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Abstract. The study is devoted to solving the infrastructural problems of cities
as one of the most serious challenges of modern urban development. Many cities are
faced with aging infrastructure, which leads to frequent breakdowns, interruptions
in the supply of water, electricity and other public services. These challenges
complicate sustainable urban development and require an integrated approach that
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activepublic participation in planning the urban environment. It has been established
that certain aspects of the development of "smart"” cities, such as the integration of
sustainability into urban systems, the development of sustainable infrastructure and
the use of technologies such as the Internet of Things and big data, should be
thoroughly explored in the context of the recovery of Ukraine. It was determined
that these areas are key to creating modern, smart cities that will be sustainable and
environmentally sustainable. It is justified that by focusing on these aspects, Ukraine
can develop an urban environment that effectively responds to both current needs
and future challenges. The purpose of the article is to determine the effects of the
implementation of smart city projects in connection with the stages of their
implementation. It was determined that the implementation of the "smart city"
concept is a continuous process that includes a number of elements that must be
taken into account in the process of organization. It has been established that the
ecosystem itself needs constant revision of conditions taking into account the current
state and priorities, and this is one of the main requirements for successful
implementation. It was determined that each city independently chooses and
determines the directions of its smart development, depending on the priority tasks.
For some cities, security issues are a priority, for others, improving the operation of
public transport, and for others, reducing energy consumption in residential
buildings. The analyzed smart city model is presented in the form of a basic leader
city that implements innovative technologies and follower cities that adapt these
technologies taking into account their specific needs and conditions. It has been
established that such a model of a smart city, where there is a main leader city and
follower cities, has a significant impact on the development of innovations,
contributing to their acceleration, diffusion and improvement.

Keywords: smart city, projects, effects, stages, infrastructure, business,

community.
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AHoTraunig. JlochnipKeHHS TNPHUCBAYEHE BUPIMIEHHIO 1HPPACTPYKTYPHUX
npoOieM MICT SIK OJIHI 3 HalCepHO3HINIKUX BHUKJIUKIB Cy4aCHOrO ypOaHICTUYHOTO
po3BUTKY. bararo MiICT CTHKalOThCS 31 CTapiiouor0 1HQPACTPYKTYyporwo, III0
MPU3BOJUTH JI0 YACTUX 3001B, EPEPB Y MOCTAYaHH1 BOM, EIIEKTPOCHEPrii Ta IHIITUX
KOMYHaJIbHUX TOocayr. Lli mpoOiemMu yCKIaJaHIOIOTH CTaluidl PO3BUTOK MICT 1
noTpeOyIOTh  IHTErpOBAHOTO  MIAXOMY,  AKUM  BKJIOYAaE  MOJEPHI3ALII0
1H(pacTpyKTypH, BIPOBAXKCHHS 1HHOBAIIMHUX pIlIEHh Ta aKTHUBHY Y4acTb
IPOMAJICHKOCTI B IUJIaHYBaHHI MICBKOTO cepeoBuIla. BcTaHOBIEHO, IO MEBHI
aCMeKTH PO3BUTKY «PO3YMHHMX» MICT, Takl SIK I1HTErpaiisi CTIMKOCTI B MICBKI
CUCTEMH, PO3BUTOK CTAJOro 1H(PACTPYKTYPHOTO 3a0€3MEUCHHSI Ta BUKOPHUCTAHHS
TEXHOJIOT1H, TakuX K [HTEepHET pedeil Ta BeNUKI JaHl, MalOThb OYyTH PETEIHHO
TOCTIKeHI B KOHTEKCTI BIIHOBJICHHS YKpaiHu. BuszHaueHo, IO Il HampsMu €
KJIFOUOBUMH JIJI1 CTBOPEHHSI CYYaCHUX, PO3YMHHX MICT, SIKi OyAyThb CTIMKHMH Ta
€KOJIOTTYHO cTaduMu. OOIPYHTOBAHO, IO 30CEPEIKYIOUMCh Ha IMX AacIeKTax,
VYkpaina Moke pO3BHUBATH MIChKE CEpEIOBHIIE, SKe e(PEKTUBHO BIAMOBIAAE SK Ha
CydacHi oTpeOu, Tak 1 Ha MalOyTHI BUKJIMKU. METOI0 CTaTTI € BUBHAYEHHS €(DEKTIB
BiJI BIPOBA/KEHHS MPOEKTIB PO3YMHHUX MICT y 3B’S3Ky 3 €TalaMH iX peaizailii.

BuznaueHo, 1o BIOPOBaXKEHHSI KOHIIEMIIT «PO3YMHOrO MicTa» € Oe3nepepBHUM



MPOLIECOM, KWW BKIIIOUA€E Psii €JIEMEHTIB, 110 MarOTh OyTH BpaxoBaHi B MpOIECi
opraHizaiii. BcTaHOBIIEHO, IO €KOCHCTEMa CMapT MicTa MOTpedy€e MOCTIMHOTO
NepernIsaly yMOB 3 ypaxXyBaHHSM IOTOYHOIO CTaHY Ta MPIOPUTETIB, 1 LI€ € OAHIEIO 3
OCHOBHUX BHUMOT ISl YCHIIIHOTO BOPOBA/KEHHS. BU3HaYeHO, MO0 KOXKHE MICTO
CaMOCTIHO O0OMpae Ta BU3HAYA€ HANPSIMKH CBOTO PO3YMHOI'O PO3BUTKY, 3aJIEXKHO
B1Jl IPIOPUTETHUX 3aB/laHb. JIJisl OMHUX MICT MPIOPUTETHUMU € IPOOIEMU, OB’ I3aH1
3 0€3MeKol0, /Ul 1HIIUX — MOKpaUIeHHs! POOOTH rPOMaJCHKOr0 TPAaHCHOPTY, a IS
TPETIX — 3HMKEHHSI €HEPrOoCHOKUBAaHHA y KUTI0BUX OyauHkax. [IpoaHanizoBaHa
MOJIeJIb PO3YMHOTO MiCTa MPEJCTaBIeHa y BUIVISAAI 0a30BOr0 MicTa-jiifepa, sike
BIPOBAJ)KY€ 1HHOBAI[IMHI TEXHOJOTIi, Ta MICT-TIOCIIOBHUKIB, 10 aJaNTyIOTh IIi
TEXHOJIOT11 3 ypaXxyBaHHSIM CBOiX crenu(iuHux notped 1 ymoB. BcraHoBieHo, 110
Taka MOJIeJIb PO3YMHOTO MICTa, JIe¢ € OCHOBHE MICTO-JIIJIEp Ta MICTa-MOCIIJOBHUKH,
Ma€ 3HaYHUI BIUIMB Ha PO3BUTOK 1HHOBAIIIM, CIIPUSIIOUH iX MPUCKOPEHHIO, TUPy3il
Ta BJOCKOHAJICHHIO.

KurouoBi cioBa: cmapr citi, npoektd, edexTd, eranu, HPPacTpyKTypa,

013Hec, rpomaa.

Statement of the problem. Infrastructural problems of cities are one of the
most serious challenges of modern urban development. Many cities face aging
infrastructure, which leads to frequent breakdowns, interruptions in the supply of
water, electricity and other public services. In addition, the insufficient capacity of
transport systems leads to traffic jams, air pollution and wasted time, which
negatively affects the economy and the quality of life of residents. There is also a
shortage of affordable housing in many cities, leading to growing social inequality
and the emergence of slums. These problems complicate the sustainable
development of cities and require an integrated approach, which includes
modernization of infrastructure, implementation of innovative solutions and active
participation of the public in the planning of the urban environment.

Literature Review. Gracias et al. [1] and Anthopoulos [2] offer comprehensive

literature reviews on the smart city domain. Gracias et al. present a structured review



highlighting key trends and developments in the field, while Anthopoulos explores
the foundational concepts and challenges associated with smart city
implementations. These reviews are essential for understanding the current state and
theoretical underpinnings of smart city research.

Several sources delve into specific case studies and comparative analyses of
smart city initiatives. Zhang et al. [3] discuss lessons learned from China’s
preparation for the 13th Five-Year Plan for smart cities, highlighting the
complexities of planning large-scale smart city projects. Similarly, Hu and Zheng
[6] provide a comparative study of smart city initiatives in American and Chinese
cities, offering insights into the different approaches and outcomes in these two
regions.

Tzioutziou and Xenidis [4] examine the integration of resilience and smart city
concepts in urban systems, emphasizing the importance of combining these
frameworks to enhance urban sustainability and security. Wiig [5] critiques IBM’s
techno-utopian vision for smart cities, exploring the policy implications and mobility
challenges associated with such an approach.

Bibri and Krogstie [7] provide an extensive interdisciplinary literature review
on smart sustainable cities, outlining the future prospects and challenges in this area.
Their work is crucial for understanding the long-term sustainability implications of
smart city initiatives.

Li et al. [8] discuss the role of big data and deep learning in the digital twins of
smart cities, focusing on the Internet of Things (10T) as a critical component of smart
city infrastructure. Omelyanenko et al. [13-15] also contribute to the discussion by
exploring infrastructure and service methodologies for smart cities, with a particular
focus on post-war recovery and the development of innovative communities.

Industry reports such as the McKinsey Global Institute [9] and MINDGRUB
[10] provide practical insights into how smart cities can leverage digital solutions to
improve livability and how businesses can contribute to smart city success. These
reports are valuable resources for practitioners and policymakers involved in smart

city development.



Ukrainian sources [11; 12] offer a localized perspective on smart city concepts,
exploring how these technologies are being implemented in Ukrainian cities. These
articles are particularly relevant for understanding the regional adaptation of smart
city frameworks in different geopolitical contexts.

By reviewing these sources, one can gain a comprehensive understanding of
the diverse approaches, challenges, and future directions in the field of smart cities.

Prospective studies. Aspects of the general problem that remain unresolved
and require additional research in the conditions of Ukraine, in particular in the
context of the post-war reconstruction of the infrastructure on a “build back better”
basis, include the question of the phasing of the implementation (deployment) of
smart city projects, taking into account the ratio of outputs - results.

The purpose of the article is to determine the effects of the implementation of
smart city projects in relation to the stages of their implementation.

Main material. Currently, half of the world's population lives in cities - by
2030, this number may increase to 5 billion. To cope with such growth, the
government must find ways to protect the safety of citizens and improve the quality
of life while using the budget more efficiently. In other words, they have to work
smarter. The UN predicts that in 30 years, 67% of the world's population will live in
cities, while today this indicator is about 57.5%. At the same time, it should be taken
into account that 8.08 billion people live on Earth today, and in 2050 this figure will
reach 9.7 billion. It turns out that there are currently about 4.65 billion citizens on
our planet, and in the next 30 years there will be 6.5 billion [1].

Already today, the problem of overpopulation manifests itself in many
megacities of our planet. Space and resources are often used inefficiently, garbage
Is not cleaned in time, and people stand in queues. All such problems should be
solved by Smart City projects.

Smart City projects have become a key direction in the development of modern
urban centers. Their goal is to use information and communication technologies
(ICT) to improve the quality of life of residents, improve the efficiency of urban

resource management, reduce negative environmental impact and stimulate



econemic growth.

Smart City is an interdependent system of communication and information
technologies with the Internet of Things (IoT), which simplifies the management of
internal processes and improves the standard of living of the population. Smart City
performs two important tasks: collecting and transferring data to management
representatives and, accordingly, establishing feedback between the administration
and citizens.

Citizens are aware that a successful Smart City construction strategy requires
the creation of a functioning ecosystem that will allow coordination of key players
(region, affiliated organizations, public and private sectors, population, etc.) and
effectively coordinate Smart City construction initiatives to implement the strategy
and goals accordingly to his priorities.

Implementation of the Smart City concept is a continuous process. Its
ecosystem contains a number of elements that must be taken into account in the
process of organization. The ecosystem itself requires a constant review of
conditions taking into account the current state and priorities and is one of the main
requirements for successful implementation.

Each city chooses and determines the directions of smart development
independently. Each city, as a rule, has its own priority tasks. For some, these are
security-related problems, for others, improving the operation of public transport,
for others, reducing energy consumption in homes. But no problem will be
effectively solved until the city has a basic smart infrastructure that resembles an
advanced city telecom operator.

The main obstacle to its development is the lack of budget funds. The
functionality of a smart city mostly requires serious investments without the
possibility of direct returns over time. It is clear that video recording cameras are
able to some extent not only to reflect the costs of them, but also to bring in profits
as long as there are negligent drivers. But it will not be forever, and even more so,
applications that show cameras on the roads will immediately appear.

Therefore, it is important to move as soon as possible to the third phase of



building a smart city, the main idea of which is to create infrastructure not only for
the city, but also for its use by businesses, startups and other consumers.

The effects of the implementation of Smart City projects are multifaceted and
relate to various aspects of community.

One of the main economic effects is the increase in the efficiency of resource
use. Smart City projects, as a rule, are aimed at optimizing the use of energy, water
and other important resources. For example, with the help of intelligent energy
consumption monitoring systems, it is possible to automatically regulate electricity
consumption in buildings, which allows reducing energy costs and increasing energy
efficiency. Such systems not only help save money for residents, but also reduce the
burden on the city's infrastructure, which in the long run leads to lower costs for its

maintenance and renewal.
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Fig. 1. Impact of smart technologies on cities [10]

Another important aspect is increasing the attractiveness of the city for business
and investors. Smart cities create a favorable environment for the development of
innovative businesses, attracting startups and technology companies that use the
latest ICT opportunities to create new products and services. A high level of
technological development, the integration of digital solutions in various areas of

urban life, as well as the presence of intelligent infrastructure make cities more



attractive to investors who are ready to invest in the development of such
technologies. This stimulates the creation of new jobs, increasing the level of
employment and increasing revenues to local budgets.

In addition, Smart City projects contribute to the development of new sectors
of the economy. In particular, the introduction of intelligent transport systems, traffic
management systems and other innovative solutions stimulates the development of
related industries, such as software production, development of sensor technologies
and automation tools. The demand for highly qualified specialists in the field of ICT
Is growing, which, in turn, contributes to the development of educational programs
and an increase in the level of professional training.

An important aspect is the improvement of the quality of life of residents, which
has indirect economic effects. Increasing the level of comfort, safety and
environmental awareness of residents contributes to increasing their productivity
and well-being. For example, the use of intelligent security systems that monitor
public spaces and respond to potential threats increases the level of public security.
This, in turn, helps to increase consumer activity and reduce the level of social
conflicts.

The economic effects of Smart City projects are also manifested in the
stimulation of environmental sustainability of urban environments. The
implementation of intelligent systems of waste management, air and water quality
monitoring, as well as other environmental solutions helps to reduce the negative
impact on the environment and reduce the costs of eliminating the consequences of
environmental disasters. This helps increase the environmental responsibility of
businesses and city residents, which, in turn, can lead to the emergence of new
environmental initiatives and projects.

Smart city technologies have immense yet largely untapped potential to
enhance the quality of life. The core concept of smart cities is to purposefully utilize
technology and data to make informed decisions and improve living conditions. In
addition to benefits related to safety, time, health, connectivity, employment, and

cost of living, significant advancements can be achieved in the environmental sector.



Smart—city solutions, such as air quality monitoring, energy consumption
optimization, and tracking of electricity, water, and waste, can lead to a reduction of
greenhouse gas emissions by 10-15%, a decrease of 30-130 kilograms of solid waste
per person annually, and water savings of 25-80 liters per person per day [9].

Smart solutions have the capability to enhance various aspects of urban life. To
realize such benefits, a city needs to build on three layers of "smartness,"
complementing traditional physical and social infrastructure. The first layer is the
technology base, which includes networks of connected devices and sensors, such
as smartphones linked by high-speed communication networks. The second layer
involves smart applications and data analysis capabilities that translate raw data into
alerts, insights, and actions. Finally, the third layer encompasses the widespread
adoption of applications and their use by cities, businesses, and the public, coupled
with effective data management, which drives better decision-making and behavior
change.

Smart applications that contribute most significantly to environmental
improvements include (but are not limited to) those focused on mobility, water,
energy, and waste. For instance, real-time public transit information and building
automation systems can reduce greenhouse gas emissions; improved air quality can
be a secondary benefit of many energy-saving and mobility applications; leak
detection and control can aid in water conservation; and digital tracking and payment
for waste disposal can lead to a reduction in solid waste.

In a recent study on smart cities, the McKinsey Global Institute examines how
technology can improve the quality of life, including an analysis of smart
applications that will be relevant for cities through 2025. The findings suggest that
smart technologies could enhance key indicators by 10-30% once implemented, and
that utilizing the current generation of smart city applications could significantly or
moderately help cities make progress toward achieving 70% of the Sustainable
Development Goals [9].

The implementation of Smart City is a step-by-step process, each step of which

contributes to the achievement of various economic effects that accumulate over



time-and form a complex impact on the city economy. Let's consider in more detail
how these stages are related to economic effects.

The first stage of Smart City implementation begins with detailed planning,
analysis of the city's needs and development of a strategy. At this stage, investments
are attracted, both from public and private investors. Economic effects are
manifested here in the form of intensification of investment activity, which
stimulates the local economy. The creation of project plans and technical and
economic justifications requires the involvement of specialists from various fields -
engineers, architects, IT specialists, analysts, which contributes to the increase of
employment and the development of new professional areas.

In addition, at this stage, the development and implementation of the legal
framework necessary for the implementation of Smart City projects is taking place.
This can attract experts in the field of law, economics and management, which also
contributes to the creation of new jobs and increasing the level of professional
training.

The next stage includes the development and implementation of technologies
necessary for the operation of a smart city. This may include the implementation of
intelligent transport systems, resource monitoring and management systems, digital
platforms for citizens to interact with the authorities, etc. At this stage, economic
effects begin to manifest themselves through increased efficiency in the use of urban
resources, reduced costs of energy, water, transport, and other important aspects of
urban infrastructure.

For example, intelligent traffic management systems reduce congestion, which,
in turn, reduces fuel costs, shortens travel time and reduces the level of emissions of
harmful substances into the atmosphere. This contributes both to cost savings and to
the improvement of the ecological situation in the city, which also has an economic
impact, in particular in the form of a reduction in health care costs.

Also, at this stage, the sphere of research and development (R&D) is activated.
The creation and introduction of new technologies stimulates innovation, which can

become the basis for the development of new businesses. This creates conditions for



the fermation of new industries, an increase in the number of startups and high-tech
enterprises, which, in turn, leads to an increase in employment and an increase in the
income of the population.

At the stage of integration and scaling, implemented solutions extend to various
spheres of city life, ensuring their interaction and a comprehensive approach to city
management. This includes the integration of various systems — from energy
management to the provision of medical services and security.

The economic effects of this stage include further cost reductions due to the
synergistic effect of systems integration. For example, the integration of the energy
consumption management system with the monitoring and management systems of
buildings allows to achieve greater energy efficiency, which reduces the overall costs
of operating the city infrastructure.

In addition, the scaling of technologies to the entire urban space increases the
level of comfort and quality of life of residents, which in the long term stimulates
economic growth. Productivity increases as residents spend less time commuting,
receive better services, and live in a safer, greener environment. It also increases the
attractiveness of the city for new investors looking for a favorable environment for
business development.

After integration and scaling, Smart City enters the operational phase, where
the main focus is on maintaining and optimizing existing systems. At this stage, the
economic effects are focused on optimizing costs and improving the efficiency of
urban resource management. This is achieved through the use of big data (Big Data)
and analytics to make informed decisions about urban infrastructure management.

For example, analytical systems can predict energy and water consumption,
optimizing supplies according to actual needs. This makes it possible to reduce the
costs of production and supply of resources, as well as to avoid excessive load on
the infrastructure. In addition, smart systems can quickly respond to emergency
situations, which reduces the risk of additional costs.

Another important economic effect is the creation of new sources of income for

the city. Intelligent cities can offer paid services, such as the use of intelligent



parking -or notification systems, which allows to increase the income of local
budgets. It also helps reduce dependence on state funding and increases the city's
financial stability.

In the final phase, when the Smart City is operating at full capacity, long-term
economic effects are felt. This includes sustainable economic development, which
Is ensured by increasing the competitiveness of the city at the global level. Smart
cities are becoming hubs of innovation, attracting international investment and
talent, fueling the development of new economic sectors such as green energy, IT,
and creative industries.

Improving the quality of life for residents also has long-term economic effects.
Happy and healthy residents are more productive and more involved in the social
and economic life of the city. This leads to an increase in consumer activity, the
creation of new jobs in the service sector and an increase in tax revenues for the city
budget.

In general, each stage of implementation of the Smart City project has its own
specific economic effects, which together contribute to the comprehensive economic
development of the city. From initial investment attraction to long-term
competitiveness enhancement, these effects create the basis for sustainable
economic growth and improved quality of life for residents.

The smart city model can be presented as a basic leader city that implements
innovative technologies, and follower cities that adapt these technologies taking into
account their specific needs and conditions.

Itis a city that primarily implements the latest technologies, develops standards
and strategies for a smart city. It acts as a testing ground for new solutions such as
smart infrastructure, monitoring technologies, data analysis and the integration of
digital services in various aspects of urban life. The main city actively cooperates
with scientific institutions, technological companies and government structures to
create comprehensive and effective solutions.

These are cities that adopt successful practices and technologies tested in the

leading city and adapt them to their local conditions. They can use ready-made



solutions that have proven their effectiveness, but with modifications that take into
account the characteristics of the population, geographical location, economy and
existing infrastructure. Follower cities can also cooperate with the leader city in the
framework of joint projects or experience exchange programs, which helps to
accelerate the implementation of smart solutions.

The smart city model, where there is a main leader city and follower cities, has
a significant impact on the development of innovations, contributing to their
acceleration, diffusion and improvement.

The main leading city, as a pioneer in the implementation of smart technologies,
creates conditions for rapid testing and improvement of new solutions. This city
takes the risk of experimentation and early implementation, which allows to reduce
the time from idea to real application. Follower cities can pick up already tested
innovations, reducing the time for their own research and development, and thus
speeding up the innovation cycle.

Thanks to the cooperation between the leader city and the follower cities,
innovative solutions quickly spread throughout the network. This ensures large-scale
implementation of the latest technologies and practices in different regions and
conditions. Follower cities gain access to cutting-edge solutions and can adapt them
to their needs, allowing them to remain competitive and effective in solving urban
challenges.

Since the leader city bears the main costs of developing and testing new
technologies, follower cities can reduce their own costs of innovation. They get
access to technologies that have already passed the stage of testing and refinement,
which reduces the risks and costs of their integration. This stimulates more cities to
adopt innovative solutions, promoting their diffusion.

The model with a leader city and followers also helps to improve the quality of
innovation. As different cities apply smart solutions in different environments, they
discover the strengths and weaknesses of these solutions. This allows us to improve
technologies based on feedback from multiple sources and make them more versatile

and adaptable to different conditions.



Follower cities, having access to innovation, can not only copy solutions, but
also compete for the introduction of even more efficient and progressive
technologies. This creates healthy competition between cities, which stimulates
further development of innovation. At the same time, cooperation between cities in
the network allows to exchange experience and jointly solve problems that arise in
the process of introducing new technologies.

At the global level, this model contributes to the creation of a network of
innovative cities that not only implement advanced technologies, but also become
platforms for further research and development. This contributes to the global spread
of innovations, which leads to sustainable development, reducing the environmental
burden and improving the quality of life in different parts of the world.

Thus, a smart city model with a core city and follower cities not only accelerates
the development of innovations, but also ensures their effective implementation and
adaptation, contributing to sustainable development and improving the quality of life
in cities around the world.

Conclusions. Thus, the effects of Smart City projects are multifaceted and have
a positive impact on various aspects of city life. They contribute to increasing the
efficiency of the use of resources, stimulate the development of new sectors of the
economy, improve the quality of life of residents and contribute to the ecological
sustainability of urban environments.

Given the global trends of urbanization and the development of digital
technologies, the implementation of Smart City projects will be an important factor
in ensuring sustainable economic growth and increasing the competitiveness of

cities in the future.
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