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Abstract: Environmental externalities of the Anthropocene—mainly generated from population
growth, rapid urbanization, high private motor vehicle dependency, the deregulated market, mass
livestock production, and excessive consumerism—have placed serious concerns for the future of
natural ecosystems, which we are a part of. For instance, global climate change—the biggest challenge
we have ever faced—is directly impacting wellbeing, and even the existence of humankind, in the
long run. During the last two decades, the notion of the smart city—particularly the sustainable
development of smart cities—has become a popular topic not only for scholars, particularly in the
fields of technology, science, urban and environmental planning, development, and management,
but also for urban policymakers and professional practitioners. This was due to digital technologies
becoming a powerful enabler in stimulating paradigmatic shifts in urban development-related visions,
strategies, implementation, and learning. This paper offers a critical review of the key literature
on the issues relating to approaches, advances, and applications in the sustainable development of
smart cities. It also introduces contributions from the Special Issue, and speculates on the prospective
research directions to place necessary mechanisms to secure a smart and sustainable urban future
for all.

Keywords: smart city; sustainable smart city; smart infrastructure; smart urban technology; smart
governance; sustainable city; sustainable urban development; knowledge-based urban development;
climate change; urban informatics; urban policy

1. Background and Literature Review

The 21st century is recognised as the ‘century of cities’, as more than half of the world’s
population now live in urban settlements, and the importance of urban environments has become
even greater over the recent decades [1]. It is also seen as the ‘century of climate change’ or
‘century of planetary survival’, as today, unexceptionally, all parts of the world are confronted
with various environmental and/or socioeconomic crises—e.g., climate change, life-threatening natural
disasters, loss of biodiversity, destruction of natural ecosystems, regional disparities, social polarization,
and digital and knowledge divides [2]. These crises—the climate emergency being the biggest—are
mainly caused by rapid population growth and the irreversible commitment of natural resources,
combined with industrialization, urbanization, mobilization, globalization, agricultural intensification,
and excessive consumption-driven lifestyles [3].
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Due to the rising abovementioned concerns—about environmental deterioration such as increasing
energy expenditure and climate change aroused from greenhouse gas emissions—the concept of
‘sustainable development of cities’ or ‘sustainable urban development’ has gained ever-increasing
interest [3,4]. The widely accepted definition of sustainable urban development can be described
as meeting the needs of the present without compromising the ability of future generations to meet
their own needs, by achieving environmental, economic, and social sustainability [5,6]. As such,
the underlying notion of sustainable urban development is closely aligned with the concept of smart
cities, which encourages interactions between humans and technologies for a sustainable urban living
environment [7-9].

Most smart city practices overlook the well-established notion of sustainable development [10].
For example, in an examination of the European Union’s framing of the smart city concept, Haarstad [11]
found that the smartness approach is strongly tied to innovation, technology, and economic
entrepreneurialism, and sustainability is not a motivating driver. Nevertheless, the importance
of the sustainable development of smart cities is gaining importance in the literature [12]. These studies
share the view that the two concepts are not entirely separate, rather, they share many commonalities
and thus need to be integrated. For example, it is found that the concept of smart cities includes
the smart environment, economy, and people, which aim at environmental, economic, and social
sustainability, respectively. This is also reflected by several recent definitions of smart cities, which
often embrace the underlying notions of sustainable development [13]. Moreover, Bakici et al. [14] and
Haarstad [11] claim that the important question to answer is how to strategically integrate the two
concepts. In fact, Ahvenniemi et al. [15] even suggest that a more accurate term of ‘smart sustainable
cities’ should be used while there are several other studies—e.g., [16-18]—also adopting the same term
in their studies.

The general consensus about the importance of becoming smart and sustainable has resulted in
an emergence of studies suggesting various technologies, strategies, and initiatives in order to achieve
their aims [19]. Of these, Suciu et al. [20] suggest that the integration of a multi-energy network and
low carbon resources would help to deal with the issues facing today’s cities such as the imbalance
between energy supply and demand. To this extent, their study is closely aligned with the concept
of zero-energy building, which aims to achieve a higher level of building sustainability by having a
balance in building energy consumption and production [21,22]. Additionally, Pour et al. [23] and
Olszewski et al. [24] suggest that the utilization of renewable energy and efficient water transport
network systems can contribute to more than better energy efficiency or environmental protection.

In addition to the above, several studies also highlight the importance of smart homes and
buildings [25-27], smart transportation [28-31], smart energy and resource management [32,33],
and smart media displays [34], which may boost the interaction between cities and their residents,
and therefore, leads cities to become smarter and more sustainable. Findings of these studies are
further supported by numerous other studies [35] suggesting that the implementation of various
smart systems would foster the environmental, economic, and social development of smart cities.
Indeed, as highlighted by Komeily and Srinivasan [36], having a balance among environmental,
economic, and social aspects of sustainable urban development is particularly important for smart
cities considering the concept of smart cities lies beyond simply taking advantage of various modern
technologies for better convenience. Furthermore, Millar and Choi [37] highlight the importance of the
development of knowledge resources to tackle the socioeconomic and environmental challenges of
our time.

Meanwhile, there are also several studies discussing the obstacles for the sustainable development
of smart cities. Most notably, Hojer and Wangel [8] present five challenges, namely, strategic assessment,
mitigating measures, top-down and bottom-up, competence, and governance. It is noted that these
challenges are inter-related to each other. For example, the strategic assessment and evaluation of the
effects of information and communications technology (ICT) require competent governance models,
as well as the adoption of well-balanced top-down and bottom-down approaches. These obstacles are
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also discussed by Kudva and Ye [38] where several obstacles including socioeconomic inequalities and
the digital divide hinder cities becoming smart and sustainable. The findings of these also tend to agree
with several other studies [39-41] showing the country or region-specific obstacles for implementing
various smart technologies, strategies, and initiatives to make their cities more sustainable.

In line with the above, many studies also highlight the importance of policy implications to
address and possibly overcome such obstacles. For example, Sotto et al. [42] claim that the continuous
development of policies is essential for cities vulnerable to climate change. The importance of policy
implementation is further highlighted by numerous studies [43-45]. For example, findings of Kim and
Lim [46] imply that the development of both mandatory and voluntary regulations is recommended to
effectively deal with the contemporary energy consumption and carbon emission issues aroused from
our cities. Similarly, Kramers et al. [47] highlight that information and communication technology
(ICT) policy implementations can contribute to cities to reduce their energy usage and to meet climate
targets. Their studies share the views of Yigitcanlar and Kamruzzaman [48] and Yigitcanlar [49],
suggesting that implementing proper smart cities policies and strategies can contribute to not only
their environment, but also economic and social aspects of sustainable development.

While the technology dimension is the key identity of smart cities, technology adoption alone is
not adequate to make a city smart [50]. Other critical qualities are also required. To be more precise,
urban smartness encompasses a mix of human and intellectual capitals (e.g., skilled/talented labour
force), infrastructural capital (e.g., high-tech telecommunication facilities), social capital (e.g., intense
and open network of social linkages), entrepreneurial capital (e.g., creative and risk-taking business
activities), relational capital (e.g., good governance through transparent and democratic institutions),
and environmental capital (e.g., protection and enhancement of natural assets within and outside the
city) [51]. This holistic view helps in determining policies that can increase the smartness levels of
cities, and thus establish a blueprint for a new city model. For example, by diffusing sustainable and
smart city discourses and through collaborations between private and public sector actors, Gothenburg
represents a successful case of improving the performance of cities [52].

This new city model is widely referred to as ‘sustainable smart cities’ as numerous studies
have indicated that unsustainable cities cannot be considered as smart [53-55]. In recent years, this
consolidated sustainable smart cities concept has gained wider acceptance on the global scale. However,
most of them focus on measuring the performance of smart cities [56,57]. Few have attempted to
conceptualise the sustainable smart cities notion more clearly and comprehensively in a cause—effect
model. Such conceptualization could form the basis for developing a thorough understanding,
theoretically and practically, of designing smart cities for sustainable and balanced growth [58]. One of
the frameworks that represent the abovementioned consolidated view is illustrated in Figure 1.

The conceptual framework (Figure 1) bases itself on an input-process-output-impact model—that
also contains a ‘system of systems’ view—which is a widely used model in urban and regional
planning [59]. Assets of a city are the main inputs of that city’s smart urbanism endeavours. These
assets are put into use through various processes. These processes include key drivers of technology,
community, and policy. Given that assets and drivers of a locality (e.g., community, city, and region)
are successfully operationalised, various desired outputs are expected to be achieved. The result of the
successful execution of these processes is to generate sustainable and knowledge-based development
outputs—i.e., in the economic, societal, environmental, and institutional development domains—to
achieve desired outcomes. Given that the extent of desired outcomes—i.e., productivity, innovation,
liveability, wellbeing, sustainability, accessibility, governance, and planning—are realised, the resulting
impacts will transform the city into a smarter one.

This framework emphasises smart ‘communities’ as the essential ingredient of smart cities,
positioning it as the critical driver of smart city development (Figure 1). This approach involves
providing access to appropriate technologies, services, and platforms, and modifying the perceptions
and behaviours of local communities via awareness campaigns and engagement projects [59].
The framework promotes the customization and development of local and culturally sensitive
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solutions by local residents and companies, not only to provide locally tailored/accepted solutions,
but also to make contributions to the local knowledge-based economic development, sustainable
urban development, and participatory governance practices. The framework emphasises the role of
the wider urban community as users and developers of the smart city they live in. It also advocates
the importance of providing necessary traditional and technology-enabled methods to engage the
community in local smart city projects [59].
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Figure 1. Sustainable smart city conceptual framework (derived from [59]).

In terms of ‘technology’, this framework, in parallel to the literature, considers a smart city as an
organic whole, which is a networked and a linked system (Figure 1). While systems in industrial cities
are mostly skeleton and skin, contemporary post-industrial cities, i.e., smart cities, are like organisms
that develop an artificial nervous system, which enables them to behave in intelligently coordinated
ways. The new intelligence of cities, then, resides in the increasingly effective combination of digital
telecommunication networks (the nerves), ubiquitously embedded intelligence (the brains), sensors
and tags (the sensory organs), and software (the knowledge and cognitive competences). In this way,
the framework perceives urban technology only as a ‘means’ or an ‘enabler’ to an end—those ends
being to achieve desired urban outcomes. It advocates the importance of a smart city as an organic
whole of a network and a linked urban system that benefits from the technological offerings—but not
solely dependent on or addicted to them [59].

This framework also highlights that the ‘policy” context is vital to the understanding of the use
of technology in appropriate ways (Figure 1). Hence, an innovative local government stresses the
change in policies, as a government cannot innovate without a normative drive addressed in policy.
Although innovation in technology for a smart city can be relatively easily observed and broadly agreed
upon, subsequent changes in the policy context are more ambiguous. The policy context characterises
institutional and non-technical urban governance issues. This policy, and governance, context creates
conditions that can enable, or stymie, smart and sustainable urban development. The framework places
urban policy at the heart of smart city development as a process that is critical to get it right. In this
way, it frames technology as only one of the integral elements for a good policy and its implementation.
It advocates the importance of developing competent strategies for the selection and adoption of
technology or relevant solutions in appropriate ways [59].



Energies 2019, 12, 4554 50f11

Besides these drivers, the comprehensive conceptual view of the framework focuses on finding
ways to achieve desired outcomes in the economy, society, environment, and governance domains.
The desired outcomes or performance areas for smart cities consist of ‘Productivity & Innovation’,
‘Liveability & Wellbeing’, ‘Sustainability & Accessibility’, and ‘Governance & Planning’. The integration
of these desired smart city outcomes with smart city drivers is critical, and the framework emphasises
this integration, or, in other words, intertwining [59].

The presented smart cities conceptual framework establishes a consolidated notion of smart
cities, and seeks ways for achieving desired urban outcomes for an effective and efficient smart city
transformation. The framework also offers the following consolidated definition of smart cities, which
we believe will bring some clarity to what this report envisages a smart city as: “Smart city is an
urban locality functioning as a healthy system of systems with sustainable and balanced practices of
economic, societal, environmental, and governance activities generating desired outcomes and futures
for all humans and non-humans” [59].

A review of the key literature finds that the majority of academic smart city research mainly
interpret city smartness as technological solutions to the unsustainable development of cities, while
issues such as governance and policymaking or community smartness in the traditional sense seem to
be in neglect. As much as technology, the planning and development of sustainable smart cities require
a comprehensive capital system—containing a mix of human and intellectual, infrastructural, social,
entrepreneurial, relational, and environmental capitals. In other words, city smartness encompasses
both modern urban production factors, in common frameworks utilizing advanced ICTs, and social
and environmental capitals. It is these aspects together that form the competitive and sustainable cities
of the information and knowledge age. Public officials commonly turn to smart urban technologies,
for technology’s sake, to funnel attention and funds to repair flailing urban systems in the absence of
public funding and political action. Yet, urban smartness is not only about the technology adoption
and use. Smartness—as a set of technologies, new sources of funding, and a branding strategy—helps
local governments articulate pragmatic solutions in the immediate present to structurally thorny
urban problems.

2. The Special Issue

Against the above literature background, it is possible to state that there has been growing,
but still rather limited, research that systematically investigates cities from the angle of approaches,
advances, and applications in the sustainable development of smart cities. Given that there is no silver
bullet to unilaterally be applied in all urban environments to achieve sustainability and smartness,
this Special Issue aims to gather diverse views and report progress towards the direction of sustainable
smart cities. A fundamental objective of this Special Issue is to compile and present the cutting-edge
work of researchers who focus on a joined-up thinking of themes—i.e., sustainability, smartness,
and city. By doing so, we believe this Special Issue on “Approaches, Advances, and Applications in the
Sustainable Development of Smart Cities” contributes to the knowledge pool in this area, particularly
with new evidence driven from empirical research.

Following this guest editorial commentary, the Special Issue includes the following 11 case study,
review, and research papers:

m  ‘The State of Smart Cities in China: The Case of Shenzhen’ by Richard Hu [60];

B ‘A Multi-Agent Social Gamification Model to Guide Sustainable Urban Photovoltaic Panels
Installation Policies” by Robert Olszewski, Piotr Patka, Agnieszka Wendland, and Jacek
Kaminski [24];

m  ‘Economic Health-Aware LPV-MPC Based on System Reliability Assessment for Water Transport
Network’ by Fatemeh Karimi Pour, Viceng Puig, and Gabriela Cembrano [23];

B ‘Systematic Integration of Energy-Optimal Buildings with District Networks’ by Raluca Suciu,
Paul Stadler, Ivan Kantor, Luc Girardin, and Frangois Maréchal [20];
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®  ‘Modelling Interaction Decisions in Smart Cities: Why Do We Interact with Smart Media Displays?’
by Hoon Han, Sang Ho Lee, and Yountaik Leem [7];

m  ’Digital Commons and Citizen Coproduction in Smart Cities: Assessment of Brazilian Municipal
E-Government Platforms’ by Mauricio José Ribeiro Rotta, Denilson Sell, Roberto Carlos dos
Santos Pacheco, and Tan Yigitcanlar [9];

m  ‘Determining Favourable and Unfavourable Thermal Areas in Seoul Using In-Situ Measurements:
A Preliminary Step towards Developing a Smart City’ by You Jin Kwon, Dong Kun Lee, and
Kiseung Lee [45];

m  ’‘Smart Cities in Turkey: Approaches, Advances and Applications with Greater Consideration for
Future Urban Transport Development” by Can Biyik [35];

m  ‘City Branding, Sustainable Urban Development and the Rentier State. How Do Qatar, Abu
Dhabi and Dubai Present Themselves in the Age of Post Oil and Global Warming?” by Martin De
Jong, Thomas Hoppe, and Negar Noori [53];

m  ‘Aligning Urban Policy with Climate Action in the Global South: Are Brazilian Cities Considering
Climate Emergency in Local Planning Practice?” by Debora Sotto, Arlindo Philippi, Jr., Tan
Yigitcanlar, and Md Kamruzzaman [42];

m  ‘Towards Smart Florianopolis: What Does It Take to Transform a Tourist Island into an Innovation
Capital?” by Tan Yigitcanlar, Jamile Sabatini-Marques, Cibele Lorenzi, Nathalia Bernardinetti,
Tatiana Schreiner, Ana Fachinelli, and Tatiana Wittmann [61].

These articles focused on answering the three broad questions of this Special Issue—namely, what
the approaches, advances, and applications in the sustainable development of smart cities are.

Four articles elaborate the approaches used to achieve the sustainable development of smart cities.
The objective is to generate transferable knowledge-based diverse case studies. The work by Yigitcanlar
et al. [61] entitled “Towards Smart Florian6polis: What Does It Take to Transform a Tourist Island into
an Innovation Capital?” demonstrates the processes used to transform the economic vulnerability
of a tourist city, Floriandpolis, the capital city of the Brazilian state of Santa Catarina, into a more
sustainable economy through knowledge and innovation. Biyik [35], in his work entitled ‘Smart Cities
in Turkey: Approaches, Advances and Applications with Greater Consideration for Future Urban
Transport Development” describes the processes used to make a radical change in transport policy
for the development of a smart transport vision for Turkey. De Jong et al. [53] present the processes
used to introduce and operationalise sustainable branding of three middle-eastern cities in their article
‘City Branding, Sustainable Urban Development and the Rentier State. How Do Qatar, Abu Dhabi and
Dubai Present Themselves in the Age of Post Oil and Global Warming?’. Lastly, Hu [60] in his paper
entitled ‘The State of Smart Cities in China: The Case of Shenzhen’ investigates the state of smart cities
in the context of China by particularly focusing on Shenzhen. This paper provides lessons into China’s
fastest-growing experimental city that has adopted smart urbanization as a model for its development.

The second group of articles examine how the decision-making process can be advanced using
technology—i.e., bringing smartness to city governance. Rotta et al. [9] examine how the implementation
of the Municipal eGov Platform Assessment Model (MEPA) has enhanced citizen participation in
Brazil in their study entitled ‘Digital Commons and Citizen Coproduction in Smart Cities: Assessment
of Brazilian Municipal E-Government Platforms’. While the results of this study are not promising,
other avenues to enhance interaction still exist such as the use of smart media displays. Han et al. [7]
present conditions for the effective use of such technologies using Sydney as a case in their article
‘Modelling Interaction Decisions in Smart Cities: Why Do We Interact with Smart Media Displays?’

The remaining five articles both advance knowledge and demonstrate applications of specific
technologies to bring smartness and sustainability to cities. Olszewski et al. [24] in their work,
‘A Multi-Agent Social Gamification Model to Guide Sustainable Urban Photovoltaic Panels Installation
Policies” present a model of social gamification to stimulate the photovoltaic panels installation
process, and ultimately, to make cities more environmentally sustainable. A health-aware control
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approach for drinking water transport networks is proposed by Pour et al. [23] in their study entitled
‘Economic Health-Aware LPV-MPC Based on System Reliability Assessment for Water Transport
Network’. Kwon et al. [45] consider that thermal comfort (such as the urban heat island effect) is a
public health issue and identify environmental factors that contribute to thermal comfort in cities.
This work is entitled as ‘Determining Favourable and Unfavourable Thermal Areas in Seoul Using
In-Situ Measurements: A Preliminary Step towards Developing a Smart City’. Suciu et al. [20] in their
paper entitled ‘Systematic Integration of Energy-Optimal Buildings with District Networks’ presents
a method to combine multi-energy networks in order to reduce household dependency on fossil
fuel. The last paper in this group by Sotto et al. [42] focuses on policy evaluation and examines the
consistency between strategic policy objectives and policy implementation in terms of the commitment
to reduce carbon emissions in Brazil. This work is presented under the title of ‘Aligning Urban Policy
with Climate Action in the Global South: Are Brazilian Cities Considering Climate Emergency in Local
Planning Practice?’.

3. Concluding Remarks and Research Directions

Although the smart cities movement is not new, at present, there is not a single fully-fledged smart
city example in the world [62]. Songdo from Korea is widely referred to as the most advanced smart
city [63]. Nevertheless, this exemplar urban development project has also received heavy criticism for
not being smart in terms of environmental and societal outcomes. Another popular smart city that is
planned to be built from scratch is Google Sidewalk Labs” smart city project located at the waterfront
area of Toronto. The project has also been criticised for using ‘tech for tech’s sake’—applying a complex
technological solution to a situation that mostly does not need it. As evident in these two cases, while
the smart city concept may be good in theory, in practice, there are numerous challenges in building
truly smart cities [64—69]. These challenges can be grouped under the following categories:

[ ] Technological and technical issues (e.g., technical barriers due to the size of the city and users,
cyber security, privacy concerns, or over irrelevant or unnecessary technology offerings);

m  Economic issues (e.g., requiring big-buck financial investments, particularly from the public
sector, limited incentives and support to start-ups, incubators, accelerators, and so on);

B Societal issues (e.g., smart cities becoming enclaves for urban elites, gentrification and
displacement, negative impacts of disruption, and the digital divide);

m  Natural and built environmental issues (e.g., producing insignificant environmental sustainability
outcomes or generating negative externalities, and establishing eco-human symbiosis);

m  Governance or management issues (e.g., limited transparency, public participation, and bottom-up
approach);

m  Wider application of the smart city model (e.g., problematic nature of wide-scale development
and the cost of retrofitting).

In order to adequately address these challenges, a holistic view on sustainable smart cities is
needed [70,71]. We believe the aforementioned conceptual framework (Figure 1) along with other
consolidated sustainable smart city research and practices will generate new insights into tackling
these issues. In that very moment, it is necessary to place current and emerging approaches, advances,
and applications in the sustainable development of smart cities under the microscope. In line with this
necessity, the Special Issue generates new insights by investigating the sustainable smart cities from
various disciplinary and contextual angles.

Against the literature review reported in this paper and the Special Issue, we compile the following
sets of generic research questions focusing on the sustainable development of smart cities. We strongly
believe that investigating these issues further in prospective research projects by scholars of this
highly interdisciplinary field will shed light on the better conceptualization and practice of sustainable
smart cities.
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m  Whatis a sustainable smart city supposed to be, and how can benchmarks be determined and set
considering smartness is a vague term?

m  What is the current status of cities and the inhibitors and threats on the way towards sustainable
and smart urban development?

m  What are the commonalities amongst cities that are moving towards smart and sustainable futures,
and what are the factors of success and failure?

®  How can sustainable smart city frameworks be developed and applied, recognizing that every
city is unique, to the planning of cities?

m  How can institutional and social capacities be developed and further enhanced for the formation
of sustainable smart cities?

m  How can sustainable smart cities be governed to make sure that existing high sustainability and
smartness levels are maintained and improved over time?

m  How can sustainable smart cities restore and tap the power of natural systems to enhance and
protect urban life?

®  How can sustainable smart city agendas contribute to the establishment of global eco-human
symbiosis to avoid global ecocide?

m  How can sustainable smart cities” climate innovations drive the next urban transformation to
address the global climate crisis?

m  How can sustainable smart city blueprints be developed for the next global transformation of
cities to create carbon-free and adaptive futures for humanity?
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