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Abstract: The recent coronavirus (COVID-19) pandemic has wreaked havoc on the global economy,
causing major shifts in energy use and output patterns. For some countries, this has had a significant
effect on energy demand and carbon emissions, at least in the short term. Since the United Arab
Emirates is currently exerting many efforts towards sustainability, it is important to assess and
understand the impacts of the pandemic and the lockdown measurements on the local energy sectors.
Data for this analysis were gathered by the Sharjah Electricity Water & Gas Authority (SEWA) for
Sharjah City which is the capital of the Emirate of Sharjah. The changes in electricity after the
implementation of quarantine and lockdown-like measures were assessed, and the results indicate
that the electric power demand in Sharjah City was reduced in the commercial, industrial, and
agricultural sectors, whereas the residential and government sectors witnessed a higher power
demand. The overall electricity consumption in the year 2020 was reduced by 1.04% in comparison
with previous years including 2016 to 2019. The results of this study indicate that the changes in
electricity consumption were minimal in Sharjah City as compared to other cities around the world.
However, this paper highlights the importance of governmental response during and after a pandemic,
and the possible impacts that lockdowns could potentially have in the energy industry worldwide.

Keywords: COVID-19; lockdown; electricity demand; electricity supply; energy consumption;
Sharjah; UAE

1. Introduction

Since the emergence of the human coronavirus (COVID-19), abrupt changes have
occurred worldwide. The COVID-19 virus was declared a pandemic on the 11 March
2020 (World Health Organization, 2020). Not only did the virus become a global health
concern, but it has also resulted in changes to the ways business is conducted and to the
daily lifestyles of individuals worldwide. In addition to impacts on health, the pandemic
had implications for the economy, energy and water use, and CO2 emissions. Implemented
lockdown programs and the suspension of civic and commercial activities around the
world have consequently affected human behaviors. The unprecedented events of the
pandemic and the exponentially unmatched circumstances have affected standard living
needs and demands. As the majority of individuals were prompted to work remotely from
home, water and energy demand levels were potentially inherently shifted. Social isolation
and changes in electricity and energy patterns have been recorded and have been attributed
to the shift to a remote setting. According to [1], there was a sharp decline in commercial
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and industrial electricity and energy consumption, which could be the result of set curfews,
partial shifts, and region-wide closures. Moreover, intense consumption from institutions
like schools and production plants shifted to intermediate consumption from supermarkets,
homes, and hospitals.

Each state responded to the lockdown differently, leading to inevitable impacts on
their general energy consumption. The International Energy Agency (IEA) published
a comprehensive statistical report highlighting a sharp reduction in overall electricity
consumption in Europe, India, China, and the US [2]. Bahmanyar et al. compared the
severity of COVID-19 restrictions with its effects on electricity consumption in different
European countries and the results indicated that countries with more severe restrictions
(Spain, Italy, Belgium, and the UK) experienced a larger drop in electricity demand than
countries with fewer or no restrictions, such as the Netherlands and Sweden [3]. At the
beginning of the pandemic, the International Energy Agency reported an average decline
of 25% in the energy demand per week in countries that applied a full lockdown and
an 18% decline in countries that implemented partial lockdowns [2]. A lockdown is a
restriction policy that calls for households to isolate themselves in addition to banning all
kinds of activities that involve crowding such as parks, educational institutes, and dine-in
restaurants. Many developed countries reported that electricity consumption during the
pandemic drastically decreased at the earlier stages of the pandemic between February
and April 2020. For instance, China’s electricity consumption dropped by 12% around
February 2020 compared to February 2019 due to the complete lockdown [4]. However,
once lockdown measures were reduced in China, electricity consumption increased by 5%
around August 2020 compared to August 2019.

Due to the uncontrollable spread of the virus in Italy, the lockdown measures were
severe, and they were expanded over a longer duration than in other countries. The
Italian government implemented an immediate lockdown which has not only impacted
commercial and industrial systems, but also the water and electricity consumption systems.
The lockdown was mandatory on the population, non-essential firms, and nationwide
airports, which blocked national and international flights, thus causing a major reduction
in the overall energy consumption [5]. Even though the restrictions forced people to
quarantine, it implied that electricity and water consumption were predicted to increase.
Instead, these restrictions led to reduction of electricity consumption during both work
hours and throughout the evening. As a result, the daily consumption pattern was changed
in comparison with the pre-COVID period.

In addition to effects on the energy sector, it has been reported that global CO2
emissions are expected to decline by 8%, to the levels reported 10 years ago. A study showed
that in April 2020 daily global CO2 emissions decreased by −17% (−11 to −25% for ±1σ)
and concluded that government actions and economic incentives post-crisis might influence
the global CO2 emissions path for decades [6]. Another study in China, comprehensively
evaluating the dynamic impact of COVID-19 on the environment, revealed that air quality
was improved in the short term, contributing significantly to global carbon emission
reductions. However, the study predicts that after reducing the lockdown measures, energy
use and greenhouse gas (GHG) emissions are likely to increase, exceeding pre-lockdown
levels [7].

The United Arab Emirates (UAE) imposed its first lockdown due to COVID-19 on
March 2020. After the implementation of the lockdown, the electricity sector evolved
in various ways. The UAE’s main energy source is natural gas, a non-renewable energy
source. In 2014, prior to the pandemic, the UAE was the top 5th CO2 emitter per capita
worldwide with only 0.7% of its energy coming from low carbon sources [8]. During the
pandemic, the UAE became a leading example by emphasizing the importance of protecting
its population against the possible consequences of the pandemic. The UAE mandated
many governmental and private sectors to work from home, which led to an increase in
domestic electricity bills [9]. No official sources were found to describe the overall effect of
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COVID-19 on UAE electricity and water consumption, which is a gap that this research
aims to address.

Since the UAE is currently exerting many efforts towards sustainability, it is important
to assess and understand the impacts of the pandemic and the lockdown measures on local
energy sectors. This is the first study to discuss the impacts of COVID-19 on the energy
sector in the region. Therefore, this paper aims to assess the impact of COVID-19 on the
electricity demand and consumption in Sharjah City, UAE as a case study. The objectives
of this research include analyzing the results of electricity consumption in Sharjah City
during 2020, comparing the results with the years 2016 to 2019, examining the hourly
power supply, overall monthly demand, monthly demand per sector, and the difference in
demand between 2020 and the previous years. Finally, the study focuses on comparing the
results for Sharjah with other countries in terms of electricity consumption and reflects on
the reported changes.

2. Materials and Methods
2.1. Study Area

The study focuses on the Emirate of Sharjah, which is the third largest among the
seven Emirates of the UAE. According to the Department of Statistics and Community
Development, the population of Sharjah Emirate is around 1.7 million, of which approxi-
mately 1.4 million live in the city of Sharjah [10]. Of the total inhabitants of Sharjah, about
90% of the population is made up of expats, making Sharjah very sensitive to global and
regional changes. Sharjah City is located in the geographical coordinates of 25.3◦ N 55.5◦ E
on the coast of the Arabian Gulf. It is considered to have severe climate conditions due to
its location in a hot dry region and the very hot summer covers 6 months per year starting
from May till October. Mean temperatures range between 18 and 34 ◦C, reaching high
daily temperatures of 24–42 ◦C [11]. These climate conditions and the seasonal variation
of temperature have severe impacts on electricity consumption, which varies more than
400% between peak and lowest demand, putting a severe burden on electricity generation,
network, and distribution.

2.2. Data Collection and Analysis

To understand the changes in electricity usage during the lockdown period, data on
electricity usage were obtained. The Sharjah Electricity Water & Gas Authority (SEWA) is
the entity in charge of distribution and generation of electricity, water, and (piped natural)
gas to the residents of the Sharjah Emirate. Data for this analysis were gathered by SEWA,
Sharjah, UAE. Sharjah City was chosen as the main area for our study (Figure 1), as the
majority and most dense population of Sharjah is based in its capital, Sharjah City. In
order to assess the changes in electricity generation after the implementation of quarantine
and lockdown-like measures, the hourly electricity load was computed from 1 January
2020 to 31 December 2020, and then we analyzed its deviation from the average values
observed in the same period between 2016 and 2019. The consumption data were collected
from SEWA’s billing system customer care and billing service (CC&B) Oracle Utility. Data
were collected per sector on a monthly basis. Data on agricultural, commercial, residential,
governmental, and industrial sectors were collected and analyzed separately and together
to assess differences in consumption per sectors. For electricity hourly data, SEWA uses the
supervisory control and data acquisition (SCADA) software which increases the efficiency
of process monitoring and operating control. Hence, electricity hourly data (load) were
selected from the SEWA SCADA system including all the losses. The hourly load is
generated through the Open Systems International (OSI) SCADA system, which acquires
data from all power stations, tie-lines, and substations through the telecom network to the
master station. The OSI system obtained data from remote terminal units (RTU), distributed
control systems (DCS), and substation control and monitoring systems (SCMS), which are
available to the corresponding substation/power station. The study examines the data
collected for the area outlined in Figure 1, which includes Sharjah City from the coastal
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edge in the north-west, up to Sajja and Tilal in the south-east. The study area also includes
Al Hamriya region in the north.

Figure 1. Map of Sharjah City and the power line feeder locations assessed in this study.

Data were assessed and plotted to establish trends and relationships observed through-
out the years. Comparisons during lockdown, post-lockdown, and pre-lockdown were
made. The power consumption on an hourly basis was presented using MATH LAB. All
other plots were performed using Microsoft excel.

3. Results

This study aims to examine the impacts of the COVID-19 lockdown measures on
the electricity consumption in Sharjah City during 2020 in comparison with the previous
years from 2016 to 2019. To assess this comparison, an analysis of the overall hourly power
supply, overall monthly demand, monthly demand per sector, and the difference in demand
between 2020 and the previous years was included in this study.

3.1. Analysis of Overall Electricity Consumption in Sharjah City Compared to Previous Years

A comparison between the demand and supply of power in Sharjah City (Figure 2)
indicates that both trends follow a similar pattern of fluctuating increases and decreases that
are most noticeable during the lockdown months (March to May) and the period following
the end of the lockdown (June to August). The beginning of 2020 and the end of 2020 have
a relatively stable pattern that is similar to the average reported in the preceding years.
Consequently, these results present a significant impact on power supply and demand in
Sharjah City, showing a decrease during the lockdown measures and an increase during
the period following the end of the lockdown.
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Figure 2. Electric power supply to Sharjah City using (a) average hourly demand between 2016 and
2019, (b) hourly demand in 2020, and (c) the hourly difference between 2020 and the average of
previously reported years.

3.1.1. Assessment of Power Supply

The overall power supply in Sharjah was examined on a daily and monthly basis as
shown in Figure 2. The data presented were based on the first Sunday of a given year to
allow for a week-to-week comparison and better average representation throughout the
year. On average, the power supply decreased during the cooler months and increased
during the warmer months. The hourly pattern changed between the day and night, as
the supply reaches its peak between 12:00 and 18:00 h, and it was typically around 06:00 h
that the major changes were observed. The observed pattern is predictable due to the
ventilation and cooling requirements in Sharjah’s hot and humid environment, requiring
high electricity consumption. Moreover, the observed sudden drops (vertical thin color
strips) in power supply within a month occur over the weekends.

The electric power supply in Sharjah during 2020 was also examined for the hourly
and monthly differences. In Figure 2c, the difference in the electric power supply in Sharjah
City was compared between 2020 and the average of the preceding years (2016 to 2019).
The difference indicates that the supply was relatively constant and only increased slightly
during the first few months including January, February, and March. With the lockdown
measures that started mid-March and lasted until the end of May, the power supply
decreased significantly. During the summer months, June to August, the power supply
showed a relative increase above the average of 2016–2019. The supply starts decreasing in
September and October, and it increases again in November and December.

Overall, the results indicate that the most significant reduction in power supply
occurred between April and May, reaching a reduction of around 600 MWh. It is noticeable
that the difference in the hourly power supply between 2020 and the 2016–2019 average
does not have a dominating increasing or decreasing pattern, except for a decrease between
12 and 24 h during the lockdown months (March to May). The remaining hourly data
represent a consistent pattern throughout the day, with an increase in the summer months
and a significant decrease during the lockdown period.

Considering the weather temperature influence on the electric supply, Figure 3 presents
Sharjah City’s (a) average hourly temperature data between 2016 and 2019 as a reference,
(b) hourly temperature data in 2020, and (c) the hourly temperature difference between 2020
and the average of previously reported years as acquired by Weather Underground [12].
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In a close comparison between Figures 2a and 3a, there is a strong correlation between
the average hourly power supply and the weather average hourly temperature data along
a given year. This mainly contributes to the relatively high temperature values in the
Gulf Region which require the use of air conditioning systems for most of the year. The
level of temperature difference between the hourly temperature in 2020 and the average
hourly temperature between 2016 and 2019 presented in Figure 3c is approximately ±8 ◦C
between days. In other words, some days are generally hotter or cooler than their average
representation, which explains the variations presented between vertical temperature
lines (days).

Figure 3. Sharjah City hourly temperature data presented using (a) average hourly temperature
between 2016 and 2019, (b) hourly temperature in 2020, and (c) the hourly temperature difference
between 2020 and the average of previously reported years.

3.1.2. Assessment of Power Demand

When assessing the power demand, Figure 4a shows that the power demand in 2020
is relatively similar to the years 2017 to 2019. It is noticeable that the demand in 2016
was lower in comparison with the continuing years, with its peak demand at 1209 GWh.
However, the peak of the demand in the years 2017 to 2019 is relatively similar to 2020,
which indicates that there is a stable level of peak demand. On the other hand, the increase
in demand is steeper in 2020 when compared to the preceding years, especially around
March to May. This is reflected by the wider area of low demand observed in the graph
during the lockdown period, and an immediate rise to high demand upon the reduction
of the lockdown measures (mid-2020 onwards). This is further clarified by Figure 4b,
which shows a decrease in the demand between March and May 2020 when compared to
the average between 2016 and 2019. However, there is an increase in demand between
June and August 2020; then, the demand eventually becomes similar to the average from
September onwards.

The results obtained are expected as there was a considerable reduction in commercial
sector activities and eventually the power demand during the lockdown period, which
consequently led to a reduction in the total demand across Sharjah City. However, this
reduction is countered by an increase in the demand of the residential sector, which conse-
quently affects the total demand. Therefore, it may be concluded that despite the significant
reduction in commercial demand during the lockdown, the increase in the residential
demand is significant enough to counteract this reduction in the overall power demand.
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Figure 4. Monthly electric power demand in Sharjah City (a) between 2016 and 2019 and (b) an
analysis of the demand in 2020 in comparison to the previously reported years.

3.2. Assessment of Electric Power Demand per Sector

In order to further identify the potential sectors accounting for the increase or decrease
in power demand, an analysis was conducted to examine the distribution of power across
sectors. Figure 5 indicates that the residential sector accounts for the highest demand of
power, with a share of ~ 40%, followed by the commercial sector accounting for ~ 36%
of the total power demand. Both industrial and government sectors have a similar share
of ~ 12% and 11%, respectively. The agricultural sector has the lowest demand of 0.18%.
Therefore, any changes in the residential or commercial sectors had a significant impact on
the overall power demand.
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Figure 5. Electric power demand per sector in Sharjah City for 5 consecutive years between 2016
and 2020.

The monthly breakdown of the power demand in the five sectors (residential, com-
mercial, industrial, government, and agricultural) was further analyzed over the years
2016 to 2020. By examining the results in Figure 6a,b, it is seen that the agricultural sector
remained relatively consistent in its demand over the years. However, the residential and
commercial sectors were clearly dominant, each accounting for between 30% and 50% of
the total demand in a given month. The years 2016–2019 witnessed a smaller difference in
demand between residential and commercial sectors; however, in 2020, a larger difference is
evident due to the rise in residential demand and decline in commercial demand. Moreover,
the industrial sector had a demand larger than the government sector until the beginning
of the lockdown. By then, the industrial demand had reduced significantly, having a peak
of ~18% in 2020, as opposed to ~20% share of the total demand in the preceding years. This
eventually led to similar levels of demand between government and industrial sectors in
2020, with more fluctuating levels in the government sector. Overall, it is evident that the
power demand of four out of the five sectors has been affected due to COVID-19 restrictions;
it is distinguished by the increase in residential and government sectors’ power demand,
and the decrease in the demand of commercial and industrial sectors. The apparent increase
in demand between 2019 and 2020 in the government sector accounts for the government
buildings that were not billed or even metered before. The UAE provided a rapid response
to the pandemic and had to apply many changes in order to respond to the rise in cases.
The increase in demand between 2019 and 2020 accounts for the establishment of the new
polymerase chain reaction (PCR) testing and COVID-19 treatment facilities in response to
the rise of the pandemic, which were not present in previous years.
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Figure 6. Monthly breakdown of the electric power demand per sector for 5 consecutive years from
(a) a billable and (b) a percentage analysis relative to the total demand at a given month.

3.2.1. Residential and Commercial Sectors

The monthly power demand per sector highlights the impact of the lockdown mea-
sures in 2020 in comparison to the average of the preceding years. Figure 7a represents
the demand in the residential sector; as shown, the first quarter of 2020 and the fourth
quarter were relatively equal to the yearly average. However, the apparent drop in de-
mand during the month of May is mainly attributed to the availability of meter readers,
who returned back to service delivering an apparent increase in demand for the month
of June and reported higher demand in August and September of 2020 in comparison to
previously reported years. On the contrary, the commercial sector witnessed consistent
levels of demand in the first and third quarters of 2020, yet the lockdown period had a
demand lower than the average, as evidenced in Figure 7b. From September 2020 onwards,
the commercial demand decreased below the yearly average.
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Figure 7. Electric power demand between 2016 and 2019 and an analysis of the demand in 2020 in
comparison to the previously reported years for (a) residential and (b) commercial sectors.

3.2.2. Industrial and Government Sectors

In the industrial sector, it is evident in Figure 8a that the power demand throughout
2020 is predominantly lower than the yearly average. The largest difference in the demand
of 2020 and the yearly average is noticed during the lockdown period (March to May).
Moreover, the government sector does not follow a similar pattern to the industrial sector.
Instead, Figure 8b indicates that the government’s demand had a fluctuating pattern in
2020, with a sudden increase in March and July–August. The remaining months had a
demand that is relatively similar to the yearly average. Hence, the impact of the lockdown
period is evident in the reduction of the demand in the industrial sector and the temporary
increase in the demand in the government sector.
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Figure 8. Electric power demand between 2016 and 2019 and an analysis of the demand in 2020 in
comparison to the previously reported years for (a) industrial and (b) government sectors.

3.2.3. Agricultural Sector

Although the agricultural sector demand is relatively low in comparison to the other
sectors, it was also affected by the lockdown measures. The first quarter of 2020 witnessed
an increase in the power demand in comparison to the yearly average, as shown in Figure 9.
However, from the beginning of the lockdown onwards, the demand of the agricultural
sector decreased significantly below the average. For the rest of the year, the agricultural
demand remained below the average, implying that the sector had been affected over the
long run, and not only temporarily during the lockdown period.
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Figure 9. Electric power demand between 2016 and 2019 and an analysis of the demand in 2020 in
comparison to the previously reported years for the agricultural sector.

3.2.4. Overall Electric Power Demand Variation

In general, the lockdown measures in Sharjah City affected the power demand across
all five sectors. In general, some sectors were affected temporarily for the duration of the
lockdown measures, such as the residential, commercial, and government sectors. On
the other hand, the industrial sector was affected from the beginning of the lockdown
till the end of the year, having predominantly lower average power demand than the
preceding years. In the case of the agricultural sector, there was an increase in comparison
to the average of previous years, at the beginning of 2020, and a sudden decrease after
March (Figure 9). The only notable increase in 2020′s power demand is noticeable in
the residential sector during the summer months, in the government sector during the
lockdown period and the summer months, and in the agricultural sector during the first
quarter. The remaining months had an average or relatively lower than average demand
across all five sectors, as seen in Figure 10a,b.

Figure 10. Cont.
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Figure 10. Monthly change of the electric power demand in 2020 from (a) a billable and (b) a
percentage analysis relative to the average demand at a given month.

4. Discussion

The results of this study show that, in general, power demand in Sharjah City was
only slightly affected due to the lockdown measures. The following sections briefly discuss
some of the consequences of the lockdown for Sharjah City, as well as how they compare to
the global trends. In addition, they touch upon the possible environmental challenges and
discuss the perspectives of the energy authority in the Emirate of Sharjah.

4.1. Sharjah, UAE Lockdown Consequences

The impacts of COVID-19 and the lockdown measures on the electric power demand
in the City of Sharjah are evident across all sectors. As indicated in Figure 11, some sectors
were impacted more than others. The residential and government sectors witnessed an
overall increase in demand, calculated at 5.44% and 7.38%, respectively. On the other
hand, the commercial, industrial, and agricultural sectors witnessed an overall decrease
in demand, calculated at 6.11%, 13.31%, and 39.87%, respectively. The total variation in
the power demand in Sharjah was 1.04% lower than the average of the preceding years
(2016 to 2019). Although the total variation is not primarily significant enough to conclude
that the electric power demand in the city was affected by COVID-19, the impact on the
independent sectors is surely significant.

In general, the obtained results imply that the electric power demand in Sharjah City
decreased in the commercial, industrial, and agricultural sectors, which are directly related
to production and the economy. By having a lower power demand, the output in these
sectors is estimated to be lower as well, leading to potential declines in economic status.
On the contrary, the residential and government sectors witnessed a higher power demand,
justified by the lockdown policies that required remote working measures (residential) and
increased use of service and medical facilities (government), such as the police, COVID
initiatives, and hospitals. In comparison with global electricity consumption, Sharjah City
is considered among the least impacted cities by COVID-19 and the lockdown measures,
with a decrease of 1.04% throughout the year 2020. During the lockdown period alone
between early March 2020 and the gradual reopening towards the end of May 2020, the
overall power supply was reduced by 6.85% in comparison to the previous years between
2016 and 2019 over the same period. With the results obtained in this analysis, it can
be argued that the short-term impact of COVID-19 measures in Sharjah City is minimal,
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leading to a reduction of 1.04% in overall electricity consumption. Although there were
shifts in the consumer patterns, the same population performed the same functions from
different places, such as working from home or studying at home.

Figure 11. The change in electric power demand per sector in 2020 in comparison to the average of
previously reported demand.

This study highlights that the impact of COVID-19 measures on the electricity con-
sumption in Sharjah City in comparison to other countries, in terms of energy consumption
and environmental impact, could be considered acceptable.

4.2. Global Energy Demand Trends

At a global level, research reported changes in the patterns of energy consumption. In
Italy, it was reported that during March and April, increasing lockdown measures led to
a decrease in the national energy demand. The pandemic triggered up to a 25% decrease
in consumption of electricity in comparison to the same period in 2019 [5]. In Turkey, the
electricity consumption values between 2019 and 2020 reflected a reduction of 22% in April
and 17% in May [13,14]. In Japan, electricity demand also reported a reduction to varying
degrees for all studied areas due to the COVID-19 pandemic. When comparing the years
2019 to 2020, the cities in Japan had a demand reduction ranging between 2.5% and 7.5% [15].
In Ontario, Canada, monthly electricity demand reduced 14% and the largest decrease in
regular energy demand was found on weekends, with 18% daily decline on average [16].
Spain observed a 13.49% decrease in electricity consumption compared to the five-year
average of previous years [17]. Brazil’s electricity consumption was highly affected by
mobility limitations and witnessed a decrease in multiple sectors such as the residential,
manufacturing, and commercial sectors, and an overall decrease of 11% in consumption
by May of 2020 [18]. Similarly, Kuwait witnessed a fall in the demand for electrical power
of 17.6% compared with the expected demand, characterized by an increase in electricity
consumption in the residential sector due to lockdown implementation and schools shifting
online, as well as working from home, while other sectors such as governmental, industrial,
and commercial sectors shut down, resulting in a large decrease in electricity consumption,
more than the increase in the residential sector [19].

Similarly, a study based in India reported increased residential energy consumption
levels due to home quarantines and home transformation factors in which people conducted
changes (transformations) to their house environment to make it suitable for online work
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and education [20,21]. The International Energy Agency (IEA) reported similar increased
residential use of electricity in India, France, Spain, and Great Britain [2].

A study by Madurai Elavarasan et al. summarized and assessed the international
energy demand reduction and reported a decline in energy demand ranging from 4.9%
to 7% in countries such as Germany, UK, Belgium, Portugal, Spain, USA, Australia, and
Belgium. An 8% in energy demand reduction was observed for Singapore and China. The
highest reported reductions in energy demand as reported in the study were in India (26%),
followed by France (14%), and Italy (11%) [22]. Hence, many countries observed increased
residential water and electricity consumption.

4.3. Factors Associated with the Changes in Energy Demand

To understand the reasons pertaining to the differences in lockdown per countries, it is
important to understand the measures applied by each country during their respective lock-
downs. In general, most countries experienced commercial and industrial loads reduction,
whereas residential load increased due to the restrictions. For example, countries like Italy
had a lockdown that extended for several months as opposed to the lockdown in Sharjah
that was imposed for approximately 2 months. Hence, it is predictable that the impact on
electricity in Italy is larger than that of Sharjah. Additionally, understanding the sectors
and their electricity consumption plays a major role in understanding the patterns. In
Sharjah, the industrial area consumes up to 20% of the power, whereas other countries may
have larger industrial sectors with larger power demands. Given the lockdown measures,
limitations on imports and exports, and travel restrictions, such industries might have been
affected or halted temporarily, leading to the reduction of a larger percentage of electricity
when compared to Sharjah City.

The impact of the travel restrictions on electricity consumption also contributes to the
changes in consumption patterns. Typically, the summer season is considered a peak travel
season for the UAE’s population in order to escape the heat. Another reason for the typical
rise in travel during the summer months is the large proportion of expat population in the
UAE, with children having their annual school vacations, hence families would travel “back
home” in order to escape the heat and meet with their families. In the UAE, the expatriate
population living in Sharjah is estimated to be more than 1.2 million [10]. Due to the travel
restrictions in 2020, the population remained in their residences in the UAE throughout the
year, which may have indirectly led to an increase in the residential sector’s consumption.
Corpus-Mendoza et al. documented the change in average electricity demand by continent
from March 2020 until June 2020 as compared to 2019. The results revealed a decrease
in the average electricity consumption curve in Asia, the Americas, and most of Europe,
except for Norway and Switzerland. The drop in electricity consumption in most continents
was attributed to the closure of transport stations and marketing sectors, the decrease in
industrial and commercial activity, and increased work from home. In the case of Norway
and Switzerland, Corpus-Mendoza et al. suggested that the countries are more focused on
tertiary sector activities that were not profoundly affected by the pandemic [23].

Additionally, the differences in infrastructure for regional and power generation in
different regions played a major role in the load demand reduction. A study assessing the
long-term impacts of COVID-19 on electricity consumption in the United States observed
that commercial electrical consumption is more geographically uniform and is not affected
by climate or population size, compared to the residential and industrial sectors [24].

4.4. Environmental Consequences of COVID-19 during Lockdown

Overall, the pandemic had a beneficial impact on the environment around the world
for the lockdown period. Since the manufacturing industry is a significant contributor to
CO2 emissions, countries with higher industrial economies saw more CO2 reductions than
others. It is common for nonrenewable power plants to burn fossil fuels as a dependable
source of energy and it is known that they emit a significant amount of pollution and GHGs
during the manufacturing process [19]. As a result of factories closing and the decrease in
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burning fossil fuels for industries, there was a significant change in the environment, such
as the decline in the level of air contaminants such as NO2 and global CO2 emissions [6].
Spain witnessed a 13.2% decrease in energy consumption which led to a reduction of
32.61% in CO2 emissions caused by electricity production [25]. In Brazil, the decrease in
electricity consumption contributed to decreased CO2 levels and NO2 levels. Compared
to previous years, the median NO2 and CO2 values were 24.1–32.9 and 37.0–43.6 percent
lower, respectively, during COVID-19 [26]. The reduction was attributed to the reduced
demand for energy production. However, the decline in nitrogen oxides (NOx) caused
an increase in ozone concentrations in Brazil. Finally, Kuwait reported a reduction in
CO2, NOx, and CO pollutant emissions emitted by power plants because of reduced fuel
consumption [19]. In the case of Sharjah, the reduction of GHG emissions is minimal due
to the low power reduction of 1.04%.

4.5. A Perspective from the Sharjah Electricity, Water, and Gas Authority (SEWA)

COVID-19 is solid proof of the critical importance of water and electricity infras-
tructure, and is a reminder for utility sectors to prioritize the resilience and sustainable
management of water and electricity resources; adopt decision making based on data and
information; provide unified and integrated platforms to enforce the workforce; and enable
monitoring and controlling of the performance from remote locations. This pandemic
outbreak has emphasized the importance of ensuring access to water and an uninterrupted
supply of electricity. The lockdown that started in March 2020 in Sharjah-UAE changed the
rates of consumption and caused the amount of supply to diverge to different sectors.

On March 24, His Highness Dr Sheikh Sultan bin Mohammed Al Qasimi, Member
of the Supreme Council and Ruler of Sharjah, announced that residents in Sharjah will
receive 10 per cent discounts on their utility bills issued by Sharjah Electricity, Water, and
Gas Authority (SEWA). The discount was given for three months. Sharjah Ruler’s decision
was in line with measures announced by him to ease the financial burden on citizens and
residents during the coronavirus spread [27]. This announcement addressed the concerns
reported in media about the expected higher utility bills for residential sectors during the
lockdown. Although such actions can lead to general changes in demand, the announced
10% discount was directed towards the total bills which included all utility services (water,
electricity, and gas), and was limited to residential sectors for the period starting in March
until May 2020. The residential electricity and water consumption contributed to 38% and
64%, respectively, during this period. Therefore, the 10% discount had much less impact on
electricity bills compared to water. Moreover, the population was advised to be cautious
in their use of electricity to ensure that overuse and overconsumption did not become an
added issue.

What impact did COVID-19 have on electricity demand and supply during the lock-
down? Could the COVID-19 outbreak result in a sudden unexpected increase in demand?
What is the utility company doing in terms of generation fluctuation and network resilience
to satisfy the change in demand for different sectors? This study provides some answers to
these questions by analyzing and assessing the electricity demand from billing data and
load dispatch center for Sharjah City during 2020 compared to the average of 2016–2019.

Although the overall impact of the COVID-19 outbreak was minimal on electricity
services during 2020, a business continuity plan helps utilities plan and prepare for any
kind of interruption to operations, including disease outbreaks. An emergency plan that
secures continuous operations with reduced employee levels and at the same time considers
protection of employees during pandemic outbreaks is essential for future outbreaks.

4.6. Additional Remarks

COVID-19 and its implications have greatly impacted human society in numerous
ways. In general, the demand for electricity decreased during lockdown, and then re-
bounded right after. This rebound makes it more important than ever for countries to
continue to research and implement renewable electricity and energy sources. It is in-
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evitable that modern society will continue to rely on electricity and technology for the
foreseeable future, so it is a must that sustainable and reliable sources of energy and elec-
tricity are available. The pandemic reminds us of how indispensable electricity is and
provides us with insights on where our future is heading. Therefore, COVID-19 should
be taken as a learning experience for countries worldwide to ensure sustainable payback
and reliability in the future. As reported by Jiang et al. 2021, the challenges of COVID-19
have developed and have had a great impact on many industries, but especially the en-
ergy industry. Some of these challenges include structure and pattern changes, demand
fluctuation and uncertainties, energy recovery, and environmental impacts. On the other
hand, it also led to some opportunities, including the stabilizing of energy demand by
considering extra energy demands and the inclusion of sustainable waste management,
improvements of lifestyles with lower energy usage, circular economy, and energy saving
plans, amongst others [7]. Hence, this study sheds light on the need for improving both
the sustainability and the resiliency of the global energy sector by determining factors that
can regulate high energy consumption in different sectors and utilizing them in order to
enhance and control the way energy is used and conserved. Therefore, this study will be
useful for governments, policymakers, and stakeholders around the world to provide the
basis for addressing scenarios similar to this pandemic in the near future.

5. Conclusions

COVID-19 has had inevitable effects on people’s health, economy, and social wellbeing
and has affected several aspects of life, including the global and local energy sector. The
lockdown measures impacted the operations of businesses, industries, and transportation,
leading to a change in the patterns of electricity demand and supply. Globally, some
countries witnessed significant reductions of power demand, while others witnessed
less significant impacts. This study investigated the impacts of the COVID-19 pandemic
on Sharjah City electricity consumption, and it led to the following results. Both the
demand and supply follow a similar pattern of fluctuating increases and decreases that
are most noticeable during the lockdown months (March to May) where the total demand
dropped by ≈ 150% in May 2020 relative to the average total demand in May between
2016 and 2019. The period following the end of the lockdown (June to August) illustrates
how quickly the demand increased by ≈ 150% in June 2020 relative to the average total
demand in June between 2016 and 2019. The beginning of 2020 and the end of 2020
have a relatively stable pattern that is similar to the average of the preceding years. In
general, the lockdown measures in Sharjah affected the power demand across all five sectors
(residential, commercial, industrial, government, and agricultural). However, some sectors
were impacted more than others. On the one hand, the residential and government sectors
witnessed an overall increase in demand, calculated at 5.44% and 7.38%, respectively. On
the other hand, the commercial, industrial, and agricultural sectors witnessed an overall
decrease in demand, calculated at 6.11%, 13.31%, and 39.87%, respectively.

The total variation in the power demand in Sharjah was 1.04% lower than the average
of the preceding years (2016 to 2019). Consequently, these results imply that the electric
power demand in Sharjah decreased in the commercial, industrial, and agricultural sectors,
which are directly related to production and the economy. On the contrary, the residential
and government sectors witnessed a higher power demand, justified by the lockdown
policies that required remote working measures with a higher demand for air conditioning
systems (residential) and increased use of service and medical facilities (government),
such as police, COVID initiatives, and hospitals. Finally, this study compared the results
achieved in Sharjah City with results reported worldwide, where the 6.85% reduction
observed in May 2020 in Sharjah was within the range of 5–7% observed for countries
such as Germany, UK, Spain, USA, and others. The findings outline that there is a major
decline of energy consumption recorded in Italy, Canada, Turkey, and Spain, while there
are smaller reductions in electricity consumption in states like Brazil and Kuwait. Sharjah,
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out of all the countries examined in the study, appears to have the least reduction in
electricity consumption.
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