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To meet the needs of residents, scientists have suggested the concept of smart
cities for urban transformation. Urban green spaces (UGSs) are designed to
improve lifestyles. Environmental performance on a global scale is becoming
challenging due to climatic changes and rapid advancement. To remedy these
issues, the establishment of highly sustainable and healthier ecosystems is a
crucial demand, placing an emphasis on the design of smart cities to prevent
disease and address the basics of living quality. Urban populations are increasing
enormously, which is a strong obstacle to developing a pollution-free
environment. This study examines the current developments of cities,
especially the sustainability of smart cities, which is required to meet the
current demands. In addition to the developments, the ranking of different
cities is compared. To explain the climate-related goals, national and
international objectives and the legal framework are considered. The study
compares the cities of Vienna, Copenhagen, Amsterdam, and Hamburg. The
comparison is based on four categories: land distribution and use; mobility and
transport; building standards; and supply and disposal. Owing to the high standard
of living and its leading position in various rankings, special attention is paid to
Vienna. The work is well developed with various components of sustainability and
future development to enhance the quality of life and minimize air pollution.
Finally, the problems and improvement possibilities of the cities are discussed. The
study aims to look at the sustainability goals and projects that could be important
in an ecological and sustainable city in the future. The comparison study of
different cities shows the importance of smart cities and their effect on health.
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Introduction

Between 2050 and 2060, the world population will reach 10 billion (Chen et al., 2020).
From a global perspective, as the population grows, so does the number and size of cities.
With increasing inhabitants, infrastructure utilization, energy consumption, and
environmental pollution also increase, as shown in Figure 1. Cities are significant drivers
of climate change; therefore, they threaten our planet without further action. Urban areas are
responsible for approximately 70% of energy consumption and 70% of CO2 emissions
(Antón et al., 2022; Olén and Lehsten, 2022). The consequences of climate change mean
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cities are increasingly afflicted by strong heat waves and extreme
weather events. These and many other developments are associated
with problems, new challenges, and opportunities. Urban planning
is therefore focused on a new guiding principle named the “smart
city”. It should improve life in the city and meet the goals of the
United Nations, thus minimizing pollution, climate change, and
high waste of resources, with the help of technological innovations
(Bastanchury-López and De-Pablos-Heredero, 2022).

The smart city is usedmore frequently and is popular with urban
planners. Smart cities are seen as the future of urbanism. Billions are
invested in them worldwide, but what exactly is a smart city? There
are many definitions and approaches, but no universal descriptions.
It is, more or less, one vision or expectation of the ideal city of
tomorrow, with the current problems cities experience but with a lot
of innovative technology solutions. Most of the definitions focus on
the areas of quality of life, information technology, and community.
More terms emerging from the smart city have developed, such as
eco-city, climaneutral city, green city, and sustainable city,
indicating the current environmental awareness trend (Bleecker,
2022).

The aim is to build enough living space relatively quickly while
ensuring mobility and quality of life. There is no perfect city. This
raises the question of how life in a city is most sustainable or efficient
to satisfy most people and create a basis for future generations.

To show the current prevailing problem in urban development,
in the present study, the different concepts become different cities in
the field of smart cities, with special attention paid to the
sustainability aspects. In addition, projects and opportunities in
the framework of the population’s future developments lead to
improving the quality of life.

This study presents the concept of smart cities by comparing the
major cities. Smart city development has a major impact on
environmental and societal values. Pan et al. (2022) address
certain planning system challenges with a major focus on the
transparency and deployment of the project with certain model
outcomes and parameters. A land-use transportation model is
presented by Yamagata and Seya (2013), who discuss the energy
model for the Tokyo metropolitan area. The future concept of the
smart city, along with the electricity demand and supply model, is

simulated. The results show a major contribution of the smart city
toward social sustainability with developed models. De Guimarães
et al. (2020) show the concept of spending a quality life in smart
cities and fulfilling sustainable development goals in an attainable
manner. A critical review by Shamsuzzoha et al. (2021) discusses the
importance of smart cities and highlights future research problems.
A comparison is also developed between cities and summarized with
conclusive arguments. For more detailed information on smart
cities, readers are referred to Yamagata and Seya (2013), De
Guimarães et al. (2020), Shamsuzzoha et al. (2021), and Pan
et al., 2022). A thorough discussion about the impact of smart
cities and the environment is discussed by Yamagata and Seya
(2013) and Shamsuzzoha et al. (2021), who highlight the merits
and demerits of cities. Chen et al. (2020), Rehman and Holy (2022),
Farkas et al. (2023), Grigoletto et al. (2023), and Honey-Rosés and
Zapata (2023) have suggested many corrective measures that should
be taken to reduce air pollution and develop smart cities.

The research conducted supportive comparisons to enhance the
importance of smart cities. There are four major parameters that are
researched to highlight the applicability of the smart city. These four
parameters are investigated in four major cities of Europe and are as
follows.

• Develop the impact of distribution and use of space.
• Highlight the importance of mobility and traffic.
• What are the important building standards?
• How the supply and disposal impact the city’s performance.

Background

The world is becoming increasingly networked, dependent on
technology, and has more intelligent applications in everyday life.
Numerous intelligent systems, household appliances, and personal
assistants make everyday life more efficient. With the smart city
approach, entire cities become more efficient. Smart cities combine
infrastructure and technology to improve the quality of life of
citizens. Before, cities were more efficient, and a great deal of
data needs to be collected to get smarter. The Internet of Things

FIGURE 1
World population by size and settlement class (2018 and 2030) (Olén and Lehsten, 2022).
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(IoT) has been developed to collect all data from all areas. It allows
various objects on the internet to communicate with each other.
Many create these intelligent interactions through technological
innovations, such as improving public transport, creating
accurate traffic reports, or generating real-time energy
consumption data. Real-time problems are tracked through
constant communication and possible solutions are identified (He
et al., 2021; Li et al., 2022).

It can enhance efficiency and thereby improve various aspects of
life. In particular, the possibility of improving the quality of life and
the beneficial cost reduction makes the smart city concept so
interesting. With one step in the future, the handling of the
environment will be improved, and the way cities and people
work together will be changed. As a result, cities can enjoy a
higher quality of life and fewer wasted resources. In summary, a
smart city considers the following elements:

Smart economy

A major focus is on business-oriented urban development.
Cities should have high productivity, a climate of innovation and
market flexibility, and be as flexible as possible to compete globally.
The introduction of intelligent technologies in the economic
process has become the economy’s engine. This creates an
attractive location where the company is efficient, powerful, and
can remain competitive (Bastanchury-López and De-Pablos-
Heredero, 2022).

Smart people

If the essence of urban development is an individual action, then
a city can only be as smart as its citizens. Despite the many
technologies, the most important element of a city is often
neglected. Any smart city requires smart people, who are the
drivers of change. It is about the interaction of technology and
city dwellers. People must be able to use and benefit from the
technology. Smart devices cannot replace smart citizens. Without
citizens, the further development of the cities is not possible. Only
through the cooperation of citizens and the corresponding
technology will it be possible to improve the many negative
aspects of cities (Zenkteler et al., 2022).

Smart governance

Smart governance, smart government, or e-government is the
use of technology by the government and hence the future of public
services. Smart government should enable certain processes in the
government and administration with the help of networked
information and communication techniques. Intelligent
networked objects and cyber-physical systems are developed to
manage public tasks economically and effectively. It is, therefore,
about improving the democratic processes and the art of changing
how public tasks are carried out. The goal is to make the entire
system more transparent and participatory (Wu, 2022).

Smart mobility

Another important element of a smart city is smart mobility,
including transport, information, and communication technologies.
Mobility issues are especially caused by private transport, which is
responsible for a significant proportion of CO2 emissions. No other
sector that is so dependent on oil has great potential. Through
developments such as e-mobility or the sharing economy, traffic
jams and air pollution are reduced and efficiency increases. This
leads to the improvement of wellbeing in the city (Scientific Data
Curation Team, 2020).

Smart environment

A smart city must ensure viable conditions. This includes the
optimization of energy consumption and the use of renewable
energy sources. This is the only way to reduce pollution in the
environment and create sustainable resource management (Kasznar
et al., 2021).

Smart living

Smart living means improving the quality of life. Through a
friendly living environment, an intelligent city offers its inhabitants
good access to public services, a high individual security level, a wide
range of cultural and entertainment offers, a high quality of living,
and attractive educational institutions. By improving and
developing each of these aspects, the lives of citizens become
more comfortable and sustainable (Zhu et al., 2020).

Urbanization

An increasing number of people are moving to cities. Over the
past century, most of the world’s inhabitants lived in quite rural
areas. By 2018, approximately 55.3% of the world’s population lived
in metropolitan areas. By 2030, 60% of people live in urban areas and
one in three cities have a population of at least half a million. Owing
to the growing city population, an increasing number of megacities
(cities with more than 10 million inhabitants, according to the
United Nations [UN]) are emerging. In 1950, there were only two
megacities but this number rose until 2018. With increasing
urbanization, challenges related to housing shortages, healthcare,
jobs, energy supply, traffic and the environment emerged (Bătăgan,
2011).

The city of Shenzen, considered China’s technology center,
shows how rapidly cities can grow. The city currently has
approximately 12 million inhabitants; however, in 1979, Shenzen
only had 30,000 inhabitants. Figure 2 shows the 10 largest cities in
2018 according to the number of inhabitants and a forecast of their
development in 2030. As shown in Figure 2, Delhi’s population is
expected to grow by more than 10 million inhabitants between
2018 and 2030, while the population of the current largest city,
Tokyo, will decrease. It predicts New Delhi will overtake Tokyo as
the world’s largest city by 2030. What is striking, however, is that the
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megacities are predominantly located in Asia and Latin America
(Kutty et al., 2022; Locurcio et al., 2023).

Housing situation

A high quality of life also means adequate housing of
appropriate quality is provided. Housing is a basic need for
people because it offers space to live, sleep, drink, and eat. For
example, living and quality of life can be assessed by the following
aspects: affordability, type of accommodation, size of
accommodation (area per person), and construction quality.

Europe
Rents and prices for apartments are rising faster than citizens’

incomes in many European cities. On the one hand, this
development is due to the prevailing housing shortage. On the
other hand, it is due to the low interest rate phase strengthened by
the European Central Bank. On average, in 2017, 41.9% of people in
the European Union lived in apartments, 24% in townhouses, and
33.6% in single-family homes. Another factor for assessing housing
quality is the availability of space. The overcrowding rate describes
the proportion of people living in crowded apartments. It is defined
by the number of people in the household, available rooms,
household size, and the age of the members and their family
situation. In 2017, 15.7% of the EU-28 population lived in
overcrowded dwellings. On average, the floor area per person in
the EU 28 was 42.56 m2/person (Toli and Murtagh, 2020).

The quality of construction is also a decisive factor in the quality
of living. Approximately 14% of the EU 28 population reported
having at least one of the following problems: leaking roof, damp
walls, floors or foundations, and rotting window frames or floors.

China
Unlike Europe, China has many more metropolitan areas with

housing shortages. Rapid population growth and a rapid rise in
prices are forcing many people to accept very bad living conditions.
The housing shortages mean many live in cage apartments of only
2 m2 in area. The average living space in Chinese cities is 36.9 m/

head, although this value is significantly lower in some cities (e.g.,
Hong Kong). The city of Hong Kong has had the world’s least
affordable housing market for 10 years. Although Hong Kong real
estate prices average 20.8 times the median household income, in
London, for example, it is only 8.2 times greater or 8.4 times in San
Francisco. This also affects the average living space of 12 m2/head
(Cugurullo et al., 2021).

To counteract population growth and increasing demand, entire
cities are being mass-produced in China. Owing to the lack of know-
how and the trend toward faster construction, the build quality is
very bad. As early as the 1950s, China had many quasi-temporary
houses erected, and bamboo was used due to the lack of rebar. Even
in the present day, many pay attention to developers only with
respect to maximum profit and neglect the life cycle costs and the
longevity of buildings. This leads to the demolition of many
relatively new buildings.

According to research, the average lifespan of a building is
between 25 and 30 years. For comparison, in the UK, it is 132 years,
and in the United States, it is 74 years. The constant process of
demolition and new construction produces huge amounts of waste.
Construction waste accounts for between 30% and 40% of all waste
in China’s cities. According to estimates, in 2011, approximately two
billion tons of rubble were produced, of which only 5% was recycled.

United States of America (USA)
The United States also increases property prices in line with the

global trend. Many experts warn of a real estate bubble, as prices are
already above the bubble’s peak. Like Europe, the United States is
also in a low interest rate phase, favoring an increase. If all states of
the United States are considered, single-family houses are the most
popular form of housing. Accordingly, the average living space per
person is high. With around 77 m2/capita, the US ranks second in
the world. Only in Australia is the average living space
(approximately 89 m2/head) higher (Ataman and Tuncer, 2022).

The following can be said about the construction quality: unlike
European construction, which is characterized by solid construction,
timber frame construction is used in the United States. Even
seemingly massive houses only have the appearance of brick
walls because the bricks are mostly glued on the outer façade.

FIGURE 2
The ten largest cities in 2018 and 2030.
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Even the most expensive houses are built this way. Contrary to that,
the inferior construction does not meet the prevailing price level
expectations. This also affects longevity. Owing to the common lack
of insulation, the components decompose within a few years. Weak
beams, side walls, and roofs usually cannot withstand strong winds.
The materials used do not even come close to the European level, for
example, in new single-glazed windows installed in houses. Thin
wall constructions, low storage masses, and non-energy-efficient
structures cause high electricity and heating costs. In particular, air
conditioners, which are practically in every house, consume very
high amounts of power in summer. Figure 3 shows the type of
accommodation in the United States.

Traffic and mobility

Mobility behavior
Mobility has long been a basic human need. To ensure

sustainable urban development, the mobility behavior of citizens
must change. Especially in the big cities, environmentally friendly
means of transport must be promoted and expanded. At the same
time, the use of motorized vehicles should also be restricted. To
change mobility behavior, it is necessary to address the following
factors: availability, attitude (upbringing), social status, weather, and
costs. When the modal split (distribution of passenger traffic to the
different modes of transport) is considered, it turns out that
passenger cars are still very dominant (Ahvenniemi et al., 2017;
Asadzadeh et al., 2022).

The degree of motorization can be used to compare the number
of vehicles between cities and countries. It provides the average

number of cars per 1,000 inhabitants. A significant difference is
visible if the United States and China are compared. In China, the
average number of vehicles is 83, whereas in the United States, the
average number is 797.

Public transport network
Public transport is a mode of transport available to every citizen,

usually for a fee. Owing to the constant mobility of people, a well-
developed transport network also positively affects their quality of
life in the cities. It, therefore, also significantly influences the place of
work and residence. Compared with motorized private transport,
many advantages can be achieved: a larger number of people can be
transported in one vehicle, fewer vehicles on the roads, less sealing of
the surfaces, lower specific energy consumption per user, lower
specific pollutant emissions per user, lower costs, and safer roads.

Public transport in cities is often an attractive, inexpensive,
reliable, and sustainable method of locomotion. The amount of
space saved should not be ignored. The graphic below shows the
potential of transporting 100 people by tram instead of car.
However, public transport can be made more efficient and switch
to alternative drives to meet climate protection targets. The target
network 2025+ was formulated in Austria to increase efficiency. The
goal is to provide rural regions with public transport, with the
optimal use of the railway. The goal can be achieved with efficient
transportation system in the cities.

Sharing
Car sharing makes it possible for all those who do not own a

motor vehicle or only occasionally need one to use one. According to
studies, many believe that car use in metropolitan areas is a growing

FIGURE 3
Types of accommodation in the United States.
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problem and causing certain issues, such as parking, congestion, and
high emissions. Additionally, with car sharing, the total number of
passenger cars is reduced because many households are so focused
on the purchase they can do without. In addition, many use a car
more deliberately and only when necessary. Many cities have
recognized this and want to support this trend. In the meantime,
there is a veritable boom among sharing providers. In addition to
passenger cars, electric scooters, mopeds, and bicycles are offered.
Sharing increases mobility options and promotes sustainable
mobility for city residents, which is why it is becoming
increasingly popular. In addition, this will relieve the public
transport network. Free-floating systems are particularly popular.

The advantage of this is that the vehicles can be parked
anywhere and are, therefore, location-independent. All available
vehicles can be viewed using an app installed on a smartphone. The
billing is per minute used. Fuel, insurance, maintenance,
maintenance, and parking fees are included. Therefore, it also
speaks to the cost factor against private motor vehicles under
certain circumstances. In the event of non-regular use and mileage
of less than the car, sharing is cheaper by 10,000 km/year.
According to the study by the city of Vienna, conclusions can
be drawn about car sharing: private vehicles are replaced by a car-
sharing vehicle, savings of 44 million car km/year, CO2 savings of
approximately 7,000 tons/year, and car sharing supplements public
transport, not a competitor.

Another concept that falls under sharing is mobility points
(mobility stations). Various mobility offers, also known as
interfaces for changing trains, are offered in one place. The focus
is based on electromobility. Figure 4 shows an example of this. In
detail, mobility points, car-sharing cars, e-bikes, e-cargo bikes,
charging stations, bike storage boxes that can be booked digitally,
an information touchscreen, and a good connection to public
transport should be included.

E-mobility
The high level of air pollution in cities is usually due to traffic. In

Austria, the transport sector accounts for approximately one-third
of greenhouse gas emissions. That is why alternative drive
technologies, such as e-mobility or hydrogen drives, are in
demand more than ever. It is often forgotten that vehicles with
electric motors can be environmentally friendly, like the electricity
generated by them. Comparison of greenhouse gas and nitrogen
oxide emissions for different types of vehicles is shown in Figure 5.
In addition, the high weight of the batteries is a disadvantage
compared with combustion engines. One thing that must be
highlighted is that only avoiding traffic and creating short ways
are effective methods for reducing emissions and the required drive
energy. If all passenger cars were to be converted to an electric drive,
the electricity demand is estimated to increase by 18%. According to
a study by the Technical University of Vienna/Energy Economics
Group, it would be economically and technically possible to meet the
Austrian electricity demand by 2030 to cover renewable energy.

Urban energy technologies

In the coming decades, humanity will have more cities than was
the case over the past millennia. For this reason, it is important to
equip all new neighborhoods with the latest, most sustainable, and
most efficient technologies. The goal is to use as much space as
possible to generate energy and use and recycle resources
sustainably. Therefore, urban technologies play a key role. The
advances in reducing energy requirements develop only very
slowly. Despite modern technologies and the possibility of
passive zero-energy, the construction of energy-plus houses still
predominantly involves conventional buildings constructed with
relatively high energy consumption.

FIGURE 4
A mobility station.
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Electricity
With digitization and technical advances, total energy use will

continue to increase yearly. According to the development, there is
an urgent need for action to meet the European Union (EU) targets
for achieving renewable energy and energy efficiency. In cities, the
focus is still on the usual energy sources, such as gas, district heating,
and electricity for local use. Further development of the final energy
consumption of all end consumers (such as transport, private
households, industry, services and agriculture) is required.

As Figure 6 shows, traffic is the largest consumer at 33.1% of
final energy consumption, with private households at 25.4% and
industry accounting for a considerable amount at 25.3%. A
functioning and secure energy supply is essential for cities. The
shift from fossil fuels to renewable energy sources is being addressed
in most countries; photovoltaics and wind power play a central role.
Particularly with the erection of buildings, there is a high potential
for integrating solar modules in open spaces. In addition, intelligent
power grids will reduce power consumption and increase efficiency.
An evaluation by the city of Vienna shows how great the potential is.
Sixty-four percent of an existing roof area of 53 km, i.e., 34 km, is
available for photovoltaics or solar thermal energy. Only 36% of the
roof areas are not suitable.

Warmth
The heat supply sector also represents a significant part of the

total energy requirement. Here, too, there is great potential and a lot
of need to catch up.

Combined heat and power (CHP)
With CHP, electricity and heat are generated at the same time. In

cities, the waste produced is in modern waste incineration plants, in
conjunction with highly efficient flue gas cleaning systems. The
resulting waste heat is used for district heating, and the electricity
is generated mainly to power the facility or fed into the power grid.

With optimal operation, there are potential savings in primary energy
compared with a generation of approximately one-third. Depending
on the system, efficiencies for heat are typically approximately 70%
and can be further increased up to 15% With the help of the efficient
use of energy, CO2 emissions and energy costs are reduced.

Biomass
Biomass has the distinct advantage of being storable and

renewable and represents a CO2-neutral form of energy. However,
the problems lie in the low energy density, the necessary transport
logistics, and the increased emissions from combustion, making the
decentralized heat supply in urban areas relatively uninteresting. A
good possibility of using biomass is central plants, as in Denmark.
Switching from fossil fuels to biomass is a decisive step toward CO2

neutrality. It is noted that the power plant is directly connected to ship
loading points at sea, which brings a decisive advantage.

Heat pumps
Heat pumps are also considered a sustainable method for future

heat supply. The process is based on removing and releasing heat
from a medium such as air, water, and earth. Heat pumps can be
used for heating in winter and for cooling in summer. Only electrical
energy is required for operation. An important metric of heat pumps
is the annual performance factor (APF), which provides information
about the efficiency of the overall system.

Geothermal
Geothermal energy is based on the use of heat from the Earth.

Deep geothermal energy is particularly interesting. Via a borehole at
a depth of approximately 4–6 km, underground thermal water can
be reached. The hot water is pumped to the surface and, with the
help of heat exchangers in one closed circuit, converted into
electricity. The residual heat of the water can be used for district
heating. It is a sustainable and CO2-free method of heat generation,

FIGURE 5
Comparison of greenhouse gas and nitrogen oxide emissions for different types of vehicles.
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and its success depends on the geological circumstances. Many
projects fail in practice because not all locations are suitable.

Sustainability

Sustainable development meets the needs of the present generation
without the possibility of future ones endangering generations to meet
their own needs. Sustainability can be divided into three components,
resulting in the “three-pillar model of sustainability” results. This
contains the subsequent three elements. Sustainability can only be
secured if the three strong developed and promoted categories are
realized. The sustainability type is shown in Figure 7.

Environmental sustainability
This component involves preserving and protecting the

ecosystem for the following generation. This includes considering
biodiversity, the natural environment, cultural and landscape areas,
and general climate protection. By following these principles,
natural economic goods, also referred to as natural capital, are
preserved. To improve urban life, cities must become greener.
Creating green infrastructure, such as parks, places of recreation,

and trees has an often underestimated impact. In addition to the
positive effects on the health and wellbeing of people, there is also an
improvement in the microclimate. Certain measures can unite cities,
especially the building sector contributing to sustainability.
According to a study, green facades in cities can have measurable
benefits, such as the reduction of local fine dust concentration by up
to 20%, reduction of the traffic noise level by up to 10 dB, and
reduction of the urban heat island (UHI) effect, and thus also the
peak air temperature by 10°C and the cooling energy.

Other city-related parameters that affect the UHI effect are the
thermal mass, layout and aspect ratio of roads (grid), and the
proportion of green areas. Facade greening benefits dense city
centers the most. Access to nature can reduce urban stress, e.g.,
urban farming and vertical farming. “Urban farming”was developed
out of the guerrilla gardening movement, which planted crops in
public green spaces and then cultivated them. Many cities now
support urban farming. In addition to the economic and food
production benefits, there are also benefits in terms of people’s
wellbeing. On the one hand, inner-city gardens offer the opportunity
for social contact and physical exercise. On the other hand, they may
improve eating habits—the consumption of fruit and vegetable
increases by 40% among people who participate in gardening.

FIGURE 6
Final energy consumption for the EU-28.
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Owing to the limited space in cities, “vertical farming” was
created. The mass production of plant products in urban areas keeps
transport routes as short as possible. Cultivation occurs in specially
created buildings under ideal growth conditions.

Economic sustainability
The economy is also important to sustainability, as it unites and

strongly impacts the environment. Profit maximization must not be
the top priority. The economic system must be designed to create a
lasting economic equilibrium, price stability, and many job offers.
Additionally, protection against the economic exploitation of
resources is particularly important.

Social sustainability
Social sustainability relates to people and places them in the

foreground. Important issues include the protection of health and
social stability. Additionally, developing a functioning society is
significant. The aim is to ensure a decent existence and material and
intangible basic needs. Furthermore, the satisfaction of the people
represents an essential contribution to the increase in the quality of life.

City rankings

With increasing globalization, the competition between cities
that want to be leading smart cities increases too. After the concept
of a smart city gained popularity, increasing comparisons emerged
between cities. Their focus is usually on quality of life. Above all,
Vienna benefits from its high position in the international rankings.
However, the meaningfulness of the ranking of cities must be
critically questioned. City rankings can be targeted while
neglecting certain aspects and thus serve as an instrument of city
marketing and image building or encourage urban development.
Therefore, particular attention should be paid to the publisher, the
weighting, the points of comparison, and the procedure.

The economist intelligence unit (EIU) publishes another
ranking, the global liveability index (GLI), which ranks cities
according to their quality of life as the Mercer study does. A
total of 140 cities around the world are rated. The comparison
between the sites is based on the challenges that arise for a person’s

lifestyle at a given time and place. Each city receives a comfort rating
for more than 30 qualitative and quantitative factors. These factors
can be broken down into five categories: Stability–weighting 25%;
Healthcare–weighting 20%; Culture and environment–weighting
25%; Education–weighting 25%; Infrastructure–weighting 25%.
These factors are considered acceptable, uncomfortable, or
undesirable and classified as compatible Internal analysts and
employees in the respective cities are responsible for evaluating
the qualitative factors. Quantitative Factors are calculated based on
specific data points. After that, the ratings are merged so that one
rating is between 1 and 100 results.

In contrast to theMercer study, it is striking that only two European
cities are in the top 10. Asian cities (average rating: 41.8) had a better
average in the ratings. However, strategies are useless if they are not
implemented. The implementation is just as important as the cities’
strategies, which is why the implementation of the top 15 cities was also
considered and evaluated. Only 8 of the 15 cities show progress in
implementation. In ranking cities according to the implementation
wheel, Vienna is at the top, followed by Singapore and London.

Materials and methods

The smart city approach meets with many critical voices while
enthusiasm is triggered on the other side. However, it should be
highlighted that a vast network of sensors, electronic ears, eyes, and
noses will turn the future city into a permanent place of surveillance
power. Therefore, anyonewho has access to the city data canmonitor it.
Privacy concerns are increasing with the trend toward connected
devices. The problem with smart home devices is that they are
permanently switched-on sensors (De Las Heras et al., 2020). They
record the users’ activities in their living spaces and transmit them to the
cloud services of the device manufacturers. To analyze the importance
of the smart city, a few parameters are reviewed in this section.

Sustainable development goals

To enable a better and more sustainable future for all, the United
Nations drafted 17 goals. They generally deal with the global

FIGURE 7
Sustainability types.
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challenges of humanity. The interconnected goals should be
achieved by 2030. Goal 11, sustainable cities and communities, is
the most important city-related goal.

• Access adequate, safe, affordable housing, ensure basic
services, and upgrade slums.

• Access to safe, cheap, and sustainable transport systems for
everyone and expand public transport.

• Inclusive and sustainable urbanization and the ability for
participatory-integrated and sustainable settlement planning
and administration improvement in all countries.

• They are intensifying efforts to protect and safeguard cultural
and natural heritage.

• Reduce the number of deaths caused by disasters and people
affected by them, focusing on protecting the poor and those in
vulnerable situations.

• They reduce human environmental impact and pay special
attention to air quality and waste disposal.

• They are securing access to green spaces and public spaces.
• They promote economic, social, and environmental connections
between sites by supporting national and local development
planning.

• The number of cities and settlements that plan to increase
resource efficiency mitigation and adaptation to climate
change, and risk management.

• Assistance to the least developed countries through financial
and technical assistance in building more sustainable and
resilient buildings using local materials.

Parameters of investigation

The European Union aims to be the first continent to have zero
net greenhouse gas emissions by 2050, thus achieving climate
neutrality. To achieve this goal, there is a great need for action. It
is necessary to power the entire economy with clean energy, and start
many more new initiatives. The aim is to eliminate growth-related
weaknesses and thus increase competitiveness, productivity, and
sustainability. The following goals and strategies were put forward
for climate change and energy, which should be achieved by 2030.

• Reduction of greenhouse gas emissions by at least 40%
(compared with 1990)

• Share of renewable energies should be at least 32%
• Increase in energy efficiency by at least 32.5%

The research conducted surveys in four major cities and
investigated the following parameters: distribution and use of space;
mobility and traffic; building standards; and supply and disposal. The
flowgraph of the proposed research investigation is shown in Figure 8.

Smart cities

For the period 2013 to 2020, the state of Austria is obliged to
reduce greenhouse gas emissions in the area of non-emissions
trading sectors by at least 16% compared with 2005. To date,
there have been no results in achieving the predetermined goals.

The second stage (growth strategy Europe 2030) will last until 2030.
With this development legal bases are created, which are very
extensive.

Vienna

Vienna is one of the world’s leading cities regarding quality of
life. Maintaining this status requires extensive measures and
initiatives. For this reason, the city of Vienna has relied on this
2011 smart city concept. Accordingly, an intelligent city should be
created so that the current problems of climate change and resource
waste are counteracted. Through innovative solutions in mobility
and energy, and infrastructure aimed at reducing emissions, the
consumption of resources should be reduced. According to the
Smart City Wien framework strategy, 2050 climate neutrality can be
achieved.

Smart city vienna initiatives
Federal Ministry for Transport, Innovation and Technology

(BMVIT): The BMVIT is an important player and source of
inspiration in the smart city area. The “City of the Future”
program promotes and manages the implementation of many
projects, particularly the research and development of new
technologies for future cities. The main goal is to reduce energy
consumption and use renewable energy in buildings to make them
accessible to residents and make the economy more attractive. The
BMVIT program is divided into three subject areas: digital planning;
construction and operation; plus-energy quarters; and innovative
greening technologies.

Climate and energy fund initiative
The Federal Government set up the Climate and Energy Fund in

2007. It serves as an instrument and aid in implementing strategies
in research, technology, climate protection, and energy. The Climate
and Energy Fund is based on the Climate and Energy Fund Act. In
addition to research and development in the fields of sustainable
energy technology and climate research, there are projects in the
fields of mobility and climate-relevant energy technologies.

Urban innovation vienna
Urban Innovation Vienna is Vienna’s competence center for

urban questions about the future. It deals with all strategies and
management of the problems many cities are preoccupied with. The
center is always in touch with international cities for initiatives,
know-how, and international trends, to make experiences available
in Vienna and achieve progress. The areas of activity are urban
development, energy and climate, digitization, smart city, housing,
participation, and city tourism. The center is divided into three
departments: Smart City Agency; Energy Center; and Future Cities.
Current and future issues become public at specialist workshops and
are presented at international conferences.

Distribution and use of space
In Vienna, the proportion of green space is relatively high in

international terms. Although the proportion of green was 51%
11 years ago, despite strong population growth, it had increased to
53% in 2019 (see Figure 9). For city expansion projects, the city of
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Vienna is increasingly focusing on the conversion of old building
locations, e.g., old factories or train station areas. The sealed surface
that falls on each resident is only 70 m2. To maintain and thus
launch the development against UHI, Urban Green Spaces are
created and façade greening is promoted. In the next years,
150 facades will be greened, and €500,000, as part of a cooling
package for the city, will be invested.

Mobility and traffic
In Vienna, the proportion of journeys made using public

transport, by foot, or by bicycle is increasing (75% in 2019). In
detail, 38% used public transport, 30% traveled by foot, and 7% used
a bicycle. The remaining 25% of journeys involved motor vehicles.

At 38%, Vienna has a very high modal split share compared with
public transport in other cities. This is mainly due to the well-
developed network and the comparatively cheap annual pass. An
annual pass in London is £4,000 and in Hamburg is €1,988, whereas
the price in Vienna is only €365. In 2019, Vienna already had
852,000 people with an annual pass. Therefore, the public Transport
in Vienna remains as attractive as it has ever been. Wiener Linien is
investing massively in expansion and important environmental
measures. The current renewal of the bus fleet reduced CO2

emissions by 44%.
In the field of e-mobility, after the expansion of charging

options, 60 electric buses will be available by 2023. The hydrogen
drive is already in use and tested. In 2027, 10 hydrogen buses will be

FIGURE 8
Research investigation Venn diagram.

FIGURE 9
Types of space and use in Vienna.
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on the road. In addition, research is being carried out into
developing an eco-fuel from sewage sludge, as replacement of
auto buses. The following projects have been implemented in the
field of mobility.

Green lines
Despite the constant expansion and investments in expansion,

the Wiener Linien actively contributes to climate protection. The
greening of bus shelters, station buildings, and tracks ensures
cooling in the city and thus reduces the urban heat island effect.
Energy from underground braking power is more efficient and
sustainable. The Viennese Lines such as subways and trams is
used for energy recovery.

Bike city
In contrast to car-free settlements, the Bike City concept does not

require residents explicitly do without a car. The aim is to make the
use of a bicycle as ameans of transportation as attractive as possible by
having the bicycle delivered right to your doorstep. This could be
achieved by the large built-in elevators that accommodate three bikes
with their owners. There are also glass boxes, storage brackets, and
niches in the arcades for parking the bicycles on each floor.

Smart traffic lights
Traffic lights automatically recognize when pedestrians want to

cross. The special technical system developed by the University of
Graz and MA 33 is intended to reduce waiting times and thus
increase pedestrian comfort. Another step that the City of Vienna
strives for is networked traffic lights. These can communicate with
each other whereby the traffic light phases are adapted to the current
traffic situation, thus reducing congestion. Another step sought is
equipping the traffic lights with environmental and weather sensors.
Big data analytics and the help of artificial intelligence can be useful
in using this data for intelligent traffic control and air quality
improvement.

Building standards
Building standards have a significant impact on the useful life of

a building. On average, approximately half of the final energy
consumption in Vienna is used for heating, cooling, and water
heating. That is why it is necessary to give priority to efficiency and
sustainability. Given the high population growth, the strategy of the
city of Vienna is to construct many new buildings with the lowest
energy standard and thermally renovate the building stock, as well as
construct renewable energy systems to convert energy sources. With
a high-quality thermal renovation, energy consumption and, thus,
greenhouse gas emissions will be reduced by up to two-thirds. If the
heating system is additionally equipped with a heat pump, converted
to solar thermal or district heating, energy generated on-site can
reduce greenhouse gas emissions to zero. By paying attention to the
city’s renovation, particularly the use of ecological and resource-
saving building materials, the CO2 footprint should remain as small
as possible.

The City of Vienna has set itself the following goals concerning
building standards.

• From 2025, the heat supply for new buildings should be
renewable energy or district heating. The 2018 amended

new construction ordinance for subsidized housing
stipulated that where there is no district heating
connection, the heat is always supplied by renewable energy
sources. This is to be introduced for all other building
categories in 2025.

• Unused buildings should be used for greening and solar energy
generation, especially facades and roof areas.

• From 2030, when planning a building, the focus should be on
resource conservation. Tools like building information
modeling (BIM) can be used. By involving every project
participant in the planning, the entire life cycle of a
building is considered, which potentially reduces emissions.

• By 2050, 80% of the materials used for demolition and major
conversions must be recycled. For this reason, it must already
be included in the planning phase that the recyclability of
materials at the end of their useful life be respected. In
addition, the material composition is an important
parameter of the building to record.

According to current information, the Vienna city government
plans to introduce a photovoltaic obligation for residential buildings
in the building code amendment. Previously, this only applied to
industrial buildings.

Supply and disposal
With the Vienna model, the city has a very efficient energy

supply compared with other European cities; up to three million
tons of CO2 can be saved annually. The reasons for this lie in the
individual elements of the Vienna model. This includes the thermal
recycling of waste, the use of waste heat with CHP plants, the
promotion of renewable energy sources, energy consulting services
to increase efficiency, and decentralized forms of generation (solar
power plants and/or geothermal energy). In addition to district
heating, which accounts for a significant proportion of energy needs,
households in Vienna are also covered by the hydroelectric power
station in Freudenau (approximately one-third), wind turbines, and
photovoltaic (PV) systems supplied with electricity. The PV systems’
main advantage is that they can also be used in densely populated
areas.

The strategy is to reduce energy consumption and gradually
switch to renewable energy sources. By 2030, 30% of final energy
consumption will be covered by renewable energy sources, rising to
70% in 2050. In the field of waste management, the focus is on the
five-stage waste hierarchy: 1) waste prevention; 2) preparation for
reuse; 3) recycling; 4) other recycling, e.g., energetic recycling; and 5)
elimination.

Copenhagen

In 2014, Copenhagen became a Green Party from the European
Commission. Owing to rising temperatures and sea levels, the city is
particularly committed to eco-innovation and sustainability.
Developing new strategies is a remarkable solution, where the
experiments can be conducted. This tests intelligent solutions and
provides new insights and knowledge bases in the city area. All
Smart City initiatives focus on environmental issues in the context of
Copenhagen’s commitment to be CO2 neutral city in 2025. The CPH
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2025 climate plan describes all the goals that will allow Copenhagen
to become the first European climate-neutral city. The city’s green
areas account for approximately 22% of the total area. Every
inhabitant of Copenhagen has a green space of 31.91 m2, of
which 0.68 m2 per person falls on nature reserves.

Mobility and traffic
Copenhagen follows the bicycle approach as an environmentally

friendly, flexible, and space-saving means of transport and is
therefore considered a cycling paradise. Achieving climate
neutrality was set for 2025 in the area of green mobility and the
following main objectives were defined.

• 75% of all journeys should be made on foot, by bicycle, or by
public transport

• 50% of trips to work or school should be by bike
• Increasing the use of public transport by 20% compared
with 2009

• Public transport should be CO2 neutral

To achieve these goals, Copenhagen has set itself to make
environmentally friendly means of transport more attractive.
Bicycle Traffic: Despite the high proportion of cyclists, many see
untapped potential in this area. Among other things are the
expansion of routes, the development of innovative cycling
solutions, the dissemination of electric bikes for longer distances,
and improving conditions for cyclists.

E-mobility/renewable drive forms
Currently, 96% of all car journeys in Denmark are shorter than

50 km. For this reason, the development and wider use of new fuels
are promoted. In the coming years, additional charging stations will
be required. Hydrogen filling stations will be set up, and the
purchase of these vehicles will be promoted. Public transport
should become more efficient by 2025, exclusively with electricity
or biofuels. In addition, the attractiveness should also be increased.
For example, intelligent congestion management reduces travel
time. Additionally, improving conditions in transport hubs and
measures to facilitate the transfer of other road users are planned.

Building standards
The goal of the CHP Climate Plan 2025 is to reduce overall

energy consumption significantly. With the savings in energy
consumption, the city wants Copenhagen to achieve great
economic benefits. Reducing demand makes it possible to lower
investment costs in new energy generation. Compared with 2010, by
2025, heat and electricity consumption in retail and service
companies will increase by 20% and electricity consumption in
households will be reduced by 10%. In addition, installing solar
systems reduces electricity consumption by 1%. There are currently
high requirements for keeping energy consumption low. New
buildings must be guaranteed to meet future requirements so
that optimization can be fulfilled. Energetic retrofitting must be
carried out without significant additional costs to be feasible. As a
large number of existing buildings were built before the
requirements and therefore offer the greatest potential for energy
savings, the city is trying to establish contacts to create incentives
that lead to greater energy efficiency.

Supply and disposal
The district heating system in Copenhagen supplies 97% of the

city’s environmentally friendly and cost-effective heat. In 2017, the
renewable energy share is 60.1 %, which shows an increasing tendency
of it (see Figure 10). Danish district heating is considered a natural
monopoly and was therefore regulated according to the non-profit
principle, whereby the costs are regulated by law. The Danish energy
target for 2050 is to exclusively use renewable energy sources. Therefore,
the storage potential to cover the consumption peaks can be crucial.

To achieve the ambitious climate goals, electricity and heat
generation in Copenhagen by 2025 will mainly be based on wind,
biomass, and waste. Most will be powered by biomass cogeneration
plants (43%), and wind turbines (42%) will be covered. The city of
Copenhagen wants a flexible energy system with several energy
sources that complement each other. This means energy
production can be adjusted if, for example, the wind turbines
generate less energy. Despite the already high level of wind power
share, 100 new wind turbines with a total capacity of 260 megawatts
(MW) will be erected and citizens can participate with shares. The
project led to the following findings, among others.

• By coordinating the different energy needs of buildings, an
increase in energy efficiency is possible.

• It has been demonstrated that district heating at extremely low
temperatures, combined with a heat pump, can be used to
supply buildings with hot water.

• Grid-tied batteries can be integrated into the city to provide
frequency regulation and peak load coverage.

Instead of demolition and new construction, it was decided to
rebuild a former grain silo and thus significantly reduce energy and
resource consumption. During the renovation, new window openings
for natural light were created for design reasons, and a steel facade
should be created for building physics reasons. The former concrete
building has been converted into 38 apartments. In addition, there is a
ground floor and an attic with public areas, exhibition rooms, and a
restaurant.

Amsterdam

Amsterdam is among the first adopters of smart city strategies in
Europe, and the strategic approach has been pursued since 2008. For
this reason, today, the city is one of the leading smart cities in Europe
and was chosen as the European Capital of Innovation by the
European Commission.

To ensure the quality of life for future generations, Amsterdam
has set a goal to reduce their CO2 emissions by 95% by 2050 compared
with 1990 and do without natural gas by 2040. Has the city drafted the
Amsterdam Climate Neutral 2050 Roadmap? This document
describes the main actors of the emissions, activities, and all goals
to be achieved by 2050. The proportion of public green spaces in
Amsterdam is only 13%. Steady growth, climate change, and
overcrowding of the city require new approaches to green spaces
in the city. With the increasing rainfall, regular flooding is a major
problem because of the lack of infiltration areas. The Structural Vision
Amsterdam 2040 defines the green space policy and, thus, also the
minimum amount of green space. In addition to increasing the
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attractiveness of green spaces, climate protection and biodiversity are
important issues. The green agenda sees the creation of 50,000 m2 of
green roofs, the protection of healthy trees, an increase in biodiversity,
and more nature-friendly buildings.

Mobility and traffic
Amsterdam is considered the premier cycling metropolis in the

world because hardly any other city has so much cycling. On
average, everyone owns 1.3 bicycles (see Figure 11). Amsterdam
city wants to deploy fully electric transportation system as far as
possible in 2025, with zero emissions and fully sustainable by 2030.
Overall, the urban area traffic accounts for 9% of the CO2 emissions.
The main challenge here will be the constraint and reduction in
passenger and freight traffic. The city hopes more space will be
converted into green spaces. As a result, car ownership in the city is
declining, and an increasing number of residents are choosing
sustainable means of transport. On average, most trips are on
foot, by bike, or by public transport, and 70% occur within
Amsterdam. To facilitate mobility, the city is pursuing a strategy
of using clean vehicles. Already in 2016, it was stipulated that all
taxis have zero emissions by 2025 and buses by 2022. To compensate
for the volatility of the renewable energy, the energy is stored in the
electric car battery and fed back profitably when demand increases.

Building standards
Emissions from the built environment are currently 28%. The

city’s strategy is to switch to a sustainable energy supply and reduce
the energy consumption of all buildings. The city of Amsterdam
owns many buildings that are currently dependent on natural gas.
With the strategy of a gas-free city, the city administration, housing
associations, and energy companies agreed to work together on the
transition. Areas are gradually being separated from the natural gas
network. Private homeowners are offered free advice and financial
assistance. At the end of 2018, stricter standards for energy
performance (EPC of <0.2) for new buildings were fixed. With

these measures, extensive investments, and subsidies, the city wants
all buildings to be carbon neutral by 2050 and gas free by 2040. To
create a sustainable alternative to natural gas, Amsterdam is
investigating the possibility of using geothermal heating.
Amsterdam is currently in talks with the state government to
create a binding framework by which actual progress can be made.

Supply and disposal
At 51% currently, electricity consumption in Amsterdam is, for the

most part, responsible for CO2 emissions. Therefore, if the city is to
become climate neutral, a structural change in the energy system away
from fossil fuels is necessary. In addition, the economical use of energy
sources is necessary. The largest challenge for the electricity sector is to
supply sufficient sustainable energy to the city despite the rising
electricity demand, population growth, e-mobility, and digitization.
The city particularly uses solar panels, wind turbines, and biomass. In
2017, the share of sustainable energy production in total energy
consumption was 6%. Most of this is generated by burning biomass
in the AEB waste-to-energy plant. The rest comes from wind turbines
and solar panels. The city’s goal is to generate as much sustainable
energy as possible. To use the possibilities optimally, the available roof
area in urban development projects and tenders for solar energy will be
used. Financial support will be provided through sustainability funds,
energy loans, or the Amsterdam Climate and Energy Fund.

By 2030, the city aims to have 80% of local households taken care
of by sustainable energy. According to the regional energy strategy,
plants are to generate 550 MW of solar energy and 127 MW of wind
energy. Amsterdam has no urban development area comparable
with Vienna, Copenhagen, or Hamburg.

Hamburg

Climate protection is also very important in Hamburg, the
second-largest city in Germany. As a port city, it is particularly

FIGURE 10
Distribution of the fuel mix for district heating production in Denmark.
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affected by rising sea levels and is therefore forced to operate active
flood protection. With the most ambitious climate protection law in
Germany, the city wants to reduce its CO2 emissions by 55% by
2030 from 1990 levels and become climate neutral by 2050. In
addition, the Senate has drawn up a climate plan with goals and
necessary measures.

The urban development project Hamburg-Hafencity aims to
contribute to achieving these goals. With 114.1 m2 per
inhabitant, Hamburg is one of the greenest cities in the
world. According to the climate plan, this is part of the
strategy, hot and dry periods counteract them and improve
the quality of life. To use the water resource optimally, the
priority is landscape planning to let the rainwater seep away as
far as possible to make it available for the natural cycle. To use
the full potential of the city, Hamburg is pursuing a green roof
strategy. In addition to the greenery of the roof area, more green
facades will be created.

Mobility and traffic
In 2017, traffic accounted for 28.3% of all CO2 emissions. By

2030, this sector will have to save 4.1 million tons of CO2. A massive
expansion of environmentally friendly mobility offers and the switch
to renewable drives is necessary. In particular, the following
measures will be taken in the area of mobility.

• A massive expansion of charging infrastructure for e-vehicles
• Conversion of car-sharing vehicles to e-vehicles
• Expansion of sharing and on-demand offers

• Expansion of the bicycle infrastructure
• Creation of car-free zones
• Promotion and expansion of shore power for container and
cruise ships

• Use of low-emission aircraft
• Emission-free shipping on the Alster

Building standards
To increase the efficiency of buildings, the city implements

measures aimed primarily at households, businesses, services, and
trade judges. In 2017, approximately 22% of Hamburg’s total
emissions were caused by the provision of space heating and hot water.

The savings are primarily due to the renewal of plant
engineering with a simultaneous expansion of the district heating
network and the installation of heat pumps. Creating funding
programs for high-quality energetic refurbishments is also the
basis for an efficient and climate-neutral building stock. To set a
good example of building, public buildings houses will be the
standard efficiency houses from 2025 to 2030.

Supply and disposal
Renewable energy sources will also be important to

Hamburg in its efforts to become a green city. The
fluctuating energy supply balances and uses energy flexibly,
and the city invests in various types of energy storage. An
example of this is the production of hydrogen from excess
electricity. According to the climate protection program, the
proportion of renewable energies will increase to 65% by 2030.

FIGURE 11
Modal split in Amsterdam.
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When disposing of waste, a higher proportion will be recycled to
save resources and emissions.

Results and discussion

The project is characterized, above all, by its sustainable
development strategy. Special elements are the reuse of the
former port area, efficient and sustainable use of space, the
concept of short distances with sustainable mobility, efficient heat
supply systems using renewable energy sources, and the certification
system for buildings.

Existing buildings

On the way to achieving all climate targets, in addition to
developing new neighborhoods, it is also important to improve
existing buildings. Although demolition and new construction
are often more worthwhile than renovation, it is impossible to
completely rebuild an existing city, such as Vienna. The greatest
potential, therefore, lies in the energetic refurbishment of
existing buildings. The erection of new buildings represents
only a disproportionately small proportion of the building
and the savings potential. For this reason, the refurbishment
rate should be increased. As the city is already investing a lot of
money in new projects, especially in the urban development
project in Seestadt, the question arises as to whether it would
make sense to finance the refurbishment of old buildings
elsewhere. Indicative rents in old buildings in Vienna offer
landlords only a small yield; therefore, extensive renovations
are not economically worthwhile.

As a result, owners of old buildings let the buildings fall into
disrepair. For example, incentives could be created through
surcharges on the benchmark rent depending on the usage of
energy. Another point of criticism of the benchmark rent is that
the living space in Vienna is not optimal. People often take up much
more living space than they need because they cover a smaller living

space, and they would have to pay more in newer residential
buildings.

Mobility and traffic

Electric cars are only as environmentally friendly as the
electricity that supplies them—assuming that the renewable
energy sources can save much CO2. Nevertheless, integrating
electric cars takes place very slowly. The reasons for this lie in
the high initial cost and the shorter range compared with vehicles
that run on fossil fuels. In visions of the future, it is often forgotten
that the space problem and the stressed areas remain the same. New
powertrains and technologies such as autonomous driving and
electric and hydrogen cars alone will not improve the traffic
situation. Both do not automatically lead to less traffic. As can be
seen in Figure 12, the car’s footprint is enormous. From this, it would
make sense in the future to focus more on public transport and the
reason to set bicycle as part of the trffic.

The city of Amsterdam shows how well the bicycle works as a
means of transport. The residents have realized that riding a bike is
faster and cheaper. It is therefore important that the residents of the
cities themselves use the advantages and attractiveness of this means of
transport. The city administration has an important role in expanding
the cycle path infrastructure and creating an interface to public
transportation. Amsterdam has more bicycles than people because
people ride their bikes to the subway and ride another bike to work, for
example. The bicycle can solve the problem of the last mile. Instead of
building garages for cars, they should be built for bikes. Covered
corridors are necessary for bicycle traffic to make them less dependent
on the weather. The latter must dominate the natural competition
between passenger cars and bicycles by creating measures.

New buildings

It will be accounted as high standard building with longer
sustainability. However, despite the current options, erecting

FIGURE 12
Space to transport 60 people.
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buildings in the PlusEnergy standard is mostly out of the
question. For reasons of cost, this standard was not used. The
belief that energy-efficient construction is more expensive is a
prejudice. The reduced costs reduce the additional costs
incurred at the start of construction in the life cycle of
buildings. Added to this is the higher dependency on external
energy supply, which in turn involves the risk of fluctuating
energy prices.

Resource scarcity

The construction sector is one of the largest consumers of raw
materials worldwide. Buildings and entire cities can be used as huge
raw material mines, referred to as the future. Under the term “urban
mining”, it is understood that recyclingmaterial will be extracted from
buildings at the end of their useful life. Urban mining thus makes a
significant contribution to resource efficiency and reduces emissions
as primary raw materials are used less. At the same time, complex
treatments or the landfilling of unusable materials is avoided. The
demarcation of old building is based on the material used and the life
of the building compared to the buildings, which were new
constructed. Owing to the great advances in building materials
(use of composites, chemical treatment, and bonding of materials),
these become unusable or perhaps must be disposed of as hazardous
waste. Constructing recyclable buildings, with a record kept of all the
materials used, must become an important basis of construction to
close the resource cycle.

Conclusion and future work

There is an increasing sealing of green spaces, and the residents
often have to live in cramped conditions. Our finding shows that
planning urban spaces for a high quality of life is more important than
ever. Owing to climatic developments, citiesmust be more sustainable,
livable, and better for the next-generation. The research conducted
here shows that smart cities can help with this. So far, however, there
are no uniform definitions and delimitations of the term “smart city”.
The broader public often use the term as a synonym for technically
advanced cities. The term applies muchmore to all activities related to
smart technologies and strategies for sustainability.

Our finding shows that cities are very complex systems with
numerous fields of action. Only by close collaboration between
stakeholders can solutions be developed to improve cities and
make them intelligent and sustainable. Another challenge is the
certain uniqueness of the cities. No two cities are identical, so no
uniform smart city plan exists. Despite this, cooperation between
several cities may lead to a win-win situation due to the different
degrees of implementation. Success results from a high degree of
commitment and interest from the responsible parties.

For several decades, humanity has been using more resources
than the Earth can regenerate in a year, which is about to change.
The cities described have the common goal of protecting the
environment and reducing the ecological footprint. Each of these
cities tracked their climate neutrality strategy based on a climate
plan that is intended to be fully implemented by 2050 at the latest (by
2025 for Stockholm). Using new technologies to mitigate the

damage we have done to our planet is possibly the only
remaining option.

The findings show that the cities listed are green cities trying
many smart solutions that reduce emissions and reduce carbon
dioxide. They are also characterized by efficient, environmentally
friendly, and well-developed public transport networks. The
combination of high quality of life and intelligent technologies
allows the cities described to feature highly in the international
city rankings. However, the rankings should be viewed critically.
Despite the high-ranking European cities, the Asian metropolises
are, on average, significantly more advanced.

Building smart cities will not only help make our daily lives more
efficient and organized but also reduce the impact of cities on the
environment. Only time will tell whether this will be enough to slow
down the climate crisis. The proposed research aims to compare the
major cities and investigate diverse features to implant the concept of
smart cities. The research shows that the implementation of smart
cities has improved green infrastructure and air quality. The outcomes
of the current study are green urban spaces, low air pollution, good
quality air index, and a healthy lifestyle. These factors improve the
economy of the country and attract tourists.
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