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Abstract: Cities today are highly endangered by the global urbanization trends and the sustainability issues that they may bring. With the 

increasing environmental awareness and  the development of technology, there is an urgent need to rethink how we plan and manage our 

cities. With the advancements in technology, we are entering the era of smart cities where information and communication technologies are 
used to collect large amount of data to transform city economies, social cohesion and city governance. This paper explains the concept of the 

smart city and its characteristics which can be used to solve the sustainability problems that the city may face. Following the introduction, 

the paper continues by presenting six main characteristics of smart cities and their role in sustainability. The chapter then proceeds to a 
description of a smart sustainable city model that derives from merging three main city models related to sustainability and smartness, 

namely the eco-city, compact city and data driven city. Finally, the application of smart city technologies that are being used to achieve 
sustainability in some randomly chosen cities is presented and discussed.  
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1. Introduction 

The growth of population, technological development, and 

urbanization are considered as contemporary challenges that seek 
efficient, effective and economic approaches to better governance 

[1]. As it is claimed by the UN reports, by 2030 there will be an 
increase by an additional 1.5 billion people which will place a great 

pressure on resources, infrastructure, jobs and healthcare [2]. This 
dramatic population growth will increase the human impact on the 

environment not only because of the huge increase in numbers, but 

also because of the new technical power to dig deeper, cut faster, 
build larger, and travel more quickly great distances in automobiles, 

trucks, and planes [3]. These activities have caused many serious 
environmental problems on global scale including the climate 

change, loss of biodiversity, decline in water quality and 
degradation of ecological systems. As a response to these 

challenges a number of creative approaches need to be taken into 
consideration in order to ensure the proper development of the cities 

while protecting the environment and the life quality of the citizens. 

One of the approaches that have been implemented recently is the 
concept of “smart city”. The creation of smart cities is a natural 

strategy to mitigate the problems emerging by rapid urbanization 
and urban population growth. 

 
According to the World Economic Forum, the smart city 

programs are increasingly being implemented around the world, 
including a broad range of fields such as governance, economy, 

citizen participation, natural and built environment, transportation 

and urban life [4]. These technologies are used to monitor activity 
in the city by way of traffic lights, traffic speeds and traffic flows, 

criminal activity, movement of pedestrians, number plates, media 
access control (MAC) addresses, faces and gaits, transport meter 

readings, energy usage, and environmental pollution [5]. With the 
increasing environmental awareness and concern, these 

technologies have been adapted in a way they would produce smart 

solutions to contribute to environmental and social sustainability.  
 

The paper is divided into two parts. The first part deals with the 
smart city regarding the definition of the smart city concept and 

how that it relates to sustainable development of a city. This section 
includes a description of tools and technologies that can be applied 

to smart cities and the benefits they have related to sustainability. 
The second part includes some case studies where smart city 

technologies have been adapted and a description how they affect 

the sustainable development of  the cities. 

2. Smart city and sustainability 

The term “smart city” is a broad concept with many different 
definitions, all of which emphasize the use of technology and 

innovation in order to improve the quality of human lives. Simply 
explained, smart city uses innovative technologies to provide better 

services for citizens, improve the urban live quality and use 
resources in a best way while impacting the environment less [6]. 

Many researchers have divided this concept into several 
characteristics and dimensions in order to clarify what a smart city 

is doing and the reason for this is the complexity of the smart city as 
a comprehensive approach. Among them, Nam and Pardo frame the 

smart city by three dimensions: technology (infrastructures of 

hardware and software), people (creativity, diversity and education) 
and institutions (governance and policy) [7]. The technology 

dimension can be clustered in six different definitions, the digital 
city, the intelligent city, the ubiquitous city, the wired city, the 

hybrid city and the information city; the human dimension “people” 
is described in four clusters, which are the creative city, the learning 

city, the human city and the knowledge city; the institution 
dimension has two different definitions the smart community and 

the smart growth [7]  

A smart city could, but does not have to be a sustainable city. 

To judge sustainability development of a smart city, it is necessary 
to evaluate the ICT solutions in the city in terms of economic, social 

and environmental sustainability [8]. Sustainability is often defined 
by three pillars: environmental, economic and social aspects. In the 

so called Brundtland Commission Report it is described as a 
“development that meets the needs of the present without 

compromising the ability of future generations to meet their own 

needs” [9]. Considering this, we can define a smart sustainable city 
as an innovative city that uses information and communication 

technologies (ICTs) and other means to improve quality of life, 
efficiency of urban operations and services, and competitiveness, 

while ensuring that it meets the needs of present and future 
generations with respect to economical and environmental aspects” 

[6]. 

 
Smart cities around the world are complex and differ in terms of 

their characteristics, requirements and components. One of the most 
basic classification frames the smart city under four main 

components each of it consisting of four other assets; utilities 
(power, water and waste), transportation (rail, road, air and 

logistics), real estate (residential, commercial, retail/hotel and 
public buildings), and city services (healthcare, education, 

fire/police/defence and municipal services) [10]. Apart from that, 
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the Department of Spatial Planning, Vienna University of 
Technology, has proposed a more comprehensive classification by 

developing six key components measure the smartness of 70 
European medium-sized cities since 2007 [11]. These are the smart 

economy, smart environment, smart government, smart living, 
smart mobility, and smart people, as shown in Table 1. 

 
Table 1. Smart City Characteristics. Source: Giffinger et. al. 2007 

Smart Economy 

(Competitiveness) 

Smart People 

(Social and human capital) 

 Innovative spirit 

 Entrepreneurship 

 Economic image and 

trademarks 

 Productivity 

 Flexibility of labour 

market 

 International 
embeddedness 

 Ability to transform 

 Level of qualification 

 Affinity to life-long learning 

 Social and ethnic plurality 

 Flexibility 

 Creativity 

 Cosmopolitanism/Open-

mindedness 

 Participation in public life 

Smart Governance 

(Participation) 

Smart Mobility 

(Transport and ICT) 

 Participation in 

decision making 

 Public and social 
services 

 Transparent 

governance 

 Political strategies and 
perspectives 

 Local Accessibility 

 Inter-national accessibility 

 Availability of ICT 

infrastructure 

 Sustainable, innovative and 
safe transport systems 

 

Smart Environment 

(Natural resources) 

Smart Living 

(Smart living) 

 Attractivity of natural 

conditions 

 Pollution 

 Environmental 

protection 

 Sustainable resource 
management 

 Cultural facilities 

 Health conditions 

 Individual safety 

 Housing quality 

 Education facilities 

 Touristic attractivity 

 Social cohesion 

 

According to Bibri & Krogstie, the novel model for smart 
sustainable cities integrates two models of sustainable urban form 

which are the compact and eco-city, with the data-driven city [12]. 
Furthermore, they add that the focus should be on the design 

concepts that characterize the compact city (compactness, density, 
diversity, mixed-land use, and sustainable transport) and eco-city 

(renewable resources, passive solar design, ecological and cultural 
diversity, greening, environmental management, and other key 

environmentally sound policies), as well as innovative solutions and 

sophisticated approaches being offered by big data technologies and 
their novel applications for sustainability, which relate to the data-

driven city and its components [12].  

3. Smart city  - case studies 

Smart city applications are various and deal with many 
problems that cities face around the world including congestion, 

population growth, limited infrastructure, ineffective service 

delivery, poverty, lack of liveability, climate change issues, and 
natural and man-made disasters [13]. Nowadays, cities are 

increasingly implementing projects with smart solutions in waste 
management, traffic congestion, citizen safety, affordable housing, 

water resource management, smart buildings, efficient use of 
energy, renewable energy resources, facilitating navigation of 

autonomous vehicles, citizen participation and stakeholder 

consultation. Integrating digital technologies, into a city’s systems 
and services presents new and affordable opportunities for a city to 

solve its challenges. This in turn will help it achieve the Sustainable 
Development Goals through efficient use of its resources, effective 

stakeholder engagement, informed decision-making and better 
governance [13]. In the following section, some examples of 

successful smart city solutions are shown in the following key 
themes: governance and policy, society, infrastructure and services, 

environment, and business and economy (Table 3). 

3.1 Copenhagen Cycling Infrastructure – Copenhagen, 

Denmark 

Copenhagen is a world leader in providing cycling 

infrastructure, with more than 450 kilometres of cycle lanes used by 
36,000 cyclists every day [13]. In 2007, the City of Copenhagen 

introduced “Eco-Metropolis. Our vision for Copenhagen 2015”, 

which had three out of 11 goals related to cycling. One was that the 
city should aim to achieve a 50% bicycle share in commuting to 

workplaces and educational institutions by 2015. The other two 
goals related to reducing accidents by 50% and reducing the number 

of those killed and seriously injured. An intense political focus on 
cycling issues developed in the following years, with the city 

delivering cycle infrastructure through the Cycle Secretariat. This 

resulted in a connected network of 2.2-metre-wide cycle paths on 
each side of city streets, between sidewalks and cars; additional 

features include coordinated traffic signals (“green wave”) and 
footrests at traffic lights. The figure below shows the infrastructure 

system and its benefits in Denmark (fig. 1). 

 

Fig. 1. Cycling Infrastructure in Denmark.  

Source:httpseu.boell.orgencycling-copenhagen-the-making-of-a-bike-
friendly-city 

3.2 Circular Glasgow – United Kingdom 

Cities seek to create a healthy competitive environment for 
small and medium-sized enterprises, develop policy incentives to 

encourage business growth and attract private interest to solve 

urban challenges. An ecosystem of innovation further attracts 
private investments, encourages entrepreneurs to expand their 

businesses and provides valuable economic growth.  

Circular Glasgow is an online platform designed to support the 
implementation of circular business models and strategies to tackle 

universal and local challenges. Glasgow was the first city to host an 
online challenge, reaching over 600,000 people globally with 59 

ideas submitted from 13 countries. The partnership with the design 
studio Graven, the first of its kind and a result of the city’s global 

design reputation, led to the launch of a bespoke consultation 

programme and  has resulted in 10 design-led circular innovations 
[13]. 

 Because of its harmful effect, there is a need to find new 

ways to manage waste. As it is estimated in the International 
Resource Panel (IRP), by 2050 the material consumption in cities 

will grow up to 90 billion tonnes, which is 50 billion more than it 
was in 2010. In the 2018 World Economic Forum White Paper 

“Circular Economy in Cities” it is reported that, there was a 1.3 

billion t of solid waste generation in cities in 2012 [14]. This would 
make a footprint of 1.2 kg per person per day and it is expected to 

rise to 2.2 billion t in 5 years [14]. 
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In order to avoid the landfill sites and the environment pollution 
that can be caused by unregulated waste management and disposal 

practices, we should adopt a more practical method of production 
and consumption in the way that we can ease the burden of waste 

on cities. This is what the circular economy approach aims to do. 
The purpose is to achieve sustainability by restoring the resources 

and protecting the natural environment from the negative effects of 

the industrialized waste [13]. 

 According to the Circular Glasgow website, the project 
team “work closely in partnership with Zero Waste Scotland, 

Glasgow City Council and Circle Economy to deliver a programme 
of business engagement to raise awareness of the benefits and 

opportunities of the circular economy.” The initiative has 19 
“ambassadors from businesses across Glasgow who are helping to 

share their experience and knowledge of the circular economy” 
[13]. 

4. Conclusion 

Cities are experiencing rapid digital transformation and creating 
innovative models to integrate the new technologies into their 

services, infrastructure and governance. With the increase of 
population in one side, and the limited earthly resources on the 

other, the need for smart sustainable solutions in cities is increased. 

This paper aimed to describe smart sustainable cities by 
analyzing six main characteristics of a smart city and their role in 

achieving the optimal level of sustainability. Following this, the city 

models of sustainable and smart cities were described, namely 
compact cities, eco-cities, data-driven smart cities, as well as how 

they intertwine with one another in the context of sustainability. 
Finally, case studies where smart city applications are used in order 

to achieve sustainability considering the following key themes: 
governance and policy, society, infrastructure and services, 

environment, and business and economy. The advanced technology 
used in smart cities addresses diverse challenges including 

congesting, gaps in infrastructure, pollution and other 

environmental problems, uncontrolled population growth ext.  

Considering the fact that cities are characterized by different 
key characteristics, some technology systems might work in one 

city and might not in another. Therefore, for a smart city to function 
properly, all the key systems need to work together, by using all of 

their resources to deal with the challenges the city faces.  

As we are experiencing a time when COVID-19 has disrupted 
even our most basic daily habits such as moving freely across the 

city, sharing close space with people in a restaurant, an office or a 
square, we can understand much better how our physical lives can 

be affected and we must learn to develop  new tools to improve our 

urban experience. Basically, because of the unprecedented scale of 
the events of early 2020, the case studies listed in this paper, among 

many other cities around the world, have taken big steps to make 
the urban environment more inclusive, equitable, agile, open to new 

ideas and resilient. 
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