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Apstrakt: The idea of establishing a city based on different, greener, and more
sustainable foundations is not new and first emerged at the end of the 1980s. Smart
cities aim to facilitate increasingly complex urban living for their inhabitants, as the
urban population exhibits a constant upward trend. The primary goal of these new
urban entities is to enable residents to live more easily, functionally, healthily, and
better, with the most rational use of time, so that more “free time” remains. In other
words, each resident should save time in performing daily activities, thereby allowing
this freed-up time to be utilized more wisely and healthily. This possibility is made
feasible through the widespread use of advanced technologies, without whose inte-
gration the concept of a smart city cannot be realized. The intention is to incorporate
technology into all or as many city services as possible, with the aim of enhancing the
quality of life for residents in cities whose populations are increasing uncontrollably.
The concept of smart cities is based on the implementation of loT (Internet of Things)
and ICT (Information and Communication Technologies) devices. This includes vario-
us sensors, LED lighting, data collection and analysis devices, utility services, and all
services that can be simplified and accelerated through mass technological utilizati-
on. The paper presents a method for measuring the implementation of the smart city
concept by using an index of smart cities developed by IMD, the World Competitive-
ness Center. Although this index is not the only one used for such measurements, it is
among the most frequently applied and has been in use since 2019.
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1.INTRODUCTION

Modern information technologies, digitalization, and the increasingly prevalent
use of artificial intelligence (Al) are pushing the boundaries in every aspect of life and
business. The capabilities for implementing radical or incremental innovations are
expanding across all domains, especially in the fields of sustainable development and
the green economy, which in turn influence the formation of new urban entities -
smart cities.

The concept of sustainable development was first introduced at the United Na-
tions Conference in Rio de Janeiro in 1992, where a systematic enumeration of de-
mands that would clearly define the agenda of this concept was also presented (Vu-
ji¢, 2022). However, the UN General Assembly only a decade ago officially defined 17
interconnected goals on a global level. The Millennium Development Goals (MDGs)
served as a foundation for creating a more sustainable future (UN, 2015).

Until 2030, the realization of these goals is concentrated in smart cities, which,
through digital technologies, participate in creating a sustainable ecosystem that also
considers social issues (Alberti, Senese, 2020; Munitlak lvanovi¢, 2018). For example,
when evaluating the success of a geographic concept — such as a smart city — its com-
petitiveness and the success of economic activities cannot be solely assessed through
profit levels, productivity, or employment rates. The success of a smart city can only
be evaluated by considering a complex matrix of political, social, and cultural dimen-
sions.

It can be said that, within a smart city, water resources, energy, management, and
various forms of local cooperation are managed thoughtfully (Munitlak, 2020). Con-
cepts such as sustainability, waste management, civic movements, and innovation
represent shared goals that are addressed differently in each city, depending on the
challenges it faces (Munitlak Ivanovi¢, Spoljari¢, 2025).

A smart city assumes the use of smart technologies for data exchange, including
-Internet of intelligent devices (internet of things-IOT) and information and commu-
nication technologies (ICT) in order to increase energy efficiency, reduce GHG and
improve the quality of life of smart city residents (De Guimaraes et al. 2020).

2. METHODS

This work predominantly uses the “desk research” method, collecting and analy-
zing available theoretical works and books of eminent authors, as well as very fresh
numerical data from the field published in the annual reports of international organi-
zations. Some numerical data collected from annual reports are combined in Table 1
and enabled a temporal comparative analysis for the selected period 2019-2025. year.
The paper also used a schematic representation of the theoretical synthesis (Scheme
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1 and Figure 1). The above implies that the authors of the paper used the desk rese-
arch method, the comparative method of time series data, as well as the methods of
analysis and synthesis.

3. DISCUSSION

The concept of a smart city is intended for residents, whose number in cities is
constantly growing, to live easier and better, and for digital technologies to be incor-
porated into city services, which would improve the quality of life of city residents.
With the implementation of the concept of sustainable development, smart cities
should shorten the time spent on performing daily activities, so that the excess time
created in this way can be used better and smarter (Stojkov Pavlovi¢, 2023).

Pereira indicates that a smart city aligns physical, social, business and informati-
on communication infrastructure to raise the “intelligence of the city” (Pereira et al.,
2018). Mahmood points out that a smart city is an advanced modern city that uses ICT
and other technologies to improve the quality of life, competitiveness, operational
efficiency of urban services, while ensuring the availability of resources for current
and future generations in terms of sustainable social life, taking into account econo-
mic and environmental aspects (Mahmood et al., 2018). Zanella indicates the primary
goals of the original smart cities in terms of improving the quality of life of the inhabi-
tants of those cities by reducing the contradictions of demand and supply in different
functionalities (Zanella et al., 2014). In modern, smart cities, as Ejaz points out, the
requirements are particularly directed towards efficient and sustainable solutions in
energy management, transport, health care, management and the like, in order to
meet the needs for a quality life of the inhabitants of these cities (Ejaz et al., 2017).

The scheme also indicates the different components that can make up a smart
city. For some authors, these are: smart community, smart energy, smart transport
and smart health care are key components (Giffinger et al., 2007). However, in pra-
ctice, the components of a smart city vary from city to city depending on the area of
interest or the possibilities of the local community, that is, depending on the research
period (each subsequent year analyzes more and more indicators). For example, the
administration of a smart city can consider the inclusion of a disaster management
system in a smart community, while the administration of another city plans to in-
tegrate a waste management system, and others introduce smart lighting aimed at
energy sustainability and maximum capacity utilization (that is, switching from classic
to LED public lighting).
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Scheme 1: Six components of a smart city
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Source: https://www.researchgate.net/figure/Six-characteristics-of-smart-city-adopted-
from-Giffinger-et-a

3.1 The impact of digital technologies as a key condition for
the development of smart cities

The Internet of Things (IoT) and information communication technologies (ICT)
that are used in the implementation of the concept of a smart city are usually sensors,
devices that collect and analyze data and LED lighting in public lighting, that is, tech-
nology that is needed for data generation, data management and application hand-
ling. Based on the data collected by the devices, an analysis is carried out in order to
adapt the current situation to the needs of the city, i.e. the needs of the residents, in
the domain of infrastructure, communal services, parking services and the like. In this
way, the life of citizens becomes easier, more organized, simpler, more flexible, safer
and cheaper (Munitlak Ivanovi¢, Spoljari¢, 2025).

It could be said that a smart city is an application of the Internet of Things and
therefore has the basic operating mechanisms from IoT. In general, the application
of loT (Internet of Things) leads to the basic components for the realization of smart
cities, i.e. data generation, data management and application handling. Technological
advances in global ubiquitous computing (UC), wireless sensor networks (VSN), and
machine-to-machine (M2M) communication have significantly and positively impa-
cted the Internet of Things (Degushi, 2020). The principle on which the Internet of
Things works is based on enabling UC to use recognizable smart devices, where the
role of human interaction is minimized (Adel, Alani, 2024). Based on all of the above,
the conclusion is that the essence of the concept and organization of a smart city
lies in extremely developed information and communication technologies and the
networks that connect them. It is essentially about society 5.0 (Deguchi, 2020).
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The IT society (Society 4.0) has imperceptibly moved to Society 5.0 and Industry
5.0. In Society 4.0, the primary drivers of development were information and com-
munication technologies that contributed to the rapid development of automatic
machines, robots and artificial intelligence (Al). The coexistence of Industry 5.0 and
Society 5.0 implies the use of artificial intelligence in all dimensions of life (Munitlak
Ivanovi¢, Spoljari¢, 2025). Comfort, high-quality life and vitality are three important
features that characterize Society 5.0. The unity of cyber and physical space, the ba-
lance of economic growth and the solution of social problems, freedom from unne-
cessary activities and the efficient use of such freed excess time (regardless of the age
of society members) are the characteristics of a smart city and Society 5.0 (Mishra,
Singh, 2023).

The idea of creating smart cities is not exactly new. It is found in the works of
Broadus (Broadus, 1987) as early as 1987. It was further elaborated more than two de-
cades ago in the work of authors Hood and Wilson (Hood, Wilson, 2001). These ideas
have their starting point in the creation and creation of mutual relations between hu-
man capital, social capital and the infrastructure of information and communication
technologies (ICT), with the aim of creating more intensive and sustainable economic
development and a better quality of life (Ramaprasad et al., 2017).

The concept of a smart city is subject to change, following the development and
improvement of technologies, mainly information and communication technologies.
People take advantage of the convergence of these technologies to improve the qu-
ality of their lives (Vuji¢ et al., 2024). This advancement in the field of high technology
has brought about a change in the term of what is known as a ‘city’ to the term ‘smart
city’

3.2. Smart Cities Index (SCI) - a way of measuring the intensity
of “smartness” of cities

Smart cities can be classified according to different indicators, depending on
which characteristics are measured and observed. Depending on the selected and
implemented indicator, the obtained result also depends, but it has certainly been
observed that the degree of “smartness” of cities affects its competitiveness (Azeve-
do et al., 2018). This encourages the effort for as many cities as possible to strive for
greater sustainability and in this way for more cities to meet the concept of a smart
city despite the growing environmental problems that accompany the exponential
growth of the city’s population. Indexes can measure citizens’ experience of the quali-
ty of life in the city they live in, thanks to the data that the observed city has, from the
data provided by the Human Development Index (HDI). The subject of measurement
can be various data, depending on the index used for measurement, for example: life
expectancy, expected years of schooling, average years needed to complete educati-
on, income per capita of the city and the like.

The most commonly used index of smart cities is the one created by IMD, the
World Competitiveness Center, based in Singapore. This index measures the balanced
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relationship between economic and technological aspects of smart cities on the one
hand, and elements of humanity on the other (quality of life in the city, inclusivene-
ss, environment) (World Competitiveness Yearbook). The creators of the index have
published a report on the competitiveness of countries and cities every year since
1989, measuring the performance of 69 economies based on more than 330 criteria
that measure different elements of competitiveness. The index, created by the IMD
company, includes 15 indicators on the basis of which the ranking is made: 1. affor-
dable housing, 2. traffic congestion and road congestion, 3. corruption vs. business
transparency, 4. health services, 5. job satisfaction, 6. air pollution, 7. unemployment,
8. public transport coverage, 9. school education (preschool education, primary and
secondary education), 10. safety, 11. sanitary conditions (water and waste), 12. recyc-
ling, 13. coverage of green areas, 14. engagement of citizens in the civil sector, 15. so-
cial mobility and inclusiveness. It is important to note that the ordinal numbers listed
above, from 1 to 15, do not show the degree of importance of the observed indicator.
From a list of 15 indicators, respondents choose 5 that they consider to be the most
urgent to solve in their city. The total length of each “bar” in Figure 1 indicates the
percentage of respondents who included a given area as one of their 5 choices. The
higher the percentage that refers to one of the 15 offered areas, the more significant
that indicator is for a specific city.

Figure 1 is an example of how the measurement of the 15 indicators looks in its fi-
nal form. This procedure is repeated for each city separately. Once the results for each
city are obtained, a comparison is made and finally the cities are ranked, as shown in
Table 1.

Figure 1: An example of the selection of priority indicators shown as the percentage of
respondents who chose their 5 priority areas

9% of respondents who chese the Priority Area

PRIORITY AREAS 0% 20% 40% 60% a0% 100% |

sfferdable housing R 75 5%
From a list of 15 securrty R < 5%

health services NN :c 5%
puslic transport - [ :0.2%

indicators, survey

respondents were asked road congestion N 32 %
to select 5 that they basic amenities (water, waste) [ NN :2 2%
perceived as the most Green spaces N 2: 4%

air poliution [ N :: o
urgent for their city. The school education MM 73 0%
higher the percentage of unemployment [ 2:6%

citizen engagement [ NN 20 4%
social mobility / inclusiveness [ 17 2%
greater the priority for the recycling I 15.0%
city. fulfiling employment [N 13.2%
corruption / transparency [N 10.2%

responses per area, the

Source: IMD Smart City Report 2025, p. 14

As mentioned, after collecting data for each city, indices for each city are obta-
ined. The results of the ranking of cities can be presented in tabular form and it is
possible to easily compare them in the observed time.
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Table 1: Ranking of cities according to the value of the Smart Cities Index (SCl) in the
period 2019-2025. year

Rang u Rang u Rang u Rang u Rangu | Rangu
Grad 2025. 2024. 2023. 2021. 2020. | 2019.

godini godini godini godini godini | godini
Cirih 1 1 1 1 1 1
Oslo 2 2 2 2 2 2
Kanbera 8 3 3 - - -
Kopenhagen 7 6 4 5 3 4
Lozana 10 7 5 4 - -
London 6 8 6 3 10 3
Singapur 9 5 7 7 7 10
Helsinki 11 9 8 9 5 6
Zeneva 3 4 9 6 8
Stokholm 18 11 10 11 9 6
Hamburg 20 14 11 8 6 -
Peking 14 13 12 17 22 30
Abu Dabi 5 10 13 12 14 16
Prag 12 15 14 10 4 8
Amsterdam 17 18 15 13 11 11
Seul 13 17 16 18 20 23
Dubai 4 12 17 14 19 23
Sidnej 32 22 18 29 32 22
Hong Kong 19 20 19 33 34 38
Minhen 24 21 20 34 35 40
Tai Pei 23 16 26 - - -
Sangaj 15 17 25 - - -
Ljubljana 16 32 - - - -

According to: IM

Index 2023.

D Smart City Report 2025; IMD Smart C

ity Index 2024; IMD Smart City

Note: The ranking of the first 5 cities in 2022 are: 1. Zurich; 2. Oslo; 3. Canberra; 4. Geneva
and 5. Singapore. For unknown reasons, the authors of this paper could not find ranking
data for the remaining 15 smart cities, although they subscribed to the channel https://

smartcitiesindex.org/smartcitiesindexreport2022.
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4. RESULTS AND DISCUSSION

Table 1 shows that two cities, Zurich and Oslo, are in the first and second places
in the observed period from 2019 to 2025. The cities of Canberra, Copenhagen, Lau-
sanne, London, Singapore and Geneva are always in the first 10 cities in the obser-
ved period. The cities of Beijing, Abu Dhabi and Hong Kong have the most significant
positive jump from 2019 (Beijing 30; Abu Dhabi 16; Hong Kong 38) to 2025 (Beijing
14; Abu Dhabi 5; Hong Kong 19). The cities of Shanghai and Ljubljana, which were
not in the top 20 smart cities in 2019, were ranked in the top 20 cities in just 6 years
(Shanghai 15 and Ljubljana 16). It is similar in the city of Tai Pei, which was not in the
top 20 cities in 2019, only to find itself in a high 23rd place this year. However, this is a
worse ranking than last year in 2024, when Tai Pei was ranked 16th, that is, in the top
20 smart cities.

5. CONCLUSION

The concept of a smart city, which appeared in the first papers as early as 1987,
points to the conclusion that it appeared as a response to the challenges of sustaina-
ble development that appeared through the UN strategy of the Sustainable Develop-
ment Goals (SDG). Smart city as a concept is conceived primarily as an loT application
domain. For its realization, intensive use of information and communication techno-
logies (ICT) is necessary in the various services that this urban form of housing should
provide. Most often, it is about sensors, devices that collect and analyze data, LED
lighting in public lighting, that is, the technology required for data generation, data
management and application handling. On the basis of the information collected in
this way, further analysis is carried out, in order to adapt the situation as much as
possible to the residents of the smart city. Most often, it is about improving infrastru-
cture, communal services, parking services and the like, with the aim of making life
in the city easier, more organized, simpler, more flexible, safer and cheaper. All of the
above has another important goal, to make life easier for all age groups so that they
have more free time.

This paper has presented some of the characteristics and different approaches to
the concept of a smart city in terms of definitions, standards and implications.

Through the identified indicators that make up the Smart Cities Index (SCl), deve-
loped by the institution IMD World Center for Competition, the synthesized results for
more than 20 smart cities in the defined period (2019-2025) are presented. In order
to measure the success of the implementation of a smart city, it was necessary to de-
velop loT (Internet of Things) and ICT (information and communication technologies)
and make them widely available, but also financially not overly burdensome. The ba-
sic imperative is to make urban environments smarter in the sense that they create a
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more sustainable, pleasant, greener and generally more beautiful place for their resi-
dents to live in for all age groups.

The concept of a smart and sustainable city is still in development. Especially du-
ring the pandemic, numerous weaknesses were shown when many of the listed cities
were epicenters of the infection, which completely exposed their unwillingness to
deal with such and similar calamities. The above sufficiently indicated “how far cities
and human settlements are from being safe, resilient and sustainable” (Vuji¢, 2022).

There are only two cities (Zurich and Oslo) that have consistently reached first
and second place when looking at the implemented smart work indicators over a lon-
ger period (from 2019-2025). They are followed by Canberra, Copenhagen, Lausanne,
London, Singapore and Geneva, which are always in the top 10 cities in the observed
period.
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