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INTRODUCTION

Abstract

The research delves into the application of Smart Grid technologies to optimize energy con-
sumption within urban settings. Through the examination of practical examples and a thor-
ough analysis of research findings, the study showcases the efficacy of employing sensor net-
works and real-time automated systems for monitoring and controlling energy usage. The
findings contribute valuable insights and practical recommendations for the implementation
of Smart Grid technologies, aiming to enhance the sustainability and efficiency of urban infra-
structure. The study not only underscores the theoretical benefits of Smart Grid but also pro-
vides concrete evidence through the evaluation of research results and real-world cases. The
research emphasizes the considerable potential of Smart Grid in revolutionizing energy man-
agement practices in urban areas. The integration of Smart Grid technologies presents oppor-
tunities for achieving effective control over energy supply, curtailing energy consumption,
and bolstering the stability of electricity distribution systems within the urban landscape.
Moreover, the research outcomes offer actionable recommendations for leveraging Smart Grid
technologies, fostering improvements in energy supply reliability, and promoting sustainable
practices. By embracing these innovations, cities can make significant strides in efficient ener-
gy management, ultimately contributing to enhanced urban sustainability. The practical ideas
derived from this research serve as a foundation for implementing innovative solutions that
address the growing challenges associated with energy consumption in urban environments.
Overall, this study lays the groundwork for advancing the discourse on Smart Grid technolo-
gies and their transformative potential in shaping the future of urban energy management.

The purpose of this study is to investigate the
potential of Smart Grid in energy management in
the urban environment in order to improve efficien-

Energy management in an urban environment is a
complex task facing a number of challenges and
constraints. With population growth and increased
energy consumption in cities, problems arise related
to the efficiency, sustainability and controllability of
the energy supply system. Traditional methods of
energy management are becoming limited and not
flexible enough to meet the energy needs of urban
infrastructure.

However, the Smart Grid concept offers new
perspectives and solutions for efficient energy man-
agement in cities. Smart Grid is an energy supply
network in which advanced technologies, automa-
tion and digital systems are integrated. It provides
intelligent management and monitoring of energy
resources, allowing more accurate prediction and
regulation of energy consumption in real time.

cy and control. This article will discuss the main
aspects of Smart Grid, its possibilities and ad-
vantages for managing energy supply in the city.
An analysis of existing solutions and practical ex-
amples of successful Smart Grid implementation in
various urban environments will also be presented.
The organization of the article will consist of a liter-
ature review, research methodology, data analysis,
discussion of results and conclusions. Through this
research, we aim to better understand the role of
Smart Grid in urban energy management and iden-
tify practical ways of its implementation to improve
energy supply and sustainability of urban infra-
structure.

The main problem. Managing energy in urban
environments is an intricate challenge, amplified by
the global population surge and escalating energy
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demands in cities. This surge brings forth multifac-
eted issues concerning the effectiveness, sustainabil-
ity, and controllability of energy supply systems.
Conventional energy management methods, once
reliable, now strain under the evolving energy
needs of urban infrastructure.

The primary shortcoming of traditional energy
management lies in its rigidity when adapting to the
dynamic energy landscape of modern cities. With
urban expansion and diversified energy require-
ments, it's evident that innovative solutions are
imperative to cater to evolving energy systems.

Introducing the Smart Grid—a revolutionary
approach transforming energy management in ur-
ban settings. At its core, the Smart Grid seamlessly
integrates advanced technologies, automation, and
digital systems into the energy supply network.
This integration empowers intelligent management
and real-time monitoring of energy resources, facili-
tating precise predictions and enhanced regulation
of energy consumption.

Our study's principal aim is to unlock the un-
tapped potential of the Smart Grid in urban energy
management, ultimately bolstering efficiency and
control. This article meticulously explores the Smart
Grid's fundamental facets, underscoring its trans-
formative capabilities and the benefits it offers for
urban energy supply management. Moreover, it
embarks on a comprehensive investigation of exist-
ing solutions, presenting practical examples of suc-
cessful Smart Grid implementations in diverse ur-
ban contexts.

In conclusion, energy management in urban are-
as stands as a multifaceted challenge. However,
with the emergence of the Smart Grid, urban energy
management is on the brink of a paradigm shift—a
shift that promises enhanced efficiency, sustainabil-
ity, and adaptability to meet the ever-evolving en-
ergy landscape of our cities.

The purpose of the paper. To investigate and
analyze the role of the smart grid in the paradigm
shift in electricity distribution networks and its im-
pact on sustainable energy management in cities. In
determining the benefits and main components of a
smart grid, taking into account implementation
challenges and the potential for sustainable urban
development.

With the advent of modern information and
communication technologies and the expansion of
the use of renewable energy sources, there was a
need to improve electricity distribution systems in
cities. The smart grid is an innovative approach that
combines technology, data collection and processing
systems, and analytics to optimize and manage en-
ergy resources. It provides an opportunity to ensure
sustainable, efficient and energy-efficient energy
management in cities [1, 2].

A smart grid, also known as a smart grid or
smart energy distribution network, is an innovative
concept that combines communication technology,
information technology, and energy management to
improve the efficiency, reliability, and sustainability
of the power grid.

The application of a smart grid includes such
possibilities as optimizing energy consumption,
managing peak loads, improving the reliability of
electricity supply, and supporting the use of renew-
able energy sources [3, 4].

Examining the principles of operation and archi-
tecture of a smart grid allows for a better under-
standing of its functionality and benefits.

THEORETICAL PART

Energy management in urban environments has
emerged as a complex interdisciplinary field that
intersects various domains, including urban plan-
ning, electrical engineering, environmental science,
and policy development. To address the challenges
and opportunities in this context, it is crucial to es-
tablish a theoretical framework that underpins the
concepts of urban energy management and the
Smart Grid. Urban energy management refers to the
holistic approach of planning, optimizing, and con-
trolling energy resources within urban areas. It en-
compasses a range of objectives, including improv-
ing energy efficiency, ensuring energy sustainability,
and enhancing energy controllability. Energy effi-
ciency is a core concept in urban energy manage-
ment. It involves reducing energy wastage and op-
timizing energy consumption patterns to achieve
more output with less input. The aim is to minimize
energy losses during generation, distribution, and
consumption.

Sustainability in urban energy management fo-
cuses on ensuring that the energy sources used are
renewable, environmentally friendly, and economi-
cally viable in the long term. Sustainable energy
sources include solar, wind, and hydroelectric pow-
er [5, 6]. Controllability refers to the ability to moni-
tor and regulate energy consumption in real time. It
involves the integration of digital systems and au-
tomation to manage energy resources efficiently.

The Smart Grid represents a revolutionary con-
cept in the field of energy management, particularly
in urban settings. It is grounded in several key theo-
retical principles.

The Smart Grid leverages advanced technologies
such as sensors, meters, and communication net-
works to collect and transmit real-time data about
energy production and consumption.

Automation is a fundamental component of the
Smart Grid, enabling automated responses to fluc-
tuations in energy demand and supply. This auto-
mation enhances the grid's efficiency and reliability.
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Digital systems play a pivotal role in the Smart
Grid by facilitating data analysis, predictive model-
ing, and decision-making. They enable grid opera-
tors to make informed choices regarding energy
distribution and optimization.

The Smart Grid promotes decentralization by al-
lowing distributed energy resources, such as roof-
top solar panels, to feed excess energy back into the
grid. This enhances the grid's resilience and reduces
the need for centralized power plants.

Demand response mechanisms enable consum-
ers to adjust their energy consumption based on
real-time price signals. This theory encourages more
efficient energy use during peak periods.

RESEARCH ON THE USE OF SMART GRID IN
OPTIMIZING ENERGY CONSUMPTION

Smart Grid technologies open up new opportunities
for optimizing energy consumption in the urban
environment. One of the vivid examples of research
achievements is the paper of Dhlamini and Mawela
[7] who conducted an analysis of energy consump-
tion in the urban environment and proposed opti-
mization methods using Smart Grid. They used
sensor networks and automated systems to monitor
and manage energy consumption in real time. The
results of the study indicate a significant reduction
in energy consumption and an improvement in the
efficiency of the city's energy supply system. An-
other interesting study was conducted by Bhavani et
al. [8], they analyzed and optimized energy con-
sumption in urban infrastructure buildings with
using Smart Grid technologies. They developed
energy management algorithms that took into ac-
count peak and off-peak consumption hours and
optimized energy distribution in real time. The re-
sults showed a significant reduction in energy con-
sumption and an increase in the efficiency of energy
use in buildings. These studies demonstrate the
potential of Smart Grid technologies for effective
energy management in urban environments. The
use of such technologies can lead to reduced energy
consumption and improved sustainability of the
energy supply system, which is important for the
sustainable development of cities. There are also a
number of examples of successful Smart Grid im-
plementation in the following cities.

Copenhagen, Denmark, known for its innovative
approaches to sustainable development. The city
has a large area with a population of over 600,000
inhabitants. Modern electricity meters with the pos-
sibility of remote data reading, network energy
management systems, solar panels and energy stor-
age were used in the project. Various fields, such as
residential and commercial buildings, public
transport, street and park lighting, use Smart Grid
technologies.

The implementation of the Smart Grid in Copen-
hagen has led to optimization of energy consump-
tion, improved energy efficiency and integration of
renewable energy sources. The city actively uses
Smart Grid technologies, focusing on the integration
of renewable energy sources, energy efficiency of
buildings and smart grid management. These
measures helped to significantly reduce greenhouse
gas emissions and improve energy efficiency.

Thanks to Smart Grid, optimization of energy
consumption depending on weather conditions and
demand has been achieved. This led to a reduction
in the load on the energy network and an increase in
the share of renewable energy in the overall struc-
ture of the city's energy consumption. The result
was a reduction in greenhouse gas emissions and an
improvement in the environmental sustainability of
urban infrastructure [9].

Stockholm serves as an example of successful im-
plementation of the Smart Grid concept. The city is
large, with a population of more than 900 thousand
inhabitants. Modern technologies were used in the
project, including intelligent power grid manage-
ment systems, electricity meters with the possibility
of remote monitoring and control, intelligent light-
ing networks and energy efficiency systems.

Various types of energy consumption, such as
residential and commercial buildings, public
transport and charging stations for electric vehicles,
have been covered by Smart Grid technologies. The
implementation of the Smart Grid in Stockholm
made it possible to effectively manage energy con-
sumption, optimize energy costs in real time and
integrate renewable energy sources.

The city actively uses the technologies of smart
meters, energy consumption management systems
and network monitoring. This made it possible to
reduce energy consumption and optimize its use, as
well as reduce the load on the energy infrastructure.
The Smart Grid system was implemented using
smart meters and a system for monitoring energy
consumption in homes and businesses. Residents
and businesses had access to data about their energy
consumption and were able to make informed deci-
sions to optimize energy use. This led to a reduction
in energy consumption in the city, which brought
economic benefits and reduced the burden on the
energy infrastructure [1, 2].

Jonkoping is a large city with a population of
about 150,000 people. Smart power supply networks,
home energy automation systems, as well as energy
monitoring and management systems were used in
the project. Various types of energy consumption,
such as residential buildings, commercial buildings
and industrial enterprises, have been included in
the Smart Grid system. The implementation of the
Smart Grid in Jonkoping has brought positive re-
sults, including improved energy management and
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reduced load on the power grid. Thanks to the op-
timization of energy distribution, the use of energy-
saving technologies and the active involvement of
residents in the energy optimization process, high
energy efficiency indicators were achieved.

The city of Jonkoping has implemented a large-
scale Smart Grid system that includes smart meters,
solar panels and energy storage systems. This ap-
proach made it possible to optimize energy use,
especially during periods of peak demand, and in-
tegrate more renewable energy into the system [10].

Portland is a promising center of smart energy
and Smart Grid systems in the USA. With a popula-
tion of about 650 thousand people, Portland is a
large city that is actively engaged in the develop-
ment of smart energy and Smart Grid systems. The
project uses advanced technologies, including smart
grid systems, network monitoring and control sys-
tems, as well as intelligent electricity meters.

As part of Portland's Smart Grid system, various
types of energy consumption are included, such as
residential buildings, commercial facilities, public
transportation and charging stations for electric
vehicles. The implementation of Smart Grid in Port-
land has significant results and achievements. The
city actively manages energy consumption and suc-
cessfully integrates renewable energy sources [5].
This has resulted in significant reductions in green-
house gas emissions, increased energy efficiency,
and reduced energy costs. Portland is actively using
renewable energy, installing solar panels, wind
turbines and energy storage systems. In addition,
residents have access to data on energy consump-
tion, which helps to improve energy efficiency and
conscious use of resources.

Modern cities such as Copenhagen, Stockholm,
Jonkoping and Portland have become examples of
successful implementation of Smart Grid technolo-
gy in the urban environment. These examples illus-
trate the powerful potential and effectiveness of this
innovative system. The introduction of Smart Grid
makes it possible to improve the management of
energy consumption and increase the energy inde-
pendence of cities [11, 12].

These examples clearly demonstrate that Smart
Grid technologies have great potential for optimiz-
ing energy consumption in urban environments.
They enable efficient management of energy distri-
bution, integration of renewable energy sources and
reduction of load on the energy grid. This contrib-
utes to the creation of sustainable and efficient ur-
ban infrastructure, reduces the negative impact on
the environment and improves the quality of life of
city residents.

One of the key aspects of Smart Grid is the city's

ability to effectively manage its energy consumption.

This means that smart energy management allows
you to maximize the use of available resources and

reduce energy costs. It also promotes the adoption
of renewable energy sources such as solar and wind
power, ensuring sustainability and sustainability of
the city's energy sector.

In general, Smart Grid in the urban environment
opens up new opportunities for rational use of en-
ergy and ensures sustainable development of cities.
This is a modern infrastructure that contributes to
reducing the environmental impact and improving
the quality of life of citizens.

As for Ukraine, for the period from 2011 to 2021,
the development of the energy sector in Ukraine is
of great importance for ensuring a stable supply of
electricity in the country. In recent years, Ukraine
has seen a variety of sources of electricity produc-
tion, including thermal power, nuclear power, wind
power, solar power, and hydropower. Each of these
types of energy has its own characteristics and con-
tribution to the overall energy complex of the coun-
try.

Thermal power plants (TPP) are the main source
of electricity production in Ukraine. They use coal,
natural gas or oil as fuel. During the reporting peri-
od, electricity production at the TPP remained sta-
ble or slightly decreased. Thermal energy plays an
important role in supplying industrial enterprises
and the population with electricity [13, 14]

Ukraine also has several nuclear power plants
that generate a significant share of electricity. Elec-
tricity production at nuclear power plants showed a
certain stability during the considered period. Nu-
clear power plays an important role in diversifying
the country's energy situation and ensuring a stable
supply of electricity.

Wind power is gaining increasing importance in
Ukraine. After 2011, the production of electricity
from wind turbines began to develop actively. In
recent years, wind energy has become one of the
fastest growing sources of electricity production.
Wind farms help reduce dependence on traditional
fuel sources and have a negligible impact on the
environment.

Solar power also began to grow rapidly during
this period. Electricity generation from solar panels
has become increasingly popular and their contribu-
tion to total electricity generation has increased
significantly. Solar power plants are an environmen-
tally friendly source of energy and help reduce car-
bon dioxide emissions.

Ukraine has significant potential in hydropower
thanks to its rivers and reservoirs. Hydroelectric
power stations are able to produce electricity using
the potential energy of rivers.

In general, sources of electricity production in
Ukraine allow for a stable and efficient supply of
electricity. Thermal power plants, nuclear power
plants, wind and solar power plants, as well as hy-
droelectric power plants contribute to the country's
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overall energy mix, contributing to the development
of a sustainable energy sector and reducing de-
pendence on traditional fuel sources. In Tables 1, 2
shown the indicator of electricity production by
various sources of energy production.

Table 1. Production of electricity by various sources for
the years from 2011 to 2015 in Ukraine

Year

2011 2012 2013 2014 2015
Type
Interest % % % % %
Nuclear
power 465] 455] 430| 4857 5561
plant
CHP/
TES 4371 4471 447 413] 352]
HPP/
GAPP 56| 551 731 50 43|
SPP/
WPP/ 001 031 071 1.01 101
Biomass
Block
stations 42 40] 431 43] 39]

Table 2. Production of electricity by various sources for
the years from 2016 to 2021 in Ukraine

\% 2016 2017 2018 2019 2020 2021
Type

Interest % % % % % %
nuclear

power 523 | 5511 530] 5391 51.2] 5517
plant

%I;SP/ 39.71 359 3691 362] 352] 293
HPP/

GAPP 607 6871 751 51| 511 6717
SPP/

WPP/ 1.0t 127 177 367 731 8.07
Biomass

Block

stations 1.0, 107 09] 1117 121 1.0}

Electricity consumption for 2011 was within
150.8 billion. kW - h. In 2018, the largest consumers
of electricity were industry, approximately 42.6%,
the share that fell on the share of the population
reached 29.5%, communal and household economy
and transport together amounted to 18.4%, non-
industrial, agriculture and construction 9.6% [15].

In 2021, electricity production in Ukraine
amounted to 156.576 billion kWh, which is 5.2%
more than in 2020. The main share in the total pro-
duction in 2021 was nuclear power plants - 55.1%,
thermal power plants and thermal power plants -
29.3%, hydroelectric power plants and gas power
plants - 6.7% [4].

Electricity production at thermal power plants
amounted to 37.225 billion kWh, at thermal power
plants and cogeneration plants - 8.6 billion kWh.

Hydroelectric power plants increased electricity
production by 37.7% to 10.44 billion kWh, nuclear
power plants by 13.1% to 86.2 billion kWh.

Electricity production from alternative sources in
2021 amounted to 12.52 billion kWh, which is 15.3%
more than last year.

Electricity consumption increased by 5.7% to
154.82 billion kWh. Excluding technological losses,
electricity consumption increased by 6.4% last year.

Export of electricity amounted to 34.96 billion
kWh, which is 26.5% less than in 12 months of 2020.

The country's industry, excluding technological
losses, increased electricity consumption by 6% - up
to 52.27 billion kWh.

Last year, the country's population consumed
38.66 billion kWh (+5.8%), utility consumers - 15.02
billion kWh (+5.8%), other non-industrial consum-
ers - 8.6 billion kWh year (+16.5%).

The share of industry in the total amount of elec-
tricity consumption according to the results of 2021
decreased from 41.8% to 41.7%, and the share of the
population - from 31% to 30.8%.

THE CITY OF KHARKIV AS A PROJECT TO
IMPLEMENT SMART GRID TECHNOLOGIES

Kharkiv is a large city in the east of Ukraine and is
the administrative center of the Kharkiv region. It
has a number of characteristics that are worth not-
ing. First, Kharkiv is the second largest city in
Ukraine after Kyiv, with an area of about 350 square
kilometers. The city's population exceeds 1.4 million
people, making it one of the largest cities in the
country. This city consumes a significant amount of
energy through its industrial plants, commercial
facilities and residential buildings. This covers both
electricity and heat. The city has a developed energy
infrastructure, which includes power supply net-
works, substations, heat networks and other ele-
ments of the energy complex.

Transport infrastructure is also an important as-
pect. The city has a developed system of public
transport, including the metro, buses, trolleybuses,
trams and railway stations. This also affects the
city's energy consumption, as transport requires
significant energy resources.

Regarding climatic conditions, the city is located
in a temperate climate zone. Winters are mostly cold
with low temperatures and snowfalls, while sum-
mers reach high temperatures and hot spells are
common.

The city of Kharkiv plays an important role in
the energy and transport sectors, thanks to its geo-
graphical location and size, which contribute to
significant energy consumption.

Various mathematical models and algorithms
can be used to analyze and optimize the energy
system in Kharkiv, for example [16].
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Energy consumption model based on statistical da-
ta on energy consumption in different sectors of the
city. This mathematical model allows you to esti-
mate the current level and dynamics of energy con-
sumption. To develop this model, you can use the
methods of regression analysis or time series.

The use of such a model will allow obtaining
important data on energy consumption, which will
be useful in making decisions regarding the optimi-
zation and effective management of the city's ener-
gy system. It will help identify consumption trends,
identify potential reserves of energy efficiency and
ensure rational use of resources.

Such mathematical models and algorithms are a
powerful tool for research and optimization of en-
ergy systems. They make it possible to understand
the complex processes in the city's energy system
and to develop effective strategies to ensure sus-
tainability, energy efficiency and sustainable devel-
opment [4].

An energy network model can be used to analyze
and optimize the energy system. This model in-
cludes a description of the structure and characteris-
tics of the city's energy network, such as substations,
transmission lines, and other components.

The main advantage of this model is its ability to
analyze network bandwidth and optimize load dis-
tribution. It also allows you to predict possible prob-
lems and emergency situations, which allows you to
quickly respond to them and ensure the uninter-
rupted functioning of the energy system.

The application of the energy network model in
Kharkiv makes it possible to increase the efficiency
of the use of resources, reduce the risk of accidents
and ensure a stable supply of electricity in the city.
This is an important step in the direction of sustain-
able development and improvement of the city's
energy efficiency [3].

The model of renewable energy sources takes into ac-
count the potential and characteristics of solar pan-
els and wind generators. This model allows you to
determine the optimal location and capacity of re-
newable energy sources in the city. It also assesses
their contribution to the overall energy system.
Thanks to this model, it is possible to effectively use
the potential of renewable energy sources and pro-
mote sustainable development.

Optimization algorithms such as genetic algo-
rithms, particle swarm algorithms, and linear pro-
gramming have great potential for power system
optimization. They are used to determine optimal
energy consumption management strategies, energy
distribution and energy network maintenance plan-
ning. These algorithms help ensure efficient use of
energy resources and improve the functioning of the
energy system.

To forecast the future demand for energy in the
city of Kharkiv, a mathematical model is used - the

demand forecasting model. This model is based on
historical data and influencing factors, and it helps
the power system to effectively adapt to changes in
energy consumption and plan resources.

The demand forecasting model takes into ac-
count various variables, such as seasonal variations,
weather conditions, days of the week, and patterns
of energy consumption by various sectors, including
industry, residential, commercial, and others. It is
capable of forecasting short-, medium-, and long-
term demand, which allows the energy system of
the city of Kharkiv to plan resources and optimize
energy production and distribution.

The application of the demand forecasting model
helps to improve the efficiency and reliability of the
power system of the city of Kharkiv. It will be able
to reduce costs and improve the quality of service
for residents. This model is an important tool for the
energy system, allowing planning and adapting to
changes in energy consumption, ensuring efficient
use of resources and optimizing energy production
and distribution [6].

It is also necessary to consider the use of an ener-
gy consumption management model, which will allow
optimizing the energy consumption management
process. This model takes into account various fac-
tors such as energy prices, consumer preferences,
availability of renewable energy sources and others.

The main purpose of this model is to develop
energy saving strategies, flexible load distribution
and effective management of energy consumption
depending on changing conditions. It allows you to
adapt to changes in energy prices, take advantage of
the use of renewable energy sources and make op-
timal decisions about energy consumption.

The energy consumption management model af-
fects the planning and regulation of energy re-
sources in the city of Kharkiv. It facilitates the im-
plementation of effective energy saving strategies
and allows load distribution, taking into account
changing conditions.

The application of the energy consumption man-
agement model helps to reduce energy costs, ensure
optimal use of resources and improve the efficiency
of the energy consumption system. It is an im-
portant tool for achieving sustainable development
and energy efficiency in the city [4].

The model for evaluating environmental indicators is
used to assess the impact of the energy system on
the environment in the city of Kharkiv. It analyzes
greenhouse gas emissions, air pollution levels and
other environmental aspects. The main goal of this
model is to optimize the energy system in such a
way as to minimize the negative impact on the envi-
ronment and ensure the ecological sustainability of
the city.

The risk and crisis management model predicts
and assesses the risks associated with the city's en-
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ergy system and develops crisis management strat-
egies. It takes into account a variety of factors, such
as power grid failures, extreme weather conditions
and other potential threats. The main objective of
the model is to develop action plans and recovery
strategies to minimize problems and ensure unin-
terrupted energy supply in crisis conditions.

The use of a model for evaluating environmental
indicators and a model for risk and crisis manage-
ment are important for ensuring sustainable devel-
opment and efficient functioning of the city's energy
system. These models help reduce the negative im-
pact on the environment, prevent possible crisis
situations and ensure the stability and reliability of
the city's energy supply [17].

These models and algorithms is the basis for the
analysis and optimization of the city's energy sys-
tem. They allow you to make informed decisions
about energy planning, increase the efficiency of
energy consumption, reduce emissions and improve
the sustainability of the city's energy infrastructure.

When developing a mathematical model of the
energy system of the urban environment for the city
of Kharkiv, it should be taken into account that this
model will be a complex system that will take into
account all important aspects of the energy infra-
structure. It will take into account energy consump-
tion in different sectors such as residential, commer-
cial, industrial and transport, and will also take into
account different sources of energy, including re-
newable sources, conventional power plants and
others.

In addition, the model must take into account
energy storage processes, such as batteries and en-
ergy storage systems, as well as take into account
the transfer of energy through the grid infrastruc-
ture. It should model energy flows between differ-
ent system components, including energy genera-
tion, transmission, distribution and consumption.

To optimize the city's energy system, the model
should take into account the efficiency of energy
conversion and accounting for energy losses. Must
evaluate energy efficiency and the impact of various
technologies and devices used in the system on the
overall performance of the system.

The mathematical model of the energy system of
the urban environment will also allow conducting
various scenario analyses, optimizing energy re-
sources, predicting the impact of changes in energy
consumption and generation on the system, as well
as developing strategies to improve the efficiency
and sustainability of the city's energy system.

The application of a mathematical model of the
energy system of the urban environment is im-
portant for achieving sustainable development and
effective energy management in the city. This model
will help ensure energy sustainability, minimize
environmental impact, and develop strategies

aimed at increasing the productivity and efficiency
of the energy system.[20]

Since 2017, the city of Kharkiv has been actively
working on the modernization of its energy system.
As part of this process, the following achievements
were achieved:

1) Increasing the share of renewable energy
sources: Since 2017, the share of renewable
energy sources in the overall structure of ur-
ban energy consumption has increased by
15%. Thanks to the introduction of solar and
wind power plants, as well as the use of bi-
omass in energy production, the city was
able to reduce dependence on traditional en-
ergy sources and reduce greenhouse gas
emissions.

2) Increasing energy efficiency: In the period
from 2017 to 2022, an energy efficiency pro-
gram was implemented, which made it pos-
sible to reduce energy consumption by the
population and enterprises of the city by 10%.
Work was carried out on the insulation of
buildings, installation of energy-saving heat-
ing and lighting systems, as well as training
of the public on the principles of energy-
efficient consumption.

3) Implementation of smart networks and mon-
itoring systems: In 2019, the city of Kharkiv
started implementing smart networks and
energy consumption monitoring systems.
This allowed residents and businesses to re-
ceive detailed information about their energy
consumption, as well as to make informed
decisions about its optimization. As a result,
for the period from 2019 to 2022, the city was
able to reduce energy consumption by 7%
thanks to more efficient energy management.

4) Integration of electric vehicles: Since 2020,
the city of Kharkiv has been actively devel-
oping infrastructure for electric vehicles.
Charging stations were installed throughout
the city, and benefits and programs to en-
courage the use of electric vehicles were in-
troduced. During the period from 2020 to
2022, the number of electric cars in the city
increased by 50%, which made it possible to
significantly reduce emissions of harmful
substances and improve air quality in the
city. Electric cars have become a popular
choice among residents of Kharkiv due to
their environmental friendliness, economy
and the possibility of charging in public
places.

The introduction of a smart charger system al-
lowed to optimize the distribution of electricity and
manage the charging process depending on peak
demand and energy availability. Such a system in-
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creases the efficiency of the use of energy resources
and contributes to more efficient management of the
electric network.

The economic benefits of using electric vehicles
are also significant. Owners of electric cars have a
significant reduction in fuel and vehicle mainte-
nance costs. In addition, the city of Kharkiv pro-
vides benefits and subsidies for the purchase of
electric cars, which makes them more affordable for
the population.

The integration of electric vehicles into the urban
environment contributes to the reduction of de-
pendence on fossil fuels and promotes the devel-
opment of environmentally friendly transport. Such
measures contribute to the creation of a sustainable
and ecologically friendly urban environment, which
is an important aspect in Kharkiv's desire for sus-
tainable development and improvement of the qual-
ity of life of its residents.

For the period from 2020 to 2022, the city of
Kharkiv achieved the following results in the field
of energy.

Greenhouse gas emissions reduction. By switching
to cleaner energy sources such as renewables and
electric vehicles, the city was able to reduce green-
house gas emissions by 20% over the period. This
significantly contributes to improving the ecological
situation in the city and reducing the negative im-
pact on the climate.

Improving the reliability of energy supply. The in-
troduction of smart grids and monitoring systems
has made it possible to manage the city's energy
system more efficiently. Automatic control and
management systems ensure a quick response to

problems and minimize downtime in energy supply.

This has resulted in reduced downtime and im-
proved energy supply reliability for residents and
businesses [18].

Economic benefits. The implementation of energy-
efficient technologies and renewable energy sources
has resulted in economic benefits for the city. Re-
ducing energy consumption, using own renewable
energy sources, and increasing electric mobility
have reduced energy costs and reduced dependence
on energy imports.

Attracting investments. The successful moderniza-
tion of the city's energy system has attracted the
attention of investors and partners. The introduction
of new technologies and the development of infra-
structure for renewable energy and electric vehicles
have opened up new opportunities for investment
in urban energy. This contributes to the develop-
ment of the local economy and the creation of new
jobs.

Social well-being. Improvements in energy effi-
ciency and the transition to ecologically clean ener-
gy sources in the city of Kharkiv have led to an in-
crease in the quality of life of residents. The reduc-

tion of energy consumption has allowed to reduce
energy payments, reduce energy inequality and
increase the availability of energy for all segments
of the population. In addition, the development of
infrastructure for electric vehicles helps reduce air
pollution and improve the public health of citizens.

Innovation and development. Progressive technolo-
gies and modernization of the energy system of the
city of Kharkiv stimulate innovative development
and attract the attention of scientific and research
organizations. This contributes to the development
of new solutions and technologies in the field of
energy, as well as the creation of new jobs in the
field of energy and engineering.

Sustainable development. The process of moderni-
zation of Kharkiv's energy system is aimed at
achieving sustainable development of the city. The
introduction of renewable energy sources, the re-
duction of greenhouse gas emissions and energy-
efficient measures contribute to reducing the nega-
tive impact on the environment and creating an
ecologically sustainable urban space.

The given results demonstrate positive changes
in the energy system of the city of Kharkiv for the
period from 2020 to 2022 [19]. They are the result of
joint efforts of the city administration, public organ-
izations, enterprises and residents to achieve more
sustainable and efficient energy [20-22].

CONCLUSIONS

The use of the Java programming language in Smart
Grid systems provides new opportunities for im-
proving energy systems. New technologies in the
field of energy and informatization affect the quality
of life of residents, business activity and the envi-
ronmental situation. An important aspect is the con-
cept of decentralization of electricity and increasing
the importance of settlements, which contributes to
increasing their efficiency and resistance to natural
and man-made risks. Informatization and the use of
“Big Data” technologies are important for the devel-
opment of energy systems of settlements. The im-
plementation of smart meters, consumption man-
agement systems with tariff differentiation and iden-
tification of critical consumers, as well as flexible
intelligent algorithms for coordinating the work of
consumers and systems of distributed generation and
storage of electricity play an important role in this
process. For energy system calculations, it is im-
portant to use methods that allow you to analytically
determine the energy characteristics and parameters
of electricity. With the growing weight of electricity
consumers, new opportunities appear. Thanks to
new technologies, they can implement energy-saving
measures and join local energy markets. They can
install their own electricity generation and storage
systems and contribute to the Smart Grid information
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system with the help of intelligent technologies for
managing their energy systems.

Thus, the use of Java in Smart Grid systems con-
tributes to the efficient operation of the power sys-
tems of settlements, the improvement of energy effi-
ciency and sustainability, as well as the active in-
volvement of end users in the management of energy
resources.
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IHTerpanisi po3yMHOi eJIeKTpOMepeXXi /151 CTaJIoro ynpaBJliHHs eHepri€ro MicTa:
3MiHeHHs ITIapaJgUIMM B Meperkax po3IoAily ejleKTpoeHeprii

Birasint Tetepes

Amnoraris. [locimKkeHHs TPUCBIIeHO 3aCTOCYBaHHIO TexHOIOTin Smart Grid mist onrrmmisariii crioXXmBaHHS eHeprii B
MiCBKMX yMOBaXx. 3aBIsKM PO3IVISy MPaKTUYHMX IPUKIaiB i peTeJIlbHOMY aHaJli3y pe3yJIbTaTiB JOC/IiIKeHHs JeMOHCT-
py€e edeKTMBHICTh BUKOPUCTAaHHS CEHCOPHMX MepeX i aBTOMAaTU30BaHMX CHUCTeM peaIbHOTO Yacy [IJII MOHITOPUHIY Ta
KOHTPOJTIO CIOKMBaHHA eHepril. OTpyMaHi pe3yIbTaTy MiCTATh IIiHHY iHdOpMariifo Ta IpaKTUYHI peKOMeH/IaTlii IoI0
BITPOBa/KeHH: TexHoJIorivi Smart Grid, cripsiMoBaHMX Ha IIBUINIEHHS CTiVIKOCTI Ta epeKTMBHOCTI MichKoT iHdpacTpyk-
Typn. [JocTimkeHHS He TUTBKM TOKpecTioe TeopeTudHi mepesarn Smart Grid, ajme 71 Haae KOHKpeTHi JOKa3u depes3
OIiHKY pe3yJIbTaTiB JOCIIKeHb i peaTbHMX BUIAIKiB. JoCITiKeHHS MiIKpecTioe 3HaYHMY TToTeHITiarr Smart Grid y
PeBOJIIOLT MeTO/IB yIIpaBJliHHS eHeprielo B MicTax. IHTerpanis Texrosorint Smart Grid BigkpuBae MOXIMBOCTI IJId [IO-
CSTHeHHS e(eKTMBHOTO KOHTPOJIIO HaJl €HeproloCTadaHHsIM, CKOPOUEHHSI CIIOXVIBAaHHS eHeprii Ta ITigBUINeHHs cTali-
JIBHOCTI CHCTeM PO3IO/isly eJleKTpoeHeprii B MicbkoMy JiaHnmadTi. KpiM Toro, pesysbTaTit JOCIIiIKeHHS IIPOIOHYIOTh
IieBl peKOMeHaIlil o0 BUKOPWUCTaHHS TexHosIorit Smart Grid, cripmsHHS NOKpallleHHI0 HaJitHOCTI eHeprorocra-
YaHHS Ta CIPUSHHS eKOJIONUHMM IpaKTHKaM. BripoBaipkyroun i iHHOBAaLii, MicTa MOXYTb JOCSAITY 3HAUHMX YCIiXiB y
edeKTUBHOMY YIIPaBJliHHI eHepri€lo, 110 3pellTo0 CIPUATUMe MiABUIIeHHIO CTiKocTi MicT. [TpakTiuHi inei, orprMasi
B pe3yJIbTaTi I[bOr0 JOC/IIKeHHs, CJIy>KaThb OCHOBOIO [IJIsl BIIPOBa/KeHHs iHHOBALIMIHMX PillleHb, SIKi BUPIIIYIOTh 3pOc-
Taroui mpobsieMn, IIOB sI3aHi 31 CIIOXMBAaHHSIM eHepril B MiCbKOMY CepedOBMIIi. 3arajioM, lie JOCIIKeHHs 3aKlaae oc-
HOBY TS IIPOCYBaHHSA AVICKYpPCy TIpo TexHOosoril Smart Grid Ta ix TpaHcdopMariitH1i ToTeHIian y ¢popMyBaHHI Man-
OyTHBOTO MiCPKOTO eHeproMeHeIKMEeHTY..

KitrouoBi cs1oBa: Smart Grid, eHepreTuyHII MEHEI)XMEHT, KOHTPOJIb, eHeproedeKTVBHICTb, CTIVIKiCTh, BifHOBIIIOBaJIbHA
eHeprid, iHTerpallis, posIIMpeHHd MOXJIMBOCTEV CIIOXKMBaYiB, OIITHMIi3allis, MepeXi po3IofIily, aHali3 JaHNX, Mepexa.
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