and their respective
generation scheduling, retaining the grid frequency within the accept-
able band would be a difficult task. The grid frequency mainly influ-
enced by the large power stations while imbalance between demand and
supply, line outages, and tripping on the grid. Merely, the frequency is
the point of equilibrium between the power demand and the power
generation (without considering losses).

Due to the high reduction in demand from the pre-COVID to the
COVID period, the Under Frequency-based load shedding (UFLS) prob-
lem raised. It consists of automatic UFLS schemes with four stages of
frequency setting such as 49.2 Hz, 49.0 Hz, 48.8 Hz and 48.9 Hz.

Change in Electric price (%)

-25

Fig. 10. Effect on Electricity Price (change from 2nd Week to 3rd Week in
March 2020) in different European market [33].
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Additionally, two stages of df/dt settings were adopted namely 49.3 Hz
and 49.5 Hz. Both these schemes had been implemented for all regional
grids such as SR, WR, ER, NR and NER. It is an important measure to
maintain system frequency stability against severe disturbances. It helps
in avoiding system collapse during significant disturbances like sub-
stantial loss of generation or loss of in-feed occurs on systems. Conse-
quently, there is a backswing of frequency (generally above nominal)
happening in the system. Frequency Variation Index (FVI) is illustrated
in Fig. 18 which has seen that there is a severe FVI cause on 22nd March
(start of COVID period) and 29th March, particularly due to steep load
reduction and generation rescheduling. However, the adaptation of
ULFS and df/dt relay schemes countered the mass disturbances and
facilitated to maintain the stability of the grid during the COVID periods.

4.1.4. Inter-regional transaction

POSOCO operates all the five regional grids through NLDC using
inter-regional transmission networks. The total inter-regional power
transfer capacity of about 450 GW has been adopted at present. The
power transaction between the regions representing two periods has
been illustrated in Fig. 19. The negative and positive flow indicated in
the plot characterizes the exporting and importing of power between
two regions, respectively.

Exporting and importing of power between the regions are declined
greatly during COVID due to a reduction in regional demand predomi-
nantly on the initial lockdown date. Since Regional generating capacity
met the demand locally, power transactions from neighboring regions
are very minimal. Additionally, the State LDC plays a vital role in
scheduling and forecasting of generation for intrastate transactions
particularly the infirm power such as Wind and Solar energy generation.
It is expected to be injected into the Intra-State transmission network by
engaging forecasting agencies if required. It helps to enable a better plan
for the balancing energy resources required for secure Grid operation.
The energy mix of firm and infirm contributes in balancing the gener-
ation and demand

4.1.5. Deviation Settlement mechanism (DSM)

Deviation Settlement Mechanism (DSM) is a mechanism the elec-
tricity regulatory commissions use to penalize the developers in case
they deviate from the declared generation beyond a certain level
(typically +/— 12%). This ensures the grid stays stable and there is no
over drawl/injection or under drawl/injection from the schedule. DSM
accountability is linked with frequency. As per the CERC regulation and
procedure, the DSM procedure is strictly monitored by NLDC, SRLDC
and SLDC. The DSM charges are calculated on a daily, weekly and
monthly basis based on frequency variation. On behalf of the developer,
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Fig. 11. Geographical location of Indian regional and state operative centers [65].

a developer or a Qualified Coordinating Agency (QCA) would be held Solar and Wind generators connected in the network.
responsible for forecasting and declaring the day and week-ahead
renewable power generation for each pooling station or each gener- 4.1.6. Restoration of feeders
ating station. Each developer is then allowed six revisions on the day The post COVID activity increases the load demand particularly from
ahead of schedule in close coordination with the load despatch agency the restart of Industrial and Railway loads. Therefore restoration of the
and also the schedule should not deviate much with their actual (ACT) system to normal operating levels might be a crucial task. Nevertheless,
and scheduled (SCH) generation. the adaptation of gradual restoration of the lockdown would support the
Fig. 20 displays the DSM of all five regions with their actual (ACT) power engineers to restore the feeders effectively. However, it is ex-
and scheduled (SCH) generation. During the COVID period, the DSM pected that the utility takes additional days to attend the issue and
between the actual and scheduled power was not in the phase due to the restore the feeders to normal working conditions because of the impacts
condensed demand pattern across the country. Particularly, SR and NR of pre-lockdown due to COVID. The extended delays and increased loss
show a higher rate of deviation between two periods. Nonetheless, NER, of energy could be due to the shortage of workforce in substations, lack
ER, and WR retain the rate of deviation in typical fashion between both of necessary coordination of internal teams of the utility, insufficiency of
periods. It represents that the respective SLDCs effectively executed the spare parts available in the market, lack of conveyance or transportation
DSM throughout the periods. It represents that the respective SLDCs facility and time is taken to issue line clear for taking restoration work,
effectively executed the DSM throughout the periods through Intra-state especially in distribution circles. Additionally, the following steps/
transaction by means of self-consumption of power within the state from measures might be adopted to enhance the restoration process.
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Fig. 13. All India Energy Consumption in GWh.

e Using the operating reserve, the system operator may meet out the
demand during shortfall in generation within a period of time from
available generating capacity.

e Adopting a spinning reserve by adding extra generating capacity
which is made available by increasing the power output of genera-
tors that are already connected to the power system (online).

e Using the hydropower and gas turbine generators to meet out the
demand for immediate restoration of feeders.

o Adopting extra generating capacity that is not currently connected to
the system but can be brought online after a short delay (non-spin-
ning reserve or supplemental reserve) for isolated power systems
(typically meet out the power available from fast-start generators).

12

o Assessing the generators that intend to provide either spinning or
non-spinning reserve that should be able to reach their promised
capacity within roughly ten minutes.

4.2. The light-off event in India

The Prime Minister of India requested its citizens to turn off their
lights at 9 pm on 5th April 2020 for 9 min to enumerates the country’s
fight against the COVID-19 pandemic. The nations gladly accepted the
call and participated in the event. This sudden change in load reduction,
as well as increase after the event, could have a significant impact on the
grid.
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4.2.1. Preliminary exercise
¥ Pre-COVID M During COVID To ensure the reliable and secure operation of the system during the
60 event, mock exercise was planned on 4th April 2020 (before the actual
%0 event date) to estimate the actual load reduction during the upcoming
event. It is an essential task to compute the total load reduction or all
40 India lighting load to conduct the preliminary test. Therefore, estimation
= 20 of load reduction was figured using two methods as follows:
]
20 o All India load reduction for the actual event was calculated based on
the demand pattern of 29th March 2020 particularly considering the
10 L evening peak. It had been perceived that all India demand was
B around 101207 MW at 18:07 h and later it was increased up to
0 NR WR SR R NER 112551 MW at 21:00 h. Considering this scenario, it was predicted
that the all India lighting load would be around 11344 MW (differ-

ence of demand at 18:07 h and 21:00 h).

Fig. 15. Load demand reduction during COVID-19 in GW for the regions. o Another exercise was adopted to estimate the all India load reduction
based on the summation of household consumers from different
SLDCs. It was recorded about 15085 MW.

Considering these two reports, it was concluded that the total all
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Fig. 17. Duck Curve Pre- and during COVID-19 period.

India load reduction would be around 12-15 GW and might be taken
place for 2-4 min. Subsequently, necessary precautionary measures/
arrangements were made before the start of the mock exercise. Some of
them are as follows [45]:

e All the substations, generating plants and distribution centers are
synchronized to Indian standard time (IST).

e Hydro generations were conserved during evening peak hours for
flexibility during the mock exercise.

e Advance actions such as switching off transmission lines, taking re-
actors in service, changing SVC, STATCOM, HVDC set points, etc.
were taken before the event for keeping voltages and line loadings
within permissible limits.

e Capacitor banks were kept open at the distribution level to maintain
the nominal voltage.

e Discoms are restricted for switching operations of feeders.

e All defense mechanisms namely Under Frequency/df/dt relays and
Automatic demand management systems were kept in service.
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The operational guidelines were finalized as indicated above and the
mock exercise was adopted on 4th April 2020. The observed actions and
results are as follows,

o Before five minutes i.e. 20:55 h, thermal ISGS (Interstate generating
stations) were condensed gradually about 60%.

e Hydro generations were ramped up from 20:57 h to balance the
demand.

e Ramping up of thermal units were carried out form 21:05 h.

o After stabilization i.e. 21:09 h, hydro units were withdrawn from the
grid.

During the complete process, the grid frequency maintained between
49.50 Hz and 50.50 Hz from 20:45 h to 21:30 h. Also, seven 764 kV and
nineteen 400 kV were exceeded the voltage limits

4.2.2. Actual event
The actual Light off event happened on 5th April 2020 from 21:00 h

7-Apr-20 —
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Fig. 18. Frequency Variation Index (FVI).
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Fig. 19. Transmission corridor flow in GW.
onwards. The preliminary arrangements were made as per the mock e Grid Frequency during the event remained in the range of 50.26 Hz
exercise. The observed scenarios are discussed in detail as follows: to 49.70 Hz with a maximum recorded at 21:08 Hrs and a minimum
at 20:49 Hrs.

e The total reduction in all India demand recorded during the event e As the sudden change in huge load may have a severe impact on the
was 31089 MW. All India demand started reducing from 20:45 Hrs, network therefore POSOCO took some actions to better handle the
and the minimum demand of 85,799 MW was recorded at 21:10 Hrs above light-off event.
as shown in Fig. 21. Subsequently, from 21:10 Hrs, the demand o After the evening peak, the thermal generation has reduced while
started picking up and settled at 22:10 Hrs with a demand of 114400 hydro generation was increased to manage the demand. Hydro
MW. started to ramp down to 17543 MW (from 25559 MW to 8016 MW)
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Fig. 20. Deviation settlement mechanisms.
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at 20:45 hrs. This hydro generation was again ramped up from
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Fig. 21. Demand and frequency drop during the light-off event.

8016 MW to 19012 MW from 21:10 Hrs to 21:27 Hrs to meet the loadings within permissible limits.

increase in demand after the event.

e Reduction of total 10950 MW generation was achieved through
Thermal (6992 MW), Gas (1951 MW) and Wind generation (2007
MW) from 20:45 Hrs to 21:10 Hrs.

e Advance actions such as switching off transmission lines, taking

reactors in service, changing SVC, STATCOM, HVDC set points,
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Fig. 22. Electric energy consumption in different sector of India [67,68].
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etc. were taken prior to the event for keeping voltages and line

e The event was managed smoothly without any untoward incident,
while power system parameters were maintained within limits.
POSOCO acknowledges the support and co-operation of all the
stakeholders in successfully meeting this unprecedented challenge.

From the descriptions of the Indian case study, it is revealed that the
demand pattern during the COVID-19 decreased extensively. However,
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POSOCO managed this adverse circumstance and retained the grid fre-
quency and voltage profile within their recommended band. Neverthe-
less, they confronted a few issues and challenges during the COVID
period, as discussed in Section 5.

5. Socio-economic and technical challenges observed in Indian
power system

Due to COVID-19, one of the major sectors operating 24 x 7 and
influenced on a real-time basis is the electric power system. Due to the
stagnation in the operation of businesses, industries, and transportation
in response to COVID-19, the Indian energy demand pattern declined
vigorously. Particularly, the industrial and commercial load demand has
declined sharply while domestic load and electric load at hospitals/
emergency services have increased significantly. The change in load
pattern has caused not only a financial burden on the power sector but
also enforced many issues and challenges considering socio-economic
and technical perspective.

5.1. Socio-economic issues and challenges
e Economic losses

Fig. 22 presents the percentage share of electricity consumption of
different sectors in India from 2015 to 2020, including the forecasted
and actual load demand for 2020. Due to the nationwide lockdown,
particularly from 25-March 2020 to date, the industrial, commercial,
and traction load demand has fallen significantly. It reveals that the
domestic load demand has increased from 23.53% to 36.15% whereas
the stake of the industrial load has decreased from 42.1% to 32.34%.
This deviation has a noteworthy impact on the revenue of power
agencies because power sector companies/utilities make a major profit
from industrial, commercial, and traction load, whereas domestic loads
are supplied at a subsidized rate and hence it consequences a heavy
financial burden in the Indian power sector. Table 2 illustrates the
electric tariff rate for the various sector at the national capital Delhi,
India, for instance.

POSOCO pointed out that total demand during the lockdown,
particularly between the first weeks of lockdown, was 18 kWh billion
units while the week before the demand was 23 kWh billion. Roughly
about 21.7% of demand has been reduced. Further, it could consequence
in extra demand compression of 15-20 billion units in the upcoming
weeks. It reflects net revenue loss of IR25,000 to IR30,000 crores for the
Distribution companies. Furthermore, the average clearing price has
condensed from IR2.15 to IR1.95 per kWh. Moreover, energy consumers
are also affected by COVID-19 and may not be able to pay the energy
price. However, the Indian government has sanctioned a financial relief
package for the distribution companies by providing a three-month
moratorium. Also, the payment security amount has been slashed by
half for future power purchases.

e Reduction in electric bill payment capability by a section of
society

Due to closures of industries and businesses, people are not able to go
out for work; this will impact on their salary. In such a scenario, a large
section of the society is struggling and focusing on basic amenities and

Table 2
Electricity tariff rate (for FY 2019-20) [69].

Category Fixed charge (IR/KVA/month) Energy charge (IR/KWh)
Industrial load 250 7.75
Commercial load 250 6.00
Domestic load 150 4.50
Agriculture load 125 1.50
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hence, incapable of paying the electricity bill. This directly affects the
revenue and bad debt of the power sector company. Any shortfall in
revenue may increase electricity tariffs in the future or a burden on the
power sector company/government.

e Delay in upgradation/transition-related activity in the power
sector

Due to COVID-19, the up-gradation and transition going in the power
sector may get delayed. Due to the slow growth of economic investment
by the public and private sector may decrease, which may affect the pace
of transition.

¢ Financial liquidity crunch and delay in the sourcing of materials

Due to delay and less revenue from the DISCOMs, the under-
construction projects will face financial liquidity crunch and delay in
the sourcing of materials and construction activities. Due to lockdown, it
is estimated that Indian DISCOMs will suffer a revenue loss of 4 billion
US dollars and a liquidity crunch of 7.2 billion US dollars [70].

e Delay in manufacturing and installation of renewable project

Indian import of solar panels and modules from China in FY17, FY18,
and FY19 are $2,817.34 million, $3,418.96 million, and $1,694.04
million, respectively [71]. Due to India’s dependency on China for the
manufacturing of solar photovoltaic panels, Indian solar segment
manufacturing companies are going to face delays in the procurement of
material from China [72]. Even post COVID-19, due to the non-
availability of labor due to their movement to native places and
disturbance in the supply chain, there will be execution delay in the
functioning of the solar manufacturing sector. For many other planned
and undergoing renewable energy projects, several materials/parts are
imported from the USA, China, and other parts of Asia. Because of
disturbance in the manufacturing and supply chain in many of these
countries, there will be a delay in the renewable energy project in India.
Also, due to the pandemic, there is a collapse in crude oil price and there
is a financial problem globally, which also affects the rapid growth of the
renewable energy industry.

e Reduction in subsidy and investment on renewable energy by
the government

Due to the health and economic crisis caused by COVID-19, the
government will have priority and focus on reviving the Indian economy
at earliest. Thereby, there is a possibility of a reduction in subsidy on
renewable energy-related researches and projects.

e Illness among power sector workforce

The electric power sector is the Organization that works 24 x 7 all
around the year. To make it operational skilled people associated with
the power industry have to come out of their home even during the
lockdown and hence, there is a possibility of illness among the work-
force. This directly affects the health of co-workers and the performance
of the power sector industry.

5.2. Technical issues and challenges

Due to lockdown, there are many technical issues observed in the
Indian power networks, including voltage and frequency unbalance,
overloading of a substation, modification of duck curve, etc. To tackle
these issues to ensure the smooth operation of the power systems, the
responsible agencies, for example, POSOCO has initiated disaster man-
agement planning, including many measures and initiatives.
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e Voltage control measures during COVID period

The sudden reduction of load demand during lockdown causes
overvoltage in Transmission and Distribution Networks. Hence, dy-
namic voltage control takes place at the interconnection and the trans-
mission level.

The major tasks at the interconnection network-level related to
voltage control are:

e To retain a constant voltage at the power stations

e To maintain a stable distribution of reactive power throughout the
networks

e To preclude overvoltages due to load outages

o To raise the grid stability at short circuit situations by swelling the
excitation to maintain the synchronism of the grid.

The following precautionary measures were made by RLDCs to
prevent the overvoltages during the lockdown period:

e All the reactors are put into service for overvoltage control to
maintain the grid stability.

e Static compensators and Static VAR Compensators were kept in
voltage control mode.

e Capacitor banks were kept off at distribution level to prevent over-
voltages at consumer points.

e Thermal Generators were adopted to absorb reactive power during
the high voltage condition.

e Solar generating stations were equipped with STATCOM devices; it
absorbs the reactive power during the non-generation period and
high voltage conditions.

e Capacitor banks were equipped with Wind generators and inject the
reactive power to the system for grid stability.

Due to preceding precautionary measures, the Voltage Deviation
Index (VDI) during the lockdown in all major substations displayed a
reduced index, compared with the earlier month, as shown in Fig. 23. It
reveals that the measures are taken by RLDCs consequence a great
voltage control, particularly for dynamic load patterns.

¢ Huge demand variation and power procured through IEX

The COVID-19 calamity has logged 25% declination in national peak
power demand during a lockdown. It consequences a disparity between
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demand and supply during any part of the day. This could upset the
disposal of power to critical sectors, particularly for healthcare. To
ensure reliable operation, IEX’s forecasting techniques have been
adopted for flexible trading in blocks of 15-minutes. It supports the
ecosystem to stabilize the demand-supply schedule on a real-time basis.
This 15-minute trading block permits distribution sectors to acquire
power as per the varying demand during 96 different time blocks per
day. For illustration, southern distribution procured 345 MW during a
time block (14th April) then ramped up to 1,800 MW during an alter-
native time block.

e High-cost generator is put into stand by condition

One of the major actions taken by utilities due to reduced energy
demand is to place the high-cost thermal power plant in standby or shut-
down conditions. The optimization measures have been taken based on
the demand requirement allowing all the low-cost generators to run in
its full load while others are on a fractional level.

e Voltage issues

In the Indian grid, various voltage levels from 11 kV to 1200 kV are
available throughout the network to efficiently supply power to the
consumer from generating stations to the load centers. During the
COVID, most of the power transformers and transmission lines are
allowed to run in under loading conditions to tackle with the reduced
demand. This consequence of voltage issues-particularly at high voltage
level. To overcome these issues, reactors are committed to service, and
capacitor banks are de-committed from the service.

e Protection aspects

The most effective defense mechanism, such as under frequency re-
lays and differential relays are adopted in the national grid for protec-
tion of generator, transmission lines safety, and system stability purpose
with the help of mock exercise.

o Interruption of power connections

The state authorities instructed the subordinate department not to
interrupt the power connection in the state for non-payment of elec-
tricity bills until further notice for all categories of consumers. This
amendment also indicated to postpone the recovery of fixed / demand
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charge towards power consumption. This consequence poses an addi-
tional financial burden to the power companies.

e Fuel availability

Since transportation in India is utterly aborted during the lockdown,
import or export of fuels for power plant operations, particularly coal
transportations was not functional.

e Cybersecurity

Due to the pandemic situation, the utility employees are working
remotely i.e. work from home which acts as the number-one priority for
utilities to continue their operations effectively. But, this activity also
leads the utilities to new cyber-risks that might be from inside and
outside the walls of its cybersecurity mechanism. This new approach of
accessing the plant production and grid networks from homes raises the
risk of outages and safety events as attackers can easily access the
remote systems through the insecure network connection. In order to
avoid such a cybersecurity crisis during this pandemic, utilities should
ensure the baseline defense mechanism by changing the cybersecurity
architecture [73]. Also, the Indian power utility should strengthen the
cybersecurity mechanism by reforming the following frameworks

» Institutional framework: For ensuring compliance of legal,
contractual, and technical framework to make the system
nearly 100% secure from cyber-attacks.

m Legal framework: To integrate several mandatory provisions
for compliances from procurement to installation to operation.

m Technical framework: The security policy needs to be evolved
to improve the technical framework for the operation of the
system to ensure cybersecurity.

The Government of India, under the Information Technology Act,
2000 and the Reasonable Security Practices published in 2011 enforces
that all organization requires to comply with the ISO:27001 to ensure
security and safety of the organization [74]. National Thermal Power
Corporation (NTPC), National Hydroelectric Power Corporation (NHPC)
and Power Grid Corporation of India Ltd (PGCIL) have identified their
infrastructure in respect of business criticality and implemented ISO
27001 controls.

6. Recommendations and suggestions

Due to the unlikely situation, the power and energy sector has been
hit badly in almost all the countries in the world. Energy Quest, in its
March 2020 quarterly report, wrote: “Nobody knows how COVID-19
would pan out, whether it would be quickly contained or become a true
pandemic, but it is likely to hangover the energy sector for most of this year”
[75]. As our lifestyle now experiences a shift due to the steps taken to
battle the pandemic situation, our energy usage profile has been shifted
accordingly. This pattern would continue to stay based on the stringency
of lockdowns. This section proposes some crucial steps that need to be
recognized and undertaken straightaway to continue operating the en-
ergy sector in a healthy manner worldwide. Some recommendations
presented in Section 6.1, adopted from the lessons learnt during the
challenging periods in various parts of the world including India, would
help utilities to handle the current challenging scenario. The recom-
mendations presented in Section 6.2 need to be taken up to overcome
impacts arising from any unforeseeable pandemic alike scenarios in
future and thus continue supporting the sustainable growth in the sector.
Some recommendations would help utilities to handle the current sce-
nario and the rest recommendations need to be adopted to overcome
future unforeseeable pandemic alike scenarios, gradually. A quick
snapshot of the proposed recommendations is shown in Fig. 24.
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6.1. Issues to look at right now: During COVID-19

Logically, every utility has enabled its disaster management plan to
combat with the current scenario. However, an event like the COVID-19
pandemic situation is something no one could ever imagine of. Even a
robust management plan struggles to handle the current energy sce-
nario, which in other predicted disaster cases could have worked effi-
ciently. Starting from taking maximum precautions for the employees
working in the power sector on or off the field to ensuring proper health
check-up facilities is a must to operate the power stations and control
centres effectively. To run the power sector safely and securely, we
cannot afford the luxury to overlook the following issues.

¢ Ensuring maximum safety of employees: To keep the power plant
and control centre safer, the use of disinfectants around the place is a
must. Where a 24-hour service is required, staffs would be assigned
roaster duties in shifts so that if a team gets affected, the whole team
can be kept in quarantine and other teams can take over the charge.
The engineers and workers working at power supply facilities must
be motivated through a declaration of proper financial and risk
packages.
Technical operational strategies: As soon as the demand plunges,
electric utilities should take immediate measures to operate the grid
in an optimum way yet ensuring maximum system stability and
reliability. Utilities should utilize the low-cost generators utterly and
de-commit the high-cost generators gradually without losing the grid
stability. The power sector should immediately compute the avail-
ability extent of sources such as coal, gas, diesel, nuclear fuel, and
water resources. To ensure grid stability, thermal power plants
should be considered for baseload generation. Upon availability,
hydropower stations might be utilized during peak periods and based
on the water availability, might operate continuously. The utility
should consider an economic trade-off between operating the ther-
mal generators below its optimum operating point with low effi-
ciency and operating few generators at higher efficiency while
shutting down other generators. Solar and Wind generators might be
utilized to harness its full potential.

Adapting to the changing Duck Curve: If observed, COVID-19 is

changing the duck curve within the network due to the cases of high

penetration of rooftop solar in urban areas. This is observed in many
utilities during this lockdown period because prosumers are
consuming the maximum of the generated power at home due to the

‘stay at home’ policy, and thus power sell to the grid is lower which

makes the curve shifted upward. Utilities must adapt to this new

shape of the curve and schedule the grid generators accordingly,
which would require the utility to run a new economic dispatch
program.

e Consumer interaction: During the crisis period people need to stay
at home and thus it is must that utility ensure “people have access to
reliable, affordable electricity to stay connected and continue to
communicate with public services and one another remotely” [76].
For any type of customer service in such situations, the facility of
remote login to home devices is advised to resolve technical issues
and over the phone maintenance query and support is recommended.
During this time, consumers may not be able to pay for the unpaid
bills and recharge their pre-paid accounts due to the immobility
condition. Hence, utilities should adopt a measure not to cut off the
consumer due to a late payment issue or insufficient funds in his
account. The utility should work on economic plans to adjust the
dues in his future billing cycles, gradually considering the late pay-
ment fees are exempted.

e Fully executing the Disaster Management Plan (DMP): The
power utilities should take initiatives to conduct an impact analysis
so that none of the emergency and sensitive loads (e.g., most
important govt. units, hospitals, clinics, medical facilities, pharma-
ceuticals, pharmacies, grocery shops, banks, etc.) get disconnected



R. Madurai Elavarasan

et al.

due to any power interruption. The utility should consider any
possible adverse weather events, such as storms or typhoons. During
this period, the utility should concentrate on increasing the power
system resiliency, prioritizing important workloads and assess the
financial condition. The financial study should include potential
revenue loss, potential future costs due to this event, minimizing
unnecessary current costs, find out possible revenue generation
scheme etc. For any reason, if the main control centre needs to be
shut down, an alternative arrangement would be required to operate
the usual business. Hence, the utility should consider setting up an

Normal operating
condition of power
system

l
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additional temporary control centre facility and associated technical
supports. Proper guidelines for using such facilities need to be
developed and make employees aware of these measures is highly
recommended. Every company has its DMP; however, a situation like
COVID-19 was beyond the imagination. Hence, this situation is a
lesson learned for organizations to prepare future DMPs so that
eventual adaptation is assured.
e Financial plan: In due course, utilities must develop a model to
assess the possible revenue loss and thus need to held conversations
among the regulatory and policymakers regarding the financial
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support from the government. The utilities do not have other busi-
nesses except providing electricity to the consumers. Though the
generation cost to produce electricity has fallen due to the low de-
mand, the transmission and distribution cost remains almost un-
changed as the wire costs are almost fixed. Utilities would try to
recover the energy costs using various tariffs. Hence, utilities need to
keep an eye in the future to increase the energy rate to recover the
losses.

Supporting the state-owned generation: It is likely that the
maximum of the power generating units are far from the nearest load
centre. Generation companies should take appropriate measures now
to allocate a proper amount of fuel to ensure the robustness of the
supply stream for the next few months. As the demand decreases, a
frequency fluctuation situation must be managed very carefully so
that it does not go out of control. As previous load forecasting studies
could not anticipate this unlikely situation, a new naive method can
be employed. Countries having electric network interconnections
with the neighbouring countries should take maximum precautions
to keep the generation-demand balance intact. Otherwise, a small
mistake may lead to cascading tripping effects, which may lead to a
nationwide blackout. If the state is self-sufficient with its energy
resource and generation, the regulatory authority should be careful
regarding the fuel extraction and electricity export-import at this
crucial stage. This helps the overall management of the power supply
chain to remain within the respective country’s control.
Short-term accurate load forecasting: An accurate load fore-
casting leads to correct generation scheduling and economic dispatch
of generators by an electric utility and thus minimizing the risks to
ensure uninterrupted and quality power to the consumers. The un-
precedented changes in the demand due to COVID-19 has severe
impacts on the accuracy of week-ahead and day-ahead load fore-
casting. The accuracy of very short-term forecasting in the range of
few hours ahead has been found very promising as this mechanism
depends on the most recent trends rather than the long-tern sea-
sonality trends. The network operators may also rely on the naive
forecasting mechanism, which would perform better than the long-
term predictions [77].

Enhancing the cybersecurity of SCADA and other communica-
tion infrastructure: The SCADA system and the communication
infrastructure of the power system of a country always have threats
from international hackers. If the system has glitches in its commu-
nication network and it is found due to an unintentional mistake in
the stressed periods of a pandemic, then the whole network may fall
prey to the hacker who could pose a national threat. Like many other
industries, the utilities also face a shortage of IT experts or cyber-
security experts during the time of such pandemic events. Hence,
utilities have to be very prompt, taking actions to safeguard their
whole network.

Power system maintenance: Looking at the nationwide daily de-
mand pattern, it is seen that most of the industries and commercial
setups are shut down. It is the right time for the utility to intelligently
schedule the generation to allow the spare units to carry out much-
needed refurbishing and maintenance. The utilities can take this
opportunity to inspect the impacts of shutting down a few power
plants alternately in a programmed manner. In this way, a utility
may identify the efficacy of the emergency power plants.

6.2. Recommendations for the future

Severe unlikely events like COVID-19 may occur in the near future to

any country. Hence, responsibilities need to be realized, and steps need
to be taken promptly, which would proffer a progressive impact. Until
today many utilities and operators have been operating the sector
incorporating the conventional mechanisms and styles of management.
As the pandemic situation has exposed the severe weaknesses, it is high

time policymakers,

experts and all stakeholders recognize the
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integration of modern technologies, mechanisms and managerial styles
to be incorporated with the power and energy sector. Some of the rec-
ommendations for doing so are as follows:

Gradual increase of load: As the COVID-19 lockdown will be
withdrawn, utilities should plan to allow the relaxation of the load to
increase step by step to ensure grid stability. Otherwise, tripping may
occur due to severe power quality issues. If it is not controlled
properly, a weak grid may fall to cascading effects, which would, in
turn, create a systemwide blackout.

Post-COVID fuel security and supply: In the post-COVID case,
economy would be more inward-looking and deglobalization would
occur due to the security of energy and depending on others for all
commodities. So, it is the time for policymakers to understand the
necessity of fully exploiting their fuel potential before committing to
other friendly nations for fuel import/export. An unforeseen regional
and global crisis may occur at any time in the near future. Exploring
fuel potential also includes assessing the overall renewable energy
generation capacity utilizing various types of resources. While the
COVID-19 crisis gets over and things become normal again, it would
be difficult for the developing countries to compete with the bigger
economies for importing fuels, for example, crude oil, LNG, LPG, coal
from the international market. Hence, the respective governments
should take the necessary steps for exploiting its resources immedi-
ately. However, cheap generators could run out of fuel due to
excessive usage during global lockdown situation and high-cost
generators may have enough fuel. This scenario may increase over-
all generation costs during the post-COVID maximum demand sce-
nario. Hence, if a country is dependent on fuels imported from
another country, it is required to assess the reserve as a pandemic like
situation would not give enough time for further procurement within
a very short time. There may be disruptions in the fuel supply as well
due to the spread of the contaminations on the point of contact be-
tween the countries. So, it is the high time countries should think of
diversifying the supply or reducing the dependency on foreign re-
sources. Fuel transportation to generation sites is always a big
challenge. It is suggested, countries should look after their resources
and make sure some power stations are built nearby to the fuel
storage facility. It is the regulator’s roles, policymakers’ role to
finally decide on how the country should move ahead to gain fuel
security.

Support to the renewable sector: Even though there is a drastic
price fall occurred for the crude oil, it would not be justified to
withdraw the support to the renewable energy sector. Once the sit-
uation overcomes, the oil market would get back to its feet soon. For
example, the Indian government has drafted a bill to amend the
electricity act to protect renewable energy developers and grow the
sector. So, for the time being, it would not be wise not to incentivize
the renewable energy sector due to cheaper fuel availability.
Investment in renewable energy resource manufacturing: The
renewable energy sector is experiencing slow growth due to the
unconsolidated supply chain. Solar PV and wind industries are
already seeing logistical delays. The government regulators, policy
and decision-makers should carefully evaluate this situation so that
development does not get hampered as well as the interest of all
parties is served properly in an ethical manner. Auction rules should
be flexible enough where developers can commit what they have got
now, and the rest can be committed later. Due to the travel ban, it is
not possible to get raw materials for renewable energy installations
soon and this situation can be considered as a motivation to invest in
local manufacturing companies to reinforce supply security. PV
systems are considered as the most used distributed renewable en-
ergy resource around the world. Hence, considering a manufacturing
plant to supply PV systems’ accessories would prove to be an asset to
a country in the near future.
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e Deployment of solar-based technology: If the people of rural areas
of a country can satisfy their low energy needs using renewable en-
ergy resources, that could be a massive benefit to both the rural
people and the national utility. This would be a big relief to the
utility grid extension burden. During the periods of COVID-19 like
events in the future, where any future decision is unknown and
people have to stay in their home, being energy self-sufficient is the
best way to keep them functioning. For example, in Bangladesh, a
total of about 4.13 million Solar Home Systems (SHS) was set up in
the rural areas and this small SHS can last long around 7-8 years
without creating any severe trouble. On top of that, the solar system
price is declining day by day due to the rapid improvement of
technology around the world. This long-term initiative, which star-
ted almost fifteen years ago, is now helping the people in these areas
to keep themselves up to date with the latest information and news
regarding the event and take proper measures without delay to keep
themselves protected from the adversity of COVID-19. This ensures
the rural area’s energy security regardless of the fuel price fluctua-
tion worldwide. The use of solar irrigation technology is also rec-
ommended as the rural farmer would not have to depend on the
vulnerable supply of fossil fuel during a lockdown event. The coun-
tries having many off-grid regions may take necessary initiatives to
integrate these types of modular systems into their daily lifestyle.
Deployment of biogas-based technology: Biogas is another
important source of energy that can fulfil the energy demand of rural
areas in many countries around the world. As rural areas usually
have small to big dairy farms, it is easier to install a biogas plant there
and maintain the daily operation. This source of energy has a high
impact on the life of rural women, especially which limits their daily
tasks of fuelwood gathering for cooking. On top of that, biogas is a
clean resource for cooking which reduces the health hazards of
chronic diseases, such as respiratory infections, ailments of the lungs;
bronchitis, asthma, lung cancer, and increased severity of coronary
artery disease, which are the biggest health threats to a COVID-19
patient [78]. If well-maintained, a rural biogas facility can last for
a hundred years, which would eventually help the residents to keep
their environment clean.

e Hydrogen as a future fuel: Research and innovation can contribute
to proposing Hydrogen as one of the alternatives fuels to replace
fossil fuel. A greener version of hydrogen can be produced using the
renewable resource generated power for electrolysis of water. This
would be environment friendly as no CO, would be produced in this
process. The transportation sector can be highly decarbonized using
this technology. In the wake of the Covid-19 crisis, the EU and
Germany have indicated their interest in investing in this sector [40].
Interest in Nuclear Industry: As the pandemic situation recovers,
the governments try to achieve the UN SDG goals as well as make
sure that the energy supply chain remains intact. During the
pandemic event, nuclear energy was one of the cleanest and safest
energy resources in Europe. There have been lots of talk regarding
fossil fuel price and supply. However, power generation from nuclear
power plants did not pose any challenges in terms of health risk,
contamination risk, fuel supply, emissions and worker safety. Safety
measures are already embedded in the nuclear industry, which has
been one of the concerning issues due to COVID-19. The World Nu-
clear Association (WNA) also addressed this issue[40]. This industry
will attract more employments to boost up the economy if more
large-scale nuclear power plants are planned to be built in future.
WNA also projects that nuclear power plant uptake would increase in
future

Microgrid: Microgrid is a very well-known concept these days. If
bigger urban areas or industrial zone can be clustered and function as
microgrids with its generation facilities, that would be the best to
handle future power system management during any type of crucial
situation. This could also be a new business perspective. During a
period of lockdown, consumers in a microgrid environment can
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produce own energy, sell it to the grid if excess, store the excess
energy to use later during the night or cloudy days, monitor real-time
energy production, consumption, energy selling and buying price
and make a decision to take part into the demand side management
mechanism. The consumer can also control the charging and dis-
charging of the vehicle and storage component. In this manner, a
self-sufficient consumer can confidently manage his energy necessity
according to income and expenditure. Microgrids may exist in in-
stitutions, small communities, military bases, commercial and in-
dustrial areas. A utility should adopt rules and regulations to allow
suburb areas to get off-grid and function as a microgrid if any ne-
cessity occurs. Having microgrids within a utility’s network bolsters
the cybersecurity of the system and improves the well-being and
economic advantage of the customers.

Tariff restructure to recover financial Loss: The utilities involved
with transmission and distribution network assets would try to
recover the loss due to lower load demand. To do this, utilities may
increase the tariff as soon as the situation recovers. Hence, regulatory
hearings would play an important role in deciding how to divide the
cost to recover the deficits.

Rebound in the oil price: There might be chances in the post-
COVID period that the current production rate of oil would fall
against the demand. This would be due to high demand because of
the increased transportation and industrial activities. This means a
rebound effect can be expected in the oil and gas sector. However,
due to increased interest in renewable energy options, it is unlikely
that oil price recovery would slow down the transition. During the
post-COVID period, it is important that governments act to re-boost
the economy using greener alternatives.

Energy efficiency measures: Besides an immense interest in
renewable energy investments, utilities and policymakers put some
concentrations on the nationwide energy efficiency programs. Some
energy efficiency measures such as fixing the cooling and heating
equipment standards, demand-side management programs, pro-
moting green buildings, promoting energy start appliances etc.
During any crisis period, more and more people would stay at home
and the efficient use of energy would result in well-managed power
demand and supply system. These benefits also apply to the new
transition of the work pattern as well - work from home (WFH).
Deploying energy efficiency measures in the commercial and in-
dustrial sectors would make a huge difference in the way energy is
utilized now.

Building long-term resilience: COVID-19 pandemic situation has
put the power and energy system in a challenging situation and has
exposed the vulnerabilities. Responding to these types of incidents
with more reliable and safe operation mechanism requires ap-
proaches in building resilience in the power and energy sector. Lee
and Stout mentioned in a report published by NREL mentioned that,
“Power sector resilience is the ability to anticipate, prepare for, and adapt
to changing conditions and withstand, respond to, and recover rapidly
from disruptions to the power sector” [79]. The first step to increase
resiliency is to make the planning first. This includes long and mid-
term planning with a sufficient influx of investment from time to
time. Countries should adopt energy resiliency policies to develop an
Integrated Resource and Resilience Planning process, which includes
capacity expansion, transmission and distribution build-out,
considering stakeholders’ opinion and interest, several priority in-
terventions, etc. Diversification of the generation resources boosts
the resiliency. Integration of various types of distributed generation
coupled with storage also boosts the resiliency by supporting off-grid
systems or microgrid solutions whoever required.

Digitization of the power and energy sector: From the power and
energy sector perspective, a transformation is occurring across the
energy value chain, starting from the electricity generation, through
transmission and distribution, all the way to the end-use electricity
supply for residential, commercial and industrial consumers. In a
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large scale, the transformation can be briefly portrayed using three
D’s - Digitalization, Decarbonization and Decentralization. The
transformation applications range from resource performance man-
agement, grid optimization and aggregation to integrated customer
services [80]. Digitalization is vital for the decentralization of the
energy systems. The digital solutions can facilitate the society with
reduced GHG emissions, new job opportunities and value for con-
sumers. The transformation triggers a data-driven future by con-
necting and coordinating data in innovative ways using advanced
analytics, Machine Learning, Blockchain, Internet of Things (IoT)
and Artificial Intelligence technologies. The blend and assembly of
these innovative technologies are the keys to boost the trans-
formation of the power and energy sector. Digital links connect the
individual system components which provide a massive amount of
valuable data. In this data-driven world, the intelligent combination
of artificial intelligence and machine learning would analyze the
data that would foster the decision-making and performance of en-
ergy generation, transmission and distribution; and the blockchain
technology would set up the engine to utilize the data for consumers’
energy trading, transparently and robustly. Without the digital
infrastructure of the power and energy sector, the concept of Smart
Grid would be invalid. A data-driven networked and intelligent
multi-storied building can reduce its ecological footprint by as high
as 80% [53]. It is essential that during the post-COVID-19 era, the
power and energy utilities, operators and all stakeholders recognize
the contributions and blessings of these remarkable technologies
which would not only transform the entire sector into digital but
would facilitate the nations to achieve the United Nation’s Sustain-
able Development Goals (UN SDG) well ahead of time. Therefore,
national policymakers should incorporate the digital transformation
of the energy sector in their respective country policies to boost up
the restructuring of the power and energy sector.

Smart Grid: Smart grid technology is the integration and smart
communication between generation system, transmission line, sub-
station, transformers and other systems for reliable service to the
consumers. The smart grid is a self-sufficient network system which
controls, monitor and analysis complete energy supply system. A
smart grid system transmits electricity more efficiently, restores
power disturbances quickly and reduces operation and management
costs. The complete electric system should adopt smart grid tech-
nology for better security of the system and better integration be-
tween customer and utility sector. This technology would also lead to
better utilization of renewable energy sources. Smart grid recognizes
the blessings of the blending of the digitalization of the sector,
distributed integration of renewable energy resources, presence of
energy market and implementation of microgrid infrastructures. The
exposed vulnerabilities of the energy sector can be well addressed by
fully utilizing the capabilities of Smart Grid in the respective
countries.

Demand-side load management: Demand side load management
strategy reduces investment cost in the power generation and
transmission sector in order to meet the peak load demand. Demand-
side management also allows grid operators to balance intermittent
electricity generation from solar and wind plants, which give a boost
to renewable energy sources. The demand-side load management
activity attempts to balance electricity generation and demand closer
to perceived optimum, giving benefit to both consumer and energy
providers. National investment in generation and transmission sector
can be well deferred to a later time due to well-planned demand-side
load management programs.

National Policy: After the pandemic situation recovers, it is desired
to decide on how much the country needs to generate to accelerate
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the future economy. This would eventually decide if the country
needs to move to more generations either from thermal power or
green energy sources. To build a new thermal power plant, a good
number of skilled people are required, but for renewable energy
plants more diversified and generalized background people can
work, but their total numbers could be less compared to the other
case. This would have an impact on the job sector, as well. The
government needs to consider various other issues to boost up the
power sector-oriented economy. The country policy would decide if
a foreign investor should be allowed to invest or not. It has both pros
and cons for any country. In that case, it is required to check what are
the rules for the lenders who would lend the money to the investors.
There could also be a debate on whether the investment should be in
the power generation sector or in the grid or maybe on the virtual
power plants, demand-side managements, or perhaps more correc-
tive market where consumers become prosumers. A report published
by NREL mentioned that Vietnam plans to launch a wholesale elec-
tricity market by 2023, and in Thailand, a dialogue is emerging over
whether the government can continue to support a state-owned
single-buyer utility in the wake of their recent expenditures [47].
All these new projects and ideas would depend on the respective
government policies and regulatory environment of the country.
Investment in new technologies can enable greater power system
controllability, but cost-benefit analysis must be understood.

7. Conclusions

The COVID-19 Pandemic pandemic has had a profound effect on
public health, economic and social impacts and affected all aspects of
life, including the power sectors around the world. The nation and/or
region-wise lockdown imposed to reduce the COVID-19 has affected the
operation of businesses, industries and transportation, which resulted in
a change in electric load demand pattern. Due to the changes in work
patterns and lifestyle, residential electricity demand has increased while
industrial/commercial load demand has reduced and eventually has
affected the national energy demand profile. Optimum operation and
maintenance of the power system become critical due to these load
changes and hence, utilities around the world are taking many initia-
tives to tackle these challenges to ensure a smooth operation of the
power system. This study has investigated the direct impacts that
occurred during the pandemic in the power system such as power de-
mand variation including technical and economic issues associated,
while the indirect impact that eventually influences the power sector
operation such as the implementation of new projects, investments etc.
From the preliminary analyses, it has been evident that commercial load
demand was dropped maximum while residential load demand was
increased maximum during the lockdown. The study then investigated
various issues and challenges faced by the utilities in the Indian power
system, including the essential measures taken to retain the grid fre-
quency and voltage profile within their recommended band. From the
analyses, it is evident that Indian utilities managed this challenging
situation efficiently without much interruption into the power systems
network, including the nine-minute light-off event. Finally, the lessons
learned from the Indian utilities as well as based on the existing re-
searches, knowledge-based and personal experience, this study pro-
posed a set of recommendations for a smooth operation of the power
system globally during this pandemic condition. Recommendations are
also proposed to gradually overcome this crisis as well as for a sus-
tainable operation of the power systems in the near future. This study
will be useful for the government, policymakers, utilities and stake-
holders around the world to handle this pandemic crisis as well as a
pandemic alike scenario in the near future.
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