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Modelling the optimal switching scheme
of the Ukrainian power grid during blackout (Volyn region)

Abstract. The relevance of the study, in particular, in the Volyn region, is due to the need to ensure the reliability and
efficiency of the energy infrastructure in the face of growing challenges associated with the war between Russia and Ukraine,
technological development and ensuring the country’s energy security. The purpose of the study is to develop a model of
the optimal switching scheme for the Volyn region’s power grids during blackout to minimize the negative consequences
and ensure priority power supply to critical facilities. The methods used include mathematical modelling, simulation,
optimization, sensitivity analysis, and others. The study optimized the power grid switching scheme under the risk of war
and other crisis situations, including a thorough analysis of various options in the event of a blackout. Taking into account
additional aspects of grid safety and reliability, the optimal routes for power transmission, placement of backup power
sources were identified and effective algorithms for grid management were developed. By optimizing the grid switching
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Modelling the optimal switching scheme...

scheme, the damage caused by blackouts can be minimized, and power supply can be restored quickly. The results confirmed
that an optimal switching scheme can significantly reduce blackout time and its impact on the economy and the lives of
the population. The development of optimal switching schemes for power grids is an important step towards increasing
the resilience of Ukraine’s electricity system to crisis situations. The study has highlighted the importance of developing
such models to ensure energy security and resilience of the power grid under the threat of blackouts, which affects the
practical aspects of power supply management and economic development. The practical significance of the study is to
improve strategies for managing the power grid in blackout conditions, contributing to the resilience of energy systems

and economic development

Keywords: stability of electricity supply; emergencies; consumption measurement schedule; load analysis; blackout

risk assessment

INTRODUCTION

The study of the optimal grid switching scheme during a
blackout in Ukraine is an extremely important task in the
current energy environment. Blackouts can lead to serious
consequences for the economy, security, and public health,
so it is important to actively work on developing and opti-
mizing models aimed at minimizing their impact and en-
suring reliable power supply to critical facilities. Given the
growing threats from the war with Russia, effective strate-
gies for managing the power grid in the face of unpredict-
ability are becoming an urgent necessity. Research in this
area will not only help to understand the risks and poten-
tial threats to the energy system, but will also contribute
to the development of practical solutions for their effective
management in times of uncertainty and emergency.

The relevance of the study is manifested in the con-
sideration of the possibility and realism of scenarios where
the energy system is subjected to constant shelling, espe-
cially in frontline areas. Even if an effective blackout pre-
vention system is in place, these areas remain vulnerable to
the constant threat of shelling, which can cause interrup-
tions in power supply and negatively affect the safety and
lives of the local population. In addition, the study focuses
on the protection of critical infrastructure such as hospi-
tals, water supply and transport hubs, which are vital for
the functioning of society in times of crisis. The problem
is the lack of effective measures to protect the power grid
from such situations, which requires the development and
implementation of power grid management strategies that
consider the worst-case scenario of constant shelling. This
research approach will help to identify opportunities and
limitations in managing the power grid under continuous
threat, which will allow developing effective measures to
ensure the sustainability of energy supply and public safety
in the context of military conflicts.

According to the study by S. Denisyuk et al. (2022), it is
crucial to consider the impact of renewable energy sources
on grid resilience and develop strategies to overcome the
challenges associated with them. However, the study does
not focus on optimizing the grid switching scheme in the
context of war and crisis situations. In the study by D. Os-
trenko & O. Kollarov (2022), the main emphasis is on the
importance of using artificial intelligence to improve the
efficiency of grid management. However, the paper does

not study the various options for action in the event of a
blackout, which is necessary for a thorough analysis. In
conformity with the study by S. Kiyko et al. (2022), the im-
plementation of energy efficiency strategies has the poten-
tial to improve competitiveness and sustainability in the
industrial sector. However, the study does not cover addi-
tional aspects of grid security and reliability.

A study by S. Matyakh et al. (2021) highlights global
trends in the use of solar energy and their impact on the en-
ergy sector. However, it does not analyse the optimal routes
for energy transmission and the placement of backup pow-
er sources. Researchers A. Oleshko & K. Pavlyuk (2022)
highlight the importance of using smart technologies to
improve the security of energy supply in urban areas. How-
ever, the study does not investigate effective algorithms for
managing the power grid in crisis situations. The paper by
S. Onyshchenko et al. (2023) raises the important issue of
developing effective models for managing the power grid in
blackout conditions as a key task for ensuring the country’s
energy security. However, the study does not consider the
possibility of reducing the blackout time and its impact on
the economy and life of the population, provided that an
optimal switching scheme is implemented.

The purpose of this study is to create an optimal model
for switching the power grid in Volyn region during black-
out to reduce the negative consequences and ensure prior-
ity power supply to critical facilities.

MATERIALS AND METHODS

The mathematical modelling method helped to calculate
the optimal parameters of the power grid, determine the
system’s capacity and reserves, and predict the impact of
various blackout scenarios on the operation of the power
grid. Modern mathematical methods, such as linear pro-
gramming, dynamic programming, and optimization the-
ory, made it possible to consider complex interactions be-
tween different components of the system and find optimal
solutions for managing power supply. Mathematical mod-
elling has also made it possible to assess risks and develop
grid management strategies that will be most effective in
blackout conditions.

The use of simulation methods made it possible to
recreate various blackout scenarios and conduct a detailed
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analysis of their impact on the operation of the power grid.
This method made it possible to simulate different scenar-
ios and test different strategies for managing power supply
in contingency situations. Simulation models can take into
account various factors, such as weather conditions, tech-
nical condition of the power grid, electricity demand, and
others, which allowed for comprehensive research of the
situation and informed decisions on power grid manage-
ment. Supervisory Control and Data Acquisition (SCADA)
was used for modelling and simulation of power grids in the
study. This software package provided a user-friendly inter-
face for developing mathematical models and simulations.

The optimization method allowed us to find optimal
solutions for managing the power grid in blackout condi-
tions. This method was to identify the most effective pa-
rameters and strategies that ensure maximum reliability
and efficiency of the power supply system. The use of opti-
mization methods allowed us to find the optimal allocation
of resources, determine the best time to activate backup
power sources, and develop optimal strategies for restoring
power supply after a blackout. This method helped reduce
energy consumption, ensure system stability, and reduce
the risk of emergencies. The application of the sensitivi-
ty analysis method made it possible to determine the im-
pact of changes in the initial parameters on the results of
modelling and controlling the power grid during blackout.
This method helped to identify key factors that affect the
effectiveness of management strategies and take them into
account in the decision-making process. The sensitivity
analysis helped identify the most critical system parame-
ters and their interrelationships, which contributed to the
development of more accurate and reliable grid manage-
ment models. The sensitivity analysis helped identify the
most critical system parameters and their interrelation-
ships, which led to the development of more accurate and
reliable grid management models.

Stochastic modelling methods were used to study
random variables and uncertainty in the power supply
system during blackouts. This method made it possible
to take into account the probability of different scenarios
and consider their impact on the operation of the pow-
er grid. The use of stochastic modelling methods helped
to assess risks and develop management strategies that
would be most effective under conditions of uncertainty.
This method helped to consider various factors, such as
changes in energy demand, weather conditions and the
technical condition of equipment, and to consider their
impact on the operation of the grid. The application of the
system analysis method helped to study the power grid
as a complex system with numerous interconnected com-
ponents and processes. This method made it possible to
consider the power supply system as an integral structure,
considering the interaction between its various compo-
nents. The application of system analysis helped to identi-
fy key links and dependencies between different elements
of the system and understand their impact on the opera-
tion of the power grid in blackout conditions. This method
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allowed us to develop comprehensive management strat-
egies that would be the most effective and optimal for
ensuring the resilience and reliability of the power grid.

The Markov process method was a powerful tool for
modelling and analysing stochastic processes. It was based
on the Markov property, which implied that the future state
of a system depended only on its current state, not on pre-
vious states. In this study, the Markov process method was
used to model transient processes in the power grid and
to analyse their dynamics during blackouts. Formula of the
Markov process method (1):

PX ., =xIX =X, X =X ,.., X, =X)=PX , =xIX =x), (1)

n+l

whereP(X  =xIX =x , X =x_,..,X=X)=P(X_,=xIX =x)-
the conditional probability of transition to state x at time
n+1, provided that the system is in state x_at time n, x_,
at time, N-1, and so on up to x at time 0; X_- the state of
the system at time n, x is a specific state of the system; n is
the time.

The Monte Carlo method was an effective tool for nu-
merical modelling of complex systems or processes using
random variables. By using random variables, this method
allowed the evaluation of various model parameters and
their impact on the results. In this study, the Monte Car-
lo method was used to study the sensitivity of the power
grid to various parameter changes during blackouts. The
formula for the Monte Carlo method to assess the sensitiv-
ity of the power grid to various parameter changes during
blackout is presented as follows (2):

T =2, G, @)

where T - an estimate of the expected value of the perfor-
mance indicator or model result; N is the number of itera-
tions used in the Monte Carlo method; f(x,) - the value of
the function or performance indicator for each iteration i;
x, —arandom variable generated at the i-th iteration.

This formula allows estimating the expected value of a
certain parameter or modelling result using random varia-
bles and the average value of N iterations.

RESULTS

Modelling the optimal switching scheme for power grids
during a blackout is a key aspect of ensuring the resilience
and efficiency of power supply in emergency situations.
This complex technical process requires an integrated ap-
proach and consideration of various factors affecting the
power grid. The modelling needs to take into account the
availability of resources such as generating capacity and
network equipment, as well as the needs of consumers at
different times (Venkatanagaraju & Biswal, 2022). In ad-
dition, it is important to consider possible risks and con-
straints, such as transmission line capacity constraints and
potential equipment failures. Only by carefully analysing
these factors can an optimal switching scheme be devel-
oped that will ensure a reliable and efficient power supply
during a blackout. Block diagram of power grid manage-
ment considering unforeseen situations (Fig. 1).
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Main power supply

Distribution by substations

Distribution by district:

Critical infrastructure

Enterprises

Residential buildings

Urgent measures:
Intervention in the main source
Intervention in substations
Restoration of communication lines

Figure 1. Optimal switching scheme for power grids during a blackout

Source: compiled by the authors

In this block diagram, the main power source is located
at the top. From this source, power is supplied to substa-
tions, which in turn transmit electricity to different areas.
The districts are divided into several categories, including
critical infrastructure, businesses, and residential build-
ings. In the event of unforeseen situations that could lead
to a crisis, urgent measures must be taken. These measures
include intervening in the main power source to address
the problem directly at the power source, intervening in
substations to address problems at the level of power re-
distribution, and restoring communication lines and other
critical facilities that may be disrupted by the crisis.

The scheduling of regional real consumption metering
is an important component of effective grid management.
This process determines the time and resources required to
collect data on electricity consumption in different areas
of the region. Taking into account geographical, weather
and other factors, the metering schedule ensures that the
data on the actual load on the grid is representative. This
data is key for effective planning and management of the
power system, helping to ensure the stability of electrici-
ty supply, optimize grid operation and maintain a balance
between electricity generation and consumption. Consid-
ering the dynamics of electricity consumption and changes
in grid operating conditions, the schedule for measuring
real consumption in the regions allows us to respond effec-
tively to changes and ensure reliable electricity supply for
consumers. Electricity is generated in the Volyn region’s
power grid by a variety of sources, including: Rivne Nuclear
Power Plant (NPP), which has a capacity of 4,400 MW and
is the largest generating facility in the region; Dobrotvir
Thermal Power Plant (TPP), which is coal-fired and has a
capacity of 1,950 MW; and Lutsk Combined Heat and Pow-
er Plant (CHP), which generates 180 MW of electricity and
heat for the city of Lutsk; Several small hydroelectric power
plants (HPPs) are located in the region, with a total capac-
ity of about 50 MW; The renewable energy sector includes

solar and wind power plants, which are actively develop-
ing in the region. The capacity of such plants is constantly
growing, which helps to reduce dependence on traditional
energy sources.

Electricity from the generating facilities in Volyn
Oblast is transported to distribution substations through
a network of high-voltage power lines (HVL). The trans-
mission line network includes lines of different voltages:
330 kV transmission lines stretch over 500 km and con-
nect Rivne NPP, Dobrotvir TPP and other key energy fa-
cilities. 110 kV power lines stretch over 2,000 km and dis-
tribute power across the region. 35 kV power lines stretch
over 5,000 km and supply cities and towns with electric-
ity to meet their needs. Electricity supplied by distribu-
tion substations is transported to end consumers through
a network of low-voltage power lines. The network of
low-voltage power lines includes lines of different voltag-
es, in particular: 10 kV power lines with a length of over
10,000 km. These lines supply electricity to homes, busi-
nesses, and other facilities, meeting their electricity needs
(Guo et al., 2023).

Electricity generated in the Volyn region’s power grid
is distributed among different categories of consumers. In-
dustrial enterprises take the largest share — 40% of the total
consumption. Residential consumers use 30% of electricity,
in particular, for lighting, heating and household needs. Ag-
riculture consumes approximately 10% of electricity, using
it for irrigation, processing, and other needs. Other sectors
such as transport, street lighting, utilities consume the re-
maining 20%. This distribution of consumption allows for
optimized use of electricity and ensures the efficient func-
tioning of the grid (Fig. 2). Negative scenarios that could
occur in the Volyn region’s power grid could lead to serious
interruptions or even a complete system failure. Some of
these include: accidents at power plants, such as generator
failure, fire or explosion, which could lead to a suspension
of electricity production and cause supply shortages; dam-
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age to transmission lines due to natural disasters or acci-
dents, such as storms, ice, line breaks or cable theft, which
could disrupt the transmission of electricity to consumers;
increased consumption, which could cause peak loads or
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abnormally low temperatures that exceed the network’s
capacity. In addition, shelling could adversely affect the
power grid, which could result in damage to power lines
and infrastructure, as well as blackouts in certain areas.
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% B thermal power station

5, fm transformer substations
«= power lines
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Figure 2. Power plants in the Volyn region

Source: created by the authors

Data collection involves the systematic and compre-
hensive collection of information about the structure,
components, and characteristics of the power grid for the
purpose of further analysis and identification of optimal
solutions. The main objective of data collection is to ob-
tain comprehensive information about all components of
the power grid, including generating facilities, distribution
lines, substations, transformers, consumers, and other im-
portant elements. Data on power, voltage, current, electric-
ity consumption, and technical parameters of each compo-
nent provide a complete picture of the grid’s functioning
(Panda & Das, 2021). Data collection can be done through
a variety of sources, such as archival records, technical
documentation, on-site measurements, specialized data-
bases, and reports and statistics from energy companies
and regulators. An important part of the data collection
process is its systematization and analysis, which allows us
to identify the main trends, problems, and opportunities in
the development of the electricity grid. The accuracy and
completeness of the data collected determines the quality
of further research and the adoption of informed decisions
on optimization and modernization of the power grid.

Grid load analysis involves estimating the expected
load on the grid at different times of the day, considering
various factors that may affect electricity consumption. It
is necessary to take into account the peak load, which re-
flects the maximum amount of electricity consumption in
a certain period of time (Rahman et al., 2021). This usually
refers to the peak hours when electricity demand reaches

its maximum due to high consumption by households, in-
dustry, and other sectors of the economy. Peak loads can be
predicted based on historical consumption data and other
factors such as weather and economic activity. In addition,
it is necessary to analyse the normal load, which reflects
the average level of electricity consumption during the day
or week. This allows for effective planning of electricity
generation and distribution to ensure the most efficient
use of resources. It is important to take into account the
impact of weather conditions and seasonal variations on
the load on the grid. For example, higher temperatures in
the summer can lead to an increase in electricity consump-
tion for air conditioning, and seasonal consumption can
also affect electricity demand.

Blackout risk assessment is an important step in en-
suring the reliability and efficiency of electricity supply in
Volyn region. Investigating potential causes of blackouts
allows us to identify factors that can cause a sudden loss of
electricity supply (Carreras et al., 2021). These may include
technical failures, natural disasters, high network load,
and equipment malfunctions. In addition, it is important
to consider the possible consequences of blackouts for the
grid and consumers. These consequences may include loss
of productivity of enterprises, disruption of critical sys-
tems, as well as negative economic and social consequenc-
es for the population. In the current political environ-
ment, especially in the context of the war with Russia, the
risk of blackout is growing significantly. Military actions
may result in damage to the power grid due to shelling,
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attacks on energy facilities or interference with the oper-
ation of power supply systems. In addition, the possibility
of a temporary interruption in the supply of gas or other
resources required for power generation in the event of a
military conflict could significantly complicate the situa-
tion with electricity supply. Thus, assessing blackout risks
in the context of military conflict is extremely important
for developing effective measures to protect and ensure the
reliability of electricity supply not only in Volyn region, but
also in Ukraine as a whole. A stochastic model takes into
account randomness or uncertainty in a system, allowing
for random changes or variations in input parameters or
conditions. One of the widely used methods for building
stochastic models is the Markov process method (1). Iden-
tification of these risks helps to develop strategies for pre-
vention and effective management in emergency situations,
which helps to ensure the reliability of electricity supply
and protect the interests of consumers in Volyn region.

The development of a switching plan involves the de-
velopment of a detailed action plan for the efficient discon-
nection and connection of power lines and substations in
order to minimize interruptions in power supply and ensure
maximum availability of electricity to consumers. In devel-
oping a switching plan, an important step is to determine
the sequence of disconnection and connection of power
lines and substations. This requires analysing the structure
of the grid, the capacity of different lines and substations,
and the needs of consumers at different times of the day and
operating conditions. Specific criteria should be developed
for switching lines and substations on and off. This may in-
clude assessing the capacity, condition, and load of each fa-
cility, as well as deciding on priorities for supplying critical
facilities such as healthcare or emergency services (Bohra &
Anvari-Moghaddam, 2022). Testing and improving the de-
veloped switching plan by simulating various blackout sce-
narios and implementing the necessary adjustments, taking
into account the identified shortcomings and requirements
for effective grid management in emergency situations.

Modelling of the power grid system was an important
step in the process of developing and testing the effective-
ness of the blackout switching plan. The use of specialized
modelling software allowed for a detailed analysis of the
developed plan and identification of its best parameters
to ensure reliable power supply in unforeseen situations.
Sensitivity analysis is used to determine the impact of
changes in parameters on the model output. The main
purpose of sensitivity analysis is to identify and quantify
the impact of parameter variations on the model output.
This can be done using a variety of methods, such as ana-
Iytical or numerical approaches, or the use of appropriate
software. One of the most common methods is the Monte
Carlo method (2). This method is based on randomly se-
lecting values of the input parameters of the model and
repeating the model calculations for each random choice.
Then the results of each calculation are averaged to ob-
tain an estimate of the efficiency indicator or other model
parameter. This approach allows evaluating the system’s

behaviour under a wide range of random conditions and
considering their impact on the modelling results. The sys-
tem modelling involved the creation of a virtual model of
the power grid, which reflected all the main components of
the system, such as power lines, substations, transformers,
and their interconnections (Hoang & Nguyen, 2021). Based
on this model, various blackout scenarios were simulated,
and the switching plan was tested to see how it performs
in real-world conditions. Next, different blackout scenarios
were simulated and the impact on the grid was analysed.
This included estimating the time to restore power supply,
identifying possible overload points, and developing strat-
egies to avoid them. After the simulation was completed,
the efficiency and reliability of the developed switching
plan was assessed. This allowed identifying its advantages
and disadvantages, as well as making the necessary adjust-
ments to ensure the optimal functioning of the power sup-
ply system in emergency situations.

By analysing the grid and its parameters, it is possi-
ble to improve the plan to minimize power losses and
maximize energy availability to consumers (Mansouri et
al., 2021). This may include identifying suboptimal se-
quences of power line and substation disconnection and
connection that lead to unnecessary power losses or lim-
it energy availability to consumers. Next, strategies need
to be developed to address the identified deficiencies and
improve the switching plan. This may include optimizing
the sequences of disconnection and connection, devel-
oping new criteria for making decisions on the operation
of lines and substations in blackout mode, and using new
technologies and methods of grid management. Validation
and verification of the optimized switching plan using sim-
ulation methods and testing it on real data is an important
step. This allows making sure of its effectiveness and relia-
bility before implementing it in practice. To develop a mod-
el for urgent response to grid crises, such as blackouts, an
algorithm can be used that will be able to respond quickly
to problems and provide effective solutions to restore sys-
tem operation. This algorithm can be implemented using
software based on artificial intelligence, machine learn-
ing, and control systems such as SCADA systems. Contin-
uous improvement and updating of the switching plan is
a necessary component in ensuring efficient and reliable
power supply in blackout conditions. The algorithm must
constantly monitor the state of the grid and detect any
signs of a crisis situation, such as overloads, circuit out-
ages, consumption anomalies. Once a problem is detected,
the algorithm should assess the severity of the situation,
determine its priority and potential consequences. Based
on the situation assessment, the algorithm should make a
quick decision to activate the necessary measures to im-
mediately restore the grid. The algorithm must ensure ef-
fective communication with all relevant parties, such as
grid operators, rescue services, government agencies, and
coordinate their actions to respond quickly and effectively
to the crisis situation. The algorithm should automatical-
ly perform the necessary measures, such as disconnecting
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the load, switching on backup power sources, switching the
power grid, to restore the system. After the system is re-
stored, the algorithm should continue to monitor the state
of the power grid and make necessary updates to prevent
similar crisis situations in the future.

Improving the switching plan involves analysing the
effectiveness of its operation in real conditions, identifying
possible shortcomings, and identifying new opportunities
to optimize grid management processes (Khismatullin &
Bashirov, 2021). This may include revising the sequences of
disconnection and connection, updating the technical pa-
rameters of equipment, and introducing new technologies
and control methods. Updating the switching plan is also
important to take into account changes in the structure of
the grid, such as an increase or decrease in the number of
substations, transmission lines and consumers. New tech-
nologies and the development of alternative energy sourc-
es may also affect the efficiency and reliability of power
supply planning.

DISCUSSION

Modelling the optimal blackout switching techniques for
Volyn Oblast proved to be an important step in the region’s
readiness to manage energy crises. The analysis provided
important data on the grid structure and load, as well as
identified potential blackout risks. In particular, it identi-
fied critical points in the grid, such as overloaded lines and
substations, which could cause accidents in the event of
an emergency. On this basis, specific switching strategies
were developed to reduce blackout risks and ensure a stable
power supply for consumers. The use of specialized soft-
ware tools made it possible to simulate various blackout
scenarios and evaluate the effectiveness of the developed
switching plan. The use of SCADA for modelling and sim-
ulation of power grids in the study provided a convenient
interface for developing mathematical models and simu-
lations. This helped to identify the advantages and disad-
vantages of the plan, as well as to improve it in order to
increase reliability and efficiency. The results of the study
confirmed the importance of modelling optimal switching
strategies for power grids in solving energy security prob-
lems and ensuring stable power supply during emergen-
cies. Given the ever-increasing challenges, such research is
becoming an integral part of power grid management and
ensuring the country’s energy security.

According to the results of recent studies by F. Kebe-
de et al. (2021), assessing the reliability of renewable ener-
gy systems by modelling power outages in distribution net-
works is a key step in ensuring the stability and continuity
of electricity supply. This approach allows us to assess the
efficiency and reliability of the system in unforeseen situ-
ations, such as accidents, emergencies, or blackouts. Power
outage modelling helps identify weaknesses and potential
problems in the grid, which helps develop strategies to
improve reliability and restore supply in emergency situa-
tions. These data are consistent with the theses presented
in the previous section. In particular, the modelling allows
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for the analysis of different power outage scenarios and
their impact on the operation of the restoration system.
This can include estimating the time to restore power
supply, identifying possible overload points, and develop-
ing strategies to avoid them. Modelling also allows for an
analysis of the effectiveness of measures to ensure reliable
power supply in emergency situations, which helps to im-
prove response plans and backup strategies.

Referring to the definition of D. Ivanov (2022), a power
outage can trigger a chain reaction throughout the supply
chain. This is due to the interstructural ripple effect, where
power outages affect other sectors and industries. For ex-
ample, a shutdown of power plants can lead to a halt in
production at industrial enterprises, increased machine
downtime and loss of productivity. An analysis of the im-
pact of power outages on productivity shows that long in-
terruptions in power supply can significantly reduce the
efficiency of the production process. Uninterrupted power
supply is key for many industries, such as manufacturing,
healthcare, transport, and others. Losses in productivity
can have serious economic consequences and lead to losses
for businesses and society as a whole (Kuznetsov, 2024). It
is worth noting that the resilience and viability of the elec-
tricity supply system become essential aspects in the face
of interruptions. Developing and implementing measures
to improve grid resilience, such as backup power supplies,
emergency recovery plans and network system improve-
ments, can help reduce the system’s vulnerability to inter-
ruptions and increase its resilience in the face of unfore-
seen events (Ali et al., 2022).

Researchers F. Mohamad et al. (2021) identified that
the optimal planning of microgrids for sustainable distri-
bution networks is a key challenge in modern energy infra-
structure, especially in the context of growing challenges
such as climate change and the increased use of renewable
energy sources. Microgrids are small, self-sufficient sys-
tems that can function as standalone units or be integrated
into the general power grid. Optimal planning of microg-
rids includes determining the optimal network size, loca-
tion, and distribution of resources, including renewable
energy, storage systems, control, and protection systems.
This requires a coherent approach to the technical, eco-
nomic, and environmental aspects of planning, taking into
account the needs of consumers and the requirements for
the sustainability and reliability of electricity supply. Op-
timal planning of microgrids contributes to the efficiency
and resilience of distribution networks, reducing energy
losses and increasing the use of renewable energy sources
(Korduba, 2022). These results support the above study as
they highlight the importance of optimal microgrid plan-
ning to ensure the resilience and efficiency of distribution
networks. Taking into account technical, economic and en-
vironmental aspects allows determining the most optimal
solutions for the size and location of microgrids, as well as
the efficient use of resources, including renewable energy.
This approach helps to reduce energy losses and improve
the overall reliability of electricity supply, especially in the
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face of growing challenges associated with climate change
and the expansion of renewable energy sources.
Researchers K. Liang et al. (2024) have shown in their
work that the restoration of the power system with a high
penetration of renewable energy sources is an important as-
pect of the development of modern energy, which is mostly
a complex process. Today, the high penetration of renewable
energy sources, such as solar and wind energy, creates new
challenges and opportunities for the energy system (Stolia-
rov, 2024). The current state of play is the gradual introduc-
tion of renewable energy sources into the energy system,
which contributes to reducing dependence on traditional
sources such as coal and oil and reducing greenhouse gas
emissions. Future trends in grid renewal include further in-
creases in renewable energy generation, development, and
improvement of energy storage technologies, improvement
of infrastructure to support decentralized grids, and in-
creased efficiency and reliability of the grid as a whole (Sel-
vakumar et al., 2024). The authors of this study can agree
with this opinion that the development of modern technol-
ogies and the increase in environmental awareness of so-
ciety contribute to the activation of these trends and con-
tribute to the formation of an energy system based on the
use of renewable energy sources and demonstrating a high
level of sustainability and resistance to external influences.
As noted by G. Fotis et al. (2022), the risks in the Eu-
ropean electricity transmission system are becoming in-
creasingly apparent in the face of growing complexity and
instability driven by both external and internal factors.
Large-scale power outages can occur for a variety of rea-
sons, including technical problems, natural disasters, cy-
ber-attacks, or manufacturing deficiencies. These outages
can have serious consequences for the economy, security,
and comfort of citizens. In this regard, the development
of a new power system restoration strategy becomes ex-
tremely important to ensure the stability and reliability of
electricity supply (Selvakumar et al., 2023). Analysing the
results and conclusions, a new strategy for restoring the
power system after a major power outage requires a com-
prehensive approach that considers various aspects of the
energy infrastructure and the challenges it faces. It may
include rapid identification and localization of problemat-
ic areas of the grid, effective management of reserve ca-
pacity, strategies for restoring power supply, and customer
engagement to ensure maximum recovery efficiency. It is
also important to use advanced technologies and analytical
tools to predict and manage major outages, which allows
for a prompt response to situations and minimizes their
impact on the energy system and society as a whole.
Researchers S. Ghasemi et al. (2021) determined that
the new predictive restoration of critical loads in distri-
bution networks reflects modern requirements for energy
management systems in emergency situations. Consider-
ing the load curve of critical consumers, this strategy is
focused on ensuring priority restoration of power supply
to the most important objects for society, such as medi-
cal facilities, emergency services, and infrastructure that

ensures safety and vital services. This strategy is based on
the analysis of data on electricity consumption by different
categories of consumers at different times of the day and
load conditions. It uses advanced forecasting and model-
ling algorithms to identify critical loads and their real-time
power supply needs. This allows us to respond quickly to
power outages and restore power to the most important
places for society, ensuring the continuous operation of
critical facilities and reducing the impact of unforeseen
situations on public health and safety. In addition, the ap-
plication of a new strategy for the predictive restoration of
critical loads can contribute to the efficient use of resourc-
es in response to energy crises and emergencies. Through
automated analysis and management, systems can respond
quickly to power outages and mobilize the necessary re-
sources to restore supply in critical areas.

CONCLUSIONS

Modelling the optimal switching scheme of the Ukrainian
electricity grid is an important step in ensuring stable elec-
tricity supply and avoiding possible power losses for con-
sumers in the event of a blackout. Studies have shown that
effective modelling can lead to the development of an op-
timal switching strategy that maximizes energy availabili-
ty for consumers and minimizes supply interruptions. The
schedule for measuring real electricity consumption has
proved to be a key component for effective grid manage-
ment. Analysis of the collected consumption data allowed
us to understand the dynamics of electricity demand in
different periods and conditions. This data was necessary
to develop grid management strategies and plan its devel-
opment. The efficient allocation of time for consumption
measurement has led to a reduction in energy losses and
an increase in the reliability of electricity supply. Constant
updating and analysis of this data helped identify trends
and problems in the operation of the grid, which in turn al-
lowed for prompt response and improvement of the power
supply management system.

The use of specialized software tools, including
SCADA, made it possible to conduct a detailed analysis of
the structure and capacity of the power grid, as well as to
identify critical facilities that require the highest priority
in ensuring power supply in the event of a blackout. This
contributed to efficient resource management and quick
response to unforeseen situations. Moreover, the model-
ling helped to improve management strategies and the
optimal use of backup energy sources during crisis situa-
tions. This made it possible to identify weaknesses in the
system and develop effective measures to address them.
The use of real-world power grid switching models plays
an important role in improving the reliability of power
supply and ensuring the stability of the energy system
during crisis situations. This approach helps to effectively
address energy security issues and increases the level of
protection of the population and the economy from the
negative effects of blackouts, ensuring stable power sup-
ply even in the most difficult conditions.

Machinery & Energetics. Vol. 15, No. 2

4



Hrytsiuk et al.

Additional research could include analysing the ef- ACKNOWLEDGEMENTS

fectiveness of the proposed switching plan in real-world  None.
conditions and improving the methods of managing pow-
er grids to take into account changes in the energy system CONFLICT OF INTEREST

and societal needs. None.

REFERENCES

[1] Ali, M., Alkaabi, A.K., & Lee, J.I. (2022). CFD simulation of an integrated PCM-based thermal energy storage within
a nuclear power plant connected to a grid with constant or variable power demand. Nuclear Engineering and Design,
394, article number 111819. doi: 10.1016/j.nucengdes.2022.111819.

[2] Bohra, S.S., & Anvari-Moghaddam, A. (2022). A comprehensive review on applications of multicriteria decision-
making methods in power and energy systems. International Journal of Energy Research,46(4),4088-4118. doi: 10.1002/
er.7517.

[3] Carreras, B.A., Colet, P., Reynolds-Barredo, ].M., & Gomila, D. (2021). Assessing blackout risk with high penetration
of variable renewable energies. IEEE Access, 9, 132663-132674. doi: 10.1109/ACCESS.2021.3114121.

[4] Denisyuk, S.P., Makhlin, P.V., Shram, O.A., & Slynko, V.M. (2022). Features of operating modes analysis of the power
system in areas with alternative electric power sources (wind power plants). Technical Electrodynamics, 1, 41-49.
doi: 10.15407/techned2022.01.041.

[5] Fotis, G.,Vita, V., & Maris, T.I. (2022). Risks in the European transmission system and a novel restoration strategy for
a power system after a major blackout. Applied Sciences, 13(1), article number 83. doi: 10.3390/app13010083.

[6] Ghasemi,S.,Mohammadi, M., & Moshtagh, J. (2021). A new look-ahead restoration of critical loads in the distribution
networks during blackout with considering the load curve of critical loads. Electric Power Systems Research, 191, article
number 106873. doi: 10.1016/j.epsr.2020.106873.

[7] Guo,R.,Meunier, S., Protopapadaki, C., & Saelens, D. (2023). A review of European low-voltage distribution networks.
Renewable and Sustainable Energy Reviews, 173, article number 113056. doi: 10.1016/j.rser.2022.113056.

[8] Hoang, A.T., & Nguyen, X.P. (2021). Integrating renewable sources into energy system for smart city as a sagacious
strategy towards clean and sustainable process. Journal of Cleaner Production, 305, article number 127161.
doi: 10.1016/j.jclepro.2021.127161.

[9] Ivanov, D. (2022). Blackout and supply chains: Cross-structural ripple effect, performance, resilience and viability
impact analysis. Annals of Operations Research. doi: 10.1007/s10479-022-04754-9.

[10] Kebede, F.S., Olivier, J.C., Bourguet, S., & Machmoum, M. (2021). Reliability evaluation of renewable power
systems through distribution network power outage modelling. Energies, 14(11), article number 3225. doi: 10.3390/
enl4113225.

[11] Khismatullin, A.S., & Bashirov, M.G. (2021). Methods of improving the power supply reliability of industrial
site. IOP Conference Series: Materials Science and Engineering, 1155, article number 012067. doi: 10.1088/1757-
899X/1155/1/012067.

[12] Kiyko, S.G., Druzhynin, E.A., Fedorovych, O.E., & Prokhorov, O.V. (2022). Features of energy efficiency restoration of
the industrial sector in the post-war period. In Proceedings of the XIV International Conference “Project Management in
the Development of Society” (pp. 47-51). Kyiv: Kyiv National University of Construction and Architecture.

[13] Korduba, I. (2022). Nuclear and environmental safety of world nuclear energy at the stage of the fourth global energy
transition. Ecological Safety and Balanced Use of Resources, 13(2), 7-14. doi: 10.31471/2415-3184-2022-2(26)-7-14.

[14] Kuznetsov, P. (2024). Development and implementation of a smart home automation system in the context of the
Ukrainian housing sector: Challenges and prospects. Bulletin of Cherkasy State Technological University, 29(1), 62-72.
doi: 10.62660/bcstu/1.2024.62.

[15] Liang, K., Wang, H., Pozo, D., & Terzija, V. (2024). Power system restoration with large renewable penetration: State-
of-the-art and future trends. International Journal of Electrical Power & Energy Systems, 155, article number 109494.
doi: 10.1016/j.ijepes.2023.109494.

[16] Mansouri, S.A., Nematbakhsh, E., Javadi, M.S., Jordehi, A.R., Shafie-khah, M., & Catalao, J.P. (2021). Resilience
enhancement via automatic switching considering direct load control programme and energy storage systems. In 2021
IEEE International Conference on Environment and Electrical Engineering and 2021 IEEE Industrial and Commercial Power
Systems Europe (EEEIC/I&CPS Europe) (pp. 1-6). Bari: IEEE. doi: 10.1109/EEEIC/ICPSEurope51590.2021.9584609.

[17] Matyakh, S., Surzhik, T., & Ryeztsov, V. (2021). Use of solar energy in the private sector of Ukraine. In Materials of the
XXII International Scientific and Practical Conference Renewable Energy and Energy Efficiency in the XXI Century (pp.
415-420). Kyiv: Interservice.

[18] Mohamad,F., Teh,]., & Lai, C.M. (2021). Optimal allocation of battery energy storage systems for power grid enhanced
with solar energy. Energy, 223, article number 120105. doi: 10.1016/j.energy.2021.120105.

Machinery & Energetics. Vol. 15, No. 2

N


https://doi.org/10.1016/j.nucengdes.2022.111819
https://doi.org/10.1002/er.7517
https://doi.org/10.1002/er.7517
https://doi.org/10.1109/ACCESS.2021.3114121
https://doi.org/10.15407/techned2022.01.041
https://doi.org/10.3390/app13010083
https://doi.org/10.1016/j.epsr.2020.106873
https://doi.org/10.1016/j.rser.2022.113056
https://doi.org/10.1016/j.jclepro.2021.127161
https://doi.org/10.1007/s10479-022-04754-9
https://doi.org/10.3390/en14113225
https://doi.org/10.3390/en14113225
https://doi.org/10.1088/1757-899X/1155/1/012067
https://doi.org/10.1088/1757-899X/1155/1/012067
https://er.chdtu.edu.ua/bitstream/ChSTU/4630/1/Тези2022_КНУБА.pdf
https://er.chdtu.edu.ua/bitstream/ChSTU/4630/1/Тези2022_КНУБА.pdf
https://esbur.com.ua/en/journals/tom-26/yadyerno-yekologichna-byezpyeka-svitovoyi-yadyernoyi-yenyergyetiki-na-yetapi-chyetvyertogo-globalnogo-yenyergyetichnogo-pyeryekhodu
https://bulletin-chstu.com.ua/en/journals/tom-29-1-2024/rozrobka-ta-vprovadzhennya-sistemi-avtomatizatsiyi-rozumnogo-budinku-v-umovakh-ukrayinskogo-zhitlovogo-sektoru-vikliki-ta-perspektivi
https://doi.org/10.1016/j.ijepes.2023.109494
https://doi.org/10.1109/EEEIC/ICPSEurope51590.2021.9584609
https://ela.kpi.ua/server/api/core/bitstreams/504aaca5-e1c7-4a8f-8d52-95856a2d9458/content
https://doi.org/10.1016/j.energy.2021.120105

Modelling the optimal switching scheme...

[19] Oleshko, A.A., & Pavlyuk, K.M. (2022). Digital transformation of municipal property management. State and Regions.
Series: Public Management and Administration, 77(3), 84-88. doi: 10.32840/1813-3401.2022.3.14.

[20] Onyshchenko, S., Maslii, O., & Zagorulko, T. (2023). Challenges and threats to the socio-economic security of Ukraine
under martial law. Economy and Region, 1(88), 135-143. doi: 10.26906/EiR.2023.1(88).2888.

[21] Ostrenko, D., & Kollarov, O. (2022). Intelligent diagnostics of electrical networks. Scientific Works of Donetsk National
Technical University. Series: “Electrical Engineering and Power Engineering”, 27(2), 63-67. doi: 10.31474/2074-2630-
2022-2-63-67.

[22] Panda, D.K., & Das, S. (2021). Smart grid architecture model for control, optimisation and data analytics of future
power networks with more renewable energy. Journal of Cleaner Production, 301, article number 126877.doi: 10.1016/j.
jclepro.2021.126877.

[23] Rahman, S., Saha, S., Islam, S.N., Arif, M.T., Mosadeghy, M., Haque, M.E., & Oo, A.M. (2021). Analysis of power grid
voltage stability with high penetration of solar PV systems. IEEE Transactions on Industry Applications, 57(3), 2245-
2257. doi: 10.1109/TT1A.2021.3066326.

[24] Selvakumar, R.D., Wu, J., & Alkaabi, A.K. (2024). Electrohydrodynamic acceleration of charging process in a latent
heat thermal energy storage module. Applied Thermal Engineering, 242, article number 122475. doi: 10.1016/j.
applthermaleng.2024.122475.

[25] Selvakumar, R.D., Wu, J., Afgan, L., Ding, Y., & Alkaabi, A.K. (2023). Melting performance enhancement in a thermal
energy storage unit using active vortex generation by electric field. Journal of Energy Storage, 67, article number
107593. doi: 10.1016/j.est.2023.107593.

[26] Stoliarov, O.(2024). Efficient electricity generation forecasting from solar power plants using technology: Integration,
benefits and prospects. Bulletin of Cherkasy State Technological University, 29(1), 73-85. doi: 10.62660/bcstu/1.2024.73.

[27] Venkatanagaraju, K., & Biswal, M. (2022). A time-frequency based backup protection scheme for enhancing grid
security against power system blackout. International Journal of Electrical Power & Energy Systems, 137, article number
107780. doi: 10.1016/j.ijepes.2021.107780.

Machinery & Energetics. Vol. 15, No. 2

N


https://doi.org/10.32840/1813-3401.2022.3.14
http://ndekc.lviv.ua/pdf/268.pdf
https://doi.org/10.31474/2074-2630-2022-2-63-67
https://doi.org/10.31474/2074-2630-2022-2-63-67
https://doi.org/10.1016/j.jclepro.2021.126877
https://doi.org/10.1016/j.jclepro.2021.126877
https://doi.org/10.1109/TIA.2021.3066326
https://doi.org/10.1016/j.applthermaleng.2024.122475
https://doi.org/10.1016/j.applthermaleng.2024.122475
https://doi.org/10.1016/j.est.2023.107593
https://bulletin-chstu.com.ua/en/journals/tom-29-1-2024/yefektivne-prognozuvannya-elektrogeneratsiyi-vid-sonyachnikh-elektrostantsiy-za-dopomogoyu-tekhnologiy-integratsiya-perevagi-ta-perspektivi
https://doi.org/10.1016/j.ijepes.2021.107780

Hrytsiuk et al.

Ipuna I'puitox
Kangupat TexHiuHMX HAyK, TOLEHT
JIyipkuii HalliOHA/IbHMI TeXHIYHUI YHIBEPCUTET
43018, By:n. JIbBiBCBKa, 75, M. JIy1bK, YKpaiHa
https://orcid.org/0000-0003-4472-306X

Bnagucnas BonmmHenb

Kangupat TexHiUHUX HAYK, TOLEHT
JIyupKuii HalliOHA/IbHMI TEXHIYHUI YHIBEPCUTET
43018, Byi. JIbBiBCbKa, 75, M. JIyIbK, YKpaiHa
https://orcid.org/0000-0002-9192-2785

Haranis Komenga

KaHaupat TexHiUHUX HayK, TOLEHT
JIyubKuii HalliOHAJIbHUI TeXHIUHMI YHIBEpCUTET
43018, Byi. JIbBiBChbKa, 75, M. JIyIbK, YKpaiHa
https://orcid.org/0000-0002-5944-8665
IOpiii I'puiiok
Kangupat TexHiuHUX HayK, TOLEHT
JIyipKkuii HalliOHA/IbHUI TEXHIYHUI YHIBEPCUTET
43018, Byi. JIbBiBCBbKa, 75, M. JIyIbK, YKpaiHa
https://orcid.org/0000-0002-6463-3910
Awuppii F'agaii
KaHaupat TexHiuHUX HayK, TOLeHT
JIy1bKuii HaIliOHA/IbHMI TeXHIUYHUI YHIBEPCUTET
43018, Byin. JIbBiBCBbKa, 75, M. JIyIbK, YKpaiHa
https://orcid.org/0000-0002-4195-7218

MopenioBaHHS ONTUMalIbHOI CXeMU NepeMUKaHHS eNleKTpoMepeXx YKpaiHu
nig yac 6nekayTty (BosiMHCbKa 0611acTb)

AHoOTaUiqa. AKTYyaJbHICTb JOCTIIKEeHHS, 30KpeMa y BolmnHCbKiit 06/1acTi, 06ymMoBIeHa HeOOXiaHiCcTIO 3a6e3meueHHs
HaniitHOCTi Ta eeKTUBHOCTI eHepreTMYHOI iHOPACTPYKTYPM B YMOBAX 3POCTAIOUMX BUK/IMKIB, TTOB’SI3aHUX 3 BilfHOIO
Pocii Ta Ykpainu, TEXHOJOTIYHMM PO3BUTKOM Ta 3a0€3I11eUeHHSIM eHepreTUUHOi 6e3meky Kpainu. MeTo0 T0CTiIsKeHHST
€ po3pobKa Mopeni ONTUMAaIbHOI CXeMM IlepeMUKaHHS eJleKTpoMepesk BonmHcbkoi obsacTi mig yac 6mexayTy o
MiHiMi3alii HeraTMBHMX HACIAKIB Ta 3a6e3MeUeHHsT TPiOPUTETHOTO eJIeKTPOIIOCTaYaHHS KPUTUYHO BasK/IMBUX 00 EKTIB.
CepeJi BUKOPUCTAHUX METOZIB CJIiJl BUAIIUTY METOJ, MaTeEMaTUYHOTO MOJIe/II0BaHHSI, CUMYJISILLIIHMUI MeTOJ, METOZ,
OITMMi3allii, MeToA aHasi3y YyTJAMBOCTi iHIIi. YV mocimKeHHI 6Y/10 TIPOBEIEHO ONMTUMi3allil0 CXeMy ITepeMUKaHHST
eJleKTpoMepeski B yMOBax pM3MKY BiliHM Ta iHIIMX KPU3OBUX CUTYalliil, 30Kpema, peTeJIbHMIT aHasi3 pi3HMUX BapiaHTIB Ait
y BUIIAIKy G/1eKayTy. BpaxoByroun 10JaTKOBI acreKTy 6e3meKky Ta HaliffiHOCTi eyleKTpoMepexi, 6y/10 BU3HAUEHO ONTUMAabHi
MapIIpyTH iepeadi eHeprii, po3MillleHHs pe3epBHUX JKepeJT SKUBJIeHHS Ta po3pobyieHo eeKTUBHI arOPUTMM KePyBaHHS
eJleKTpoMepexkero. 3aBIsIKM ONITUMi3allil cxeMM IlepeMUKaHHSI eIeKTPoMepeXi MOsKHA MiHiMi3yBaTy IIKOAY Bif 6/ieKayTiB Ta
3a6e3MeunTy UIBUAKE BiJHOBIEHHS eJIeKTPOIOCTauaHHsI. Pe3yabTaT miATBepAMUIN, 1[0 ONTMMaIbHA CXeMa IepeMIKaHHS
MOsKe 3HaUHO 3MEHIIMUTH Yac 6yieKayTy Ta 10ro BIUVIMB HA eKOHOMIKY Ta KUTTS HaceqeHHs. Po3pobka onTuMalbHUX
CcXeM IIepeMMKaHHS eJIeKTPOMepPeX € BaXKIMBMUM KPOKOM 10 MifBUIIEHHS CTilIKOCTi eeKTpoeHepreTMYHOI cucTeMu
VKpaiHu 10 KpU30BUX CUTYAILii. [TOCTiIsKEHHS ITiIKPeCIVIIO BaXKIMBICTh PO3POOKM TaKMX MOJIeJIei st 3a6e3eueHHs
eHepreTMYHOI 6e3MeKu Ta CTiiKOCTi eleKTpoMepexi B yMOBax 3arpo3u 61eKayTy, 0 Bifo6pakaeTbCsl Ha MPAKTUIHUX
acreKkTax yrpasliHHS eJIeKTPOIIOCTaYaHHSIM Ta 3abe3MeueHHi eKOHOMIYHOTO PO3BUTKY. [IpaKTHMUHEe 3HAUEeHHS JOCTiIKeHHS
TIOJISITA€ Y BIOCKOHA/IEHHI CTPATeriil yIpaBIliHHS eJleKTpoMepeskelo B yMOBax 6/1eKayTy, CIIPUSIIOUM MiABUILEHHIO CTiiiKOCTi
€HepreTUYHMX CUCTEM Ta eKOHOMIYHOTO PO3BUTKY
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