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Smart Sustainable Cities: Smart Approaches and Analysis:

Nowadays, more than 700 smart city projects are developing worldwide. Smart-green integration in ur-
ban regions stimulates the development and implementation of the smart sustainable city (SSC) concept.
The present research aims to analyse and classify modern approaches to this concept, as well as to identify
which one is the most promising. Both rejecting and affirmative approaches to the topic of SSC were taken
into account. We conceptually investigated and systematised modern affirmative approaches — technocen-
tric, socio-economic, green economic and human-oriented ones. The analysed data on the smart sustainable
city concept includes scientific works published and indexed in the international citation databases (Scopus
and Web of Science), reports of the Organization for Economic Co-operation and Development, the United
Nations General Assembly, the International Energy Agency, as well as the authors’ survey results from pre-
vious research. The paper highlights the current trend of the dominance of sustainable and human-oriented
approaches in the smart sustainable city concepts and the growing importance of smart urban communi-
ties. The examination of the EU case study demonstrated the important role of sustainable development and
wastewater treatment in evaluating and ranking smart sustainable. The obtained results demonstrate that
75 % of SSCs from the Lisbon ranking stated waste treatment as their priority. Only 7 of 28 (25 %) chosen
cities did not achieve great results in this area. This fact proves the priority of waste treatment in the devel-
opment of the smart sustainable city concept. The findings confirm that the research results could be imple-
mented in smart sustainable cities around the world.

Keywords: smart city, sustainable city, smart sustainable city, sustainable development, techno-centric approach,
socio-economic approach, sustainable approach, human-oriented approach, urban environment, urban communities,
agglomeration, municipal economy, territorial development, regional economy
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CoBpeMeHHbIE ITOAXOABI K aHAIN3y YCTONUYNBOCTU «YMHBIX» TOPOAOB

BHacmostyee 8pems 86 mupe Hacuumstdaemcs 6osee 700 npoekmos yMHbLX 20p0008. iHmezpayus «yMHbLX»
U «3eJIeHblx» UHUYUAmue crmumyaupyem pasgumue u HedpeHue KOHYenyuu «yMHo20 yCmotiuueozo 20poda»
(Smart Sustainable City). Llesib Hacmosujezo uccned08aHust — aHaau3 u Kaaccuguxayus pasiuitsix n00xo0os
K OaHHOU KOHUenyuu, a makxe 8ovisigjleHue Haubosiee nepcnekmugHozo u3 Hux. Beuiu KoHyenmyanbHo
cucmemamu3uposansl  cnedywoujue — Co8pemMeHHvle  No3umueHsle  Nnooxodvl:  MeXHOYyeHmpuueckui,
COYUANBHO-IKOHOMUUECKUTI, IKOJI02UUeCKULl U OpueHmuposamHslli Ha uenosexa. HccnedosaHue 0CHOBAHO
Ha amanuse HAyuHslX pabom, NOCBAUIEHHbIX «YMHbIM YCMOLUUBLIM 20p00amM» U NPOUHOEKCUPOBAHHBIX
8 MeXOYyHapoOHbIX HayKoMempuueckux 6asax oaHHsix (Scopus u Web of Science), omuemos OpeaHusayuu
JKOHOMUUECK020 compydHuuecmeéa u passumus, IeHepanvHoii Accambneu OOH, MexdyHapooHo2z0
JHepzemuuecK0z0 dzeHmcmaea, a makxe Ha 0ojiee paHHux pabomax asmopos. B cmamoe noduepkusaemcs
meHOeHYUs. npeobaadanus ycmotiuugsiX U OpuUeHmupo8aHHslX Ha Ues08eka n00xX0008 8 KOHUEeNUUAX YMHbIX
ycmotiuugsix 20p0dos, a makxe pacmyuwee 3HayeHue 20podckux coobujecms. Ha npumepe Eepocoiosa
NnpodemMoOHCMPUPOBAHA BAHCHOCb YCMOUULUB020 pa3sumusl 20p0008 U OUUCMKU CMOUHBLX 800: UCCedo8aHue
nokasano,umo 011 75 % 20p0008, 8kntoueHHwix 8 JIuccaboHckuli petimuHe, npuopumemHoti 3adaueii seisemcs
nepepabomxka omxodos. Tonweko 7 u3 28 (25 %) uccnedosarHwlx 20p0008 He docmu2iu 8bICOKUX Pe3ybmamos
8 amoli o6nacmu. Mcxods u3 nodo6HOU cmamucmuku, MOXHO ymeepu0ams, Umo ynpasjieHue omxooamu
uepaem 3HAYUMENbHYIO POJib 8 pa3sumuu KOHUeNyuu <«yMHO20 YCmoliuugozo zopoda». Pe3ynbmamot
uccnedosaHus caudemesbCmayrm 0 603MOXHOCMU NPUMEHEHUS. ONUCAHHBIX MEMOOUK 8 YMHBIX YCMOTIUUBLIX
20podax no ecemy mMupy.

KnroueBble cmoBa: yMHbBINI TOpPOJ, YCTOWYMBBIN TOPOJ], YMHBIN YCTOWYMUBBINA TOPOJ, YCTOWYMBOE PasBUTHE,
TE€XHOLEHTPUYECKMIL IIOJXOJ, COLMA/IbHO-9KOHOMMYECKMI IIOAXOJ], YCTOMYMBBINA IIOAXOM, OPUEHTUPOBAHHBIN
Ha Ye/loBeKa IOfIXOf, TOPOACKas Cpefia, TOPOAICKME COOOIeCTBa, arnmoMepanyis, MYHMIUIIAIbHASA SKOHOMMUKA,
TEPPUTOPUATIBHOE PA3BUTHE, PETMIOHA/IbHAA SKOHOMMKA

BinaromapHocTh

Cmambs nodzomosnena 6 pamkax uccnedosamenvckozo npoexma 2021 2. «Bausnue nandemuy COVID-19 na passumue
MUP06OTL YUPPOBOTL IKOHOMUKL 6 CezMmeHe 60300HOBNTEMbLX UCOUHUKO06 dHepeuu» Daxynvmema Muposoti IKoHOMUKY U
Muposoii Ilonumuxu HIY BIIIO.

[na umtuposanus: Bykoeud H. A., JlapnmoHoBa B. A., Moprantu . CoBpeMeHHble MOAXOAbl K aHaNN3y YCTONUYMBOCTU KYMHbBIX»

ropofoB. JKkoHOMMKa pernoHa. 2021. T. 17, Bbin. 3. C. 1004-1013. https://doi.org/10.17059/ekon.reg.2021-3-20.

Introduction The concept of smart city is still developing.

In the 20th century, concepts of Industry 4.0
and Society 5.0, together with the global trend
of growth of urban population, initiated the de-
velopment of the smart city. Currently, accord-
ing to the results presented at the Smart City Expo
Barcelona, 2019, there are more than 700 smart
city projects in the world.

' See: https://smartcities-infosystem.eu/newsroom/events/

smart-city-expo-world-congress-2019  (date  of  access:
20.07.2021).

For example, in 2006, only 13 publications on
smart cities were indexed in Web of Science (WOS)
and 33 in Scopus [1]. Publications on sustaina-
ble cities were much more popular: in the same
year, Web of Science referenced 290 works, while
Scopus indexed 333 [1]. Simultaneously, the trend
of smart-green integration stimulates coopera-
tion between these concepts. Scientists continue
to develop the smart sustainable city concept
globally and the number of scientific publications
in this field is growing every year. Therefore, the
main purpose of the article is to investigate and
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Table 1

Directions of smart city development with a positive influence on sustainable cities

Directions of smart city development [4]
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Target 11.1: Safe and afforda-
ble housing

Target 11.2: Affordable and
sustainable transport systems

Target 11.3: Inclusive and sus-
tainable urbanisation

Target 11.4: Protect the
world’s cultural and natural
heritage

Target 11.5: Reduce the ad-
verse effects of natural
disasters

Target 11.6: Reduce the envi-
ronmental impacts of cities

Target 11.7: Provide access to
safe and inclusive green and
public spaces

Source: SDG Tracker. Retrieved from: https://sdg-tracker.org/cities (date of access: 20.07.2021).

analyse modern approaches to the smart sustain-
able city concept.

One of the first significant studies on smart
sustainable cities was published by Hammer with
the support of the OECD Regional Development in
2011; it was named “Cities and Green Growth: A
Conceptual Framework” [2].

The first international scientific confer-
ence on smart and green urban technologies,
SMARTGREENS?, the International Conference on
Smart Cities and Green ICT Systems, was held in
2012. Its main aim was to unite researchers, de-
signers, developers, and specialists interested in
the advances and applications in the field of Smart
Cities, Green Information and Communication
Technologies, Sustainability. Additionally, one
of the Conference Areas, “Energy-aware systems
and technologies” focused on renewable energy
sources and urban waste resources.

During its evolution, the smart city concept
has been understood and analysed differently, de-
pending on approaches and researchers. For ex-
ample, Baraniewicz-Kotasinska distinguished
three affirmative approaches to understanding
the smart city: technocentric, socio-economic and
people-oriented [3].

! See: http://www.smartgreens.org/ (date of access: 20.07.2021).
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Popov and Semyachkov analysed the existing
systematised approaches to assessing the devel-
opment of smart cities and the main levels of de-
velopment of smart cities [4].

The group of researchers, Boykova, Ilina and
Salazkin [5], investigated the smart city approach
as a response to emerging challenges for urban de-
velopment. In general, many studies on this topic
noted the important role of urban human capital
development and smart local communities.

The density of population and global ecological
challenges stimulate the implementation of sus-
tainable development principles in modern cities,
which is also true for smart city projects. One of
17 sustainable development goals (SDGs), SDG 11,
is named “Sustainable cities and communities”.
Some smart city projects have started the process
of smart-green integration, because these 2 con-
cepts are mutually reinforcing; in many practi-
cal cases, the digital infrastructure of a smart city
helps achieve all the targets set out in SDG 11.

Table 1 demonstrates the main directions of
smart city development [6] and their positive in-
fluence on sustainable cities. Almost all presented
directions of smart city development — smart
buildings, smart energy and smart grid, smart
supply system, education, medical and social care,
smart utilities, and a smart and integrated trans-

www.economyofregion.com
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Table 2
Statistics of publications in Scopus: Appearance in the title of publications, 2016-2019

e Term Number of publications by year

2016 2017 2018 2019 2020
1 Smart City (SC) 897 1218 1655 2021 1907
2 Sustainable City 208 299 325 444 436
3 Smart Sustainable City (SSC) 29 59 86 109 129
4 Ratio SSC/SC 3,2% 4,8% 5,2% 5,4% 6,8%

Source: www.scopus.com.

port system — have a positive impact on achiev-
ing the 7 main targets of SDG 11 “Sustainable cit-
ies and communities”!.

The concept of a smart sustainable city (SSC)
combines elements from the smart city (SC) and
the sustainable city (SuC) concepts. These con-
cepts started to develop at the same time in 1990s.
The principle of using the terms “smart” and “sus-
tainable” in SSC is conditioned by the share of el-
ements in this concept, and the smart city concept
is dominant and determines its basis, ICT solu-
tions. Statistics from the international scientific
base Scopus demonstrate the same situation.

Table 2 shows a positive dynamic of the re-
search numbers in the field of smart city, sustain-
able city, and smart sustainable city. The share of
SSC publications with SC (Ratio SSC/SC) was very
low (only 3 % in 2016), but it has doubled in size in
the last 5 years, going from 3.2 % up to 6.8 %, even
though smart sustainable city (SSC) is a relatively
new term that became widespread in the 2010s.
The growing number of publications on SSC con-
firms the increasing role of smart-green integra-
tion in the development of the smart city concept.

The aforementioned analyses results (Table
1 and Table 2) indicate that the SSC concept is
connected to technological, environmental, eco-
nomic, and social aspects.

In one of the recent scientific studies on SSC,
Yigitcanlar et al. noted that “the findings provide
evidence that the current smart city practice fails
to incorporate an overarching sustainability goal
that is progressive and genuine. This, then, high-
lights the need for a post-anthropocentric ap-
proach in practice and policymaking for the devel-
opment of truly smart and sustainable cities” [7].

Leading researchers in the field of SSC Bibri
and Krogstie [8, 9], who published a variety of ar-
ticles on the topic, confirm that the SSC concept is
in its infancy; many of its details should be inves-
tigated and designed. As a solution, they promoted
an integrated approach: “...we conclude that the

! United Nations. (2017). Resolution adopted by the General
Assembly on 6 July 2017, Work of the Statistical Commission
pertaining to the 2030 Agenda for Sustainable Development (A/
RES/71/313).

applied theoretical inquiry into smart sustainable
cities of the future is deemed of high pertinence
and importance, given that the research in the
field is still in its early stages, and that the subject
matter draws upon contemporary and influential
theories with practical application... the proposed
integrated approach is believed to be the first of its
kind and has not been, to the best of one’s knowl-
edge, produced elsewhere” [8].

Haarstad points out the important and signifi-
cant role of sustainability in the “smart city” dis-
course, and their correlation with each other [10].

The importance of the topic of SSC may be
confirmed by the fact that the United Nations
(UN) supported an initiative project, ITU-T. It
is the platform for the Internet of Things (IoT)
and smart sustainable cities stakeholders. The
main IoT function is to exchange knowledge
and identify policy and standard needs. “United
for Smart Sustainable Cities” (U4SSC) is the
UN initiative coordinated by the International
Telecommunication Union (ITU), United Nations
Economic Commission for Europe (UNECE) and
UN-Habitat, and supported by other 14 UN agen-
cies to achieve Sustainable Development Goal 11:
«Make cities and human settlements inclusive,
safe, resilient and sustainable»2.

The U4SSC Implementation Programme
(U4SSC-1P) supports the implementation of pro-
jects and builds partnerships, which aim to create
smarter and more sustainable cities worldwide.

Thus, both researchers and leading world com-
munities recognise the smart sustainable city con-
cept as a new and important scientific direction,
which requires investigation, systematisation, and
design for a global sustainable future.

Methods and Theory

To assess the development of knowledge and
research on smart sustainable cities, scientific
analysis of published papers, indexed in Scopus
and WoS was used. This article aims to find, ana-
lyse, and systemise the theoretical knowledge on

% See: https://www.itu.int/en/ITU-T/climatechange/resources/
Pages/Smart-sustainable-cities.aspx (date of access: 20.07.2021).

DKOHOMMKa pervoHa, T.17, Bbin. 3 (2021)
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Table 3

Approaches to the smart sustainable city (SSC) concept

Ne | Affirmative SSC Approaches

Key factor of the SSC development

Leading authors

1 | Technocentric approach development

ICT solutions for sustainable

Aina [13], Darmawan et al. [14]

2 | Socio-economic approach

Smart & green entrepreneurship

Viitanen and Kingston [15]

Green economy
3 | (Eco-socio-economic)
approach

New smart & green industries

Akande et al. [16]

Human (People)-oriented
approach

New smart & green
Communities

Bouzguenda, Alalouch and Fava [17],
Bednarska-Olejniczak, Olejniczak and
Svobodova [18], Ivaldi et al. [19], Kuzior and
Kuzior [20]

Source: Authors’ elaboration.

the SSC concept and propose a classification of the
existing approaches.

While conducting a critical analysis of the rel-
evant literature, Scopus collections were searched
using the terms “smart city”, “sustainable city”
and “smart sustainable city”; therefore, they had
to be included in the in-depth analysis of the sci-
entific landscape of SSC.

The sources for the analysis were selected ac-
cording to the following criteria: relevance to
topic, impact factor of the journal, number of arti-
cle citations, and the publishing date (starting in
2017).

The quantitative, factor, and quality analysis of
statistics were used in the research. The examined
sources include reports of the Organization for
Economic Co-operation and Development (OECD),
the UN General Assembly, Eurostat, International
Energy Agency, as well as the authors’ survey re-
sults from 2019, conducted in Moscow, Saint
Petersburg and Ekaterinburg in the case study
analysis of the development of smart and green
city concept in Russia.

Hypotheses

Hypothesis 1. The most promising approach to
understanding the concept of smart sustainable
city is based on human-oriented principles.

Hypothesis 2. Waste management is a key-el-
ement of the development of smart sustainable
cities.

Analysis

There are various scientific approaches to the
smart sustainable city concept due to its novelty.
Bibri and Krogstie [8, 9, 11, 12] in their studies
pointed out that “...essentially, there are multiple
visions of, and pathways to achieving, smart sus-
tainable cities based on how they can be concep-
tualised” [12].

Ekonomika Regiona [Economy of Region], 17(3), 2021

Different authors involved in the analysis of
SSC take into account both rejecting and affirma-
tive approaches to the topic. They investigated and
defined such main modern affirmative approaches
as technocentric, socio-economic, eco-socio-eco-
nomic (sustainable), and human-oriented ap-
proaches presented in Table 3.

All approaches to the SSC concept have their
supporters. We can see from the systematisation
results presented in Table 3 that the most popu-
lar approach is based on people-oriented princi-
ples (the human-oriented approach) [17-19].

This approach draws on the idea that smart
citizens and their communities are the main driv-
ers of urban and smart sustainable development.
International practice provides a lot of evidence
for proving this: a smart society can deeply and
positively change the model of city development,
like in Helsinki, Copenhagen, Tallinn and many
other big and small cities in the world.

The dynamics of SSC scientific approaches
presented in Figure 1 demonstrate a growth from
ICT solutions to the principles of sustainable
development.

Nowadays, there exist 2 main approaches to
SSC, based on the green economy and human-ori-
ented principles. Such approaches are character-
ised by the presence of common social aspects
connected with urban communities; thus, in our
opinion, in the future they will develop in tandem.

The driving function of urban societies in the
development of smart sustainable cities is con-
firmed by the results of the survey, which we con-
ducted in Russia in 2019 (Table 4). More than 496
city residents of 3 top cities by population, partic-
ipated in the conducted survey (Table 4).

The surveyed citizens chose local social com-
munities as the second main driver for the devel-
opment of green and smart cities, the main driver
being financial resources. Table 5 shows that 42 %
of participants in Ekaterinburg, 39 % in Moscow

www.economyofregion.com
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Table 4
“SSC in Russia-2019” survey characteristics
Citi
Characteristics - 1es -
Moscow Saint-Petersburg Ekaterinburg
Population 2019 12615882 5383968 1493749
Survey participants 266 107 123
Source: Authors’ elaboration.

Table 5

Survey “SSC in Russia-2019” results from the question “What is the main source for the development of green and

smart cities?”

Cities
Ne Survey Questions
vey Q Moscow Saint Petersburg Ekaterinburg
1 |Financial resource 42.4 % 50.0 % 41.1 %
Local social communities 39.0 % 28.3 % 42.3 %
3 | Local business community 9.3 % 7.5% 15.3 %
Source: Authors’ elaboration.
Table 6
Survey “SSC in Russia-2019” results from the question “What do you think is the most important in smart city
solutions?”
Targets of SDG Cities
Ne Survey Questions
vey Q 11 Moscow Saint Petersburg | Ekaterinburg
1 |Smart Waste Management Target 11.6 39.40 % 37.40 % 35.10 %
) Green urban infrastructure (parks, Target 11.7 24.50 % 28.00 % 37.30 %
gardens and green courtyards)
3 | Comfortable and environmentally Target 11.2 21.30 % 27.10 % 31.50 %
friendly public transport
4 |Affordable and comfortable Target 11.3 14.90 % 7.50 % 21%
electronic municipal services

Source: Authors’ elaboration.

and 28 % in Saint-Petersburg selected “Local so-
cial communities” as the driver for the develop-
ment of green and smart cities.

The second significant question of the SSC
survey was related to the most important solu-
tions in smart cities. Table 6 presents the answers
from residents of Moscow, Saint Petersburg, and
Ekaterinburg; it is evident that smart waste man-

agement is the highest priority in people’s opin-
ion: it was chosen by 39 % of respondents in
Moscow , 37 % in Saint Petersburg and 35 % in
Ekaterinburg.

According to citizens opinion, green zones
(Target 11.7, SDG 11) and smart transport (Target
11.2, SDG 11) were also high on the list of prior-
ities. This case confirms the high importance of

Technocentric approach

Socio-economic approach

Human-oriented
approach

Green economy
approach

Fig. 1. Development of approaches to smart sustainable city (SSC)

DKOHOMMKa pervoHa, T.17, Bbin. 3 (2021)



1010 WMHHOBALLMOHHbIV MOTEHLWAN PETUOHA

100

80

60

40

20

1990 2000

Geothermal, solar, wind, tidal

2010 2018

Fig. 2. OECD renewable primary energy supply by-product, 1990-2019
Source: International Energy Agency. Retrieved from: https://www.iea.org/ (date of access: 20.07.2021) (IEA Report. OECD renewa-
ble primary energy supply by product, 1990-2019. Retrieved from: https.//www.iea.org/data-and-statistics/charts/oecd-renewa-
ble-primary-energy-supply-by-product-1990-2019 (date of access: 20.07.2021))
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Fig. 3. Recycling rate of municipal waste, EU-27, 2000-2018(% of total waste generated)
Source: Eurostat (online data code: sdg_11_60) (Eurostat. (2020). Sustainable development in the European Union: Monitoring re-
port on progress towards the SDGS in an EU context. Publications Office of the European Union. Retrieved from: https://ec.europa.
eu/eurostat/documents/4031688/11010788/KS-01-20-192-EN-N.pdf/ae63aff0-a6f3-1d47-da83-c6886b9daaab (date of access:
20.07.2021)) [22]

green and smart waste management. Global is-
sue of quickly growing urban population and the
subsequent problem of waste recycling and energy
supply were replaced by waste management at the
top in the concept of smart sustainable city.
Figure 2 shows OECD renewable primary en-
ergy supply by-product during 1990-2019, as well
as the growing share of renewable municipal waste.
The most successful global case in recycling of
municipal waste was noted in the European Union
(EU). Figure 3 shows a dynamic recycling rate of
municipal waste in the EU-27 during 2000-2018:

Ekonomika Regiona [Economy of Region], 17(3), 2021

the EU recycled more than 47 % of urban waste;
the Union’s goal for 2030 is 60 % of total waste
generated (a very high rate).

The EU presented an interesting case of ranking
smart sustainable cities. The study found common
features in the green economy and human-ori-
ented affirmative approaches for ranking the EU
smart sustainable cities. This methodology, called
the Lisbon ranking, was implemented to assess 28
smart sustainable cities in Europe [16].

“The methodology of Lisbon ranking is not
complicated for application and gives more oppor-

www.economyofregion.com
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Table 7
The Lisbon ranking 2019 of smart sustainable cities in Europe
Rank City Top three indicators affecting ranking Waste m'ane.lgement
priority
1 |Berlin Bicycle network, Wastewater treatment, E-commerce +
2 |Stockholm | Wastewater treatment, Patent applications, E-commerce +
3 |Helsinki Wastewater treatment, Patent applications, Bicycle network +
4 |London Wastewater treatment, Bicycle network, E-commerce +
5 |Copenhagen |Wastewater treatment, E-commerce, Patent applications +
6 | Paris Wastewater treatment, Unemployment, GHG emissions +
7 | Amsterdam | Wastewater treatment, E-Commerce, Unemployment +
8 |Prague Wastewater treatment, E-Commerce, Gender inequality +
9 |Vienna Gender Inequality, Patent applications, E-Commerce -
10 |Dublin E-Commerce, Wastewater treatment, Unemployment +
11 |Tallinn Wastewater treatment, Gender Inequality, Unemployment +
12 |Brussels E-Commerce, Wastewater treatment, Patent application +
13 |Madrid Wastewater treatment, Protected terrestrial area, E-Commerce +
14 |Lisbon Wastewater treatment, Unemployment, E-Commerce +
15 |Luxembourg |Wastewater treatment, Protected terrestrial area, Unemployment +
16 | Valletta Wastewater treatment, PM10 concentration, E-commerce +
17 |Riga Wastewater treatment, Unemployment, Gender inequality +
18 | Budapest Wastewater treatment, Unemployment, Protected terrestrial area +
19 | Vilnius Unemployment, E-commerce, Gender inequality -
20 | Warsaw Wastewater treatment, PM10 concentration, Protected terrestrial area +
21 |Rome GHG emissions, Protected terrestrial area, PM10 concentration -
22 |Bratislava Protected terrestrial area, Gender inequality, E-commerce -
23 | Zagreb Protected terrestrial area, E-commerce, Unemployment -
24 |Ljubljana Protected terrestrial area, E-commerce, Wastewater treatment +
25 |Nicosia Protected terrestrial area, PM10 concentration, Unemployment -
26 | Athens Protected terrestrial area, Wastewater treatment, PM10 concentration +
27 |Bucharest PM10 concentration, Wastewater treatment, Protected terrestrial area +
28 |Sofia PM10 concentration, Protected terrestrial area, Unemployment -
Source: [16].

tunities than many other ranking systems, which
may be stronger by methodological part, but not
applicable in practice, because of a deficit of data
for analyses” [16].

For example, the “United for Smart Sustainable
Cities” (U4SSC)!' is a “UN initiative coordinated by
ITU, UNECE and UN-Habitat, and developed a set
of international key performance indicators (KPIs)
for Smart Sustainable Cities (SSC) to establish the
criteria to evaluate ICT’s contributions in making
cities smarter and more sustainable, and to pro-
vide cities with the means for self-assessments
in order to achieve the sustainable development
goals (SDGs)”7.

The two-pronged approach includes the fea-
ture selection to obtain a smaller number of vari-
ables to represent the larger group of 32 variables,
and then feature extraction to build a new set of

! See: https://www.itw.int/en/ITU-T/climatechange/resources/
Pages/Smart-sustainable-cities.aspx (date of access: 20.07.2021).

variables while reducing noise and redundancy in
the process. Globally, only 100 cities worldwide
are already implementing these KPIs (Moscow,
Valencia, etc.). Implementation of the smart city
technologies in environmental protection proves
its efficiency in the case studies in Russia and
Kazakhstan [21].

Many methodologies are still in the process
of development and improvement; smart sus-
tainable city roadmaps by Ibrahim, El-Zaart and
Adams [22]; indicators for assessing smart and
sustainable cities’ and communities’ performance
by Stratigea, Leka & Panagiotopoulou [23]; indi-
cators and assessment tools for smart sustaina-
ble cities by Garau and Pavan [24]; indicators and
standards of smart sustainable cities by Huovila,
Bosch and Airaksinen [25]. However, it is possible
to use inly some of them due to the limitations of
the urban data set.

The advantage of the Lisbon ranking 2019 is
its applicability. Results of the EU city ranking
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by smart sustainable city methodology are pre-
sented in Table 7. It can be concluded that 75 % of
SSCs from the Lisbon ranking stated waste treat-
ment as their priority. Only 7 of 28 (25 %) chosen
smart sustainable cities did not achieve great re-
sults in waste treatment. This fact proves the im-
portance of waste treatment in the development
of the smart sustainable city concept.

Results and Discussion

The research results of literature analyses
and the systematisation of modern approaches
to smart sustainable cities proves the hypothesis
that this is a promising concept of urban develop-
ment. The most prospective approaches are based
on the principles of smart-green integration.

Additionally, the analyses of scientific publi-
cations concerning the SSC clarified the common
features of many modern approaches. This can be
explained by the evidence that human resources
are the main asset of smart and sustainable cities

because people and communities are the main ur-
ban stakeholders, beneficiaries, and drivers of city
development.

The analysis of modern rankings of smart sus-
tainable cities indicates that green waste treat-
ment (management) is the key element in the de-
velopment of the top smart sustainable cities in
the EU, based on the Lisbon ranking of 2019. Thus,
this approach could be suitable for other coun-
tries due to the global challenge of urban waste
management.

The findings confirm that the research results
could be implemented around the world to design
smart sustainable cities and construct theoretical
approaches to understanding these concepts.

The Covid-19 pandemic of 2020 and 2021
proves the efficiency of the smart city concept, be-
cause such cities navigated the pandemic more ef-
fectively than others did. The smart city could be
efficiently used to develop urban health and sus-
tainable city concepts in the future.
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