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Abstract

While the Earth’s resources and capability are at its limits, while large part of the society
is suffering from hardship, the other part is responsible for overconsumption, enormous
waste generation. Pollution combined with self-centred human attitude led to the most
crucial situation in our century of crises, Climate Change. It is currently one of the most
urgent global problems, which are interconnected, complex and it has environmental,
economic, social, and technological perspectives. While cities represent most of the
population, the biggest greenhouse gas (GHGs) emitter, they use arable land for urban
purposes, and they are the centre of services and production. Accordingly, cities were
seen as excellent testing-grounds to put smart solutions in a new prospective and examine
whether they could be or has been adapted into sustainable climate change combat by
increasing the efficiency of mitigation and adaptation processes. For that reason, it will
be investigated whether the focus of smart (city) solutions is either primarily
environmental (smart-sustainable), or the focus is economic efficiency, but its use is more
complex, which enhance sustainability. Based on this aim, the dissertation uses inductive
approach, which is applied by using qualitative, explorative methodology such as semi-
structured interviews (N=17) with content analysis to define the city level efficiency of
the solutions, the driven factors within the decisions, and non-probability sampling
methods during the questionnaire (N=550) to specify smart ability to increase climate
awareness at the level of individuals. The research findings confirmed that, however the
economic efficiency still dominate the development decisions, the environmental aspect
is increasingly important mostly in the fields of mobility, energy usage and heating
through the more complex, sustainable, resilient applied approaches in the
implementation processes. In addition, there is a shrinking knowledge gap between the
‘investors’ (final users) and the providers of smart solutions, and the relevance of the
sensitization and education of the population has become more important. Finally,
through the survey, interviews and research, existing smart solutions have been collected

within the six sectors of smart city to contribute to the educational purposes.
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INTRODUCTION

The milieu of the research is set by the relationship of the Earth and Humanity, which has
a highly complex linkage with unpredictable outcome. The Earth’s resources and
capability are at its limits, while the Earth’s population is rapidly growing and exploiting
its benefits the most. The inequal distribution of resources (food, water, arable land,
capital, labour, etc.) and the different level of exposure to risks divide the globe. Still, it
can be stated that poverty, famine, inequality is some of the most significant problems
that the world leaders, international organisations have not been able to solve for
centuries. These unattended problems spilled over and intensified the risk of weak
institutions, non-inclusive educational systems, gender preference (one child policy in
China as an example). While some of the society are suffering from hardship, the other
part is responsible for overconsumption, enormous waste generation pollution. This
division is tangible in the available opportunities in the field of like economy, healthcare,
safety, and labour force. By considering these indicators, people can decide to migration
where they assume beneficial conditions. According to the driving circumstances this
migration can happen within the country (from rural to urban —urbanisation) or to another

country.

All elements of the human crisis have its ecological pair. The currently known ecosystem
is drastically changing by constantly losing its biodiversity, as a consequence of
deforestation (which means a permanent reduction of trees and/or a drastic shift in land
use mainly caused by agriculture purposes, anthropogenic forest fires, infrastructure
developments (Jayathilake, et al., 2021)) and land degradation (such as aridity, vegetation
decline, erosion, salinization, or organic carbon decline of the soil etc. (Pravalie, et al.,
2021)). Some species are infested, who have been more adaptable for the changes; some
are perished by losing their natural and safe habitat or by the enormous increase of their

natural enemies.

Beside the change in the composition of the flora and fauna, the anthropogenic use of the
non-renewable and renewable resources became unsustainable. The exploitation of the
oil (Petroleum, Orimulsion), natural gas, coal (collectively called fossil fuels) is
continuous, which puts the global energy supply, the national and international mobility

systems in considerable danger, and pollutes the air and water. The fourth element of the

13



non-renewable resources is the nuclear energy, which has been labelled as ’green energy’

in the EU since July 2022 by the European Parliament (European Parliament, 2022).

Although, this form of energy is a low-carbon energy source and cannot be excluded to

achieve the countries ambitious climate pledges, there is still significant disinclination

because of the safety and environmental risks of the technology and the hazardous waste

generation (Vossen, 2020). Using these non-renewable resources irresponsibly by the

society and the industry, their indirect consequences creating significant damages within

the ecosystem and the renewable resources, such as the intensive water use of industrial

production deepens global water stress, or the use of significant gases!' within products

contributes to ozone depletion.

1. Table Distinguish of Ecological and Human crises

Ecological crisis

Human crisis

e

e soil erosion,

e soil salinization

*  vegetation decline,

//Qé'é Biodiversity loss @%g% Overpopulation
Land degradation: % Poverty;
*  aridity,
Hunger

Health and wellbeing crisis

*  soil organic carbon decline 2R Inequality
Deforestation Educational gap

Exploitation of non-renewable resources

E—_)o
==

Gender inequality

Pollution of renewable natural resources

IRy 4

Water (supply) stress

Ozone layer depletion

&0

Economic gap and unemployment
9 N
@, Safety - migration
cﬁ Overconsumption;
I:AV:P High energy demand
tif] | Urbanisation

Source: own edition

! Chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), halons, carbon tetrachloride, methyl

chloroform and methyl bromide.
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How did these elements combine with human-centred attitude lead to the most crucial

situation, Climate Change, in our century of crises?

It could happen, through the complex interconnectedness of crises. Climate Change
became one of the most important global problems and could merit this position through
its complexity (interrelationship between ecological and human problems) and the
challenge that its unpredictability gives (Table 2.). Climate change appeared in the list of
“Top 5 Global Risks’ in 2011. Regarding likelihood, climate change was perceived as the
fifth most likely global risk, while it was perceived to pursue the second biggest negative
impact globally (WEF, 2018, p. 6). For 2020, in terms of likelihood, there were only
environmental risks in the ‘Top 5°: extreme weather, climate action failure, natural
disasters, biodiversity loss, and finally, human made environmental disasters (WEF,
2020). Although, if we investigate the other risks, which are stated as environmental risks
in these reports; we can determine that all have strong connection with climate change,
while they are scientifically declared as its direct consequences (European Commission,
2018), namely extreme weather events, such as storms and cyclones; major natural
catastrophes —disasters, such as flood, drought; biodiversity loss and ecosystem collapse;

water (supply) crises.

1. Figure: The Global Risks Interconnections Map 2020

Extreme weather ’

Climate action
7 failure

/4

Source: WEF,2020
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2. Table Connection between (Ecological — Human) crises and Climate Change

Ecological crisis Human crisis
o pah .
Qe i
—=> | Biodiversity loss gpong | Overpopulation

e aridity,

Land degradation: %

*  vegetation decline,

e soil erosion, @
=

yéw

e soil salinization

*  soil organic carbon decline =K

Deforestation Educational gap

0

o
Exploitation of non-renewable resources hJ [1[}

Pollution of renewable natural resources @

Jf B O3
\

Water (supply) stress @

gj Overconsumption;

Ozone layer depletion [47} High energy demand

G0,

i4f | Urbanisation

Climate Change (Complex, unpredictable; Interconnectedness)

*  Consequences (CQ)
* Direct CQ: extreme weather (storm), natural disasters (drought), ecosystem collapse, water
crisis.
_ water stress, food crises, regional conflicts, increasing social instability and large-scale
involuntary migration (S), governance failure, interstate conflict, state collapse (GP), unemployment,

fiscal crisis, deflation, energy price shock (E), breakdown of critical information infrastructure and

networks (T).

Source: own edition

In recent years, the knowledge about anthropogenic climate change has considerably
increased (Pachauri, et al., 2015), which can be confirmed by the worldwide increasing

number of publications, research programs, mitigation, and adaptations projects®>. How

2 In the case of the World Bank Group, in 2014, 224 climate projects with $ 11.9 billion dollars in 77
countries were supported (World Bank, 2018) and more than $ 63 billion dollars were spent on climate
related projects between 2011 and 2016 (World Bank, 2017). In 2019, World Bank provided more than
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the observation and intensity of climate change impacts have become steadily easier and
more notable, the concept of Climate Change and its on-going status became widely
accepted (Parry, et al., 2007). Despite the fact, there is still significant uncertainty in the
entire procession of the change (Latif, 2011), there are perceptible consequences and the
scientific evidence about the effects of climate change is increasing. Due to that, decision
makers in the international level, country leaders, politicians, and scientists in the national
level, became concerned in the changing climate. The global awareness has increased.
That fact put climate change in the position of the most significant topics, and it is
progressively more relevant issue on the field of global politics, economics, and

environment than ever.

Climate Change is currently one of the most urgent global problems, such as hunger,
poverty, overpopulation, loss of biodiversity and resources, and environmental pollution.
All these problems are interconnected and have economic, social, environmental, and
technological perspectives, and a combination of a top-down and bottom-up approach is
needed to tackle them. To do so, in 2015 Paris, 196 countries came together and set targets
(Nationally Determined Contribution - NDC) for cutting their greenhouse gas emissions
according to the Paris Agreement. These targets put a lot of pressure on the countries and
their cities and also their population. If countries committed to their pledges, the biggest
contributors by sector (energy), by main centre of emission (cities - through the position
of the world’s economic activity) (Ovington & Houpis, 2018) and while the world is
continuously urbanizing, the people should react simultaneously within the mitigation

Processces.

Cities represent once the majority of the population, while currently 55,71% (World
Bank, 2019) of the world population live in cities and for 2030, the urbanization rate will
surpass 60% (UN-Habitat, 2020, p. xvi) and the ratio of urban sprawl will increase
likewise. This tendency of expanding urban areas causing problem, namely, they are
using arable land for urban purposes by decreasing available land for food production or

natural GHGs capture, which increases global and even local vulnerability caused by

$6.9 billion through its fund, International Development Association (IDA), to more than 254 climate-
related projects. By 2020, World Bank Group made a commitment to increase the climate-related share of
its lending from 21% to 28%, as an effort to mainstream climate related point of view during all sorts of
development projects (World Bank, 2019b).
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climate change. Secondly, the greenhouse gas (GHGs) emission is the highest in cities,
through the enormous use of transportation, overconsumption of products and groceries,
the intensive waste generation, and the high energy consumption etc. Finally, cities are
the centre of services and production, which activity requires significant use of energy by

further increasing the required energy demand.

According to these factors, cities are the excellent testing-grounds (setting,
experimentation, development) (Childers, et al., 2014), (Freeman, 2017) for finding new
solutions to increase the efficiency of climate change mitigation and adaptation processes.
Smart (city) solutions are going to be analysed in a new point of view, in the light of
sustainable solutions for climate change. However, the theory of smart city has already
had its own (non-)scientific supporters and opponents, the idea of using this theory and
its solutions for principally to climate mitigation and adaptational purposes is original.
This modern point of view could be emerged by the improvements of the information and
communications technology (ICT), the collection and utilization of city data to inform
decision-makers, the monitoring local systems (emission reduction, quality of air, energy
use) and provided solutions for remote control over the local or household systems. These
symbiosis between ICT and urbanisation in the scope of sustainability (Townsend, 2013)

are expected to play a key role in achieving the climate related objectives of nations.

The discussion of the relationship between climate change, suitability, cities, and smart
solutions has been initiated a debate over terms, such as: climate smart city, resilient city,
low-carbon city, eco city, knowledge city, information city, etc. The two main concepts
became the ‘sustainable cities’ and ‘smart cities’, although all these terms assume that
there is a significant cooperation in economic, social, and environmental fields (de Jong,
et al.,, 2015). Finally, the emerging ‘smart sustainable city’ concept was formed and
adapted in 2014 by the UN, which term suggests that smart solution can be used in favour
of solving environmental challenges, meanwhile the dwellers well-being is increasing and

remaining efficient.
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The dissertation has three main reasons, which give relevance to its topic and represents

its different and new approach, which are the following:

1.

The complex consequences of the man-made climate change represent that
climate change is an urgent problem, that current leaders and societies
should moderate or, from an optimistic point of view, solve. We need to
use two outlooks during combating climate change. We have to open up
for modern technological innovations, smart solutions, that support
mitigation and adaptation processes, and we have to implement the climate
related point of view in every further development project to moderate our

future ecological footprint.

The question, whether top-down regulation is necessary, is no longer
appropriate. It is needed, but it becomes sufficient with the combination
of local bottom — up innovations to combat climate change. The individual
responsibility is the source of local best practices, could be adopted in
different regions with similar patterns. Through these movements, local
bottom-up approaches can lift to national levels, where they can
compensate essential failure of states’ interventions (Kent, 2011) or
complement to state action. The use of ICT / smart solutions in a local
level can open new fields for innovation and development, where this
technology has not been used at all or a former not suitable solution was
adapted. As one of the supporters of this movement, the dissertation

provides some applied smart solutions.

A multidisciplinary approach is needed to effectively tackle the
consequences of climate change. Smart (sustainable) city concept could
fulfil this requirement, while it is combining technological, economic, and
social factors. However, the theory of smart city has already had its own
(non-)scientific supporters and opponents, the idea of using this theory and
its solutions for principally to climate mitigation and adaptational

purposes is original and evolve environmental factors into the concept.
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According to my knowledge and the review of the literature, there has not been done such
a work like this dissertation, which tries to examine the potential role of smart solutions
in the case of sustainable climate change combat method. For that reason, this work

contributes to the literature with the following points:

a) by expanding the literature with the examination of smart city concept
adaptability in case of climate change mitigation and adaptation processes
as a sustainable solution,

b) by adapting smart solutions, their technological background, and

empirical usage of them to the forming smart sustainable city approach,

The dissertation investigates once, to tackle climate change by smart solutions, the
environmental approach must be the core, because this perspective affects (in)directly the
other three (economic, social, and technological) and moderate their operation and
reducing the risk of perspective hazards. Secondly, the smart solutions should provide the
technological support for the locally identified problem and not backward. Finally, a well-
constructed, complex smart solution, which set up from the social or local government
action, can be seen as a bottom-up innovation, that could serve a more efficient and
sustainable climate change mitigation and adaptation. The point of these technologically
advanced solutions is they could be economically efficient (through reducing
expenditures and / or increasing incomes) and have one or both indirect and direct effects
on the main greenhouse gases emitter sectors (e.g., energy and agriculture sectors), if they

are used in a properly planned and complex grid.

The aim of this dissertation is to put smart solutions in a novel prospective and examine
whether they could be adapted into sustainable climate change combat as a suitable
approach / methodology / solution. The empirical research aimed to explore the main
motivations behind the choice and implementation of smart city solutions and to analyse
whether their focus is primarily environmental (smart-sustainable, more human-centric),
or the focus is economic efficiency based on the high-tech big data collector, analyser

(Techno-centric) point of view, but its use is more complex, which enhance sustainability.

First chapter contains the literature review, trough systematic literature review, which

gives the theoretical basis for the dissertation. It gives a panorama about the used literature
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during the dissertation. This helps to identify and demonstrate once, the problem of the
research, Climate Change. This chapter provides information?® about its principals,
fundamental concepts, distribution of GHGs contributions, a snapshot from the current
climate trends and conditions and its consequences on cities’ vulnerability. This part is
needed to ‘describe the chaos where we are at the moment, to find a way out in the future
through smart sustainable solutions. Secondly, the context (role of cities in climate
change) and the focus of the research (smart city concept) is presented. The chapter aim
is to present the connection between the role of cities in climate change and the potential
smart (sustainable) solutions. It will provide information about sustainability and
resilience of cities, the technical background of the smart solutions, its development, and

the current trends.

Second chapter present the research design of the dissertation. It summarizes the aim of
the research, the research question, and the connected sub-questions before the analysis.
It also shows the used methodology and the source of the data (primer (interviews, survey)
and seconder source of date). The applied methodology, which trough the research aim
can be achieved, are once systematic literature review to observe the development of the
term, and the comparison of nine different smart / sustainable benchmark models to
examining the environmental aspects headway and set to framework for the further
investigation. Finally, the dissertation applies inductive approach through explorative
methodology such as semi-structured interviews (with mostly indirect open questions),
and non- probability sampling methods during the questionnaire (with direct-indirect,

open-closed questions).

That follows the main examination part in third chapter. This chapter has three
subsections. The first one, presents the results of the semi-structured interviews, which
were made with experts in the field of IT security, mobility, energetic, smart city,
environmentalist; local government such as former city manager, deputy mayors, smart
city project leader, and stakeholder of the market (smart solution provider companies) to
test the relevance of the environmental approaches in smart solution projects, define the
city level efficiency of the solutions through the smart city definitions, examples,

implemented areas, and driven factors. The second one, is to evaluate the result of the

3 More detailed information about climate change is provided in Appendix 1.
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questionnaire about the general knowledge of ‘smart city’ and examine the ability of the

smart solutions to increase climate awareness at the level of individuals. Finally, the

collected diverse ‘smart solutions’ are presented from the survey, interviews, research

within the six categories of ‘smart city’ to contribute to the educational purposes.

In the final, fourth chapter the experiences and the results will be conclude. In the

conclusion, the main and potentially novel findings are summarized, the reflection to the

research question and the sub-questions are made. As a closing of the dissertation the

limitations of the research and the further research potential will be collected.

2. Figure: Framework of the research
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1 THEORETICAL FRAMEWORK

1.1 Panorama of literature

The aim of this chapter is to present the literature of climate change, the role of cities in
it, smart (sustainable) solutions and show how they depend on and contribute to each
other through emission, mitigation and / or adaptation processes. The aim of the
dissertation is to analyse the potential of smart solutions as a sustainable tool for climate
change combat. For that reason, first it needs to show the theoretical background of the
topic, and it must place it in a context. This chapter built up by narrowing down the topic
from climate change to its tight relationship with cities and their role in the context. With
that knowledge, the dissertation analyses further the special position of the cities by
examine the concept of smart (sustainable) city and the smart solutions that this approach
can provide. This chapter will demonstrate its findings and potential contradictions in an

international atmosphere.

1.2 Climate, Earth’s energy budget, greenhouse effect

The Earth has a solar powered climate system, which means that the surfaces, clouds, and
atmosphere absorb, around 69%, and radiate back, around 30%, of the solar power on
average 342 W/m?/year (IPCC, 2007), (Shepherd, 2009) over the whole globe, which has
been increased 0.53 + 0.11 W/m? (between 2003 and 2018) (Kramer , et al., 2021). The
absorbed sunlight is responsible for photosynthesis, ice melt, and warming. Meanwhile
the long-wave out-going infrared radiation* cools the Earth temperature (Shepherd,
2009). This system is the Earth’s energy balance, which controls naturally the Earth’

temperature and climate.

The Greenhouse effect has strong connection with the previously introduced energy
balance system. It is a natural process, which serves as a ‘heater of the Earth’ and makes

the life comfortable, liveable. This natural indispensable process traps heat in the

4 They come from the surface radiation and through the atmosphere they are emitted.
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atmosphere® from the incoming and from the Earth surface re-radiated solar energy by
using a certain combination of gases, called greenhouse gases (GHGs®). Through this
process the average Earth temperature is controlled. Although, a shift in the ratio and / or
amount of these certain gases could modify the Earth average temperature and in a long
run its climate. All these gases have their own chemical properties, lifetime in the
atmosphere, global warming potentials’ (Table 3.) and leave the atmosphere by different
processes. This characteristic has strong connection with the °‘thickness’ of the

Greenhouse layer and through this the temperature on Earth.

3. Table: Main information of the greenhouse gases

GHGs Formula GWr Concentration Atmospheric
(100 y) lifetime (year)
Carbon dioxide CO2 1 417.64 ppm 50 - 200
Main human activity source: fossil fuel, land use change
Methane CH4 28 1892.3 ppb 12+/-3
Main human activity source: waste, livestock
Nitrous oxide N20 265 333.6 ppb 120
Main human activity source: fertilizers
Hydrofluorocarbons HFCs 4-12400 1,5 - 264
Main human activity source: refrigerants
6630 -
Perfluorocarbons PFCs 11100 2 600 — 50 000
Main human activity source: aluminium production
Sulphur hexafluoride SFe 23 500 10.39 ppt 3200
Main human activity source: electrical insulation

Source: Own edition based (Myhre, et al., 2013), (Greenhouse Gas Protocol, 2021), (Global Monitoring
Laboratory, 2021), (Global Monitoring Laboratory, 2021b), (Global Monitoring Laboratory, 2021c),
(Global Monitoring Laboratory, 2021d), (UNFCCC, 2021b), (Center for Sustainable Systems, University
of Michigan, 2020)

5 Layer of the atmosphere: 1) Troposphere: from the Earth surface to 20 km, clouds and weather systems;
2) Stratosphere: between 20 km and 50 km, ozone layer to absorb solar ultraviolet radiation; 3) Mesosphere:
between 50 km and 80 km, meteor burning; 4) Thermosphere (+ lonosphere): between 80 km and 960 km,
layer of the satellites and Aurora; 5) Exosphere: above 960 km (NASA, 2017).

¢ Carbon dioxide (COz), Methane (CHa), Nitrous Oxide (N20), Fluorinated gases (HFCs, PFCs, SFs) are
defined as Greenhouse gases (UNFCCC, 2021b)

7 The Global Warming Potential (GWP) was developed to monitories and compare the impacts of different
gases. The larger GWP shows that the gas is warmer the Earth’s temperature more than a smaller GWP gas
in the period of time. It measures “how much energy the emissions of 1 ton of a gas will absorb over a
given period of time, relative to the emissions of 1 ton of carbon dioxide” (EPA, 2020).
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The Earth has its own cyclical climate transformation, when the cooler and warmer
periods changing each other. This change is regularly a slow process in order to provide
more time to the ecosystem to be acclimatized. During this acclimatization the ecosystem
has the prospect to adapt to the new circumstances sufficiently with a mutation or in a
less favourable case extinction. In the current change, so-called anthropogenic climate
change or ‘human-induced’ or ‘human-caused’ changes, human activities such as the
intensive use of coal, exploitation of arable soil and natural resources, intensive waste
generation through the overconsumption, agricultural production, transportation
accelerate the normal climate transformation process by emitting more greenhouse gases
(GHGs) (Sinden, 2007) (Gutro, 2005). When GHGs concentration in the atmosphere is
increasing or the combination of the GHGs modified and the higher global warming
potential (GWP)? gases are in the majority, less radiated longwave solar energy could
leave the atmosphere and more re-radiated to the Earth’s surface and the temperature is

increasing.

In the case of CO», (Figure 3.) it has a linearly increasing integrated radiative forcing
effect (IRF - left side)’ in a 200-year long timeframe, which has a warming effect in a
long run by modifying the incoming and outgoing energy of the Earth atmosphere. While
its temperature response in a 200-year long timeframe is increasing and reach the pick in
the 30th year and that followed a slow reduction and convergence to value 1. This value
(Warming Resulting at a given future point in time (WR - right side)) shows that, just the
existence of COz in the atmosphere has at the beginning a strong increasing warming
effect which followed by a slower but significant constant temperature increase without
any further emission. Compared to CHa, the integrated radiative forcing effect in a 200-
year long timeframe after the first 10 years stays constant at 0,2, while its temperature
response is increasing and reaches its peak at 1 within 10-20 years. After 50 years of the

emission, the temperature response of methane converges to 0,1.

8 For example, the GWP index of COz is 1, which means its global warming potential is small, so it needs
less energy to absorb the emissions of 1 ton of a carbon dioxide over 100 years.

% IRF shows the degree of the radiative force over the incoming and outgoing energy which enters in the
Earth atmosphere. If the index is greater than 0 it has a warming, while it is lower than 0 it has a cooling
effect. Its base year is preindustrial (1750), and it is calculated in W/m? (Mester, 2015, p. 5), (IPCC, 2007,
p. 996).

25



3. Figure: Weighting of current emissions over time
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Source: (IPCC, 2014, p. 88)!7

The current climatic challenge is not just a natural warming period, it is stronger because
of the bigger GHGs stock in the atmosphere and for that reason the available adaptation
timeframe is shorter, that puts a huge pressure on mankind and the ecosystem and increase
vulnerability. We are getting closer to the irreversible point (the Carbon Cycle is into
deficit!'!), where there is no turning back. We need to cut our emission otherwise there
will be no future for us. Even if immediate action, there will be temperature warming and
consequences, that humankind should adapt to, while the ‘earlier’ emitted GHGs are still

in the atmosphere and warming the Earth’ temperature.

1.3 Contribution to the problem

The GHGs (defined by the Kyoto Protocol !> (United Nations, 1997, p. Annex A)
(Appendix 2.) contribution, analysed by the global historical GHGs emission (Figure 4.),
shows a significant steady increase (trend - red line) in the emitted GHGs in CO»
equivalent (COz¢)!2 between 1990 and 2018. The growth of the emission has started with

the Industrial Revolution'®, where the use of coal has jumped dramatically and boosted

10 “These two indicators were calculated based on global 2010 emission data from WGIII 5.2 and absolute
GWPs and absolute GTPs from WGI 8.7, normalized” (IPCC, 2014, p. 88).

! ts formation is in the Appendix 1.

12 1n 1997 the Kyoto Protocol was adopted in Kyoto, Japan and came into force in 2005. This international
agreement linked to the United Nations Framework Convention on Climate Change and sets binding targets
for 37 industrialized countries and the European community (Annex B) to reduce their greenhouse gas
(GHGs) emissions. Later on, in the Brundtland report has appeared the potential outcomes of the
‘greenhouse effect” and the importance of the ozone shield protection (United Nations, 1997).

13 This unit of measurement is used during the dissertation, while it is globally accepted and used to make
comparison within the topic of GHGs emission.

41t started in Britain in the period 1760 to 1830, that followed the rest of Europe. This was the first
Industrial Revolution, followed by three other revolutions, and currently we are in the 4" one, the revolution
of digitalization, IoT, Al ICT.
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the economy. In Figure 4. the dots representing the yearly global GHGs emission, which
was 48.939,71 MtCO2e in 2018, while the area under the blue line shows the cumulative
historical emission. The global average monthly CO, concentration of the atmosphere!®
was 413.93 ppm in October 2021, which is a notable increase from the generally 300ppm.
In July 2021, the CH4 concentration was 1886.6 ppb, the N>O concentration was 334.2
ppb, and the SF6 concentration was 10.64 ppt!'® (Dlugokencky & Tans, 2021). That
change generally occurs hundreds or thousands of years, but for mankind it took for
decades. This is the proof of the contributions of the main human activities in the global

warming process.

4. Figure: Global historical GHGs emission including LUCF in MtCO:e
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Source: Own edition based Climate Watch Data'” (Climate Watch Data, 2021)

In the case of sectoral distribution of the GHGs emission (Figure 5.), 5 main sectors could
be identified: Energy (Transportation, Electricity and heat, Buildings, and other energy),
Industrial processes, Agriculture, Land use change - forestry and Waste. These sectors
cover the global GHGs emissions, from them energy generation, plantation, agricultural
production emitted mainly carbon-dioxide (74,4% CO-'®), which followed by (17,3%
CH4) methane, (6,4 % N>O) nitrous oxide and the other greenhouse gases (2,1% HFCs,

15 The yearly concentration from 803,719 BCE to 2018 is available in the Appendix 1.

16 ppt/ppb/ppm: for parts per ftrillion/billion/million; 1 ppt/b/m indicates that one out of every
trillion/billion/million molecules in an air sample of the relevant GHGs (Dlugokencky & Tans, 2021).

17 Data is in CAIT, which includes all sectors and gases (Kyoto protocol GHGs), does not count with the
countries’ official inventories reported to the UNFCCC and the original data sources are the following:
Carbon Dioxide Information Analysis Center (CDIAC), International Energy Agency (IEA), U.S.
Environmental Protection Agency, U.N. Food and Agriculture Organization, and U.S. Energy Information
(Climate Watch Data, 2021d).

18 The data represents 2016 ratio of the GHGs.
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PFCs, SF6) (World Resource Institute, 2020). According to the previously used data set,
(Climate Watch Data, 2021c), the most significant contributor to the pollution is the
energy sector, which provided approximately 76,10 percent of the total GHGs emission
in CO2 equivalent in 2016. Within this sector the main sub-sectoral contributor was the
electricity and heating, with around 41 percent. That followed by the Transportation sub-
sector by 22% and the Manufacturing / Construction sub-sector by 17%. The four other
sectors represent around 23,90 percent of the emission, which comes from Cement and
Chemical industrial activities (~5,84 %), activities in the field of agriculture (12,10 %)
such as livestock and manure, agricultural soils, and rice cultivation. The land use change
and forestry (2,67%) connect to agricultural activities with burning, framing new
cropland or grassland for soy, palm oil, coffee — cacao, timber, beef production,
deforestation, and to other industrial activities use of wood as raw material for their
production (wood production, building construction etc). Finally, the inappropriately
controlled waste management contributes to the GHGs emission with 3, 29% by landfills

and wastewater generation (Climate Watch Data, 2021c).

5. Figure: Greenhouse gases emission by economic sectors in 2016 (%)
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Source: own edition based, (Climate Watch Data, 2021c), (Our World in Data, 2020)
By calculating the global historical emission, the question of responsibility has emerged.

There are several different models and estimations to define the responsibility of

developed and developing countries in the cumulative historical GHGs emission.
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According to the Community Earth System Model (CESM), the developing countries’
CO3, CH4, N2O contribution between 1850 and 2005 was just around approximately 39%
-47% (Wei, et al., 2015). By using data from World Resources Institute and U.S. Energy
Information Administration, it is showed that between 1850 and 2004, G8'° countries
were responsible for 61% of the cumulative GHG emissions, meanwhile the BICS?°
countries plus Mexico were responsible for 13% (Wei, et al., 2015, p. 693). According to
Den Elzen (den Elzen, et al., 2013), the developed countries’ contribution decreased to
51.9%, while the developing countries contribution increased up to 48.1% in the case of

the global GHGs emission from 1850 to 2010 (Ward & Mahowald, 2014, p. 5).

Currently the available data shows (in the 1990-2021 timeframe) (Figure 6.), 64% of
GHGs emission comes from just 10 countries, the TOP 10 biggest emitter, China, USA,
EU282! (from February 2020 it is EU27) (Appendix 3.), India, Russia, Japan, Brazil,
Indonesia, Iran, South Korea, while the 100 least-emitting contributed less than 3%

(Climate Watch Data, 2021).

6. Figure: Top 10 GHGs emitter, 1990-2018 (MtCO2e)
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19 France, Germany, Italy, the United Kingdom, Japan, the United States, Canada, and Russia

20 Brazil, India, China, South-Africa

2! The data usually represents the emissions of the 2014, 2016, 2018 years. In these years the EU28 is the
relevant reference while the United Kingdom was an EU member country until January 31, 2020. Since
then, the EU 27 is the correct form.
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The final index, that is revised in case of global emission review is ‘Ecological footprint’.
The term first was used by Rees in 1992 (Rees, 1992), when he raised the awareness to
the unsustainability that cities and urbanisation contains. He argues that the remaining
natural capacities will be the most relevant explanatory factors in case of environment-
development related tension, and projects that human bio-ecology aspect will dominate
the understanding of political and socio-economic relevance of urban development. This
concept was further detailed by Wackernagel (Wackernagel, et al., 1999) early work, in
which six components were identified such as fossil energy land, arable land, pasture,
forest, built-up area, sea space. In this model the source of the category defined the
attribute of the land, while in his 2002 article (Wackernagel, et al., 2002) the separation

was made by the human activities and their significant biologically productive space

demand??:
1. Cultivation (growing crops for food) - Cropland,
2. Livestock breeding (animals for meat, wool, milk) — Grazing Land,
3. Logging (harvesting timber for wood, fuel) — Forest Products;
4. Fishing — Fishing Grounds;
5. Infrastructure (housing, transportation, industrial production, power generation)

— Built-up land,

6. Burning fossil fuel - Carbon.

By aggregating these components and multiplying with the ‘equivalence’ factors, the
result compares the human demand of natural resources to nature’s biological
productivity and ability to regenerate, by other words it shows, how much biologically
productive area (land and sea) is required to provide for all the competing demands of

people/companies/cities in a given year:

(ecological resource, natural capita) + waste production

regenerative capacity of the Earth

Since then, the relation between the human demand and the nature’s supply is calculated.

If the needs overpass the supply, it is called ‘overshoot’. In 1961 this point was not

22 All in all, the six same category was created.
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reached, in 1999 20% more Earth would be needed to fulfil the humanity needs and still
be able to regenerate. In 2022, humanity “consumed” 100% of the Earth resources by 28"

of July and with that reached the ‘overshoot day’.

7. Figure: World ecological footprint by land type (global hectares)
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Source: Global Footprint Network-National Footprint and Biocapacity Account (Global Footprint
Network, 2021)

If we compare the ratios between the different sectors in case of the CO equivalent and
the ecological footprint gha (Figure 7.), the dominance of Energy is significant, that
follows the agricultural sector and the Land-use change. The differences between the two
methodologies are once that the waste generation is included in the ecological footprint
calculation within each segment, while in case of the CO2 equivalent sectoral share shows
it as an individual one. Secondly, the categories of Carbon and Built-up land are combined

in case of the CO» equivalent sectoral share.

In the 2010s the examination of the original conflict between the environmental and the
economic aspects in case of the Earth resources was expanded by testing the environment
Kuznets curve hypothesis (Charfeddine, 2017) and the environmental influence on the
real GDP (Uddin, et al., 2017). However, the term itself and use of the method is

developing, there has been critique about the concept in terms of underlying research
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objectives, similarity with other approaches, methodology etc (Galli, et al., 2016, p.
224)3.

Therefore, we can conclude a tendency in the last two decades, which we can summarise
as the following: the share of developing countries’ GHGs emission is permanently
growing, however the accurate share is diverse from research to research. In the
meantime, the developed countries” GHGs contribution is stagnated or slowly decreased,
but in the share of the emission still the developed countries dominate. The global CO>
equivalent emission is still steadily increasing, and this tendency could occur because of

mainly three factors:

1. China, the biggest emitter, is still considered as a developing (or economy in
transition) country;

2. Increasing the number of developing countries, which are entered the higher-level
economic sectors, which provokes more intensive GHGs emission;

3. Developed countries started to mitigate (emission growth is slowing) and / or in

the meantime they are outsourcing their emission to the developing countries.

1.4 Role of the cities, context of the theoretical framework

Cities?* represent more than 55% of the world population (~ 60% for 2030) with their
inhabitants’ opportunities, challenges, needs and requirements. For that reason, one of the
cities’ obligations that they should provide social services such as housing facilities,
health care, safety net, mobility, and electricity. Cities are the centre of services,
development, decision-making, industrial activities, and enterprises. According to that,
they could control political power, resources, and financial and human capital. They are
the platform of the flow of people, capital, information, commerce, and energy and
through this an overlapping network of trade, production and communication is built. For
all these reasons and with a strong simplification, cities could be seen as a miniature of

countries’ and could be a good mapping for potential risks, climate related as well, to

23 Galli in his work collects and compares the 10 most relevant pro and contra arguments related to this
term. These authors contributions to the methodology are not presented, while they are out of the main
scope of the research.

24 In developed and in developing worlds, megacities and small cities, rich and poor, with high or low
population density.
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conclude nationally and globally relevant deductions for climate actions. The following

Table 4. concludes the main challenges and climate change related problems of cities,

their contribution to them and how big the exposure of cities is to these elements

according to the literature which were presented.

4. Table: Urban challenges

Challenges/Problems Contributions to Exposure of
. . Increasing population density,
I lat h f . .
Urbanisation ficeasing popuiation in iope © Increasing housing pressure,

Land consumption

Dependence on Hinterland
(Agriculture, forestry, mining)

Pollution
(Air, water,
thermal)

waste, noise,

Heat islands

Energy use

Inclusive, affordable housing

Improvement and maintenance
of the infrastructure

Waste management

Ecological
Commuting

Footprint ~ of

better job opportunities and services

Increasing expenditures

Uncontrolled physical expansion of
cities (taking arable land)

Dependency on the rural areas,
the ‘owner’ of the primer
natural resources

Taking arable land for housing and
infrastructure (land use change)

Dependence on food
production, water resource,
energy generation from
outside,

No tool or impact to influence
them (a little through the
purchasing habits)

Traffic jams, industrial activities,
waste mismanagement, high
density, lack of green spaces

Decreasing well-being and

health status

Reducing the available green space
(trees, bushes, shadow),
Using built environment (concrete)

Increasing temperature within
the city,

Slower cooling process,
Health effect of heat waves

Dwellers’ electricity needs are high,
Higher life standard requires more
energy,
From distant land, which aggregate
impacts

Energy generation outside of
the cities’ territory, which
requires infrastructure and
increase dependence

Already reached the limit of the
available lands for cities

Unsafe and unhealthy living
conditions - slums,

Inner decay,

Neighbourhood collapse (loss
of young, educated people)

More and more people use them,

Declining living standards

Need of bigger coverage
Municipal and illegal waste . .
I.) & Air pollution,
generation, .
Consequences of  climate
Lack or wrong waste treatment, h
. . change
GHGs emission (mainly Methane) g
Population density, urban structure, .
P . v . Consequences of  climate
location of classes, emission of
change

transport system
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. High energy demand,
Energy related GHGs emission g &y . .
.. . Use of wunsustainable energy | Consequences of  climate
(electricity, transportation, .
. o sources, heating infrastructures, old | change
heating, buildings)
transports
. . Air pollution,
Urban- industrial GHG and . o P .
p Industrial activities Consequences of  climate
other dangers gas emission
change
Expectations for better quality of
.. life, migration:
Migration . . . £
. . . Higher  income, more  job | rural to urban,
(inner — international) . .
opportunity regulated, irregulated, refugees
Impacts of Climate Change

Source: own edition based on (Meadows, et al., 1972), (United Nations, 1987), (United Nations, 2012) , (OECD,
2010), (UN-Habitat, 2011), (Revi, et al., 2014), (UN-Habitat, 2020), (Kocsis, et al., 2016), (Kovacs, et al., 2017).

One of the many factors that push people to the cities, is the promise of a better life. It
can mean more and diversified job opportunities, higher salary, inclusive heath care and
safety, increasing well-being and happiness. If the cities’ charm is stronger than its ability
to provide equal conditions for people, they will face with increasing housing pressure,
population density, social expenditure, disparity, which can create inner conflicts. Until
cities try to solve their housing problems and promote their further growth, they
“consuming” more and more neighbouring land and put the border of the city farther.
However, this movement solve or handle their problem for a while, but endanger the
available arable land and natural resources, which without they cannot maintain or
increase the urban lifestyle, well-being. All in all, cities’ wealth generations and the urban
well-being is depending on the ecological resources, which is available somewhere else
(Hinterland). According to Rees (Rees, 1992, p. 128), this attribute makes cities the” node

of pure consumption of existing parasitically on an extensive external resource base”.

On the other hand, while cities are the centres of the industrial production, services, they
never sleep. This constant moving, generates pollution, such as air pollution and noise
trough mobility or constructions, water pollution through not controlled industrial
processes, waste pollution through landfill or illegal dumps, thermal pollution through
lack of green spaces. The latter, simply using concrete instead of trees and bushes, is one
of the main factors that the temperature within cities is higher, more unbearable and
dangerous. It is dangerous for not just people with weaker health system, but for the
environment as well. Since these generated heat waves, called "heat islands", which

caused by the atmospheric waste heat or "thermal pollution" around cities, intensify the
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use of water (drinking-bathing, watering...), electricity (cooling) and these thermal
pollutions could cause worldwide, not just local climatic consequences (Meadows, et al.,
1972, p. 73), ((SMIC), 1971, pp. 151-154)). The question of energy is crucial in case of
cities too. Higher life standard requires more energy, however the infrastructure is not
upgraded to the increased demand, or the sources are predominantly non-renewable
resources, which contribute significantly to the GHGs emission of cities. These emission
from mainly electricity, transportation, heating, buildings, urban industrial activities,

contribute to climate change.

Finally, as the number of extreme weather events increase and their negative effects on
habitable land and well-being of people (Piao, et al., 2010) (Shilu, et al., 2016)
(Schmidhuber & Tubiello, 2007) become more absorbable, the frequency of potential
conflicts within and / or between countries and regions are increasing likewise. The
Syrian civil war, which began in March 2011, could be seen as an example. It was a result
of a complex interrelated problems including environmental ones (Gleick, 2014). This
socio-economic condition change strengthened the tensions between citizens and the
government. There were several droughts and water shortage as a result of climate
change, which caused considerable drop in crop production (Nabhan, 2010). While Syria,
as other developing countries, depends on agricultural production, millions were affected
by losing their livelihoods or become indigent or forced to live their home?® (Erian, et al.,
2010) (Worth, 2010). More than a million people travelled across the sea to arrive Europe
mostly illegally (Kocsis, et al., 2016). This failure was resulted by three main factors:
climate change without appropriate adaptation processes, natural resources

mismanagement and demographic pressures (Johnstone & Mazo, 2013).

To avoid or minimalize potential inner state conflicts because of climate change, a well-
functioning government, (in a smaller scale, local government - city management) is
needed. Beside the sectoral adaptations, urban adaptation plans are needed to tackle the
impacts of change and for that reason the transfer of authority and resources to the city

level is also needed. However, there is a ‘knowledge gap’ between national — local

25 However, people were always compelled by inner state or interstate conflicts to leave their homes / lands
or even homeland and become refugees. Now, a new phenomenon is needed, those who are forced by the
consequences of climate change to leave their home. They become environmental refugees (McAdam,
2010, p. 133).
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government and scientists (Sdnchez-Rodriguez, 2011), which could boost the overrating
of national mitigation processes compare to regional or sectoral adaptation (Bulkeley,
2010). The local government responsibility to maintaining, upgrading, extending
infrastructure, services and reducing risk through building constructions, appropriate land
use and waste and resource management (UNISDR, 2009, p. 207), (UNISDR, 2011, p.
178) even though its investment not always covers the whole expenditure of disaster risk
reduction or climate change adaptation?®. The main fields that a local government’s

adaptation plan should include are the followings (IPCC, 2014b, pp. 563-575):

Adapting the Economic Base of Urban Centres: climate change can modify the
comparative advantages of cities, by effecting availability of resources, feasible
risk, quality of infrastructure?’,

- Adapting Food and Biomass for Urban Populations: promoting green roofs, local
— urban markets, farmers’ markets and enhanced safety nets, infrastructure and
technology in urban and peri-urban agriculture (Cohen & Garrett, 2010),

- Adapting Housing and Urban Settlements: urban built environment should secure
people, economy and heritage. It should consider within old buildings renovation
and the new constructions should be safe and resilient (e.g. reliable electricity,
passive cooling systems),

- Adapting Urban Water, Storm, and Waste Systems: the infrastructure of water,
sanitation, and drainage,

0 Urban water supply, storm water and water waste management system,

- Adapting Transport and Telecommunications Systems: it is needed to a daily basis

at regional, national, and international level as well,

0 Transportation: the four main functions are: maintain and manage; strengthen
and protect; enhance redundancy; relocation in case of surface and
underground railway, roads, and ports,

0 Telecommunication: A wide range of components such as telephone poles,

exchanges, cables, mobile telephone masts and data centres (Engineering the

26 Climate change adaptation needs to consider the variability of hazards, risks, and vulnerabilities.

27 Two connected theory can be mentioned, ‘waste economy’ contribute to waste, GHGs emission (Ayers
& Hug, 2009) and livelihood (Nzeadibe & Mbah, 2015); and ‘green economy’, which promote the shift of
economy and employment with green infrastructure to a low carbon, resilient patterns (IPCC, 2014b, p.
567).
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Future, 2011, p. 107), (Chapman, et al., 2013) should be relocated or upgraded
to prevent from the consequences of climate change e.g. floods or storms,
- Green Infrastructure and Ecosystem Services within Urban Adaptation:
implementing green places, green or white roof solutions,

- Adapting Public Services and Other Public Responses.

However, anthropogenic climate change is more detected and researched, the direct and
indirect consequences of the change in the natural and the human systems (in our
institutions and socioeconomic processes) are remaining mainly uncertain. This
uncertainty comes from the fact that, even though, the impacts of climate change (Table
5.) are globally observable, there are differences between the magnitudes of the outcomes
/ consequences (floods, drought, heatwaves, extreme weather events, hurricanes, average

temperature increase, more hot days, etc.) from region to region.

According to the FAO (Tubiello, et al., 2014), IPCC (IPCC, 2014b, p. 6) (Pachauri, et al.,
2015) researches, the most vulnerable people to its consequences, those who are either
socially, economically, culturally, politically, institutionally, or any other way are
marginalized, they sustained the most intensive negative effects of the change and they
are mostly live in developing countries, cities. Rockstrom (Rockstrom, et al., 2009) added
that the dependence on the productivity of the agricultural sector and natural resources
further increase these locations disparity with the developed ones. According to Patt (Patt,
et al., 2009), these regions have less competitive economic power, weak institutional
background and vanishing social protection and they have to face with high
environmental stress caused by growing demand on resources, pollution generations,

deforestation, soil exploitation as a consequence of poverty (United Nations, 1987, p. 29).

5. Table: Impacts of Climate Change

System Impacts In cities
Natural Shrink of cryosphere (glaciers, ice sheets, and| O irregular water supply,
System floating ice shelves; sea, lake, and river ice; water shortage,
permafrost and snow) 0 infrastructural damages,
0 change in the groundwater storage, 0 change in quality and
0 increase in glacial lake area, quantity of the consumed
o river flow, flood frequency and intensity, nutrition.
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increasing erosion,

0 increasing frequency of high-mountain rock
failures,

0 change in ocean temperature, salinity
(acidification), pH, sea level,

0  shoreline erosion and change in abundance and

distribution of a range of coastal species.

short run and by 0.5% or 3,8% in the long run
as Horowitz added (Horowitz, 2009),
Rapid growth of energy generation and consumption
(heating and cooling periods),
Change in climate sensitive economy sectors
(tourism — winter sport),
Increase of the economic costs of extreme weather

events.

Human Agricultural crop production change deepening dependence on
System 0 genetical modification of crops to improve the Hinterland,
Food adaptation to the extreme weather events, food security issue,
production, 0  drop of nutrition, vitamin level, health issue (epidemic,
Health, 0  new species development. heat strokes etc.),
Security Change in distributions of marine fishes (Perry, et al., infrastructural damages,
2005), timing of events (spawning, migration) declining well-being.
(Sydeman & Bograd, 2009)?,
Easier spread of human infectious diseases, allergenic
pollen,
Exposure to higher temperatures, increasing heat-
related mortality,
Human security — Livelihood and poverty.
Economy Low(er) economic growth economic decline,
System 0 according to Dell (Dell, et al., 2009) 1°C of extra governmental
warming reduces income by either 1.2% in the expenses,

energy security issue,
realignment in cities’ main
sectoral contribution to
GDP,

life will be more expensive
in cities, which generate
conflicts,

lower charm of cities.

Source: own edition based (IPCC, 2014b, pp. 987-1003)

These impacts have strong consequences on the cities infrastructure and create new
surrounding where the previously provided services and lifestyle should be maintained or

even improve. This new circumstances and potential risk depend on the location of the

28 The change in the stocks and fishery yields is caused mainly the development of the harvesting
technology, the intensity, not as an impact of climate change (Brander, 2010).
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city. However, the most significant risks and challenges, that cities must face with are the

followings (IPCC, 2014b, pp. 552-556) (Table 6.):

6. Table: Impacts of Climate Change in Cities

Urban temperature variations:
increasing number of heat
and more

days frequent

warmer period.

heath island effects,

increasing heat related health problems (Hajat, et al., 2010) and
decreasing cold mortality,

use of energy in warm period will increase (cooling systems) (Lemonsu,
et al., 2013), while in cold period will decrease (heating) (Mideksa &
Kallbekken, 2010).

Drought and water scarcity
(Vairavamoorthy, et al., 2008),
(Herrfahrdt-Pahle, 2010),
(Farley, et al., 2011):

water shortages (71 % of the world population using safely managed
drinking water services, while the consequences of urban growth the
number of city inhabitants increased more than 50% (since 2000), who is
lack of safely managed drinking (UN-Water, 2020, p. 12),

electricity shortages during the use of hydropower,

contaminated water as an outcome of a climate change related disaster,
food supply reduction (indirect food prices and insecurity increase and

migration motivation).

Coastal Flooding, Sea Level

Rise, and Storm Surge

coastal and riverbank erosion,
negative effects on populations, property, ecosystems, business, and
livelihoods (Nicholls, 2004) (Dossou & Gléhouenou-Dossou, 2007),

risk of port facilities and energy-related industries.

Heavy rainfall and storm |- creating inland floods, which can damage properties, urban infrastructure,
surges water contagion,
- the created pluvial flooding overloads urban drainage systems (Willems,
etal., 2012).
Human health - air pollution,

the distribution, quantity, and quality of pollen in the new modified timing
and duration of pollen seasons in urban areas,

easier spread of disease (WHO; WMO, 2012).

Source: own edition based inner citations

These facts made cities a potential platform to tackle climate change as well. According

to the UN Habitat (United Nations, 2020b), cities, despite the fact that representing just

2% of the Earth’s surface, are major contributors to climate change by consume 78 % of

the world’s energy and produce more than 60 per cent of greenhouse gas emissions.

According to the UNEP they are responsible for the 75 % of the global emission, mainly

from energy sector and more precisely transportation and building (including heating)
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(UNEP, 2021b). According to the UN SDG report cities contribute to 80% of the global
GDP, 70% of global energy consumption and 70% of GHGs emission (United Nations,
2018). According to Hoornweg (Hoornweg, et al., 2020) cities’ contribution to the GHGs
emission with production- and consumption is more than 80%, but according to
Satterthwaite (Satterthwaite, 2008) the role of cities in case of GHGs generation was just
around 30-40% in 2008%°. As Hoornweg (Hoornweg, et al., 2020) concludes, GHGs
emission contributions are usually low in low or medium-income countries and especially
low for the urban poor in their cities. While, as a contrast, the C40 countries3? are
representing significantly higher contribution to the emission. According to Doust and
the C40 organisation (Doust, 2018), the C40 cities’ average of GHG emissions (Figure
8.) from building energy use was 63%, 28% from transportation and 9% was waste related
(treatment, disposal). In every investigated year (2005-2015), the most significant sector
was the ‘non-residential’ building energy’ sector, followed by the ‘residential’ building
energy’ sector, ‘on-road transportation’ sector, ‘other transportation’ sector and finally
the waste and wastewater’ sector (Figure 8. shows the sub-sectoral division) However,
the city-by-city data shows a significant standard deviation between 5% to 40% of waste

emission compared to the city-wide total.

According to Angel and fellows (Angel, et al., 1998), (Collier, 1997), (Collier & Lofstedt,
1997), (DeAngelo & Harvey, 1998), (Feldman & Wilt, 1993), (Harvey, 1993),
(Lambright, et al., 1996), (McEvoy, et al., 1999), (Wilbanks & Kates, 1999) although,
cities represent significant share in consumption of energy and production of waste, they

have also the local authorities, which can control these segments (energy use, waste

2% However, these numbers can be misleading. They show the average of once mega and small cities, and
secondly city centres and suburban regions, and finally rich and poor cities. They once represent the cities
carbon dioxide emission not the total greenhouse gas emission and thirdly there could be huge difference
according to the source of the generation of the GHGs. Finally, the emitted GHGs could be calculated based
on the production or the consumption (UN-Habitat, 2011).

30 Megacities: Abidjan; Accra; Addis Ababa; Ahmedabad; Amman; Athens; Bangkok; Barcelona;
Bengaluru; Berlin; Bogota; Boston; Buenos Aires; Cape Town; Chengdu; Chennai; Chicago; Ciudad de
Me¢xico; Curitiba; Dakar; Dalian; Dar es Salaam; Delhi NCT; Dhaka; Dubai; Durban (eThekwini);
Ekurhuleni; Fuzhou; Guadalajara; Guangzhou; Hangzhou; Hanoi; Ho Chi Minh City; Hong Kong;
Houston; Istanbul; Jakarta; Johannesburg; Kolkata; Kuala Lumpur; Lagos; Lima; Lisbon; London; Los
Angeles; Madrid; Medellin; Melbourne; Miami; Milan; Montreal; Mumbai; Nairobi; Nanjing; New York
City; Paris; Philadelphia; Phoenix; Qingdao; Quezon City; Quito; Rio de Janeiro; Rome; Salvador; San
Francisco; Sdo Paulo; Seattle; Seoul; Shenzhen; Sydney; Tel Aviv-Yafo; Tokyo; Toronto; Tshwane;
Warsaw; Washington, DC; Wuhan; Zhenjiang.

Innovator: Amsterdam; Auckland; Austin; Copenhagen; Freetown; Heidelberg; New Orleans; Oslo;
Portland; Rotterdam; Stockholm; Vancouver (C40 Cities , 2022).

Observer: Beijing; Shanghai; Singapore. Inactive: Karachi; Moscow; Santiago; Yokohama.
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generations, transportation, etc.). Hoornweg added that they have the ability to mediate
between different social levels, stakeholders, they have the platform for communication.
He sees cities as the biggest platform for social change as a centre of innovations,

technology, and the flow of resources (Hoornweg, et al., 2020).

8. Figure: C40 cities sub-sectoral GHGs emissions
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Scope 1: GHG emissions from sources located within city boundary, e.g. direct fuel combustion
Scope 2: GHG emissions from the use of grid-supplied energy
Scope 3 (Waste only): GHG emissions that occur outside city boundary as a result of city activity, e.g. waste exported
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Average of latest available GPC BASIC level GHG emissions data for 60 C40 cities. To explore more, visit the
GHG Emissions Explorer dashboard at https://resourcecentre.c40.org/resources#measuring-ghg-emissions

Source: C40 (Doust, 2018)

To further investigate the cities’ role in GHGs emission and / or the climate change related
ecological degradation, beside the previously presented sectoral emission in CO;
equivalent, a new definition - methodology should be reviewed. This term is ‘Carbon
footprint’, which has three approaches. One shows, according to Wiedmann and Minx
(Wiedmann & Minx, 2008), how much CO; is expressed directly or indirectly into the
atmosphere during the full life cycle of a product/lifestyles of people/activities of
companies/cities in a given year in CO, equivalents by considering the avoidance of
double counting. In the second approach, Vanham (Vanham, et al., 2019) argues that the
whole GHGs emission should be calculated, which is labelled as ‘climate footprint’
according to Wiedmann and Minx. However, the name of the term is different, the
representation is the same, even Vanham sees it as a good index for the SDG 13. goal

“climate action”. Finally, both approaches classify the term as part of the environmental
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footprint family?' (Figure 9), the side of ‘ecological footprint’32. Whistle, the third
approach is representing the term as subset of the ecological footprint and uses as
synonym for ‘Burning fossil fuel — Carbon’ category in the work of Monfreda (Monfreda,
et al., 2004), in the Global Gridded Model of Carbon Footprints (GGMCF) model of
Moran (Moran, et al., 2018) and the City Carbon Footprint.

9. Figure: Environmental footprint family
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Source: (Vanham, et al., 2019, p. 4)

According to the GGMCF model (City Carbon Footprint, 2018) the TOP 10 cities with
the largest carbon footprint in 2018 was Seoul -South Korea, Guangzhou -China, New
York -USA, Hong Kong SAR -China, Los Angeles -USA, Shanghai -China, Singapore -
Singapore, Chicago -USA, Tokyo/Yokohama -Japan, Riyadh -Saudi Arabia. In the rank
of the largest carbon footprint per capita (all collected in Table 7.) Hong Kong Sar and
Country of Singapore are in the TOP 10 cities as well.

31 Umbrella term.

32 According to Vanham ‘Ecological footprint’ is related to SDG 15. goal “life on land” and SDG 11. goal
“sustainable cities and communities” (Vanham, et al., 2019)
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7. Table: TOP 10 cities by absolute Carbon Footprint per capita

Footprint /
Footprint Global
Urban Cluster Country Capita
(Mt CO2) Ranking
(tCOz/cap)
Hong Kong Sar China 208.5 £37.8 34.6 £6.3 1
Mohammed Bin Zayed City UAE 6.2+53 32.9+£27.9 2
Abu Dhabi UAE 29.9 +15.6 32.9+17.1 3
Country Of Singapore Singapore 161.1 £34.1 30.8 £6.5 4
Hulun Buir China 6.0+6.4 30.0 £32.3 5
Al-Ahmadi Kuwait 80.6 £19.3 29.9+£7.2 6
Doha Qatar 324 +11.5 28.7+10.2 7
Hinggan China 6.9+7.1 28.6 £29.3 8
Chifeng China 19.0+11.0 28.0 £16.2 9
Al-Jahrah Kuwait 48433 27.2+18.4 10

Source: Own edition based (City Carbon Footprint, 2018)

As Moran (Moran, et al., 2018, p. 6) stated “Cities represent intense concentrations of
populations and consumption ... it is clear that footprints are highly concentrated.” The
TOP 100 biggest emitter cities represented the 18 per cent of the global carbon footprint
in 2018. However, one quarter of the TOP 200 cities were in low-emitter countries, but
they act like the affluent high-emitter cities. For that reason, he argues, that there is
significant opportunity of cutting global carbon contribution by focusing on few hundred

cities.

Mankind is in the last moment to act and to slow down the critical climate change. Despite
all the effects and impacts of climate change, it seems majority of people and the
decisionmakers are not frightened enough even when we are so close to the irreversible
point of time, and when some impacts have already can be seen. It seems, most of the
time the present value of future well-being is lower than the current well-being. Since
2015, COP Conference in Paris, according to the Climate Watch research institute data
(Climate Watch Data, 2022), globally 32 countries did not submit any Intended
Nationally Determined Contributions (INDC), but finally just 3 countries (Libya - 0.25%
of global GHGs emission, Iran - 1.80%, Yemen - 0.05%) did not submit the Nationally
Determined Contribution (NDC) pledges, and only 16 countries have submitted its second

NDC. Out of the 164 countries 51 have not mentioned neither mitigation nor adaptation
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in case of urban content in their NDCs (Figure 10.) (United Nations Human Settlements
Programme, 2017, p. 12). Nevertheless, there are cities, which have been made their own

climate pledges.

10. Figure: Urban content of NDCs

= urban content in NDCs mention neither
urban adaptation and mitigation
measures

m urban content in NDCs focus on urban
adaptation measures

urban content in NDCs focus on urban
mitigation measures

m urban content in their NDCs focus on
urban adaptation and mitigation
measures

Source: own edition based (United Nations Human Settlements Programme, 2017, p. 12)

Furthermore, 1,049 cities have joint to the ‘Cities Race to Zero’ campaign to achieving
net zero carbon emissions by 2050. These cities representing nearly 25% of the global
CO; emissions (UNFCCC, 2022), and two Hungarian cities are represented, Budapest
and Kaposvar (C40 KnowledgeHub, 2022).

1.5 Smart City Solutions, the focus of the theoretical framework

“At a time when our world is undergoing profound change as a result of major
technological, economic, societal, environmental and political changes, urban
spaces are crystallizing all the challenges of our future development. And yet
the city of tomorrow, like the one of yesterday, must be a place of meetings,
exchanges, life, a city for the women and men who live there and bring it to

life.”

-- Carlos Moreno —

If there is one thing that we could learn from the last, almost one century is the role of

environment. There is no sustainable development without considering the environment

beside the economic and social factors and there is no human health, prosperity, and well-
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being without proper environmental circumstances. Economies are no longer the only and
most important considerations of the decisions, thanks to the rapid development of new
technologies in digitalization. Strong economical and institutional background combined
with advance technology increase the resilience and potential recovery capability of
cities. However, the innovation by local leadership solution is not given to every city, as
specially developing world’s, but those which has it, it should live with it because it’s not

just an economic, but a political and social choice as well (United Nations, 1987, p. 168).

Meadows stated (Meadows, et al., 1972, pp. 149-150) the importance of technology in
the economic development, they thought until a certain point each problem can find its
technological solution. In case of cities the first phase was skyscrapers and the elevators
to limited place, that followed by the expressways, mass transit systems, helicopter ports
to travelling and delivery duration. In the industrial production, the first industrial
revolution provided development (around late 18" — early 19" century) through
mechanization by using steam power; in the second (late 19" — mid 20™ century) through
the mass production by using electricity in more effective way and the labour division; in
the third (late 20" century) through the automatization by using electronics and
information technologies (IT), computers and the rapid development of the internet; and
finally the current fourth revolution is based on the digitalization use of Al 10T, Big Data,

Cloud, robotics, other cyber-physical systems (CPS).

If we look at the technological development of smart city solutions, a parallel theoretical
development of the concept (increasing importance of sustainability) can be seen and the
development of the applied the technology (4" industrial revolution). In the end of the
20™ century mostly all the cities were ‘conventional cities’, simply because of the lack of
Internet. With the rapid improvement and fast spread of the Internet, the smart city

concept could be emerged.

The first use of ‘smart city’ is dated in 1974, Los Angeles (Table 8.), where the first urban
big data project was held, while the next project just emerged in 1990s, in 1994 De Digital
Stad project in Amsterdam. In the 2000s the development of ‘smart city’ reached the next
level, when international organisations, government institutions started to invest in
research and innovation. The leader investors were IBM, Cisco as a representative of the

private sector and the US, Japan, and EU as countries’ government. With the first Smart
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City Expo World Congress in 2011 the global awareness and widespread of the concept

has begun. In 2019, the G20 Global Smart Cities Alliance was founded to set of principles

for the responsible and ethical use of smart city technologies (G20 Global Smart Cities
Alliance, 2020).

8. Table: Timeframe of smart city development

Year Progress
1970s The first urban big data project: “a cluster analysis of Los Angeles”. (Los Angeles
Community Analysis Bureau, 1974)
1994 A virtual ‘digital city’ (De Digital Stad -DDS) in Amsterdam (Rommes, et al., 1999)
2005 Cisco invested in a ‘smart city’ research.
2008 IBM investigated sensors and networks for urban issues in the ‘Smart Planet’ project.
2009 IBM promote city efficient by a ‘Smart Cities’ campaign;
The USA provided funds for smart grid projects;
EU Electricity Directive (80 % of the consumers should use smart meters by 2020).
2010 Japan — Yokohama (smart city demonstrator project)
2011 IBM selected TOP 24 cities (out of 200) as Smart City;
1. Barcelona Smart City Expo World Congress.
2012 Barcelona — Data-drive urban system (parking, lighting system, public transport)
2013 China — 90 Smart City Pilot;
London — ‘Smart London Board’
2014 Soul — the first Smart City
China — 103 Smart City Pilot;
Vienna — ‘Smart City Wien Framework Strategy’ until 2025;
Budapest — ’Smart City Budapest’ civil project
2015 China — 84 Smart City Pilot;
India — 100 ‘Smart Cities Mission’
2016 Increasing number of ‘Smart City Challenge’ e.g. US — $105 m
2017 UK — 5G testbeds and trials programme;
Hong Kong — *Smart City Blueprint’
2018 In the Smart City Expo World Congress — Singapore won the Smart City of 2018 award;
London — ‘Smart London Together’ roadmap
2019 G20 Global Smart Cities Alliance was founded;

Budapest — ‘Smart Budapest Framework’;

Budapest - ‘1. Civitas Sapiens Conference’ Smart City Conference

Source: own edition based on (GlobalData Thematic Research , 2020), (U.S. DOT, 2017), (Kumar &

Rattan, 2020)
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According to (Stiibinger & Schneider, 2020) the oldest research area of smart city is
connected to technology, while at the biggening ‘smart’ and technologically developed

terms were used parallel.

11. Figure: Distribution of Scientific publications of smart city, 1971-2021
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Source: own edition based on (frequency in Scopus articles)®

By analysing®* the number and distribution of scientific publications in case of smart city,
it can be declared that the main fields of the topic (Figure 11.) are connected to mainly
still to Technological approach such as Computer science (use of big-data, IoT, etc.), that
followed by Social approach (Social science, Psychology), Environmental approach
(Environmental science, Agriculture) and Economic approach (Economics, Business) and

finally health and medicine.

9. Table: Number of scientific publications in ‘smart city theme

2014 2015 2016 2017 2018 2019 2020 2021
Scopus 1180 1632 2516 4 807 6216 7652 7162 2981
Google 47073 45594 53058 70560 89524 102195 135097 56950
ScienceDirect 2 712 3440 4159 4950 5819 6 848 8693 10 629

Source: own edition based on (frequency in Scopus articles, ScienceDirect and Google Scholar)

33 Other: Chemistry, Medicine, Biochemistry, Genetics and Molecular Biology, Chemical Engineering,
Health Professions, Pharmacology, Toxicology and Pharmaceutics, Neuroscience, Nursing, Immunology
and Microbiology, Veterinary, Dentistry. Economics and Business: Business, Management and
Accounting, Economics, Econometrics and Finance. Environmental: Environmental Science, Physics and
Astronomy, Earth and Planetary Sciences, Agricultural and Biological Sciences. Social: Social Sciences,
Decision Science, Arts and Humanities, Psychology. Technical: Computer Science, Engineering, Energy,
Mathematics, Materials Science.

34 Based on Scopus and Google Scholar trend.
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In the meantime, parallel with the increasing scientific research (Table 9.) and awareness,
this phenomenon became a well-known and commonly used phrase in the private sector
and in civilian circles as well. The number of hits for ‘smart city’ (Figure 12.) has a huge
increase since 2015 in case of searches. According to the Google Scholar there are more
than 2,500,000 studies in the field of “smart city”, which covers from theoretical models
to empirical frameworks (Stiibinger & Schneider, 2020). This could be achieved by the
increasing presence of private sector, through innovations and research funding?, that
could help to launch new technological solutions to the market, and with the increasing

number of Internet access, and the use of smart solution in households.

12. Figure: Relative number of hits for Smart City searches in Google between 2004 and 2021
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Source: own edition based on (Google, 2021), (Allam & Newman, 2018)

For nowadays, the concept ‘Smart City’ became more complex, it gained and lost
elements compare to the first use of the term. However, it still not has a single, globally
accepted and used definition. It puts into practice in varied ways (Caprotti, 2016),
(Cugurullo, 2016), (Cugurullo, 2017), (Rapoport, 2014). For that reason, the definition of
‘smart city’ become different by time, involved tools and actors, role of ICT, relation with
different stakeholders and aims (Table 10). There are different approaches, some think
that a city become ‘smart’, when its infrastructure depends on ICT and IT technologies.
Other sees, that a ‘smart city’ should utilize the benefits of the ICT based applications.
Other one, think that a ‘smart city’ is a complex phenomenon, which support liveability

within cities through complex interrelated systems. According to Couclelis (Couclelis,

35 The technology spending on smart city initiatives worldwide in 2018 was 81 billion U.S. dollars, in 2019
104,3 b USS$ in 2020 124 b USS$ and this increasing trend is prognosed also for the 2022 (158 b US$) and
2023 (189,5 b US$) years (Statista, 2021).
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2004), there is always common parts in each definition, and these are the two factors
‘function’ and ‘purpose’, to measure smart city, the ‘function’ is the appearance and the
operation, while the ‘purpose’ is the benefits that users expect. By adding to that,
digitalization is inevitable in the ‘smart’ concept, to reach Condition B from Condition A

(Figure 13).
13. Figure: Smart conception
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Mora and Deakin (Mora & Deakin, 2019) identified two paths by considering the
definitions, one is the holistic perspective of smart city development, and the other one a
more techno-centric understanding of the smart city subject. More precisely, there are two
approaches connected to smart city, a human-driven method (HDM) and a technology-
driven method (TDM) (Letaifa, 2015). TDM sees, smart city as a networked space, where
ICT is involved in every activity within cities and through this the dwellers’ life standards
would improve and promote the community’s involvement. The HDM argues, that ICT
by itself is not sufficient enough to reach improvement in living standards, there is a need

for human capital involvement and development (Neirotti, et al., 2014).

10. Table: Definitions of smart city in the literature

SOURCE DEFINITIONS

(HALL, ET AL., 2000, | “is the urban centre of the future, made safe, secure environmentally green,
P.1) and efficient because all structures--whether for power, water,
transportation, etc. are designed, constructed, and maintained making use
of advanced, integrated materials, sensors, electronics, and networks which
are interfaced with computerized systems comprised of databases, tracking,

and decision-making algorithms.”

49



(GIFFINGER, ET AL.,
2007)

(HOLLANDS, 2008, P.
307)

(WASHBURN, ET AL.,
2010)

(HARRISON, ET AL.,
2010)
(CARAGLIU, ET AL.,
2011)

(SU, ET AL., 2011)

(BAKICI,
2012)

ET AL,

(DAMERI, 2013)

(GLASMEIERA &
CHRISTOPHERSONB,
2015)

(MARSAL-LLACUNA,
ET AL., 2015)

(UN-HABITAT
2017, P. 19)

111,

(OECD, 2018)

“A city well performing in a forward-looking way in economy, people,
governance, mobility, environment, and living, built on the smart
combination of endowments and activities of self-decisive, independent and
aware citizens.”

“utilization of networked infrastructures to improve economic and political
efficiency and enable socio, cultural and urban development”.

“A city that monitors and integrates conditions of all of its critical
infrastructures, including roads, bridges, tunnels, rails, subways, airports,
seaports, communications, water, power, even major buildings, can better
organize its resources, plan its preventive maintenance activities, and
monitor security aspects while maximizing services to its citizens.”

a city connecting the physical infrastructure, the IT, the social and the
business to leverage the collective intelligence of itself

smart city can be achieved when there is complex resource management and
governance, and there is investment in human, social capital, infrastructure
and modern ICT to boost sustainable city and well-being.

Smart city is the combination of smart sensor, control and safety network
(IoT).

“a smart city is a high-tech intensive and advanced city that connects people,
information and city elements using new technologies in order to create a
sustainable, greener city, competitive and innovative commerce and an
increased life quality”

smart city is a bottom-up phenomenon, which main driver is technology
(ICT). It links different actors (both private and public) to improve logistic,
mobility and environmental sustainability in the city. It should create public
value, for that reason citizens are crucial elements.

use of technologies to coordinate urban sub-systems (energy, water,
mobility, built environment) by creating new employment opportunities,
wealth and economic growth. Smart city is an urban place where dwellers
experience a new reality.

using data, information, and IT to achieve a more efficient services level to
citizens, monitories and optimize infrastructure and boost cooperation
between different actors

“makes use of opportunities from digitalisation, clean energy and
technologies, as well as innovative transport technologies, thus providing
options for inhabitants to make more environmentally friendly choices and
boost sustainable economic growth and enabling cities to improve their
service delivery”

“Initiatives or approaches that effectively leverage digitalisation to boost

citizen well-being and deliver more efficient, sustainable and inclusive
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urban services and environments as part of a collaborative, multi-
stakeholder process”

(KUMAR & RATTAN, | key element of ‘smart city’ is smart, which means digital, intelligent,
2020) sustainable city, and the city should be green, accessible, and more liveable
(EUROPEAN “a place where the traditional networks and services are made more efficient
COMMISSION, 2021B) | with the use of digital and telecommunication technologies, for the benefit
of its inhabitants and businesses. ... for better resource use and less
emissions.” The involved fields are urban transport networks, water supply,
waste disposal facilities, light and heat buildings, more interactive and

responsive city administration, safer public spaces, elderly care.

Source: own edition based the listed sources

It is already known that there is no universal definition for the phenomenon ‘smart city’
(Table 10.), but at the same time there were many connected and later on partly merged

phenomena during the development of ‘smart city’ (Freeman, 2017), such as:

Learning city Virtual city Green city Liveable city
Knowledge city Digital city Eco city
Information city Low carbon city

which led the approach from ‘digital city’ to ‘smart city’. Since 2009, the interest of
‘digital city’ started to decline and it was mainly replaced by ‘smart city’, which was seen
as generally a ‘green’, ‘socially inclusive’, ‘sustainable’ idea which use the latest
technological achievements (Deakin, 2012), (Eremia, et al., 2017). In harmony with that,
from the late 70s to nowadays, the importance of data about buildings, citizens, devices,
assets, and habits are increasing to efficiently manage urban flows via real-time responses
(Stlibinger & Schneider, 2020). The connections and communication between different
actors and devices getting easier. Bibri and Krogstie (Bibri & Krogstie, 2017) see, that
the use of ICT is now considered as a conducive, necessary tool for effective city planning
and management, which is key to sustainability as well. Kumar and Rattan (Kumar &
Rattan, 2020) added by the adaptation of the latest technology (tools of digitalization) in
case of institutions, infrastructure, traffic arrangement, housing, electricity availability
and usage, waste management, care systems, beside the economic efficient operation, can
be increase people’s wellbeing. According to several supporters of the concept (Garau, et
al., 2016), (McLean, et al., 2016), (Vanolo, 2014), (Viitanen & Kingston, 2014),

(Cugurullo, 2018), the purpose of the use of integrated technological solutions (smart city
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solution - such as sensors®, grid system, big-data networks, generators, storages) should
be multiple. Once it should increase competitiveness and efficiency by reducing the costs
(economic and environmental), secondly it should improve energy use, thirdly decreases
all kinds of emissions, and finally increases the well-being of the dwellers. Gibbs (Gibbs,
et al., 2013), see a potential for economic prosperity, ecological integrity, and social
equality toward to sustainability. Smart city solutions should consider and serve
sustainable aims, which means economic, environmental, social factors in a same time by

adapting the latest technological solutions (Figure 14.).

14. Figure: Central role of Smart City

Source: own edition based on (Kumar & Rattan, 2020)

However, opponents such as Calzada and Cobo (Calzada & Cobo, 2015) criticize the
operation and questioning the actual contribution of the concept, while as its consequents
there is potentially deepening the exciting inequality, while Datta (Datta, 2015), sees the
whole ‘smart city’ concept rather a business model than a development approach. The
mainstreaming of the term intensifies the misunderstanding or misuse of it, too.
According to Vincent Mosco (Mosco, 2019), the ‘smartness’ of a city does not come just
with the use of ICT and the adaptation of technological solutions, it should come with the
dwellers and citizens. A city is smart (beside the other factors) if its dwellers are able to
use adequately the opportunities of the new solutions and they are aware of the potential

risks.

36 A sensor could measure temperature (in-outside), luminance, UV radiation, blast, condition (close-open),
health condition, production parameter (quality, quantity, speed, etc.), lightning (% of the luminance),
quality of air, water, soil, etc

52



Smart city is a framework, which uses the platform of ICT?” to achieve sustainability for
cities based on digitalization. According to Samih (Samih, 2019) and Balakrishna
(Balakrishna, 2012), a ‘smart solution’ should have three building blocks (Figure 15.).
The basic layer, Perception Layer, is the large-scale tools of the city’s utility, transport,
environmental and government infrastructure. Namely, the sensors, actuators, RFID and
other sensing devices. This layer identifies the objects and collects information through
readers, cameras, sensor networks. The next layer is the Network layer, which serves as
a high-speed network infrastructure to connect and to ensure the communication and the
huge amount of data transfer between the devices. The last layer is the Application Layer,
which manages (analyses and processes) the collected and transferred data and

information.

An efficiently functioning smart city solution works in a complex setting to collect real
time data to tracking and boost accountability, the collected data is analysed and
according to the received information, the smart solution controls further devices. Its
advantage, that through the widespread and large-scale tools and devices, which could
communicate in a high-speed network infrastructure these solutions can send alert in case
of errors and makes immediate actions possible. These elements make possible to operate
a data management system, which could promote autonomous decision and support smart

services and applications.

15. Figure: Structure of ICT
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Source: own edition based on (Samih, 2019), (Jakab, et al., 2018)

37 Its development was the following IPv4 (homogenous digital communication) — IoP (PC and mobile
phones) — IoT (link between devices and tools) — FI/Next Generation Internet (future of internet).
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IoT is the technology (which could communicate, senses and interfere with its
environment through tools and devices) which serves the needs of ‘smart solutions’. A
well-functioning ‘smart solution’ should operate in a horizontal system, where more
technological options and platforms are available to solve complex problems (Jakab, et
al., 2018).The use of IoT generates a massive amount of real-time information and data,
which should be properly stored, managed, analysed, and protected. All the devices,
which communicates with each other, should be interconnected to a smart city
management system to boost innovations, environmental protection, well-being,
infrastructural revival. The created solutions could be sorted into three dimensions:
technology, human and institution. These dimensions contain fields like business, culture,
sport, tourism, environment, energy, logistic, healthcare, mobility — transportation, social
service, education, industry, agriculture, media, public administration and so on (Sallai,

2018), public safe, waste, traffic management, lighting, alert management.

While this system works with significant data, security and trust is a crucial point of this
development. Citizens should be involved, and their engagement should be achieved. For
that reason, city dwellers need a security system that they can trust. To ensure the security
of the integrated solution, it should have the following objectives (TWI, 2021), (Thales,
2021):

- Need of real-time data with reliable access,
- Need of accurate and reliable data,
- Protection of sensible data,

- Accountability for actions and interaction with sensitive data systems.

Despite the advantages that smart city solutions can promise, it could also cause harm in
the social, environmental, and even economic sector through lack of information,
education about the system and its mismanagement or inappropriate integration. It could
be responsible for increasing inequality by unevenly distributing the benefits of smart
technologies (Colding & Barthel, 2017), (Cugurullo, 2018b), (Wiig, 2016). Accident
could happen, which decrease the trust toward the smart systems. Without proper
preparation the fear can increase about the potential loss of human relations caused by the
dominant use of digitalization. Moreover, with the mismanagement of the smart system

the biodiversity can deteriorate, emission — pollution can increase (Cugurullo, 2018b),
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(Kaika, 2017) or even economic inefficiency could be resulted by the increasing use of

electricity.

To take a closer look of the different approaches toward ‘Smart City’, various distinguish
can be made (Kocsis & Gere, 2021), such as technology-driven vs. human-driven
approaches (who/what is in the centre of the Smart development), pro-smart city vs. anti-
smart city approaches (based on the attitude) and division of approaches based on smart
categories/ sectors (Malchenko & Smirnova, 2019). In this dissertation Kummitha and
Crutzen (Kummitha & Crutzen, 2017) 3RC Framework, Restrictive — Reflective -
Rationalistic or pragmatic - Critical schools of thought, are used, while it is seen as the
most comprehensive approach. Their methodology used systemic analysis of the
literature to evaluation of smart city approaches into four schools of thought. During their
research they identified two trends, one in favour of smart city development, which is

offered by three different schools:

= Restrictive school (appeared in 2012): gives high importance on
technology and low priority on humancentric orientation.
According to this school, the key element of transformation is
technology and ICT, and the human aspects (social inclusion,

justice) are not considered in becoming a smart city.

= Reflective school (appeared in 2010): involves more human
elements and sees citizens as direct beneficiaries of the

technological interventions, while keeps ICT as the core element.

= Rationalistic or pragmatic school (most popular in 2015): a
holistic smart city can be created by the advancement of human-
centric approach, which results technological advantages. The key
element is no longer the technology, instead of them the

community and the human capital.

While the other trend has one strong pessimistic note in common, which is questioning

even the basic concept of the phenomenon and its existence. This is the Critical school,
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which appeared in 2008, emphasis that there is neither technological advancements nor
human centric approaches in smart city, it is simply a neoliberal lobby by big corporations
such as IBM to privatise urban places (Calixto, et al., 2019). It is claimed that smart city

failed to create utopian city context.

Furthermore, there is another distinction according to Neirotti (Neirotti, et al., 2014) and
Baji (Baji, 2017), once there is a Hard, a more technical subsystem (Reflective school),
which includes the energy system, street lighting system, natural resource utilization,
water system, waste management, environment protection, transportation, buildings,
health and safety. The other one is the Soft (Rationalistic or pragmatic school), a more
social oriented subsystem, which includes culture and education, connectedness and well-

being, governance, economy.

Restrictive school of thought

This school gives a significant big focus for technology and ICT-based integrated
development in case of connectivity and data. To be considered as a ‘smart city’, a city
should have an ICT-based integrated system, which concludes the [oT implementation in
the urban infrastructure and must assist effectiveness and efficiency. In practice, as
(Kummitha & Crutzen, 2017) see, city planner and ICT provider working together to
provide ICT solutions for urban services and communication between local government
and citizens. According to Caragliu (Caragliu, et al.,, 2011), the services via ICT
adaptation, provided by the government, can be reached easier, while the burdens are
reduced by the technology. According to the school, ‘smart city’ is the target, which is,
as Richter listed (Richter, et al., 2015), efficient, reliable, secured, suited to tackle climate
change and control energy usage. Datta (Datta, 2015) added, through technology

implementation (access to ICT) a more holistic social order is created.

Still, there are some aspects of ‘smart city’, which are excluded from restrictive school’s
approach:
- According to Kummitha (Kummitha & Crutzen, 2017) the relation between

‘connected’ and ‘smart’ is not well discussed,
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- and whether the adaptation of technological advancement upgrades human
experience, involvement,

- according to Graham (Graham, 2002), the question of social inclusion is not
detailed, the who and which social fields are involved in empowerment of ICT
implementation,

- Caragliu (Caragliu, et al., 2011) and Leydesdorff (Leydesdorff & Deakin, 2011)
consider Graham idea on to what is the level of inclusion that can be achieve via

‘smart city’.

Reflective school of thought

This school was formed from the restrictive school and tries to fill its incompleteness in
case of social inclusion and justice. This school focuses on the why and how ICT can
enrich human well-being. The concept core element is still technology, while it is seen as
a tool for human capital development, boost of innovative ecosystems and spirit,
participation improvement (Angelidou, 2015). According to (Letaifa, 2015) ‘smart city’
creates a new socioeconomic environment, where citizens, public and private actors can
use services and resources in a more effective way without any limitation of the public or
private sectors. Furthermore, in the smart city building, Kummitha (Kummitha &
Crutzen, 2017) sees the private sector as the key stakeholder. This school is still techno-
centric, while it considers the directly and indirectly collected data from citizens as
treasure. It involves 6 segments to ensure higher inclusiveness and human approach,
namely smart -economy, governance, environment, people, living and mobility (Caragliu,

et al., 2011). These six segments called the characteristic of ‘smart city’.

Critical aspects of reflective school:

- according to Kirkpatrick (Kirkpatrick & Smith, 2011), the technologically
improved infrastructure requires a notable investment, which make achieving
efficiency more difficult,

- Peck (Peck, 2012) sees, through this development a rigid urbanism can be created,
where the role of government is reduced and in a meantime market interest is

followed and dominates,
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- as Kummitha (Kummitha & Crutzen, 2017) stated, it is hard to identify the leading

interest of the stakeholder, while the society is complex.

Rationalistic or pragmatic school of thought

The rationalistic or pragmatic school puts the people and their capabilities before
technology (ICT or [oT). Despite of the reflective school, they see the community for the
key stakeholder of ‘smart city’ building (Kummitha & Crutzen, 2017). According to
Orlikowski (Orlikowski, 2000) who emphasise that citizens, communities’ usage of ICT
create technology development, and for that reason the common knowledge of
technologies and tutoring skills for the effective application are needed. These ‘smart
communities’ are essential pre-conditions for ‘smart city’. In line with this, Neirotti
(Neirotti, et al., 2014) sees ‘smart initiative’ as an investment in human capital, which
modifies the way of living, communicate within urban community and that improves
technological development. As contrast of the other previous two school, according to
Waart (Waart, et al., 2015) community- level (bottom-up) initiatives should be in the
focus, which means in ‘smart city planning’ the concerned stakeholders should cooperate
and interact by created ‘living lab’ or ‘urban lab’, and innovation (Kummitha & Crutzen,
2017). This school follows a more human-centric approach by putting citizens and
community’s education before technology investment (Eger, 2003). They see innovation
in the cooperation between university, industry and government (triple-helix model)
(Leydesdorff & Deakin, 2011) or in a quadruple-helix model with the public — civil
society involvement (Lombardi, et al., 2012). By putting human capital and skills in the
centre, education, culture and knowledge valorised, ICT and other infrastructure become
complement, and economy instead of labour intensity is going to be based on knowledge.
Thus as Angelidou (Angelidou, 2015) stated, there is a significant shift from physical
capital (ICT infrastructure) to an intangible capital (knowledge and skill).

Critical school of thought

The proponents of this school are sceptic with the concept and practice of ‘smart city’.
They are questioning the ‘smartness’ of the concept as a basis, as Hollands summarized

(Hollands, 2008), and claim that during ‘smart city’ development a huge proportion of
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the society leaves behind (mostly unskilled and IT illiterates people (Peck, 2005) such as
elderly®®). There is no total social inclusion or justice. They, as Datta (Datta, 2015), see
‘Smart city’ as a business model not a development approach. According to the scholars
of the school there are abundant areas, where the concept of ‘smart city’ is not sufficient
or even predacious, such as social capital, addressing inequality (Carvalho, 2015),
grabbing land (Datta, 2015), smart city branding (Hollands, 2008) etc. They claim
(Hogan, et al., 2012), that the winners of building ‘smart city’ are corporations by
privatising the urban lands and promote economic pressure over social and environmental
demands of the cities (Gibbs, et al., 2013), (Waart, et al., 2015). The utter losers of ‘smart’
deals are citizens and communities by excluding them in the planning and adaptation
(Kummitha & Crutzen, 2017) by the suppress of possible bottom-up innovations (Calzada
& Cobo, 2015).

The supporters of the school such as Mudler (Mudler, 2014), are questioned whether a
well-managed efficient energy system, public transportation and traffic system could
improve lifestyle of citizens. It is seen that regroup of national budget for ICT investments
endangers the needs of dwellers for sanitation, water system, housing (Begg, 2002),
(Moser, 2015) even though ‘smart city’ technology provides solutions for them as well.
According to Datta (Datta, 2015) and the academic representative of this school, ‘smart
city’ is an entrepreneurial urbanization process under technologies, that are forced into
communities without considering their needs. Additional to that, the biggest problem with
‘smart innovations’ is, they are materialized mostly in the developed/ global North/ rich
countries’* cities instead of the developing/ global South/ poor countries’ cities, where
the exposure for the impact of climate change or inequality is more significant. According
to Atkinson (Atkinson & Bridge, 2005), the main motivation of the ICT based
development is purely market mechanism or in case of going to extremes it is even

colonialism.

38 As it is declared in Kenesei et all study (Kenesei, et al., 2019), for the elderly people different way of
planning and execution is needed in case of ICT to promote their well-being and utilization capability. In
the developed world most of the societies are aging, thus, during ‘smart city’ building this heterogeneous
group’s need and opportunities should be also considered. The key factors of involvement are the people
itself (demography), health condition, autonomy, anxiety from technology, environment (family,
workplace), in case of technology: efficiency, simplicity, design, physical and financial availability, safety
and supported.

39 Cities of these countries such as London, Madrid, Wien, Aspenseestadt, Stockholm etc.
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How the technological solutions of smart city developed and its potential role in urban
sustainability became stronger the ‘smart sustainable city’ concept emerged*’. This
concept usually deals with commodities and resources such as electricity, water, waste,
lighting. According to Ahvenniemi (Ahvenniemi, et al., 2017), ‘smart city’ frameworks
focus more on technology and social - economic aspects, while ‘sustainable city’
structures emphasis the environment and sustainability. A ‘smart sustainability’ is the
combination of these to framework. Falconer and Mitchell (Falconer & Mitchell, 2012)
assume that a smart city framework helps stakeholders and city dwellers to understand
the operations of cities, the role of ICT, and define objectives and roles to become smarter

and more sustainable (Stiibinger & Schneider, 2020).

However, Smart Sustainable Cities (SSC) are a combined concept of three factors: smart,
sustainability and cities. They must be present at the same time, otherwise it is just a smart
city or sustainable city or a smart suitability, while a city can be sustainable without the
use of smart (ICT) technology, or smart technologies can be used in cities without
contributing to sustainability and smart technologies can also be used for sustainable
development outside of cities. According to Hojer (Hojer & Wangel, 2014), we can speak
of ‘Smart Sustainable Cities’ (SSC), only when all these three aspects are combined, when
smart technologies are used for making cities more sustainable, with no exceptions. He
stated that SCC is not equal with ‘smart city’ concept, while it prioritises the involved
field according to sustainability, which term is not even defined by the ‘smart city’
concept. Kramers (Kramers, et al., 2014) added, while suitability and environmental
approach is core element of SSC, until in case of ‘smart city’ some of the definitions are
not even mentioned it. While the definition of SCC according to (Hojer & Wangel, 2014,

p. 10) is based on the Brundtland report sustainable development definition:

“A Smart Sustainable City is a city that — meets the needs of its present inhabitants — without
compromising the ability for other people®’ or future generations to meet their needs, and thus,
does not exceed local or planetary environmental limitations, and — where this is supported by

ICT.”

40 There was an exponential growth in the academic publication in the topic of smart sustainable city
between 2015 and 2020. This could be interpreted by the increasing role of climate change and green
movements. According to estimations, the number of smart sustainability publications will be 175 times
that of 2000 level by 2030 (Stiibinger & Schneider, 2020).

4! To emphasise the global responsibility.
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This definition shows that in the ‘smart sustainable city’ the smart ICT technology is used
to support well-being and prosperity while solving environmental problems by using
smart technology. The United Nations in 2014 implementing a smart sustainable city
definition and program likewise. It has 3 areas (economy, environment and society), 18

topics and in total 71 indicators (Figure 16.), (Appendix 4.), (United Nations, 2015b):

16. Figure: Framework of Smart Sustainable City concept
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Source: own edition based on (United Nations, 2015b, pp. 4-9)

Smart Sustainable City concept has not evolved full jet, for that reason it faces with some
challenges (Hojer & Wangel, 2014), such as the misuse of ICT can boost the exploitation
of Earth more efficiently, rather than support a resource-efficient sustainable society
development. Also, mostly big IT companies (IBM, Cisco, etc.) have the necessary
capital to support smart solution implementation, which can endanger the creativity,
innovation in the bottom-up approach. Additionally, these IT enterprises’ ICT knowledge
are much higher than the city government, for that reason they are ‘weak customers*?’,
which fact can cause bad decisions. According to ITU (ITU, Geneva) and Anthopolous
(Anthopolous & Vakali, 2012), these elements require the rethinking of stakeholders in
urban planning and governance to provide complex thinking during SCC solution

adaptation.

42 In case of defining the problem, asking solution for it, evaluate the offered solution.
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The ITU and Anthopolous statement is adaptable for the smart city development. It
requires a complex strategy, which includes well-defined targets, combined with the
present infrastructure, tools and devices to serve efficiency and sustainability. These
plans* could vary from countries, regions, cities or even projects. Accordingly, there is
no global or EU or Hungarian ‘Smart city’ regulation, however, the subfields are received

laws.

The European Union pays attention to this field, although in generally the ‘smart city’
does not have a homogenous regulation framework within the EU, but it has guiding lines
and targets such as the EUROPE 2020, A European strategy for smart, sustainable and
inclusive growth (European Commission , 2010), which defines smart growth as a
knowledge- and innovation-based process. The Urban Agenda for the EU (2011), which
includes Digital Transition, Urban Mobility, Climate Adaptation, Energy Transition
beside other topics, to promote energy efficiency, innovation, and social inclusiveness to
reach sustainable city management. Furthermore, in 2011 the EU set its Energy roadmap
(European Commission, 2012) to boost the use of renewable energy sources (and since
2014 decrease the energy dependence outside of the EU (European Commission, 2014)
and the cut of GHGs emission, the White Paper on transport (European Commission,
2011) to growing transport and supporting mobility while achieving the 60% GHGs
emission reduction target by eliminate the use of ‘conventionally fuelled’ cars in the city.
Since 2014 the Commission has taken actions to facilitate the development of a data-agile
economy. It regulated the free flow of non-personal data and general data protection and
made action in case of Cybersecurity and Open Data. In 2020 it presented its Al
framework and ethics guidelines (2019) as well (European Commission, 2021c¢). In the
EU climate action, European Green Deal (European Commission, 2019) and EU Climate
Adaptation Strategy (European Commission, 2021d), the target is to increase the
resilience of Europe through adequate climate adaptation, which includes smart

interventions in the fields of energy efficiency — smart grid system, smart mobility —

43 In general, regional planning focuses on the coordination of human activates in a determined space by
considering the available natural resources and financial preconditions. Urban planning is regional planning
in a residential area. They both policy frameworks to represent governmental urban management of land
use and development (Campbell, 1996), (Handy, et al., 2002), (Kiernan, 1983), by including indicators such
as “environmental capacity, population, financial cohesion, and transportation and other public service
networks” (Anthopoulos & Vakali, 2012, p. 178). While spatial planning is a comprehensive phenomenon
(Salamin & Péti, 2019), which consider spatial development coordinating projects by harmonizing of
relevant national policies such as regional, urban, environmental, transportation infrastructure planning etc
(Allmendinger, 2009).
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traffic system, smart integration - infrastructure, smart adaptation — smart
decarbonisation, fostering locals, smart water management. According to Dobos (dr.
Dobos, et al., 2015) .there is cooperation between stakeholders, while there are
partnerships (European Innovation Partnership - EIP), platforms (URBACT, Smart Cities
Marketplace**) and supporting (European Network of Living Labs systems) in the field

of smart city.

41t is a platform of the former “Marketplace of the European Innovation Partnership on Smart Cities and
Communities” (EIP-SCC) and the “Smart Cities Information System” (SCIS).
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2 RESEARCH DESIGN

2.1 The aim of the research

The target of this dissertation is to examine, whether smart solutions through a novel
approach can be serve sustainable climate change tackling purposes. For that reason, the
main motivations will be explored to define, what factors drive the choices and

implementations of smart city solutions and to analyse their focuses.

The previously presented chapters, through systematic literature review, provided
detailed information about the complexity (operations, effects, impacts, consequences) of
climate change and in the field of ‘smart city’ theory key definitions and approaches were
identified to map and discuss the special and dominant role of cities within the climatic
change and their exposure to its consequences. As Satterthwaite said (Satterthwaite,
1997), cities are seen as the best representatives of these actions, while urban
sustainability is needed to combine local actions and the reduction of the transfer of
environmental costs to other people, locations, time. This research links these two mostly
separately analysed fields, climate change and smart city, and tries to identify the
empirical aptitude of smart (city) solutions and the relation between the two fields, while
climate change consequences encompass all aspects of our life. Thus, we expect that an
appropriate solution for this urgent problem, provide an answer for how urban mitigation
and adaptation processes can reach a higher level, while the levels of well-being of people

and the environment are not getting injured.

2.2 The Research question and the sub-questions

The core research question of the dissertation is whether smart solution can serve as a
sustainable climate change mitigation and adaptation tool. The dominance of smart
solutions started in the 1970s and for the 2000s it is worldwide available in different
levels. The development was seen through the adaptation of ICT technology to reach
more efficient operation for cities. In the last couple of years (5-10 years), according to
(Hojer & Wangel, 2014) and (United Nations, 2015b), a new phenomenon emerged

namely the ‘smart sustainable city’. This new approach put the environment in the focus
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and use ICT, smart solutions for solving environmental problems by remain efficient.
Therefore, it leads to the purpose to determine if smart solutions are suitable tools for

sustainable urban mitigation and adaptation purposes.

For that reason, three sub-questions have been defined (Table 11.) to support the
realization of the research objective, which represent the three levels included in the
examination. The first level represents the ‘city level’, where the following question could
be asked “What factors motivate smart city development?” to define the tool sets of the
cities. Accordingly, the main motivation factors will be determined based on the urban
challenges, the unique approaches to ‘smart city solutions’, and the potential fields to
apply smart solutions. The second, projects, level investigates “How does the
environment appear in the accomplished smart city investments?” to identify the
importance and the appearance of the ‘environmental’ factor in the already implemented
smart projects. During the analysis, the form of appearance (independently or in relation
to economic efficiency) and the detected related motivation or compelling force will be
highlighted. As the focus of the analysis drills down, the examination of the individual
level should be included, too. At this level, through the inhabitants’ point of view the
urban challenges and their knowledge about ‘smart solutions’ will be tested to answer the
following question: “What is the connection between implemented smart city solutions
and the environmental awareness of residents?”. Beside the projects (in)direct climate
related results, through the education of the dwellers further achievement could be

achieved.

11. Table: Research Question and sub-questions
) Research Question - What is the role of smart solutions in combatting climate change
d by increasing the efficiency of urban mitigation and adaptation processes?

S-Q1: Which factors motivate smart city developments?

S-Q2: How does the environmental impact as motivation appear in the accomplished
smart city investments?

i

S-Q3: What is the connection between implemented smart city solutions and the
environmental awareness of residents?

@)

Source: own edition
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2.3 The methodology

Methodological structure of the research

During the methodology selection the goal was to find a suitable method, which is
appropriate for answering the research questions, sub-questions. This dissertation
develops a framework to analyse the relevance of ‘smart city solutions’ in tackling climate
change. By examining the environmental aspects headway, it is analysed, whether the
phenomenon ‘smart sustainable city’, which is according to its definition sustainable
development through smart technology in cities, is an existing phase in practice of
development or just an ‘utopistic’ scientific concept, which was built up from ‘smart city’
concept without any experimental existence. Furthermore, the dissertation tries to
modulate the importance of complex integrated smart development, and the relation

between urban challenges and existing smart solution.

According to Liu (Lui, 2016), if the research question requires descriptive and interpretive
analysis, which deepen the understanding of the topic and it is more explorative than
explanative, the suitable methodology should be inductive and qualitative. While the
inductive approach starts from the individual case and moves towards general laws, which
will also be the explanations of the individual cases. At the same time, how Julia Palik
(Palik, 2020) summarised the criticism of qualitative case research, it is seen by Maoz
(Maoz, 2002) and Gerring (Gerring, 2007), as an unscientific, non-generalizable, method
with low external validity and representativeness (King, et al., 1994, p. 34). Qualitative
case research replication is complicated and does not provide adequate design to observe
the impact of the independent variable on the outcome. However, as George and Bennett
(George & Bennett, 2004, p. 31.) said, with contingent generalizations it could be used,
and fit well to find the condition and the mechanism how specific outcomes occurred. It
could provide a detailed description about a phenomenon and helps to expand and

understand casual mechanisms within (George & Bennett, 2004, pp. 19-22).
These reviewed studies mostly applied deductive approach with quantitative

methodology to verify the cities’ level of smartness. While the other dominant

methodology in these scientific papers is the systematic literature review to observe the
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development of the term on account of the non-existent homogenous definition and

approach of the phrase.

Accordingly (Table 12.), this dissertation uses inductive approach and qualitative
methodology, which methodology is rare in the field of smart city /solutions (Lindqvist,
et al., 2020), (Kirimtat, et al., 2020), (Molnar PhD, et al., 2021). The research uses
explorative methodology such as semi-structured interviews (Appendix 8.) and non-
probability sampling methods during the questionnaire (Appendix 9.). These two
methodologies were selected, because they reach the target groups (local government —
representative of city, final users — city dwellers) in the most efficient way and contribute
to the triple division (structure of the research), These three different levels, city level,
project (environment) level, individual level, have their own target groups. The first one
is the local government, who has the task and obligation to develop and maintenance the
social services, infrastructure, order of the city. They are the representative of cities. The
next level is the project level, where still the local government, or city development
specialists, or experts and vendors can conclude their point of view about the various
projects’ main focuses. Finally, the third level is the individuals’, where the city dwellers
perspective is relevant. In the first two levels, detailed information is needed and the
opportunity to explain opinions, way of thinking. For that reason, interviews have been
selected as a methodology to collect specific information at first hand with the least
possible chance of distorting information. Additionally, through the interviews, where the
individual cases had been discussed, and their results could serve or help to generalisation,
and this methodology was used during the IESE Cities in Motion Index (CIMI) (Berrone,
et al., 2020) model, which was based on ‘best practises’, and series of in-depth interviews
with different stakeholders. In case of the third level, the questionnaire is the selected
methodology, while it can reach a significant number of people within the foreseeable
future, if the survey’s questions are easy to answer and do not take much time to complete
the form. These aspects were considered during the compiling of the relevant questions.
While there is a hierarchy between the levels, from wide to narrow — city to person, the
research first presents the environment (within the EU and locally) of the cities, then it is
applied the interviews to discuss two sub-questions, and then the questionnaire to evaluate

the third sub-question.
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12. Table: Methodological structure of the research

Aim

Context and
focus of the

research

Conceptual

background

Analysis of the
City-level

Analysis of the

Project-level

Analysis of the
Individual-

level

Source: own edition

Method

Systematic

literature review

Benchmark

model analysis

Systematic
literature review
Semi-structured

interview

Semi-structured

interview

Questionnaire

Measured Variable

Consequence of
Climate Change;
Role of cities;
Smart city
phenomenon and

approaches

Environmental

indicators

Smart city paradigm;
Challenge of cities;
Climate change
awareness;

Applied smart

solution

Challenge of cities;

Smart city awareness;

Smart solutions

Related
research

questions

Provides an
overall
background
for the

analysis

S-Q1,8-Q2

S-Q2, S-Q3

S-Q3

Questions

What is climate
change, and how it
affects us?

What is the
contribution of cities in
case of climate
change?

How can 'smart city' be
described?

What are the most
common used
environmental
indicators?

How would you define
'smart city’?

What are the most
common challenges of
cities?

Was climate protection
also considered during
the decision?

What smart solutions
have been delivered?
What are the most
common challenges of
cities?

How deep is our
general knowledge
about smart city?
What type of smart

solutions are existed?
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Based on the previously presented critique and to strengthen the reliability and validity
of the research, the number of interviewees were increased (from 3-3-3 to 4-7-6), and a
high number of respondents were collected during the survey (N=550) and different
methodologies were applied (systematic literature review, semi-structured interview,
questionnaire). The dissertation follows a multidisciplinary approach, therefor it
examines the relevance of the research question with a Hungarian (Tamasi, Kecskemét,)

and an international (Székelyudvarhely, and a Twin city, Sepsiszentgyorgy) cases.

The dissertation based on primer and seconder data sources (under triangulation*’). The
seconder sources can be divided into three groups. The first one is the relevant scientific
literature, which includes theoretic information about climate change, cities and smart
(sustainable) city, their connection and development. More precisely, the increasing
awareness of climate change and how it became one of the 17 significant global
challenges (SGDs) that endanger our sustainably existence; the development of IT
technology, which introduced the smart city; and the smart sustainable approach to the
21% century by using smart solutions to combat environmental challenges (such as climate
change). The second source are the documents, strategies, reports of international
organisations, governments, or research institutes about climate change, role of cities, and
smart (sustainable) cities. The third source is the different smart (sustainable) city

benchmark models’ indexes.

Benchmark models comparison

Firstly, the smart city (benchmark) models will be presented, with particular attention to
the various indicators, which can be used to frame the main characteristics and thus
identify the main motivations during the choice and implementation of individual smart
solutions. For that reason nine benchmark models (European Smart Cities 3.0 (2014) (TU
- Vienna University of Technology Department of Spatial Planning, 2014), Smart City
Wheel (2014) (Cohen, 2014), ISO 37120:2018 Sustainable cities and communities —
Indicators for city services and quality of life (ISO, 2018), UNECE-ITU Smart
Sustainable Cities Indicators (United Nations, 2015b),which has been developed to the
U4SSC model (U4SSC, 2017), EU Reference Framework for Sustainable Cities (RFSC)

4 Practice of using multiple sources of data or multiple approaches to analysing data (Salkind, 2010).
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(European Commission, 2018b), IGC Development Index (Malek, 2010), A.T. Kearney
Global Cities Index GCI (A.T. Kearney, 2021), IESE Cities in Motion Index (CIMI)
(Berrone, et al., 2020), Cities of the Future Index (CFI) by Easy Park Inc. (Easy Park Inc.,
2022), will be compare according to their characteristics, factors and finally indicators,
to find those, which appears more than once in these models. These indicators related to
the environmental, more preciously climate change, will be the topic of some questions

within the interview about environmental focus of the developments.

Semi-structured interviews

In case of the interviews, they were semi-structured online-based interview with mostly
indirect open questions to provide opportunity to the interviewees to express their
thoughts, they were hold in 2022.The participated interviewees (Table 13.) number was
17 (N=17), a total of 4 local governments such as former city manager and currently Head
of the cabinet of Székelyudvarhely, the deputy mayors of Tamasi, Sepsiszentgyorgy and
smart city project leader of Kecskemét; a total of 7 experts in the field of IT security,
mobility, energetics, environment and smart city; and finally total of 6 smart solution
provider companies from the market (IoT, safety, solar energy, mobility, water safety).
They were contacted by email or telephone and asked to participate in the research,
regarding their experiences of the smart market. Participants received information about
the purpose of the interview and were informed that participation was voluntary. As
preliminary action, an interview draft was created with four topics (personal relevance,
climate change, smart city, and smart solution) and 10-10 optional questions, and some
pilot interviews were held personally in 2021 under reflexivity*® with smart city, IT
security expert and local government. According to the received feedbacks of the pilot

interviews the final questions were created.

The interviews were audio recorded (the Hungarian draft of the interview transcript is
attached) and analysed by using an inductive qualitative content analysis. Also, some of
the accidentally picked tapescripts of the interviews were revised as a respondent

validation 7 by the interviewees. Some of the questions were asked within the

46 How the researchers, themself, preconceptions, and sensibility influence the research (Haynes, 2012).
47 Also known as member checking. It is a technique to investigate the credibility of results. The results are
returned to the interviewee to check for accuracy (Birt, et al., 2016).

70



questionnaire and during the interviews to modulate the covered fields, like the most
dominant challenges of cities etc., and some of the interviews’ questions were based on
the result of the comparison of the main environmental related indicators of the
benchmark models, such as GHGs emission. The released answers (data) are extractions,

not verbatim, upon request of participants.

13. Table: Detailed characteristics of participants

Interviewee Representing Position Label
1. Jakab Attila Székelyudvarhely Head of the cabinet, former Government
City Manager
2. Toth-Birtan Csaba | Sepsiszentgyorgy Deputy mayor Government
Széles Andras Tamasi Deputy mayor Government
Nagy Gabor Kecskemét Managing Director of City Government
Development Ltd.
1. Sugar Péter IT security IT Security specialist Expert
2. Németh Balazs Mobility Sustainability Manager Expert
3. Lovasz Liviusz Energetics Nuclear Engineer Expert
4. Barsi Orsolya Environment Head of Climate and Expert
Environment Unit at Budapest
Mayor’s Office
5. Mikulak Péter Smart City Business Developer, former Expert
Head of Smart City Division
6. Sarkadi Péter Environment Environmental journalist Expert
Kurenkov Szlava Urban development  Settlement development expert Expert
1. Csenteri Levente IoT Executive Director at Supplier
Combridge
2. Kocsis Csaba ICT tools R&D engineer at Endrich Supplier
Bauelemente Vertriebs GmbH
3. Sziics Alfréd Safety, energy Sales Manager Supplier
4. Imrei Attila Mobility Project Manager Supplier
5. llcsik Csaba Water CEO Supplier
6. Matyus Laszlo Mobility / Smart Director of Innovation and Supplier
solution Service Development

Source: own edition

The cities and their representatives were selected according to three factors. Once, the
selected cities have similar historical and infrastructural backgrounds and roughly the
same size of dwellers compares to big cities (small cities and settlements, less than

200.000 inhabitants). Secondly, they are town cities of each other like Kecskemét —

71



Sepsiszentgyorgy. Finally, they are representing the local bottom-up approaches, the
small settlement, while as Kent (Kent, 2011) said, they can lift national levels, where they
can compensate essential failure of states’ interventions, and through this they could
become ‘best practices’. In case of the experts, their fields should cover the main sectoral
contributor for climate change in cities such as energy, mobility or they should work on
one of the related fields of IoT or urban design / smart city development. Finally, in case

of the companies, they should provide frequently installed smart solutions.

Questionnaire

The online bilingual (HU-ENG) questionnaire was available online for 12 days in 2022
in Hungarian and in English. During the non-probability, accidental sampling, and this
timeframe, 550 finished answers were sent, which was composed of three sources, the
questions were asked online through social media platforms such as LinkedIn, Facebook,
Instagram. Some of them were groups, which connect smart city expert and/ or people,
who are interested in sustainable cities. The questions were a mixture of direct and
indirect, open and closed ones like, “Do you live in a city?”; “Please mark all the
problems you have experienced in your city”, to test the general knowledge of ‘smart
city’ and collect generally known ‘best practices smart solutions’. The questionnaire has
three attribute related questions (gender, age, city dweller status).In case of the cities’
challenges, the non-city dwellers were excluded, and the optional challenges were listed
based on the literature (Meadows, et al., 1972), (United Nations, 1987), (United Nations,
2012), (OECD, 2010), (UN-Habitat, 2011), (Revi, et al., 2014), (UN-Habitat, 2020),
(Kocsis, et al., 2016), (Kovacs, et al., 2017). The classification of respondents' knowledge
about ‘smart city’ was based on Molnar’s work (Molnar PhD, et al., 2021), and were
extended with an additional option to avoid “compulsion to comply”. In terms of the
known smart solutions, all the participants were asked to answer the related questions,
whether they know local or international examples. Detailed characteristics of

participants are outlined in Table 14.
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14. Table: Sample composition

Attribute Attribute versions
Gender Female: 59,27% (326); Male: 40% (220); Other: 0,73% (4)
Age 0-25:7,09% (39);

26-35:27,82% (153);
36-45:25,09% (138);

46-55: 22,55% (124);

56-:17,45% (96)

City dweller | Yes: 87,45% (481); No: 12,55% (69)

Source: own edition

2.4 Smart city benchmark models

The chapter contributes to the determination of the environmental indicators, which are
most often used by the literature and the benchmark models to compare the ‘level of
smartness’, and along these lines, during the empirical investigation, the role of these
indicators will be examine during the decision-making process of the smart solution
investment. The presence of these indicators during the planning or decision-making

process will be considered as the existence of an environmental focus.

There is abundant supply of scientific studies about different smart city models
(Haibullin, 2018), (Sikos & Szendi, 2021), (Sallai, 2019) some of them is system based
(Lom & Pribyl, 2020), some of them sees citizen as sensors (Cano, et al., 2015), others
focusing on motivating factors (Herrera & Fajardo, 2016) or the resilience (Baran, et al.,
2022). Based on the literature, (Anthopoulos, et al., 2015), (Anthopoulos, et al., 2016),
Anthopoulos collected smart city conceptualization models and aggregated them into
groups according to their focuses, Architecture (Naphade, et al., 2011), Governance
(Baron, 2012), Planning and management, Data and knowledge (Batty, et al., 2012),
Facilities (Calvillo, et al., 2016), Services (Fan, et al., 2016), People (Shapiro, 2006) and
finally Environment (Tsolakis & Anthopoulos, 2015). However, in these publications the
focuses are different, and, in some cases, there is no overlap between the involved areas.
Although with some simplifications, 6 dimensions can be seen common or more frequent

in this heterogenetic atmosphere. Henceforward, these 6 dimensions are going to be called
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characteristic (sector) of smart city and they are the followings: people, government,
economy, mobility, environment and living. While the smart city models try to
conceptualise the term, define the common part in various theories, approaches, and the
involved fields. Until then, the benchmarks try to identify, describe, and analyse a city
according to its ‘smart (city)’ level and compare to each other according to their
performance. There are several perspectives within the benchmarking methods like
sustainability (Pires, et al., 2014), resilience, (Desouza & Flanery, 2014) global city
performance (Kourtit, et al., 2014) etc.

There is a hierarchy structure how the lower levels describe the upper levels and finally
the level of ‘smartness’. This hierarchic structure, based on the Vienna University of
Technology methodology (Vienna UT, 2007), has four levels (Figure 17). At the top of
the hierarchy is ‘smart city’ itself, that is explained by characteristics (sectors, dimensions
etc.), which is broken down to factors (domains, themes) and finally indicators
(components, indexes). According to these elements, cities’ performance could be

calculated (by using standardization and aggregation), compared, and ranked.

Within this dissertation according to the following nine benchmarks, the most relevant,
commonly used characteristics, and indicators are collected, to emphasise the potential
common focuses and the potential strength of the environmental point of view (number
of indicators or involved fields) in them. These elements will serve as a framework during
the investigation of the four cities, whether they are considering the most common

environmental related indicators during their decision-making processes.

17. Figure: ‘Smart City’ structure

Characteristics

Factors

Indicators

Source: own edition based (Vienna UT, 2007)
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The comparative analysis is based on the following smart and/or sustainable city

benchmark models (Table 15.):

II.
I1I.

IV.

VL
VIL
VIIL.
IX.

European Smart Cities 3.0 (2014) (TU - Vienna University of Technology
Department of Spatial Planning, 2014)

Smart City Wheel (2014) (Cohen, 2014)*8

ISO 37120:2018 Sustainable cities and communities — Indicators for city services
and quality of life (ISO, 2018)

UNECE-ITU Smart Sustainable Cities Indicators (United Nations, 2015b),which
has been developed to the U4SSC model (U4SSC, 2017)

EU Reference Framework for Sustainable Cities (RFSC) (European Commission,
2018b)

IGC Development Index (Malek, 2010)

A.T. Kearney Global Cities Index GCI (A.T. Kearney, 2021)

IESE Cities in Motion Index (CIMI) (Berrone, et al., 2020)

Cities of the Future Index (CFI) by Easy Park Inc. (Easy Park Inc., 2022)

15. Table: Smart city benchmarks

Characteristics Factors Indicators
European Smart Cities 3.0 6 28 81
Smart Cities Wheel 6 18 62
ISO 37120:2018 ND¥ 19 104
UNECE-ITU SSC Indicators 3 18 71
U4SSC Indicators 3 22 91
RFSC 3 16 47
1GC 4 ND 36
Global Cities Index-GCI 5 ND 29
Cities in Motion Index-CIMI 9 101 101
Cities of the Future Index-CFI 4 14 50

Source: own edition based on (TU - Vienna University of Technology Department of Spatial Planning,
2014), (Cohen, 2014), (ISO, 2018), (U4SSC, 2017), (European Commission, 2018b), (Malek, 2010), (A.T.
Kearney, 2021), (Berrone, et al., 2020), (Easy Park Inc., 2022) (Appendix 5.)

48 Smart City Council — Smart City Index
4 not defined
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The European Smart Cities 3.0 approach (TU - Vienna University of Technology
Department of Spatial Planning, 2014) suitable to examine medium size cities (100.000
— 500.000 inhabitants) and has 6 characteristics (Smart economy, smart governance,
smart people, smart living, smart mobility, smart environment), 28 factors, and 81
indicators. This model does not report the exact indicators, just the numbers of them,
which is used during the methodology. Cohen’s (Cohen, 2014) Smart city wheel model
is used by the Smart City Council as Smart City Index and observes cities in the same 6
sectors as the pervious one, but it operates less and diverse factors (just 18) and 62
indicators. In case of the ISO 37120:2018 (ISO, 2018), it has 19 factors and all together
104 indicators, which can be separated to core (46) and supporting ones (58).
Nevertheless, it does not classify its factors (themes) into sectors, but they could fit into
the 6 characteristics. Based on the U4SSC Smart Sustainable Cities Indicators (U4SSC,
2017), the UN helps cities to collect data and measure their progress to become smarter,
more sustainable and get closer to the SDGs through the provided standardised method.
This framework has three dimensions Economy, Environment and Society, and Culture,
22 topics and 91 indicators (55 core and 36 advance). Compared to that, the UNECE-ITU
SSC Indicators had 3 dimensions, 18 topics and 71 indicators, which is rarely used.
According to the EU Reference Framework for Sustainable Cities (RFSC) (European
Commission, 2018b), which is a basic toolkit for European cities to promote sustainability
within urban development. The 3 sectors with 16 domains and 47 core indicators and the
large number of supplementary indicators (not included) assure the extreme flexibility of
the framework. According to Malek (Malek, 2010, p. 112) “From a point of sociologist
idea IGC refers to societies that has become the main focus to the development of
intelligent cities.” For that reason, it puts Human capital in the focus of its observation.
During the model 4 dimensions (based on (Baase, 1997), (Bakardjeva, 2005), (Myerson,
2001), (Servon, 2002)) and 36 indicators were set to study the phase of the IGC Socio-
Technological Change (5 phases: Innovative, Early recipient, Early majority, End

majority, Left behind) within cities.

The analysis of the frequently used indexes by world organisations and research centres
is extended by the most common ranking systems (Table 16). These ranking systems
collect different data and announce mostly different “winner” to the smartest city title.

Based on Toh elaborated work (Toh, 2022) on IESE Cities in Motion Index (CIMI)
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(Berrone, et al., 2020), Easypark Cities of the Future Index (CFI), A.T. Kearney Global
Cities Index (GCI) (A.T. Kearney, 2021) are added to the research.

16. Table: Characteristics and Indicators of the selected Benchmark models

Benchmarks pc. / Indicators (Components) -Gl 29
= CFl 50 Business activity 7
Business Tech Infrastructure 15 Cultural experience 6
Digital Life 40 Human Capital 6
Mobility Innovation 11 .
R Information exchange 5
Sustalrability a4 Political engagement 5
= cami 101
Economy 12 J16C 33
Environment 11 Humanware 9
Governance 12 Inforware 9
Human Capital 10 Technoware 10
International Projection 6 Valueware 5
Mobility and Transportation 13 ='1S0O 37120:2018 104
Social Cohesion Indicators 15 ND 104
Technology 17 ~/Smart City Wheel 62
Urban Planning 5 Smart Economy 7
=/EU - RFSC 47 Smart Environment 17
Economy 8 Smart Governance 10
Environment 22 Smart Living 8
Social - 7 Smart Mobility 11
=/ European Smart Cities 3.0 28 Smart People 9
Smart Ecor\omy 6 -1 U4SSC 91
Smart Environment 4
Smart Governance 3 Eco!mmy a5
Smart Living 7 Environment 17
Smart Mobility 4 Society and Culture 29
Smart People 4 Szum 545

Source: own edition based on (TU - Vienna University of Technology Department of Spatial Planning,
2014), (Cohen, 2014), (ISO, 2018), (U4SSC, 2017), (European Commission, 2018b), (Malek, 2010), (A.T.
Kearney, 2021), (Berrone, et al., 2020), (Easy Park Inc., 2022)

In case of A.T. Kearney Global Cities Index (A.T. Kearney, 2021) is one of the first
indexes, it was formed in 2008. It is focusing on the resilience and the connectedness of
156 cities in the global level. During the evaluation five dimensions (business activity,
human capital, information exchange, cultural experience, and political engagement) are
involved with 29 indicators. While it measures the global connectedness of cities and uses
only a few indicators, some fields are shallow, and some are even excluded. Still based
on Toh (Toh, 2022), it tries to keep up with the development of the concept, and in its
2021 Global Cities Report, the COVID19 responses of the cities are part of the resilience
and capacity evaluation. However, it is excluded the environmental aspect. The IESE
Cities in Motion Index (CIMI) (Berrone, et al., 2020) was formed by the IESE Business
School in 2017 and since then it evaluate almost 200 cities and the model was based on
‘best practises’, series of in-depth interviews with different stakeholders like city leaders,

entrepreneurs, academics and experts linked to the development of cities. During the
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evaluation of the cities, this model works with 9 dimensions and 101 factors and indicates
compared to the 2017 version, where it was 10 dimensions and 79 factors - indicators
(IESE, 2017). Cities of the Future Index (CFI) developed by the Swedish Easy Park Inc.
(Easy Park Inc., 2022) as Toh (Toh, 2022) concluded analyses the cities sustainable and
liveable present and future through technology. They are ranking the TOP 50 cities in
three categories according to their size over 3 million people, between 3 million and
600.000, and between 600.000 and 50.000 inhabitant. This index is built up by 4
dimensions, 14 factors and 50 indicators. However, in the IESE model climate change
got involved through some indexes such as CO,, Methane emission, and future climate,
in the CFI model it gets greater attention while one dimension is dedicated to
sustainability with its four factors, Green Energy, Green Buildings, Waste Management,
and Climate Response, where three connected to the main contributor sectors in case of

climate change, and one connected to the adaptation.

While these nine models included several approaches to identify the main involved field
of their analysis, some simplifications were made. The 6 classifications topic were used
during the analysis, namely Economy, Governance, Living, Mobility, People and
Environment based on (Lechner Tudaskdzpont, 2021), (Vienna UT, 2007). In case of the
model does not have them exactly, the Factors and the Indicators were revised and based
on them a suitable characteristic were dedicated to the model. In case of the ISO
37120:2018, was the same procedure made, however there were no sector labelled. The

result is concluded in Table 17.

According to the result, in GCI and IGC models neither involve Environmental nor
Mobility related indicators during their examinations. This is the case with the EU-RFSC
and the U4SSC models in the field of Governance and Mobility. If we take a closer look
of the distribution of the indicators between the sectors, the U4SSC method has the most
(39,13%) Economy related indicators, the ISO 37120:2018 (32%) in the Environmental
sector, CIMI with 41,67% in the Governance, U4SSC with 22,64% of the indicators in
the Living sector, CIMI (29,78%) is the dominant in the Mobility related sector and
finally, IGC has 22,5% of the indicators in the People sector. It can be pointed out if the
most relevant sector is observed different result of the models will come out. In case of
the CFI model 32% of the indicators connected to the Economy sector. With 29,7% of

the indicators analysis the governance sector in the CIMI model, while the Environment
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sector lead with 46,8% in the EU-RFSC. The European Smart Cities 3.0 model has a quite
smooth distribution, but with 25% of the indicators related to the Living field. In both
cases, GCI (41,37%) and IGC (54,54%) the People characteristic is the most scanned.
Based on the number of connected indicators (38,46%), Environmental sector is leading
within ISO 37120:2018, while in the Smart City Wheel model it is representing the
27,41% of the indicators. Finally, Economy sector related indicators are in majority

(49,45%) in case of the U4SSC model.

17. Table: Characteristics and Indicators of the selected Benchmark models

pc. / Indicators (Components) Characteristics (sectors)

Benchmarks Economy Environment Governance Living Mobility People Szum
CFI 16 14 3 4 11 2 50
CIMI 30 12 101
EU - RFSC ] 2 47
European Smart Cities 3.0 3 4 28
GCl 12 29
IGC 18 33
1SO 37120:2018 16 104
Smart City Wheel 62
uassc N N s o«
Szum 115 125 72 106 47 80 545

Source: own edition based on (TU - Vienna University of Technology Department of Spatial Planning,
2014), (Cohen, 2014), (I1SO, 2018), (U4SSC, 2017), (European Commission, 2018b), (Malek, 2010), (A.T.
Kearney, 2021), (Berrone, et al., 2020), (Easy Park Inc., 2022)

In the further investigation of the benchmarking models, some sort of simplification was
necessary to made to find the most frequently used indicators. While the Factors and the
indicators itself were excessively variegated a certain unification was essential to classify
, according to the model itself, and (Lechner Tudaskdzpont, 2021), (Vienna UT, 2007),
the indicators into 37 groups like Business Innovation, Economy, (Un)employment,
(Inter-)national accessibility, Life; ICT infrastructure; Mobility; Environmental; Air
quality; Governance; Education; Inclusion; Cultural; Health; Safety; Housing; Services;
Bicycle; Electric car; Apps; Building; Energy supply; GHG emission; Waste; Water and
Sanitation; Green spaces; Internet; Gadget; Political; Inequality; Crime — Corruption;
Food Security; Climate Response; Happiness index; ISO 37120 certification; Parking

Innovation; ePayments.
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Additionally, two of the models from basic does not have Governance and Mobility
characteristic (EU-RFSC, U4SSC), but during this re-classification of the indicators six
of them were mobility related in case of EU-RFSC, twelve of them in U4SSC and three
of them were Governance related in the U4SSC model (Appendix 6.).

Within each of the 37 groups the indicators were compared to each other, and the same
measures were merge to one description. For example, in the ‘Air pollution’ group the

three different labels:

- # of particles in the air with a diameter of less than 10 um;
- Particulate Matter (PM10) concentration;
- Levels of Particulate Matter (PM10 — mg/m3 )

were integrate into one label: Levels of Particulate Matter (PM10 — mg/m3 ). On the other
hand, green area was mentioned four times, but with different measures such as Green
area (hectares) per 100 000 population, Green Area Accessibility, Green areas, Green
areas per 100.000 (in m2). In this special case, they were used as separate labels. Through
this unification, it became possible to find the frequently used indicators (Appendix 7.).
From the 545 indicators, which are cover a broad scale (such as Number of McDonald’s
and Slavery), 29 indicators could be highlighted, by appearing in the dataset more than
once. They represent all six characteristics of the smart city, and the environmental and

the directly climate change related ones are highlighted with yellow and green.

- % of population born in a foreign country;

- % of people in full-time employment;

- Unemployment rate;

- Youth unemployment rate;

- Levels of Particulate Matter (PM10 — mg/m3 );
- Levels of Particulate Matter (PM2.5 — mg/m3 );
- Violent Crime Rate;

- #of museums and art galleries per city;

- # of higher education degrees per 100 000 population;
- % of students completing secondary education;
- Adult literacy rate;

- Share of electricity consumption from renewable sources;
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- Noise pollution;

- % of households with some kind of telephone service;
- TV property per household;

- GHG emitted measured in tonnes per capita;

- Total CO2 emissions from fuel combustion;

- Development of eGovernment services;

- % of waterways in relation to total land area;

- Life expectancy;

- Health;

- Open data use;

- Gini coefficient;

- % of households with access to the internet;

- Annual # of public transport trips per capita;

- Average commute time;

- % of city's solid waste that is recycled;

- Total collected municipal solid waste per capita;

- Total water consumption per capita.

This research does not study the methodology and the popularity of these models but
combining this framework with the naturally multi-faced smart city concept, based on
(Albino, et al., 2015) in-depth analysis, one strong statement can be done. Which is,
despite of all the different frameworks and models, the try to measure the quality of
people, communities, ICT solutions, environment etc., but the final measurement about
the cities’ level of ‘smartness’ should depend on their own special vision, capability,
features. These elements make hardly achievable to create universal, fixed system to
define and compare cities worldwide. Although, if we still wish Table 18., which
summarize the outcomes of the analysis of the different Benchmark models and the UN
SDGs, can serve as a tool for the first steps to start a journey in the smart city dimension

even to those cities, which number of inhabitants is small.
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18. Table: Smart city characteristic, description and most common indicators

Smart economy

=7 Competitiveness

Those ICT, platforms and services, which
support entrepreneurship, innovative
ecosystems & spirit, productivity, ability to
transform, labour flexibility, economic image &
trademarks and international embeddedness.

Relevant SDG target:

Potential Index:

- % of people in full-time employment
- Unemployment rate

- Youth unemployment rate

- % of waterways in relation to total land area

Smart governance

Participation

Open, accountable and transparent governance,
opportunity of participation in decision-making
processes, existence of political strategies &
perspectives. Available public and social
services. These elements support by ICT.

Relevant SDG target:

Support  positive economic, social and

environmental links between urban, peri-urban
and rural areas by strengthening national and
regional development planning.

Potential Index:

- % of households with some kind of telephone
service

- % of households with access to the internet

- Development of eGovernment services

- Total collected municipal solid waste per
capita

- Total water consumption per capita

- Gini coefficient

- Open data use

@ Smart people
Social and Human Capital

Promotion of lifelong learning, creativity,
flexibility, open-mindedness, participation in
public life, higher level of qualification through
education development and social and ethnic
plurality.

Relevant SDG target:

Strengthen efforts to protect and safeguard the
world’s cultural and natural heritage.
Potential Index:

- # of higher education degrees per 100 000
population

- % of students completing secondary
education

- Adult literacy rate

7 Smart mobility

Transport and ICT

Sustainable, innovative, safe transport system and
service centred transportation development. Local,
(inter)-national accessibility. Promotion of non-
motorized and public transportations by complex
ICT solutions and connected infrastructural
network.

Relevant SDG target:

By 2030, provide access to safe, affordable,
accessible and sustainable transport systems for all,
improving road safety, notably by expanding public
transport, with special attention to the needs of
those in vulnerable situations, women, children,
persons with disabilities and older persons.
Potential Index:

- Annual # of public transport trips per capita
- Average commute time
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@ Smart living

Quality of life
Interventions and ICT solutions to boost
liveability, safety, housing quality, health,
tourism, social cohesion, cultural and education
facilities.

Relevant SDG target:

By 2030, ensure access for all to adequate, safe
and affordable housing and basic services and
upgrade slums.
Potential Index:

- # of museums and art galleries per city

- % of population born in a foreign country
- TV property per household

- Violent Crime Rate

- Life expectancy

o Smart environment

=
Natural resources

Sustainable natural resource management, water
and waste management, use of renewable energy
sources and energy efficiency, air pollution
decreasing, promoting climate change adaptation
ability.
Relevant SDG target:

By 2030, reduce the adverse per capita
environmental impact of cities, including by
paying special attention to air quality and
municipal and other waste management.
Potential Index:

- Levels of Particulate Matter (PM10—
mg/m3)

- Levels of Particulate Matter (PM2.5-
mg/m3)

- GHG emitted measured in tonnes per
capita

- Total CO: emissions from fuel combustion

- Noise pollution

- Share of electricity consumption from
renewable sources

- % of city's solid waste that is recycled

Source: own edition based on (Lechner Tuddskozpont, 2021), (Samih, 2019), (Vienna UT, 2007), (United

Nations, 2015b) and own analysis based on (TU - Vienna University of Technology Department of Spatial
Planning, 2014), (Cohen, 2014), (ISO, 2018), (U4SSC, 2017), (European Commission, 2018b), (Malek,
2010), (A.T. Kearney, 2021), (Berrone, et al., 2020), (Easy Park Inc., 2022)
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“Politics cannot fix climate change, how it can be
solved is through technology and innovations as

the way, it always has been...”

-- Jeffrey Tucker -- (Brain Bar, 2019).

3 EMPIRICAL FINDINGS

3.1 Milieu of the empirical research

The anthropogenic climate change endangers not just our future, but our present as well.
For that reason, parallel mitigation and adaptation processes needed to tackle climate
change and make the change sustainable. At this point, a two-level approach is going to
be formed. The country leaders negotiate at an international level through the
international organisations, institutions, and conferences, such as Climate Conferences
organised by Intergovernmental Panel on Climate Change (IPCC) or United Nations
Framework Convention on Climate Change (UNFCCC), or through supported programs
& projects from the United Nations Development Programs (UNDP) or the World Bank
Group (WBG.) Meanwhile at the national level, the local governmental, private and
public sectors create and implement innovative solutions to mitigation and adaptation
(bottom-up approach). The dissertation through the interviews examines whether the use
of smart solutions with a well-structured, complex city management and development
planning could increase the cities resilience. The most accurate question (Figure 18.), that
we must ask during the analyse, what is the reason why we take actions right now? The
answer determines the direction (GHGs emission decrease and / or an adjustment for the
new circumstances), and the field (where the risk arise from) and the level of cooperation.
A well scheduled action (mitigation or adaptation intervention) combines with
cooperation could boost the economy especially in the field of eco-friendly production,

know - how sharing and improvement in the energy sector.
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18. Figure: What is the reason why we are take actions right now?

Risk

Source: own edition

Accordingly, the European Union (EU, 2020), as a unit of 27 member states>’, set the
following GHGs reductive commitments in its updated first NDC to tackle climate
change:
e the Member States will act jointly, and their binding target is a net domestic
reduction of at least 55% in GHGs emissions by 2030 compared to 1990 level,*!
e the European Commission adopted its new EU Strategy on Adaptation to Climate
Change on 24 February 2021 (European Commission, 2021),
e Under Directive (EU) 2018/410 the EU Emissions Trading System (ETS): EU is
going to reduce its emissions from the sectors covered? by this legislation by 43%
(2005 level) by 2030,
e Under Regulation (EU) 2018/842, Hungary will reduce its emissions from sectors
outside the EU ETS by 7% (2005 level) by 2030,
e "The efficiency of the EU’s final and primary energy consumption is going to be
improved by at least 32.5% by 2030 as compared to an historic baseline” (EU,
2020),
e EU is determined of achieving a climate-neutral EU by 2050.

50 Hungary, and Romania as a member state of the European Union did not submit a separate pledge.

5! Domestic emission could be achieved directly by reducing emission from housing and electricity in
Energy sector and Waste, while indirectly through Transportation, Agriculture sectors (trough purchasing
habit change). This pledge does not cover industrial emission, which represents almost one third of the
GHGs emission.

52 In case of carbon dioxide (CO2): “electricity and heat generation, energy-intensive industry sectors
including oil refineries, steel works, and production of iron, aluminium, metals, cement, lime, glass,
ceramics, pulp, paper, cardboard, acids and bulk organic chemicals and commercial aviation within the
European Economic Area. In case of nitrous oxide (N20): production of nitric, adipic and glyoxylic acids
and glyoxal, and perfluorocarbons (PFCs) from production of aluminium” (EU, 2021).
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beside these pledges, the EU promotes the shift with fundamental support, legislation,
and guidelines. Between 2014-2020, in Europe 2020 (European Commission, 2020),it
was stated that most of the changes should take place in cities, while they are the most
significant contributors to the GHGs related emission. For that reason, the EU issued
initiative such as Smart City Initiative>, the Community of Practice on Cities, the City
Science Initiative and tried to build an urban development network, through Covenant of
Mayors for Climate and Energy, Living-in.EU Movement. With the URBAN2030, its
target was promoting the SDGs achievement locally (European Commission, 2022). All
these required, expected actions were also supported financially, through the European
Structural and Investment Funds, or with funds dedicated to programmes like the Urban
Innovative Actions (UIA) to test new and unproven solutions, URBACT to promote
know-how exchange and development, LIFE, and Horizon 2020 (European Commission,

2022¢).

Beside the European Union’s joint binding targets, Hungary set the following pledges in
its own National Climate Change Strategy 2008-2025 (Magyarorszag Kormanya, 2008):
e by 2020: up to 16% of alternative energy from total energy consumption and
maximum 18% of green energy for energy consumption,
e Reduction by 16% to 25% (1990 level) of GHG emissions by 2025,
e reduce its GHGs emissions by at least 40% (1990 level) by 2030,
e the aim is to achieve climate neutrality by 2050,
e increase the share of renewable energy sources by at least 21% (gross final energy

consumption) by 2030 (About Hungary, 2020).

In Hungary, the first appearance of the development logic of ‘smart city’ was in the 2010-
2014 Digital Renewal Action Plan (Nemzeti Fejlesztési Minisztérium, 2010), which
follows the logic of the EU strategic framework. It underlined the need of smart metering
to introduce the real-time pricing system, smart network to charge electric and hybrid
vehicles, smart metering on the consumer side in the electricity system. In 2014 the
National Infocommunication Strategy 2014-2020 (Nemzeti Fejlesztési Minisztérium,

2014) was approved and it supports smart city and sectoral application development and

53 The former European Innovation Partnership on Smart Cities and Communities (EIP-SCC) and “Smart
Cities Information System” (SCIS) was merged into one single platform, the Smart Cities Marketplace
(European Commission, 2022b).
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encourage green IT. Its aim was to launch a separate ICT specific R+D+I program, which
support the innovation of marketable products of technology intensive ICT companies.
This program was the Digital National Development Program (DNFP) to improve the
digital accessibility, economic competitiveness, civil involvement and the efficient of the
governance. In 2015, connected to this program two supportive platform was created, the
Lechner Knowledge Centre, which coordinate the physical infrastructure development,
classification of the public regulation framework and collect the international smart city
solutions. The other one is the National Mobil payment Ltd., which elaborate the National
Single Card System (NEK) and the regulated electronic administration services. In 2019
the Smart Budapest Framework, while in 2020, the Hungary’s Artificial Intelligence
Strategy 2020-2030 was created (dr. Dobos, et al., 2015).

Beside the European Union’s joint binding targets, Romania set its own targets, with lack
of exact measures, in its Integrated National Energy and Climate Plan 2021-2030
(Government of Romania, 2020). They should among others achieve 30,7% of alternative
energy from gross total energy consumption by 2030, developing the power transmission
grid, thus reaching an interconnectivity level of at least15.4 % in 2030, decarbonise the
energy sector, implementing a long-term renovation strategy, developing, and promoting

alternative mobility, renewal of the vehicle stock (Government of Romania, 2020).

In Romania, the ‘smart city’ term was firstly used by the business environment to which
the scientific research closed up. As Ibanescua (Ibanescua, et al., 2022) and (Stoica &
Ilas, 2009) said, the smart city concept started with analysation digitalization process in
e-governance framework. Since 2016, the concepts “intelligent city” and “smart city”,
according to Ibanescua (Ibanescua, et al., 2022), were used either alternatively or
simultaneously and currently, the main focus is redefinitions of smart city concepts
between smart projects and smart vision (Banica, et al., 2020). According to the dedicated
projects the adaptation of ‘smart city’ should be seen as a success. There were 330
projects in 45 cities in March 2019, 594 Projects In 87 Cities in 2020 (Romania Journal,
2020), while this number increased to 860 projects in 124 cities to July 2021 (URBACT,
2021). As Cornel Barbut, CEO, Vegacomp Consulting® said, smart city is “proving to be

an essential help, especially in difficult contexts. Today’s technologies and smart

54 The company, which made the analysis.
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solutions are quickly finding new roles, covering new niches, and contributing, more than
ever, to our health and safety” (Romania Journal, 2020). Based on the 2021 report
(Vegacomp, 2021), Smart Mobility (260 projects), and Smart Governance (220 projects)
are in in the top, while Smart Environment (64 projects), and Smart People (37 projects)
are in the bottom of the list. Moreover, Székelyudvarhely (Odorheiu Secuiesc) is in the
17" position with 6 projects (3 mobility-1 living -2 governance related), but 3™ in terms
of small cities/ settlements. Sepsiszentgyorgy (Sfantu Gheorghe, Sankt Georg) is also in

the 17" position with 6 projects (1 economy- 4 mobility-1 governance related).

3.2 The Smart city concept from an empirical point of view

Kecskemét (HU), Tamasi (HU), Sepsiszentgyorgy (RO), Székelyudvarhely (RO)

Table 19. provides information of the analysed two Hungarian cities Kecskemét, Tamasi,
and the two Romanian cities Sepsiszentgyorgy, Székelyudvarhely. These cities were
selected, while their significant similarities, in terms of historical and infrastructure
background, size (all of them small city, settlement, however the exact extension (km?)
are diverse) and the population number (under 200.000-), and in case of Kecskemét and

Sepsiszentgyorgy, their twin-city status.

19. Table: Cities

Kecskemét Tamasi
Size 32000 km? 112 km? (district 1 020 km?)
Dwellers 109.000 people 8-9.000 people
Strategy®S Sustainable Urban Development | Climate Strategy,
Strategy - ZoldKecskemét Smart City concept (non-
Smart City concept (non- | written)
written)
Interviewee Nagy Gabor -Kurenkov Szlava | Széles Andras
Sepsiszentgyorgy Székelyudvarhely
Size 72,9 km? 47,1 km?
Dwellers 50.000 people 36.000 people

55 Most of these strategies includes designed projects, which either have exact calculations, estimations to
the GHGs emission decrease, or just the environmental outcome are stated.
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Description “city in Transylvania with the | "the most Hungarian small
largest Hungarian majority” town”, “Székely capital”

Strategy Smart projects are highlighted in | Sustainable Energetic Strategy
the Integrated Urban | Sustainable Mobility Strategy
Development Plan Smart City Strategy is pending
Climate Strategy is under
adaptition

Interviewee Téth-Birtan Csaba Jakab Attila

Source: own edition based on the interviews (Nagy, 2022), (Kurenkov, 2022), (Széles, 2022), (Toth-Birtan,
2022), (Jakab, 2022) and (Erdelystat, 2022)

Gabor Nagy (Nagy, 2022) director and Szlava Kurenkov (Kurenkov, 2022) urban
development expert sees, that Kecskemét is in a good position in terms of urban and
economic development and resources. Despite, Kecskemét has lot of potential based on
its location (natural resources, good logistic location, industrial partners etc.), it can cause
serious difficulties in terms of infrastructural facilities (water, waste management, energy
supply). Other challenges are the increasing number of inhabitants, who requires more
housing opportunities, which decrease the arable land, and the housing became more
expensive. Thus, there are greater pressure in the urban mobility, which faces with traffic

jams, lack of parking spots and as a result noise and air pollution.

Andras Széles (Széles, 2022), deputy mayor of Tamasi sees, that Tamasi is ‘small to be
big, and big to be small’, which means territorially it is small, but with the other 32
settlements as the centre of the district there are plenty of tasks to manage which for the
financial resources are finite. Nevertheless, Tamasi is stated in a unique and natural
resourceful environment, and the size of the city and the community make it a good

testing ground to modelling new solutions.

The Transylvanian (Romania) Sepsiszentgydrgy has Hungarian majority, with around
75% Hungarian, 25% Romanian of its dwellers. It is surrounded with woods and river,
and the main economic sectors are the light industry and services (To6th-Birtan, 2022).
One of its strengths, as Csaba Toth-Birtan (Toth-Birtan, 2022) deputy mayor said, that it
has the local government, which is willing to develop, open and search new opportunities.
Secondly, there are Clusters and professional associations in the city, with whom through

the good connection the knowledge exchange can promote. Finally, the city has an
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efficient ability to assert political interests and gain financial resource. While there is no
university or collage with technical focus, external partners should be involved, and it

results a challenge to find suitable experts.

In case of Székelyudvarhely (Transylvania, Romania), which can be considered as an
educational city with 96% Hungarian majority, the former city manager, and current head
of the cabinet, Attila Jakab (Jakab, 2022) sees, once the city strength in the community
of the local municipality, who are dedicated to find the sustainable and suitable solution
for the city problems to become an alternative to the western cities, where people can get
the same services in a same quality. As a weakness, he marked the old and outdated

underground infrastructure, which makes the adaptation of smart solutions challenging.

During the interview, the participants were asked how they see their role in the climate
tackle. Some of them referred to the climate related development of their own buildings
as tool to control the municipal own emission and the importance of collecting data as
basis of the decisions (Nagy, 2022), (Kurenkov, 2022). Other’s point of view can be
concluded in four main factors, such as awareness, implementation, sensitization, and
community forming (Széles, 2022). In some cases, the appropriate communication is
needed, even if the development project core output is GHGs or pollutant emission
reduction the city's liveability improvement should be highlighted as well (Jakab, 2022).
And finally, the role has been seen as someone who is securing financing of the
investment, while soft intervention is needed through the education of inhabitants to

increase acceptance of the projects(Toth-Birtan, 2022).

20. Table: Smart city definition (local government)

Interviewee Definitions

(Nagy, 2022), (Kurenkov, 2022) “For us, the smart city is a reasonable and
sustainable use of existing energy sources and its
system. How to rationally manage our
resources, how to operate it sustainably. So, we
don't necessarily consider this to be digital, rather
we consider it to be life-like. So, if it's liveable, it's

logical and someone thought it through.”

(Széles, 2022) “The smart city is the one that thinks.”
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(Toth-Birtan, 2022) It would be described the smart city as the

introduction of technical and organizational

solutions that make the city citizen-friendly with
the help of computing devices and introduce as

many solutions as possible.

(Jakab, 2022) “Those solutions and developments that lead to the
smart city should be tried to be introduced in all
areas of life. ... in my interpretation, the smart city
is about using the technical achievements at our
disposal in such a way to save time, energy and
other resources and thereby make our city more
liveable.”

Source: own edition based on the interviews (Nagy, 2022), (Kurenkov, 2022), (Széles, 2022), (Toth-Birtan,
2022), (Jakab, 2022)

The previously presented ‘smart city’ definitions (Table 20.), which followed mostly the
combination of techno- and human-centric approaches, can be modulated. Based on the
participants answers, a smart city development is ‘smart’ if ““you have already planned in
your mind, in a complex and integrated way, then there will be no surprises afterwards,
and of course finding good partners is also part of this. With smart developments, the goal
is to have a uniform overview of the development, we do not just develop point by point
projects, but put the elements together in time” as Jakab (Jakab, 2022) said. According to
Téth-Birtan (Toth-Birtan, 2022) , “it implements a city management service by using and
involving IT devices with a very wide community spread, with the widest possible
involvement and reach of the population, because this way it can on the one hand, get
data on the behaviour of the city's residents, on the city's development proposals, and on
the other hand, it can provide very easily accessible services provide to the population. ...
Smart projects are more aggressively looking for ways to optimize processes by collecting
and using data, i.e. making better use of the possibilities provided by computer
technology. Many things can be accomplished without them, but those who strive for it
can definitely work more efficiently”. Others think that the use of (ICT)tools, operational
control systems beside the economic efficiency should lead to long-term sustainability,
which could be seen the solution. By other words, Sustainability, economic efficiency,
and effectiveness (Széles, 2022). Based on Nagy and Kurenkov (Nagy, 2022), (Kurenkov,
2022) “Smart development is the result of a system-level thinking and analysis. It should

be self-sustaining, and at the same time can have a positive impact on the city and its
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liveability and should form the dwellers’ consciousness as well.” Furthermore, based on
the given answers of the cities’ representatives, a smart city solution can be implemented
both in hard (more technical subsystems) and soft (more social oriented subsystems)
fields. The main hard fields were the energy with resource utilization, street light systems,
heating, and buildings, and the mobility sector. As a health and safety related ones were
the air quality and water management. While the soft ones were the governance (public

services), education (sensitization and consciousness) (Table 21).

21. Table List of smart solutions (local government)

HARD SOFT
Smart pedestrian “Alfréd” Al based chatbot — information supporter
Smart parking sensor system e-governance solutions
Smart street lighting system Interactive municipality budget planning
Smart selective waste collection “Szo6lj bele”
e- charging “Léab-busz” / “Cycle to work™
e-bus e-tour guide
Traffic management system City card
e-ticket system Smart toilette

Smart metering

Geothermic heating system

Biomass heating system

Smart building

Solar cells

Rain-water management
Source: own edition based on the interviews (Nagy, 2022), (Kurenkov, 2022), (Széles, 2022), (Toth-Birtan,
2022), (Jakab, 2022)

The participants were asked, what the main factors were during the decision-making
process of the smart projects and divers answers were formed, but economic efficiency
was always a key and dominant aspect:
- make the city more attractive and liveable, and during the energetic and heating
development climate related priorities (Jakab, 2022);
- urban development and financial factors (Téth-Birtan, 2022);
- economic efficiency based on cost-benefit analysis, the aim is to save and be

efficient (Széles, 2022);
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- resource-driven developments and environmental protection through

sustainability (Nagy, 2022), (Kurenkov, 2022).

The environmental perspective usually stated as the second or umpteenth most important
factor, while the economic efficiency dominates the decisions. All the investments should
be cost-efficient, while this is the main factor in terms of self-sufficiency and savings in
the long run. In some cases, (Széles, 2022), economic pressures may force the
environmental factor to come to the fore. In spite of that, environmental perspective is
appearing, although just as an EU regulatory requirement within all the projects, which
are financed by EU funds, they should have contained calculations in feasibility studies /
tenders related environment (GHGs emission, energy savings, etc.). Beside this, some of
the cities are omitted to the climate related consciousness, and in those of them have either
specifically Climate strategy (Tamasi, Sepsiszentgyorgy) or related strategies such as
Sustainable Urban Development Strategy (Kecskemét), Sustainable Energetic Strategy
and Sustainable Mobility Strategy (Székelyudvarhely) or Integrated Urban Development
Plan (Sepsiszentgyorgy). Additionally, some cities such as Tamasi (Széles, 2022), the
associated CO; savings are calculated for each smart development, or expert estimates

are available in the absence of accurate measured data, (Nagy, 2022), (Kurenkov, 2022),

Beside the local government (investors, or some cases users of the solutions), experts
from different fields were asked to contribute the examination. According to their
knowledge smart solutions were seen as good direction (Lovasz, 2022) to the necessary
information, which should be available at the appropriate time, place, and manner (Barsi,

2022) to make decisions.

22. Table: Smart city definitions (experts)

Interviewee Definitions

(Németh, 2022) “I call it a smart solution that goes beyond the
solutions of the human brain. That is, what man is
no longer able to determine and is beyond man's

field of vision. That's where smart solutions come

into play to expand human intelligence.
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(Barsi, 2022) “I have a system-level vision for this, a system of
tools that ensures the most effective intervention

based on measurements and software analysis.”

(Lovasz, 2022) “Minimizing wastage is the primary goal and
main motivation, and it provides an alternative.”

(Mikuldk, 2022) “I adhere to the concept defined based on the

Lechner Knowledge Center, i.e.: A smart city is a
settlement or group of settlements that improves
its natural and built environment, digital
infrastructure, and the quality and economic
efficiency of the services available in its area by
using modern and innovative information
technologies, in a sustainable manner, with its

residents involvement. (Rab & Szemerei, 2018)”

(Sugar, 2022) “It is not because of the technology that something
becomes Smart. Although, because it offers a truly
smart solution to a real problem. You don't
necessarily have to look for salvation in
technology. In the past, there were "Smart"
solutions that were built on common sense or
natural laws, chemical and biological
relationships and managed the challenges through
this.”

(Sarkadi, 2022) 5G technology is the basis. Anyway, when we
connect our devices to a system and optimize

energy use to achieve a very significant energy

reduction.

Source: own edition based on the interviews (Lovasz, 2022), (Barsi, 2022), (Németh, 2022), (Sugar, 2022),
(Mikulak, 2022), (Sarkadi, 2022)

Table 22. summaries the experts’ definitions about smart city, which can further detail.
According to Baldzs Németh (Németh, 2022), a smart solution, can work with the data
and analyse it so intelligently that it comes to results and solutions that we as humans
would not have been able to calculate. Thus, a smart development project goes beyond
“how we do things”. It tries to introduce technological solutions and innovations into
urban development that fundamentally change how we do urban development, it changes
“the way we do things”. As Orsolya Barsi (Barsi, 2022) said, the application of digital

tools, data-based planning, modelling, also smart and digital end result on the solution
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side, makes a project ‘smart’. It is also important to socialize it, to involve as many people
as possible, which is important for acceptance, and to provide solutions for what is
needed. In case of the smart development project more detailed preventive examinations,
feasibility study, are performed. Liviusz Lovész (Lovasz, 2022) added, smart solution
should communicate with other people or devices. From the large amount of data, they
can draw conclusions that 1-1 devices or people would not be able to see or use, and
according to these real-time data they optimize operation/solution/providing alternative
to decision. As Péter Sarkadi (Sarkadi, 2022) sees, in any case, smart city solution is based
on a rapid flow of information and continuous feedback, and the long-term thinking, along
certain basic principles, should have already appeared during planning. According to
Péter Mikuldk (Mikulak, 2022), smart solutions are a set of IT solutions, which through
the use, increases efficiency in everyday life. Two types of smart city development are
distinguished, which have welfare and social benefits, e.g., a smart zebra, smart pad. For
these developments, it is difficult or more difficult to quantify the savings and "returns".
The other category is when a development has a direct economic impact, e.g.:
modernization of public lighting or the use of geothermal energy sources for heating
purposes. In these cases, we see exactly the economic indicators of the operating costs

appeared before and after the improvements.

Beside Mr. Mikulédk distinguish, the experts see the smart solutions added value in both
the hard and soft fields. The soft ones are resident engagement, better communications
platform, elimination (or reduction) of bureaucracy, inclusion, cultural life. In terms of
the hard ones, there were waste management, energy supply, rain-water management,

emergency management, mobility — traffic management system, heating systems, health.

Those experts, who has been worked on or with smart solution development were asked,
what the main factors were during the decision-making process of the smart projects.
Primary cost-benefit principle and legal regulations were mentioned by Barsi (Barsi,
2022), while Németh (Németh, 2022) mentioned mainly financial factors. However, they
are both working on that environmental weighting should also be part of the decision, but
)56

they are facing with the question like, “how you measure the value of a ‘tree

According to Sugar (Sugar, 2022) these solutions are all business based, hard to find one

56 just an example of the author.
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that is based purely on social utility or environment and does not prioritize profit.
However, there would be a need for solutions where, for example, environmental

protection would come to the fore, not profit.

Finally, the supplier side were asked to contribute the examination. According to their
knowledge (Table 23.) of smart solutions as Levente Csenteri (Csenteri, 2022) said, just
the implementation of an IT solution is a ‘fake smart’ thing. It should increase efficiency
and needs smart people during the planning process. As Attila Imrei (Imrei, 2022) stated,
Smartness should not be self-serving, it should have an utility that can be measured and
also be demonstrated on the cost side. These technological innovations could take the
burden off the person, it should provide an organized process without any human
intervention. Based on Alfréd Sziics (Sziics, 2022) answers, these solutions should result
economic efficiency, increasing effectiveness and well-being. According to Csaba Ilcsik
(Ilesik, 2022), smart solutions have two main elements: once they are measure, collection
processing data on site, secondly the smart tool should also be able to make decisions
based on the received data. While the data become information if it has its own context.
Based on Csaba Kocsis, for the widest possible range of data and the aim would be
necessary to improve living conditions and cost efficiency (Kocsis, 2022). As Laszlo
Matyus (Matyus, 2022) added, a smart intervention is relying on different kind of
measurement or info communication tool, it is always an extra step beyond the traditional

approach to improve efficiency.

23. Table: Smart city definitions (vendor)

Interviewee Definitions

(Csenteri, 2022) “The smart city concept has become quite a
fashionable concept, which behind not everyone
understands the same thing. According to my
understanding, it is a certain digitization, or
developments in the IT direction that result in

efficiency.”

(Imrei, 2022) “Application of tools in an environment and a

specific target system”.

(Sziics, 2022): “This concept is based on data collection, and it is

an important element of a sustainable city,
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settlement, and environment. It is also core, that we
are talking about controlled, supervised, and

coordinated systems.”

(Ilesik, 2022). “Everything in the city can and should be

measured and optimized.”

(Koesis, 2022) “We will measure everything, analyse everything,
make everything decision-based that affects the
urban living environment and operations. This
requires independent sensor networks, and the data
from them must be analysed and decisions must be
made based on them ... The idea of whether or not

it works is what makes something smart.”

(Matyus, 2022). “Optimizing efficiency by relying on ICT, it is
very important to aim for quality-of-life
improvement. A lot of data is generated on which
quantified decisions can be made. Forming an
attitude is a part of all of them, and communication
and the totality of these are essential. A smart city
cannot exist without smart residents, and a large

part of this is attitude formation, so relying on tools

alone is not enough.”
Source: own edition based on the interviews (Csenteri, 2022), (Imrei, 2022), (Sziics, 2022), (llcsik, 2022),
(Kocsis, 2022), (Matyus, 2022).

The vendors point of view about concept of ‘smart city’ is the most ICT based, techno-
centric approach. According to them, a smart solution can be used during data collection,
such as smart metering, in fields like energy, heating, lighting system, pollution, health,
safety. In the same time, the importance of the soft tools through education and increase

of well-being as the final consequence of the developments have been mentioned.

In terms of the inhibiting factors during the implementation of an innovative, smart
solutions, the following answers were given:
- the data is not availably currently which is the bases of the future decision or
intervention (Nagy, 2022), (Kurenkov, 2022),
- macroeconomic changes, unpredictability (Széles, 2022),
- technological difficulties to create/innovate and not sell (Széles, 2022)

- city dwellers not always open and inclusive attitude (Té6th-Birtan, 2022),
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- local infrastructural difficulties (Toth-Birtan, 2022),

- financial limitations (To6th-Birtan, 2022), (Jakab, 2022), (Barsi, 2022),

- human resource deficit (Jakab, 2022),

- integration of open and closed source code systems (Jakab, 2022),

- the main factors are safety and security, which makes hard to change (Németh,
2022),

- big rejection, "that's not how we used to do it" (Barsi, 2022), (Németh, 2022),

- there is a big gap in terms of knowledge, experience, tools (Barsi, 2022),

- there is no adequate operational background (neither human nor financial) (Sugar,
2022), (Mikulak, 2022),

- fitting a new system to an older, existing one is usually more expensive than

installing a new one (Imrei, 2022).

On the other hand, from the vendor prospective the obstacles are the lack of openness or
innovative approach in the user side (Sziics, 2022), the relevant administrative burdens
(e.g. public procurement) connected to the developments, and the users often have just
intention without knowledge or idea about the needed solution (Csenteri, 2022). Even if
the first step is taken, e.g. sensors, and we measure a lot of things, we do not deal with
the use of the measurement results (Ilcsik, 2022). This can be seen as waste of

opportunities.

Based on (Albino, et al., 2015) and (Kim, 2022) in the past, ‘smart city’ term represented
ICT based urban infrastructural development, which shifted to a more service-based
approach with complex operational and maintenance challenges. While the cities
understand the opportunities within the ICT and their exposure to challenges, the
companies should provide divers services, tools and open to innovative cooperation to
improve their skills to give suitable solutions to various needs. These previously rarely
merged research areas, such as smart solutions application in tackling climate,
environmental motivation guided development and “case study” based corporate
innovations. In practice, while the final users, investors prefer demand driven innovation
(Nagy, 2022), (Kurenkov, 2022), but they find the multinational vendors are more rigid,
although the developer side is open to personalised solutions, which fits to the city’ needs
and environment (Széles, 2022). There are some cases, when the partners are slow and

reclusive to avoid the investor (Barsi, 2022). At the end, the interests of the companies

98



prevail and transform the market (Sarkadi, 2022), where a lot of unavailing “solutions”
are (Ilcsik, 2022), which distract the investors. These dominating companies’ sales are
seen strong and see the smart development projects mostly support driven (EU or national
funds) instead of a thoroughly designed concept (Imrei, 2022), but the decision is still in
the investors hand (To6th-Birtan, 2022).

Accordingly, there are four ways in terms of smart solution investment. Once, it can be
achieved according to preliminary studies, return calculations and implementation plan®’.
The other way is participating in international projects to booth knowledge exchange
(Barsi, 2022) or collaborate with academic, business and governmental stakeholders
(Fehér & Boros, 2020), another one is when a temporary solution must be chosen due to
necessity (Matyus, 2022). Finally, if the current system is functional and effective on a

market basis, there is no motivation to search a smart solution alternative (Lovasz, 2022).

Finally, the cities’ representatives, experts and vendors were asked to rank their or the
cities challenges. According to their answers (Table 24.), the expert and the cities’
representative, with different order, but find two problems as significant as the dwellers
(answers source: questionnaire), while the vendor sector give the exact same answers. In
term of the smart solutions relevance to these challenges the cities’ representatives sees
the biggest added value of the smart interventions regarding to pollution (air, water,
waste, noise, thermal), energy supply, and GHGs emission, in case of the expert the list
was pollution, wate management and ecological footprint of the commute. While the
vendors ranked the biggest value added of the smart solutions in energy, pollution and
waste management related problems. However, the cities’ main problems are not equal
with those problems, according to the interviewees, where the smart solutions can be
adapted in the most efficient way, the highlighted four areas, pollution- emission, energy
supply, waste management and mobility, are those fields where already has been adapted

smart solutions and in an (in)direct way contribute to the climate tackle.

57 In CEE countries, it is common to focus on the urban issues in the present instead of the implementing a
complex, long-term smart development strategies (Borsekova & Nijkamp, 2018).

58 During the ranking, relative frequencies were calculated as percentage (f/N)*100.
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24. Table: Urban challenges

RANK GOVERNANCE  EXPERT VENDOR DWELLERS
1. More frequent heat Powerful Notable pollution (air, Notable pollution
waves (heat island urbanisation water, waste, noise, (air, water, waste,

effect) thermal) noise, thermal)
2. Lack of affordable More frequent heat More frequent heat More frequent heat
housing waves (heatisland waves (heat island waves (heat island

effect) effect) effect)

3. Notable pollution Notable pollution Intensive land Intensive land

(air, water, waste,

noise, thermal)

(air, water, waste,

noise, thermal)

Source: own edition based on the interviews

3.3 Citizen questionnaire on ‘Smart city’ related knowledge

consumption, lack of

green spaces

consumption, lack

of green spaces

The object of the chapter is to present the data collected from the bilingual online

questionnaire to once answered the following questions, what are the most common

challenges of cities according to the citizens, how deep is the general knowledge about

smart city and what smart solutions exist and known. Accordingly, can the city dwellers

climate awareness increase through adaptation of diverse smart solutions.

19. Figure: Sample composition

GENDER

M Female

W Male

M Other

AGE

m0-25
H26-35
H36-45
H46-55
H56-
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Age Female Male Other SUM

0-25 20 19 39
26-35 89 61 3 153
36-45 86 51 1 138
46-55 64 60 124
56- 67 29 96
SUM 326 220 4 550

Source: own edition

Based on Figure 19., and the previously presented ratio of the respondents (in Table 17),
it can be stated that the survey mostly reached female respondent, while the number of
female respondents was higher in every age range and in general. This female dominance

did not change by adding a new factor, “Q1- Do you live in a city? If Yes, in which one?”,
in the analysis (Figure 20).

20. Figure: Division of City Dwellers

CITY DWELLERS

50
40
30
20
10
0.|_|I p 00 _ 0N ||

No Yes No Yes No Yes No Yes Yes No Yes No Yes Yes No Yes No Yes No Yes No Yes
Female Male Female Male OtherFemale Male OtherFemale Male Female Male

0-25 26-35 36-45 46-55 56-

Source: own edition

The respondent 14,35 % were not city dwellers and for that reason they were excluded
from the following observation categories such as city challenges, accordingly the sample
size narrowed down to Female: 290, Male: 187, Other: 4 out of N=481, which means
60,29 % female and 38,88% male and 0,83% other. Further 34 (7,07%) respondents did

not provide information about their cities but all of them answered for their cities’

challenges.
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25. Table: Division of City Dwellers by gender, age, and city

—/Female Female SUM -IMale Male SUM
In City 0-25 26-35 36-45 46-55 56- 0-25 26-35 36-45 46-55 56-
Aichach 1 1
Ajka 1 1
Amsterdam 1 1
Austin, Texas 1 1
Baja 1
Balatonfired 1 1 1 1
Bécs 1 1
Békéscsaba 1 1
Brussels 1 1
Budakaldsz 1 1 1 1
Budadrs 1 1 1 3 1 1 1 3
Budapest 9 56 55 38 50 208 10 35 25 29 12 111
Bugyi
Debrecen 1 1
Dunaharaszti 2 2
Dunakeszi 1 1 1 1 1
Dunaujvéros 1
Eger 1
Erd 3
Fot 1 1
Godollé 1
Gyal 1
Gyémré 2
Gyér 1 1 1
HajduszoboszId 1
Haldsztelek 1 1 1
Heerlen 1
Hodmezévasérhely 1
Innsbruck 1
Kaposvar 1
Kecskemét 1 1 1 1
Kiskore 1
Kiskunlachdza 1 1

)N W R
=
-

P NRRPRPRRPRREPRLBLRBRNRLRRPLRENNEREW

Komarom 1 2 3

Kottingbrunn (Ausztria) 1

Lisbon 1

Luzern 1

)

Marosvasarhely 1
Miskolc 2 1 3

Minchen 1 1
Nagytarcsa 1 1

New York 1 1
Not filled 4 7 3 6 20 1 1 3 5 3 13
Nyékladhaza 1 1
Nyergesuijfalu 1 1

Nyiregyhaza 1 1
Pécs 2 1
Philadelphia 1

Pomaz 1 1 2
Quispamsis New Brunswick. Canada 1
Sepsiszentgyorgy 1
Sopron 1

Silysap 1

Szeged 3 1 4 2 1
Székesfehérvar 1

Szentendre 1 1 1
Szigetszentmiklds 1

Szolnok 1
Szombathely 1
Tata 1 1 1

Tatabanya 1

ong 1 1 2 1 1 1
Vac 1

Varpalota 1

Vecsés 2
Veresegyhaz 1
Veszprém 1 3 1
Washington, DC 1

Winnenden

SUM 16 79 76 56 63 290 18 53 45 50 21 187

. )
P WR R RRRRRWRN

P UR N R
=
=

Source: own edition

=/ Other Other SUM SUM
26-35 36-45
1
1
1
1
1
2
1
1
1
2
6
1 1 320
1 1 1
1
2
4
1
3
5
3
2
1
2
2
1
2
1
1
1
1
3
1
1
3
1
1
1
1
3
1
1
1
1 1 34
1
1
1
7
1
4
1
1
3
1
7
1
2
1
1
1
2
1
5
1
1
2
3
6
1
1 1 1
3 1 4 481
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In Table 25. an elaborated analysis is presented about the share of the respondents by age
and gender based on their city. The TOP 3 answers came from the female dwellers of
Budapest first one is the 25-35 age range, that followed by the 36-45 one, and the third is
the 46-55. Beyond the answers of Budapest participants (all of them were 320), the most
answers came from Szeged - Pécs (each of them 7-7), Veszprém - Budaérs (6-6), Erd -
U116 (5-5), Pomaz - Dunakeszi (4-4), Eger-Fot-Kecskemét-Komarom-Miskolc-Sopron-

Veresegyhaz each of them provided three answers.

Based on the literature (Meadows, et al., 1972), (United Nations, 1987), (United Nations,
2012), (OECD, 2010), (UN-Habitat, 2011), (Revi, et al., 2014), (UN-Habitat, 2020),
(Kocsis, et al., 2016), (Kovécs, et al., 2017), 11 areas were identified as urban challenges
and examined in our target. The participants were asked to mark all the problems they

have experienced in their city to see what they consider as “challenges”.

26. Table: Urban problems according to the participant perceptions

Powerful urbanisation 208
Intensive land consumption,
lack of green spaces 309
Intensive dependence on
Hinterland (agriculture,
forestry, mining) 157
Notable pollution (air, water,
waste, noise, thermal) 331
More frequent heat waves (Heat
Island effect) 314
Security of energy supply 33
Lack of affordable housing 267

No improvement and/ or
maintenance of the urban
infrastructure 239

Inadequate waste management 148

The ecological footprint of]
commute 170

Significant greenhouse gases

emission (electricity,
transportation, heating,
buildings etc.) 143

There is no problem in my city e

Source: own edition
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The most important challenges viewed by the respondents (Table 26°?) is the notable
pollution, the heat island effect, and the intensive land consumption. The problem of
urban infrastructure is regarded quite considerable, thus the ratio almost reached 50% (it
was 49,69%) based on the sample. The participants put the least emphasis on the problems
of the energy supply, and placed the Mobility (number of cars, traffic jams, quality and
frequency of the public transportation, commute time) and Safety (public security,
problem of homelessness) challenges at the end of the list. The water management in
terms of quality and supply of water and the physical, mental health of inhabitants

(aggression) were also added to the list a few times.

Besides the evaluation of the current challenges of the cities, the participants were asked
to determine the type of development, which would be essential in their cities,
settlements. Out of the 362 interventions, which were suggested by the participants, the
most dominant area was green space related wishes and suggestions, which has strong
connection with the third urban challenge, and that followed just the mobility (mainly
public transport related), and infrastructural ones, such as:

[0 Green space: more green spaces, parks, drinking fountain facilities in them, tree
planting;

[0 Mobility: through less car, diverse transportation facilities, parking system
improvement, development of bicycle paths, more extensive suburb, and night
transport system;

O Infrastructure: development of the pedestrian way, public road, bicycle paths, less

pothole

a

Housing: public housing developments;

a

Building: restriction on what, where, which purpose;

a

Living: dog poo management, cleanness in the public spaces, public (recycling)
dumpsters, public toilets;

[0 Environment aware: energy-saving home renovations, green energy use.

After the detailed discussion of the urban challenges and needed interventions, it was

asked whether the participants had heard the term “smart city” and how they consider

59 Red- often marked as an existing challenge, Orange- at least half of the participant choose, Green- less
then 50% of the respondents picked it.
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their knowledge about it. It was expected that the responses will include some
“compulsion to comply” based on Molnar’s work (Molnar PhD, et al., 2021), and for that
reason three statements were formed, and it was asked, which one is true for the

respondent:

1. “Which statement is true for you?”
A. “I have a great knowledge in the context of smart city" — considered as
aware of the term.
B. “I am familiar with the term smart city, but I am not an expert’ —
considered as they might have heard or know
C. “I am not familiar with this term” — considered as they do not know the

term.

All the 550 participants had been asked whether they familiar with the term ‘smart city’
(Figure 21). Two of them gave non-related answers, but 310 out of the 548 people, more
than half of them (56,57%), considered themselves as who are familiar with this term,
183 people, around one third (33,39%), were not familiar with this term at all. Finally, 55

people (10,04%) consider themselves, who have great knowledge about the concept.

21. Figure: Which statement is true for you?

| have a great knowledge inthe 36
context of "smart city" 18

Other
I am not familiar with this term B Male

M Female

Iam familiar with the term "smart
city", but | am not an expert

176

Source: own edition
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Although no significant relationship was demonstrated (Chi-Square=3.239; P=0.082) in
Molnéar’s work (Molnar PhD, et al., 2021, p. 15), in this research the relationship can be
seen significant (Chi-Square= 28.2185; p-value is < 0.00001, the result is significant at p
<.01) between gender and knowledge of the term “smart city”. Despite of in Molnar’s
study, in which more men (70.6%) seem to know the term than women (63.3%), in this
analysis (Table 27.) more women were familiar with the term 176 (32,29%) compared to
132 (24,22%) men, but more men, 36 (6,61%) had great knowledge than women, 18
(3,3%). All in all, 194 (35,60%) women and 168 (30,83%) men had any knowledge about

“smart city”.

27. Table: Do you know any example for a smart solution / innovation? (Local — Global)

Statement No Yes SUM
I am familiar with the term "smart city", but | am not anexpert 239 71 310
I am not familiar with this term 177 6 183
| have a great knowledge in the context of "smart city" 25 30 55
SUM 441 107 548
Statement No Yes SUM
| am familiar with the term "smart city", but | am not an expert 246 64 310
| am not familiar with this term 176 7 183
| have a great knowledge in the context of "smart city" 29 26 55
SUM 451 97 548

Source: own edition

As regards the smart solutions, the respondents 19,53% declared that they know a local
‘smart solutions’, while 17,7% of them would be able to identify a solution in a global
level. An interesting outcome is that 6 people said they know local and 7 people know
global smart solution despite the fact they are not familiar with the “smart city” term. Out
of these 107 people, just 104 could list at least one smart solution, while in case of the
global level out of 97 positive answers, just 5 could not contribute to the smart solutions
examples collection. These examples will be presented in the 3.4 Chapter — Collection of
smart solutions, beside the examples gained from the semi-structured interviews and own

research.
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It can be stated that the most frequently mentioned smart solutions were different sharing
vehicles (car, bike, scooters, rollers), smart bench, smart pedestrian crossing, parking
apps, and e-ticket and smart traffic management systems. These solutions (Table 28.)
contribute mostly to the individuals’ utility (bench, parking app, pedestrian crossing),
while the environmental related solutions were mentioned significantly less. They were

the solar panels/cells, tools which support the use of renewable energy resources.

28. Table: Distribution of smart solution types

Solution Type Frequency Percent Cumulative %
ENV 13 2.4 2.4

IND 53 9.6 12.0

BOTH 78 14.2 26.2

NONE 400 72.7 98.9

OTHER 6 1.1 100.0

TOTAL 550 100.0

Source: own edition

Out of the 13 environmental related examples (Table 29., total in Appendix 10.), four (the
most) were received from city dwellers, at least 56 years old women, who consider
themselves as non-familiar with the term of ‘smart city’, but can describe a smart solution.
This group is followed with three examples by those 36-45 years old female city dwellers,
who are also not familiar with the term, despite this, they can still set an example. In case
of the solutions with individuals’ utility focus, they came (six — the most) from those
female city dwellers, who are also not familiar with the term, but can describe a smart
solution and their age is between 26-35 years, which is followed with 4 given examples
the 26-35 years old female city dwellers, who are familiar with the term of ‘smart city’
and can give an example. According to those given answers, which conclude both
environmental and individual example, the most answers (eight) came from the ‘not
familiar’ group (four out of five cases). In this classification, the male participants are
dominate, while the most answer (8) came from 26-35 years old, male city dwellers, who
can give an example, even though they consider themselves as ‘non-familiar’. Finally,
this is the category, where the self-proclaimed experts’ answers were significant (6), in

the 46-55 age range.
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29. Table: Distribution of smart solution types

Both Env Ind None Other
City dweller 75 11 47 343 5
Expert 24 1 10 12 3
46-55 7 0 4 1 1
Male 6 0 2 1 0
Yes 6 0 2 0 0
Familiar 2 0 9 150 0
26-35 2 0 5 34 0
Female 0 0 4 25 0
Yes 0 0 4 0 0
Not familiar 49 10 27 181 1
26-35 14 1 8 52 1
Male 8 0 2 17 1
Yes 8 0 2 0 1
Female 5 1 6 35 0
Yes 5 1 6 2 0
36-45 13 3 7 42 0
Male 7 0 3 22 0
Yes 7 0 3 1 0
Female 6 3 4 19 0
Yes 3 4 0 0
46-55 12 1 8 37 0
Male 7 0 3 18 0
Yes 7 0 3 0 0
Female 5 1 5 19 0
Yes 5 1 5 0 0
56- 8 4 3 32 0
Female 7 4 3 23 0
Yes 7 4 3 0 0

Source: own edition

Although, most of the smart solution examples were received from the city dwellers, they
were hard on themselves, as they considered their knowledge deficient in terms of ‘smart
city’ (Table 29). However, they were able to provide 10 environmental cases, 27
individuals’ utility driven solutions, while in 49 cases both types were represented in the
given answers. The strongest correlation is between the ‘status’ (can provide an example
or not) and the given example ‘type’, although it is not ’1°, while there were respondents
who claim that they are unable to provide a smart example, but they did. Meanwhile, the
other categories show weak relations, and for that reason further characteristics, such as

educational level, income, etc., should be involved into the research.
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22. Figure: Correlation of the characteristics

100

Gender 0.034
0.75
Age RULER) 1 0.015 0.50
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Source: own edition

3.4 Collection of smart solutions

The target of this chapter is to provide information about existing smart solutions to
increase environmental awareness. Whitin smart economy, governance, people, living
groups, positive environmental effects can be achieved through the reduction of (paper-
based) administration, teaching materials and related commutes. The environmental
relevance in case of the mobility is detailed within the group listing, and the target of the
smart environment group is supporting environmental development, awareness, and
climate tackle. The solutions, which are listed, were collected from once the participants
of the questionnaire, the interviewees of the semi-structured interviews and finally they
were results of my own knowledge or research. The compiled cases are divided into six
groups, such as smart economy, smart governance, smart people, smart mobility, smart
living and smart environment, which follows the previous analyses’ structure of the
research and based on the category definitions, which were formed by (Lechner
Tudaskodzpont, 2021), (Samih, 2019), (Vienna UT, 2007), (United Nations, 2015b) (Table

14.). Some of the cases have description (while they are mostly systems), some of them
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are unambiguous, that no further explanation is needed (mostly tools). Within each
category an (Q) stands for the outcome of the Questionnaire. Not all the below listed
smart solutions have equal utility or environmental influence, but they can be considered
as the most commonly available or adapted ones in terms of personal or city users and

affects one of the six characteristics of a smart city.

Smart Economy: Those ICT, platforms and services, which support entrepreneurship,

innovative ecosystems & spirit, productivity, ability to transform, labour flexibility,
economic image & trademarks and international embeddedness (Lechner Tudaskdzpont,
2021), (Samih, 2019), (Vienna UT, 2007), (United Nations, 2015b).

1. Online payment systems (Q) (for parking, public transport ticket/ pass): As an
example, a smart parking system with an integrated advance payment system
operates in Héviz, which send a notification if a user forget to pay the parking fee
instead of sending a fine.

2. Integrated app: where the user with one account can manage their bills, parking
fee, or they can buy even their cinema ticket (e.g. Simple).

3. Distance work facility: the capability to reach the company’s internal system
through a secured domain.

4. Smart banking: managing financial matters through an app, such as money
transaction, money exchange, managing savings, portfolios etc.

5. Online cashier: the online cash registers send the collected data from each
transaction directly to the National Tax and Customs Administration.

6. e-Vignette

Smart Governance: Open, accountable, and transparent governance, opportunity of

participation in decision-making processes, existence of political strategies &
perspectives. Available public and social services. These elements support by ICT
(Lechner Tudaskozpont, 2021), (Samih, 2019), (Vienna UT, 2007), (United Nations,
2015b).

7. EESZT: National eHealth Infrastructure: “the system is to interconnect the earlier
fragmented health care data systems in all of Hungary, and ... collect all data in a
central system, thus the operating services of the Infrastructure would allow the
various treatment locations to access the necessary information” (EESZT, 2022).

8. Cloud based electronic receipts (Q)
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10.
11.

12.

13.

14.

15.

16.

17.

‘Client Gate’: a system providing a platform for its users with electronic
identification to connect with Hungarian State Organizations to manage electronic
administration services.

E-SZJA

Community budget (Q): as one of the participants of the questionnaire stated,
“city districts hold "townhalls" for the people, who are living there, can submit
their own idea as well as discuss proposed new projects for their neighbourhood”.
It works in Budapest (Budapest Févarosi Onkorményzat, 2022a), the 13. district
in Hungary (XIII. keriileti Onkorményzat, 2022), and in Székelyudvarhely,
Romania (Jakab, 2022) as well.

Online community consultation (Q): (Budapest Févarosi Onkormanyzat,
2022b)

Real-time, transparent community Budget: increase transparency and the city
expenditure can be observe, while the optional mis-estimation could turn out and
improve future process (Jakab, 2022).

City card: an opportunity which can be used for several things and can be
integrated to tourism with information and discounts, into public transport system,
or workplace attendance, or it can take out the admission ticket of cultural
facilities etc (Nagy, 2022).

“The virtual civil servant”, alias Alfréd: this chat-bot works with Al, developed
by the staff. It helps to calculate the annual tax of a car or a building, also informs
you about local events and alerts regarding the weather (Jakab, 2022).
Intelligent metering system: automatic send the collected data about measured
consumption without any human resource need (Ilcsik, 2022).

Intelligent geospatial information platform: This technology uses a metering
tool, a high-performance computer to the processing and a software to monitor,
control the measurement and visualise the collected data. This technology can
locate traffic signs, manhole covers, drainage and street furniture and can map

illegal landfill sites INTERMAP, 2022).
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Source: INTERMAP, 2022)

Smart People: Promotion of lifelong learning, creativity, flexibility, open-mindedness,

participation in public life, higher level of qualification through education development

and social and ethnic plurality (Lechner Tudaskézpont, 2021), (Samih, 2019), (Vienna
UT, 2007), (United Nations, 2015b).

18.

19.

20.
21.

22.
23.
24.

25.

26.

27.

28.

Living Labs: Aspen in Wien, [jburg in the Netherlands (dr. Dobos, et al., 2015),
Debrecen — Sopron in Hungary.

Open data source: a system collects open data of governments as to boost
available knowledge by providing available real-time data, an example Smart
CitySDK (de Pater, 2016).

Remote monitoring of the elderly’s life and needs (Széles, 2022)

Digital totem: it is usually used for mostly advertising purpose. Beside this, it can
be used to educational targets thanks to the touchscreen to develop movement and
logic skills.

Smart metering: the end users can monitories their energy, water consumption.
Online courses, Distance learning

Online available library service: such as the Repository of the Academy's
Library or the online library of the Metropolitan Ervin Szab6 Library.
Interactive / online exhibitions

Mental health apps

Food waste reduction through app, which connects the different stakeholder
(restaurants, delivery, costumer) such as Munch (Q)

Education: projects, which target is to sensitize the citizen, increase climate

awareness. Projects like, “Foot bus”, “Cycle to work™. (T6th-Birtan, 2022)
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Smart Mobility: Sustainable, innovative, safe transport system and service centred

transportation development. Local, (inter)-national accessibility. Promotion of non-
motorized and public transportations by complex ICT solutions and connected
infrastructural network (Lechner Tudéaskozpont, 2021), (Samih, 2019), (Vienna UT,
2007), (United Nations, 2015b).

29. Advanced driver assistance technology: from front-crash prevention systems,
blind-spot detection, lane departure prevention, parking assistant etc. to the Self-
driving car (D'Allegro, 2022), (Varga & Tettamanti, 2016). All to make the
driving safer and less dependent on the reaction time of the driver.

30. EV charging infrastructure (Q), (Imrei, 2022);

31. Smart Parking (Q): with the help of this app, you can see and easily find the
available parking spaces. There are plenty of solution with cameras or with
sensors to identify the free spaces, but it is crucial to find the best solution and the
suitable place, where this smart solution potential can utilize (Jakab, 2022),
(Matyus, 2022).

32. Smart pedestrian crossing (Q), (Sziics, 2022): there are different providers with
slightly different methodology, but the main point is a sensor perceive the
approaching pedestrian, and some LED light will turn on to raise awareness of the
potentially approaching cars. This system can be extended by lighting facilities,
which increase the strength of the lighting, when the pedestrian is coming near.

33. Smart passenger information system (Q): is a Real Time Passenger Information
(RTPI) system, such as ‘Budapest Go’ (Nagy, 2022).

34. Smart Pole: beside the lamp, it could have charger spot/station, emergency
button, information display, air quality and temperature sensors, CCTV and
parking lot surveillance, WI-FI hotspot, solar panels, touch panel (Sziics, 2022).

35. Self-driven underground (Q)

36. Public transport Mobile ticket system (Q): e.g. BKK e-ticket

The following examples have (in)direct positive contribution to environmental factors, or
even climate change tackle, through the reduction of the unnecessary use of fuels (lower
GHGs emission), or reduction in terms of vehicles supply surplus (decrease the emission
during the production, logistic, maintenance), the use of (questionable) fully or partly
renewable energy-based vehicles and the decreased commuting time (emission

reduction).
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37.

38.

39.
40.

41.

Aviation with AI: Al usage during aviation to find the best operational measure,
which fits to the conditions and the pilot (Németh, 2022).

Sharing system (Q): sharing cars, bikes, scooters, rollers.

Electrical and cargo bike pool (Q)

Electric, hybrid and clean vehicles (car, bus etc.) (Q): they environmental
friendliness is questionable by using battery (Krishna, 2021). It seems postponing
the change.

Smart traffic management (Q): a complex controlling over the traffic lights.

Smart Living: Interventions and ICT solutions to boost liveability, safety, housing quality,

health, tourism, social cohesion, cultural and education facilities (Lechner Tudaskdzpont,

2021), (Samih, 2019), (Vienna UT, 2007), (United Nations, 2015b).

42.

43.

44.

45.

46.

47.

Smart building: case study in Barcelona, where 2767 MWh energy demand
reduction could be achieved by every year thanks to the refurbishment (building
envelop, efficient lighting, heat pumps (Garrido-Marijuan, et al., 2017).
Automatized lighting and heating/cooling systems (Q) within buildings
through always measuring sensors, to avoid unnecessary energy use. This solution
mostly fits to the newly built buildings.

Home safety can increase by smart door, window sensors, cameras which
through the related app send a push notification, when it perceives change in the
status (open/closed) or in case of the camera person or motion is detected. They
usually use battery (non-rechargeable), which is pollutive.

Smart home: Smart LED Bulb: they are remotely controllable, beside the on
and off status the strength of the lighting can be modified. Additionally, the colour
of the light can be changed to promote relaxation. Smart cleaning kit: such as a
robot vacuum mop, which can be controlled through an app, and saves time for
the user (Xiaomi, 2022).

Smart bench (Q): phone charging and free Wi-Fi on the solar powered smart
benches (Kuube, 2022)

Safe bicycle storage (Q): in the bicycle storage there is an app based locking
system to secure your bike (Koki, 2022). However, it locks just your wheel, which
is as safe as a normal chain. It would be more useful if the bikes would be stored
in a closed “parking place”, where you get a number or QR code if you parked

your bike there, that you will get back just with that perilously given identifier.
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48

49.
50.

51.

52.

53.

54.

5S.

56.

57.

Smart

. Smart toilet management (Q), (Széles, 2022): it is accountable, and sends push
notifications when the fundamental tools are out of stock or in case of emergency,
immediate intervention is needed (Fekete & Zsoka, 2021)

Online ticket booking systems (Q)

Online streamed concerts, performance and “video on demand”:
opportunities (during COVID), such as Netflix, HBO GO, Disney+ (Handk, 2018)
Online meeting, conference platforms

Non-contact (thermometer) panel in hospitals: temperature, mood etc.

Green wall solution (Q): it is seen as a “sustainable, breath-taking living walls
that are easy to maintain, look extraordinary, improve air quality and are kind to
the environment” (GreenWall Solution, 2022). However,

Rehabilitation robot: helps patients to practice repetitive movements (Hanak,
2018)

Support for people with disabilities or difficulties:’Cimbi’ is an app designed
by Maté Kondor (MOME, 2020) to those who has communication difficulties
(such as people with autism). Furthermore, there are software, which transform
sign language to speech or written text (e.g. Microsoft Kinect), or helps in the
movement coordination (e.g. Dowell).

Autédrszem app: it is a license plate based messaging platform, where users can
contact with each other in case of open window, broken tools, etc.

Tourist app: application, which provide detailed information about the most
important sightseeing, or guided tours, such as the Hungarian ‘PocketGuide’
(PocketGuide, 2022).

Environment: Sustainable natural resource management, water and waste

management, use of renewable energy sources and energy efficiency, air pollution

decreasing, promoting climate change adaptation ability (Lechner Tudaskdzpont, 2021),

(Samih, 2019), (Vienna UT, 2007), (United Nations, 2015b).

58

59

. Green energy: solar cells, solar panels, wind power station, and innovation uses
sand (Limb, 2022)

. Smart street lighting: LED lamp posts as bases for (air)sensors, Wi-Fi, but most
importantly these laps can be controlled remotely and one-by-one, immediate
intervention can be made, and the lamps’ luminous intensity can be modified

(Széles, 2022). Through the change of 1.445 pieces of old public lightnings to new
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60.
61.

62.

63.
64.

65.
66.
67.
68.

69.
70.

71.
72.
73.

LED streetlights, the nominal energy use dropped by 40-50 percent, and 10-15
percent drop could be achieved by the control over the luminous intensity (Fekete
& Zsoka, 2021).

Risk management based on open data

Neighbourhood energy management system: Bristol (Garrido-Marijuan, et al.,
2017) and there is an effort toward this in Tamasi (Széles, 2022).

Air quality, heat, light, noise, humidity metering (Q),: through sensors, like
Mr. Kocsis made available for the research (Kocsis, 2022).

Groundwater and level sensor (Kocsis, 2022)

Battery energy storage (Q): such as Innogy (former Elmii-Elmasz) ENTAR-1
(Antaléczy, 2019)

Heat pumps, Geotherm energy (Széles, 2022)

Microgrid (Vida, 2018)

Dustbin saturation sensors (Q) — data driven waste collection (Humusz, 2016)
Smart rainwater treatment: complex, well-planed solution to solve the
problems of flash flood, but not wasting the water (Nagy, 2022), (Széles, 2022).
PET trekker: mapping the movement of the river waste (Ilcsik, 2022).

Smart buoy: among others, it measures the quality of water, the intensity of the
alga (Ilcsik, 2022)

SWF Smart water monitoring: (in-fresh and out-sewage) (Ilcsik, 2022)
Predictive Sewage Shaft Maintenance (Ilcsik, 2022)

Al to tree tracking: examine the conditions of trees by using Al (Barsi, 2022)
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4 Conclusion

This dissertation was built up as a cone, from the broad global problems it has been
narrowed down to the cities level in the focus of their climate change exposure and find
a suitable sustainable solution for them. Within the literature review, detailed information
was presented about the process of climate change, its consequences and the GHGs
current share and amount. Based on the literature, within the sectoral distribution of the
GHGs emission 5 main sectors have been identified: Energy (Transportation, Electricity
and heat, Buildings, and other energy), Industrial processes, Agriculture, Land use change
- forestry and Waste, and from them the most significant contributor with approximately

76,10 percent of the total GHGs emission in COz equivalent in 2016 is the energy sector.

In case of the cities, their general challenges, such as urbanisation, heat island effects,
waste management, etc., and their special role in that contest were demonstrated, through
their significantly great contribution to GHGs, and in contrast their exposure to the
impacts of the climatic change. Despite of all challenges, as Hoornweg (Hoornweg, et al.,
2020) added, cities could mediate between different social levels, stakeholders, while they
have the platform to communication. Based on that, this platform can serve as a centre of
innovations, technology, and the flow of resources to solve or moderate the urban

problems.

In terms of ‘smart city’ the rapid development of the term was showed. Through the
different definitions and the varied models its complex non-homogenous nature was
illustrated. It can be stated that ‘smart city solutions’ has been put into practice in varied
ways (Caprotti, 2016), (Cugurullo, 2016), (Cugurullo, 2017), (Rapoport, 2014). For that
reason, the definition of ‘smart city’ become different by time, involved tools,
stakeholders, targets, importance of ICT. According to the main common factor of the
varied definitions or approaches to the term, several grouping can be performed. There is
once, the holistic/ human driven (HDM) and the techno-centric/ technology-driven
(TDM) (Mora & Deakin, 2019), (Letaifa, 2015). Based on Neirotti (Neirotti, et al., 2014)
and Baji (Baji, 2017), another distinguish can be made, which includes a Hard, a more

technical subsystem, and a Soft more social oriented subsystem.
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In this dissertation Kummitha and Crutzen (Kummitha & Crutzen, 2017) 3RC
Framework, Restrictive — Reflective - Rationalistic or pragmatic - Critical schools of
thought, are used, while it is seen as the most comprehensive approach. The main
statement of the Restrictive school of thought, is to be considered as a ‘smart city’, a city
should have an ICT-based integrated system, which concludes the [oT implementation in
the urban infrastructure and must assist effectiveness and efficiency. While the Reflective
school of thought (Angelidou, 2015) sees technology as a core element, which serves for
human capital development, boost of innovative ecosystems and spirit, participation
improvement. Finally, the Rationalistic or pragmatic school of thought (Orlikowski,
2000) citizens, communities’ usage of ICT creates technology development, and for that
reason the common knowledge of technologies and tutoring skills for the effective

application are needed.

Based on the literature and the defined research question and sub-questions inductive
methodology was applied, with semi-structured interview and questionnaire. Based on
the interviews, it can be stated that the cities (supported by the experts and vendors) main
motivations, during the smart solution developments, are to create systems or install
solutions that contribute to conscious and sustainable resource management, while they
are economically efficient and can operate in a self-sustaining manner (Restrictive
school). The main motivations related to these projects were increasing economic
efficiency, developing self-sustaining systems, expenditure reduction, sustainable
resources management, social inclusion, increasing liveability, and attractiveness of the
city, and the decision-making processes should be data-driven. They can provide complex
solutions for the exact problems of the city, while also having social utility and increase
the cities” appeal (Reflective school). In case of the involved fields, the approach of the
‘Reflective school’, which considers more techno-centric developments in the fields of
the mostly technology focused (sub)systems and see the ICT as core element of the smart
city, has been represented itself within most of the answers, however, it stood always
together with the elements of the ‘Rationalistic schools’, such as education, well-being,
and economic efficiency. The experts added data-driven efficient decision-making and
connectedness as key elements to the approach (Reflective school), while the vendors see

it mostly ICT driven developments (Restrictive school).
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According to the answers, there were significantly more hard field related solutions, and
most of them has (in)direct environmental (climate change) connection, such as emission
reduction, reduce the use of energy or increase renewable energy resource generation.
Finally, as Table 24. concluded, the main problems of the cities are seen as heat island
effect, pollution, land consumption, housing, while three problems out of the four were
environmental related. In terms of the smart solutions relevance, the interviewees saw
that the biggest added value can be achieved through smart solution implementation in

the field of pollution — emission, energy supply and within waste management systems.

The answers cannot be assigned to a single school, they can be seen as a combination of
them, but can be summarized with the thought of Vincent Mosco (Mosco, 2019), like the
‘smartness’ of a city does not come just with the use of ICT and the adaptation of
technological solutions, it should come with the dwellers and citizens. A city is smart
(beside the other factors) if its dwellers can use adequately the opportunities of the new
solutions and they are aware of the potential risks. Which leads to the appearance of
’environment’ in the implemented smart cases, as an eco-efficiency goal. Even, if the
cities, local governments, are aware of the importance of the climate change, their
exposure to it or the importance of the natural resource protection, the environmental
factor usually follow the economic, legal factors. In terms of the local governmental level,
the city management considering ‘environmental’ factor during the decision, which is
supported with calculations, estimations about the CO,, GHGs savings or with the
creation of climate or related strategies. However, in many cases these steps are regulatory
expectations from the EU or the Government, rather than independent conscious
decisions. In terms of the vendors, the decision is based on whether the solution has

business potential according to the market or not.

Finally, the cities’ representatives, experts and vendors ranked their or generally the
cities’ challenges, and as a result the three most dominant environmental related
challenges were heat island effect, pollution (air, water, waste, noise, thermal), intensive
land consumption, and they saw the relevance of the smart solutions in case of the

pollution — emission, energy related developments.

During the questionnaire (N=550) in this research, mostly female respondents were

reached, they were the top answerers in three age range, 25-35 age range, that followed
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by the 36-45 one, and the third is the 46-55. Beyond the answers from Budapest (n=320),
the most answers came from Szeged - Pécs (7-7), Veszprém - Budaérs (6-6), Erd - Ull3
(5-5), Pomaz - Dunakeszi (4-4), Eger-Fot-Kecskemét-Komarom-Miskolc-Sopron-
Veresegyhaz (3-3). The considerable selected city challenges by the participants, which
were set based on the literature (Meadows, et al., 1972), (United Nations, 1987), (United
Nations, 2012), (OECD, 2010), (UN-Habitat, 2011), (Revi, et al., 2014), (UN-Habitat,
2020), (Kocsis, et al., 2016), (Kovacs, et al., 2017, were the notable pollution, the heat
island effect, and the intensive land consumption, that followed the urban infrastructure.
The participants put the least emphasis on the problems of the energy supply and placed
the mobility and safety challenges at the end of the list, while water management and the
mental health of inhabitants were added to the problems. In line with that, out of the 362
interventions, mostly green space related developments and that followed just the
improvement of the mobility (mainly public transport related) were suggested. Finally, in
this research significant relationship can be seen between gender and knowledge of the
term ‘“‘smart city”. This result probably could happen because of the more diverse
‘knowledge options’ (‘no’, ‘little’, *greatly’). As regards the smart solutions, out of 107
people (19,53% declared to know, 17,7% global solution), just 104 could list at least one
smart solution, while in case of the global level out of 97 positive answers (17,7%
declared to know), just 5 could not contribute to the smart solutions examples collection.
Another interesting outcome of the research is that 6 people said they know local and 7
people know global smart solutions despite the fact they are not familiar with the “smart
city” term. In conclusion, the general knowledge about ‘smart city ‘can be considered as
good. Although, the main solutions, which reach the final users (city dwellers) are quite
limited, and not all have real environmental or economic benefit. There are devices, tools,
services, which serve demonstrational purposes, while others, usually hidden, have effect
on the efficiency, gain more return, and contribute to sustainability. According to the
correlation analysis, there is little connection between the selected characteristics, for that
reason further factors should be included within the research to be able to define the

defining elements / parameters in case of the environmental related outcome.

Finally, through the collection of 73 existing smart solutions contributed to the
improvement of the general environmental awareness. The listed solutions were collected
from the answers of the questionnaire, the interviewees and they were results of my own

knowledge and research and were divided into six groups, such as smart economy, smart
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governance, smart people, smart mobility, smart living and smart environment (Lechner

Tudaskodzpont, 2021), (Samih, 2019), (Vienna UT, 2007), (United Nations, 2015b).

Based on the received results, the smart city solutions can serve mitigation purposes in
most cases in the field of mobility, energy, and heating, while sustainability seems an
always involved aspect. Currently it is not substantially used for adaptation purposes. The
smart development core decision point is still economic factors, and just those solution
can solve environmental issues, which in the first place economically efficient. The
implementation of smart solutions currently based on a more complex, inclusive
perspective, where the human and sustainability centric approaches are needed. As a core
requirement to support this need is that the smart solution should provide solution to the
real problem, challenge of the city, not just a ‘fancy ICT based gadget ‘without economic

and social/environmental contribution.

Accordingly, the contribution of the dissertation to the literature is that in the empirical
implementation of the smart solutions cannot be defined by one leading school related to
the term. Furthermore, the results show that a motivating, innovative, open local
government is needed to plan complex and inclusive projects. Finally, the outcome of the
dissertation emphasises the importance of the improvement of ‘smart people’
characteristic by education and sensitizing to achieve greater results through smart

developments.

4.1 Limitation of the research

In case of the comparative analysis of the benchmark models, the limitations were that
not all the models published or even have dimensions, factors, or indicators, which made
the comparison sluggish. Another point was that Malek (Malek, 2010) did not published
in his article 3 indicators, which were mentioned in it. Additionally, none of the four cities
have been listed or have been ranked in any of the benchmarks. Finally, the simplification,
which would be necessary to analyse the dataset, could be seen as a limitation of the

research as well, despite it was made based on the literature.
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The limitation through the interviews, could be based on the participant gender, age,
number of years spent in their positions, and the fact that not all the participants filled

(suitably) the tables or answered for all the questions.

Finally, the limitation of the questionnaire-based research is once that even the number
of respondents is 550, the received result cannot be seen as representative one. It can be
stated that the conclusions drawn from the sample cannot be expanded to the base
population, so the results do not reflect the general opinion of the inhabitants of Hungary.
Additionally, the participants were not specifically selected, and the availability of the
online questionnaire was limited to a circle of involved people, who have access to
Internet, use of these social media platforms, or being able to see the posts. Secondly, the
timeframe, 12 days, can be seen as limitation also, but the aim was to reach 550
respondents. Finally, some of the relevant data did not field at all or with relevant
information within the questionnaire, and accordingly the correlation analysis further

characteristic should be included.

4.2 Further research potential

The further research potential could be seen in the field of expanding the analysis of the
general knowledge of ‘smart city’ to Romania and should be involved Romanian
participants in the same sample size as Hungarian ones to the questionnaire. In terms of
the investigated smart (sustainable) city models’, it could be expanded with further
benchmark models’ indexes, and as a following step, a smart city profile could be created
about the involved cities (Kecskemét, Sepsiszentgyorgy, Székelyudvarhely, Tamasi)
according to the previously identified most common indexes. However, the collection of
these diverse national statistical data is challenging. In terms of the interview, the further
research could be expanded to Torokbalint, the twin city of Székelyudvarhely. Based on
the interviews, the received ‘smart solutions’ could be detailed analysed according to

GHGs emission reduction, or cost benefit analysis, or other factors.
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Glossary

1. Global risk: 1s defined as an uncertain event or condition that, if it occurs, can cause
significant negative impact for several countries or industries within the next 10 years”
(WEF, 2018, p. 68).

2. Mitigation: is an effort to reduce or prevent emission of GHGs. This could be achieved
by using new or different technologies, renewable energies, increasing energy efficiency,
changing management practices or consumer behaviour. It is more efficient when it is
planned as part of a complex action plan (UNEP, 2021).

3. Adaptation: is an action or a process to moderate or avoid actual or expected climate
change effects (IPCC, 2014b, p. 5). It does not equivalent with maintaining the current
regime or institutions.

4. Resilience: “the capacity of social, economic, and environmental systems to cope with a
hazardous event or trend or disturbance, responding or reorganizing in ways that maintain
their essential function, identity, and structure, while also maintaining the capacity for
adaptation, learning, and transformation” (IPCC, 2014b, p. 5).

5. NDCs: Nationally determined contributions, including climate related targets and
policies. It measures governments interventions to response to climate change in a local
and on a global level (UNFCCC, 2021).

6. Urban sprawl: “can be defined as urban development with low-density housing, both
residential and commercial, segregated land-use, high level of automobile use combined
with lack of public transport, which is in high demand for land” (Haaland & Bosch van
den, 2015, p. 1), (Johnson, 2001).

7. Vulnerability: “the physical attributes of the city and its socio-economic composition that
determine the degree of its susceptibility (Mehrotra, et al., 2009, p. 20). How predisposed
to “adverse effects of climate change, including climate variability and extremes” (IPCC,
2007b)

8. Sustainable development: “is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” (United Nations,
1987, p. 41) and in the meantime improves the future quality of life by intertwining in
balance four dimensions, economic, social, environmental and cultural. Sustainable
development became a pathway to sustainability (UNESCO, 2021) by internalising

environmental cost (Emas, 2015).

60 The Brundtland — sustainable development definition was the basis of the nowadays used phrase, which
is became extended. The concept of needs, which emphasises the essential needs of the world's poor, which
priority cannot be underestimate or overwrite. Secondly, the progressive nature of the smooth economic
and social transformation. All the development should consider the costs and benefits of the transformation
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Sensors

Source: (Kocsis, 2022)
- Air quality sensor in the education (board model, prototype sensor outside-inside,

dashboard, educational usage)
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APPENDIX

Appendix 1: Climate Change extended introduction

A) Climate, Earth’s Energy Budget, Greenhouse effect

The Earth solar powered climate system works as it presented in Figure 19. The mainly
short-wave ultraviolet radiation from the sun heats the Earth, and this radiation is
absorbed at three levels, the first is the atmosphere (~19,5 % of the radiation), the second
is the clouds — acrosol level (~3% ) and the third level is the surfaces level where around
49 % of the incoming radiation is absorbed. These three levels in the meantime reflects
back directly around 30% of the incoming solar energy, the Earth’s surface (for example
by the ice) reflects back around 10%, which ratio is shrinking year by year (Kiehl &
Trenberth, 1997).

23. Figure: Schematic showing of the Earth’s annual and global mean energy balance
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Source: (Kiehl & Trenberth, 1997, p. 206)

The Greenhouse effect responsible for trap the heat in the atmosphere from the incoming
and from the re-radiated solar energy by using a certain combination or concentration of
greenhouse gases (GHGs). In case of high IRF and a strong Global Temperature change
Potentials (GTP), the concentration change of CO: is crucial, while it has strong warming
effect within a 200-year long timeframe. In Figure 20. the concentration of COx: is

presented in yearly average, and it is estimated back to BCE period. The first half of the
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graph shows cyclical fluctuation®! in the concentration but never overtake the 300 ppm,
which represent and proof that there are natural climate change periods within the Earth
lifetime (ice ages - low CO2 and interglacials - high CO2) (Bereiter, et al., 2015). Since
the Industrial Revolution the CO> concentration is rapidly increasing (Ritchie & Roser,
2017), and on May 9, 2013, on Mauna Loa the day average and in April 2014, the month
average, the 400 ppm has been reached (National Geographic, 2019). In February 2021,
this number was 415.88 ppm (Dlugokencky & Tans, 2021). That notable change
generally occurs hundreds or thousands of years, but for mankind it took for decades.
This is the proof of the contributions of the main human activities in the global warming

process.

24. Figure: Atmospheric CO: concentration (annual) from 803,719 BCE to 2018
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Source: Own edition based on NOAA (Dlugokencky & Tans, 2021)

These human activities and approaches, put the general natural Carbon Cycle into deficit
(Figure 21.), where the emitted CO» (from Fossil carbon, Land-use change) cannot be
sink naturally (by oceans, land and the atmosphere). This tendency urges the development

of new technological solutions, such as carbon capturing systems.

6l Caused by Milankovitch cycles.
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25. Figure: CO: source and sinks from 1850 to 2018
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Source: CDIAC/GCP/NOAA-ESRL/UNFCCC/BP/USGS (Global Carbon Project, 2019)

B) Sectors’ contribution to GHG emission in case of GWP, GTP

In Figure 22. the GWP (global warming potential) and the GTP (global temperature
change potential) indices in 2010 are presented to show the ratio of the sectors and their
warming effects. The dominant warming potential of the Energy sector is similar like the
emission share for the total GHGs emission in case of COze. However, the warming
potential of the land use change and the agricultural production overweight the climatic

change compared to the share of the emitted GHGs (IPCC, 2014, p. 88).

26. Figure: Contribution by sectors to total GHG emissions (GWP 100, GTP100)
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This graph shows that the main sectors, where significantly high global warming potential
GHGs emission saving could be achieved. They are Energy and Transport, Industrial
activities and Agriculture and Land use change. Potential Smart solutions are existing for

all these areas (such as sensors, electric vehicles, smart agriculture, etc.) In the case of
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city management, the efficient and monetarised energy use, and a well-constructed

transportation system are the key areas to tackle climate change.

C) Available Financial Support

The focus of the framework is the global joint action through the appropriate locally
specified mitigation and adaptation processes (local actions) and the necessary and
sufficient joint finance. One of the most important financial supports for mitigation and
adaptation is the Green Climate Fund (GCF). It operates with more than 30 billion US$
and promoting mitigation and adaptation projects. It has already supported 173 projects,
which helped to increase resilience for 498 million people and avoid 1,8 billion CO:
equivalent GHGs emission. It supports mainly small and medium projects (33% - 41%)
and it offers grants and loans (44%-43%) beside equities, results-based payments,
guarantees. The main field in case of number of projects is Livelihoods of people and
communities, which has been supported with 109 projects around 1 billion USS. In case
of financial support, the main field is Energy generation and access, with 49 projects and
2,5 billion US$ (GCF, 2021). As this Fund shows as well, international cooperation is
constrained by climate change more vigorously and it links several fields together
(economy, law, social and natural science, technology etc.) and does not focus on them

separately, it formed a more complex approach.
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Appendix 2: Greenhouse gases and Sectors/source categories

Carbon dioxide CcO2
Methane CH4
Nitrous oxide N20
Hydrofluorocarbons HFCs
Perfluorocarbons PFCs
Sulphur hexafluoride SF6
Fuel combustion
* Energy industries
» Manufacturing industries and construction
* Transport
* Other sectors
Energy

e Other

Fugitive emissions from fuels
« Solid fuels

* Oil and natural gas

* Other

Industrial processes

Mineral products

Chemical industry

Metal production

Other production

Production of halocarbons and sulphur hexafluoride
Consumption of halocarbons and sulphur hexafluoride

Other

Solvent and other product use

Agriculture

Enteric fermentation

Manure management

Rice cultivation

Agricultural soils

Prescribed burning of savannas

Field burning of agricultural residues

Other

Waste

Solid waste disposal on land
Wastewater handling
Waste incineration

Other

Source: own edition based (UNFCCC, 2008, p. 106)
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Appendix 3: EU-28 Total GHGs emission in MtCO2e between 1990-2018

Country/

Region unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
MtCO

Austria 2e 62,79 66,99 61,2 61,12 61,22 63,69 67,41 66,4 66,38 64,56 64,76 76,39 77,69 82,77
MtCO

Belgium 2e 126,81 131,76 129,84 127,66 133,02 133,19 138,55 135,36 138,13 134,27 134,3 135,68 128,4 131,8
MtCO

Bulgaria 2e 76,59 59,37 53,5 52,02 48,13 49,35 49,88 47,36 43,51 36,58 35,97 36,61 33,96 38,75
MtCO

Croatia 2e 27,85 21,34 22,36 23,25 23,33 24,61 23,96 25,44 25,8 25,41 24,49 25,3 26,3 27,4
MtCO

Cyprus 2e 5,35 5,87 6,29 6,56 6,81 6,7 7,08 717 7,49 7,77 8,03 7,76 7,99 8,65

Czech MtCo

Republic 2e 172,9 156,17 151,72 147 139,71 139,69 141,3 138,79 132,16 124,05 134,68 136,91 131,29 135,6
MtCO

Denmark 2e 68,51 79,13 72,94 75,5 79,2 76,11 89,58 79,91 75,85 73,01 68,8 69,7 69,44 74,87
MtCO

Estonia 2e 37,37 33,58 25,79 19,99 19,11 17,42 18,3 17,88 17,37 16,43 16,08 16,56 16,15 18,1
MtCO

Finland 2e 38,27 38,18 35,07 36,31 42,92 38,94 45,39 43,45 39,81 39,13 37,79 58,93 61,32 69,47
MtCO

France 2e 477,92 502,72 487,97 469,18 463,44 472,18 490,93 480,98 497,02 486,59 483,67 447,09 439,49 444,4
MtCO

Germany 2e 1109,28 1079,69 1032 1024,31 1011,41 1004,79 1032,92 994,92 968,6 934,16 924,72 973,21 954,76 953,7
MtCO

Greece 2e 94,44 94,55 96,63 97 99,62 104,03 105,1 106,21 110,45 111,37 117,05 117,43 117,81 1211
MtCO

Hungary 2e 90,74 85,72 75,77 76,32 75,97 74,3 76,57 74,9 74,76 75,48 72,67 75,63 73,79 76,67
MtCO

Ireland 2e 54,11 54,68 54,89 55,54 57,02 57,85 59,34 60,84 64,24 65,8 68,77 71,35 70,62 70,9
MtCO

Italy 2e 456,75 454,34 451,12 444,81 439,52 464,51 460,76 464,54 475,84 483,07 488 485,95 494,23 512,8
MtCO

Latvia 2e 12,38 10,66 7,97 4,78 1,8 0,13 0,12 -0,44 -0,87 -1,52 -2,21 -2,87 -2,83 -2,69
MtCO

Lithuania 2e 45,88 47,61 32,84 26,92 24,9 23,29 24,04 23,81 24,69 21,94 20,23 20,16 20,52 20,69
MtCO

Luxembourg 2e 11,56 12,04 1,72 11,93 11,09 8,94 9,02 8,52 7,84 8,23 8,85 9,44 10,23 10,63
MtCO

Malta 2e 2,52 2,43 2,41 3,05 2,76 2,62 2,57 2,73 2,63 2,67 2,41 2,78 2,62 2,92
MtCO

Netherlands 2e 205,44 210,79 210,18 215,69 215,43 220,82 231,75 222,95 223,08 210,62 208,55 209,35 208,85 208,8
MtCO

Poland 2e 429,16 424,94 414,15 413,64 408,95 408,44 423,05 412,81 382,95 372,24 358,79 300,69 292,88 304,8
MtCO

Portugal 2e 57,84 59,56 63,58 62,5 64,41 68,18 66,63 68,93 74,08 80,82 80,33 78,72 83,6 78,71
MtCO

Romania 2e 245,92 203,46 182,02 170,57 167,11 172,66 175,94 163,31 145,8 130,19 134,81 138,07 134,98 140,8
MtCO

Slovakia 2e 57,56 49,51 46,97 44,27 41,56 42,15 42,19 42 40,81 39,35 36,76 38,43 37,87 38,16
MtCO

Slovenia 2e 8,35 7,32 7,06 7,77 7,85 8,72 9,54 10,02 9,75 9,06 8,76 75 7,57 7,54
MtCO

Spain 2e 232,63 238,82 248,65 233,85 246,79 260,7 254,16 275,71 285,23 309,99 327,4 348,65 365,39 374,5
MtCO

Sweden 2e 70,26 70,91 73,46 73,42 75,23 74,78 80,33 74,08 74,87 73,6 69,41 54,79 56,12 57,11

United MtCO

Kingdom 2e 746,4 761,64 739,51 722,61 711,75 702,55 722,68 701,07 697,42 671,25 673,87 684,64 666,82 674,5
MtCO

EU-28 2e 5025,58 4963,78 4797,6 4707,57 4680,06 4721,34 4849,09 4749,7 4705,7 4606,12 4607,7 4624,85 4587,9 4683
MtCO

EU-27 2e 4279,18 4202,14 4058,1 3984,96 3968,31 4018,79 4126,41 4048,6 4008,3 3934,87 3933,9 3940,21 3921 4009

Data source CAIT

Countries/
Regions: Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta,
Austria Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, United Kingdom

Sectors/Subsectors: Total including LUCF,

Gases: All GHG, Calculation: Total, Show data by Countries
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Country

/Region unit 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
MtCO

Austria 2e 83,59 83,63 81,31 78,22 77,79 70,83 76,55 73,72 70,5 71,05 67,28 68,41 68,53 70,71 67,85
MtCO

Belgium 2e 130,4 126,49 123,51 118,84 121,18 114,12 121,44 109,82 109,23 110,5 104,09 109,16 110,52 108,41 108,91
MtCO

Bulgaria 2e 37,44 37,41 37,48 41,68 39,21 31,8 33,49 50,74 45,04 39,96 42,55 45,2 20,47 22,65 19,52
MtCO

Croatia 2e 27,17 27,06 27,79 29,3 28,47 25,91 25,35 24,41 22,45 21,33 20,6 21,19 18,39 19,06 18,21
MtCO

Cyprus 2e 8,6 8,74 8,85 9,17 9,36 9,18 8,87 8,56 8,05 7,38 7,77 7,83 8,29 8,43 8,35

Czech MtCo

Republic 2e 136,2 133,11 134,09 137,06 132 124,37 127,45 128,14 124,74 119,45 116,73 118,65 118,28 118,3 117,03
MtCO

Denmark 2e 68,54 64,69 72,46 67,65 64,17 61,36 61,79 54,51 49,44 50,98 46,73 44,65 49,19 47,02 46,73
MtCO

Estonia 2e 18,26 18,41 17,18 21,2 19,66 16,26 20,26 14,54 13,31 15,72 14,39 11,95 20,21 20,86 20,56
MtCO

Finland 2e 65,56 53,39 64,75 62,92 54,8 51,19 59,29 11,43 5,73 6,47 2,38 -1,07 62,88 60,02 61,43
MtCO

France 2e 442 442,64 432,32 425,14 418,88 400,59 404,32 392,42 395,28 396,16 363,05 369,04 368,04 370,47 361,37
MtCO

Germany 2e 933,8 909,39 915,88 886,8 889,47 832,31 862,97 823,34 837,46 854,7 814,43 818,22 820,7 803,18 776,61
MtCO

Greece 2e 120,7 122,83 121,21 124,62 120,71 113,81 1071 107,17 102,01 94,37 91,31 89,58 88,31 87,92 86,14
MtCO

Hungary 2e 75,48 74,57 73,8 71,63 70,22 64,37 64,35 62,68 58,81 56,47 56,74 59,67 60,86 62,78 62,81
MtCO

Ireland 2e 70,13 71,35 72,32 70,69 69,64 64,27 62,91 58,41 60,06 59,14 59,3 61,1 63,08 62,45 62,29
MtCO

Italy 2e 5239 525,16 512,76 506,06 491,14 442,26 450,75 439,93 422,08 390,27 370,58 381,49 398,64 393,01 386,78
MtCO

Latvia 2e -2,6 -2,44 -1,91 -1,48 -1,8 -2,59 -1,41 9,1 8,89 8,84 8,76 8,83 8,56 8,47 8,89
MtCO

Lithuania 2e 21,64 22,78 22,9 23,9 23,33 19,74 20,55 13,92 13,83 12,94 12,46 12,711 18,21 18,11 18,21
MtCO

Luxembourg 2e 12,07 123 12,11 11,52 11,44 10,86 11,46 11,59 11,34 10,81 10,32 9,81 9,5 9,64 9,94
MtCO

Malta 2e 2,92 2,97 3,05 3,14 3,08 2,89 2,99 2,98 3,16 2,83 2,84 2,16 1,86 2,01 2,03
MtCO

Netherlands 2e 210,3  204,7 200,03 199,91 197,69 192,44 203,24 190,26 188,48 188,06 180,75 189,7 189,52 185,91 179,99
MtCO

Poland 2e 309 310,64 324,47 324,46 318,18 302,33 320,3 360,67 353,7 348,35 335,26 339,15 344,31 357,17 356,74
MtCO

Portugal 2e 80,6 83,7 78,41 76,99 74,74 73,87 68,6 66,31 64,62 62,92 62,51 66,64 66,81 77 67,15
MtCO

Romania 2e 1379 136,3 137,74 133,95 131,91 115,28 112,18 -165,52 -168,24 -177,81 -178,7 -177,03 82,96 85,69 86,13
MtCO

Slovakia 2e 37,5 38,39 37,92 36,94 36,81 33,17 34,76 34,06 31,75 32,39 29,74 30,16 37,52 39,42 38,86
MtCO

Slovenia 2e 7,76 7,96 8,33 8,26 9,25 7,26 7,56 16,4 15,79 15,15 13,6 13,68 17,48 17,65 17,51
MtCO

Spain 2e 390,7 405,41 399,28 415,54 382,32 345,5 330,31 340,98 334,71 308,62 307,09 317,67 301,97 318,35 313,06
MtCO

Sweden 2e 55,69 52,14 50,61 48,52 47,38 43,5 49,08 33,83 30,98 29,28 27,95 27,85 32,87 32,5 30,05

United MtCO

Kingdom 2e 669,8 663,91 661,01 645,52 625,56 570,73 583,6 540,98 562,45 543,71 502,84 486,78 464,28 450,24 441,13
MtCO

EU-28 2e 4675 4637,63 4629,66 4578,15 4466,59 4137,61 4230,11 3815,38 3775,65 3680,04 3493,3 3533,18 3852,24 3852,2 3774,3
MtCO

EU-27 2e 4005 3973,72 3968,65 3932,63 3841,03 3566,88 3646,51 3274,4 3213,2 3136,33 2990,5 3046,4 3387,96 3402 3333,2

Source: own edition based (Climate Watch Data, 2021)
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Appendix 4: UNECE-ITU Smart Sustainable Cities Indicators

Area  Topic Indicator Typology
ECONOMY C1.1.1 Internet access in households core
Al.1.1 Electronic devices penetration core
T1.1 ICT infrastructure
Al1.1.2 Wireless broadband subscriptions additional
A1.1.3 Fixed broadband subscriptions additional
C1.2.1 R&D expenditure core
T1.2 Innovation
C1.2.2 Patents core
C1.3.1 Employment trends core
T1.3 Employment A1.3.1 Creative industry employment additional
A1.3.2 Tourism industry employment additional
Cl1.4.1 e-Commerce transactions core
Al1.4.1 Electronic and mobile payment additional
T1.4 Trade — eCommerce
T1.4 Trade — export/import additional
A1.4.2 Knowledge-intensive export/import additional
A1.5.1 Companies providing eservices additional
T1.5 Productivity A1.5.2 Computing platforms additional
A1.5.3 SMEs trends additional
T1.6 Physical infrastructure 16 C1.6.1 Smart water meters core
— piped water Al.6.1 Water system leakages additional
T1.6 Physical infrastructure ~ C1.6.2 Smart electricity meters core
— electricity C1.6.3 Reliability of electricity system core
T1.6 Physical infrastructure ~ A1.6.2 Sporting infrastructure additional
— health
C1.6.4 Public transport system core
C1.6.5 Road traffic efficiency core
T1.6 Physical infrastructure ~ C1.6.6 Real-time public transport core
— transport information
C1.6.7 Share of EVs core
A1.6.3 Traffic monitoring additional
T1.6 Physical infrastructure ~ A1.6.4 Integrated management in public additional
— buildings buildings
Environment C2.1.1 Air pollution core
) ) A2.1.1 Air pollution monitoring addition
T2.1 Air quality
system
C2.1.2 GHG emissions core
C2.2.1 Quality of water resources core
2.2.1 Water saving in households additional
T2.2 Water
C2.2.2 Waste water treatment core
C2.2.3 Household sanitation core
A2.2.2 Drainage system management additional
C2.3.1 Exposure to noise core
T2.3 Noise
A2.3.1 Noise monitoring additional
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Society

Culture

and

T2.4 Environmental quality

T2.5 Biodiversity

T2.6 Energy

T3.1 Education

T3.2 Health

T3.3 Safety — disaster relief

T3.3 Safety — emergency

T3.3 Safety — ICT

T3.4 Housing

T3.5 Culture

T3.6 Social inclusion

C2.4.1 EMF consideration

C2.4.2 Solid waste treatment

C2.4.3 Perception on environmental
quality

C2.5.1 Green areas and public spaces
C2.5.2 Native species monitoring
A2.5.1 Protected natural areas

C2.6.1 Renewable energy

A2.6.1 Renewable energy generation
A2.6.2 Energy saving in households
C3.1.1 Students’ ICT capability
C3.1.2 Adult literacy trends

C3.1.3 Higher education ratio

A3.1.1 e-learning systems

C3.2.1 Electronic records

(C3.2.2 Sharing of medical resources
A3.2.1 Adoption of telemedicine
(C3.2.3 Life expectancy core

C3.2.4 Maternal mortality trends
A3.2.2 In-patient hospital beds

A3.2.3 Health insurance

C3.3.1 Vulnerability assessment
(C3.3.2 Disaster mitigation plans
C3.3.3 Emergency response

A3.3.1 Disaster and emergency alert
C3.3.4 Information security and privacy
protection

A3.3.2 Child Online Protection (COP)
C3.4.1 Housing expenditure

C3.4.2 Slums reduction

C3.5.1 Smart libraries

C3.5.2 Culture infrastructure

C3.5.1 Protected cultural heritage sites
C3.6.1 Public participation

C3.6.2 Gender income equity

C3.6.3 Opportunities for people with
special needs

C3.6.4 Attractiveness for skilled people
A3.6.1 Gini coefficient

Source: own edition based (United Nations, 2015b)

core
core

core

core
core
additional
core
additional
additional
core
core
core
additional
core
core
additional
core
core
additional
additional
core
core
core
additional

core

additional
core
core
core
core
additional
core
core

core

core

additional
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Appendix 5: Benchmarks models

3.0

Smart/Sustainable City Characteristics Factors (domains) Indicators (Components)
Model (sectors)

European Smart Cities Smart Economy Innovative spirit 3
3.0

European Smart Cities Smart Economy Entrepreneurship 3
3.0

European Smart Cities Smart Economy Economic image & trademarks 1
3.0

European Smart Cities Smart Economy Productivity 3
3.0

European Smart Cities Smart Economy Flexibility of labour market 3
3.0

European Smart Cities Smart Economy International embeddedness 2
3.0

European Smart Cities Smart Mobility Local accessibility 3
3.0

European Smart Cities Smart Mobility (Inter-)national accessibility 1
3.0

European Smart Cities Smart Mobility Availability of IT- 3
3.0 Infrastructure

European Smart Cities Smart Mobility Sustainability of the transport 4
3.0 system

European Smart Cities Smart Environment Environmental conditions 2
3.0

European Smart Cities Smart Environment Air quality (no pollution) 3
3.0

European Smart Cities Smart Environment Ecological awareness 3
3.0

European Smart Cities Smart Environment Sustainable resource 2
3.0 management

European Smart Cities Smart People Level of qualification 2
3.0

European Smart Cities Smart People Lifelong learning 3
3.0

European Smart Cities Smart People Ethnic plurality 2
3.0

European Smart Cities Smart People Open-mindedness 4
3.0

European Smart Cities Smart Living Cultural facilities 3
3.0

European Smart Cities Smart Living Health conditions 6
3.0

European Smart Cities Smart Living Individual security 2
3.0

European Smart Cities Smart Living Housing quality 3
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European Smart Cities Smart Living Education facilities 5
3.0
European Smart Cities Smart Living Touristic attractiveness 1
3.0
European Smart Cities Smart Living Economic welfare 5
3.0
European Smart Cities Smart Governance Participation public life 4
3.0
European Smart Cities Smart Governance Public and social services 2
3.0
European Smart Cities Smart Governance Transparent governance 3

3.0

Smart City Wheel Smart Economy Entrepreneurship & Number of new opportunity-based startup/year
Innovation
Smart City Wheel Smart Economy Entrepreneurship & % GDP invested in R&D in private sector
Innovation
Smart City Wheel Smart Economy Entrepreneurship & % of people in full-time employment
Innovation
Smart City Wheel Smart Economy Entrepreneurship & Innovation cities index
Innovation
Smart City Wheel Smart Economy Productivity Gross Regional Product per capita
Smart City Wheel Smart Economy Local and Global Connection % of GRP based on technology exports
Smart City Wheel Smart Economy Local and Global Connection Number of international congresses and fairs attendees
Smart City Wheel Smart Mobility Efficient Transport km of bicycle paths and lanes per 100.000
Smart City Wheel Smart Mobility Efficient Transport # of shared bicycles per capita
Smart City Wheel Smart Mobility Efficient Transport # of shared vehicles per capita
Smart City Wheel Smart Mobility Efficient Transport # of EV charging stations within the city
Smart City Wheel Smart Mobility Multi-modal Access Annual # of public transport trips per capita
Smart City Wheel Smart Mobility Multi-modal Access % non-motorized transport trips of total transport
Smart City Wheel Smart Mobility Multi-modal Access Integrated fare system for public transport
Smart City Wheel Smart Mobility Technology Infrastructure Presence of demand-based pricing
Smart City Wheel Smart Mobility Technology Infrastructure % of traffic lights connected to real-time traffic management
system
Smart City Wheel Smart Mobility Technology Infrastructure # of public transit services that offer real time information to the
public
Smart City Wheel Smart Mobility Technology Infrastructure Availability of multi-modal transit app with at least 3 services
integrated
Smart City Wheel Smart Environment Smart Buildings Number of LEED or BREAM sustainability certified buildings
in the city
Smart City Wheel Smart Environment Smart Buildings % of commercial and industrial buildings with smart meters
Smart City Wheel Smart Environment Smart Buildings % of commercial buildings with a building automation system
Smart City Wheel Smart Environment Smart Buildings % of homes with smart meters
Smart City Wheel Smart Environment Resource Management %of total energy derived from renewable sources
Smart City Wheel Smart Environment Resource Management Total residential energy use per capita
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Smart City Wheel Smart Environment Resource Management % of municipal grid meeting all of following requirements for
smart grid

Smart City Wheel Smart Environment Resource Management Supports for addressing system outages

Smart City Wheel Smart Environment Resource Management GHG emissioned measured in tonnes per capita

Smart City Wheel Smart Environment Resource Management Fine particular matter 2.5 concentration

Smart City Wheel Smart Environment Resource Management % of city's solid waste that is recycled

Smart City Wheel Smart Environment Resource Management Total collected municipal solid waste city per capita (in kg)

Smart City Wheel Smart Environment Resource Management % of commercial buildings with smart water meters

Smart City Wheel Smart Environment Resource Management Total water consumption per capita

Smart City Wheel Smart Environment Sustainable Urban Planning Does your city have a public climate resilience strategy/plan in
place?

Smart City Wheel Smart Environment Sustainable Urban Planning Population weighted density

Smart City Wheel Smart Environment Sustainable Urban Planning Green areas per 100.000 (in m2)

Smart City Wheel Smart People Inclusion % of Internet-connected households

Smart City Wheel Smart People Inclusion % of residents with smartphone access

Smart City Wheel Smart People Inclusion # of civic engagement activities offered by the municipality last
year

Smart City Wheel Smart People Inclusion Voter participation in last municipal election

Smart City Wheel Smart People Education facilities % of students completing secondary education

Smart City Wheel Smart People Education facilities Number of higher education degrees per 100.000 inhabitants

Smart City Wheel Smart People Creativity % of population born in a foreign country

Smart City Wheel Smart People Creativity # of officially registered ENOLL living labs

Smart City Wheel Smart People Creativity % of labor force engaged in creative industries

Smart City Wheel Smart Living Culture and Well-being % of inhabitants with housing deficiency in any of 5 area

Smart City Wheel Smart Living Culture and Well-being Gini coefficient of inequality

Smart City Wheel Smart Living Culture and Well-being Mercer ranking in most recent quality of life survey

Smart City Wheel Smart Living Culture and Well-being % of municipal budget allocated to culture

Smart City Wheel Smart Living Safety Violent crime rate per 100.000 population

Smart City Wheel Smart Living Safety # technologies in use to assist with crime prevention

Smart City Wheel Smart Living Health % of residents with single, unified health histories facilitating
patient and health provider access to complete medical records

Smart City Wheel Smart Living Health Average life expectancy

Smart City Wheel Smart Governance Online Services % of government services that can be accessed by citizen via
web or mobile phone

Smart City Wheel Smart Governance Online Services Existence of electronic benefit payments

Smart City Wheel Smart Governance Infrastructure Number of WIFI hotspots per km2

Smart City Wheel Smart Governance Infrastructure % of commercial and residential users with internet download

speed of at least 2 Mbit/s
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Smart City Wheel Smart Governance Infrastructure % of commercial and residential users with internet download
speed of at least 1 gigabit/s

Smart City Wheel Smart Governance Infrastructure # of infrastructure components with installed sensors

Smart City Wheel Smart Governance Infrastructure # of services integrated in a singular operations center leveraing
real-time data

Smart City Wheel Smart Governance Open Government Open data use

Smart City Wheel Smart Governance Open Government # of mobile apps available (iPhone) based on open data

Smart City Wheel Smart Governance Open Government Existance of official citywide privacy policy to protect
confidential citizen data

1SO 37120:2018 ND Economy Assessed value of commercial and industrial properties as a
percentage of total assessed value

1SO 37120:2018 ND Economy % of persons in full-time employment

1SO 37120:2018 ND Economy Youth unemployment rate

1SO 37120:2018 ND Economy # of businesses per 100 000 population

1SO 37120:2018 ND Economy # of new patents per 100 000 population per year

1SO 37120:2018 ND Economy Annual number of visitor stays (overnight) per 100 000
population

1SO 37120:2018 ND Economy Commercial air connectivity (number of non-stop commercial
air destinations)

1SO 37120:2018 ND Economy City’s unemployment rate

1SO 37120:2018 ND Education % of female school-aged population enrolled in school

1SO 37120:2018 ND Education % of students completing primary education: survival rate

1SO 37120:2018 ND Education % of students completing secondary education: survival rate

1SO 37120:2018 ND Education Primary education student-teacher ratio

1SO 37120:2018 ND Education % of school-aged population enrolled in school

1SO 37120:2018 ND Education # of higher education degrees per 100 000 population

1SO 37120:2018 ND Energy Total end-use energy consumption per capital (GJ/year)

1SO 37120:2018 ND Energy % of total end-use derived from renewable sources

1SO 37120:2018 ND Energy % of city population with authorized electrical service
(residential)

1SO 37120:2018 ND Energy Number of gas distribution service connections per 100 000
population (residential)

1SO 37120:2018 ND Energy Final energy consumption of public buildings per year (GJ/m?)

1SO 37120:2018 ND Energy Electricity consumption of public street lighting per kilometre
of lighted street (kWh/year)

1SO 37120:2018 ND Energy Average annual hours of electrical service interruptions per
household

1SO 37120:2018 ND Environment and Climate Fine Particulate Matter (PM2.5) concentration

Change
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1SO 37120:2018 ND Environment and Climate Particulate Matter (PM10) concentration
Change
1SO 37120:2018 ND Environment and Climate Greenhouse gas emissions measured in tonnes per capita
Change
1SO 37120:2018 ND Environment and Climate % of areas designated for natural protection
Change
1SO 37120:2018 ND Environment and Climate NO2 (nitrogen dioxide) concentration
Change
1SO 37120:2018 ND Environment and Climate SO2 (sulphur dioxide) concentration
Change
1SO 37120:2018 ND Environment and Climate 03 (ozone) concentration
Change
1SO 37120:2018 ND Environment and Climate Noise pollution
Change
1SO 37120:2018 ND Environment and Climate % change in number of native species
Change
1SO 37120:2018 ND Finance Debt service ratio (debt service expenditure as a percentage of a
city’s own-source revenue)
1SO 37120:2018 ND Finance Capital spending as a percentage of total expenditures
1SO 37120:2018 ND Finance Own-source revenue as a percentage of total revenues
1SO 37120:2018 ND Finance Tax collected as percentage of tax billed
1SO 37120:2018 ND Governance Women as a percentage of total elected to city-level office
1SO 37120:2018 ND Governance # of convictions for corruption and/ or bribery by city officials
per 100 000 population
1SO 37120:2018 ND Governance # of registered voters as a percentage of the voting age
population
1SO 37120:2018 ND Governance Voter participation in last municipal election (as a percentage of
registered voters)
1SO 37120:2018 ND Health Average life expectancy
1SO 37120:2018 ND Health # of in-patient hospital beds per 100 000 population
1SO 37120:2018 ND Health # of physicians per 100 000 population
1SO 37120:2018 ND Health Under age five mortality per 1 000 live births
1SO 37120:2018 ND Health # of nursing and midwifery personnel per 100 000 population
1SO 37120:2018 ND Health Suicide rate per 100 000 population
1SO 37120:2018 ND Housing % of city population living in inadequate housing
1SO 37120:2018 ND Housing % of population living in affordable housing
1SO 37120:2018 ND Housing # of homeless per 100 000 population
1SO 37120:2018 ND Housing % of households that exist without registered legal title
1SO 37120:2018 ND Population and % of city population living below the international poverty line
social conditions
1SO 37120:2018 ND Population and % of city population living below the national poverty line

social conditions
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1SO 37120:2018 ND Population and Gini coefficient of inequality
social conditions

1SO 37120:2018 ND Recreation m?2 of public indoor recreation space per capita

1SO 37120:2018 ND Recreation m?2 of public outdoor recreation space per capita

1SO 37120:2018 ND Safety # of firefighters per 100 000 population

1SO 37120:2018 ND Safety # of fire-related deaths per 100 000 population

1SO 37120:2018 ND Safety # of natural-hazard-related deaths per 100 000 population

1SO 37120:2018 ND Safety # of police officers per 100 000 population

1SO 37120:2018 ND Safety # of homicides per 100 000 population

1SO 37120:2018 ND Safety # of volunteer and part-time firefighters per 100 000 population

1SO 37120:2018 ND Safety Response time for emergency response services from initial call

1SO 37120:2018 ND Safety Crimes against property per 100 000 population

1SO 37120:2018 ND Safety # of deaths caused by industrial accidents per 100 000
population

1SO 37120:2018 ND Safety # of violent crimes against women per 100 000 population

1SO 37120:2018 ND Solid waste % of city population with regular solid waste collection
(residential)

1SO 37120:2018 ND Solid waste Total collected municipal solid waste per capita

1SO 37120:2018 ND Solid waste % of the city’s solid waste that is recycled

1SO 37120:2018 ND Solid waste % of the city’s solid waste that is disposed of in a sanitary
landfill

1SO 37120:2018 ND Solid waste % of the city’s solid waste that is treated in energy-fromwaste
plants

1SO 37120:2018 ND Solid waste % of city’s solid waste that is biologically treated and used as
compost or biogas

1SO 37120:2018 ND Solid waste % of the city’s solid waste that is disposed of in an open dump

1SO 37120:2018 ND Solid waste % of the city’s solid waste that is disposed of by other means

1SO 37120:2018 ND Solid waste Hazardous waste generation per capita

1SO 37120:2018 ND Solid waste % of city’s hazardous waste that is recycled

1SO 37120:2018 ND Sport and culture # of cultural institutions and sporting facilities per 100 000
population

1SO 37120:2018 ND Sport and culture % of municipal budget allocated to cultural and sporting
facilities

1SO 37120:2018 ND Sport and culture Annual number of cultural events per 100 000 population (e.g.
exhibitions, festivals, concerts)

1SO 37120:2018 ND Telecommunication # of internet connections per 100 000 population

1SO 37120:2018 ND Telecommunication # of mobile phone connections per 100 000 population

1SO 37120:2018 ND Transportation Kilometres of public transport system per 100 000 population

1SO 37120:2018 ND Transportation Annual number of public transport trips per capita
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1SO 37120:2018 ND Transportation % of commuters using a travel mode other than a personal
vehicle
1SO 37120:2018 ND Transportation Kilometres of bicycle paths and lanes per 100 000 population
1SO 37120:2018 ND Transportation Transportation deaths per 100 000 population
1SO 37120:2018 ND Transportation % of population living within 0,5 km of public transit running at
least every 20 min during peak periods
1SO 37120:2018 ND Transportation Average commute time
1SO 37120:2018 ND Urban/local agriculture and Total urban agricultural area per 100 000 population
food security
1SO 37120:2018 ND Urban/local agriculture and Amount of food produced locally as a percentage of total food
food security supplied to the city
1SO 37120:2018 ND Urban/local agriculture and % of city population undernourished
food security
1SO 37120:2018 ND Urban/local agriculture and % of city population that is overweight or obese — Body Mass
food security Index (BMI)
1SO 37120:2018 ND Urban planning Green area (hectares) per 100 000 population
1SO 37120:2018 ND Urban planning Areal size of informal settlements as a percentage of city area
1SO 37120:2018 ND Urban planning Jobs-housing ratio
1SO 37120:2018 ND Urban planning Basic service proximity
1SO 37120:2018 ND Wastewater % of city population served by wastewater collection
1SO 37120:2018 ND Wastewater % of city’s wastewater receiving centralized treatment
1SO 37120:2018 ND Wastewater % of population with access to improved sanitation
1SO 37120:2018 ND Wastewater Compliance rate of wastewater treatment
1SO 37120:2018 ND Water % of city population with potable water supply service
1SO 37120:2018 ND Water % of city population with sustainable access to an improved
water source
1SO 37120:2018 ND Water Total domestic water consumption per capita (litres/day)
1SO 37120:2018 ND Water Compliance rate of drinking water quality
1SO 37120:2018 ND Water Total water consumption per capita (litres/day)
1SO 37120:2018 ND Water Average annual hours of water service interruptions per
household
1SO 37120:2018 ND Water % of water loss (unaccounted for water)
U4sSC Economy ICT infrastructure Internet access in households
U4sSC Economy ICT infrastructure Wireless broadband coverage
U4sSC Economy ICT infrastructure Wireless broadband subscriptions
U4sSC Economy ICT infrastructure Fixed broadband subscriptions
U4sSC Economy ICT infrastructure Availability of WIFI in Public Areas
U4sSC Economy Innovation R&D expenditure
U4SSC Economy Innovation Patents
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U4sSC Economy Innovation Small and Medium- sized Enterprises
U4SSC Economy Employment Unemployment rate

U4sSC Economy Employment Youth unemployment rate

U4sSC Economy Employment Tourism sector employment

U4SSC Economy Employment ICT sector employment

U4sSC Economy Drainage Drainage / Storm Water System ICT Monitoring
U4sSC Economy Waste Solid waste collection

U4sSC Economy Water and Sanitation Smart water meters

U4sSC Economy Water and Sanitation Water Supply ICT monitoring

U4sSC Economy Water and Sanitation Basic water supply

U4sSC Economy Water and Sanitation Portable water supply

U4sSC Economy Water and Sanitation water supply loss

U4sSC Economy Water and Sanitation Wastewater collection

U4sSC Economy Water and Sanitation Household sanitation

U4sSC Economy Electricity supply Smart electricity meters

U4sSC Economy Electricity supply Electricity supply ICT monitoring
U4sSC Economy Electricity supply Demand Response Penetration

U4sSC Economy Electricity supply Electricity System Outage Frequency
U4sSC Economy Electricity supply Electricity System Outage Time
U4sSC Economy Electricity supply Access to Electricity

U4sSC Economy Transport Dynamic Public Transport Information
U4sSC Economy Transport Traffic Monitoring

U4sSC Economy Transport Intersection Control

U4sSC Economy Transport Public Transport Network

U4sSC Economy Transport Public Transport Network Convenience
U4sSC Economy Transport Bicycle network

U4sSC Economy Transport Transporttation mode share

U4sSC Economy Transport Travel time index

U4sSC Economy Transport Shared bicycle

U4sSC Economy Transport Shared Vehicles

U4sSC Economy Transport Low-Carbon Emission Passenger Vehicles
U4sSC Economy Public sector Open data

U4sSC Economy Public sector e-Government

U4sSC Economy Public sector Public Sector e-procurement

U4sSC Economy Buildings Public Building Sustainability

U4sSC Economy Buildings Integrated Building Management Systems in Public Buildings
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U4sSC Economy Urban Planing Pedestrian infrastructure

U4sSC Economy Urban Planing Urban Development and Spatial Planning
U4sSC Environment Air quality Air pollution

U4sSC Environment Air quality GHG emissions

U4sSC Environment Water and Sanitation Quality of drinking water

U4sSC Environment Water and Sanitation Water consumption

U4sSC Environment Water and Sanitation Fress water consumption

U4SsC Environment Water and Sanitation Wastewater treatment

U4SsC Environment Waste Solid waste treatment

U4sSC Environment Environmental quality EMF Exposure

U4sSC Environment Environmental quality Noise Exposure

U4sSC Environment Public Space and Nature Green areas

U4sSC Environment Public Space and Nature Green Area Accessibility

U4sSC Environment Public Space and Nature Protected natural areas

U4sSC Environment Public Space and Nature Recreational Facilities

U4sSC Environment Energy Renewable energy consumption

U4sSC Environment Energy Electricity Consumption

U4sSC Environment Energy Residential Thermal Energy Consumption
U4sSC Environment Energy Public Building Energy Consumption
U4sSC Society and Culture Education Students’ ICT access

U4sSC Society and Culture Education School enrollment

U4sSC Society and Culture Education Higher education degrees

U4sSC Society and Culture Education Adult literacy

U4sSC Society and Culture Health Electronic health records

U4sSC Society and Culture Health Physicians

U4sSC Society and Culture Health In-Patient Hospital Beds

U4sSC Society and Culture Health Life expectancy

U4sSC Society and Culture Health Maternal mortality rate

U4sSC Society and Culture Health Health Insurance / Public Health Coverage
U4sSC Society and Culture Safety Population Living in Disaster Prone Areas
U4sSC Society and Culture Safety Natural Disaster Related Deaths

U4sSC Society and Culture Safety Resilience Plans

U4sSC Society and Culture Safety Disaster Related Economic Losses
U4sSC Society and Culture Safety Emergency Service Response Time
U4sSC Society and Culture Safety Police Service

U4sSC Society and Culture Safety Fire Service
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U4sSC Society and Culture Safety Violent Crime Rate
U4sSC Society and Culture Safety Traffic Fatalities
U4sSC Society and Culture Housing Housing expenditure
U4sSC Society and Culture Housing Informal housing
U4sSC Society and Culture Culture Cultural expenditure
U4sSC Society and Culture Culture Culture infrastructure
U4sSC Society and Culture Social inclusion Voter participation
U4sSC Society and Culture Social inclusion Gender income equity
U4sSC Society and Culture Social inclusion Child Care Availability
U4sSC Society and Culture Social inclusion Poverty
U4sSC Society and Culture Social inclusion Gini coefficient
U4sSC Society and Culture Food Security Local Food Production
EU - RFSC Economy Unemployment rates/ Jobs Underemployment rates
EU - RFSC Economy Unemployment rates/ Jobs Employment rates
EU - RFSC Economy Unemployment rates/ Jobs Unemployment rates
EU - RFSC Economy Unemployment rates/ Jobs % of green jobs in the local economy
EU - RFSC Economy Unemployment rates/ Jobs Average professional education years of labour force
EU - RFSC Economy Economic growth Annual GDP growth rate
EU - RFSC Economy Economic growth Annual GNP growth rate
EU - RFSC Economy Economic growth Net Export Growth rates (% increase of country’s total exports
minus the value of its total imports per annum; Foreign Direct
Investments (Capital/Earnings accrued from listed FDI’s per
annum)
EU - RFSC Environment Green spaces % of preserved areas in relation to the total land
EU - RFSC Environment Green spaces % of reservoirs in relation to total land area
EU - RFSC Environment Green spaces % of waterways in relation to total land area
EU - RFSC Environment Green spaces % of waterways in relation to total land area
EU - RFSC Environment Green spaces % of trees in the city in relation to city area and/or population
size
EU - RFSC Environment Reduce greenhouse gases/ Total amount of GHG emissions per city
Energy efficiency
EU - RFSC Environment Reduce greenhouse gases/ Total amount of GHG emissions per capita
Energy efficiency
EU - RFSC Environment Reduce greenhouse gases/ % of total energy consumed in the city that comes from
Energy efficiency renewable sources
EU - RFSC Environment Mobility % of private to transportation
EU - RFSC Environment Mobility % of public to transportation
EU - RFSC Environment Mobility % of bicycle to transportation
EU - RFSC Environment Mobility % of pedestrians to transportation
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EU - RFSC Environment Mobility Average commute time
EU - RFSC Environment Mobility Averag commute cost
EU - RFSC Environment Water quality/ Availability Total amount of water availability
EU - RFSC Environment Water quality/ Availability Water quality index
EU - RFSC Environment Water quality/ Availability Water quality score
EU - RFSC Environment Water quality/ Availability Proportion of population with access to adequate and safe
drinking water
EU - RFSC Environment Air quality Levels of Particulate Matter (PM10 — mg/m3 )
EU - RFSC Environment Air quality Levels of Particulate Matter (PM2.5 — mg/m3 )
EU - RFSC Environment Waste/ Reuse/ Recycle Recycling rate (Percentage diverted from waste stream)
EU - RFSC Environment Waste/ Reuse/ Recycle Volume of solid waste generated
EU - RFSC Social Complete neighbourhood/ Access to local services within a short distance
Compact city
EU - RFSC Social Complete neighbourhood/ Access to neighbourhood services within a short distance
Compact city
EU - RFSC Social Complete neighbourhood/ Crime rates
Compact city
EU - RFSC Social Complete neighbourhood/ Measures of income distribution
Compact city
EU - RFSC Social Complete neighbourhood/ Measures of income inequality
Compact city
EU - RFSC Social Housing % of social housing
EU - RFSC Social Housing % of affordable housing
EU - RFSC Social Housing % of priority housing
EU - RFSC Social Housing Breakdown of housing sector by property type (owner occupied/
rental, single
occupant/couples/family/multifamily etc.)
EU - RFSC Social Quality public space % of roadways in good condition
EU - RFSC Social Quality public space % of green space (public parks) coverage in relation to city area
and/or population size
EU - RFSC Social Education # of schools with environmental education programs
EU - RFSC Social Education Adult literacy rate
EU - RFSC Social Sanitation % of population with access to waterborne or alternative (and
effective) sanitary sewage infrastructure
EU - RFSC Social Health Mortality rate
EU - RFSC Social Health Life expectancy
EU - RFSC Social Health % of population with access to health care services
GCI Business activity ND Fortune 500
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GCI Business activity ND Top global service firm

GCI Business activity ND Capital markets

GCI Business activity ND Air freight

GCI Business activity ND Sea freight

GCI Business activity ND ICCA conferences

GCI Business activity ND Unicorn companies

GCI Human Capital ND Foreign born population

GCI Human Capital ND Top universities

GCI Human Capital ND Population with tertiary degree

GCI Human Capital ND International student population

GCI Human Capital ND # of international schools

GCI Human Capital ND Medical universities

GCI Information exchange ND Access to TV news

GCI Information exchange ND New agency bureau

GCI Information exchange ND Broadband subscribers

GCI Information exchange ND Freedom of expression

GCI Information exchange ND Online Presence

GCI Cultural experience ND Museums

GCI Cultural experience ND Visual and performing arts

GCI Cultural experience ND Sport events

GCI Cultural experience ND International travellers

GCI Cultural experience ND Culinary offerings

GCI Cultural experience ND Sister cities

GCI Political engagement ND Embassies and consulates

GCI Political engagement ND Think tanks

GCI Political engagement ND International organisations

GCI Political engagement ND Political conferences

GCI Political engagement ND Local institutions with global reach

CIMI Human Capital Secondary or higher education Secondary or higher education Proportion of population with
secondary and higher education

CIMI Human Capital Schools Number of public or private schools per city

CIMI Human Capital Business schools Number of business schools in the city that are included in the
Top 100 of the Financial Times

CIMI Human Capital Expenditure on education Per capita expenditure on education

CIMI Human Capital Per capita expenditure on Annual per capita expenditure on leisure and recreation

leisure and recreation
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CIMI Human Capital Expenditure on leisure and Expenditure on leisure and recreation as a percentage of GDP
recreation
CIMI Human Capital Movement of students International movement of higher-level students (number of
students)
CIMI Human Capital Museums and art galleries # of museums and art galleries per city
CIMI Human Capital Number of universities # of universities in the top 500
CIMI Human Capital Theaters # of theaters per city
CIMI Social Cohesion Female-friendly This variable shows whether a city provides a friendly
Indicators environment for women scale 1-5
CIMI Social Cohesion Hospitals # of public or private hospitals by city. Includes health centers.
Indicators
CIMI Social Cohesion Crime rate Estimate of the general level of crime in a given city
Indicators
CIMI Social Cohesion Slavery index This variable represents the response of the national government
Indicators to situations of slavery in the country
CIMI Social Cohesion Happiness index The countries with the highest value in this index are those with
Indicators the highest degree of overall happiness
CIMI Social Cohesion Gini index Gini coefficient
Indicators
CIMI Social Cohesion Peace index Global Peace index
Indicators
CIMI Social Cohesion Health index Estimate of the overall quality of the healthcare system, health
Indicators professionals, equipment, personnel, doctors, costs, etc.
CIMI Social Cohesion Price of property Price of property as percentage of income
Indicators
CIMI Social Cohesion Homicide rate Homicide rate per 100,000 inhabitants
Indicators
CIMI Social Cohesion Death rate Death rate per 100,000 inhabitants
Indicators
CIMI Social Cohesion Female employment ratio Ratio of female workers in the public administration. Between 0
Indicators and 1
CIMI Social Cohesion Suicide rate Suicide rate per 100,000 inhabitants
Indicators
CIMI Social Cohesion Unemployment rate The unemployment rate is calculated as (number of
Indicators unemployed/total workforce) x 100
CIMI Social Cohesion Terrorism # of terrorist incidents by city in the last three years
Indicators
CIMI Economy Collaborative economy Whether the city has Uber and/or Glovo services
CIMI Economy Ease of starting a business The top positions in the ranking indicate a more favorable
regulatory environment for creating and operating a local
company
CIMI Economy Mortgage Mortgage as a percentage of income is the ratio of the real

monthly mortgage cost to the family income (the lower, the
better)
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CIMI Economy Motivation that people have to % of new entrepreneurs who are motivated by an opportunity
undertake early-stage for improvement divided by the percentage of new
entrepreneurial activity entrepreneurs who are motivated by need.

CIMI Economy Number of headquarters # of headquarters of publicly traded companies

CIMI Economy Purchasing power Purchasing power (determined by the average salary) for the

purchase of goods and services in the city, compared with that
of New York City

CIMI Economy Productivity Labor productivity calculated as GDP per working population

(in thousands)

CIMI Economy Hourly wage in US dollars Hourly wage in the city in US dollars

CIMI Economy Time required to start a # of calendar days needed for a business to be able to operate
business legally

CIMI Economy GDP Gross domestic product in millions of US dollar

CIMI Economy GDP per capita Gross domestic product per capita

CIMI Economy Estimated GDP Forecast annual GDP growth for the next year

CIMI Governance Government buildings # of government buildings and premises in the city

CIMI Governance E Government Development The Electronic Government Development Index (EGDI)

Index (EGDI)

CIMI Governance Embassie # of embassies per city

CIMI Governance Employment in the public % of the population employed in public administration and
administration defense, education, healthcare, community, social and personal

service activities, and other.

CIMI Governance Strength of legal rights index Legal rights index

CIMI Governance Corruption perceptions index Corruption perceptions index

CIMI Governance ISO 37120 certification Yes or No

CIMI Governance Research centers # of research and technology centers per city

CIMI Governance Open data platform This describes whether the city has an open data system.

CIMI Governance Democracy ranking Democracy ranking

CIMI Governance Reserves Total reserves in millions of current US dollars

CIMI Governance Reserves per capita Reserves per capita in millions of current US dollars

CIMI Environment Solid waste Average amount of municipal solid waste generated annually

per person (kg/year)

CIMI Environment Future climate % of summer temperature increase in the city forecast for 2100

if carbon pollution continues to increase

CIMI Environment CO2 emissions Carbon dioxide emissions that come from the burning of fossil

fuels and the manufacture of cement. Measured in kilotons (kt).

CIMI Environment Methane emissions Methane emissions that arise from human activities such as

agriculture and the industrial production of methane. Measured
in kt of CO2 equivalent.

CIMI Environment Environmental performance Environmental Performance Index (from 1 [poor] to 100

index

[good])

180




CIMI Environment CO2 emission index CO2 emission index
CIMI Environment Pollution index Pollution index
CIMI Environment PM10 # of particles in the air with a diameter of less than 10 pm.
Annual average
CIMI Environment PM2.5 # of particles in the air with a diameter of less than 2.5 pm.
Annual average
CIMI Environment Percentage of the population % of the population with reasonable access to an appropriate
with access to the water supply | quantity of water resulting from an improvement in the water
supply
CIMI Environment Renewable water resources Total renewable water sources per capita
CIMI Mobility and Bicycle rental Whether the city has a bicycle rental service
Transportation
CIMI Mobility and Moped rental Whether the city has a moped rental service
Transportation
CIMI Mobility and Scooter rental Whether the city has a scooter rental service
Transportation
CIMI Mobility and Bicycles per household Bicycles owned per household
Transportation
CIMI Mobility and Bike sharing This system shows the automated services for the public use of
Transportation shared bicycles that provide transportation from one location to
another within a city 0-8
CIMI Mobility and Traffic inefficiency index This index is an estimate of the inefficiencies in traffic
Transportation
CIMI Mobility and Exponential traffic index This index is estimated by considering the time spent in traffic.
Transportation
CIMI Mobility and Traffic index Index of time based on how many minutes it takes to get to
Transportation work
CIMI Mobility and Length of the metro system Length of the city’s metro system
Transportation
CIMI Mobility and Metro stations # of metro stations per city
Transportation
CIMI Mobility and High-speed train Binary variable that shows whether the city has a high-speed
Transportation train or not
CIMI Mobility and Commercial vehicles in the # of commercial vehicles in the city
Transportation city
CIMI Mobility and Flights # of incoming flights (air routes) in a city.
Transportation
CIMI Urban Planning Bicycles for rent # of bike-rental or bike-sharing points, based on docking
stations where bikes can be picked up or dropped off
CIMI Urban Planning Buildings This variable is the number of completed buildings in the city
CIMI Urban Planning Number of people per Average number of people per household
household
CIMI Urban Planning Percentage of the urban % of the urban population that uses at least basic sanitation
population with adequate services—that is, improved sanitation facilities that are not
sanitation services shared with other households
CIMI Urban Planning Buildings over 35 meters high # of buildings at least 12 stories or 35 meters high (high-rise)
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CIMI International Projection | Number of passengers per # of passengers per airport in thousands
airport
CIMI International Projection | Hotels # of hotels per capita
CIMI International Projection | Restaurant index This index is a comparison of the prices of food and beverages
in restaurants and bars in comparison with New York City
CIMI International Projection | McDonald’s # of McDonald’s restaurants per city
CIMI International Projection | Number of conferences and # of international conferences and meetings that are held in a
meetings city.
CIMI International Projection | Number of photos of the city Ranking of cities according to the number of photos taken in the
uploaded online city and uploaded online. The top positions correspond to the
cities with the most photographs
CIMI Technology 3G coverage % of the population that has at least 3G coverage
CIMI Technology Innovation index The Culture of Innovation Index (ICI) is a ranking of the
leading cities in innovation
CIMI Technology Internet % of households with access to the internet
CIMI Technology Online banking % of the population that uses the internet for banking services
CIMI Technology Online video calls % of the population using the internet for video calls
CIMI Technology LTE/WiMAX % of the population covered by at least one LTE/WiMAX
mobile network
CIMI Technology Mobile phone penetration ratio | # of landline subscriptions per 100 inhabitants
CIMI Technology Personal computers % of households in the city with a personal computer
CIMI Technology Social networks Registered Twitter users by city, in thousands of people +
number of registered LinkedIn members
CIMI Technology Landline subscriptions # of landline subscriptions per 100 inhabitants. IP per capita
CIMI Technology Broadband subscriptions Broadband subscriptions per 100 inhabitants
CIMI Technology Telephony % of households with some kind of telephone service
CIMI Technology Mobile telephony % of households in the city with mobile phones
CIMI Technology Internet usage away from % of the population that uses the internet away from their home
home and/or office or workplace
CIMI Technology Internet speed Average internet speed in the city in Mbps
CIMI Technology Web Index The Web Index seeks to measure the economic, social and
political benefit that countries obtain from the internet
CIMI Technology Wi-Fi hotspots # of wireless access points globally
CFI Digital Life Citizen Adoption # of startups in the healthcare,lifestyle and Internet service
sectors in each city, both in absolute terms and on a per
population basis
CFI Digital Life Citizen Adoption # of app downloads and ranking in food, navigation, travel,
education and financial services categories, excluding reference
and utility apps.
CFI Digital Life Government Adoption National Digital Infrastructure Indices.
CFI Digital Life Government Adoption Digital Economy Score.
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CFI Digital Life Government Adoption Development of eGovernment services.
CFI Digital Life Healthcare Innovation Healthcare Quality and Access Index.
CFI Digital Life Healthcare Innovation # of startups in the healthcare sector in each city, both in
absolute terms and on a per population basis.
CFI Digital Life Healthcare Innovation # of app downloads and ranking in the healthcare and medical
categories, excluding reference and utility apps.
CFI Digital Life Tech Education Highly ranked universities for computer science degrees.
CFI Digital Life Tech Education Highly ranked universities for engineering degrees.
CFI Mobility Innovation Parking Innovation The overall number of parking spaces per capita.
CFI Mobility Innovation Parking Innovation The number of parking spaces capable of accepting digital
payments.
CFI Mobility Innovation Parking Innovation The number of parking technology providers operating in the
city.
CFI Mobility Innovation Parking Innovation Civilian adoption of parking technology.
CFI Mobility Innovation Parking Innovation The level of parking technology implementation.
CFI Mobility Innovation Traffic Management Congestion levels.
CFI Mobility Innovation Traffic Management Time spent in traffic during a commute.
CFI Mobility Innovation Traffic Management Dissatisfaction due to long commute times.
CFI Mobility Innovation Clean Transport Electric cars per capita and new electric car sales.
CFI Mobility Innovation Clean Transport Electric car charging stations per capita.
CFI Mobility Innovation Clean Transport CO2 emissions.
CFI Business Tech Business Innovation Healthcare.
Infrastructure
CFI Business Tech Business Innovation Internet Services.
Infrastructure
CFI Business Tech Business Innovation Financial Services.
Infrastructure
CFI Business Tech Business Innovation Lifestyle Services.
Infrastructure
CFI Business Tech Business Innovation Media.
Infrastructure
CFI Business Tech ePayments % of the population that is in favour of a cashless society.
Infrastructure
CFI Business Tech ePayments % of the population that has been cashless since the beginning
Infrastructure of the pandemic.
CFI Business Tech ePayments # of cashless retail transactions per 1,000 adults.
Infrastructure
CFI Business Tech ePayments Credit card ownership.
Infrastructure
CFI Business Tech ePayments Debit card ownership.
Infrastructure
CFI Business Tech ePayments % of the population that paid bills or bought something online

Infrastructure

in the past year.
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CFI Business Tech Internet Connectivity Median download and upload speeds.
Infrastructure
CFI Business Tech Internet Connectivity 5G deployment and government efforts to promote 5G.
Infrastructure
CFI Business Tech Internet Connectivity 5G availability in major cities.
Infrastructure
CFI Business Tech Internet Connectivity # of 5G providers per city
Infrastructure
CFI Sustainability Green Energy Share of nationwide energy consumed from renewable sources.
CFI Sustainability Green Energy Share of electricity consumption from renewable sources
CFI Sustainability Green Buildings # of certified green buildings.
CFI Sustainability Green Buildings Building activities.
CFI Sustainability Green Buildings Activities per square foot.
CFI Sustainability Green Buildings % of total buildings certified as green
CFI Sustainability Waste Management Waste generated per capita.
CFI Sustainability Waste Management Waste collection coverage.
CFI Sustainability Waste Management The recycling rate in each country
CFI Sustainability Climate Response Estimated percentage increase in greenhouse gas emissions.
CFI Sustainability Climate Response Total CO2 emissions from fuel combustion.
CFI Sustainability Climate Response Expenditure on environment protection.
CFI Sustainability Climate Response Change in CO2 emissions per capita over time.
CFI Sustainability Climate Response # of climate laws, policies and targets in place
IGC Humanware ND Ability to use computer
IGC Humanware ND Ability to use software
IGC Humanware ND Ability to create Web page
IGC Humanware ND Computer innovative capability
IGC Humanware ND Computer maintaining and servicing capability
IGC Humanware ND Computer virus detection capability
IGC Humanware ND Ability to notice cyber criminal
IGC Humanware ND Computer skills and software course attendance
1GC Humanware ND Information Management course attendance
IGC Technoware ND Computer quantity per household
IGC Technoware ND Computer capacity per household
IGC Technoware ND Modem capacity per household
IGC Technoware ND Internet facility connection
IGC Technoware ND Alternative internet facility
IGC Technoware ND Telephones quantity per household
IGC Technoware ND Handphones quantity per household
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IGC Technoware ND TV property per household

IGC Technoware ND Radio property per household

IGC Technoware ND Fax machine property per household

IGC Inforware ND Newspapers purchase per household

IGC Inforware ND Educational reads purchase per household

IGC Inforware ND Magazines purchase per household

IGC Inforware ND Frequency referring to info in Internet

IGC Inforware ND Frequency of communication via email

IGC Inforware ND Frequency observing market and share commodity in ICTs

IGC Inforware ND Quantity channel types of TV satellite

IGC Inforware ND Frequency of communication with international friends

IGC Inforware ND Activeness in dissemination and sharing info

IGC Valueware ND Sensitive and careful with global changes

IGC Valueware ND Having netropolitan thought namely informative need from
ICTs

IGC Valueware ND Technopreneur, innovative and creative Behavior

IGC Valueware ND Activeness and readiness in sharing information

IGC Valueware ND Cooperate in reducing cyber and computer crimes
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Appendix 6: Benchmarks models — Factors simplification

Benchmarks pc / Factors (Components)

CFI 50
Apps 2
Building 4
Business Innovation 2
Climate Response 2
Cultural 1
Economy 1
Education 2
Electric car 2
Energy supply 2
ePayments 6
GHG emission 4
Governance 3
Health 2
ICT infrastructure 4
Internet 1
Mobility 3
Parking Innovation 5
Services 1
Waste 3

Cimi 101
1SO 37120 certification 1
(Inter-)national accessibility 6
(Un)employment 3
Air quality 2
Bicycle 4
Building 2
Business Innovation 2
Climate Response 1
Crime - Corruption 2
Cultural 2
Economy 9
Education 8
Environmental 1
Gadget 3
GHG emission 3
Governance 3
Happiness index 1
Health 5
ICT infrastructure 6
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Inequality

Internet

Life

Mobility

Political

Services

Waste

Water and Sanitation
EU - RFSC

(Un)employment

Air quality

Crime - Corruption

Economy

Education

Energy supply

GHG emission

Green spaces

Health

Housing

Inequality

Life

Mobility

Services

Waste

Water and Sanitation
European Smart Cities 3.0

(Inter-)national accessibility

(Un)employment

Air quality

Business Innovation

Cultural

Economy

Education

Environmental

Governance

Health

Housing

ICT infrastructure

Inclusion

Life

Mobility

Safety

Services
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GCI
(Inter-)national accessibility
Business Innovation
Cultural
Economy
Education
Gadget
ICT infrastructure
Inclusion
Political

1GC
(Inter-)national accessibility
Business Innovation
Crime - Corruption
Cultural
Education
Gadget
ICT infrastructure
Inclusion
Internet
Political

1SO 37120:2018
(Inter-)national accessibility
(Un)employment
Air quality
Crime - Corruption
Cultural
Economy
Education
Energy supply
Environmental
Food Security
Gadget
GHG emission
Governance
Green spaces
Health
Housing
Inequality
Internet
Life
Mobility

Safety

29
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Waste 10

Water and Sanitation 11
Smart City Wheel 62
(Inter-)national accessibility 2
(Un)employment 1
Air quality 1
Apps 2
Bicycle 2
Building 4
Business Innovation 3
Climate Response 1
Crime - Corruption 2
Cultural 2
Economy 6
Education 2
Electric car 1
Energy supply 4
Gadget 1
GHG emission 1
Governance 2
Green spaces 1
Health 2
ICT infrastructure 6
Inclusion 1
Inequality 2
Internet 1
Life 1
Mobility 6
Political 1
Waste 2
Water and Sanitation 2
u4ssc 91
(Un)employment 4
Air quality 1
Building 2
Climate Response 1
Crime - Corruption 1
Cultural 2
Economy 3
Education 4
Energy supply 10
Environmental 3
Food Security 1
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GHG emission 1

Governance 3
Green spaces 2
Health 6
Housing 2
ICT infrastructure 7
Inequality 3
Internet 1
Life 2
Mobility 12
Political 1
Safety 8
Waste 2
Water and Sanitation 9
Sum 545
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Appendix 7: Benchmarks models — Distribution of the Indicators

Indicators

1SO 37120 certification

Yes or No

(Inter-)national accessibility

(Inter-)national accessibility

# of embassies per city

# of headquarters of publicly traded companies
# of hotels per capita

# of incoming flights (air routes) in a city.

# of international conferences and meetings that are held in a city.

# of international schools

# of passengers per airport in thousands

% of population born in a foreign country

Annual number of visitor stays (overnight) per 100 000 population
Embassies and consulates

Frequency of communication with international friends
International embeddedness

International organisations

International travellers

Local institutions with global reach

Number of international congresses and fairs attendees
Sister cities

Touristic attractiveness

(Un)employment

% of green jobs in the local economy

% of people in full-time employment

% of the population employed in public administration and defense, education, healthcare, community,

social and personal service activities, and other.
Average professional education years of labour force
Employment rates

Flexibility of labour market

ICT sector employment

Ratio of female workers in the public administration. Between 0 and 1

Tourism sector employment
Underemployment rates

Unemployment rate

pc / Smart/Sustainable City
Model
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Youth unemployment rate

Air quality

Air pollution

Air quality (no pollution)

Levels of Particulate Matter (PM10 — mg/m3 )
Levels of Particulate Matter (PM2.5 — mg/m3 )
Apps

# of app downloads and ranking in food, navigation, travel, education and financial services categories,
excluding reference and utility apps.

# of app downloads and ranking in the healthcare and medical categories, excluding reference and utility

apps.
# of mobile apps available (iPhone) based on open data

Availability of multi-modal transit app with at least 3 services integrated

Bicycle

# of bike-rental or bike-sharing points, based on docking stations where bikes can be picked up or
dropped off

# of shared bicycles per capita

Bicycles owned per household

km of bicycle paths and lanes per 100.000

This system shows the automated services for the public use of shared bicycles that provide
transportation from one location to another within a city 0-8

Whether the city has a bicycle rental service

Building

# of buildings at least 12 stories or 35 meters high (high-rise)

# of certified green buildings.

% of commercial and industrial buildings with smart meters

% of commercial buildings with a building automation system

% of homes with smart meters

% of total buildings certified as green

Activities per square foot.

Building activities.

Integrated Building Management Systems in Public Buildings

Number of LEED or BREAM sustainability certified buildings in the city

Public Building Sustainability

This variable is the number of completed buildings in the city

Business Innovation

# of officially registered ENOLL living labs

# of startups in the healthcare sector in each city, both in absolute terms and on a per population basis.

# of startups in the healthcare,lifestyle and Internet service sectors in each city, both in absolute terms
and on a per population basis

12
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% of labor force engaged in creative industries

% of new entrepreneurs who are motivated by an opportunity for improvement divided by the
percentage of new entrepreneurs who are motivated by need.

Innovation cities index

Innovative spirit

New agency bureau

Open-mindedness

Technopreneur, innovative and creative Behavior

The Culture of Innovation Index (ICl) is a ranking of the leading cities in innovation
Think tanks

Climate Response

# of climate laws, policies and targets in place

% of summer temperature increase in the city forecast for 2100 if carbon pollution continues to increase

Does your city have a public climate resilience strategy/plan in place?
Drainage / Storm Water System ICT Monitoring
Expenditure on environment protection.
Crime - Corruption
# of violent crimes against women per 100 000 population
# technologies in use to assist with crime prevention
Cooperate in reducing cyber and computer crimes
Corruption perceptions index
Crime rates
Crimes against property per 100 000 population
Estimate of the general level of crime in a given city
Violent Crime Rate
Cultural
# of cultural institutions and sporting facilities per 100 000 population
# of museums and art galleries per city
# of theaters per city
% of municipal budget allocated to culture
Annual number of cultural events per 100 000 population (e.g. exhibitions, festivals, concerts)
Culinary offerings
Cultural
Cultural expenditure
Culture infrastructure
Educational reads purchase per household
Magazines purchase per household
Media.
Mercer ranking in most recent quality of life survey

Newspapers purchase per household
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Quantity channel types of TV satellite 1

Sport events 1
Visual and performing arts 1
Economy 41
Gross domestic product per capita 1
# of businesses per 100 000 population 1
# of calendar days needed for a business to be able to operate legally 1
# of new patents per 100 000 population per year 1
% GDP invested in R&D in private sector 1
% of GRP based on technology exports 1
Air freight 1
Annual GDP growth rate 1
Annual GNP growth rate 1
Assessed value of commercial and industrial properties as a percentage of total assessed value 1
Capital markets 1
Capital spending as a percentage of total expenditures 1
Commercial air connectivity (number of non-stop commercial air destinations) 1
Debt service ratio (debt service expenditure as a percentage of a city’s own-source revenue) 1
Economic image & trademarks 1
Economic welfare 1
Economy 1
Existence of electronic benefit payments 1
Financial Services. 1
Forecast annual GDP growth for the next year 1
Fortune 500 1
Gross domestic product in millions of US dollar 1
Gross Regional Product per capita 1
ICCA conferences 1
Labor productivity calculated as GDP per working population (in thousands) 1

Net Export Growth rates (% increase of country’s total exports minus the value of its total imports per

annum; Foreign Direct Investments (Capital/Earnings accrued from listed FDI’s per annum) 1
Number of new opportunity-based startup/year 1
Own-source revenue as a percentage of total revenues 1
Patents 1
Presence of demand-based pricing 1
Productivity 1

Purchasing power (determined by the average salary) for the purchase of goods and services in the city,

compared with that of New York City 1
R&D expenditure 1
Reserves per capita in millions of current US dollars 1
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Sea freight
Small and Medium- sized Enterprises

Tax collected as percentage of tax billed

The top positions in the ranking indicate a more favorable regulatory environment for creating and

operating a local company

Top global service firm

Total reserves in millions of current US dollars

Unicorn companies

Education

# of higher education degrees per 100 000 population

# of research and technology centers per city

# of schools with environmental education programs

# of universities in the top 500

% of female school-aged population enrolled in school

% of school-aged population enrolled in school

% of students completing primary education: survival rate
% of students completing secondary education

Ability to create Web page

Ability to notice cyber criminal

Ability to use computer

Ability to use software

Adult literacy rate

Computer innovative capability

Computer maintaining and servicing capability

Computer skills and software course attendance
Computer virus detection capability

Education facilities

Expenditure on leisure and recreation as a percentage of GDP
Highly ranked universities for computer science degrees.
Highly ranked universities for engineering degrees.
Information Management course attendance
International movement of higher-level students (number of students)
International student population

Level of qualification

Lifelong learning

Medical universities

Number of business schools in the city that are included in the Top 100 of the Financial Times
Number of public or private schools per city

Per capita expenditure on education

Population with tertiary degree

Primary education student-teacher ratio
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School enrollment

Secondary or higher education Proportion of population with secondary and higher education

Students’ ICT access

Top universities

Electric car

# of EV charging stations per capita

# of EV charging stations within the city

Electric cars per capita and new electric car sales.

Energy supply

% of city population with authorized electrical service (residential)

% of municipal grid meeting all of following requirements for smart grid
% of total end-use derived from renewable sources

%of total energy derived from renewable sources

Access to Electricity

Average annual hours of electrical service interruptions per household
Demand Response Penetration

Electricity Consumption

Electricity consumption of public street lighting per kilometre of lighted street (kWh/year)
Electricity supply ICT monitoring

Electricity System Outage Frequency

Electricity System Outage Time

Final energy consumption of public buildings per year (GJ/m?)
Number of gas distribution service connections per 100 000 population (residential)
Public Building Energy Consumption

Residential Thermal Energy Consumption

Share of electricity consumption from renewable sources

Share of nationwide energy consumed from renewable sources.
Smart electricity meters

Supports for addressing system outages

Total end-use energy consumption per capital (GJ/year)

Total residential energy use per capita

Environmental

% change in number of native species

% of areas designated for natural protection

Ecological awareness

EMF Exposure

Environmental conditions

Environmental Performance Index (from 1 [poor] to 100 [good])

NO2 (nitrogen dioxide) concentration

Noise pollution

03 (ozone) concentration
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Protected natural areas

SO2 (sulphur dioxide) concentration

ePayments

# of cashless retail transactions per 1,000 adults.

% of the population that has been cashless since the beginning of the pandemic.
% of the population that is in favour of a cashless society.

% of the population that paid bills or bought something online in the past year.
Credit card ownership.

Debit card ownership.

Food Security

% of city population that is overweight or obese — Body Mass Index (BMI)
% of city population undernourished

Amount of food produced locally as a percentage of total food supplied to the city
Local Food Production

Total urban agricultural area per 100 000 population

Gadget

# of landline subscriptions per 100 inhabitants

# of mobile phone connections per 100 000 population

% of households in the city with mobile phones

% of households with some kind of telephone service

% of residents with smartphone access

Fax machine property per household

Handphones quantity per household

Radio property per household

TV property per household

GHG emission

Change in CO2 emissions per capita over time.

CO2 emission index

CO2 emissions.

Estimated percentage increase in greenhouse gas emissions.

GHG emissioned measured in tonnes per capita

GHG emissions

Methane emissions that arise from human activities such as agriculture and the industrial production of

methane. Measured in kt of CO2 equivalent.
Total amount of GHG emissions per city
Total CO2 emissions from fuel combustion

Governance

# of convictions for corruption and/ or bribery by city officials per 100 000 population

# of government buildings and premises in the city
# of registered voters as a percentage of the voting age population

% of municipal budget allocated to cultural and sporting facilities
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Development of eGovernment services.

Digital Economy Score.

Existance of official citywide privacy policy to protect confidential citizen data
Legal rights index

National Digital Infrastructure Indices.

Sustainable resource management

The Electronic Government Development Index (EGDI)

Transparent governance

Urban Development and Spatial Planning

Voter participation in last municipal election (as a percentage of registered voters)
Women as a percentage of total elected to city-level office

Green spaces

% of reservoirs in relation to total land area

% of green space (public parks) coverage in relation to city area and/or population size
% of preserved areas in relation to the total land

% of trees in the city in relation to city area and/or population size

% of waterways in relation to total land area

Green area (hectares) per 100 000 population

Green Area Accessibility

Green areas

Green areas per 100.000 (in m2)

Happiness index

The countries with the highest value in this index are those with the highest degree of overall happiness
Health

# of in-patient hospital beds per 100 000 population

# of nursing and midwifery personnel per 100 000 population

# of physicians per 100 000 population

# of public or private hospitals by city. Includes health centers.

% of population with access to health care services

% of residents with single, unified health histories facilitating patient and health provider access to
complete medical records

Average life expectancy

Death rate per 100,000 inhabitants

Electronic health records

Health

Health Insurance / Public Health Coverage

Healthcare Quality and Access Index.

Homicide rate per 100,000 inhabitants

In-Patient Hospital Beds

Life expectancy

25
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Maternal mortality rate

Mortality rate

Physicians

Suicide rate per 100 000 population

Suicide rate per 100,000 inhabitants

Under age five mortality per 1 000 live births

Housing

# of homeless per 100 000 population

% of priority housing

% of affordable housing

% of city population living in inadequate housing

% of households that exist without registered legal title

% of population living in affordable housing

% of social housing

Breakdown of housing sector by property type (owner occupied/ rental, single
occupant/couples/family/multifamily etc.)

Housing expenditure

Housing quality

Informal housing

ICT infrastructure

# of 5G providers per city

# of infrastructure components with installed sensors

# of services integrated in a singular operations center leveraing real-time data
# of wireless access points globally

% of commercial and residential users with internet download speed of at least 1 gigabit/s
% of commercial and residential users with internet download speed of at least 2 Mbit/s
% of households in the city with a personal computer

% of the population covered by at least one LTE/WiMAX mobile network

% of the population that has at least 3G coverage

5G availability in major cities.

5G deployment and government efforts to promote 5G.

Availability of IT-Infrastructure

Availability of WIFI in Public Areas

Broadband subscribers

Broadband subscriptions per 100 inhabitants

Computer capacity per household

Computer quantity per household

Fixed broadband subscriptions

Frequency observing market and share commodity in ICTs

Having netropolitan thought namely informative need from ICTs

Median download and upload speeds.
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Modem capacity per household

Number of WIFI hotspots per km2

Open data use

Smart water meters

Water Supply ICT monitoring

Wireless broadband coverage

Wireless broadband subscriptions

Inclusion

# of civic engagement activities offered by the municipality last year
Activeness and readiness in sharing information

Activeness in dissemination and sharing info

Ethnic plurality

Freedom of expression

Online Presence

Participation public life

Inequality

% of city population living below the international poverty line
% of city population living below the national poverty line

% of inhabitants with housing deficiency in any of 5 area
Gender income equity

Gini coefficient

Measures of income inequality

Mortgage as a percentage of income is the ratio of the real monthly mortgage cost to the family income
(the lower, the better)

Poverty

This variable represents the response of the national government to situations of slavery in the country
Internet

% of households with access to the internet

# of internet connections per 100 000 population

# of landline subscriptions per 100 inhabitants. IP per capita

% of Internet-connected households

% of the population that uses the internet away from their home or workplace
% of the population using the internet for video calls

Alternative internet facility

Average internet speed in the city in Mbps

Frequency of communication via email

Frequency referring to info in Internet

Internet facility connection

Internet Services.

14
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The Web Index seeks to measure the economic, social and political benefit that countries obtain from
the internet

Life

# of deaths caused by industrial accidents per 100 000 population
# of McDonald’s restaurants per city

# of terrorist incidents by city in the last three years

% of roadways in good condition

Annual per capita expenditure on leisure and recreation
Areal size of informal settlements as a percentage of city area
Average number of people per household

Basic service proximity

Child Care Availability

Global Peace index

Hourly wage in the city in US dollars

Jobs-housing ratio

Local accessibility

m2 of public indoor recreation space per capita

m2 of public outdoor recreation space per capita

Measures of income distribution

Pollution index

Population weighted density

Price of property as percentage of income

Ranking of cities according to the number of photos taken in the city and uploaded online. The top
positions correspond to the cities with the most photographs

Recreational Facilities

Registered Twitter users by city, in thousands of people + number of registered LinkedIn members
Restaurant index

This variable shows whether a city provides a friendly environment for women scale 1-5

Mobility

# of commercial vehicles in the city

# of metro stations per city

# of public transit services that offer real time information to the public

# of shared vehicles per capita

% non-motorized transport trips of total transport

% of bicycle to transportation

% of commuters using a travel mode other than a personal vehicle

% of pedestrians to transportation

% of population living within 0,5 km of public transit running at least every 20 min during peak periods

24

201



% of private to transportation

% of public to transportation

% of traffic lights connected to real-time traffic management system
Annual # of public transport trips per capita

Averag commute cost

Average commute time

Bicycle network

Binary variable that shows whether the city has a high-speed train or not

Congestion levels

Dissatisfaction due to long commute times.

Dynamic Public Transport Information

Index of time based on how many minutes it takes to get to work
Integrated fare system for public transport

Intersection Control

Kilometres of bicycle paths and lanes per 100 000 population
Kilometres of public transport system per 100 000 population
Length of the city’s metro system

Low-Carbon Emission Passenger Vehicles

Pedestrian infrastructure

Public Transport Network

Public Transport Network Convenience

Shared bicycle

Shared Vehicles

Sustainability of the transport system

This index is an estimate of the inefficiencies in traffic

This index is estimated by considering the time spent in traffic.
Time spent in traffic during a commute.

Traffic Monitoring

Transportation deaths per 100 000 population
Transporttation mode share

Travel time index

Whether the city has a moped rental service

Whether the city has a scooter rental service

Parking Innovation

Civilian adoption of parking technology.

The level of parking technology implementation.

The number of parking spaces capable of accepting digital payments.

The number of parking technology providers operating in the city.
The overall number of parking spaces per capita.
Political

Democracy ranking
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Political conferences

Sensitive and careful with global changes

Voter participation

Voter participation in last municipal election

Safety

# of fire-related deaths per 100 000 population

# of firefighters per 100 000 population

# of homicides per 100 000 population

# of natural-hazard-related deaths per 100 000 population

# of police officers per 100 000 population

# of volunteer and part-time firefighters per 100 000 population
Disaster Related Economic Losses

Emergency Service Response Time

Fire Service

Individual security

Natural Disaster Related Deaths

Police Service

Population Living in Disaster Prone Areas

Resilience Plans

Response time for emergency response services from initial call
Traffic Fatalities

Services

% of the population that uses the internet for banking services
Access to local services within a short distance

Access to neighbourhood services within a short distance

Lifestyle Services.

Public and social services

Whether the city has Uber and/or Glovo services

Waste

% of city’s hazardous waste that is recycled

% of city population with regular solid waste collection (residential)
% of city's solid waste that is recycled

% of city’s solid waste that is biologically treated and used as compost or biogas
% of the city’s solid waste that is disposed of by other means

% of the city’s solid waste that is disposed of in a sanitary landfill

% of the city’s solid waste that is disposed of in an open dump

% of the city’s solid waste that is treated in energy-fromwaste plants
Average amount of municipal solid waste generated annually per person (kg/year)
Hazardous waste generation per capita

Solid waste collection

Solid waste treatment
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The recycling rate in each country

Total collected municipal solid waste per capita
Volume of solid waste generated

Waste collection coverage.

Waste generated per capita.

Water and Sanitation

% of city population served by wastewater collection
% of city population with potable water supply service
% of city population with sustainable access to an improved water source
% of city’s wastewater receiving centralized treatment
% of commercial buildings with smart water meters

% of population with access to improved sanitation

% of population with access to waterborne or alternative (and effective) sanitary sewage infrastructure

% of the population with reasonable access to an appropriate quantity of water resulting from an
improvement in the water supply

% of the urban population that uses at least basic sanitation services—that is, improved sanitation
facilities that are not shared with other households

% of water loss (unaccounted for water)

Average annual hours of water service interruptions per household
Basic water supply

Compliance rate of drinking water quality

Compliance rate of wastewater treatment

Fress water consumption

Household sanitation

Portable water supply

Proportion of population with access to adequate and safe drinking water
Quality of drinking water

Total amount of water availability

Total domestic water consumption per capita (litres/day)

Total renewable water sources per capita

Total water consumption per capita

Wastewater collection

Wastewater treatment

Water consumption

Water quality index

Water quality score

water supply loss

Sum

545
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Appendix 8: Semi-structured interview draft (HUN)

Interjua - Varosvezetok

Interjualany:
Pozicié:

1. Varos
1.1. Kérem, mutatkozzon be és mutassa be roviden a varosat?
1.2. A véros rendelkezik Klima és / vagy Okos varos stratégiaval?
2. Klimavaltozas
2.1. Mekkora a varos hozzajarulasa a klimavaltozashoz?
2.2. Varosvezetoként, hogy tudja tAmogatni a varos klimavaltozashoz val6 hozzajarulasanak
csokkentését?
3. Smart City
3.1. Hogyan definidlna azt, hogy ’Smart city’?
3.2. Az eddigi tapasztalatai alapjan, On szerint, mi tesz egy fejlesztést ,,0kossa™?
3.3. On szerint mi a célja, milyen teriileteket érint egy Smart city fejlesztés?
3.4. Miben tér el egy hagyomanyos varosfejlesztési projekt egy smart fejlesztéstol?
3.5. Kérem, rangsorolja a lenti varosi problémékat az On véroséra legjellemzébbtél (1) a
legkevésbé jellemzdig (11), minden szdm csak egyszer szerepelhet.

1- az On vérosara legjellemzébbtdl - 11. az &n véarosara legkevésbé jellemzoig.

A varos egyre ¢élhetetlenebbé valik (Urbanizacio)
Egyre kevesebb a szabad (zold)teriilet

Nagy a varos fliggdsége (energia, ¢lelmiszer)
Jelentds a zaj/légszennyezés

Néha / egyre tobbszor, elviselhetetlen a forrosag (varosi
hosziget hatés)

Kritikus az energiaellatottsag

Nehéz megfizetheto lakhatast talalni

A varosi infrastruktara (kdzutak, padok, stb) nem
megfelel6 mindségii

Nem megfelel6 a hulladékgazdalkodas

Nagy az okologiai labnyoma

Jelentds a varos hozzajarulas a klimavaltozashoz

3.6. Hogy itéli meg a sajat varosa helyzetét? Mik az erésségei €s mik a gyengeségei?
3.7. On szerint, a korabbi problémaék koziil, melyekre tud hatékony megoldast nyujtani egy

Smart city fejlesztés? Minden szam csak egyszer szerepelhet.
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1.-leghatékonyabb megoldas kinalja — 11.-amire a legkisebb relevanciaja van

A varos egyre ¢lhetetlenebbé valik (Urbanizacio)
Egyre kevesebb a szabad (zold)teriilet

Nagy a varos fliggdsége (energia, ¢lelmiszer)
Jelentos a zaj/légszennyezés

Néha / egyre tobbszor, elviselhetetlen a forrosag (varosi
hésziget hatés)

Kritikus az energiaellatottsag

Nehéz megfizetheto lakhatast talalni

A varosi infrastruktara (kdzutak, padok, stb) nem
megfeleld mindségl

Nem megfelel6 a hulladékgazdalkodas

Nagy az okologiai labnyoma

Jelentds a varos hozzajarulas a klimavaltozashoz

4. Smart fejlesztések

Interjualany:
Pozicio/ szakteriilet:

L.

4.1. Fel tudné sorolni a legfontosabb smart fejlesztéseket a varosaban?

4.2. Mekkora liveghazhatastigaz-kibocsatas csokkenést értek el ezekkel a projektekkel?

4.3. Milyen kiemelt szempontok voltak a fejlesztésekhez kapcsolddd dontés soran?
4.3.1.Mérlegeltek a dontés soran kornyezettudatossagi, fenntarthatosagi szempontokat?

Ha igen, akkor mit?
4.4. Mi akadalyozza meg Ont és varosat abban, hogy (tovabbi) smart fejlesztéseket hajtson
végre?
4.5. Mennyire felelnek meg a piac 4ltal nytjtott Smart megoldasok az On és virosa

igényeinek? Mennyire nehéz megfelel6 megoldast talalni a kihivasokra?

Interju - Cégek

Ceég

1.1. Kérem, mutatkozzon be és mutassa be roviden a céget?

Klimavaltozas

2.1. Hogy tudja On termékein/szolgaltatasain keresztiil timogatni a klimavaltozashoz valo
hozzajarulés csokkentését?

Smart City

3.1. Hogyan definidlna azt, hogy ’Smart city’?

3.2. Az eddigi tapasztalatai alapjan, On szerint, mi tesz egy fejlesztést ,,0kossa”?
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3.3. On szerint mi a célja, milyen teriileteket érint egy Smart city fejlesztés?
3.4. Miben tér el egy hagyomanyos varosfejlesztési projekt egy smart fejlesztéstol?
3.5. Kérem, rangsorolja a lenti vérosi problémékat az On szerint legjellemzébbtol (1) a

legkevésbé jellemzoig (11), minden szam csak egyszer szerepelhet.

1-a leil'ellemzébbtél -11.a leikevésbé |'ellem26ii.

A varos egyre ¢lhetetlenebbé valik (Urbanizacio)
Egyre kevesebb a szabad (zold)teriilet
Nagy a varos fiiggdsége (energia, ¢lelmiszer)
Jelentds a zaj/légszennyezés
Néha / egyre tobbszor, elviselhetetlen a forrosag (varosi
hosziget hatés)
Kritikus az energiaellatottsag
Nehéz megfizetheto lakhatast talalni
A vérosi infrastruktira (kozutak, padok, stb) nem
megfeleld mindségl
Nem megfelel6 a hulladékgazdalkodas
Nagy az dkologiai labnyoma
Jelentos a varos hozzajarulas a klimavaltozashoz
3.6. On szerint a korabbi problémak koziil melyekre tud hatékony megoldast nytjtani egy

Smart city fejlesztés?

1. leghatékonyabb megoldés kinalja — 11.- legkisebb relevancidja van

A varos egyre ¢lhetetlenebbé valik (Urbanizacio)

Egyre kevesebb a szabad (zold)teriilet

Nagy a varos fiiggdsége (energia, ¢lelmiszer)

Jelentds a zaj/légszennyezés

Néha / egyre tobbszor, elviselhetetlen a forrosag (varosi

hosziget hatés)

Kritikus az energiaellatottsag

Nehéz megfizetheto lakhatast talalni

A vérosi infrastruktira (kozutak, padok, stb) nem

megfeleld mindségl

Nem megfelel6 a hulladékgazdalkodas

Nagy az dkologiai labnyoma

Jelentos a varos hozzajarulas a klimavaltozashoz
4. Smart fejlesztések

4.1. Fel tudna sorolni a legfontosabb smart fejlesztéseket, amin dolgoztak?
4.2. Mekkora liveghazhatastigaz-kibocsatas csokkenést értek el ezekkel a projektekkel?

4.3. Milyen kiemelt szempontok voltak a fejlesztésekhez kapcsolodd dontés soran?
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Interjualany:
Pozicio/ szakteriilet:

L.

4.3.1.Mérlegeltek a dontés soran koryezettudatossagi, fenntarthatosagi szempontokat?
Ha igen, akkor mit?
4.4. Mi akadalyozza meg cégét abban, hogy (tovabbi) smart fejlesztéseket hajtson végre?
4.5. Kérem emlékezzen vissza egy On 4ltal vélasztott smart fejlesztésre, hogyan taldltak meg
az Ondk 4ltal nytjtott megolddshoz tartozo problémat/keresletet?

4.6. Mennyire nehéz megfelel6 megoldast nyujtani a kihivasokra?

Interja - Szakértok

Szaktertilet

1.1. Kérem, mutatkozzon be és mutassa be roviden a szakteriiletét?

Klimavaltozas

2.1. Ismeretei alapjan hogyan itéli meg az okos fejlesztések hozzajarulasat a
klimavaltozashoz valé hozzajarulas csokkentésé vagy az adaptacioé ndvelése terén?

Smart City

3.1. Hogyan definidlna azt, hogy ’Smart city’?

3.2. Az eddigi tapasztalatai alapjan, On szerint, mi tesz egy fejlesztést ,,0kossa”?

3.3. On szerint, miben tér el egy hagyomanyos vérosfejlesztési projekt egy smart
fejlesztéstol?

3.4. On szerint mi a célja, milyen teriileteket érint egy Smart city fejlesztés?

3.5. Kérem, rangsorolja a lenti vérosi problémédkat az On szerint legjellemzébbtél (1) a
legkevésbé jellemzdig (11), minden szdm csak egyszer szerepelhet.

1- a legjellemzObbtol - 11. a legkevésbé jellemzoig.

A varos egyre ¢lhetetlenebbé valik (Urbanizacio)
Egyre kevesebb a szabad (zold)teriilet

Nagy a varos fliggdsége (energia, ¢lelmiszer)
Jelentds a zaj/légszennyezés

Néha / egyre tobbszor, elviselhetetlen a forrosag (varosi
hésziget hatés)

Kritikus az energiaellatottsag

Nehéz megfizetheto lakhatast talalni

A varosi infrastruktara (kdzutak, padok, stb) nem
megfelel6 mindségii

Nem megfelel6 a hulladékgazdalkodas

Nagy az okologiai labnyoma

Jelentos a varos hozzajarulas a klimavaltozashoz
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3.6. On szerint a korabbi problémak koziil melyekre tud hatékony megoldast nytjtani egy
Smart city fejlesztés?

1. leghatékonyabb megoldas kinalja — 11.- legkisebb relevanciaja van

A varos egyre ¢élhetetlenebbé valik (Urbanizacio)

Egyre kevesebb a szabad (zold)teriilet

Nagy a varos fliggdsége (energia, ¢lelmiszer)

Jelentds a zaj/légszennyezés

Néha / egyre tobbszor, elviselhetetlen a forrosag (varosi

hosziget hatés)

Kritikus az energiaellatottsag

Nehéz megfizetheto lakhatast talalni

A varosi infrastruktara (kdzutak, padok, stb) nem

megfeleld mindségl

Nem megfelel6 a hulladékgazdalkodas

Nagy az okologiai labnyoma

Jelentos a varos hozzajarulas a klimavaltozashoz
4. Smart fejlesztések

4.1. Fel tudna sorolni olyan smart fejlesztést, amin dolgozott? A
4.1.1.Mekkora iiveghazhatasugéaz-kibocsatas csokkenést értek el ezzel a projekttel?
4.1.2.Milyen kiemelt szempontok voltak a fejlesztésekhez kapcsolodod dontés soran?
4.1.2.1. Mérlegeltek a dontés soran kornyezettudatossagi, fenntarthatosagi
szempontokat? Ha igen, akkor mit?
4.1.3.Mi akadalyozza meg cégét abban, hogy (tovabbi) smart fejlesztéseket hajtson
végre?
4.1.4.Kérem emlékezzen vissza egy On 4ltal vélasztott smart fejlesztésre, hogyan taldltak
meg a problémara a megoldast?
4.1.5.Mennyire nehéz megfelel6 megoldast talalni a szakteriiletét érintd kihivasokra?
4.2. Milyen Smart megoldast ismer a szakteriiletéhez kapcsolodéan? B
4.3. Hanincs informaciodja arrol, hogy a szakteriiletén alkalmaztak okos megoldasokat, akkor

annak On szerint mi lehet az oka? C
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Appendix 9: Online bilingual (HU-ENG) questionnaire - ENG

AN O e

10.

11

12.

Gender: Female / Male / Other
Age: 0-25/26-35/ 36-45 / 46-55 / 56-
Do you live in a city? YES / NO

In which city do you live?

Please mark all the problems you have experienced in your city.
[0 Powerful urbanisation
Intensive land consumption, lack of green spaces
Intensive dependence on Hinterland (agriculture, forestry, mining)
Notable pollution (air, water, waste, noise, thermal)
More frequent heat waves (Heat Island effect)
Security of energy supply
Lack of affordable housing
No improvement and/ or maintenance of the urban infrastructure
Inadequate waste management

The ecological footprint of commute

Oo0O0o0o0oOooOoaogoaoOoao

Significant greenhouse gases emission (electricity, transportation, heating,
buildings etc.)
[0 There is no problem in my city

O Other:

What type of development would be essential in your city? ------------------
Which statement is true for you?

D. Thave a great knowledge in the context of "smart city"

E. Tam familiar with the term "smart city", but I am not an expert

F. Tam not familiar with this term
Do you know any example for a smart solution / innovation in YOUR city? YES
/NO

Please shortly explain this/these smart solution(s) / innovation(s).

.Do you know any example for a smart solution / innovation in OTHER

city(cities)? YES/NO

Please shortly explain this/these smart solution(s) / innovation(s).
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Appendix 10: Questionnaire - Result

Both Env Ind None Other Sum

City dweller 75 11

Expert 24 1
0-25
Male
Yes
No
26-35
Male
Yes
No
Female 1
Yes 1

=<
(9]
[72]
\S]
—_

Female
Yes
46-55
Male
Yes
No
Female
Yes 1
56- 2
Male
No
Female
Yes
No
Familiar 2
0-25
Male
No
Female
No
26-35 2

A &N 9N A

—

47
10

N N A = -

(5]

343 5 481

12 350
2

2

1 16

1 12

1 9

3 3

1 3

2

1 1

1 1

1 1

2 1 11

2 1 6

1 4

2 2

5

5

1 1 13

1 9

8

1 1

1 4

1 4

2 5

1 1

1 1

1 4

3

1 1

150 161

7 7

1 1

1 1

6 6

6 6

34 41
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Male
Yes
No

Female
Yes
No

36-45
Male

Female
Yes
No
56-
Male
No
Female
Yes
No
Not familiar 49
0-25 2
Male
Yes 1
No
Female 1
Yes 1
No
26-35 14
Male 8
Yes 8
No
Female 5
Yes
No
Other 1
Yes 1
36-45 13
Male 7

10

27

25

25
46

39
39
32
11

11
21

21
31
10
10
21

21
181
18
11

52
17

17
35

33

42
22

12

29

25
46

39
39
35
13

11
22

21
32
10
10
22

21
268
22
12

11
10

76
28
11
17
47
14
33

65
32
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Yes
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Male
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Female
No
36-45
Female
No
46-55
Male
No
Female
No
56-
Male
No
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No
Not familiar
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Female 7 7

No 7 7

56- 1 6 1 8
Male 5 1 6

Yes 1 1

No 5 5

Female 1 1 2

Yes 1 1

No 1 1

Sum 78 13 S3 400 6 550
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