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Abstract: The aim of the study is to present the implemented “smart” solutions and the developed
indicators of their measurement in the context of the city of Czestochowa (Poland), as well as a
participant in the “Benchmarking—we are looking for the best smart city solutions”. In order to
achieve the assumed goal, a traditional review of the literature on the subject in the field of “smart
city” was carried out. Then, the methodological assumptions related to developing a model set of
indicators for cities participating in the program have been presented. In addition, a comparative
analysis of the obtained indicators values for cities, Czestochowa and Bydgoszcz, has been carried
out in the scope of one exemplary measure. The proposed research procedure can be used to analyze
and evaluate cities in the country, as well as to select alternative solutions in the context of other
urban features. Due to the fact that other cities in Poland will also participate in the study, the
significance of this work will have a wide impact. The research presented in the article is only a part
of an intended larger initiative in which several dozen Polish cities will take part.

Keywords: smart city; smart mobility; intelligent transportation system

1. Introduction

In recent decades, it is evidenced that there is a rapid growth of urban areas. Due
to the progressive development of industry and new technologies, people migrated from
rural areas to urban agglomerations seeking work and housing. Mass urbanization places
cities around the world at the center of social and environmental challenges. The increasing
population of cities negatively affects the quality of life and resource consumption [1]. It
raises a variety of problems that tend to endanger the environmental, economic, and social
sustainability of cities [2,3].

Therefore, the management of urban areas has become one of the most important
development challenges of the 21st century. There is a need for highly effective solutions
generating sustainable economic growth and social welfare, reflected in the improvement
of the quality of life of their residents. Contemporary cities should be modern cities
in terms of infrastructure and management. These are ecological and sustainable cities,
exploiting the achievements of science and technology. These are cities implementing
new-generation information and communication technologies (supporting the service of
residents), ecological innovations leading to the reduction of carbon dioxide emissions,
or the effective use of energy resources, and modern social solutions. The answer to the
challenges faced by modern cities is the concept of a smart city.

Nowadays, the concept of “smart cities” is a common topic in the literature. It concerns
a variety of activities not only related to the digital transformation of public administration
(smart public administration) but also economy (smart economy), mobility (smart mobility),
environment and energy (smart environment), people (smart people), and quality of life
(smart life) [4,5]. However, what makes a city “smart”, and how can it be further developed
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and targeted? Which methods ought to be used to measure its smartness and determine at
what level it is now?

It has been attempted to answer these questions in the article. The study aims to
present the implemented “smart” solutions and the developed indicators of their mea-
surement on the example of the city of Czestochowa, which is one of the largest cities in
the Silesian Voivodeship, associated with the Silesian Union of Municipalities and Poviats
(SUMP), as well as a participant in the “Benchmarking—we are looking for the best smart
city solutions”. As part of this project, SUMP has established working teams to develop an
initial proposal of areas and indicators for monitoring development in the smart city area.
As aresult, designated areas, proposed measures, and specific indicators are presented in
the article.

In order to achieve the assumed goal, a traditional review of the literature on the sub-
ject in the field of “smart city” has been carried out. Then, the methodological assumptions
related to the development of a model set of indicators for associated cities participating in
the program are presented.

The development of model indicators for measuring implemented smart city solutions
is essential to limit the observed tendency of cities to “race” against each other in the
diversity of implementation of such solutions without verifying their quality, level of
advancement and importance for the inhabitants and the region. Such an initiative has
come from the Silesian Union of Municipalities and Poviats together with several cities.
In addition, the “smart” solutions, which have so far been applied in Czestochowa, are
discussed, and then comparative analysis of the obtained indicators values for two cities,
Czestochowa and Bydgoszcz, has been carried out in the scope of one exemplary measure,
which is local transport. This measure has been included in area 1—Mobility, concerning
local transport, national and international accessibility, ICT infrastructure, and sustainable
transport system.

The proposed research procedure can be used to analyze and evaluate cities in the
country, as well as to select alternative solutions in the context of other urban features.
Since other cities in Poland will also participate in the study, the significance of this work
will have a wide impact. The research presented in the article is only a part of an intended
larger initiative in which several dozen Polish cities will take part. The article describing
the research methodology in smart cities will provide city managers with a compendium
of information on the variables and tools that are important for governing the cities of
the future.

2. Literature Review
2.1. Smart City Definitions

A smart city is now a commonly used concept, which is at the same time followed by
real changes. Urban areas are becoming more and more adapted to the needs of people,
and it is proved that the latest solutions can improve the quality of life. A smart city literally
means an intelligent city. However, this term does not describe this concept well because it
is not only about intelligence.

There are many concepts that describe the idea of a smart city. A literature review in
the field of the smart city concept was carried out, among others, by Ramaprasad et al. [6],
Albino, Berardi, and Dangelico [7], Anthopoulos [8], Gill-Garcia et al. [9], Neirotti et al. [2],
Chourabi et al. [10], Chatterjee and Kar [11], Sinkiene et al. [12], Kobayashi Kaneko et al. [13],
Szarifi et al. [14], or Mora et al. [15]. A review regarding information systems was per-
formed, inter alia, by Ismagilova et al. [16]. A critical analysis of the concept was also
conducted by researchers De Santis et al. [17], Hollands [18], or the Focus Group on Smart
Sustainable Cities ITU-T [19].

According to the traditional approach presented by the Committee of Digital and
Knowledge-based Cities, “a smart city is (... ) a city that uses information and commu-
nications technology to make both its critical infrastructure, its components and utilities
more interactive, efficient, making citizens more aware of them” [20].
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In the wider definition of this Committee, a city can be considered as “smart” when
its investment in human and social capital and communications infrastructure actively
promotes sustainable economic development and high quality of life, including the wise
management of natural resources through participatory government [21].

However, while analyzing the literature on the subject, it can be noticed that despite
the discussion on the conceptual framework for smart cities that has been ongoing for many
years, it has not been possible yet to work out a single, unambiguous definition [2,22-24],
mainly due to the multitude aspects of urban development, increasing challenges facing lo-
cal authorities in the field of solving climate, and energy and urbanization problems [25,26].
The key to solving these problems in the cities is the development and implementation
of advanced technologies aimed at improving the quality of life in the city and reducing
the costs of its operations while taking into account the goals of sustainable develop-
ment [24,27]. Currently, the smart city concept is studied and researched considering
technical, social, environmental, and economic factors [19]. In its essence, the concept of a
smart city concentrates on the use of advanced technologies, including information technol-
ogy, and the activity and creativity of its inhabitants [24]. Authors can focus their research
on the quality of life, public services, sustainable development, and/or ICT solutions [28].

The issues of defining a smart city are also complicated by orbiting visions and
concepts of cities containing elements of modernity, technological development and dig-
itization (for more see [4,29-33], i.e., digital city [34-36], creative city [37,38], knowledge
city [39], intelligent city [40], information city [41,42], green city (eco-city) [43,44], ubiqui-
tous city (u-City) [29], and learning city [45,46].

However, it is the smart city concept that has become predominant among these
variants, especially at a city policy level, globally as well as in Europe. The first attempts to
define the concept have focused on the implementation of ICT in the area of public services.
Smart cities are characterized by the use of IT systems to coordinate the development
of urban infrastructure, which contributes to the improvement of its functionality and
efficiency for residents [4,6,20,30,40,47-49].

Other later definitions, while retaining ICT’s important role, provide a broader per-
spective. The approach suggested by Schaffers et al. [36] also emphasizes sustainability,
quality of life, and urban welfare creation through social participation, for example, by
addressing societal challenges such as energy efficiency, environment, and health. Similarly,
the definition of ITU-T Focus Group on Smart Sustainable Cities [10] emphasizes four as-
pects in defining a smart city: (1) society, (2) economy, (3) governance, and (4) environment.
Authors of the report, after analyzing around 120 definitions of a smart city, concluded
that: “A smart sustainable city (SSC) is an innovative city that uses information and com-
munication technologies (ICTs) and other means to improve quality of life, efficiency of
urban operation and services, and competitiveness, while ensuring that it meets the needs
of present and future generations with respect to economic, social and environmental
aspects” [19].

It should be noted that the concept of a sustainable smart city is now more and more
often mentioned during scientific disputes [27,50-57]. A literature review in this field was
carried out, among others, by Bibri and Krogstie [1], Yigitcanlar et al. [26].

In studies on the development of smart cities, there is usually agreement regarding
the pursuit, through appropriate decisions and actions, of sustainable economic growth
and improvement in the quality of life within the city, where the reduction of negative
impacts on the environment becomes an important element [50,58,59].

According to Sikora-Fernandez [60], the smart city concept is moving towards the
concept of a “sustainable city”, in which resource-saving concerns are not only the envi-
ronmental aspect but also are economic, social, and spatial aspects in the context of the
city’s operations. In this case, a smart city means sustainable development of urban areas
while improving the attractiveness of urban space and maintaining a high quality of life
and health of inhabitants (see for example [1,61,62]). Rapid urbanization requires adapting
the processes taking place in the urban issue to increase the quality of life of its inhabitants
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in parallel with the development of cities. This applies to the improvement of mobility,
digital innovation, modernization of facilities, and implementation of smart services. De-
veloping the economic attractiveness of metropolitan areas should not endanger natural
resources; therefore, one should aim at reducing the environmental impact of cities. In
searching for innovations, a sustainable model of urbanization and regional development
should be planned—only this will make smart cities a real chance for a better life for the
community [21,63].

Another very important aspect that is taken up in the definitions of a smart city is
the role and participation of citizens in the smart city. According to Simonofski, Van Den
Storme, and Meers, the participation of the citizen in the context of smart cities has gained
considerable attention from researchers and practitioners [64]. The authors presented
the categorization of roles that citizens can play in the smart city as well as a detailed
evaluation tool. The role of citizens in the smart city is also referred to by Vanalo, who
explores alternative ways in which citizens are positioned within different imaginaries
of the smart city [65]. Joining the discussion, Cardullo and Kitchin critically appraise
citizens’ participation in the smart city [66]. They create the ‘Scaffold of Smart Citizen
Participation’—a conceptual tool to unpack the diverse ways in which the smart city frames
citizens, to then measure citizens’ inclusion and involvement as well as empowerment
in smart city initiatives in Dublin, Ireland. The role of human capital and education
in the development of cities is emphasized, among others, by Kuzniar [67], Bibri and
Krogstie [1], Dameri, Dameri et al. [68], Szapiro [69], Hollands [70], Giffinger et al. [5],
Winters [71], Lee et al. [50], Pichlak [72], Caragliu et al. [51], Russo et al. [73], Schipper and
Silvius [57], and Allahar [74]. According to European Parliament [4], a smart city consists
of components and people. Securing the participation of citizens and relevant stakeholders
in the smart city is, therefore, another success factor.

The group of consulting companies, Smart City Council, indicates three basic charac-
teristics of a smart city [75]:

e Livability: Cities that provide clean, healthy living conditions without pollution
and congestion. With a digital infrastructure that makes city services instantly and
conveniently available anytime and anywhere.

e  Workability: Cities that provide the enabling infrastructure—energy, connectivity,
computing, and essential services—to compete globally for high-quality jobs.

e  Sustainability: Cities that provide services without stealing from future generations.

For the purposes of this study, the authors assume that a smart city is a city that
exploits human and technological potential for its sustainable development.

2.2. Smart City Areas

Building a smart city is a set of different activities that can be applied in various areas.
At least a few are worth mentioning, such as smart public and road lighting, communica-
tions and telecommunications, video protection, transport and mobility, infrastructure for
education and healthcare, tools for public services, water treatment, and waste treatment,
and air quality measurement (see, for example, [76-78]).

The area of activity belongs to many sectors such as local authorities, health care,
education, training and research, commercial buildings and retail trade, places of rest
and leisure, culture, sport, religion, conventions, communication networks, and public
transport [79,80].

In order to improve the quality of life and functioning in the city in every aspect,
smart cities use advanced technologies, e.g., intelligent construction [81]. According to this
assumption, residents should live better and more comfortably, and at the same time, the
costs of the functioning of the entire urban organism should be as low as possible (see, for
example, [82]).

The manifestation of a well-planned smart city is the satisfaction of its inhabitants.
A smart city is not about demolishing everything that has arisen so far and building a
new city of the future, but about using the existing infrastructure as efficiently as pos-
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sible. Thanks to applying IT and communication solutions, smart cities use resources
more efficiently and improve the quality of life of their inhabitants. Most often, smart
city solutions are introduced in such areas as (see, e.g., [2,19,74,76]): (1) public transport,
(2) traffic management, (3) public offices and services, (4) energy, (5) built environment and
city infrastructure (6), development of the local community, and (7) health. In addition, [6]
the following aspects are also indicated: (1) city administration and management, (2) poli-
cies and other institutional arrangements, (3) governance engagement and collaboration,
(4) human capital and creativity, (5) knowledge economy and pro-business environment,
(6) natural environment and ecological sustainability, (7) ICT and other technologies, and
(8) data and information.

Smart transport is most often referred to in the context of a smart city. There is a
reason for this, such as traffic jams, noise and pollution are problems in many cities. The
introduction of comprehensive solutions in this area allowed many authorities to deal
with these problems. The assignment of Intelligent Transport System (ITS) is to solve the
problems posed by rising traffic.

The key to effective management will be the combination of various solutions and
intelligent systems on a city-wide scale. However, the integration and the possibility to
take advantage of the benefits of ITS and Smart City solutions addressed to different users
are still a major challenge (see, for example, [83]).

The burden of individual smart city elements in the general concept of a smart city
depends on the development priorities adopted in a given geographical area. In the United
States, this concept is inclined to the theory of “smart growth”, in which the greatest
importance is attached to such spatial planning as to focus the city’s growth in its center,
whilst limiting the disadvantages resulting from an excessive concentration of buildings
and people. In addition, information and communication technologies (ICT) [70], which
can be used in virtually every area of the city’s operations, are considered to be the decisive
factors of city success. In Australia, the role of digital media, creative industries, and
cultural initiatives [60,84] are more often emphasized.

The smart city concept in EU documents originally focused only on the possibility of
rapid progress in achieving the goals of the EU energy strategies and climate targets. Its
intention was initially to support cities and regions in pioneering greenhouse gas reduction
through a sustainable energy economy [85-87] and then evolved towards an information
and communication infrastructure to support the city’s harmonious development in such
areas as economy, transport, environment, society, quality of life, and co-ordination [4,24].

Jelonek and Hajduk consider that “the concept of a smart city should put more
emphasis on energy, which, if implemented in a sustainable manner, is likely to contribute
to the reduction of city maintenance costs, economic growth, and to fulfill the obligations
imposed on the member states by the European Union regarding pollutant emissions and
respect for the natural environment” [88].

Sustainable, smart urban planning is a rapidly growing market with some very strong
growth drivers. Other countries, including Poland, are starting to approach e-mobility,
which has been developed for many years and is particularly important in France, Germany,
Switzerland, and the Benelux countries, where government funds favor development.

2.3. Smart City Advantages and Pitfalls

The idea of a smart city is a sustainable development supported by modern tech-
nologies, which, on the one hand, contributes to the improvement of the quality of life of
residents, and on the other hand, reduces the excessive use of natural resources [40,82].
Residents of many cities are already able to use smart solutions. For instance, thanks to ITS,
drivers can see real-time traffic jams in the city, and public transport passengers can find out
when a tram or bus will arrive if there are any delays or any other accidents. Because of the
applications, passengers and drivers find the fastest way to get to the selected destination.
On the other hand, the management system analyzes the traffic in the city on an ongoing
basis and adjusts the light cycles to its intensity. These technologies serve to smoothen
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traffic, contribute to the reduction of energy and fuel consumption, and consequently
limit exhaust emissions (see, for example, [89]). These solutions have not only improved
transport and increased security but have also contributed to the rise of information flow,
thanks to which it is possible to plan public transport timetables much better.

However, this integration’s main benefits consist of further improvement of public
transport, improving its safety, increasing mobility, and indirectly—obtaining beneficial
effects of environmental protection by reducing traffic jams and smoke in the cities. An-
other such example is smart pedestrian crossings that improve safety [90]. Examples of
introducing modern solutions in a smart city are, for instance [2,19]:

parking spaces—an application that allows to search for free parking spaces
use of renewable energy sources

energy self-sufficient buildings

applications that allow buying tickets for parking spaces and use services in adminis-
trative offices

measurements of water and energy consumption

garbage collection

intelligent city lighting

e-payments

participatory budgets

city bikes and scooters

Smart cities are supposed to be a response to progressive urbanization and its consequences.

Currently, the greatest challenge is the necessity to integrate these solutions to comple-
ment each other, improve road traffic, and that the information not only serves one user
but also can be used in a comprehensive and integrated manner.

The development of modern technologies, which allows for fast data transfer, widespread
availability of databases (“public cloud”), the emergence of better and easily scalable
infrastructure, and an expanded network of sensors and controllers make cities more and
more computerized. The main benefit is improving the quality of services provided to city
users and savings in financial spending, time, and energy for the city’s operations [91,92].

All solutions introduced as part of the smart city concept improve important aspects
of residents’ lives. However, they bring not only opportunities but also threats. The very
idea of smart cities raises more and more doubts among city authorities, mainly concerning
the collected data and their processing. In this context, important questions arise as to
who actually should have access to this data and whether surveillance of citizens is not
excessively used.

Together with the establishment of new applications and solutions, cities become
vulnerable to external attacks on their infrastructure. They face the challenge of ensuring
that information is protected against unauthorized access by third parties. This, in turn,
will generate increasing costs related to data protection and access to its own infrastructure.

The cities of the future face many challenges. One of them is dealing with the excess of
digital data and, most importantly, guaranteeing information protection against unautho-
rized access. Leaving the systems with the so-called remote access to devices controlling
traffic lights, lighting or the power grid without adequate security is a huge risk for all
residents functioning in smart urban ecosystems [93].

Another smart city challenge is associated with digital and technological exclusion.
The digital divide has been in discussion since the emergence of Information and Com-
munication Technologies (ICT) and the Internet [94,95]. Initially, the digital divide has
revolved mainly around the issue of access to the internet and ICT, which is now considered
the first level of the digital divide [96,97]. Later studies have identified two successive
levels of digital divide [96,98-101], namely the ability to apply modern technologies (level
IT) [102-104] and measurable benefits and consequences of using technological solutions
(level III) see, for example, [100]. Increasingly, considerations refer to the digital exclusion
of seniors. It is essential from the point of view of implementing smart city solutions
because older people, who cannot use smartphones and the Internet, and new technologies
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are difficult to understand for them, often even unintuitive, cannot fully use solutions
of a smart city. Therefore, the lack of proper introduction of these solutions for use by
the elderly may, in some cases, result in frustration and nervousness, which will directly
translate into distrust of the city authorities [105,106].

Differences that can be observed between cities in the implementation of “smart”
solutions may often result from the lack of a long-term strategy and vision of city authorities
who are afraid to make bold decisions. Another barrier is low awareness of residents and
low saturation of cities with ICT solutions, including necessary infrastructure.

2.4. Smartness Evaluation Frameworks

Evaluating cities in terms of their effectiveness in achieving assumptions of the Smart
City concept is not an easy initiative for one important reason. Scientists have to consider
many factors, some of which are interdependent and adjust the assessment to the overall
social and economic situation of the country.

Most often, smart city models are implemented using the main areas, which re-
searchers [107] identify as the smart economy (competitiveness), smart mobility (transport
and ICT), smart environment (natural resources), smart people (social and human capital),
smart living conditions (quality life) and smart governance (participation). Most usually,
the above-mentioned factors (all or partially) are considered while creating annual smart
city rankings.

As Zakrzewska-Péttorak [108] argues that measuring the level of smartness in cities is
a key issue (developing a coherent methodology for measuring smart cities enables their
comparing), while the most important determinant of selection of indicators and measures
is the limited availability of statistical data. There are already many studies on social,
economic, and environmental criteria for assessing the smartness of cities in the literature.
Komninos and Sefertzi [109] have proposed a methodology, including 40 standardized
indicators in four categories:

(1) education and skills

(2) knowledge and innovation institutions
(3) digital infrastructure and e-services

(4) results of innovation

Lazaroiu and Roscia [48] have developed a methodology for estimating one aggregate
measure of smart cities based on the concept of fuzzy sets, which means that partial
indicators (they included 18 of them) that make up the main measure are not homogeneous
and require a significant amount of data.

On the other hand, Lombardi, Giordano, Farouh, and Yousef [49], based on the
Quadruple Helix model, taking into account the mutual relations occurring in the process
of creating knowledge between research centers, local government institutions, industry,
and society, have developed a methodology for measuring the smartness of cities using
60 partial indicators in five categories:

(1) smart economy (related to competitiveness)

(2) smart environment (related to natural resources)
(3) smart living (related to the quality of life)

(4) smart human capital (related to people)

(5) smart governance (related to participation)

The team led by Prof. Rudolf Giffinger from the Vienna University of Technology [110],
who included in the developed model as many as 90 partial indices making up 27 stan-
dardized measures, in six key dimensions:

(1) smart economy

(2) smart environment
(3) smart living

(4) smart people

(5) smart governance
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(6) smart mobility

In 2007, 2013, and 2014, they analyzed over 70 medium-sized European cities, selected
according to (1) the population criterion (from 100,000 to 500,000 inhabitants), (2) indepen-
dence (range of influence up to 1.5 million inhabitants), and (3) knowledge (existence of at
least one university).

In 2015, version 4.0 described the results of studies of larger cities with a population of
300,000 up to 1 million inhabitants. The team included 90 cities from 21 EU countries and
assessed their smartness level in the six categories. It should be mentioned that the first
model developed by Giffinger’s team has become the basis for research and measurements
created by subsequent investigators.

Another well-known methodology for measuring smart cities is the Motion Index,
prepared by IESE Business School. The authors evaluate and rank cities in terms of the
economic situation, technology, mobility and transport, environment, management, human
capital, social ties, spatial planning, and international projects [111].

In addition to the above-mentioned smart city measurement methodologies, many
others are mentioned both in the literature and in practice [112,113]. The most popular
smart city measurement methodology is included in ISO 37120: Sustainable Community
Development (see, for example, [114,115]), British Standards Institute Maturity Model
(BSI), and International Data Corporation Maturity Scape (IDC).

The indicators detailed in ISO 37120 have quickly become the international reference
point for sustainable cities. The ISO 37120 norm has used 46 basic and 54 additional
indicators, including 17 thematic groups [116]. ISO/TC 268 /WG2 experts have identified
the need for additional indicators for smart cities.

ISO 37122 complements ISO 37120 and “establishes indicators with definitions and
methodologies to measure and consider aspects and practices that dramatically increase
the pace at which cities improve their social, economic and environmental sustainability
outcomes”. When used in conjunction with ISO 37120, this document helps cities identify
indicators for applying city management systems, such as ISO 37101, and to implement
smart city policies, as well as various programs and projects [63].

The discourse on urban and sustainable development indicators highlights the chal-
lenges of indicator relevance, measurability, complexity, and usability. According to Carid,
these challenges address “developing valid approaches to mapping indicators and metrics
onto standards and goals; the measurability of tangible and/or intangible indicators to
support comparability; the representation and measurement of complexity in urban sys-
tems; and designing standardized smart city indicators with utility and value for different
purposes and urban contexts” [113]. An ideal set of indicators should contain crucial,
measurable, and transparent indicators for a specific goal and audience [117].

The efficient system of smart city indicators should be based on the already existing
indicators of the city’s development, taking into consideration at the same time operational,
political, and strategic levels. It is assumed that the development of this system will
take place with the participation of a group of stakeholders who, on the one hand, are
required to involve relevant research groups and the entire community for cooperation,
and on the other hand, to be open to improvements and future innovations. In addition,
an ideal system should perform a comparative analysis between cities, which will allow
for the assessment and transparent documentation of their development towards smart
cities [113].

3. Materials and Methods

Despite the considerable interest in smart city solutions, assessing the effectiveness
of the implemented assumptions of individual solutions is not a simple undertaking.
Previous studies indicate that there is a diversity of procedures for testing and assessing
the intelligence of cities [112,113]. Section 2.4 presents a few selected methodologies that
were the starting point for the development of a model set of indicators by municipalities
and cities associated with the Silesian Association of Communes and Districts (SZGiP), as
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well as other cities in Poland invited to cooperate under the “Benchmarking—uwe are looking
for the best solutions” program.

This study focuses on presenting the prepared model set of criteria for monitoring
development in the smart city area for the Silesia region and then presenting a case study
on the example of the city of Czestochowa, which is one of the program participants.

The primary objective of this study was a necessity of acquiring knowledge on the ap-
plication of “smart city” solutions in the city of Czestochowa as well as a pilot comparative
analysis with the city of Bydgoszcz in the scope of the use of one selected measure, which
is local transport (from area 1—Mobility).

While beginning the development of measurement indicators, the participants of the
program used the experience of European cities and scientific studies in the field of a smart
city. Due to the fact that many cities associated with the Silesian Union of Municipalities
and Poviats already implement, according to their assumptions, activities aimed at the
smart city in selected and monitored areas, the most important task for the implementation
of the program in the initial phase was their unification and standardization.

For measuring smart city from the Silesia region, a list of standardized indicators
grouped in six areas/categories has been prepared (own study based on data from the City
of Czestochowa, as part of the “Benchmarking—uwe are looking for the best solutions” program):
mobility
economy
environment
management
education and skills
quality of life

The areas were defined based on the analysis of existing publications, own previous
experiences of cities, and a general discussion in the form of “brainstorming” carried
out as part of working meetings of public officials and representatives of the program
coordinator. The basic assumption was that as many common areas as possible coincide
with the areas defined so far by individual cities, as well as that these areas should best
reflect the development directions of the cities of the future. An example is the City of
Czestochowa (discussed in detail in the next chapter), amongst the six areas selected by
the city so far, only one—"People” have changed to “Education and skills”. In the case
of Czestochowa, it was decided that the new area will partially complement the existing
one, and at the same time, it will more closely reflect the city’s long-term moving towards
openness, cultural diversity, or actions for a common Europe. It is worth mentioning that
Czestochowa was the first city in Poland, Central and Eastern Europe, that received the
Honorary Flag of the Council of Europe in 1993, the Council of Europe Award in 1995, and
the highest laurel the Council of Europe awarded to European self-government, i.e., the
Europe Award—PRIX DE I'EUROPE 1998 [118].

The next step was to determine the initial measures and partial indicators for individ-
ual areas by the working parties established for this purpose, consisting of representatives
of 2-3 cities. All indicators were measurable, and the data had to be available either from
the Central Statistical Office or from the cities” own resources. The developed measures
were discussed within the teams, in which practitioners from particular fields participated
and then analyzed and assessed by all contestants of the program. The basic assumption
was the application of appropriate and representative criteria in order to precisely define
the current and target state of development.

Certain indicators that were deemed relevant by the teams and raised doubts about
the properties and methodology of adopted measurement were analyzed in detail. Such
indicators include “The number of airports within a radius of 120 min away by public or individual
transport from the city center”. Having analyzed the location of international airports in
Poland (also at the border to the Silesia region) and the maximum travel time acceptable for
most, a radius of 120 min drive to the airport from the center of a given city was assumed.
For cities with their airport, the optimal travel time is approximately 30 min. Czestochowa,
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as the northernmost city in the Silesian region, has access to four airports in this assumption.
However, the airport in Warsaw is already at the border time. It was also determined
that the basic indicators (obligatory for everyone), which will be a model set of criteria for
monitoring development in the area of smart city, cannot derive from paid resources, and
their access cannot be limited in any way. There are no such restrictions for the remaining
optional indices.

The adopted research time frames for cities from the Silesian region and those invited
to the program from outside the region currently apply to the next few years. These terms
will probably be modified subsequently, depending on the dissemination of good practices
and the creation of a nationwide network of smart cities. 2017 was the zero year from
which the measurements of changes in the functioning of cities began. It is an optimal year
in which most cities in the region can indicate directions and activities in the field of smart
city solutions. Thanks to this, analyzing indices in the initial phase of the program may
become a source of interesting insights for application by others.

Table 1 presents the areas of research with the specification of measures assigned to
individual categories.

Table 1. Basic areas/categories of comparative research.

Basic Areas/Categories of Comparative Research

Number of
Test Measures

Area 1. Mobility: local transport, national and international accessibility, ICT infrastructure, sustainable

transport system 4

Area 2. Economy: innovation, entrepreneurship, city image, efficiency, labor market, international integration 6
Area 3. Environment: air quality, environmental awareness, sustainable resource management 3

Area 4. Management: citizens” awareness, public and social services, efficient and transparent administration 3
Area 5. Education and skills: education, continuous learning, cultural diversity, openness 4

Area 6. Quality of life: culture and leisure, sport, health, safety, housing conditions, social cohesion 6

Source: own study, based on data from the City of Czestochowa, as part of the “Benchmarking—we are looking for the best solutions”

program SZGiP, 2020.

The areas accepted for research are placed within the framework of the methodological
solutions presented above, developed by various research teams worldwide. The applied
areas correspond to the uniqueness of the region and adopted development strategy,
and enable acquisition of necessary data. The data has usually come from the Central
Statistical Office (CSO) and the calculations of individual cities (Town Hall) as well as their
organizational units (Water and Wastewater Company) participating in the research.

Tables 2-5 below present examples of indicators concerning the area of city operation
in the area of smart solutions (smart city).

For the purposes of this measure, data on such partial indicators as the number of
low-emission buses, city bikes, and/or the number of “Park & Ride” parking spaces were
analyzed. Indicators such as road safety, i.e., the number of road accidents or the number
of casualties and/or seriously injured pedestrians, are also worth noting.

Table 3 below shows the measures for second area/category related to innovation,
entrepreneurship, city image, productivity, labor market and international integration

For the purposes of measurement in this category, data on such partial indicators as
the number of international projects, economic entities with foreign capital, and/or even
the number of international students studying at universities in a given city were analyzed.

Table 4 defines the measures for the third category related to air quality, environmental
awareness and sustainable resource management.

For the purposes of measurement in this category, data on such partial indicators
as the volume of gaseous and dust pollutant emissions from particularly burdensome
plants located in the city or the percentage of residents connected to the water and sewage
system were analyzed. Indicators such as the percentage of residents declaring waste
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segregation or the percentage of waste collected selectively in relation to total waste are

also worth noting.

Table 2. Area 1 concerning local transport, national and international accessibility, ICT infrastructure, sustainable transport

system. The measure—"local transport”.

Partial Indicator Unit Year1  Year2 Year ...
Low-emission buses (hybrids, CNG, Euro 6)—buses not older than 5 years pes.
% of low-emission bus fleet %
Average speed of public transport km/h
Number of public transport users (number of journeys by public transport) persons
Vehicle kilometers driven by public transport Km
Number of public transport lines, including: pcs.
- buses pes.
- trams pcs.
- trolleybuses pcs.
- other pes.
City bike access points pes.
City bikes pcs.
- including electric powered city bikes pes.
Number of bicycle parking lots, such as:
small parking—number of stands/(parking spaces) 3-10/(6-20) pcs.
medium parking—number of stands/(parking spaces) 11-50/(22-100) pes.
large parking—number of stands/parking spaces <100/ (<40) pes.
Number of registered vehicles per 1000 residents Ir)ecsslfile(r)g(s)
Number of pedestrians killed or seriously injured in road collisions (data from
the Municipal Police Headquarters) pes.
Number of road accidents pes.
Number of parking spaces in the “Park & Ride” car parks pes.
Share of traffic lights operated by ITS ip the total number of traffic lights in the o
city

Length of cycle paths Km

Number of direct destinations from airports to which the travel time by public or
individual transport does not exceed 120 min pes.

Number of rail and bus connections serving intra-agglomeration connections (in
relation to the number of inhabitants or the area of the agglomeration). pes:
Average travel time to the motorway/expressway min

Source: own study, based on data from the City of Czestochowa, as part of the “Benchmarking—we are looking for the best solutions”

program. SZGiP, 2020 r.
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Table 3. Area 2 on innovation, entrepreneurship, city image, efficiency, labor market and international integration.

Partial Indicator Source of Data Unit Year1 Year2 Year ...
Number of partner cities The Town Hall Number
Number of ongoing international projects
Number of international organizations where the city is
Number
a member
Number of foreigners registered for permanent or Number /1000

temporary residence per 1000 residents residents

Balance of foreign migrations for permanent residence Centracl) f?;c?;astlcal %

Number of entities with foreign capital per 1000 inhabitants

Number of foreign tourists using overnight stays per
1000 inhabitants

Number of foreign students per 1000 inhabitants

Source: own study, based on data from the City of Czestochowa, as part of the “Benchmarking—we are looking for the best solutions”

program. SZGiP, 2020.

Table 4. Area 3 on air quality, environmental awareness, and sustainable resource management.

Partial Indicator Source of Data Unit Year1l Year2  Year...
Emission of gaseous pollutants from particularly Central Statistical 2
burdensome plants Office (CSO) tonnes/year/lkm
Emission of dust pollutants from particularly SO tonnes/year,/km?
burdensome plants
% of residents declaring waste segregation The Town Hall %
Waste collected selectively in relation to total waste CSO %
The amount of waste per capita CSO tonnes
Amount of waste removed. from illegal landfills The Town Hall tonnes
per capita
Electricity consumption per capita CSO kWh/year
Water consumption per capita CSO m3/year
Gas consumption from the petwork in households SO KWh/year
per capita
Users of the water supply system in% of the o
; CSsO Yo
total population
Users of the sewage system in% of the total population CSO %
Users of the gas system in% of the total population CSO %
Biologically treated wastewater with increased removal SO o
of nutrients in % of total wastewater during the year ’
Sewage treated during the year, discharged per capita CSO m3
(o)
Woodiness CSO Vo of the
commune area
Hectare per
Legally protected areas CSO capita
Share of parks, lawns, and residential green areas in the SO %

total area

Source: own study, based on data from the City of Czestochowa, as part of the “Benchmarking—we are looking for the best solutions”

program SZGiP, 2020.
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Table 5. Area 4 on civic awareness, public and social services, and efficient and transparent administration. The measure—

“informed citizens and public and social services”.

Partial Indicator Source of Data Unit Year1l Year2 Year...
L s . Number
Number of inquiries within Pubhc access to The Town Hall (No)/1000
public information .
residents/year
Number of visits to th.e city’s Pubhc Information The Town Hall No /1000
Bulletin website residents/year
Number of residents taking part in the debate on the city No of
state report during the session (in accordance with the The Town Hall people/1000
rules set out in the legal act) residents/year
Number of trusted profiles confirmed by the authority The Town Hall No/lOOO
residents/year
Number of 1n1t1ajc1\.7es submitted as part of the The Town Hall No/ 1000
participatory budget residents/year
Turnout in voting on the proposals of the participatory The Town Hall %/ year
budget
Turnout in local elections for the president The Town Hall %
Turnout in local elections to the city council The Town Hall %
Number of reg{sterefi elect1c?n committees The Town Hall No
(presidential election)
Number of reglsterec.l electlpn committees (city The Town Hall No
council elections)
Number of resolutions submitted by residents The Town Hall No/year
Number of non-governmental organizations The Town Hall No/lOOO
residents/year
Number of public tasks submlt’FeFl by NGOs (competitive The Town Hall No/year
and non-competitive mode)
The amount of penalties imposed for the lack of a ticket in
relation to the total amount obtained from ticket sales in a The Town Hall Y%
given year
The amount of tax arrears (personal taxes) The Town Hall P.LN/1000
residents/year
The amount of rent arrears (municipal resources) The Town Hall PLN/lOOO
residents/year
. . Water and PLN /1000
Amount in arrears on water supply invoices Wastewater .
residents/year
Company

Source: own study, based on data from the City of Czestochowa, as part of the “Benchmarking—we are looking for the best solutions”

program. SZGiP, 2020.

Due to the fact that multi-family housing prevails in the cities of the Silesian region,
and the current waste segregation system does not work as it should, the measurement and
analysis of this indicator may give a “green light” to the application of digital and organi-
zational solutions by cities in order to monitor and improve segregation and predicting the
amount of waste produced by residents. An interesting example in this regard is Chicago,
where sensors were installed in garbage cans, and over time, a really practical analytical
tool was obtained that could correctly predict the amount of garbage. As a result, the city
authorities did not only optimize the routes of municipal services collecting waste but also,
at the same time, it was possible to reduce the rat population by 20%. Seoul authorities
also decided to use such a mechanism, thanks to which the city began to save money and

became a friendlier place.
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To conduct analysis in area 4, Table 5 has been prepared, showing one of the three
measures in the field of “informed citizens and public and social services”.

In this category, attention is drawn to indicators such as the number of reported initia-
tives under the participatory budget, turnout in voting on proposals for the participatory
budget, or even the number of resolutions submitted by residents.

Since the studies have not been completed yet, and for areas 5 and 6, final arrange-
ments in working groups are still in progress, the article does not include specific indicators
for these areas.

The development of these types of reports and measures aims to highlight those cities
at the forefront of smart growth, but mainly to facilitate others learning from those cities
that are characterized by an impressive drive to make life easier for their residents in every
possible area. Comparing cities with each other and exchanging experiences and comments
will contribute to their better development by implementing smart solutions, reducing
errors, and optimizing costs when implementing them.

4. Results—Application of Smart City Solutions in the Context of Czestochowa

One of the associates in the Silesian Association of Communes and Districts (SZGiP)
and cooperating in the program “Benchmarking—uwe are looking for the best solutions” is the
city of Czestochowa. While preparing to implement smart city solutions, the city analyzed
many different factors. First of all, the needs and expectations of residents, direction of the
city’s development, applied solutions and technologies (functionalities and energy-saving
technologies), data security and system management, implementation and operating costs
have been analyzed.

The implementation of smart city solutions in Czestochowa assumes optimization of
the use and development of new services on the basis of existing municipal infrastructure,
both energy and telecommunications (electrical networks, fiber-optic and radio networks),
and the adaptation of existing applications.

Czestochowa is a city that focuses on the future, oriented towards sustainable de-
velopment and the needs of its residents. Taking the effort to gradually implement new
technologies and encourage investments in advanced technologies in the city, it is a devel-
oping center among several sectors of the economy, open to innovation, attractive, and
friendly to business and investors.

Figure 1 shows the identified areas (categories) in which individual implementations
of smart solutions have been made.

Czestochowa has a vision of a smart city in which various modern systems interact
with each other in order to ensure the proper functioning of the urban organism and
improve the quality of life of residents.

Ultimately, it is the human being that is most important. That is why many innovative
projects are located in the social sphere [92].

While preparing to implement a smart city, first, it is necessary to define the most
important goals that should be achieved. Therefore, the city has to:

be oriented towards sustainable development and the needs of residents;

be innovative and open-minded;

use technology efficiently;

be ecological;

provide a convenient and effective infrastructure (traditional, information and social);
be managed in an integrated manner.

Appendix A presents the activities that have been implemented by the City of Czesto-
chowa in the particular areas of the smart city, as shown in Figure 1.
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Figure 1. Smart city area identified and implemented by the city of Czestochowa. Source: own study
based on TUWIEN (Technische Universitdt Wien) European Smart Cities.

The city has been implementing solutions related to the smart city for many years.
So far, however, it has not participated in the analysis of each area in such a detailed and
extensive scope. Therefore, the authors of this study, wanting to present the essence of the
action itself, and at the same time to expose the advantages and weaknesses of the proposed
solution, prepared a list of indicators in relation to an exemplary selected measure, which is
local transport. The summary was drawn up based on the model set of indicators described
in the previous chapter.

To better illustrate the measurements made, the analysis includes indicators calculated
for two cities: the City of Czestochowa and the City of Bydgoszcz (invited to the SZGiP
program).

Table 6, for area 1, contains measures for the cities of Bydgoszcz and Czestochowa
without considering the differences between these cities with regard to the number of
inhabitants and the occupied area.

As already mentioned, the above table compares the indicators for the cities of Byd-
goszcz and Czestochowa in accordance with the formula presented in the previous chapter.
The only distinction is the omission of the detailed indicator for which both cities are equal
to 0, or the data have not been confirmed at the moment. Therefore, the division into public
transport lines, electrically assisted bicycles, bicycle parking lots, the number of parking
spaces in the Park and Ride parking lots, or the indicator of transport connections for the
Upper Silesian Agglomeration was not taken into account.

Comparing the first indicators concerning the application of low-emission transport
by cities, the aspiration of the city of Czestochowa to be an ecological city is clearly visible.
Already in June 2019, the city had almost 40% of low-emission transport in its fleet (it
would also be necessary to compare the amount of total passenger transport by buses
and trams in this regard. It should also be mentioned that trolleybuses were not used in
both cities). While analyzing the obtained results, it can be observed that there are large
differences in the indicators: concerning the number of passengers, which are four times
higher in Bydgoszcz than Czestochowa, the vehicle-kilometers traveled, or the number of
available city bike points and the number of bikes, of which there are nine times more in
Bydgoszcz than Czestochowa. The next visible differences concern the number of road
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accidents and, associated with this, the number of pedestrians killed and seriously injured
in road collisions. Despite twice as many road accidents in total in Bydgoszcz, the number
of seriously injured people was almost three times smaller than in Czestochowa. The
number of fatalities in Bydgoszcz is decreasing yearly, unlike in Czestochowa, where it
has raised by about 40% compared to the previous year. This unfavorable trend was most
likely due to, among others, several critical intersections and pedestrian crossings, where
the most frequent accidents occurred. A significant part of them has already been rebuilt,
and the lights have been installed.

Table 6. Area 1 concerning local transport, national and international accessibility, ICT infrastructure, sustainable transport

system. The measure—"local transport”.

City Bydgoszcz Czestochowa
. . . As of 30 As of 30
Partial Indicator Unit 2017 2018 June 2019 2017 2018 June 2019
Low-emission buses (hybrids, CNG, pes. 0 0 0 8 94 94
Euro 6)

% of low-emission bus fleet % 0 0 0 34% 39% 39%
Average speed of public transport km/h 16 16.2 16.2 24.5 244 244
Number of public transport users persons 90.5mIn  89.9 mln no data 206 min 19.8 mIn 8.9 mIn

Vehicle kilometers driven by public km 19.7 mIn 19.7 min no data 11.7 mln 12 mIn 5min
transport
Number of public transport lines pcs. 53 55 57 44 44 44
City bike access points pcs. 105 154 155 0 20 20
City bikes pcs. 1121 1685 1690 0 185 185
Number of reglste.red vehicles per pcs:/1000 703.8 730.9 824.9 830 782 800
1000 residents residents
Number of pedestrians killed or pcs 23 17 11 8 11 no data
seriously injured in road collisions ’ 40 46 20 140 120 no data
Number of road accidents pcs. 255 260 143 142 124 no data
Share of traffic lights operated by ITS
in the total number of traffic lights in % 52.5 49.7 no data 0 0 0
the city
Length of cycle paths km 85 85.6 89.7 72 76 76
Number of direct connections with
airports to which the travel time by
public or individual transport does pes. ! ! ! 4 4 4
not exceed 120 min
12 min. to 10 min. to
Average travel time to the : 5min. to 5 min. to the
. the ex-
motorway/expressway (from the min no data no data resswa the exp. theexp.  motorway
city center) P y DK1 DK1 A1/5 min.
S-10 _DK1

Source: own study, based on data from the City of Czestochowa and from the City of Bydgoszcz, as part of the “Benchmarking—we are

looking for the best solutions” program. SZGiP, 2020 r.

It is also worth noting that, in Bydgoszcz, more than half of the traffic lights at
intersections were included in ITS already in 2017 when the intelligent transport system in
Czestochowa was launched in 2020. The first conclusions from its application will therefore
be possible to draw in the coming years. Nevertheless, one can already benefit from the
experience of other cities in order to make the most of ITS.

Presumably, already at the present stage, a detailed analysis of the differences that
occurred in the analyzed cities, Bydgoszcz and Czestochowa in the transport indicators,
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may contribute to increasing the attractiveness of public transport over private cars. With
the number of inhabitants in Bydgoszcz 50% higher, there are as many as 450% more
public transport users. It should be pointed out that in both cities the number of cars per
1000 inhabitants is comparable. Additionally, while analyzing the current indicators, it
is difficult to conclude whether the application of, for example, ITS (intelligent transport
system) by Bydgoszcz much earlier than in Czestochowa contributed, inter alia, to shorten
the travel time by public transport (using the green wave) and therefore to its attractiveness.
Perhaps it will be appropriate to supplement the indicators with detailed data from this
system, which may give interesting comparisons regarding their functioning in cities. One
should also take into account incorrect input data or imprecise input. The quality of the
research will largely depend on their proper harmonization.

However, for a better comparison of the results regarding city bikes, it would be worth
developing and introducing to the set of indicators in this area a detailed indicator of their
application by residents because their number alone does not provide complete information.
Only their degree of exploitation, the analysis of the location of access points, or the system
used to operate them (fees and incentives) can provide interesting information for usage
by the city of Czestochowa and other cities.

To analyze the presented results, it would be important to develop benchmarks,/comparisons
in the context of the six selected areas. Determining the average values of indicators for
smart cities would significantly facilitate monitoring the current development level of cities
from the Silesia region in this area.

It follows from the above considerations that in the comparative analysis of cities with
different areas and population sizes, for some partial indicators, to better reflect them and
validate errors, it is worth considering these variables in the calculations. Based on these
assumptions, Table 7 has been constructed.

Table 7. Area 1 concerning local transport, national and international accessibility, ICT infrastructure, sustainable transport

system. The measure—"“local transport”—list of indicators including the variables: area and number of inhabitants.

City Bydgoszcz Czestochowa
Number of Residents * Persons 349,021 226,226
City Area * km? 175.98 160
As of
Partial Indicator Unit 2017 2018  30June 2017 2018 As of 30
2019 June 2019

Vehicle kilometers driven by public
transport

km/km?2 city area 111,945 111,945 nodata 73,125 75,000 55,625

Number of public transport lines pcs./km?2 city area 0.30 0.31 0.32 0.28 0.28 0.28

pcs./ number of

City bike access points residents*1000 0.30 0.44 0.44 0.00 0.09 0.09
I pcs./ number of

City bikes residents*1000 3.21 4.83 4.84 0.00 0.82 0.82
Number of pedestrians killed or pes./ number of 0.07 0.05 0.03 0.04 0.05 no data
seriously injured in road collisions residents*1000 0.11 0.13 0.06 0.62 0.53 no data
Number of road accidents pcs./ number of 0.73 0.74 0.41 0.63 0.55 no data

residents*1000
Length of cycle paths km/km? city area 0.48 0.49 0.51 0.45 0.48 0.48

* Data as of 30 June 2019. Source: own study, based on data from the City of Czestochowa and from the City of Bydgoszcz, as part of the
“Benchmarking—we are looking for the best solutions” program $ZGiP, 2020 .

The table above presents the modified indicators that consider the variables, such as
the area occupied (in km?) and the number of inhabitants. Indicators for vehicle kilometers,
number of lines, and road length were incorporated, introducing a unit per 1 km?. Also,
the indicators concerning access points for city bikes and the number of accidents were
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modified and presented for 1000 inhabitants. As a result, indicators that can be influenced
by area and population may be applied regardless of the size of the city.

The most significant difference in modifying these calculations is visible for the
indicator related to access points for city bikes and the number of these bikes available
to residents. While calculating the indicators without taking into account the size of the
inhabitants, the difference is, respectively, 7.7 and 9.1 times greater in favor of Bydgoszcz.
However, having regard to the variable concerning the size of inhabitants in the calculation,
this difference decreases successively to 5 and 5.9 times. More than 50% more inhabitants
live in Bydgoszcz than in Czestochowa, while the area is only 9% larger in Bydgoszcz. The
small difference in the occupied area of the analyzed cities causes the size of the indicators
in which this variable was taken into account to differ only slightly and have no major
impact on the final result of calculations and conclusions.

Nevertheless, it is worth taking into account additional variables when comparing
and measuring the development in the smart area of cities of different sizes in order to
eliminate the impact of these differences on the final result. As the example above shows,
these differences can be significant.

5. Discussion and Conclusions

The transformation of current cities towards a smart city has been clearly accelerating
recently. It has been becoming more and more effective and brings benefits to residents.
It is important to use standardized measures in this process and define what we want to
achieve in the end.

Therefore, cities associated with the Silesian Association of Commune and Districts
under the “Benchmarking—uwe are looking for the best solutions” program decided to develop
and then examine six most important areas using a standardized set of measures of smart
city implementation. Due to the fact that most cities in the Silesia region carry out their
implementations without a detailed strategy and the possibility of benchmarking and
comparing the effects of activities, this idea deserves special recognition and appreciation.
Lack of such reference and comparison, and more importantly, acquiring knowledge about
how to do it in the best and most efficient way, may ultimately bring much smaller benefits
but will increase the costs of their operation by inappropriate optimization of the use of
existing infrastructure.

Already, a dozen or so years ago, the city of Czestochowa, Poland, implemented
many interesting and widely available public services that are well rated by residents
(annual customer satisfaction surveys). They enable more effective service of clients in the
town hall and its subordinate units. One of such services, as requested by inhabitants, is
the possibility of booking a wedding date electronically or booking a specific date (day
and time) to settle a particular official matter (i.e., collecting an ID card, driving license,
vehicle card, etc.). For this purpose, an electronic queuing system has also been launched
(allowing for a one-month reservation of a queue), which is available on the Office’s website.
These solutions significantly limited “wasting” time by inhabitants (reduction of hour-long
queues) and positively affected the assessment of the city’s functioning.

Moreover, services related to the provision of information from the Office’s databases
on a dedicated portal, only with the goal of servicing of state institutions (ZUS, Court
and Tax Office), reduced the sending of correspondence (in paper form) between them by
several thousand items per year.

Thanks to the implementation of the Integrated Spatial Information System, however,
investors and residents can save time to obtain the necessary maps and plans for their needs,
and most importantly, they can do it at a convenient time. Noticing these advantages, the
city has been encouraging to use e-services for a number of years, including by providing
electronic inboxes on the ePUAP platform (Public Administration Services Platform), which
during the crisis related to the pandemic and the closure of public institutions resulted in
disproportionate benefits for residents (reducing the nuisance associated with it). From
March 2020 to March 2021, there was a 63% [119] increase in the number of electronically
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handled services compared to the period before the pandemic. The residents found out
that many basic matters can be settled without coming to the Office.

It is also worth emphasizing that the public institution of Czestochowa, Poland is the
first city for implementing electronic document management a dozen years ago, and it is
considered the seed for deploying current e-services. Apart from facilitating the management
of matters, this solution has contributed to reducing the consumption of paper and toner
cartridges by almost 45% [119] already in the first period from complete implementation.

Czestochowa is also known for many interesting initiatives and social activities.
Thanks to the project “Professional cooperation”—paid professional internships were com-
pleted by 1000 students at 150 employers. The launched portal www.praca.czestochowa.pl
has enabled the cooperation of administrative units, employers, and schools. It demon-
strates the possibilities of training in professions sought on the labor market, suggests new
profiles in the offer of vocational schools, and inspires people to find a better job in the city.
On the other hand, thanks to the “Competence Development Academy” project, several
hundred people could raise their qualifications in specialties sought after on the local
labor market. Czestochowa has become the undisputed leader of the social economy and
professional activation in the region. Due to the use of social clauses in tenders, since 2013,
approx. 700 people have found employment. By establishing the Civic Activity Center, it
has become possible to offer full support in one place from the instant capability of using
the bathhouse, receiving clothes, meals, and assistance in producing documents through
long-term support, social work, and activation aimed at independence and overcoming
problems. The outcome of all these activities in several identified areas was, recorded at
the end of January 2020, one of the lowest regional unemployment rates [120].

5.1. Practical and Theoretical Implications

In order to achieve indicators allowing to define a given city as smart, local authorities
should implement a specific management policy. Contemporary cities face the challenge of
defining directions of development and rules that should be followed in decision-making
processes related to their functioning. In a smart city, well-thought-out activities are
implemented, and the city authorities flexibly react to any changes in the environment and
new challenges.

Cities around the world have recently experienced a pandemic crisis. Calls related
to the restriction of movement, closure of offices, and suspension of public transport
contributed to the implementation of solutions facilitating the functioning of residents. In
many cases, these solutions meet the criterion of building a smart city. Some of them will
probably stay with us for longer, maybe even permanently.

A similar situation has also occurred in the case of the city of Czestochowa. Because
the city has been implementing for several years a variety of solutions to facilitate the
settling of matters by its inhabitants, it has contributed to the more efficient adaptation of
the city to the prevailing conditions.

This study contributes to the literature in presenting a model set of indicators and
identifying the degree of smart city implementation in the cities of the Silesian region in
Poland. Most existing studies refer to large cities and are based on previously mentioned
methodologies of measuring the smartness of cities in order to determine their position in
the ranking (see for example [24,67,72,121]). This research concerns cities with county rights
(small and medium-sized) located in the Silesia region and other Polish cities. The criterion
for selecting a city for the present study does not depend on the number of inhabitants
of a given city or the existence of, for instance, universities or scientific institutes. It is
essential because not only large cities with thriving research and scientific-academic units
can be smart and should be subjected to various analyses and rankings. Contrary to prior
investigations, more detailed indicators have been prepared and presented in the study,
which are being used not only for the positioning (ranking) of a given city in terms of
the smart solutions applied, but mainly for the purpose of analyzing the effectiveness
and efficiency of their implementations and promoting good practices between the cities
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concerned. This research will serve to better identify cities, their directions, and sustainable
development as well as support the implementation of the strategic goals of the region. In
addition, all indicators will be based on uniform data obtained or collected in an agreed
manner, which will significantly reduce errors in the final calculations.

The presented comments and conclusions fill the identified research gap. The findings
made as a result of the research are, in the opinion of the authors, significant and useful,
not only for the practice of implementing smart cities but also for theory. They point out
that even though the smart city itself is very popular in the literature on the subject, the
degree of its application and the method of its measurement in Poland is still ineffective.
Consequently, it is worth promoting the suitability of model indicators for improving
the management of contemporary cities. This study can be a useful aid for cities that are
focused on the quality and effectiveness of implemented smart solutions.

As the basic obstacles to faster implementation and development of the smart city
in Polish cities can be indicated time-consuming, labor intensity, the lack of detailed
models for measurement, planning, efficiency control and cost analysis, low level of
employee qualifications, and the lack of financial resources and city debt. Moreover, a
considerable barrier is the lack of interest of the managerial staff in implementing new and
unknown solutions.

With the purpose of a more detailed analysis of smart cities and the application of
information by cities, case studies from other cities should be used more widely. This
method would allow a detailed look at how solutions were implemented in a particular
city, how they function and how they are used, and finally, how and whether they are
modified. From the point of view of scientific research, it may be curious to analyze the
effectiveness and quality of smart implementations by individual cities by questioning:

1. What factors implement the same or similar solutions produce significantly differ-
ent results?

2. How do the inhabitants perceive such actions, and how do the authorities of these
cities deal with their persuasion? The experience of, among others, the city of Czes-
tochowa, shows that the implementation of new solutions that directly concern the
residents is not always associated with their acceptance and may generate large
conflicts—despite the fact that later it is perceived very positively (an example may
be the implementation of an electronic monthly ticket and resignation from its pa-
per version).

3. How do cities approach their smart activities? Are they more related to “fashion and
the willingness to climb” only in the rankings, or are they strictly focused on solving
the real problems of the inhabitants and improving the functioning of the city?

Based on this group, it is possible to examine the reasons for abandoning the imple-
mentation of some smart city solutions.

5.2. Research Limitations

While preparing this type of program, as presented in this article, attention should be
paid to the large diversity of cities in the Silesia region participating in the investigation. The
differentiation concerns the size of the area, population density, level of industrialization,
the type and structure of this industry, striving for development in the area of smart city, as
well as tasks that must be implemented in order for cities to achieve the goals set in their
strategies. In such a situation, it is advisable to adopt uniform areas to achieve coherent and
comparable measures based on which the directions of future activities will be determined.

However, the described diversity of the cities implies, at the stage of consulting com-
mon indicators, numerous ambiguities, and doubts, for instance, regarding environmental
issues. Admittedly, in the region of Silesia, there are cities in which no plants with particular
nuisance exist; however, such plants are located right next door in a neighboring town.
The short distance and unfavorable wind pattern cause their constant pollution. Such
cities have a negligible, direct impact on the change of the main indicator in the area of the
environment, which in turn (apart from the low score in this category) directly contributes
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to the reduction in their attractiveness for living. There are some doubts in each area, e.g., in
the field of local transport. Due to the fact that cities create joint public transport in the
Upper Silesian Agglomeration, the measurement indicators for individual cities included
in it will be averaged and unreal. In this case, the agglomeration was assumed as a whole
for this measure. A similar approach should be applicable to the previously described
situation related to the indicators of gaseous and dust pollutants [122].

In addition, separating indicators to application in the division into obligatory and
optional will have positive effects and at the same time will not cause that some cities from
the region will not take part in the study or their results will be incomparable.

5.3. Future Research Directions

In the near future, it will probably be revealed whether the implementation of a given
measure in the model set of indicators was right or not. As cities begin the testing phase,
preparing reports and comparing the first results on a larger scale, the indicators may be
adjusted. Such action will be the most appropriate direction.

The comparative list of indicators for the measure, local transport for the cities of
Czestochowa and Bydgoszcz, prepared by the authors, on the basis of a model set of
indicators, will allow illustrating the essence of the prepared program on a much larger
scale, and at the same time to reveal the advantages and possible weaknesses of the solution,
which, together with the experience gained in this regard, will be leveled.
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Table Al. Implementation of activities by the City of Czestochowa related to the areas of smart city.

Smart City
Implementation Areas

Implementation of Activities by the City of Czestochowa Influencing the Development in the Area of
Smart City

The first area of Smart
Economy implementation

Introduction of the “BETTER WORK NOW” program, which operates in two sectors. On the one hand, the
local government encourages business owners (through the municipal real estate tax relief system and
support for reliable employers—the Fair Play program) to increase remuneration for work and to take actions
in the field of corporate social responsibility, on the other hand, it tries to prepare highly qualified staff;
Profiling professional education and implementing large projects to support vocational education, such as
“Professional cooperation”—paid internships for students at employers and equipping schools with
modern equipment;

The city also supports the opening of new faculties in universities (as part of the “Academic

Czestochowa” program);

Launching the website www.praca.czestochowa.pl, which helps in matching employers and employees with
specific specialties;

Implementation of the “Competance Development Academy” project aimed at raising employment standards
and developing professional competencies.
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Smart City
Implementation Areas

Implementation of Activities by the City of Czestochowa Influencing the Development in the Area of
Smart City

The second area of Smart
People implementation

- Taking a course in social economy and social participation (development of the Civic Budget, local initiatives
of residents, wider commissioning of public tasks to NGOs, implementation of consultations, and many social
initiatives);

- Implementation of a participatory budget whose use can be influenced by all residents;

- Establishing district partnerships for local activity;

- Co-financing in vitro procedures and carrying out free of charge HPV vaccinations;

- Introduction of support for parents returning to work after a break related to the birth/upbringing of a child;

- Launching the Center for Civic Activity in order to provide comprehensive service for people at risk of
marginalization, social exclusion, and homelessness;

- Introduction of the Czestochowa Resident Card and the Senior Card several years ago, thanks to which
residents can, inter alia, count on a number of benefits in the form of attractive discounts at Partner Points,
sports and cultural facilities (in the Czestochowa Resident Card system, an electronic public transport ticket is
also available).

The third area of Smart
Mobility implementation

- Introduction of the “Better Communication” program;

- Installation of a passenger information system—SIP (electronic boards with information about bus arrivals) at
the stops;

- Launching an intelligent transport system to support traffic in the city (1000 remote controls for operating the
System by blind or visually impaired people have been foreseen);

- Implementation of records of Park and Ride facilities as part of the SIP;

- Investments in new buses and trams (currently, low-emission public transport include: 104 low-emission
buses, 14 electric buses, and 17 trams);

- Successive construction of new bicycle paths and introduction of a city bike;

- Connection of cycle tracks in the city with paths in the Subregion for better communication with the city,
thanks to which nine neighboring and nearest municipalities have been joined;

- Integration of the system of tracks with the three largest transfer hubs in the city. Transfer hubs integrate all
means of public transport available in the city with individual transport.

The fourth area of Smart
Living implementation

- Construction of infrastructure in the form of fiber-optic and radio network throughout the city (a total of
approx. 110 km of own fiber-optic network and several dozen radio antennas);

- Building the subregional broadband fiber-optic network in the Northern Subregion of the Silesian
Voivodeship, combining with each other 33 Local Government Units. The network is used to build a “smart
region”. Within the framework of operating municipal fiber-optic network, there are connected: 125 public
institutions, 46 Info kiosks, 40 hotspots (WiFi), 25 air pollution measurement sensors, 92 camera points (there
are even up to six high-resolution high-speed and fixed-speed cameras at one camera point);

- Testing solutions in the area of Intelligent Image Analytics as part of video monitoring (over a dozen camera
points operate in the city, included in the system employing artificial intelligence).

The fifth area of Smart
Environment
implementation

- Implementation of sustainable energy management using the 5xE principle: Energy, Economy, Ecology,
Education, and Efficiency;

- Granting subsidies for the replacement of heating systems with energy-saving and ecological ones and the
installation of devices for the production of energy from renewable sources, i.e., solar installations,
photovoltaic installations, and heat pumps, under the two programs “Reducing Low Emissions” and
“Sunny Commune”;

- Implementation of an energy-saving lighting control system (in LED technology) on over 110 streets.

- Patenting the solution related to the management of waste from the sewage treatment process for the needs of
communication construction, i.e., for the production of concrete pavements (the partnership employs the
installation of trigeneration as well, aimed at simultaneous production of electricity, heat, and chilled water);

- Implementation of a system of active leakage control and direct monitoring of the sewage network by the
municipal company managing the water and sewage network;

- City installation of air purifiers in kindergartens and schools, air purity indicators in the city, and carbon
monoxide sensors in municipal apartments;

- The City of Czestochowa has a Climate Change Adaptation Plan until 2030.
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Table A1. Cont.

Smart City Implementation of Activities by the City of Czestochowa Influencing the Development in the Area of
Implementation Areas Smart City

The sixth area of Smart

- Implementation a few years ago, the Integrated Spatial Information System (ZSIP) as part of the large project
“e-Services for residents of Czestochowa”, under which electronic forms were launched for settling matters
remotely. The ZSIP system handles data on spatial information (there is information about plots,
development plans, etc.). Its purpose is to acquire, process, and present data on spatial information and
descriptive information about urban objects;

- Launching an online platform for cooperation with residents, enabling, among others conducting public

Governance consultations or planning the implementation of the civic budget;
implementation - Implementation of a quality management system with the ISO 9001 standard, with time creating an

innovative link between the Quality Management System and Management Control a dozen or so years ago;

- Participation of Czestochowa in the development of the idea of smart cities in Poland for several years and
receiving several awards in this field, including the title of the Most Innovative City in 2018 in the Forbes
ranking [123]. It is also the first city to receive the Honorary European Medal awarded by the Business Center
Club and the European Economic and Social Committee.

Source: own study based on data obtained from the City of Czestochowa.
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