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ABSTRACT In this paper we explore how the COVID-19 pandemic, also known as Coronavirus pandemic,

affected the operation of small electric grids, and what can this event teach us on the readiness of such grids

in the face of future global health crises. We focus on three major effects: changing patterns of generation

and consumption, frequency stability, and the joint impact of low consumption and high share of renewable

energy sources. Specifically, we analyze changes in consumption in the Israeli, Estonian, and Finnish grids,

and attempt to identify patterns of consumption changes that may be explained by the pandemic. We also

analyze changes in voltage and frequency, and show that the low consumption caused significant deviations

from the nominal values of both parameters. One main conclusion is that the reduced energy consumption

during the pandemic is critical, and has a major effect on the operation of small electric grids. Another

conclusion is that since the pandemic pushed the relative share of renewable energy to record highs, this

event may help us to better understand the influence of a high share of renewables on small grids, thus

offering a glance into a renewable-rich future.

INDEX TERMS COVID-19, coronavirus, SARS-CoV-2, health crisis, power system stability, renewable

energy, power systems flexibility, energy policy.

I. INTRODUCTION

In December 2019 an outbreak of pneumonia caused by a

novel coronavirus occurred in Wuhan, Hubei province, and

has spread rapidly throughout China [1]–[3]. After virus iden-

tification and isolation, the pathogen for this pneumonia was

originally named the 2019 novel coronavirus (2019-nCoV),

but has subsequently been officially named the ‘‘severe acute

respiratory syndrome coronavirus 2’’ (SARS-CoV-2) by the

World Health Organization. On January 30, 2020 the organi-

zation declared the 2019 coronavirus disease (COVID-19) to

be a public health emergency of international concern [4].

One consequence of the COVID-19 pandemic was a sig-

nificant change in generation and consumption of electricity

The associate editor coordinating the review of this manuscript and

approving it for publication was Derek Abbott .

worldwide, mostly due to the preventative measures taken by

governments [5]. Many countries reported reduced electricity

consumption in the commercial and industrial sectors [6].

For instance, the UK normally experiences a 10-20% reduc-

tion in electricity demand over the weekend as compared to

during the week; however, since the outbreak of the pan-

demic, the same reduction in consumption was measured

during weekdays as well [7]. Another example is the 3%

reduction in U.S. demand for electricity on March 27, 2020,

as compared to the same day in 2019 [8], [9]. These changes,

which are usually rare, affected energy generation and trad-

ing, and led to substantial monetary loses in both the public

and private sectors [10], [11]. The long-term effects of the

pandemic on the energy industry are currently poorly under-

stood, and will be probably investigated for many years to

come [12], [13].

127234 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/
VOLUME 8, 2020

https://orcid.org/0000-0001-6125-9882
https://orcid.org/0000-0002-8003-4248
https://orcid.org/0000-0002-8243-7374
https://orcid.org/0000-0001-9775-1406
https://orcid.org/0000-0002-0945-2674


D. Carmon et al.: Readiness of Small Energy Markets and Electric Power Grids to Global Health Crises

In this paper we attempt to better understand how the

COVID-19 pandemic affected the operation of small electric

grids, and what can this event teach us on the readiness of

such grids in the face of future global health crises. We focus

on three major effects: changing patterns of generation and

consumption, frequency stability, and the joint impact of low

consumption and high share of renewable sources. Specif-

ically, we analyze changes in consumption in the Israeli,

Estonian, and Finnish grids, both in the time domain and spa-

tial domain, and attempt to identify patterns of consumption

changes that may be explained by the pandemic. We also

analyze changes in voltage and frequency, and show that

the low consumption caused significant deviations from the

nominal values of both parameters.

Based on the available data we aim to draw conclusions

regarding the readiness of small electric grids to global health

crises. One main conclusion is that the reduced energy con-

sumption during the pandemic is critical and has a major

effect on the operation of the grid. Therefore, system opera-

tors need additional tools to manage events of abnormally low

electricity consumption, such as storage devices, enhanced

control of variable renewable energy sources, and frequency

regulation capabilities.Moreover, we conclude that flexibility

is critical, and in many cases long-term reliability should be

preferred over immediate economical considerations.We also

claim that a high share of renewable energy sources may

be a significant factor in the readiness level of small or iso-

lated grids, since such sources may lead to reduced spinning

reserves, increased ramp-rates, reduced rotational inertia, and

non-optimal economic dispatch. These effects caused by the

COVID-19 pandemic may help clarify the influence of a high

share of renewables on electrical grids in general, and offer a

glance into a renewable-rich future.

II. THE EFFECTS OF THE COVID-19 PANDEMIC ON

GENERATION AND CONSUMPTION IN SMALL GRIDS

The COVID-19 pandemic had a significant effect on gen-

eration and consumption of electricity worldwide. In this

section we attempt to summarize these effects as they are

reflected in three relatively small grids: the Estonian grid,

the Finnish grid, and the Israeli grid. Specifically, we ana-

lyze changes in consumption both in the time domain and

in the spatial domain, and attempt to identify patterns of

consumption changes that may be explained by the pandemic.

We also show measurements that explain how the reduced

consumption affects the voltage profile across the grid.

The reduced electricity consumption observed during the

pandemic is the result of government measures against the

virus spread. As policy actions tomitigate COVID-19 became

more severe, the consumption decreased. This is demon-

strated in Fig. 1, which compares the electricity demand

in Israel before and during the COVID-19 pandemic. The

figure shows the electricity consumption during three days

with the same average temperature of 21 ◦C. The blue graph is

the demand onMarch 8, before emergency state was declared,

the orange graph is the demand on theMarch 16, when partial

FIGURE 1. Comparison of the total demand [GW] in three different days
during the COVID-19 pandemic in Israel.

restrictions were enforced, and the green graph is the demand

on March 29, 10 days after the declaration of a state of

emergency. Although the average temperature was the same,

substantially reduced consumption wasmeasured from day to

day. The same trend may be observed in Table 1 and Fig. 2,

which depict the total energy consumption per day for each

week, and also in Table 2 and Fig. 3 that present the daily peak

power. Both the total energy consumption and peak power

continually decreased during March 2020.

TABLE 1. Comparison of the total energy demand [MWh] per week
during COVID-19 pandemic in Israel.

FIGURE 2. Comparison of the total energy demand [MWh] in three
different weeks during the COVID-19 pandemic in Israel.

The daily aggregated electricity consumption in Estonia

shows somewhat similar patterns. Figure 4 shows the aggre-

gated consumption for 8 weeks, from March 2 to April 26.

In the figure the first vertical dashed line marks the onset of
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TABLE 2. Comparison of the maximum power [MW] per day during
COVID-19 pandemic in Israel.

FIGURE 3. Comparison of the maximum power [GW] in three different
weeks during the COVID-19 pandemic in Israel.

FIGURE 4. Scaled daily consumption from March 2 to April 26 in Estonia,
for business (blue) and private (orange) clients.

emergency state in Estonia, whereas the second line marks

the closure of large shopping malls, restaurants, entertaining

facilities, etc. As can be seen in the graph, electricity con-

sumption in the private sector (orange solid line) does not

show a consistent pattern of decrease or increase, whereas

consumption in the business sector (blue solid line) experi-

enced a gradual decline of approximately 20% during only

eight weeks. This data is somewhat surprising, taking into

account that home isolation can potentially cause a significant

increase in residential electricity consumption. However this

trendmay be explained by the comfortable weather during the

peak of the pandemic, which did not require use of air condi-

tioners or electric heaters. Figure 5 shows the relative change

in the overall weekly consumption in several sectors of Esto-

nia and Israel between 02-08/03 and 30/03-05/04. Unlike

Estonia, the Israeli residential sector experienced a significant

decrease in energy consumption during this period. This can

FIGURE 5. Relative change in the overall weekly consumption between
02-08/03 and 30/03-05/04 in Estonia and Israel.

be partly explained by the shifted waking time of people, due

to the closure of work places, universities, and schools as

well as by the daylight saving time that started on March 27.

Both reasons mainly affect lighting energy consumption and

heating in the early morning. At the same time, the con-

sumption in the Israeli business sector experienced a dramatic

decrease from the same reasons (closure of large facilities,

as detailed above). The Israeli industrial sector was barely

affected by the pandemic. A possible conclusion is that power

grids with many business consumers may be more vulnerable

to pandemics and other unusual events.

The decrease in electricity consumption in Estonia dif-

fers among regions of the country, depending on the unique

characteristics of each region. Two significant factors are

the presence of industry and commercial businesses, and

the severity of COVID-19 virus infection. Figures 6 and 7

illustrate the relative change1 in consumption, between

March 2 and April 12 in different regions of Estonia. As can

be seen in Fig. 7, the counties that experienced the most

significant reduction in consumption are the northern regions

and Tartu, which are industrial and heavily populated. The

consumption ratio in these regions between private and busi-

ness consumers is just few times shifted toward business

clients, but in places like Lääne the shift is more dramatic (up

to 80 times at specific dates). Moreover, the most significant

reduction, more than 30%, occurred in Saare county, which

does not have much heavy industry. This can be explained

by the level of the spread-per-person measure (164.9 per

10000 people) in this region, which is more than 8 times

higher compared to other regions [14]. Furthermore, between

March 2 and April 12 most regions in Estonia experienced

an overall reduction in electricity consumption in the private

sector. This can be partly explained by the rise in temperature

during these dates, as can be seen in Fig. 8, since the average

temperature in Tallinn increased by 2-3 ◦C during this period.

Yet this data cannot explain a reduction of 7% inHarju region,

or 10% in Saare. One possible explanation for the exceptional

reduction in these regions is an overall reduced activity of

the citizens, while another explanation is migration of people

from large cities to small cities and villages.

In addition to reducing the overall energy consumption,

the COVID-19 virus also changed patterns of consumption

1The relative change is computed as the difference between the start and
end points of a trend line y = αt +β, in which ymarks consumption, and α,

β are chosen such that
∑

t (yt − (αt + β))2 is minimized.
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FIGURE 6. Estonian county-based relative change in consumption for
private and business clients from March 2 to April 12.

FIGURE 7. Estonian county-based relative change in total consumption
(business and private clients together). The color gradient is in the
range [−27%, −14%].

FIGURE 8. Temperature variation during March 2 to April 12 in Helsinki,
Tallinn, and Tel Aviv.

along the day, causing a more ‘‘smooth’’ consumption curve.

Figure 9 focuses on the consumption in all countries between

March 2 and April 12, showing that as time progresses the

consumption becomes more smooth fromweek to week. This

may be the result of diversification in the waking time of

people. The spike during the third week of March in Israel

can be explained by the weather, since the mean temperature

dropped to 13.9 ◦C during the week, compared to 18.2 and

18 ◦C in the previous and subsequent weeks (see Fig. 8).

Figure 10 depicts the scaled distribution of consumption over

an 8 weeks horizon. The scaling factors are selected to be

the peak-power in each country during the considered period:

11668 MW in Finland, 1304 MW in Estonia, and 9972 MW

in Israel. Although the patterns are slightly different due to the

delay in the announcement of emergency state and the local

weather, the end result is similar: while Estonia and Finland

experienced a smooth and gradual decrease in consumption,

the Israeli grid experienced a larger variation in consumption,

as illustrated in the distribution shown in Fig. 10. A possi-

ble explanation can be the relatively high share of business

consumers in Israel (∼28%), which were largely shut down

during the pandemic, as seen in Fig. 5. In addition, Fig. 11

compares the average hourly consumption in Finland during

March in both 2019 and 2020, showing that the consumption

curve in March 2020 is smoother than in 2019, and this

phenomenon strengthens from week to week as the number

of people in quarantine increases. This can also be explained

from a statistical point of view as shown in Fig. 12, which

presents box plots of the scaled hourly consumption in Fin-

land, Estonia, and Israel. For each box the red line is the

median, and the bottom and top edges are the 25th and 75th

percentiles, respectively. The whiskers extend to the most

extreme data points. As time progresses the graph clearly

shows that the demand curve becomes more flat, since the

boxes become smaller.

The reduced consumption due to the pandemic also led

to significant voltage deviations. This is due to capaci-

tive elements in transmission lines that generate reactive

power. When the overall consumption is low, this reactive

power changes the power flow in the network, and results

in increased voltage amplitudes. This phenomena is demon-

strated in Fig. 13, which presents the number of hours in

which the average voltage in the 400 kV transmission system

in Israel increased above 417 kV. The data is presented for

9 weeks, from February 24 until April 26. As can be seen in

the graph, the amount of time in which the voltage was higher

than 417 kV increases consistently from the end of Febru-

ary until the beginning of April. The increase in voltage levels

during March can be explained by the reduced consumption,

which is depicted in Fig. 1. The spikes observed in the graph

during the week of April 6 is the result of the Passover

holiday, during which the consumption was extremely low.

The decline in voltage after this week can be explained by less

strict measures that were initiated by the Israeli government

after Passover, which led to increased demand.

III. FREQUENCY STABILITY AND THE EFFECTS OF

RENEWABLE ENERGY SOURCES

In this section we attempt to explain how low power con-

sumption during the pandemic affected the frequency stabil-

ity of the Israeli and Finnish grids. Specifically, we show

that in the Israeli grid the low consumption during the
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FIGURE 9. Average total hourly consumption [GWh] in Finland (left plot), Estonia (middle plot), and Israel (right plot) from March 2 to
April 12.

FIGURE 10. Hourly electricity consumption distributions during March 2
to April 26.

FIGURE 11. Total average hourly consumption in Finland,
March 2019/2020.

pandemic caused significant deviations of the frequency from

its nominal value. However, this was not the case in the

Finnish grid, probably since Finland trades significantlymore

power with its neighbors (most prominently Russia, Sweden,

and Estonia) [15]. Moreover, we show that the low consump-

tion raised the relative share of renewable energy sources in

Israel, which caused a number of adverse effects:

FIGURE 12. Consumption statistics over the period March 2 to April 12.

FIGURE 13. Average voltage (orange) and total hours above 417 kV (blue)
in the 400 kV transmission network in Israel.

• Reduced spinning reserves, and therefore poor resiliency;

• Increased ramp-rates of conventional power;

• Reduced rotational inertia, which may cause increased

frequency deviations;

• Rapid changes in conventional power generation, which

may lead to poor reliability, and non-optimal economic

dispatch.

The effects of the COVID-19 pandemic on the frequency

of the Israeli grid are summarized in Tables 3, 4, and 5. These

tables present the number of seconds in which the frequency
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TABLE 3. Daily based duration [in sec] of frequency deviations in Israel
during March 2 to March 8.

TABLE 4. Daily based duration [in sec] of frequency deviations in Israel
during March 23 to March 29.

TABLE 5. Daily based duration [in sec] of frequency deviations in Israel
during March 30 to April 5.

deviated from its nominal value during each day, for three

weeks in March and April. During all weeks reported the

average temperature and clouds motion were similar, to miti-

gate the effects of varying weather conditions. The frequency

deviations are divided to higher or lower than 100 mHz and

200 mHz. The same data is summarized in Fig. 14, which

presents the overall frequency deviations per week. As can

be seen in this figure, the overall duration of high frequency

deviations increases as time progresses. This can be explained

by the decrease in consumption, which raised the relative

share of solar generation in Israel, and led to more frequent

events of energy imbalance.

Figure 15 presents the aggregated (to ±0.02 Hz intervals)

duration of frequency deviations during three different weeks

before and during the COVID-19 pandemic in Finland. Here

FIGURE 14. Duration [in sec] of all frequency deviations—comparison of
three different weeks before/during the COVID-19 pandemic in Israel.

FIGURE 15. Scaled time of frequency deviations—comparison of three
different weeks before/during the COVID-19 pandemic in Finland.

we scaled the overall duration and used a semi-logarithmic

scale to visualize the small number of low and high frequency

events. As can be seen, the duration of frequency deviations

does not follow a clear pattern, in spite of the reduced con-

sumption shown in Fig. 12. The different frequency response

in Israel and Finland can be explained by the fact that Israel

is an energy island, while Finland is connected to the strong

grids of Sweden and Russia.

Another impact of the COVID-19 pandemic and the low

consumption it caused is an increase in the relative share of

renewable energy sources. Due to various economical and

environmental reasons renewable energy sources are often

prioritized over conventional power plants. As a result, when

consumption is low, the relative share of renewables in the

generation mix increases. This phenomena is demonstrated

in Fig. 16, which presents the maximal share of renewable

energy before and during COVID-19 pandemic in Israel.

Before the pandemic the maximum fraction of renewable

energy in Israel was 21.9%. However, on April 4 at 12:55 the

solar share reached to 27% of the total generation, the max-

imum fraction of renewable energy ever measured in Israel.

This record was broken again on April 5, which was a hol-

iday, in which the solar share reached 29%. As can be seen

in Fig. 16, in all cases the generated solar power was almost
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FIGURE 16. Maximum share of renewable energy in Israel, as a fraction
of total generation.

equal, and so the reason for the high share of renewable

energy is the low consumption.

A high share of renewable energy alongside low con-

sumption may cause increased ramp-rates of conventional

power, which may lead to reduced reliability, poor resiliency,

and non-optimal economic dispatch. To demonstrate this,

in Fig. 17 we compare the overall demand and conven-

tional generation in Israel during 24 hours in both March 4

and 29. As seen in the graph, the consumption on the 29th

is substantially lower, resulting in a 20% share of renewable

energy, in comparison to 17.5% on the 4th. Correspondingly,

the ramp-rate of conventional generation between 15:00 and

20:00 on the 29th is significantly higher, with an increase

of approximately 2900 MW, which was 34% of the peak

conventional generation on that day, in comparison to an

increase of about 2500MW on the 4th, which was 27% of the

peak conventional generation. Additionally, the high share of

renewable energy on these days led to increased frequency

deviations. This can be seen in Tables 3 and 4, which show

that the overall duration of frequency deviations on the 29th

is 331 seconds, as opposed to only 44 seconds on the 4th.

This can be explained by the reduced rotational inertia and

spinning reserves, which decrease the frequency stability and

limit the ability of the system operator to address events of

energy imbalance.

FIGURE 17. Comparison of the total demand and conventional
generation during 24 hours on two sunny days: March 4 and March 29.

An additional effect of the low consumption was rapid

changes in conventional power, due to intermittent solar

generation. This effect is demonstrated for the Israeli grid

in Figs. 18 and 19, which present both the overall demand

and conventional generation on a cloudy day (March 31).

In both graphs the difference between the demand and con-

ventional generation is the renewable generation. Figure 18

shows the data during 24 hours, while Fig. 19 focuses on

times of peak solar power, between 9:30 and 14:00. As can

be seen in Fig. 18, intermittent solar photovoltaic generation,

caused by the motion of clouds, leads to rapid changes in

conventional generation. More specifically, Fig. 19 shows

that the solar fraction of the overall power fluctuated from

13% at 10:00 to 7.9% at 11:30 and 15.2% at 13:00, causing

changes in conventional generation accordingly.

FIGURE 18. Comparison of the total demand and conventional
generation [GW] during 24 hours on March 31 (cloudy day).

FIGURE 19. Comparison of the total demand and conventional
generation [GW] between 9:30 and 14:00 on March 31.

IV. LESSONS FROM THE COVID-19 PANDEMIC

A main lesson to be learned is that the low consumption

triggered by the COVID-19 pandemic is a major challenge.

Abnormally low electricity consumption affects the manage-

ment and control of generation units, and as demonstrated in

the results above, may lead to a reduced system reliability

and resiliency. When electricity consumption is exception-

ally low, the system operator has to shut-down conventional

power plants that are normally operated, until consumption

goes back to normal. Moreover, in countries with a high

share of solar generation, several conventional power plants

have to be operated in a two-shift operation mode. In this

mode, units are shut-down during the morning, when solar

generation rises, and are synchronized back to the grid in the
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TABLE 6. Main characteristics of the Finnish, Estonian, and Israeli grids.

afternoon, when solar generation declines. This daily routine

causes several problems:

1) Several types of conventional power plants that are

shut-down for a few days cannot be fully activated in a

short time. This means that in case of contingency, such

as a failure in a generation unit or an unexpected load

deviation, backup units with a short startup time are

used. These units are typically expensive and polluting.

2) The two-shift operation mode of power plants may

result in equipment deterioration and higher mainte-

nance costs. Furthermore, there may be delays in the

synchronization of these units to the grid, making it

difficult for the system operator to supply the evening

demand.

3) Low demand leads to high voltages in the transmission

network. Usually, this problem is solved by operat-

ing synchronous machines in an under-excited mode,

in which they absorb reactive power. However, when

less power plants are being used, the ability to absorb

reactive power and control the voltage is reduced.

4) Less operating power plants means less spinning

reserve and lower rotational inertia. Therefore the fre-

quency response is limited, and any small deviation

in renewable energy production may cause stability

issues. Moreover, in case of failure such as a transmis-

sion line short-circuit or a unit malfunction, the change

in frequency is sharper and faster, which can lead to

additional problems.

Table 6 directly compares the main characteristics of the

three systems considered in this research (Finland, Estonia,

and Israel), emphasizing the relative reduction in consump-

tion due to the pandemic, and the approximate number of

significant frequency events. The data shows clearly the

effects of interconnections on the stability and reliability of

the network. For instance, it can be seen that the Estonian

grid did not have a significant number of frequency events

during the first weeks of the COVID-19 pandemic, while

the Israeli grid shows a significant increase in the number

of such events, as a result of the low consumption. At the

same time the Finnish grid does not exhibit a clear pattern.

The fact that Israel had more frequency events than Finland

can be explained by the fact that Finland is interconnected

to larger networks, whereas the Israeli grid is effectively an

island. The same conclusions may apply to other systems:

grids that are either large or interconnected to other large

systems will probably be more resilient to unusual events

such as the COVID-19 pandemic. Another important factor

may be the relative share of renewable sources: grids with

a lower relative share of renewable sources will probably be

more resilient to events of low consumption.

The problems mentioned above emphasize that system

operators need additional tools to manage events of abnor-

mally low electricity consumption, and that in such events

operational considerations should be prioritized over eco-

nomical ones [16], [17]. In times of crisis, human behavior

is hard to predict, and so is energy consumption. Therefore,

the system operator needs more operational reserves than

usual. If a unit is stopped due to low consumption, economic

considerations dictate that the most expensive units should be

turned-off first. Yet, this might leave the system operator with

a set of units that do not supply the operational capabilities

needed to maintain the stability and flexibility of the sys-

tem. Therefore, one possible conclusion from the COVID-19

pandemic is that during periods of low consumption unit

commitment planning procedures should promise enough

flexibility, which will be measured by a combination of good

inertial response, high ramp rate, large spinning reserve, and

a large range in power output.

In addition, once the COVID-19 pandemic is completely

under control, a rigorous analysis of the measurements that
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were taken to maintain the stability of power systems world-

wide should be done. Such an analysis can be used to enrich

existing emergency plans, which currently mainly address

events such as earthquakes or extreme weather, with the

appropriate steps to be taken during a health crisis. Such

emergency plans should also include means for estimation

and control. For example, system operators should conduct

daily meetings in order to discuss the problems that arise, and

the appropriate means to address them.

To deal with future pandemics, ancillary services that

enhance the flexibility of power systems, such as operating

reserves and voltage control, should be further encouraged

through appropriate pricing schemes. The COVID-19 pan-

demic showed that such services are more important than

ever before. There are many technological innovations that

can enrich the toolbox of a grid operator, however existing

regulations do not always support their usage. For example,

at certain times during the pandemic, the operating units in

Israel did not provide enough spinning reserve, and so the

frequency of the system was at risk. The main reason for

the lack of spinning reserve is the absence of any regulatory

compensation that may encourage it.

Furthermore, the pandemic provided an interesting oppor-

tunity to experience higher relative shares of renewable

energy in power grids, since lower demand for electricity is

equivalent to a higher share of renewable energy sources.

The information gathered during this event can be used

by decision makers to either update renewable energy tar-

gets, or to improve the readiness of their grids to reach

the existing goals on schedule. Perhaps in the long run the

COVID-19 pandemic can boost the integration of renew-

able energy, since the needed tools for dealing with low

consumption during a pandemic are the same as the ones

needed to support more renewable sources. These tools

include energy storage devices, enhanced control of vari-

able renewable energy sources, and frequency regulation

capabilities [18]–[20].

V. CONCLUSIONS

This paper explores how the COVID-19 pandemic affected

the operation of small electric grids, and what can this event

teach us on the readiness of such grids in the face of future

global health crises. One main conclusion is that the reduced

energy consumption during the pandemic is critical, and has

a major effect on the operation of the grid. Abnormally low

electricity consumption affects the management and con-

trol of generation units, and as demonstrated in the results

above, may lead to voltage and frequency deviations, and

more generally to reduced reliability and resiliency. We argue

that system operators need additional tools to manage events

of abnormally low electricity consumption, such as stor-

age devices, enhanced control of variable renewable energy

sources, and frequency regulation capabilities. Since flexibil-

ity is critical we also conclude that in many cases long-term

reliability should be preferred over immediate economical

considerations. Furthermore, to deal with future pandemics,

ancillary services that enhance the flexibility of power

systems, such as operating reserves and voltage control,

should be further encouraged through appropriate pricing

schemes. These conclusions are especially relevant for small

and isolated grids. The pandemic also pushed renewable

energy to record highs, hence the data gathered during this

event may help clarify the influence of a high share of

renewables on electric grids, and can offer us a glance into

a renewable-rich future.
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