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Abstract—The electricity strategy business during the Covid-
19 pandemic is essential in various fields of study, especially in
mathematics in formulating optimization models. The
optimization model in this field can analyze how the Covid-19
pandemic impacts are based on total consumption and
consumption profiles representing critical economic sectors,
including a comparative analysis of energy consumption from
2019 to 2021. Therefore, a Systematic Literature Review (SLR)
in Optimization Modeling to Electricity Strategy Business
during the Covid-19 pandemic is needed. The Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) steps adopted in this case. PRISMA was chosen
because it provides clear guidance on conducting an SLR and
improving reporting quality and methodology. The following
topics are examined in this paper: (a) the effect of the electricity
business because of the global economic downturn, (b) what will
happen if the world economy gradually recovers, (c) a business
strategy that is appropriate during the pandemic, and (d)
parameters need to be monitored to ensure that company
policies such as energy transition, customer service
improvement, green booster, and others continue to run
according to the plan. This paper uses the R-bibliometrics
command in RStudio software and the Python programming
language to support SLR, so a final database of 12 selected
articles was used. Furthermore, an analysis of bibliometric
maps' evolutionary and determination of research gaps is
presented.
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Finally, study and analysis of the role and contribution of
Operations Research and Optimization Modeling (OROM) in
the electricity strategy business’ optimal decision-making
strategy during the pandemic are taken. In addition, a
recommendation on considering the importance of data
uncertainty is given since, in many situations, the uncertainties
must be considered. Thus, Robust Optimization is proposed for
handling the uncertainties.
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pandemic, operations research, optimization
systematic literature review

I. INTRODUCTION

As its name implies, operations research (OR) involves
“research on operations.” Thus, OR is applied to
problems that concern on how an organization is managed
especially in decision making [1]. Some results as mentioned
in [1] show that OR has an important impact on improving
the efficiency of numerous companies worldwide [1]. In the
process, OR has contributed significantly to increasing
productivity in various aspects, especially in the Electricity
Strategy Business during the 2019 Coronavirus Disease
(Covid-19) pandemic. The utilization of optimization
modeling in emergency situations has become an impactful
technique since its initial implementation in the maritime
disasters in the 1970s [2]. The emergency of the electricity
strategy business caused by the Covid-19 Pandemic supports
the implementation of Operations Research and Optimization
Modeling (OROM). Study and analysis of the role and
contribution of OROM in the electricity strategy business’s
optimal decision-making strategy during the pandemic are
needed. Furthermore, research of optimization models is
required to ensure company policies such as energy
transition, customer service improvement, green booster, and
many others.

This paper presents a study on how Covid-19 pandemic
impacts electricity businesses in various countries. Referring
to Tingting et al. [3], the spread of Covid-19 significantly
affects economic activity worldwide and kills many people.
As of May 31st, 2020, based on the Covid-19 monitoring
platform created by Johns Hopkins University (JHU), more
than 6.530.241 cases of Covid-19 were recorded worldwide.
As a result, various country have enforced limitations to
decelerate the transmission of the virus, such as shutting
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down educational establishments, implementing partial or
complete lockdowns, and mandating employees to work
remotely when feasible. Consequently, the energy industry,
which is a crucial component of the worldwide economy, has
been severely impacted. Many countries have enforced
limitations to decelerate the transmission of the virus, such as
shutting down educational establishments, implementing
partial or complete lockdowns, and mandating employees to
work remotely when feasible. Consequently, the energy
industry, which is a crucial component of the worldwide
economy, has been severely impacted.

According to Malec et al. [4], the Covid-19 pandemic has
also changed the power consumption profile by adjusting the
electricity demand. This is significant from the viewpoint of
energy companies and provides an estimate of the amount of
energy utilized, given the quick changes in energy costs.
Many of the corporate clients examined in this research are
limited-scope economic entities. Therefore, studying how the
pandemic affects these entities' shifting energy consumption
quantities and profiles is crucial. Analysis of consumer
behavior during a pandemic, particularly during a lockdown,
is forced by the requirement for precise energy volume
planning to prepare for another probable wave of the
pandemic.

The impact on the electricity business of midwives was felt
in various countries; for example, on April 7% 2020.
According to Tingting et al. [3], the Japanese government
proclaimed a state of emergency in response to the rapid
spread of the Covid-19 outbreak. Empirical estimates have
been made of how the crisis has affected Japan's demand for
power. A cross-domain methodology is offered to analyze the
short-term effects of Covid-19 on the U.S. electrical industry
because the country is among the worst affected. The findings
indicate a considerable decrease in electricity use, which is
closely associated with the incidence of Covid-19, social
isolation, and economic activity. Analyzing Covid-19's
effects on power is crucial due to the significant shift in
energy load consumption caused by alterations in human
behavior during the pandemic.

Research on a related subject is discussed in D'alessandro
et al. [5] and considers fluctuations in monthly power
generation and consumption in Japan during the Covid-19
pandemic. The triple exponential smoothing approach
compares observed grid power demand and generation types
for January to June 2020 with anticipated values based on
patterns from 2016 to 2019. For home energy consumers,
regional power demand data show only minor deviations
from projected trends. Still, demand for business and
industrial networks was lower than anticipated, particularly
in the 50-2000 kW cohort. In May 2020, electricity demand
was probably going to vary from the current trend, which
coincides with voluntary lockdown activities. These
outcomes align with trends in other international studies on
Covid-19's effect on power usage. Due to Japan's location
within the more significant energy transition, generation was
cut in May and June 2020 with no discernible impact on
generation makeup. These results support earlier research and
contribute to a more comprehensive understanding of the
factors that influence different types of users' power demand
behavior. Previous research looked at the impact of full and
partial lockdowns on electricity use. This analysis furthers the

conversation by describing the effects of the lockdown.

Malec et al. [4] examined how pandemics and restrictions
impacted variations in the total volume of -energy
consumption and the demand profile. Data gathered from
Polish energy trading, and sales organizations formed the
basis of the analysis. It concentrates on the energy usage of
its business clients. The aggregate energy consumption
volume for all of the company's clients and the primary types
of economically limited companies are among the studied
data. The analysis demonstrates how pandemic limitations
affect corporate clients' energy consumption. There are
noticeable variances between the various economic sectors.
According to research, offices and shopping malls have seen
the most significant decreases in energy use. Compared to the
projected values, the limits caused energy consumption to
drop by 15 to 23% during the first lockout; and a maximum
of 11% during the second lockdown.

It might be discovered through a literature search as well.
The impacts of Covid-19 and the ensuing lockdown measures
are documented in Ceylan [6]; consequently, energy demand
in business and industry has drastically decreased. The
management of energy generation, in particular the creation
and supply of electricity, is made more difficult by these
variations in demand. A trustworthy model must maintain
secure, assured, and dependable electricity. Forecasts of the
power demand must accurately judge future investments and
strategic planning that can be relied upon. The objective of
this study is to precisely forecast the demand for electricity
during Turkey's shutdown by presenting the entire Covid-19
implications on the electricity sector. This study can assist
decision-makers in creating the best policies to manage the
risks associated with the ongoing pandemic crisis and
unforeseen emergencies. For this, well-known machine
learning methods, such as linear regression, reduced error
pruning tree, correlated Nystrom view, sequential minimum
optimization regression, and M5P tree model were utilized.
With the lowest mean absolute percentage error (3.6851%),
mean fundamental error (21.9590), mean square root error
(29.7358), and root-relative square error (36.5556%) in the
test dataset, the SMOreg algorithm fared best.

Additionally, to contain the Covid-19 pandemic, The
government of Romania had to take harsh measures (see
lancu et al [7]). Additionally, they placed the most
challenging limitations on the E.U. Everything stopped
during the lockdown period, which lasted more than a month.
Schools and institutions only offered online courses,
domestic and international travel was severely restricted, and
meetings and flights were all outlawed. This study examines
how Romania's pandemic-related economic growth affected
variations in power use. To gain a better comprehension of
the association between gross domestic product (GDP) and
electricity consumption (E.C.) in diverse economic scenarios,
the time span ranging from 2008 to 2020 has been categorized
into three series. These series consist of the financial crisis
period from 2008 to 2012, the subsequent recovery phase, and
the years of economic growth from 2013 to 2019 and the
pandemic period from Q1 to Q3 of 2020. The authors
discover that GDP and E.C. are separated in the first period
measured using correlation coefficients and regression
analysis. In the second phase, the rise in GDP resulted in
rising power demand and RES-generated electricity
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production. However, the real GDP did not match the
calculated GDP in Q3 2020 due to the pandemic. Climate will
impact the amount of electricity produced by RESs if it is
possible to adapt it to financial requirements. Due to the
country's economic downturn, Romania's pandemic's power
use decreased during the first nine months. The greatest
notable declines were hydroelectric and coal-fired power
facilities' electricity output.

The effect of Covid-19 on the electricity selling price in
Spain has been detailed more thoroughly in Norouzi et al.
[8]'s discussion of the country. With repercussions of the
current pandemic appear to be unprecedented. Research gaps
must be filled to provide new decision support mechanisms
that can lower risks and guarantee more accurate forecasts for
energy investment and management that will be encountered,
given the high level of uncertainty in the global energy
market. This paper develops and tests an econometric model
to ascertain Covid-19's effect on the Spanish electricity
market. This article's main contribution is a paradigm that
forecasts the electrical market's dynamic behaviour during a
change, specifically the Covid-19 pandemic.

In this paper, our review complements the existing reviews
on this topic (see Table I). Table I summarizes the differences
between our article and the existing relevant literature review
articles. The categorization is based on content analysis,
article timescale, OROM analysis, and the absence of strategy
analysis during the Covid-19 pandemic in the electricity
business. Based on Table I, all seven articles have content
analysis in the form of explanations of research objectives,
research gaps, future research, and state-of-the-art related to
the topic with different periods.

TABLEI
DIFFERENCE BETWEEN RELEVANT LITERATURE REVIEW ARTICLES
AND OUR ARTICLE
Content
analysis? Time OROM? Yes (Y)
No Author Yes (Y) or span or No (N)?
No (N)?

1 Naegler et al. Y 2012- Y
[9] 2020

2 Naval and Y 2011- Y
Yusta[10] 2020

3 Navon et al. Y 2016~ N
[11] 2021

4 Abdulrahman Y - N
etal [12]

5 Ahmad and Y 1990- N
Zhang [13] 2040

6 Naz et al. Y - N
[14]

7 de Doile et al. Y - N
[15]

8 Chaerani et Y 2019- Y
al. (this 2021
paper)

Furthermore, only two review articles by Naegler et al. [9]
and Naval and Yusta [10] contain OROM. In addition, only
one review article discusses the Electricity business strategy
during the Covid-19 pandemic, namely Navon et al. [11], so
our review article is the primary reference for comparing the
writing of the review articles that we made. Navon ez al. [11]
point out the main difficulties that the pandemic has brought
about by demonstrating the patterns of electricity production
and demand, deviations in frequency, and predictions for load

requirements. They also analyze how the pandemic will affect
the integration of renewable energy sources and whether the
existing expansion plans for the power system will be altered
due to the Covid-19 pandemic.

Based on the mentioned background above, questions arise
regarding the impact of the Covid-19 Pandemic on the world's
electricity business strategy profile, specifically Indonesia.
Therefore, an initial search was carried out using the Publish
or Perish software and around 58 articles discussing the
impact of the Covid-19 pandemic on the electricity business
in Indonesia, among others.

An interesting article by Al-Hakim et al. [16] discusses the
Analysis of the Increase in Electricity Bills during the Covid-
19 pandemic based on the Consumptive Behavior of
Electrical Energy in Indonesia. Hasiholan and Tampi [17]
discussed the protection of postpaid electricity users against
the sudden increase in bills during the Covid-19 Pandemic
(April-May and June 2020 electricity increase studies).

There are several questions to be answered, such as how
will the global economic downturn affect the electricity
business? Moreover, what will happen if the world economy
gradually recovers? What business strategy is appropriate
during the pandemic, and what parameters need to be
monitored to ensure that company policies such as energy
transition, customer service improvement, green booster, and
others continue to run according to the plan? This study aims
to answer the following questions (see Hasiholan and Tampi
[17]): Knowing the sustainability of the world electricity
utility business strategy during the Covid-19 pandemic.
Provide information on the impact of Covid-19 on the
electricity business. Provide recommendations to national
electricity companies regarding strategies taken during and
after the Covid-19 pandemic.

To this end, this paper discusses a Systematic Literature
Review Study with a discussion of Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA).
Furthermore, the Bibliometric Analysis, analysis of daily
statistical data for consumption, and the role of Operations
Research and Management Science in strategies for handling
the impact of the Covid-19 pandemic in the world electricity
business) is taken.

II. MATERIALS AND METHODS

A. Materials

This paper discusses the Systematic Literature Review
(SLR) on optimization problems related to the electricity
strategy during the Covid-19 pandemic. Before starting the
SLR method using PRISMA, it is necessary to arrange
keywords based on the desired research topic and determine
the article database source. The authors use five databases in
this study: Scopus, Google Scholar, SAGE, Dimensions, and
Science Direct. The database from mining on these five
sources serves as the material used in the PRISMA steps.

In the application of database mining, data type filtering is
also required. The searched database is filtered under several
conditions in this paper: (1) The database is open access, that
is, unlimited access via the internet, (2) Databases are
publications published in the last three years, from 2019 to
2021, plus articles published in the following year (e.g., 2022)
(3) The database is research in mathematics or mathematical
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science (4) In addition, the database includes research articles
and conference papers (5) Source type database is journals
and proceedings that have been published, and lastly (6) The
database uses English.

B. Methods

Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA)

A literature review is a survey of scientific articles, books,
and other sources relevant to specific problems in research,
theory, or method. The literature review aims to obtain an
objective and comprehensive summary and the results of a
critical analysis of previous research relevant to the topic
being studied. The literature review in this paper was
conducted using the PRISMA steps referring to Matthew and
Moher [18]. PRISMA consists of four stages, as shown in the
next paragraphs.

The first stage in the PRISMA steps is Identification. At
this stage, there are two activities. The first is the total
database records of the keyword input results at the specified
source. The second is the addition of other articles if there are
articles from other sources not included. At this stage, the
number of n articles was identified and symbolized.

In the second phase, known as Screening, from n articles,
duplication screening checks are carried out. It aims to delete
articles identified as more than one because they are sourced
from various sources so that at the end of stage two, the
number of new articles has been reduced due to duplication
screening. The duplication screening is done using Python
software by checking the identical article title. After
duplication screening, lists of titles, abstracts, and keywords
were checked to see whether any combination of Keywords
in A, B and C subsets existed.

The third stage is Eligibility. An assessment through an
entire article is carried out at this stage based on the
determination of the criteria, which will be explained further
in the next section. Reading articles thoroughly reduces the
number of articles and leaves selected more specific articles,
and the topic is closer to the desired research. Qualitative
synthesis is carried out at this stage.

The fourth stage is Included. Quantitative synthesis (meta-
analysis) is carried out at this stage. The selected final article
will be used as material for determining the state-of-the-art
and analyzing the research gap using a bibliometric map with
the help of R Software.

Furthermore, research questions are determined through
the PICOT (Problem, Intervention, Comparison, Outcome,
Time) stages [19]. Bibliometric Analysis is needed to map
state of the art in knowledge within the scientific field and
identify important information that can serve various
objectives, including seeking prospects for research and
supporting scientific research.

C. Bibliometric Analysis using R-Bibliometric in R

Software

Once the final article database has been acquired through
the utilization of the PRISMA Method, one other method is
used to assist the process of determining state-of-the-art and
research gap analysis, namely the R-bibliometric method
used by the R Software. This method is used to issue related

outputs. Research activities include bibliometric maps,
evolution analysis maps, maps of the most relevant things in
research articles, and so forth. The usage of open-source
software in bibliometric analysis [20] is explored. Package
“library(bibliometrics)” is a comprehensive science mapping
analysis. To run the program, R Software instructs the user to
access the Shiny web interface directly by entering a new
command, "biblioshiny()", in the R-console [20].

III. RESULTS

A. Systematic Literature Review with PRISMA on Case
Study

The PRISMA steps in this study, with four stages of the
process: identification, screening, eligibility, and included,
refer to Matthew and Moher [18]. Based on Matthew and
Moher [18], the detailed process is given in the following
section. The step starts from searching the database through
keywords to finding the appropriate final article.

Identification

This study discusses optimization modeling for electricity
strategy business during the Covid-19 pandemic, and the
authors set keywords as seen in Table II. Based on Table II,
keywords are divided into six focus sections. Descriptor A
focuses on types of research related to electricity; descriptor
B focuses on research that discusses the impacts brought
about by the Covid-19 pandemic; descriptor C focuses on
studies on operations research. Descriptor AB and AC
concentrate on A and B, A and C descriptors, respectively. At
the same time, keyword D combines keywords A, B, and C.
In brief, this research collects the metadata using descriptors
A, AB, AC, and D to specify the data mining to our research
focus.

TABLEII
KEYWORDS USED IN THE IDENTIFICATION STEP OF PRISMA

Descriptor Keywords
"Load forecasting" OR "power system planning" OR
"Electricity Subsidy" OR "Electricity Demand" OR
"Energy Demand" OR "Electricity Consumption" OR
"Electricity Load" OR "Electricity Supply" OR
"Electricity Generation" OR "Electricity Production" OR
A "Electricity Market" OR "Electricity Sales" OR
"Electricity Revenue" OR "Electricity Customer" OR
"Electricity Operation" OR "Electricity Strategy" OR
"Electricity Business" OR "Electricity Policy" OR
"Electricity Industry" OR "Electricity Sector" OR
"Electric Power System" OR "Distribution Network" OR
"Transmission Network"
"Effect of Corona" OR "Effect of Pandemic" OR "Effect

B of Covid-19" OR Corona OR Pandemic OR "Covid-19"
OR "new normal"
C Optimization =~ OR  "Operation  Research" OR
Programming
AB (Keywords A) AND (Keywords B)
AC (Keywords A) AND (Keywords C)
D (Keywords A) AND (Keywords B) AND (Keywords C)

Next, the database sources are determined: Scopus,
Google Scholar, SAGE, Dimensions, and Science Direct.
Data with Scopus and Google Scholar sources is obtained
with the Publish or Perish application, while the other three
sources access each database's website. Data is obtained from
these five sources as materials used in the PRISMA
flowchart. The results of the database mining from the five
database sources is shown in Table III.
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Table III shows that the entire database is n = 22.909,
where the Google Scholar database donates the total number
of articles as much as 11.871 with SAGE in opposite 7.696.
The most critical data is in descriptor AC as much as 6.861,
which means that research concerning electricity and
optimization is quite considerable among other descriptors.
Meanwhile, the smallest total data obtained is from descriptor
AB, research about electricity during the Covid-19 pandemic,
as much as 4.897; this might be because the pandemic began
only in 2019. Take note that this stage is done before any
screening process is taken.

TABLE III
DATABASE MINING RESULTS ON THE FIVE DATABASE SOURCES
Des- .
crip- Scopus gc(;l(:)gli; SAGE Dlgﬁ;ls_ S. Direct  Total
tor
A 600 2966 406 500 1500 5972
AB 403 2974 38 500 982 4897
AC 600 2965 296 500 2500 6861
D 44 2966 29 500 1640 5179
Total 1647 11871 769 2000 6622 22909

Screening and Eligibility
In this study, part of the metadata screening process was
carried out with Python 3.7.4 scripts running Jupyter

Notebook. Several essential functions of the Pandas package

are used in this study's screening and eligibility process; the

procedure's explanation is brief as follows.

1. pandas.read csv(): function to read files with comma-
separated values (.csv) format, while the import data
from pandas is data frame type data

2. dataframe.drop(): function to delete the desired row or
column in the data frame

3. dataframe.drop_duplicates(): function to help remove
duplicates from data frames

4.  dataframe.reset_index(): the function to rearrange the
dataframe index ranges from O to the length of the data
minus 1.

At this screening stage, two cleaning processes with Python
are carried out.
1. Cleaning 1. Delete data with the article of the same title;
at this stage, the remaining data is n=9.152.
2. Cleaning 2. Delete data with the title or name of a
Journal containing the words "review" or "book." At the
remaining data stage, n = 8.779.

Thus, the cleaning process is done using the Python program
at the eligibility stage, and the remaining process is done
manually, as follows.

1. Cleaning 3: Check whether the title, abstract, and
keywords in the data contain at least one combination of
keywords with Code A, B, and C in Table II; otherwise,
the data is deleted. At this stage, the remaining data is
only n=29.

2. Cleaning 4: Check if there is a complete paper version;
we checked whether the whole paper is in English.

Included

At the included stage, an assessment was conducted on a
full paper based on its association with the study theme,
namely "Contribution of Optimization, Mathematical
Modeling and Operations Research in Measuring the Impact

of Covid-19 on the World Electricity Business Strategy".
Read the article thoroughly, then leave the selected topics
related to the research theme. Next is the Included stage,
where qualitative and quantitative synthesis (meta-analysis)
are carried out. The final article selected in this study was 12.
It was used as material to define state-of-the-art and analyze
the research gap with bibliometric analysis with the help of R
Software. The complete PRISMA process of our systematic
literature review can be seen in Figure 1. Furthermore, the
specific process performed in Figure 1 is stated in the
flowchart of Figure 2 and is described in detail in the
following section. We develop Figure 2 specifically in this
paper.

As shown in Figure 2, the final selection yields 12 papers
we use to set up the state-of-the-art. These 12 final articles
selected in this study using PRISMA steps are presented in
Table IV.

Google Scholar Scopus
(n=11871) (n=1.647)

Records screened in
identification step

(n = 22.909)

Science Direct
(n=769)

SAGE
(n =769)

Dimensions
(n=2000)

Identification

Records after screening

duplicates removed
n=9.152

Screening

Records screened
(n=29)

.| Records excluded (n=
9.123)

Full-text articles
excluded, with reasons
and considerations
(n=6)

.
Full-text articles
assessed for eligibility o

(n=23)

Studies included in
. qualitative synthesis
(n=11)

[ Studies included in |
qualitative synthesis
{(n=12)

Eligibility

x
Studies included in
quantitative synthesis
(meta-analysis)
(n=12)

Included

Fig. 1. PRISMA Flowchart of our case study.

This summary gives details of solutions for handling
electricity business strategy during the Covid-19 pandemic
using OROM studied from the reviewed literature. The most
common research objective, which accounts for more than
half of the articles, is to assess OROM contributions in
handling electricity business strategy during the Covid-19
pandemic, as shown in Table V and Table VI. These two
tables present varieties of research methodologies and
methods from the 12 literature studies. Most of the research
objectives studied are related to electricity demand
prediction. This is due to the sudden change in electricity
demand resulting from various social restriction policies from
the respective governments, such as lockdowns and other
similar procedures.

Bibliometric Analysis

We design a structure of bibliometric analysis of the
optimization modeling to electricity bussiness during the
Covid-19 pandemic topic which can be seen in detail in
Figure 3.
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Metadata
(11

Bibliometric analysis
with R studio

Fig. 2. Detail of the PRISMA steps for our case study.

Bibliometric analysis is used to see the results of identifying
the data that has been collected and inputted into the R
Software using the "library(bibliometrics)" syntax and the
"biblioshiny()" command [20].

1. Data Identification

The first stage of bibliometric analysis is to see the results of
identifying the data that has been collected and inputted into
the R Software. As in the state-of-the-art analysis stage in the

Volume 31, Issue 3:

previous subchapter, we input raw data containing metadata
from 12 selected articles. The inputted raw data includes
authors, DOI, keywords, titles, sources, pages of articles, the
volume of articles, URLs, number of citations, and so on for
each article. This data identification stage shows that all
articles have a period from 2020 to 2021. The twelve articles,
on average, were published 0,167 times per year, and each
article received an average of 3.167 citations per document,
and average citations per document per year.
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Fig. 3. Structure of bibliometric analysis for the topic optimization modeling to electricity business during the Covid-19 pandemic in our paper.

The twelve articles combine nine, two conference papers
and one review. Furthermore, these twelve articles have 463
references, 139 plus keywords, and 43 authors' keywords.
Thirty-four authors were involved in the twelve articles, with
two authors in single-authored documents and 32 authors in
multi-authored documents. This data identification serves as
the initial step in preparing for a more in-depth analysis of the
complete article, as discussed in the subsequent subchapter.

2. Articles' Evolution Between 2019-2021++
A study on optimization models for problems electricity
strategy business in the Covid-19 pandemic period is

identified by the inputted metadata contains two articles
published in 2020 (with an average of two citations per
publication) and ten articles published in 2021 (with an
average of 3.4 citations per publication). Therefore, 2021 is
the year with the highest annual scientific production. In the
2020-2021 period, a three-field plot map between countries,
authors and keywords can be visualized, as shown in Figure
4. The left column shows the countries involved in the article,
the middle column shows the article author's name, and the
right column shows the keywords used in the article written.
This three-field plot can represent the relationship between
the three characterizations in the entire database input.
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3. Authors’ Analysis

Two fields must be analysed to evaluate the author's
relevance in the twelve articles: productivity and impact.
Figure 5 fulfils these two types of particular fields in the form
of the ten top internationally authors' production over 2020-
2021.The authors' productivity can be evaluated based on the
number of articles they have successfully published between
2020 and 2021. According to Figure 5, the size of the circle
increases proportionally with the number of articles
published. One can observe from Figure 5 that all circles have
the same size, indicating that each author published only one
article during that time and were evaluated accordingly.
Therefore, all ten articles exhibit an equal level of
productivity. Furthermore, the impact can be assessed by
examining the total yearly citations. Referring to Figure 5, the
more citations were obtained. Ahmadian A in Khan et al. [29]
have the most cited with nine citations per year, followed by
articles written Ali in Khan et al. [29] with five citations per
year.

TABLE VII
TEN MOST SIGNIFICANT ARTICLES
Hand Total
Rank Local Author Journal G o
Citations
Index
1 LuH inLuH [22] 15
2 MaM in Lu H [22] Energy 1 15
3 Ma X in Lu H [22] 15
4 Ali I in Khan et al. 9
[29]
5 Chauhan J in Khan 9
et al [29]
6 Khan MF in Khan Sustainability 9
et al [29] (Switzerland)
7 Modibbo UM in 9
Khan et al. [29]
3 Pervez A in Khan 9
etal. [29]
International
9 Ceylan in Ceylan Journal of 5
[6] Energy
Research
. Electric Power
10 E]zliz]mg Fin He et al Systems 4
Research
AU_CO
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=== turkey “
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In addition, global authors are authors of articles
successfully indexed in bibliographic databases (WoS,
Scopus, Dimensions, and many others). In other words, the
article is indexed and incorporated with articles worldwide.
On the other hand, local authors are the authors of articles
indexed only on the collection of articles entered (in this
study, only 12 articles were indexed).

One must be checked to identify local articles (only
considering the comparison of the twelve articles entered)
that significantly influenced the articles. Therefore, the ten
most significant articles are presented in Table VII.

Furthermore, Table VII shows the total citations, H index
values, and G index values in the ten most influential articles
(overall in 2021).

4. Sources Analysis

Twelve articles on optimization models for problems of
electricity strategy business during the Covid-19 pandemic
have been published in various best journals and proceedings
in the 2020-2021 timeframe. In Table VIII, the five best
journals and proceedings based on the number of articles
published and the total number of most relevant citations are
presented to describe the impact of these journals and
proceedings. R means rank in every journal name.

TABLE VIII
FIVE BEST JOURNALS AND PROCEEDING
# Journal Number # Journal H and Total
Name R of Name Locally R G Citation

Locally Article(s) Index Index
Energy 1 2 CEE 1 1 7
IJER 2 2 EPSR 2 1 5
123125% 3 1 Energy 3 1 4
Batteries 4 1 IJER 4 1 2
CEE 5 1 Sustainability 5 1 2

The left side of the table is the results for ranking the most
productive journals based on the total number of articles that
have been published. The energy was ranked first by
successfully publishing two articles, namely the article
written by Lu er al [22] and Alvarez [26]. Then the
International Journal of Energy Research was ranked next
with the same number of articles published.
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Fig. 4. Three-field Plot between countries, authors, and keywords.
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Fig. 5. Top 10 authors' production.

Furthermore, Table VII on the right presents the rank
publishers based on the H and G indexes. The five articles
have the same H and G index values. In other words, all five
articles have the same number of citations and the average of
citations.

At the source analysis stage, the overall development of the
article can be seen in Figures 6 and 7. For the publishers of
the 12 selected articles, it can be seen that there are some line
slices (which indicate the type of publisher) that have
decreased the number of publications in 2021 and several
other line slices that have increased the number of
publications in 2021, for example. Furthermore, the source
dynamics cumulative growth can be seen in Figure 6. Figure
7 represents the source dynamics growth per year.

5. Word Analysis

A crucial analysis that follows is focused on identifying the
most relevant words. R Software generates the output of the
most pertinent words, which can be classified into three
types: unigram (maximum of one word appears), bigram

(maximum of two words appear), and trigram (maximum of
three words appear).

In this study, the focus is on identifying the most relevant
groups of three words (trigrams) from the abstracts and
keywords of the 12 articles included. This analysis of word
relevance aims to identify frequently and infrequently
appearing keywords, explore potential research opportunities
related to certain keywords, and assess which keywords have
been widely studied.

Figure 8 presents the most relevant words in keyword field.
The word Covid-19 topped the list with four appearances in
the keyword section in Figure 8, followed by electricity
demand with three occurrences. Based on the explanation, it
can be concluded that the ten relevant words produced
already represent the topic of this research, namely the
optimization of electricity problems. In Figure 9, the most
relevant words in the abstract field is presented. Furthermore,
in Figure 9, chicken swarm optimization and annealing
chicken swarm in He ef al. [24] were ranked first and second
with 5 and 3 occurrences.

2.04 CUMULATE OCCURRENCES
DATASET B
1.5 \
DATASET A
\
1.0
DATASET C
\
0.5
0.0+
2020 YEAR 2021
SOURCE

e DATASET A: COMPUTER ELECTRICAL ENGINEERING, ELECTRIC POWER SYSTEM RESEARCH, ENERGY, ENGINEERING OPTIMIZATION

e DATASET B: INTERNATIONAL JOURNAL OF ENERGY RESEARCH, JOURNAL OF KING SAUD UNIVERSITY, ENGINEERING SCIENCES
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Fig 6. Sources dynamics cumulate growth.
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Fig 7. The source dynamics growth per year.
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Fig 9. The most relevant words in the abstract field.
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6. Conceptual Structure Mapping

Analyzing conceptual structure mapping helps researchers
emphasize the relationship between collections of words and
terms that appear, commonly called co-occurrence.

This study identified co-occurrence based on the
keywords in the abstract and the title of the twelve database
articles entered. The fifty most developed and related
keywords followed the algorithm Louvain cluster. The
mapping generated in this subsection's conceptual structure
is bibliometric, presented in Figures 10 and Figure 11. The
Co-occurrences network in the abstract field is presented in
Figure 10, and the Co-occurrences network in the title field
is presented in Figure 11.

The discussion shows that the more keywords identified,
the larger the rectangle size for keywords that appear.
Figures 10 and Figure 11 show five color clusters (green, red,
blue, purple, and orange). Color differences mean cluster
differences. In the case of these two bibliometric maps, the

electri
s /

days N
machlne earning

electricity s @

% &

&%)

type of grouping in each cluster can be seen in Table IX and
the complete list of topics based on color clusters can be seen
in Table X.

A thematic evolution of the topics can be identified to
provide significant details concerning the distinctions in
subtopics by article authors based on clusters acquired in the

2020-2021 timeframe.
TABLE IX
TYPE OF GROUPING IN FIVE CLUSTERS

Co-occurrences Network Co-occurrences Network in the

electnClty dégland'

& .
VL A de and
» ®

”'uﬁ?—o fective

in the Abstract Field Title Field

Cluster . Cluster .

Color Grouping Type Color Grouping Type
Green Electricity demand Green Unclear

Red Power system Red Electricity demand

Blue Unclear Blue Unclear
Purple Swarm optimization Purple Unclear
Orange Unclear Orange Unclear

Cllii/ Supply.. electrlmty grod uction
sector

% ﬂﬂd

Eh0 Rt cEnsee

electrici ty generation

chackeR swanm

swarm cpilmiza’;icn allalol ol

raton

40

approéch
impact N

power

Fig 11. Co-occurrences network in the title field.
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TABLE X
COMPLETE LIST OF TOPICS BASED ON COLOR CLUSTERS

Co-occurrences Network Co-occurrences Network in

in the Abstract Field the Title Field
Color Topics Topics
Electricity supply, electricity
roduction machine . . s
procu P Model, air, avoid, building,
Green  learning, prediction accuracy, .
; . o characteristics
coronavirus disease, artificial
neural, electricity sector
Adaptation strategy, active .. .
P 8y Electricity, covid, demand,
storage, power plants, power . .
Red . . impact, coronavirus,
systems,  covid-pandemic, . . .
. . commitment, analysis, china
basic services
Basel Switzerland, authors .
. .. Generation, approach, study,
Blue licensee, electricity .
. optimal, power
generation
Stimulated annealing, . o
. . Brazilian, application,
Purple  chicken swarm, annealing .
. L pandemic
chicken, swarm optimization
Orange  Hot days Arbitrage, battery, colombian

Thematic evolution is shown in Figure 12 and Figure 13.
Where the thematic map in the abstract field can be seen in
Figure 12 and the thematic map in the title field is presented
in Figure 13. The thematic evolution map can be used to
examine topic progression across four distinct quadrants,
which are determined by their centrality (Ievel of relevance)

development) plotted along the Y-axis. In addition, the
degree of centrality indicates the level of inter-cluster
interaction, which measures the extent to which a topic is
linked to other issues. Similarly, density refers to the
timeframe during which keywords within a specific cluster
are connected, thus developing a theme.

After examining the X and Y axes in the thematic map, it
becomes evident that the topics with high centrality and
density is plotted in upper right quadrant, indicating that
these topics have a significant impact on research and are
well-established. The topics with strong centrality but weak
density can be seen in the lower right quadrant, suggesting
that they hold considerable control over other issues but are
not adequately developed. The lower left quadrant
encompasses topics with weak centrality and density,
implying that they have little influence on research and are
not well-established. Lastly, the upper left quadrant
represents topics that are the opposite of the lower right
quadrant.

Based on Figure 12, the emerging topics such as
electricity power optimization and optimal operation plants
reside in the upper right quadrant, signifying that they hold
the potential to impact research significantly and have been
thoroughly developed. The same thing happened to the
approach generation optimal in Figure 13.

plotted along the X-axis and their density (level of
'
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Fig 13. Thematic map in the title field.
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Research Landscape on Optimization Modelling to
Electricity Strategy Business during Covid-19 Pandemic

1. Discussion of Solution Handling Electricity Business
Strategies During the Covid-19 Pandemic Using OROM
Articles' Evolution Between 2019-2021++

This section discusses the study and analysis of the role
and contribution of OROM in optimal decision-making
strategies during pandemics. In addition, this section
examined models and optimization methods that can be
discussed to ensure company policies such as energy
transition, customer service improvement, green boosters,
and others continue to run on the agenda. Finally, Table XI
summarizes literature studies on aspects of electricity
business strategy, problems that must be solved during the
Covid-19 pandemic, joint conditions, and OROM solutions
and contributions.

Nowadays, machine learning-based methods have become
popular in solving many real problems. In this review of
literature, there are three studies, namely, Ceylan [6], Gulati
etal. [21], and Elkamel ez al. [31], which implement machine
learning in forecasting the amount of electricity demand in
various countries.

The electricity demand impact of Covid-19 in Turkey is
studied in Ceylan [6]. The study compares machine learning
methods in estimating the short-term impact of Covid-19 on
the economy with Turkey's daily electricity consumption
data (from March 16th, 2020, until June 1*, 2020). This study
used various machine learning algorithms based on functions
and trees in WEKA software as essential learning for time
series forecasting. Forecasting using function-based
algorithms relies on mathematical models, while tree-based
learning models utilize a tree structure to make predictions.
GPR (Gaussian Process Regression), SMOReg (Sequential
Minimal Optimization Regression, XNV (Correlated
Nystrom Views), and LR (Linear Regression from function-
based models and tree models M5P (M5P) and REPTree
(Reduced Error Pruning Tree) from tree-based models are
used. The results obtained in Ceylan [6] are as follows. First,
in May 2020, the electricity demand was decreasing
significantly. In this case, demand fell by about 17%
compared to 2019. Second, the most remarkable reduction in
electricity use occurred at the weekend, with a 34.7%
reduction compared to the year 2019 with the same period.
Third, the SMOreg model outperformed the GPR, XNV, LR,
M5P, and REPTree models in forecasting electricity
consumption during the Covid-19 lockdown period. Ceylan
[6] show that the SMOreg method can be a firm and robust
method for short-term approximation of electricity needs in
any disaster (i.e., pandemics, collapsing economies, etc.).

Gulati et al. [21] analyzed the effects of the Covid-19
outbreak on the industrial, rural, agricultural, and urban
sectors of the electricity load of Haryana state, India. The
insistence that the electric power system forecast the
electricity load to prevent waste is carried out due to
restrictions imposed by the government on the condition of
Covid-19. They apply the approach of classical machine
learning, namely LR (Linear Regression), SVR (Support
Vector Regression), DTR (Decision Tree Regression), RFR
(Random Forest Regression), and ANN. Forecasting
considers short-term and long-term data involving

"lockdown" conditions. The input data is normalized to
weigh all characteristics evenly. The complete dataset is split
into two main parts - a subset for training and another for
testing, with a ratio of 70 to 30. For the purposes of this
study, the Artificial Neural Network (ANN) utilizes only
three hidden layer sizes. The model was compiled using
Adam's optimizer with a learning rate of 0,01 and trained
over 1000 epochs.

Early termination is done to avoid overfitting, and the
model's accuracy is evaluated using specific mean square
errors (MSEs). ANN performance is better than the
remaining method based on the results obtained. However,
Random Forest Regressor outperforms ANN in some cases.

Another study using machine learning was conducted by
Elkamel et al. [31]. The accuracy of load demand forecasting
during the Covid-19 pandemic is critical to power generation
scheduling and unit commitment (UC) issues. Elkamel ef al.
[31] explored the effects of the Covid-19 pandemic on
electricity demand by analyzing data sourced from the
Florida Department of Health. In Ramadan and Helmi [25],
unit commitment (UC) problems are stated as a bounded-
variable mixed-integer linear programming (BVMILP)
model. The purpose of UC's concern is to minimize the
operational costs of production units across scheduling
ranges. The Long Short Term Memort (LSTM) block, a more
complex RNS model, was proposed in this study. The LSTM
system is used for forecasting and classification tasks; the
construction of the entire system. In formulating and
developing the model, electricity data were collected per
hour and the number of Covid-19 cases in Florida, then
compared electricity needs per month in 2019 and 2020.
There are 24 generating units in the proposed UC issue.
Features of coal-fired power plants, gas power plants,
hydroelectric power plants, hydroelectric and nuclear power
plants, actual load consumption, minimum and maximum
power output, and average generating costs are obtained
from the Electric Power Research Institute (2015). The
proposed methods were evaluated against two alternative
approaches - the Multilayer Perceptron (MLP) and the
Support Vector Machine (SVM) - based on three criteria:
mean absolute error (MAE), mean fundamental percentage
error (MAPE), and root mean square error (RMSE).
Inaccurate electrical load predictions are better achieved
through the use of Long Short-Term Memory (LSTM)
modeling than other benchmark methods such as Support
Vector Machines (SVM) and Multilayer Perceptron (MLP).

In Pefiaranda et al. [27], the Recurrent Neural Network
(RNN) using a Long Short Term Memory (LSTM) is applied
in the forecasting of one case of learning the effect of
different operating strategies on the incomes from BESS
operation.

In addition to implementing machine learning-based
methods, researchers combine this method with other
methods, or hybrids, as done by Lu et al. [22]. A hybrid
model combines ICEEMDAN, MOGWO, and SVM to
predict electricity demand in the United States every day
during the pandemic. The analysis results indicate that the
proposed model is promising.

The other optimization methods adopted in the research
we studied are heuristic, meta-heuristic, or a hybrid of its
methods. For example, Casaravilla er al. [23] utilize
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parameterizable genetic optimization to determine the
optimal technology and operation cost in the given series of
infrastructures. Ramadan and Helmi [25] implement a bio-
inspired optimization technique, MRFO (Manta Ray
Foraging Optimization), to look for a feasible reconfigured
D.N. with the least amount of power losses and an optimized
voltage profile enhancement.

Research on methods of analysis and forecasting
electricity demand using hybrid methods for cases in China
was studied by He et al [24]. Static causality tests,
cointegration analysis, and Granger causality tests were
employed to investigate the causal relationship between
electricity demand and various factors, such as GDP,
population, energy mix, industrial composition, and urban
development. Hence, these factors' direct and indirect causes
are investigated with path-coefficient analysis. In He et al.
[24], a method of improvement from Chicken Swarm
Optimization (CSO) based on Simulated Annealing,
Simulated Annealing CSO (SA-CSO), was suggested to
achieve optimal weighting factor of three different models
for predicting electricity demand. Those forms are linear
multiple, exponential, and quadratic. The model was trained
using historical data from 1980 to 2011, and its accuracy was
validated using data from 2012 to 2016. Mean Absolute
Percentage Error (MAPE) was used to evaluate the model's
performance on the test set. To evaluate the performance of
the proposed method, three other methods: Chicken Swarm
Optimization (CSO), Particle Swarm Optimization (PSO),
and Genetics Algorithm (GA), were selected as a comparison
to prove their effectiveness. Based on He et al. [24], the
proposed SA-CSO algorithm outperformed other algorithms,
which showed that improvements from CSO-based
Simulated Annealing were valid. Based on these trials, the
following better method after SA-CSO is CSO.

Other optimization aspects obtained: the wuse of
lexicographic optimization to solve problems formed in
multi-objective models such as in Alvarez [26]; the use of a
Flexible Fuzzy Goal Programming Approach in the Multi-
objective Optimization Model for Optimal Mix of Power
Generation as in Khan et al. [29]; the development of a
nonlinear programming optimization model (namely
HIDROTERM model) can be applied for mapping out
functioning of the hydrothermal system in the Brazilian
hydrothermal system as in Lima et al. [32].

2. Benchmarking in Handling the Impact of Pandemics on
The World's Electricity Business Sources’ Analysis

The coronavirus outbreak has hit all lines of the utility
business, including electricity. In 2020 many countries will
experience an economic slowdown. The impact on the
electricity business is felt and responded to in various
countries. This section is given in Table XI, presenting
different aspects of electricity studied from multiple
countries and alternative solutions offered. Based on
PRISMA results obtained by several countries that provide
optimization methods as an alternative solution to problems
arising from the effects of the Covid-19 pandemic on
electricity. However, this table is also given a study that does
not involve optimization in the solution (without an asterisk
mark). Studies involving optimization and applied to case

studies of certain countries are described in Table XI as well.

In 2018, the population of India reached 1.353 billion
people, and it became the world's second-most populous
country, with a GDP of 2.726 trillion USD. India's improved
electricity sector will be crucial to its economic growth. The
sudden surge in electricity demand patterns since the spread
of Covid-19 (the closure of various industries and people
insisting on staying at home) resulted in increased domestic
consumption and declining industrial consumption. India's
energy consumption plunged significantly in March after the
"Janta Curfew" notice. Gulati ef al. [21] conduct a week's
electricity load forecasting to determine the required
electricity load, thus helping to plan regional power systems
and prevent unnecessary waste of power. In Gulati et al. [21],
Machine Learning and Artificial Neural Network (ANN)
algorithms are used. Khan et al. [29] conducted a study
aimed at achieving one of the objectives set by the Indian
government to reduce emission levels, increase the capacity
of renewable sources, and improve hydro and nuclear status
that must be carried out, as well as technical and financial
parameters. In 2021, an analysis and assessment of India's
socio-economic sustainability's optimal power generation
cost system were conducted. The research offers the Flexible
Fuzzy Goal Programming approach in determining optimally
combined power generation for  socio-economic
sustainability.

The United States is the country that consumes energy, the
second-largest in the world. It is the most affected in the
pandemic (as of May 29th, 2020, accounting for several
infected people in around 30% of the world) [22]. Therefore,
the criteria must be met for the electricity provider
department, which is inaccurately allocating resources, to
become more complex. Thus, accurate prediction of
electricity demand in electricity management is significant.
Lu et al. [22] developed a predicting model of electricity
consumption that can be applied well during pandemic times,
which considers the accuracy of predictions and does not
ignore stability. In Lu ef al. [22], Hybrid prediction systems
involving data processing, modeling, and optimization are
applied.

Social isolation in Uruguay led to a decrease in demand
for electrical energy (about 6%) and a more significant
reduction in fuel consumption derived from petroleum
occurring globally. This implies a drop-in fuel prices due to
the impossibility of reducing supply suddenly.
Consequently, these condone can pose severe problems for
decision-makers, for example: regarding the expansion of
plants, either because projected demand is delayed over a
period of time and there will be a surplus or that income risks
expected by investors do not come due to depressed marginal
markets. Casaravilla et al. [23] analyzed the impact of
sudden changes in electricity demand and fuel prices on the
electricity industry. Lu et al. [22] proposed a simple model
for Plant Investment Planning.

In China's "New Normal" phase, there are concerns about
the electricity supply surplus, particularly in the northwest
and northeast. In addition, ongoing reforms to the electricity
system bring uncertainty and challenge the electricity supply
and demand balance. Thus, it is still imperative and
necessary to have precise estimation of electricity demand.
He et al. [24] conducted a study on estimating electricity
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in China by taking into account factors such as economic
development, population, added value of secondary
industries, proportion of primary energy consumption from
coal, and urbanization.

In He et al. [24], it is recommended to involve other
factors that may affect electricity demand, for example
electricity prices, environmental effects, policy effects, and
so forth, for better forecasting models.

Ramadan and Helmi [25] observed the effect of the
lockdown situation globally due to the Covid-19 pandemic
on energy demand. Vulnerable power grid operations,
especially on isolated microgrids or large-scale intelligent
grids, can be prominently avoided by proposing optimally
reconfigurable networks. Distribution network
reconfiguration ensures better system characteristics under
normal or incurable conditions. Three operations cases were
studied and analyzed: common conditions (or standard
cases), load variations, and contingency line outages. Manta
Ray Foraging Optimization is proposed in Ramadan and
Helmi [25]. Ramadan and Helmi gave new methods
involving the Covid-19 pandemic’s impact on the operation
of large-scale electricity systems [25].

Alvarez [26] studies the increased adjustability in
Argentina's electric power systems operation. The case study
was conducted in mitigation efforts during the Covid-19
pandemic. Paper Alvarez [26] offers a multi-objective
formulation that improves the operation of electric power
systems in complex circumstances (due to pandemics). In
Alvarez [26], lexicographic optimization is proposed. Two
test cases with Argentine Electrical System data were
simulated.

Research related to electricity during the Covid-19
pandemic in Colombia was performed by Pefaranda ef al
[27], which is related to the storage of grid-scale battery
energy for arbitration goals. Pefiaranda ef al. [27] review the
determination of appropriate arbitration strategies that allow
owners of battery energy storage systems (BESS) to get
maximum economic benefits while supporting the
Colombian electricity market. Four different strategies for
arbitrage, including Mirror arbitration, back-to arbitrage, and
statistically based operating systems, are utilized to ascertain
the best-performing strategies for BESS, which will take part
in the Colombian market. In addition, the problem of
Optimization of Mixed Integer Linear Programming (MILP)
was formulated to determine optimal BESS operation,
including a method for battery degradation modeling that
relies on the linear upper piecewise approach technique.

The Covid-19 pandemic hit various countries, including
Brazil, due to sudden reductions in energy demand and other
impacts. Hydropower has become Brazil's primary
electricity supply source, with a significantly increased
participation share of thermal and wind power plants. A
planned adaptation strategy is indispensable to dealing with
declining demand. Lima et al. [31] emphasized the
importance of devising an effective strategy that integrates
the reduction of output from the most expensive thermal
plants and replenishes water levels from reservoirs and
enhances productivity in complex hydro systems. In Lima et
al. [31], hydrothermal models were used in trade-off and
adaptation  strategies, and nonlinear programming
optimization models for planning Brazilian hydrothermal

systems were utilized for Lima et al. [31].

Researchers from Indonesia, Marwan and Marwan [28]
observed that electricity bills in the midst of the Covid-19
pandemic are increasingly associated with warming weather.
This is because many consumers use air conditioning for a
long time at the same time during this period. In 2021, pre-
cooling models for air conditioners were designed to avoid a
surge in electricity prices on different building
characteristics. It is expected that users will implement the
proposed model and use Cellular Lightweight Concrete
(CLC) bricks on the walls to save energy for buildings with
certain rooms and weather.

IV. CONCLUSIONS AND FUTURE RESEARCH

The SLR has been conducted in this study by
implementing the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) steps. This study was
conducted to obtain information on the contribution of
Optimization Mathematical Modeling and Operations
Research in measuring the impact of Covid-19 on the world's
electricity business strategy. Based on a review of existing
articles, electricity demand is the most discussed topic
related to the impact of the world's electricity business utility
during the Covid-19 pandemic. Factors affecting electricity
demand include electricity prices, environmental effects,
policy effects, GDP, population, energy structure, industrial
structure, and urbanization. Based on the study, many
researchers analyze the electricity consumption data. It can
be concluded that when some policies are taken by the
government related to handling Covid-19, the consumption
of electricity by households, Industrial, and business
customers changes. There are significant changes in certain
conditions.

It is recommended to conduct further research, especially
related to electricity demand forecasting in Indonesia, using
the optimization methods studied in the previous literature.
The pre-tests on factors that may affect electricity demand
are strongly suggested. In addition, we recommend
considering the importance of data uncertainty, as in Yao and
Yao [32]. In many situations, uncertainties must be
considered. Thus, Robust Optimization is good to be
proposed for handling the uncertainties; see [33], [34], and
[35].
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