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a b s t r a c t 

Sustainable cities are currently undergoing unprecedented transformative changes in light of the recent paradigm 

shift in science and technology brought on by big data science and analytics. These marked changes are moti- 

vated by the increased need to tackle the problematicity surrounding sustainable cities as quintessential complex 

systems in terms of their development planning, operational management, and fragmentary design strategies and 

technology solutions. That is to say, sustainable cities are increasingly embracing and leveraging what smart 

cities have to offer in terms of big data technologies and their novel applications in an attempt to effectively deal 

with the complexities they inherently embody and to monitor, evaluate, and improve their performance with 

respect to sustainability —under what has been termed “data-driven smart sustainable cities. ” This new area is 

a significant gap in and of itself —as it is still in its infancy —that this paper seeks to fill together with to what 

extent the integration of sustainable urbanism and smart urbanism is addressed and what directions and forms it 

takes. Using a compelling evidence synthesis approach, this paper provides a comprehensive state-of-the-art liter- 

ature review of the flourishing field of data-driven smart sustainable cities. This study corroborates that big data 

technologies will change sustainable urbanism in fundamental and irreversible ways, bringing new and innova- 

tive ways of monitoring, understanding, analyzing, planning, and managing sustainable cities. It reveals that the 

evolving development planning approaches and operational management mechanisms enabled by data-driven 

technologies are of crucial importance to increase and maintain the contribution of sustainable cities to the goals 

of sustainability in the face of urbanization. However, what smart urbanism entails and the way it functions raises 

several critical questions, including whether the policy and governance of data-driven smart sustainable cities of 

the future will become too technocentric and technocratic respectively, but also with regard to other aspects of 

social and environmental sustainability. Addressing these important contemporary concerns is of equal impor- 

tance in achieving the desired outcomes of sustainability. This review and critique of the existing work on the 

prevailing and emerging paradigms of urbanism provides a valuable reference for scholars and practitioners and 

the necessary material to inform them of the latest developments in the burgeoning field of data-driven smart 

sustainable cities. In addition, by shedding light on the increasing adoption and uptake of big data technologies 

in sustainable urbanism, this study seeks to help policymakers and planners assess the pros and cons of smart 

urbanism when effectuating sustainable urban transformations in the era of big data, as well as to stimulate 

prospective research and further critical debates on the topic. 
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. Introduction 

Cities around the world are growing bigger and faster. Urbanization

s one of the greatest challenges facing cities of the future. In recent

ecades, urban growth has been dramatic. For the first time in history,

ore than half the world’s population lives in urban areas [214] . This is

xpected to rise to 70% by 2050, with an annual population growth of

0–60 million inhabitants, reaching —6.7 billion of this booming popu-

ation. This implies that 2.4 billion people will be potentially added to
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he world’s population. Already, cities consume more than 75% of the

atural resources available globally, including primary energy, raw ma-

erials, fossil fuel, water and food. This is estimated to increase by 90 bil-

ion tons by 2050 compared to 40 billion tons in 2010 [210] . As an irre-

ersible global trend, urbanization involves a multitude of environmen-

al, social, economic, and spatial conditions, which pose unprecedented

hallenges to politicians, policy makers, planners, and other practition-

rs. This fact highlights the importance of shifting paradigms in the

ay cities work in terms of sustainability. In other words, the increased
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a  
ressure on cities leads to a stronger need to build sustainable cities

hat last. Designing sustainable cities of the future, educated by the

essons of the past and anticipating the challenges of the future, entails

rticulating a multi-scalar vision and following key principles —energy,

cology, infrastructure, waste, water, livability, mobility, accessibility,

conomy, and culture —while responding to major global shifts along

he way. These principles are at the core of urban sustainability, which

epresents an ideal outcome in the sum of all the goals of development

lanning, on which there is widespread consensus with trade-offs and

onflicts when it comes to making decisions. 

Sustainable cities have been the leading global paradigm of ur-

anism (e.g., [1 , 31 , 149 , 221 , 222] ) thanks to the models of sustainable

rban form proposed as new frameworks for redesigning and restruc-

uring urban places for making urban living more sustainable. Compact

ities and eco-cities are the most advocated models of sustainable

rban form and the central paradigms of sustainable urbanism. They

ontinue to strive towards reaching the required level of sustainability

y enabling the built environment to function in ways that reduce ma-

erial use, lower energy consumption, mitigate pollution, and minimize

aste, as well as improve social equity, human well–being, and the

uality of life (see, e.g., [35 , 40 , 95 , 109 , 117 , 124 , 159 , 165 , 174 , 202] ).

he subject of “sustainable cities ” remains endlessly appealing given

he numerous actors as well as institutions involved in the academic and

ractical aspects of the endeavor, conducting research, developing new

pproaches, enhancing strategies, devising political mechanisms, for-

ulating regulatory frameworks, facilitating the coordination between

 range of stakeholders, and allocating material and social resources.

his is primarily to promote and spur innovation and monitor and

aintain progress towards achieving the status of sustainable cities.

ndeed, in order to continuously deliver the benefits of sustainable

ities and to improve their performance in the longer term, innovative

olutions are and will be needed along the way. 

Transformative processes within sustainable cities have been in

ocus for quite some time now. The motivation for achieving the

ustainable Development Goal (SGD) 11 of the United Nations’ 2030

genda —Sustainable Cities and Communities in terms of making

ities sustainable, resilient, inclusive, and safe [212] has increased the

eed to understand, plan, and manage sustainable cities in new and

nnovative ways. These are increasingly based on more advanced forms

f ICT, especially big data technologies. The United Nations’s 2030

genda regards advanced ICT as a means to promote socio–economic

evelopment, restore and protect the environment, increase resource

fficiency, achieve human progress and knowledge in societies, upgrade

egacy infrastructure, and retrofit industries based on sustainable design

rinciples [213] . This relates to the multifaceted potential of smart

ities with respect to the role of big data technologies and their novel

pplications in strategic sustainable development. The explosive growth

f urban data, coupled with their analytical power, opens up for new

pportunities for innovation in sustainable cities. This in turn means

nding and applying more effective ways of translating sustainability

nto the physical, spatial, environmental, economic, and social forms of

he city. Regardless, cities are increasingly being seen through big data

203] . In a nutshell, new circumstances require new responses. 

The conscious push for sustainable cities to become smarter and

hus more sustainable in the era of big data is due to the problematicity

urrounding their development planning approaches, operational

anagement mechanisms, and fragmentary design strategies and

nvironmental technology solutions [39] . This has a clear bearing

n their performance with respect to the contribution to the goals of

ustainability. This situation is compounded by the escalating trend

f urbanisation and its negative consequences, and also continuously

xacerbated by the unpredictability of climate change, economic crisis,

andemics, and demographic changes. In order to deal with these

roblems and challenges, advanced forms of ICT are required. New

nd emerging technologies offer great potentials and opportunities for

nnovation that can produce a high quality of life and fuel sustainable
2 
conomic development together with a wise management of natural

esources. They are also of crucial importance to the understanding

f sustainable cities as complex systems —dynamically changing envi-

onments and self-organizing social networks embedded in space and

nabled by various types of infrastructures, activities, and services. 

Therefore, it is necessary to develop and apply more sophisticated

pproaches and innovative solutions to the development planning and

perational management of sustainable cities. In response, sustainable

ities are increasingly embracing and leveraging what smart cities have

o offer in terms of big data technologies and their novel applications

n an attempt to effectively deal with the complexities they inherently

mbody and to monitor, evaluate, and improve their performance with

espect to sustainability —under what has been termed “data-driven

mart sustainable cities. ” In fact, the real challenge for the future

ies in moving genuinely past the assumption that there are only two

ontrasting, mutually exclusive realities —either sustainable cities or

mart cities. An ‘either/or’ approach will hamper progress towards

rban sustainability, as the huge challenges facing sustainable cities

ithin many of their administration spheres (transport, traffic, mobility,

nergy, environment, waste, healthcare, public safety, governance,

tc.) require an integrated approach to urbanism. 

Data-driven smart sustainable cities as a new area of research is a

ignificant gap in itself —as it is still in its infancy and is largely charac-

erized by visions —together with to what extent the scope of the integra-

ion of sustainable cities and smart cities is addressed in the literature.

sing a compelling evidence synthesis approach, this paper provides a

omprehensive state-of-the-art literature review of the flourishing field

f data-driven smart sustainable cities, addressing six questions, namely:

Q1: What urbanism paradigms underpin data-driven smart sustain-

able cities and how do they relate to or complement each other

in the context of sustainability? 

Q2: What are the key deficiencies and shortcomings associated with

compact cities and eco-cities and how can they be addressed and

overcome? 

Q3: What are the major problems, issues, and challenges related to

sustainable cities? 

Q4: What societal trends interplay with sustainable cities and are

behind data-driven smart sustainable cities? 

Q5: What is the innovative role of the applied data-driven technol-

ogy solutions of smart cities in enhancing and maintaining the

performance of sustainable cities? 

Q6: What are the potential risks and negative implications of smart

urbanism and to what extent do they affect data-driven smart

sustainable urbanism with respect to sustainability? 

The added value of this review resides in its topicality, thorough-

ess, substantive nature, as well as original contribution in the form

f novel insights as a result of synthesizing a large body of literature

haracterized by various disciplinarities. 

The remainder of this paper unfolds as follows: Section 2 details

nd justifies the literature review methodology. Section 3 describes

nd discusses the key paradigms of urbanism underpinning data-driven

mart sustainable cities. Section 4 provides a thorough analysis,

valuation, synthesis, and discussion of the emerging phenomenon of

ata-driven smart sustainable cities. Section 5 identifies and enumerates

he relevant topics associated with the key knowledge gaps in the area

f data-driven smart sustainable cities. Finally, this paper concludes, in

ection 6 , by providing a summary of the key findings, highlighting the

ain contributions, and suggesting some future research directions. 

. Methodology 

.1. Interdisciplinary and transdisciplinary perspectives 

Research review has long been one of the most important scholarly

ctivities in all academic disciplines or branches of science. This
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o  
iterature review analyzes, evaluates, synthesizes, and discusses a

arge body of research done on the burgeoning field of data-driven

mart sustainable cities in terms of the underlying models of urbanism

nd their amalgamation for the purpose of advancing the goals of

ustainability. In doing so, it draws on a number of city-academic or

cientific disciplines and their integration and fusion, as well as on

ractical insights from numerous single and multiple case studies. 

Interdisciplinarity and transdisciplinarity have become a widespread

antra for research within diverse fields, accompanied by a growing

ody of scholarly publications. The research field of data-driven smart

ustainable cities is profoundly interdisciplinary and transdisciplinary

n nature. It operates out of the understanding that advances in

nowledge necessitate pursuing multifaceted questions that can only

e resolved from the vantage point of interdisciplinarity and transdis-

iplinarity. This in turn implies that the research problems within this

eld are inherently too complex and dynamic to be addressed by single

isciplines. This is clearly reflected in the literature on sustainable

ities, smart cities, and smart sustainable cities in the era of big data. 

Accordingly, the interdisciplinary and transdisciplinary approaches

o scholarly research apply by extension to the review of this litera-

ure. The former insists on mixing disciplines, and crosses boundaries

etween different disciplines to create new perspectives and insights

n the basis of interactional knowledge beyond these disciplines. Its

trength lies in the ability of interlinking different analyzes using

nsights and methods from different disciplines in parallel and spilling

ver disciplinary boundaries. The latter insists on fusing different

isciplines and thus using insights and methods from these disciplines

n conjunction —with a result that exceeds the simple sum of each

f them. Transdiciplinarity concerns that which is at once between,

cross, and beyond single disciplines. 

.2. Approaches and objectives: a best-evidence synthesis and state-of the 

rt review 

Reviews are generally divided in different categories, each with

wn qualities and perspectives on reviewing a topic, namely system-

tic review, best-evidence synthesis, narrative review, meta-analysis,

coping review, umbrella review, and rapid review. As a rigorous

pproach, a systematic review identifies, evaluates, and synthesizes

esearch evidence from individual studies based on a strict protocol. It

inimizes the risk of bias and enables a balanced, impartial inclusion a

easure of high quality by ensuring all possible and relevant research

ases have been considered and a valid analysis of the original studies

as been made [60] . A systematic review is best suitable for focused

opics [52] . This is not the case for the topic of data-driven smart

ustainable cities, which involves multifaceted questions and different

esearch strands. As to the narrative approach to literature review,

hich is applied in this study, it is of a wide scope and non-standardized

ature and does not follow an established procedure. A narrative review

ummarizes different primary studies from which conclusions may be

ualitatively drawn into a holistic interpretation contributed by the

eviewers’ own experiences, existing theories, and models [126] . It also

roposes to comprehend the diversities and pluralities of understanding

round scholarly research [112] . Narrative reviews are best suitable

or comprehensive topics [52] . 

As regards the best-evidence synthesis approach to literature review,

hich complements the narrative approach in this study, it draws on a

ide range of evidence and explores the impact of context. As such, it

rings together all relevant information on a research topic, which can

e useful to identify gaps in knowledge, establish an evidence base for

est-practice guidance, or help inform policymakers and practitioners.

t is argued that it offers an alternative to a narrative review, giving

ttention to substantive issues of a narrative point of view, adding a

ational for study-selection and effectiveness of treatment, and empha-

izing the importance of well-justified inclusion criteria. By providing

he reader enough information about the primary research, they must
3 
e able to reach independent conclusions, as “far more information is

xtracted from a large literature by clearly describing the best evidence

n a topic than by using limited journal space to describe statistical

nalyses of the entire …substantively diverse literature ” ( [193] , p. 7).

verall, this study intends to demonstrate the usefulness of combining

he two substantive categories of literature review. 

Generally, there are different objectives of literature review, includ-

ng methodological, theoretical, thematic, and state of the art. This liter-

ture review is concerned with the state-of-the-art and thematic objec-

ives. The former considers mainly the most current research and sum-

arizes emerging research priorities and academic trends in the field. It

rovides a critical survey of the extensive literature produced in the past

ecade or so, a synthesis of current thinking in the field, and also offers

ew perspectives. The latter describes particular areas of the literature

e.g., particular models of urbanism), where the intent of the outcome

s to identify weaknesses and disseminate the path towards improve-

ents. It provides an in-depth examination of the principles underlying

he phenomenon under study through the evaluation of its objectives. 

.3. Hierarchical search strategy and scholarly sources 

A literature search is the process of querying quality scholarly

iterature databases to gather the research publications pertaining to

he topic under review. A search strategy was used, covering several

lectronic search databases, including Scopus, ScienceDirect, Springer-

ink, and SageJournals, in addition to Google Scholar. The main

ontributions came from the leading journal articles. The hierarchical

earch approach adopted involves: 

• Searching databases of reviewed high quality literature; 

• Searching evidence-based journals for review articles; and 

• Routine searches and other search engines. 

In addition, the collection process is based on Scott’s (1990) four

riteria for assessing the quality of the targeted material, namely: 

1. Authenticity: the evidence gathered is genuine and of unquestion-

able origin. 

2. Credibility: the evidence gathered is free from error and distortion. 

3. Representation: the evidence obtained is typical. 

4. Meaning: the evidence gathered is clear and comprehensible. 

.4. Selection criteria: inclusion and exclusion 

To find out what is known about the burgeoning field of data-driven

mart sustainable cities, the above search approach was adopted with

he objective to identify the relevant studies addressing the various

trands of research within this field that cover the six questions to be an-

wered. Accordingly, the preliminary selection of the available material

as done in accordance with the problems under study. In this respect,

t is feasible to refine and narrow down the scope of reading, although

here may seem to be a number of information sources that appear to be

ertinent to the topic on focus. With that in mind, for a document to be

onsidered as to its potential to provide any information of relevance,

t should relate to one of the conceptual subjects or thematic categories

pecified in regard to the questions being addressed. These represent

ore or less the headings of the sections and subsections of this paper.

he focus was on the documents that provided definitive primary

nformation, typically from the following scholarly perspectives: 

• Crossdisciplinary: viewing one discipline or field from the perspec-

tive of another 

• Interdisciplinary: integrating knowledge and methods from different

disciplines or fields based a synthesis of approaches 

• Transdisciplinary: creating a unity of intellectual frameworks

beyond the disciplinary boundaries 

The main purpose was to accumulate a relatively complete body

f relevant literature. On the whole, scoring the documents to be
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s  
elected was based on the inclusion of the problems being addressed,

hough to varying degrees with respect to the conceptual subjects and

hematic categories decided on. The latter was meant to emphasize

he quintessential aspects of data-driven smart sustainable cities. Con-

ersely, the documents excluded were those that did not meet the spe-

ific criteria as regards their relevance to the problems being addressed.

onetheless, a few of these documents provided some insights related to

he paradigms of urbanism underpinning data-driven smart sustainable

ities as an integrated model. Furthermore, the abstracts were reviewed

o assess their relevance to the topic on focus, as well as to ensure a

eliable application of the inclusion and exclusion criteria. Inclusionary

iscrepancies were resolved by the re–review of the abstracts. The

rocess allowed to further refine and narrow down the scope of

eading. 

The keywords searched for included “smart cities, ” “compact cities, ”

eco-cities, ” “data-driven cities, ” “data-driven smart cities, ” “data-

riven smart sustainable cities, ” “smart eco-cities, ” “smart urbanism, ”

scientific urbanism, ” “compact urbanism, ” “eco-urbanism, ” “data-

riven urbanism AND sustainability, ” “data-driven smart sustainable

rbanism, ” “urban planning AND big data analytics, ” “urban manage-

ent AND big data analytics, ” “urban intelligence AND sustainability, ”

urban computing AND sustainability, ” and “smart urban governance ”

hese keywords were used to search against such categories as the

rticles’ keywords, title, and abstract to produce some initial insights.

ue to the limitations associated with relying on the keyword approach,

ackward literature search (backward authors and backward references)

nd forward literature search (forward authors and forward references)

ere occasionally used to enhance the search approach [220] . 

.5. Purposes and organisational approaches 

The literature review is typically performed for various purposes.

his depends on whether it is motivated by, or an integral part of, a

esearch study and thus its scope or area of focus. This explains the

xtent to which the research area will be explored in the study, which

asically means defining what the study covers and what it focuses on.

his literature review is for publication and thus carried out in order to:

• describe and discuss the conceptual foundation of data-driven smart

sustainable cities as an integrated model of urbanism; 

• analyze, evaluate, and synthesize the existing knowledge in the

field of data-driven smart sustainable cities; 

• highlight the strengths, weaknesses, and contradictions of the

existing knowledge in the field, thereby providing a critique of the

research that has been carried out in the field; 

• discuss the identified strengths and weaknesses with respect to

sustainability and data-driven technologies and their relationships; 

• identify the opportunities, potentials, and prospects offered by

data-driven technologies in terms of improving and advance urban

sustainability; and 

• identify the key relationships between the key relevant studies

addressing the different strands of the topic on focus by comparing,

linking, and leveraging their results. 

This review is structured using a combination of three organizational

pproaches, namely thematic, inverted pyramid, and the benchmark

tudies. That is to say, it is divided into a number of sections represent-

ng the conceptual subjects and thematic categories for the topic of data-

riven smart sustainable cities. The analysis, evaluation, and discussion

f the relevant issues is organized accordingly while, when appropriate,

tarting from a broad perspective and then dealing with a more and more

pecific perspective with respect to the selected studies. In so doing, the

ocus is on the major publications considered as significant in the field.
4 
. Sustainable urbanism and smart urbanism paradigms 

.1. Sustainable cities 

Despite the fact that the discourse of sustainable cities is now mature

nd powerful, precise conceptualisations are still rare and often con-

ested. Notwithstanding the near universal recognition of sustainable

ities being a desirable vision or goal of policy, there is less certainty

bout what this might mean in practice [222] . Sustainable cities are so

omplex and intangible that the notion of what the concept means is

onstructed in a variety of ways within different city-related disciplines

e.g., engineering, social science, and computing). Consequently, there

re multiple views on what a sustainable city should be or look like and

hus various ways of conceptualizing it. Broadly, a sustainable city can

e understood as an approach to practically applying the knowledge

bout sustainability to the planning and design of existing and new

ities. It represents an approach to sustainable urban development,

hich is a strategic process to achieve the long–term goals of urban sus-

ainability. Accordingly, it needs to balance between the environmental,

conomic, and social dimensions of sustainability ( Fig. 1 ). 

As an integrated process of change, a sustainable city strives to max-

mize the efficiency of energy and material use, minimize waste gener-

tion, support renewable energy production and consumption, promote

arbon–neutrality, reduce pollution, provide efficient and sustainable

ransport, emphasize compactness, support design scalability and

patial proximity, preserve ecosystems and green space, and to promote

ivability and community–oriented human environments. In a nutshell,

 sustainable city must meet the needs of the population without

ndermining the ability of future generations to meet their own needs. 

There are different approaches to sustainable cities, which tend

o be identified as models of sustainable urban form. These include

ompact cities, eco–cities, new urbanism, urban containment [104] ,

andscape ecological urbanism (landscape architecture and urban

cology [135 , 198] , and so on. Compact cities and eco-cities are the

entral paradigms of sustainable urbanism and the most prevalent

nd advocated models of sustainable urban form. Compact cities and

co-cities are the central paradigms of sustainable urbanism and the

ost prevalent and advocated models of sustainable urban form [24] .

illiams, Burton and Jenks [ [223] , p. 355] conclude that sustainable

rban forms are “characterized by compactness (in various forms),

ix of uses and interconnected street layouts, supported by strong

ublic transport networks, environmental controls and high standards

f urban management. ” This characterization implies more or less a

ombination of the dimensions of compact cities and eco–cities. How-

ver, management tends to dominate within the eco–city, unlike the

ompact city where design is at the core of compaction strategies. That

s to say, the eco-city is about how the urban landscape is organized

nd steered rather than the spatial pattern of the characteristic physical

bjects in the city. Still, these two models of sustainable urban form

hare several concepts, ideas, and visions. 

.2. Compact cities 

There is no definite definition of the compact city in the literature,

espite the general consensus on its common dimensions. To Burton

47] , the so-called compact city is taken to mean “a relatively high–

ensity, mixed–use city, based on an efficient public transport system

nd dimensions that encourage walking and cycling. ” According to

ther views (e.g., [106 , 107 , 223] ), the compact city is characterized by

igh–density and mixed land use with no sprawl. Dantzig and Saaty

58] provide an explanation of the densification characteristics based

n three elements: the urban form, the space, and the social functions

 Table 1 ). For a detailed discussion of the definitional issues of the

ompact city, the interested reader might be directed to Bibri [25] . 

While there seems to be a general consensus on the main dimen-

ions of the compact city —compactness, density, mixed-land use,
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Fig. 1. A framework for balancing the three dimensions of 

sustainability. 

Table 1 

Densification characteristics. 

Urban form features Spatial features Social functions 

• High dense settlements • Mixed land use • Social fairness 

• Less dependence on automobile • Diversity of life • Self-sufficiency of daily life 

• Clear boundary from surrounding areas • Clear identity • Independence of government 
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iversity, sustainable transportation, and green open space, there

till are great differences between cities in regard to their built form

iven their specificities. These relate to their physical, geographical,

ocio–political, economic, and historical aspects. In fact, every compact

ity has “unique individuality, own life, and physiognomy, ” and it

s a “complex individual ” [177] entangling individuals, communi-

ies, and neighbourhoods and constituting particularities of urban

abrics. An urban fabric denotes the physical characteristics of urban

reas in terms of components, materials, buildings, spatial patterns,

cales, streetscapes, infrastructure, networks, and functions, as well

s socio-cultural, ecological, economic, and organizational structures.

able 2 presents a set of varied characteristics derived from studies

here compaction strategies are approached from a variety of per-

pectives ( [15 , 40 , 65 , 113 , 132 , 143 , 160 , 195 , 211 , 216] ) generating some

pecificities. 

The compact city is the most advocated model of sustainable

rban form due to its ability to produce the benefits of sustainability

s to its tripartite composition, though to varying degrees. When

trategically planned and well–designed, the compact city becomes

ble to support the balancing of the three goals of sustainability

e.g., [47 , 95 , 109 , 165] ), supported specially with applied technology

olutions for environmental and social sustainability [39] . 

.3. Eco-cities 

The idea of the eco–city is widely varied in conceptualization and

perationalization. Consequently, there are multiple definitions of the

co–city, depending on the context where it is embedded in the form

f urban projects and initiatives in terms of the practices and strategies

dopted to achieve the goals of the eco-city. Roseland [180] argues
5 
hat there is no single accepted definition of the eco–city, but more

 collection of ideas about concepts. Joss [115] substantiates the

onceptual diversity and plurality of the initiatives and projects using

he term across the globe. Bibri [24] provides a detailed discussion

f the definitional issues of the eco-city. Rapoport [174] traces the

volution of the eco ‐city as a concept and an urban planning model

ver the last 40 years, outlining the various definitions, applications,

nd critiques of the term. However, there is some consensus on the

asic features of an eco-city among available definitions (see Table 3 ). 

The concept of the eco ‐city has also been used to describe a wide

ange of urban projects and initiatives, mostly large ‐scale new districts,

ncapsulating a diversity of conceptualizations and pulling together an

nsemble of normative and prescriptive principles supported by various

olicies about how to develop and design sustainable urban areas.

n eco-city is based on three analytical categories: (1) a development

n a substantial scale, (2) occurring across multiple domains, and (3)

upported by policy processes [116] . Kenworthy [124] argues that the

co ‐city should incorporate ten key dimensions, with sustainable urban

orm and transport at the core of the model. Based on a recent case

tudy, Bibri and Krogstie [38] distil the main design strategies and

echnology solutions of the eco-city for achieving the environmental

oals of sustainability, namely: 

• Renewable energy technology 

• Energy efficiency technology 

• Sustainable waste management 

• Passive solar houses 

• Net-zero and low-energy buildings 

• Sustainable materials 

• Smart urban metabolism 
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Table 2 

Specific characteristics of compact cities. 

• Adequate space for streets 

• Efficient street network/high degrees of street connectivity, including sidewalks and bicycle lanes 

• Limited land use specialization 

• Built environment characteristics 

• Urban layout 

• Pedestrian access 

• High degree of accessibility: local/regional 

• Street design and circulation system 

• Spatial distribution of population 

• Spatial distribution of trips 

• Population by distance to center of gravity 

• High residential and employment density 

• High density of built objects in both designed and emergent urban areas 

• Diverse scales of built objects 

• Distribution of building footprints with frequent larger buildings 

• High–density hand in hand with multidimensional mixed land use 

• Fine grain of land uses (proximity of varied uses and small relative size of land parcels) 

• Increased social and economic interactions 

• Contiguous development (some parcels may be vacant or abandoned or surface parking) 

• High degree of impervious surface coverage 

• Unitary control of planning of land development, or closely coordinated control 

Table 3 

Some definitions of the eco-city. 

An eco-city is “an urban environmental system in which input (of resources) and output (of waste) are minimized ” [178] . 

“The eco-city is an umbrella metaphor that encompasses a wide range of urban–ecological proposals that aim to achieve urban sustainability. These approaches 

propose a wide range of environmental, social, and institutional policies that are directed to managing urban spaces to achieve sustainability ” Jabareen [ [104] , 

pp. 46-47]. 

“An eco–city is a human settlement which emphasizes the self–sustaining resilient structure and function of natural environment and ecosystems. It seeks to 

provide a healthy and livable human environment without consuming more renewable resources than it replaces ” ( ( [25] , p. 7). 

An eco-city is “a human settlement that enables its residents to live a good quality of life while using minimal natural resources ” [68] . 

Table 4 

Three types of eco-city models. 

Type 1 Type 2 Type 3 

• Eco-village • Eco–City • Symbiotic City 

• Solar City • Eco–District • Carbon Neutral City 

• Solar Village • Environmental City • Zero Energy City 

• Cohousing • Green City • Zero Carbon City 

• Sustainable Housing • Garden City • Net Zero Carbon Community 

• Sustainable Neighborhood • Low Carbon City 

• Sustainable Community • Ubiquitous Eco–City 

• Sustainable Urban Living • Smart Eco–City 

• Living Machines • Data-Driven Smart Eco-City 
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• Sustainable transportation 

• Mixed-land use 

The eco-city focuses more on the environmental dimension of

ustainability in terms of the natural environment and ecosystems

han on the economic and social dimensions of sustainability (e.g.,

99 , 158 , 175] ). While the natural environment has been a common

oncern throughout the history of urban planning [224] , eco ‐cities

ring this concern to the forefront of the planning process. Based on

n extensive literature review conducted by Bibri [24] , there are many

odels of the eco–city, which can be caterogarized into three types:

ype 1 emphasizes passive solar design, type 2 combines passive solar

esign and greening, and type 3 focuses on green energy technologies

nd/or smart energy and environmental technologies ( Table 4 ). The

atter relates to the concept of the smart eco-city which captures the

ecent trend of future-oriented urban development schemes that display

oth green and smart ambitions. 

.4. Smart cities 

It is difficult to identify the common trends of smart cities at the

lobal level. The smart city concept is still without a universally agreed
6 
efinition, as there seems to be neither a predetermined template for,

or a one-size-fits-all approach to its definition. As a consequence,

here still is a lack of conceptual clarity around the smart city concept,

r inconsistent understanding of what it means, despite the popularity

f smart cities. The concept having different connotations and being

pproached from a variety of perspectives is clearly manifested in the

arious ways in which many governments across the globe set initia-

ives or implement projects to enable their cities to badge or regenerate

hemselves as smart, or to plan to become smart. As a result, a large

umber and variety of definitions have been suggested, with a plethora

f scopes, which has led to confusion amongst urban policymakers,

orking on establishing public policies to enable the transition to

marter cities [2] . Toli and Murtagh [206] offer a comprehensive litera-

ure review where they identify 43 smart city definitions (derived from

cademic, industrial, and institutional literature) assessed according

o the three dimensions of sustainability that they consider and the

riority in which they accord the concept of sustainability. Table 5

resents a selected set of additional definitions of the smart city, adding

urther emphases to its concept. 

Furthermore, based on a survey on smart cities [31] , there are

wo main approaches to the smart city: (1) the technology–oriented

pproach, i.e., infrastructures, architectures, platforms, systems, ap-
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Table 5 

Definitions of smart cities. 

“Connecting the physical infrastructure, the IT infrastructure, the social infrastructure, and the business infrastructure to leverage the collective intelligence of the 

city… A city striving to make itself “smarter ” (more efficient, sustainable, equitable, and livable ” ( [51] , p. 2292). 

“A smart city is a very broad concept, which includes not only physical infrastructure but also human and social factor ” ( [162] , p. 27). 

The “smartness ” of a city is a “certain intellectual ability that addresses several innovative socio-technical and socio-economic aspects of growth ” ( [233] , p. 218). 

“Smart cities is a term…that describe cities that, on the one hand, are increasingly composed of and monitored by pervasive and ubiquitous computing and, on 

the other, whose economy and governance is being driven by innovation, creativity and entrepreneurship, enacted by smart people ” ( [127] , p. 1). 

“A smart city is…a city which invests in ICT enhanced governance and participatory processes to define appropriate public service and transportation investments 

that can ensure sustainable socio–economic development, enhanced quality–of–life, and intelligent management of natural resources ” ( [5] , p 3). 

“As presently understood, a smart city is one that strategically uses networked infrastructure and associated big data and data analytics to produce a: smart 

economy…; smart government…; smart mobility…; smart environments…; smart living…; and smart people…” ( [128] , p. 8). 

“A smart city can be described as a city that is increasingly composed of, and monitored and operated by, various forms of pervasive computing, as well as 

whose planning and governance are driven by innovation as enacted by various stakeholders that capitalise on and exploit cutting–edge technologies in their 

endeavors and practices…. A smart city can also be taken to mean a technologically and data–analytically advanced city that is able to monitor and understand 

its environment and citizens and explore and analyze various forms of data to generate useful knowledge in the form of applied intelligence that can 

immediately be used to solve different problems, or to make changes to improve the quality of life and the health of the city ” ( [20] , p. 11). 

“Smart city is a concept of urban transformation that should aim to achieve a more environmentally sustainable city with a higher quality of life, that offers 

opportunities for economic growth for all of its citizens, but with respect to the particularities of each locality and its existing inhabitants. This transformation 

is currently enabled by various types of technologies…that are embedded into the city’s infrastructure system ” ( [206] , p. 8) 
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lications, and models and (2) the people–oriented approach, i.e.,

takeholders, citizens, knowledge, services, and related data. Also, Nam

nd Pardo [161] conceptualize the smart city with the dimensions of

echnology, people, and institutions. To gain a broad understanding of

he smart city, the interested reader might be directed to Song et al.

196] who provide a detailed overview of the foundations, principles,

nd applications of smart cities. 

Sustainability has recently become one of the strategic goals

f smart cities. Therefore, it is of relevance to highlight some of

he work that focuses on the role of ICT as well as human and

ocial capital in smart cities in relation to sustainability (e.g.,

8 , 20 , 73 , 75 , 86 , 97 , 137 , 154 , 161 , 162 , 209] ). This strand of research

s concerned with smart cities as urban innovations that are aimed

t integrating, harnessing, and advancing physical and social infras-

ructures for environmental protection, economic regeneration, and

nhanced public services and well-being. One of the most cited def-

nitions of the smart city concept, advanced by Caragliu, Del Bo and

ijkamp [ [51] , p. 6], states that a city is smart “when investments in

uman and social capital and traditional (transport) and modern (ICT)

ommunication infrastructure fuel sustainable economic growth and

 high quality of life, with a wise management of natural resources,

hrough participatory governance. ” As an extension of this definition,

érez–Martínez et al. (2013, cited in [1] ) describe smart cities as

cities strongly founded on ICT that invest in human and social capital

o improve the quality of life of their citizens by fostering economic

rowth, participatory governance, wise management of resources,

ustainability, and efficient mobility, whilst they guarantee the privacy

nd security of the citizens. ” In this line of thinking, Batty et al. [ [12] ,

p. 481–482] describe smart cities as cities in which “intelligence

unctions...are able to integrate and synthesize…these [urban] data to

ome purpose, ways of improving the efficiency, equity, sustainability,

nd quality of life in cities. ” Stübinger and Schneider [200] provide

 systematic literature review on the area of smart city using a data-

riven approach. The authors reveal that smart sustainability will come

o the fore in the next years —this fact confirms the current trend as

inimizing the required input of energy, water, waste, heat output,

nd air pollution is becoming increasingly important. 

There are a number of approaches to smart cities (see [20] for a

etailed review), as well as to smarter cities, including smart cities of

he future (e.g., [12] ), ubiquitous cities (e.g., [189] ), ambient cities

e.g., [42] ), sentient cities (e.g., [205] ), real-time cities (e.g., [127] ),

ata-driven cities (e.g., [163] ), and so on. The latter approach is one of

he recent faces of smarter cities. 

All in all, a smart city is a city that focuses on developing and

mplementing applied innovative technology solutions in all of its sys-

ems and domains, and consequently perform in forward–looking and

e

7 
articipatory ways to enhance the effects of its strategies on the basis of

he combination of the endowments and activities of independent and

ware citizens together with other stakeholders (organisations, institu-

ions, industries, enterprises, and communities). This is to ensure and

aintain socio–economic development, the quality of life, the efficiency

f service delivery, the wise management of natural resources, and the

ptimized operation of infrastructures and facilities —ideally in line with

he goals of sustainability. Indeed, these goals are not viewed equally

n the diverse sustainability oriented definitions of the smart city. 

.5. Data-driven smart cities 

The data-driven city is one of the recent faces of smart cities. As

uch, it represents an emerging paradigm of smart urbanism: data-

riven smart cities. It is too often associated with “smarterness ” under

hat is labeled “data-driven smart cities ” (e.g., [36,66,136,155,188] ).

his is due to the fact that big data technology is an advanced form

f ICT, which is an enabler of all approaches to smarter cities, such as

mbient city, sentient city, ubiquitous city, and real-time city. 

There is no definite definition or a single conceptual unit of a data-

riven city, nor is there an agreed industry or academic description

hereof. In a broader sense, the data-driven city is a city that implements

atafication for enhancing and optimizing its operations, functions,

ervices, strategies, and policies to some purpose. The concept employs

ig data technologies to bring about changes to city life, which are for

he better. The phenomenon of the data-driven city has materialized

s a result of the emergence of big data science and computing and

he wider adoption of the underlying technologies, the explosive

rowth of urban data, and the transformation of urban landscape in

he light of urbanization. These developments can be used in a range

f proposals for a conceptual framework for the data-driven city. For

xample, Nikitin et al. [163] use a notion which embraces the basic

lements used in the management of the data-driven city, namely data,

rocessing technologies, and government agencies in regard to such

omains as transport, utilities, environment, healthcare, education,

itizen participation, and security. Accordingly, the authors describe

he data-driven city as a city that is characterized by the ability of city

anagement agencies to use technologies for data generation, pro-

essing, and analysis aimed at the adoption of solutions for improving

he living standards of citizens thanks to the development of social,

conomic and ecological areas of urban environment. Overall, the

ata-driven city is digitally instrumented, datafied, and networked for

nabling large-scale computation to enhance decision making processes

cross various urban domains for enhancing and optimizing operational

anagement and planning development in line with the environmental,

conomic, and social aspects of sustainability. 
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The assessment of the effects from the implementation of the

ata-driven city is one of the key issues when implementing applied

olutions in the city management. These effects can be categorized into

hree types, namely [163] : 

• The direct effect of an initiative is an operative or economic effect of

a particular project obtained directly by the project participants.

• The synergistic effect of a range of initiatives is an effect provided

by a set of data-driven solutions and influencing a particular

area of city life. 

• The general effect on society and economics is a cumulate effect

on the living standards of citizens influencing directly the

participants and users of the data-driven solutions. 

.6. Smart sustainable cities 

The concept of the smart sustainable city has emerged as a result of

hree important global shifts at play today across the world, namely the

iffusion of sustainability, the spread of urbanization, and the rise of

CT. As echoed by Höjer and Wangel [96] , the interlinked development

f sustainability, urbanization, and ICT has recently converged under

hat is labeled “smart sustainable cities. ” This currently leading

aradigm of urbanism has materialized around the mid-2010s [31] .

t revolves around the idea of leveraging the convergence, ubiquity,

nd potential of ICT of pervasive computing in the transition towards

ustainability in an increasingly urbanized world. Therefore, it has

ained traction and prevalence worldwide as a promising response to

he imminent challenges of sustainability and urbanization. It is being

mbraced as an academic pursuit and societal strategy in different

arts of the world, evolving into a scholarly and realist enterprise, not

east within the ecologically and technologically advanced nations. In a

utshell, the concept of smart sustainable cities has become the center

f attention among research institutes, universities, governments,

olicymakers, businesses, industries, consultancies, and communities. 

The term “smart sustainable city, ” is used to describe a city that is

upported by the pervasive presence and massive use of advanced ICT,

hich, in connection with various urban systems and domains and how

hese are complexly integrated and intricately coordinated respectively,

nables the city to control available resources safely, sustainably, and

fficiently to improve economic and societal outcomes. The integration

f smart cities and sustainable cities has been less explored and under-

eveloped, both conceptually and empirically due to the multiplicity

nd diversity of the existing definitions of smart cities and sustainable

ities. ITU [102 , 103] defines a smart sustainable city as “an innovative

ity that uses ICT and other means to improve the quality of life,

fficiency of urban operation and services, and competitiveness while

nsuring that it meets the needs of present and future generations with

espect to economic, social and environmental aspects. ” Another close

efinition put forth by Höjer and Wangel [ [96] , p. 10] states: “a smart

ustainable city is a city that meets the needs of its present inhabitants

ithout compromising the ability for other people or future generations

o meet their needs, and thus, does not exceed local or planetary

nvironmental limitations, and where this is supported by ICT. ” This

ntails unlocking and exploiting the potential of ICT of pervasive

omputing as an enabling, integrative, and constitutive technology

ith embodied transformational, substantive, and disruptive effects

or producing the environmental, social, and economic benefits of

ustainability. From a socio-technical perspective, Bibri [ [17] , p. 299]

efines a smart sustainable city “as a social fabric and web made of

 complex set of networks of relations between various synergistic

lusters of urban entities that, in taking a holistic perspective, converge

n a common approach to developing and implementing smart tech-

ologies to adopt and disseminate the innovative applied solutions and

ophisticated approaches that improve and advance sustainability. ” In

iew of that, smart sustainable cities are inherently intricate through

he very technologies being used to monitor, understand, analyze, and
8 
lan their infrastructures and systems to improve their contribution to

ustainability in the face of the escalating rate and scale of urbanization.

There are many approaches to smart sustainable cities apart from

he data-driven approach and its integration with the compact and

cological approaches, which is the main focus of this paper. These

pproaches depend on the strategies that the cities badging or regener-

ting themselves as smart sustainable prioritize with respect to applied

echnology solutions and sustainability dimensions based on the kind of

hallenges they deal with (see, e.g., [4 , 18 , 133 , 164 , 171 , 191] ). However,

here is a gap in knowledge in relation to the holistic assessment of

he smartness and sustainability levels of a smart sustainable city.

herefore, Al-Nasrawi, Adams, and El-Zaart [4] propose a new multidi-

ensional model capturing the smartness of a city while sensitizing it

ith its context peculiarities. 

.7. Data-driven smart sustainable cities 

In the context of this study, smart sustainable cities as an integrated

nd holistic model of urbanism is approached from the perspective of

ombining and integrating the strengths of sustainable cities and smart

ities and harnessing the synergies of their strategies and solutions

n ways that enable sustainable cities to improve and advance their

ontribution to the goals of sustainability on the basis of the innovative

ata-driven technologies and solutions offered by smart cities. Bibri and

rgostie [39] develop a novel model for data-driven smart sustainable

ities of the future in the form of a strategic planning process of trans-

ormative change towards sustainability. The authors specify the set

f targets that need to be reached in order to attain the status of data-

riven smart sustainable cities of the future ( Table 6 ). These targets

re based on the synergistic integration of the strategies and solutions

f the prevailing paradigms of sustainable urbanism and the emerging

aradigms of smart urbanism. The essence of the aggregate model lies

n providing the needed tools, techniques, methods, systems, platforms,

nd infrastructures enabled by the core enabling and driving technolo-

ies of the IoT and big data analytics for sustainable cities to have a more

easurable, targeted and harmonized contribution to sustainability. 

A data–driven smart sustainable city is a city that is increasingly

omposed of and monitored by ICT of pervasive and ubiquitous com-

uting and thus has the ability to use the IoT and big data technologies

o generate, process, analyze, and harness urban data for the purpose

f creating deeper insights that can be leveraged to make decisions

hat accurately address the problems, issues, and challenges related to

ustainability and urbanization. The emerging data-driven solutions can

e adopted by city management agencies and city planning and policy

enters to improve sustainability, efficiency, resilience, equity, and the

uality of life. Underlying data-driven smart sustainable cities is a num-

er of platforms and centers associated with technical and institutional

ompetences and practices (see [27] for a descriptive account), namely:

• Horizontal information systems 

• Operations centers and dashboards 

• Research and innovation centers 

• Educational centers and training programs 

• Strategic planning and policy centers 

These competences relate to the degree of the readiness of the

ity to introduce data-driven technology in its management as well as

o the degree of the implementation of applied technology solutions

n its management. The degree of readiness is characterized by the

vailability and development level of the technological infrastructure

nd competencies needed to generate, transmit, analyze, and visualize

ata. The degree of implementation demonstrates the extensive use of

he applied technology solutions in city operational management and

evelopment planning in relation to the different areas of sustainability.
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Table 6 

The core compact, ecological, and technological targets of data-driven smart sustainable cities. 

• Increased compactness of urban space 

• High density and diversity of buildings 

• Multidimensional mixed uses: social mix, physical land use mix, economic mix, and temporal mix 

• Prioritized sustainable transportation and its integration with smart transportation 

• Multifunctional green infrastructure for ecosystem services and biodiversity 

• Balanced mixture of low-energy, energy-efficient, and passive buildings 

• Large–scale net–zero and locally produced solar energy houses 

• Sustainable energy system and its integration with smart energy system 

• Sustainable waste system and its integration with smart waste system 

• High degree of the readiness of the city to the integration of advanced technology in its management: 

- High availability and development level of the infrastructure and big data analytics competencies required for the functioning of the city 

- New and extensive sources of data and a high level of support for open and standard data 

• High degree of the implementation of applied technology solutions for the city management: 

- High level of the development of applied data-driven solutions for the city operational management and development planning related to the various areas of 

sustainability 

- Established data-oriented competences pertaining to research, innovation, strategic planning and policy, education, and professional training. 
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. Analysis, evaluation, synthesis, and discussion 

.1. Compact cities and eco-cities 

.1.1. Commonalities, shortcomings, deficiencies, and opportunities 

Sustainable development has undoubtedly inspired a whole genera-

ion of urban scholars and practitioners into a quest for the tremendous

pportunities that could be explored by, and the enormous benefits that

ould be realized from, the planning and design of the existing models

f sustainable urban forms, notably compact cities and eco-cities.

ustainable urban development is seen as one of the keys towards

nlocking the quest for a sustainable society. Therefore, it is promoted

y global, national, and local policies alike as the most preferred

esponse to the challenges of sustainable development. Compact cities

nd eco-cities are the central paradigms of sustainable urban devel-

pment and the most prevalent and advocated models of sustainable

ities. Numerous recent national and international policy reports and

apers state that these two models contribute, though to varying de-

rees, to resource efficiency and reliability, environmental protection,

ocio-economic development, social cohesion and inclusion, quality

f life and well-being, and cultural enhancement. It is argued that the

ompact city model is able to contribute to and support the balancing

f the three goals of sustainability (e.g., [40 , 47 , 95 , 108 , 109 , 165] ), and

hat the eco–city model is able to achieve the goals of environmental

ustainability and to produce some economic and social benefits of sus-

ainability (e.g., [35 , 115 , 117 , 124 , 175 , 202] ). While the environmental

oals of sustainability dominate in the discourse of the eco-city (e.g.,

26 , 99 , 158 , 168 , 227] ), the discourse of the compact city emphasizes the

conomic goals of sustainability (e.g., [95 , 109] ), As regards the social

oals of sustainability, they are of less focus in the eco-city compared

o the compact city (e.g., [24 , 43 , 94 , 143 , 175 , 190] ). 

Furthermore, Jabareen [104] addresses the question of whether

ertain urban forms contribute more than others to sustainability, and

ubsequently proposes a matrix of sustainable urban forms that aims

o help practitioners and policy makers in analyzing and assessing

he contribution of these forms to sustainability according to their

esign strategies. The compact city is ranked higher than the eco-city

n this regard. However, debating the most desirable sustainable urban

orm has been a long-standing scholastic question. In recent years, a

ajor strand dominating this discussion emphasizes the benefits of

he compact city for providing better conditions for its inhabitants

e.g., [9 , 13 , 67 , 80 , 105 , 142 , 159] ). Overall, while the compact city has

conomic benefits, it is far from certain that the underlying principles

re also beneficial in environmental and social terms. The eco-city is

ot immune to criticism when it comes to economic and social aspects.

esigners, planners, and policymakers promote compact and ecological

esigns as the basis for sustainable development, but their effects are

ighly ambiguous. 
i  

9 
In view of the above, it is of high relevance and importance to

ntegrate the compact city and eco-city models so as to consolidate

nd harness their design strategies and environmental technologies to

eliver the best outcomes of sustainability. Their integration is well

ustified by the fact that: 

• the compact city needs to enhance its environmental performance; 

• the eco-city needs to improve its social performance which is better

in the compact city; and 

• both contribute differently to economic sustainability, with the

former focusing on mixed-land use strategy and the latter on

green-tech innovation strategy. 

Another argument supporting the integration of these two models

s that they have already many overlaps among them in their ideas

nd concepts, as well as in their principles and policies. In short, the

wo models of sustainable urban form are compatible and not mutually

xclusive, with some distinctive concepts and key differences. Some of

he attempts undertaken to integrate these models tend to provide ideal

pproaches, combine some ideas from each one of these models to form

ew loosely integrated models, or to strengthen one model through

dding principles from the other, all with the objective to add some miss-

ng aspects, or to attempt to balance the dimensions, of sustainability

e.g., [76 , 90 , 104 , 125 , 149 , 180 , 202] ). For example, according to Rose-

and 180] and Harvey [90] , a desirable eco–city has a well–designed ur-

an layout that promotes walkability , biking, and the use of public trans-

ortation system; ensures decent and affordable housing for all socio–

conomic and ethic groups; and supports future expansion and progress

ver time. These dimensions are at the core of the compact city in terms

f sustainable transportation and mixed land-use strategies. However,

s this work is more often than not based on design with respect to the

iscipline of planning and architecture, it tends to emphasize more on

reativity, common sense, ideal target pursuit, and future scenarios,

ather than fact-based evidence explanation, empirically grounded

esearch, or scientific finding-oriented exploration. This is in contrast

o the eco-city and the smart city, which represent innovative models

f urbanism based on a scientific approach to urban development [56] .

Regardless, emphasizing one of the dimensions of sustainability re-

ains a shortcoming (failure to meet certain standards in plans) and de-

ciency (lacking some necessary elements) in the urban context. Indeed,

rban sustainability is a holistic approach to thinking, meaning that all

he three dimensions of sustainability are equally important. Within the

sustainable urban form ” debate, the idea of the “compact city ” has been

avoured, above other settlement patterns [e.g., the eco-city], in policy

or a number of decades, although with less agreement by researchers in

he field [222] . Yet the debates about them are rarely understood out-

ide their expert communities. Holmstedt, Brandt and Robert [99] point

ut that implementing sustainable solutions in the context of the eco-city

s more difficult because no unified practical definition is still accepted

https://en.wikipedia.org/wiki/Walkability
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Table 7 

The contribution of the compact city to social sustainability. 

• Creating a better quality of life through more social interaction, community spirit, and cultural vitality due to the access by proximity to facilities, workplaces, 

public spaces, public transportation, as well as the opportunity for walking and cycling 

• Reducing crime and providing a feeling of safety through natural surveillance 

• Improving social equity through better access to services and facilities and flexible design of housing in terms of mixed forms and affordability 

• Maintaining public service level for social welfare by improved efficiency 

• Greater accessibility due to lower cost enabled by shorter intra-urban distances 

• Lowering transport costs, higher mobility for people without access to a car, and improved human health due to more cycling and walking 

• Enhancing social cohesion through a sense of belonging and connectedness 

• Supporting human, psychological, and physical health through ready access to open green space, walkability in neighborhoods, and social contact 

• Enhancing livability in terms of social stability and cultural and recreational possibilities 

• Healing spatial segregation by forging the physical links and bridging barriers between communities 

Source: Bibri, Krogstie and Kärrholm [40] . 
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s  
ven if the subject of sustainability has been hotly debated over the last

our decades, and most projects act dishonesty in order to gain an ad-

antage by not defining what is meant by sustainability and not meeting

ll its requirements. The concept of the eco–city has, in policymaking

nd planning, tended to focus mainly on the underlying structure of ur-

an metabolism —sewage, water, energy, and waste [96] , falling short

n considering economic and social issues as well as smart solutions. 

Many city governments within the ecologically advanced nations

e.g., Sweden, Denmark, Germany, the Netherland, and the UK) are

ncreasing supporting new development projects as central demon-

tration sites for ecologically and economically sustainable urban

evelopment. The recent smart eco ‐city projects (e.g., [37 , 197] )

arketing themselves as models for future sustainable development

epresent only sites of experimentation, behaving in ways that focus

n integrating environmental and economic goals while adopting data-

riven technologies and enhancing environmental technologies. The

dea of experimentation is associated particularly with the tendency for

ew smart technologies and ways of working to be trialled at a limited

cale, often through cross-sectoral partnership approaches for learn-

ng purposes (see, e.g., [45 , 74 , 122 , 133] ). Emerging smart eco-cities

unction “as a potential niche where both environmental and economic

eforms can be tested and introduced in areas which are both spatially

roximate (the surrounding region) and in an international context

through networks of knowledge, technology and policy transfer and

earning) ” Späth [ [197] , p. 1]. 

.1.2. Smart solutions for social sustainability 

Conventional paradigms of urbanism require new responses under

he current circumstances, whether in relation to sustainability or

echnology. The scales and complexities of contemporary urbanization

undamentally disrupt the challenges that urbanism research and

ractice have to deal with. The compact city and the eco-city are the

uintessential examples of paradigms that are adopted just as much

s they are advocated and criticized in the context of sustainability

nd technology. In this regard, it is worth elaborating on the social

imension of sustainability in the context of compact cities and eco-

ities from a technological perspective. The compact city offers several

enefits of social sustainability (e.g., [44 , 46 , 64 , 95 , 109 , 114 , 190 , 223] ).

his is demonstrated by a comprehensive case study conducted by

ibri, Krogstie and Kärrholm [40] , of which the results concerning the

ocial benefits of the compact city are presented in Table 7 . 

As regards the eco-city, social proposals are conversely usually

ouched in speculative language in terms of investments, ventures, and

mployments, or the social aspects of sustainability are simply over-

ooked, such as social equality, social integration, and access to public

ervices. These issues reflect the challenge of incorporating social sus-

ainability into a design-oriented and technology-led approach. In the

xisting literature on urban sustainability, the societal factors are shad-

wed by the ecological aspects [140] , as well as ignored in assessment

ethods [14] . Nevertheless, according to a recent case study conducted

y Bibri and Krogstie [35] on two of the leading examples of eco-districts
10 
n Europe, a set of new measures have been developed and implemented

hat are expected to strengthen the influence of the social goals of sus-

ainability over urban development practices. One of the key strategies

f sustainable development underlying the program for one of these

wo eco-districts is “participation and consultation. ” This is deemed

f crucial importance for improving social cohesion based on the

rgument that the sustainable urban district can only be created by the

ooperation between residents and businesses, the city’s administrations

nd companies, property owners, academics, and other stakeholders

hrough dialogue in order to shape and manage the eco-district in ques-

ion. However, the case study revealed that there is a lack of structures

or collaboration between the different stakeholders of the eco-district. 

Nonetheless, new and emerging technologies have much to offer in

he context of social sustainability. A prevalence of the socially oriented

spects of sustainability is observed in smart cities [206] . This may

e explained by the symbiotic relationship between advanced ICT and

rbanization. In this respect, the human nature of urbanization and the

ocial issues engendered by urban growth, such as social deprivation,

ommunity disruption, crime and insecurity, socio-economic disparity,

ocial inequality, and public health decrease have underlined the

mportance of the social aspects of sustainability in emerging smart

ustainable cities due to their potential to move beyond narrow environ-

ental and economic objectives and to tackle social issues. Especially,

n smart cities, technologies more often than not come first and reso-

utions to social problems come second [98 , 153] . Among the scientific

hallenges of smart cities of the future are to develop technologies

hat ensure equity, fairness, and enhance the quality of city life, and

o ensure informed participation and create shared knowledge for

emocratic city governance [12] . The second generation of the smart

ity is framed as a decentralised, people-centric approach where smart

echnologies are employed as tools to tackle social problems, foster

ollaborative participation, and address the needs of citizens [208] . 

The socially oriented aspects of sustainability in smart cities focus on

he quality of life and the efficient use of the human capital. However,

hile ICT companies are developing technologies and “solutions that

ater to…governmental agencies…and civic society, it is currently

nclear whether these technologies facilitate the scope of improvement

f the “general ” quality of life of all citizens, or whether they benefit

 specific “elitist ” part of society that is digitally skilled and can

nancially afford these solutions, while excluding another one ” ( [206] ,

. 7). Another aspect of social sustainability pertaining to smart cities is

itizen participation, particularly in relation to innovation, governance,

nd democratization (e.g., [12 , 36 , 163 , 164] ). These promises and ideas

re usually advocated by ICT companies. Seçkiner Bingöl [191] analyzes

he relationship between the concepts of smart sustainable cities and

itizen participation, and discusses how the latter is shaped, focusing on

even types of mechanisms of citizen participation. The author found

hat citizen participation is only considered as a set of mechanisms

imed at supporting good governance, and accordingly recommends

sing these mechanisms to highlight other aspects of sustainability,

uch as securing comprehensiveness, promoting gender equality, and to
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ocus on other aspects of citizen participation, such as real participation

nd democratic effectiveness. Based on case study analysis, Hatuka

nd Zur [100] argue that the initiatives that focus on social needs and

ddress inequality in smart cities are still at the margins, and by means

f conclusion, they call for shifting the focus from the city to society in

eveloping digital initiatives and cultivating smart social urbanism. 

Based on interdisciplinary case studies, Bibri and Krogstie [39] pro-

ide a detailed set of recommendations in the form of strategic pathways

n how to implement, in addition to smart citizen participation and

onsultation, smart public safety and smart healthcare in the context

f data-driven smart sustainable cities of the future. The authors frame

hese recommendations from the perspective of the social infrastructure,

nd particularly argue that the involvement of citizens in the city man-

gement using advanced information systems is crucial to the progress

f urban sustainability Such involvement is associated with the adop-

ion of the most important resolutions related to living, which intend to

mprove the level of satisfaction and increase the level of confidence and

rust among citizens in the city administration. In addition, [83] investi-

ate, in their study on smart tools for socially sustainable transport, how

martphone applications can address social sustainability challenges in

rban transport, if at all, with a particular focus on the transport disad-

antages experienced by citizens due to low income, physical disability,

nd language barriers. This study reveals, based on a review of 60 apps,

hat transport apps have the potential to address or respond to the equity

nd inclusion challenges of social sustainability by employing universal

esign in general–use apps, including cost–conscious features, provid-

ng language options, and specifically developing smartphone apps for

ersons with disabilities. All in all, it can be argued that the smart city

rovides great potential to enhance the performance of compact cities

nd eco-cities in regard to the different aspects of social sustainability. 

.2. Sustainable urban forms: problems, issues, and challenges 

The form of the contemporary city has been a salient factor for

nacting cities that are more sustainable, efficient, equitable, and

ivable. It was the widespread diffusion of sustainable development in

he early 1990s that gave a major stimulus to the question regarding

he contribution that certain urban forms as human settlements might

ake to sustainability. Sustainable development continues to stimulate

he discussion and provoke thoughts about the form of the city in light

f the mounting challenges facing the world and the societal transfor-

ations triggered by the advances in science and technology. Besides,

he rate and scale of urbanization will escalate over the coming years,

nd consequently, sustainable cities will face new challenges, including

reating cost-efficient environments, improving life quality for citizens,

aintaining economic growth, and being able to handle non-static and

omplex concepts that evolve over time. In the current climate of the

nprecedented urbanization of the world, it has become even more

hallenging for sustainable cities to reconfigure themselves more sus-

ainably without the use of advanced ICT [39] . Therefore, policymakers,

lanners, and mangers within the ecologically advanced nations, or

hose countries that are known for their high level of sustainable devel-

pment practices, need to promote, develop, and implement innovative

olutions for operational management and sophisticated approaches to

evelopment planning to contain the negative effects of urbanization. 

The intractable issues engendered and special conundrums posed by

rban growth exacerbate the wicked problems already characterizing

ustainable cities as complex systems. The consequences of urbaniza-

ion are associated with intensive energy consumption, poor water

uality, air and noise pollution, public health decrease, toxic waste

isposal, resource depletion, poor housing and working conditions,

aturated transport networks, traffic congestion, social inequalities,

ocio-economic disparities, and inefficient management of outdated

nfrastructures. Urban growth may jeapordize the sustainability of

ustainable cities as it puts an enormous strain on urban systems and

reat demand on natural resources and ecosystem services. Especially,
11 
he experience of the past decades has shown that the conventional

pproaches to urban planning and development based on interventions

romoting renewed access to urban life have been inadequate to cope

ith the adverse impacts of urbanization, high population growth, and

apid changes facing sustainable cities. All in all, new circumstances

equire new responses concerning the development planning and

perational management of sustainable cities in order to be able to

espond to the changes in socio-economic needs of citizens and to

ackle the environmental pressures on urban environments, as well as

o keep up with societal transitions and global trends. 

Moreover, yet knowing if we are actually making any progress

owards sustainable cities is problematic. There is a very contradictory,

onflicting, and fragmented picture that arises of change on the ground.

iven these complex conditions, it is sometimes hard to see where the

ommon challenges of sustainable cities may be identified. What lies

t the heart of these challenges is the conceptualization of sustainable

ities with regard to their progress. This pertains to the kind of changes

hat need to be made and to how progress can be assessed when it comes

o developing or enhancing models of sustainable urbanism. Indeed,

roducing theoretically and practically robust models of sustainable

rban form has been one of the most significant intellectual and prac-

ical challenges since the early 1990s (e.g., [32 , 34 , 104 , 121 , 160 , 222] ).

s concluded by Jabareen [ [104] , p. 48], “neither academics nor

eal-world cities have yet developed convincing models of sustainable

rban form and have not yet gotten specific enough in terms of the

omponents of such form. ” This implies that it has been very difficult to

ranslate sustainability into the built form of cities. Indeed, sustainable

rban forms epitomize complex systems par excellence, more than the

um of their parts and developed through a multitude of individual

nd collective decisions from the bottom up to the top down. As such,

hey are full of contestations, conflicts, and contingencies that are not

asily captured, steered, and predicted respectively. In a nutshell, they

re characterized by “wicked problems ” [179] . This means that the

hysical, environmental, economic, and social problems of sustainable

ities are difficult to define, unpredictable, and defying standard

rinciples of science and rational decision–making. As a consequence,

hen tackling wicked problems, they become worse due to the un-

oreseen consequences which were overlooked because of treating the

ystem under study in too immediate and simplistic terms, or failing

o approach that system from a holistic perspective. Rittel and Webber

179] argue that the essential character of wicked problems is that they

annot be solved in practice by a central planner. Wicked problems are

o complex and dependent on so many intertwined factors that it is hard

o grasp what they exactly are and thus how to tackle them. Therefore,

t is impossible to plan sustainable cities as urban complexities due

o the lack of a complete form of knowledge of the consequences of

nterventions, which is evidently impossible [150] . 

Furthermore, it is difficult to evaluate the extent to which the

xisting models of sustainable urban form contribute to sustainability.

ndeed, it is not evident which of these models is more sustainable,

lthough there seems to be a consensus on topics of relevance to

ustainability within research on sustainable urban forms. There is a

ack of agreement about the most desirable urban form in the context of

ustainability (e.g., [104 , 223] ). As a result, city governments, planning

xperts, and landscape architects are grappling with the dimensions of

he existing models of sustainable urban form by means of a variety of

lanning, design, and policy approaches. What is known about the rela-

ionship between planning and design interventions and sustainability

oals is a subject of much debate. This means that realizing sustainable

rban forms require making countless decisions and complex negoti-

tions about urban form, ecological design, urban design, sustainable

echnologies, policy measures, and governance arrangements. More-

ver, the conflicts and contradictions associated with sustainable urban

evelopment thinking and practice will continue without conceptual

nchor [222] . 
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In addition, it is not an easy task to judge whether or not a certain

ustainable urban form is actually sustainable, irrespective of the spatial

cale at which such form may be considered. To some extent, the prob-

em relates to the dilemma of form and function or structure and process,

nd the way this dichotomy has been conceived and approached, i.e.,

et up a relationship between cause and effect. New urbanism “is by ne-

essity a fully planned and regulated environment, fiercely resistant to

hange and a fully a fully planned and regulated environment, fiercely

esistant to change and any deviation from the rigid rules that govern

ts form and function. But it is precisely this inflexibility, which is so

mportant in its struggle for completion as a development enterprise ”

 [61] , p. 64). However, Neuman [ [160] , p. 23] argues that the form

f the city is “both the structure that shapes process and the structure

hat emerges from a process. ” It follows that if form “is an outcome of

volution ” ( [160] , p. 23), then the arrangement of how to undertake

lanning in ways that support and guide such an evolutionary process

ecomes a key issue. This implies reversing the focus on urban forms

overned by static planning due to its inherent limitations in achieving

he goals of sustainability. Durack [61] argues for open, indeterminate

lanning due to its advantages, namely, cultural diversity; tolerance

nd value of topographic, social, and economic discontinuities; citizen

articipation; and continuous adaptation, which is common to human

ettlements like all other living organisms and systems. 

The stable relationships between a set of sustainable activities

nd a certain urban form are not easily generalizable on the basis of

orm–function [121] . It is widely acknowledged that the integration

nd balancing of the dimensions of sustainability is conflicting and

ontradictory, as the different aspects of sustainability rely on the

ifferent criteria for desirable outcomes. Consequently, planners will in

he upcoming years “confront deep-seated conflicts among economic,

ocial, and environmental interests that cannot be wished away through

dmittedly appealing images of a community in harmony with nature. ”

 [48] , p. 9) Such conflicts also involve spatial interests. Focusing on

he urban scale, Kärrholm [121] sheds more light on tendencies toward

cale stabilization, i.e., the tendencies of planning from the perspective

f only one or a few pre-fixed scales. The same endeavor to apply

ustainable development to urban form might increase one aspect of

ustainability (e.g., environmental) on one scale (e.g., the urban) while

ecreasing it on another (e.g., neighborhood). 

Indeed, research in the field of sustainable urban form, especially

ompact cities and eco-cities, has, over the last two decades, produced

ontradictory, uncertain, weak, non-conclusive, and questionable

esults (e.g., [24 , 55 , 101 , 119 , 121 , 143 , 160 , 222] ). The overall outcome

f this research relates mostly to the actual benefits and effects claimed

o be delivered by the design strategies adopted as part of the planning

f sustainable cities. In a nutshell, the issue of sustainable urban form

as, both in discourse and practice, been problematic. Much of what we

now about sustainable cities to date has been gleaned from studies that

re characterized by data scarcity and employ traditional data collection

nd analysis methods with inherent limitations, biases, and constraints,

ften as a result of relying on selective samples. This adds to the focus

n long-term approaches to city planning, the inability of simulation

odels to address the current conceptions of the city as a complex sys-

em in terms of its future design, and the inefficient mechanisms used in

ity operational management. It follows that most of the inadequacies,

hortcomings, struggles, and bottlenecks related to sustainable urban

orms are due to how these human settlements have been studied,

nderstood, planned, designed, and managed for several decades. We

till know very little about the majority of human settlements. 

The model of the city is no longer predicated on the basis that

he city is a stable unchanging structure, but rather one that is more

nd more dominated by information flows, with no physical traces,

eflecting the complexity of socio-economic and technical processes

ccurring in urban spaces and the unpredictability of various internal

nd external factors. This brings us to the issue of conceiving cities in

erms of forms and pre-fixed scales as being inadequate to achieve the
12 
oals of sustainable development. Rather, urban forms and their spatial

caling should be conceived in terms of the outcomes of the processes of

rbanization. This conception holds significant potential for attaining

he elusive goals of sustainable development, as it enables sustainable

rban forms together with their spatial scaling to be dynamic in

lanning, scalable in design, and efficient in operational functioning.

his indeed raises the right questions of whether and to what extent the

rocesses of building, scaling, and expanding the city and the processes

f living, consuming, producing, and moving in the city are sustainable.

esides, a well–established fact is that cities as complex systems evolve

nd change dynamically, and the underlying theoretical and practical

nowledge of planning and design should respond accordingly. This

alls for advanced technologies and their novel applications in order to

espond to urban growth, environmental pressures, changes in socio–

conomic needs caused by urbanization, among others. Especially,

here is a symbiotic relationship between urbanization and ICT. 

The problems, issues, and challenges facing sustainable cities are

ore complex due to the increasing flows and channels of information,

he divergence of agents, the heterogeneity of actors, the prevailing

rocesses of globalization, the dispersion of power, and the difficulty

f decision making. This is drastically changing thanks to the clear

otential and substantive effects of big data technologies on urban

tudies, urban analytics, urban processes, and urban practices. The

bundance of urban data, coupled with their analytical power, opens

p for new opportunities for innovation in sustainable cities, partic-

larly in relation to linking their infrastructures to their operational

unctioning and planning through control, optimization, management,

nd improvements, and thus tightly interlinking and integrating their

ystems and domains. Unlocking the potential of urban data and

everaging it in the transition towards sustainability implies addressing

nd overcoming the problems, issues, and challenges facing sustainable

ities in their endeavor to achieve the long-term goals of sustainability.

Indeed, it has been argued that sustainable cities need to embrace

nd leverage what smart cities have to offer in terms of advanced

echnology solutions so as to achieve the desired outcomes of sustain-

bility under what is labelled “data-driven smart sustainable cities. ”

his brings us to the question related to the weak connection between

ustainable cities and smart cities as approaches and their extreme

ragmentation as landscapes at the technical and policy levels, adding

o their opposite conceptual characteristics and existing tensions (e.g.,

7 , 20 , 31 , 63 , 151 , 200 , 206 , 228] ). 

.3. Data-driven smart sustainable cities 

.3.1. Societal trends: global, scientific, and technological shifts 

The fundamental role of cities in driving sustainable development

nterplays with major societal trends to which all cities, including sus-

ainable cities, must adapt, but which also produce new opportunities.

s with all paradigms of urbanism, data–driven smart sustainable cities

ave emerged and materialized as a result of responding to an amalgam

f several forms of prevailing and emerging societal trends ( Table 8 ),

s well as to the problems, issues, and challenges to sustainable cities.

hese trends as a congeries of forces will also shape the expansion,

uccess, and evolution of this new paradigm of urbanism. 

Smart sustainable cities are about recognizing the link between

he major societal trends shaping modern society at a growing pace,

amely the rise of digitization, the spread of urbanization, and the

iffusion of sustainability, and then finding ways to unlock and explore

he potentials and opportunities of interlinking these developments for

eaching a desirable future. 

Transforming and advancing sustainable cities is increasingly jus-

ified by the need to monitor, understand, analyze, plan, and manage

heir infrastructures and systems in new and innovative ways to achieve

he desired outcomes of sustainability. This is increased by the ongoing

uest and growing motivation for achieving the SDG 11 [212] and

esponding to the unintended effects of urbanization. Nonetheless,
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Table 8 

The key societal trends behind data-driven smart sustainable cities. 

Forms of Trends Prevailing and Emerging Trends 

Global trends Sustainability, ICT, urbanization, and globalization 

Academic discourses Sustainable urbanism, compact urbanism, ecological urbanism, smart urbanism, data-driven urbanism, scientific urbanism, and 

sustainable urban development 

Urbanism paradigms: Sustainable cities, smart cities, smart sustainable cities, and data-driven smart sustainable cities 

Computing paradigms Ubiquitous computing, sentient computing, the IoT, big data computing, quantum computing, cloud computing, fog computing, edge 

computing, and distributed computing 

Scientific paradigms Data–intensive science (data-driven science and empiricism), big data science, empirical evidence, scientific theory, and computational 

science 

Technological trends Bg data analytics, the IoT sensing, Artificial Intelligence, datafication, Blockchain technology, virtual reality, 5G, and drone technology 
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rbanization can have many positive outcomes and can foster human

evelopment. In more detail, it creates enormous environmental,

ocial, economic, and spatial changes, which provide an opportunity

or sustainability with the potential to apply advanced technologies in

rder to use resources more efficiently and control them more safely,

o promote more sustainable land use, and to preserve the biodiversity

f natural ecosystems and to reduce pressure on their services, with the

ltimate aim to improve economic and societal outcomes. 

.3.2. City operational management and development planning: urban 

omputing and intelligence 

We currently experience accelerated digitalization and intensive

atafication of society, and we see the dawn of the digitalized and

atafied society in everyday life, manifested in the various forms of

rban computing and intelligence pervading the very fabric of the con-

emporary city. Urban computing and intelligence can generate deep in-

ights that can be used to make more informed and fact-based decisions,

nd can also create feedback loops between humans and their activities

nd the urban environment. At the core of urban computing and intelli-

ence is datafication (e.g., [50 , 54 , 129 , 199] ) represents an urban trend

hich defines the key to core city operations and functions through a

eliance on big data computing and its core enabling and driving tech-

ologies. It is also a contemporary phenomenon which denotes the quan-

ification of urban life through digital information for environmental,

conomic, and social values. Cities require data to extract knowledge to

erform critical urban processes and practices and to develop and imple-

ent plans and strategies to achieve key objectives. Therefore, they are

ncreasingly dependent upon their data to operate properly —and even

o function at all. They are currently taking any possible quantifiable

etric and squeezing value out of it to enhance decision–making per-

aining to a wide variety of practical applications and uses in relation to

any urban systems and domains. In a modern urban landscape, a city’s

erformance is measured, monitored, evaluated, and enhanced based on

he ability of having control over the storage, management, processing,

nd analysis of the urban data, as well as on the knowledge derived from

hese data in the form of applied intelligence. Tackling the challenges

f sustainability and mitigating the negative effects of urbanization are

mong the key concerns of the datafication of the contemporary city. 

In view of the above, all traditional mechanisms of the city man-

gement (administration, organization, and planning) are gradually

eplaced with digital mechanisms enabling and supporting data-driven

ecision making. Data-based city management relies on urban com-

uting and intelligence for implementing the data-driven technology

olutions developed for the various spheres of the city administration,

ncluding, but are not limited, to: 

• Transport management 

• Traffic management 

• Street lighting management 

• Mobility management 

• Waste management 

• Energy management 

• Environmental monitoring 
13 
• Building management 

• Public safety 

• Healthcare and education 

• Planning and design 

• Governance 

Data-based city management involves a number of agencies that use

echnologies for generating, processing, and analyzing data to adopt

olutions for improving and advancing sustainability. It is a basic driver

or the transformation of urban operations, functions, and services,

nd therefore, it is expected to dramatically change the principles of

anaging urban environments. As a set of mechanisms, data-based

anagement entails the utilization of advanced knowledge services and

oncrete projects through new and emerging technologies to benefit

eople immensely in a variety of ways and to make urban environ-

ental more liveable and attractive. In doing so, it leads to further

evelopments and innovations in environmental, economic, and social

ustainability. In addition, it brings cohesion and congruence to urban

trategies and unifies the expectations of different urban actors in ways

hat render plans feasible and adequate to the daily reality of urban

laces, and that facilitate a shared vision of sustainable development. 

According to Bibri [27] , managing sustainable cities is a very com-

lex function that encompasses approaches, strategies, and instruments

hat make them work. This means that: 

• Their infrastructures are accessible, functional, and constantly

improved. 

• Their energy systems are sustainable and efficient. 

• Their urban metabolism and natural resources are optimized. 

• The needed public services and natural resources are available and

equitably distributed among people. 

• Their designs are scalable and integrative. 

• Their plans are comprehensive, dynamic, and innovative. 

• The interests of the different stakeholders, especially citizens, are

well represented and counted in decision making processes and in

future developments. 

• Their economy is sustainable, green, and prosperous. 

Sustainable urbanism is increasingly emphasizing the importance

f big data technologies and their novel applications in improving

nd advancing sustainability. Indeed, there has been a conscious push

or sustainable cities across the globe to be smarter and thus more

ustainable by developing and implementing data-driven technology

olutions in their different spheres so as to enhance their designs,

trategies, and policies and thus optimize operational efficiency,

trengthen infrastructural resilience, and improve social equity and

ife quality. This trend is evinced by many topical studies conducted

ecently on sustainable cities, especially eco-cities (e.g., [18 , 27 , 37 , 39] ;

93 ; 167 a, b; 186 , 187 , 197 , 201 , 204 , 207 , 226] ). This implies that the

ecent advances in urban computing and intelligence associated with

onitoring, understanding, analyzing, planning, and managing smart

ities are increasingly being adopted by sustainable cities to boost and

aintain their performance with respect to sustainability —under what

as been termed “data-driven smart sustainable cities. ”
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Urban computing and intelligence (e.g.,

29 , 33 , 111 , 144 , 229 , 230 , 231 , 232] ) has recently gained attraction

or its vast potential for building data-driven smart sustainable cities

29] . It represents a holistic approach to harnessing and exploiting

he vast troves of big data in cities to improve urban forms, urban

nfrastructures, urban environments, and urban services, as well as

rban operational management and development planning systems.

he big data deluge produced by sensing technologies and large-scale

omputing infrastructures provide rich knowledge about how cities

unction and can tackle complex challenges. The efforts “dedicated to

onnecting unobtrusive and ubiquitous sensing technologies, advanced

ata management and analytics models, and novel visualization meth-

ds to structure intelligent urban computing systems for smart cities ”

 [144] , p. 675) are being directed towards developing new applied

olutions for the planning and operational functioning of sustainable

ities, especially eco-cities (e.g., [37 , 187 ; 197 ; 226] ). 

As part of the ICT infrastructure of smart cities, which is empowered

y the IoT technologies and advanced algorithms and techniques that

an collect and handle massive datasets, urban computing and intelli-

ence will bring new advances in many technological areas in order to

ope with the challenges of implementing applied data-driven solutions

n real-world settings. These area include but are not limited to: 

• Horizontal information platforms 

• Operations systems and dashboards 

• Innovation labs for urban intelligence and planning functions 

• Hybrid systems bridging the physical and digital world 

• Urban ubiquitous and intelligent sensing infrastructure 

• Smart network infrastructure 

• Big data infrastructure for urban analytics 

• Artificial intelligence models 

• Real-time urban data processing and analysis 

• Novel learning methods for urban data clustering and classification

and data analytics 

• Data mining and machine learning for data-driven smart sustainable

cities 

• Intelligent energy management for urban sensing and urban

computing 

• Urban environment monitoring, analytics, and prediction 

• Cloud of Things for smart environments 

• Visual analytics and visualization methods 

• Incremental and distributed mining strategies for big data scalability

• Security and privacy mechanisms 

Urban computing and intelligence has recently attracted much

ttention from both academia and industry for tackling many problems

nd issues related to urbanization and sustainability. It can bridge

he gap between unobtrusive and ubiquitous sensing, intelligent com-

uting, cooperative communication, and massive data management

nd analytics. This is to create novel solutions for sustainability by

eans of cloud and fog computing, the IoT, device to device (D2D)

ommunication, data analytics techniques, Artificial Intelligence,

imulation models, visual analytics methods, and intelligent decision

upport systems. In view of that, urban computing and intelligence

ay overcome one of the scientific challenges pertaining to sustain-

ble cities —relating their built infrastructure, urban infrastructure,

conomic infrastructure, and social infrastructure to their operational

unctioning and development planning. This will enable sustainable

ities to leverage their collective intelligence in making actual progress

owards integrating and balancing the dimensions of sustainability. This

s owing to the core enabling and driving technologies of big data com-

uting offered by smart cities in relation to or for sustainability (e.g.,

7 , 16 , 20 , 36 , 91 , 134 , 163 , 170 , 172 , 176 , 188 , 192 , 200 , 203 , 208] ). Smart

ities offer the enticing potential of environmental improvement and

ocio–economic development, as well as the renewal of urban centers

s hubs of innovation and research (e.g., [97 , 127 , 129 , 131 , 135 , 164] ). 
14 
The processes and practices of sustainable urbanism are becoming

ighly responsive to a form of data-driven urbanism. One of the

onsequences of data-driven urbanism is that the systems and domains

f sustainable cities are becoming much more tightly interlinked and

oordinated respectively. And also, vast troves of data are being gen-

rated, analyzed, harnessed, and exploited to understand the multiple

omplexities of sustainable cities so as to make them safer, cleaner,

ore liveable, more equitable, more resilient, and, above all, more

rganized. Indeed, the intersection of complexity science and big data

nalytics is making it possible to reveal hidden regularities in the orga-

ization of cities. This allows to better anticipate or predict the systemic

ehavior that result from the many interactions of all the components

hat make up sustainable cities, which is necessary for developing

dvanced simulation models and optimization methods that address

ew conceptions of how sustainable cities function as complex systems.

The application of big data technologies to urban systems is founded

n the integration of data science, computer science, information

cience, urban science, complexity science [12 , 16 , 129] , sustainability

cience, urban sustainability science, and data-intensive science [21] .

ibri [29] provides a detailed account of the scientific and academic

isciplines underlying data-driven smart sustainable urbanism, as well

s a framework illustrating their integration and fusion from an inter-

isciplinary and transdisciplinary perspective. These disciplines are at

he core of the emerging approaches to building simulation models that

re able to respond to various properties of complex systems. However,

hile complexity gives no way whatsoever to precisely predict the fu-

ure [173] , it is still theoretically possible to make accurate predictions

bout urban dynamics and changes on the basis of the knowledge that is

s good as possible as to the equations describing the systemic behavior

f sustainable cities. Hayek [92] explains that complex phenomena can

nly allow pattern predictions using modeling approaches, compared

o the precise predictions pertaining to non − complex phenomena. 

A deeper understanding of the dynamical properties of complex sys-

ems is crucial to bringing about drastic changes to both the simulation

odels that we are able to build based on big data analytics and at dif-

erent spatial scales and over different time spans, as well as to the way

n which the underlying technologies can inform planning and decision

rocesses. Such properties are at the core of the new conceptions of how

mart cities and sustainable cities can be planned and designed (e.g.,

12 , 19 , 29 , 150] ). Specifically, as a set of interacting subsystems, the city

hould be built in a way that is scalable, resilient, stable, and balanced

y incorporating such dynamical properties as self–organization, emer-

ence, adaptation, feedback loops, nonlinearity, and evolution. What is

rucially important in the quest for making the city function as a social

rganism is deeper knowledge on how complex systems function and its

ffective incorporation in the very design, engineering, and modeling

f the technological systems used to monitor, understand, analyze, and

lan the city for improving sustainability, efficiency, and resilience. 

To plan sustainable cities as complex systems requires having a

omplete form of knowledge of the consequences of interventions

nd organizations. Otherwise, there is a difficulty in planning the

ind of urban complexities that are seen in sustainable cities such as

ompact cities [150] . In addition, comprehensive planning remains

ractically impossible, especially in large sustainable cities, due to the

ind of wicked problems they embody. Wicked problems are difficult to

xplain and impossible to solve because of incomplete, contradictory,

nd changing requirements that are not easy to recognize. Bettencourt

16] attempts to reformulate some of Rittel and Webber’s [179] argu-

ents in a modern form in what is called the “planner’s problem, ” which

as two distinct facets: (1) the knowledge problem and (2) the calcu-

ation problem. The first problem refers to the planning data needed to

ap and understand the current state of the city. It is conceivable that

rban life and physical infrastructure could be adequately sensed in

everal million places at fine temporal rates, generating huge but man-

geable rates of information flow using the various forms of advanced

CT. It is not impossible, albeit still implausible, to conceive and develop



S.E. Bibri Sustainable Futures 3 (2021) 100047 

t  

i  

l  

t  

t  

s  

i  

i  

l  

i  

f

 

[  

b  

t  

w  

c  

u  

t  

c  

m  

s  

a  

r  

e  

t  

d  

t  

p  

s  

t  

T  

d  

s  

t  

o  

i  

o  

w  

a  

v  

c  

i  

i  

t  

a  

i  

a  

i  

t  

u

 

i  

b  

t  

g  

c  

t  

e  

A  

d  

e  

y  

T  

u  

w  

s  

s  

d  

o  

c

 

d  

s  

w  

a  

s  

t  

i  

p  

s  

c  

s  

p  

m  

w  

a  

t  

e  

e  

s  

d  

a

 

"  

m  

d  

i  

a  

s  

o  

s  

c  

o  

s  

i  

s  

e  

a  

4

4  

S  

a  

t  

v  

p  

r  

p  

a  

l  

d  

t  

s  

t  

t  

p

 

t  

t  

s  

a  
echnologies that would enable a planner to have access to detailed

nformation about every aspect of the infrastructure, services, social

ives, and environmental states in the city. The second problem refers to

he computational complexity to carry out the actual task of planning in

erms of the number of steps necessary to identify and assess all possible

cenarios and to choose the best possible course of action. Unsurpris-

ngly, the exhaustive approach of assessing all possible scenarios is

mpractical due to the fact that it entails the consideration of impossibly

arge spaces of possibilities. But what this reformulation does promise

s an ability to provide a powerful means for envisioning and predicting

uture scenarios in ways that were inconceivable a decade ago. 

The emerging simulation models and optimization methods (e.g.,

12,62,72,85,88,120,138,145,166,183,218,225] ) are increasingly

eing embraced by sustainable cities to deal with the complexities

hey inherently embody. This relates to urban intelligence functions,

hich represent new conceptions of how data-driven smart sustainable

ities function and utilize, integrate, and harness complexity science,

rban complexity theories, sustainability science, urban sustainability

heories, urban science, data science, and data-intensive science in

onstructing powerful new forms of simulation models and opti-

ization methods that can generate urban forms, urban structures,

patial organizations, and spatial scales. These designs are intended to

dvance sustainability, optimize efficiency, improve equity, strengthen

esilience, and enhance the quality of life. Bibri [29] analyzes the

nabling role and innovative potential of urban computing and in-

elligence in the strategic, short-term, and joined-up planning of

ata-driven smart sustainable cities of the future. The author argues

hat the fast-flowing torrent of urban data, coupled with its analytical

ower, is of crucial importance to the effective planning of data-driven

mart sustainable cities of the future thanks to the advanced form of in-

elligent decision support enabled by urban computing and intelligence.

he sort of urban intelligence and planning functions envisaged for

ata-driven smart sustainable cities are associated with their designs,

trategies, and policies in terms of development planning, which in

urn shape and drive their operations, functions, and services in terms

f operative management. However, urban computing and intelligence

nvolves significant challenges. As the size of the city increases, the total

perational and maintenance costs and the consumption of resources

ill rise, the performance will decrease, the networks proliferate,

nd the security of the systems become subject to serious threats and

ulnerabilities. In addition, urban intelligence has been subject to

ritique in terms of its operation and nature. Opening the notion of

ntelligence to contestation, Lynch and Del Casino [148] examine differ-

ng conceptions of intelligence and what they might entail with regard

o how to approach the theorization of “smart ” spaces. The authors

rgue for a view of intelligence as multiple, partial, and situated in and

n-between spaces, bodies, objects, and technologies, as well as call for

ttentiveness to the ways in which particular intelligences are prior-

tized over others —which may be suppressed or neglected —through

he production of smart spaces in the context of our rapidly changing

nderstandings of the “humanness ” of intelligence. 

However, data-driven smart sustainable cities need to evolve urban

ntelligence and planning functions in response to the emerging trend of

uilding models of smart cities and sustainable cities functioning in real

ime from routinely sensed data. This is coupled with ubiquitous sensing

etting closer to providing quite useful information about longer term

hanges (see, e.g., [6 , 12 , 37 , 127 , 163 , 185] ). Urban intelligence func-

ions are associated with the control, management, optimization, and

nhancement of the operating and organizing processes of urban life.

s such, they involve different data analytics components, including

ata sources, system components, enabling technologies, functional

lements, and analytics types (i.e., descriptive analysis, diagnostic anal-

sis, predictive analysis, prescriptive analysis, and inferential analysis).

hese components are used to gather and manage data on a variety of

rban systems (mobility, traffic, transport, energy, environment, water,

aste, etc.), to model urban phenomena, and to provide the necessary
15 
imulation and visualisation tools to be integrated into decision support

ystems. A number of recent studies have addressed the emerging

ata-driven smart approaches to urban planning for the different areas

f sustainability in the context of both smart cities and sustainable

ities (e.g., [6 , 11 , 16 , 17 , 23 , 29 , 167 , 176 , 187 , 192] ). 

Overall, the ever-increasing deluge of urban data epitomizes a

rastic change in the kind of data that can be generated about urban

ystems and environments as regards what happens and might happen

here, when, why, and how so as to devise more effective actions

nd measures for enhancing the planning and design of data-driven

mart sustainable cities. Big data analytics is bringing about major

ransformations in understanding and redefining the problems and

ssues of sustainability in new and innovative ways for more effective

lanning and efficient design. In particular, it is pushing planning into

hort termism as regards how emerging data-driven smart sustainable

ities function and can be managed, which adds a whole new dimen-

ion to urban sustainability by shifting away from long–term strategic

lanning. Short–termism in planning is about measuring, evaluating,

odelling, and simulating what takes place in the city over hours, days,

eeks, or months instead of years, decades, or generations, and creating

 set of actions and measures to improve performance with respect

o the various areas of sustainability. Moreover, big data analytics is

nabling what is called joined-up planning, a form of integration that

nables the system–wide effects of environmental, economic, and social

ustainability to be tracked, understood, analyzed, and built into the

esigns, technologies, and responses that are features of the operations

nd functions of sustainable cities. 

Concerning the pursuit of data for decision making, the ideal

pure-type" data collection system is in fact unobtainable and the actual

anagement is done by imperfect and incomplete information as

ecisions cannot wait for the data to be caught, refined, and analyzed

n dynamic systems such as those found in the city. This has to be

ddressed as an ongoing issue, or with a credible claim that information

ystems have caught up with real-time processes. This is predicated

n the assumption that there will always be more new and different

ources of data that need to be collected and conjoined, an issue which

urtains the opportunity to explore the real potential of the aggregation

f real-time data to deal with changes in the context of data-driven

mart sustainable cities. Nonetheless, what new developments promise

s an ability to have a real time view of changes at different spatial

cales and over different time scales and to deal with these changes

arly on to mitigate the risks and unintended consequences of the

ctions and choices of urban stakeholders with respect to sustainability.

.3.3. A critical understanding of smart urbanism: risks and implications 

.3.3.1. Science, Technology, and Society (STS) linkages and concerns.

cience-based technology is well aligned with the endeavor to create

nd enact visions for sustainable futures. Advances in science and

echnology (S&T) inevitably bring with them wide–ranging common

isions on how cities will evolve in the future, as well as the op-

ortunities and risks that future will bring [30] . The opportunities

elate to the role of science–based technology in society in terms of its

rogress, and the risks are associated with the drawbacks, deficiencies,

nd challenges of science-based technology in relation to the people

iving in society. The focus in this context is on the advantages and

isadvantages of big data science and analytics and the associated

echnological applications in advancing urban sustainability. Big data

cience and analytics as an area of S&T embodies an unprecedentedly

ransformative power —manifested not only in the form of transforming

he knowledge of sustainable urbanism, but also in enhancing its

ractices and fostering its progress —with some downsides. 

Smart urbanism represents multiple visions for the future of new

echnologies, infrastructures, services, as well as urban places and

heir characteristics, such as function, land use, form and hierarchy of

ettlement, and how it grows and evolves. It is important to understand

nd value the multiplicity of socially constructed potential futures —yet
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ith some coherence of purpose and conceptual anchor. The discourse

f smart urbanism is deeply originated in normative visions of the

uture where the salient driving factor for transformation is technol-

gy and its constant advancement. However, not only is our current

nderstanding of the opportunities and risks of smart urbanism limited

146] , but we should also expect some pitfalls that are yet to be seen,

s new advancements in big data analytics and Artificial Intelligence

ill emerge together with unanticipated changing directions of their

se for other purposes than what people wish. This is predicated on

he assumption that all technological developments come with their

ark side. Indeed, future models for smart cities have been extensively

ritiqued in the literature for reflecting techno-utopian, neoliberal

pproaches to urban development. While advanced technologies can

ring numerous advantages to urban sustainability, it is important

o acknowledge the fact that they can be problematic, and therefore,

olicy-makers and planners should be careful when employing them. 

The significant risks of smart urbanism calls for critically en-

aging with its far-reaching societal implications. The literature on

mart urbanism appears most frequently focused on the realization

f technological solutions [141] , such as big data computing, cloud

omputing, the IoT, Artificial Intelligence, 5G, and industry 4.0, rather

han providing a critical understanding of its conceptual undermining

nd negative implications. There is a lack of the theoretical basis

nd empirical evidence required to holistically evaluate the potential

ffects and hidden agenda of the transformative processes within smart

rbanism in connection with the practices, operations, and institutions

f modern society [28] . A number of studies have been carried out in

ore recent years that address the ramifications of smart urbanism and

he related driving socially disruptive technologies, drawing on several

heories and theoretical positions. 

.3.3.2. Social construction of big data technology . The ways the tech-

ical systems are designed, operated, and steered is influenced by what

oucault [ [79] , p.194] calls a “dispositif ” and defines it as “a thoroughly

eterogeneous ensemble consisting of discourses, institutions, architec-

ural forms, regulatory decisions, laws, administrative measures, scien-

ific statements, philosophical, and moral propositions. ” In this context,

 data assemblage possesses, in Kitchin’s [128] terminology, systems of

hought, regulatory environments, organisational priorities and inter-

al politics, institutional collaborations, funding and resourcing, tech-

ical know–how, and marketplace demand. The institutional appara-

uses and their techniques are at the core of what Foucault [78] terms

power/knowledge, ” that is, knowledge produced by a system of pro-

edures to fulfil a strategic function. With that in mind, seeing cities

hrough big data is contingent, biased, framed, and selective for the pur-

ose of achieving certain end goals, i.e., to monitor, empower, dictate,

iscipline, regulate, control, steer, centralize, make profit, and so forth.

o, the new possibilities of big data analytics, distributed sensor systems,

nd ubiquitous computing are promoting a false idea of value-free and

bjective knowledge. Indeed, the data used in cities do not exist indepen-

ently of the instruments, systems, platforms, practices, processes, and

nowledge employed —and embedded within a multidimensional con-

ext (e.g., local, national, social, political, cultural, organizational, reg-

latory, etc.) —to generate, process, and analyze these data for decision-

aking purposes. To put it differently, data are never raw, but always

lready cooked to a particular recipe for a particular purpose [87] . Big

ata technologies are socio-technical in nature and thus shaped by philo-

ophical ideas, socio-political frameworks, and ideological positions. In

ther words, they are inherently cultural, which is manifested in creat-

ng the kind of discourses that prioritize specific ideas, claims, assump-

ions, and visions about the nature and practice of science and technol-

gy in society. Therefore, there is a need to critically unpack how data

re handled and put at work. In addition, data-driven smart urbanism

emains selective, flawed, biased, normative, and politically inflected,

lthough it purports to produce a commonsensical, neutral, apolitical,

vidence–based form of urban planning and governance (e.g., [22 , 127–
16 
29 , 146 , 194] ). Consequently, impartiality, which holds that decisions

hould be based on objective criteria rather than on the basis of bias and

rejudice, is unlikely to prevail over partiality in the era of big data. 

.3.3.3. Technocratic governance and its social implications and socio-

echnical approaches. While smart urbanism as underpinned by big data

ffers seemingly seductive visions of the future, it also raises a number

f concerns. The idea of big data being only as good as the modelling

nderlying its use exacerbates technocratic reductionism [194] . Tech-

ocratic governance is inherent in smart urbanism, and there is a lack of

ttention on what actually lies beyond the demarcations associated with

hat happens within city administrative boundaries. Kitchin [127] pro-

ides a critical reflection on the implications of big data and smart

rbanism, examining technocratic governance and city development;

orporatization of city governance and technological lock-ins; the poli-

ics of big urban data; buggy, brittle and hack-able cities; and the panop-

ic city. Kitchin [128] critically examines a number of urban data issues,

ncluding, in addition to corporatization and anticipatory governance,

wnership, control, privacy and security, and technical challenges in

he context of data-driven, networked urbanism and smart cities. Exam-

ning the forms, practices, and ethics of smart cities and urban science,

itchin [129] gives particular attention to privacy, dataveillance and

eo-surveillance, and such data uses as social sorting and anticipa-

ory governance. With reference to the spread of COVID-19, Kitchin

130] questions the technical and practical efficacy of surveillance

echnologies, and examines their implications for civil liberties, govern-

entality, surveillance capitalism, and public health. The contentions

he author challenges in this regard relate to the smartphone apps, facial

ecognition and thermal cameras, biometric wearables, smart helmets,

rones, and predictive analytics technologies being rapidly developed

nd deployed to help tackle the spread of the so-called disease. The au-

hor points out that the rushed rollout of the surveillance technologies

sed for contact tracing, quarantine enforcement, social distanc-

ng/movement monitoring, and symptom tracking has been justified by

he argument that they are vital to suppressing the virus and civil liber-

ies have to be sacrificed for public health. In a nutshell, smart urbanism

gnores social, political, cultural, economic, and historical contexts

haping urban life, thereby curtailing the opportunities for wider per-

pectives beyond technical systems and scientific processes. These are

ssociated with the computational understanding of the city system that

auses it to be destroyed and broken into pieces, and that reduces urban

ife to logic, calculative, and algorithmic rules and procedures to make

he city objectively measurable, tractable, and controllable. Verrest and

feffer [215] critically engage with the rationale, methods, and implica-

ions of smart urbanism approaches within different urban contexts by

istilling the missing dimensions in the current model of smart urban-

sm. The authors argue that the lack of consideration for “the urbanism ”

n smart urbanism is justified by the three dimensions that require

urther development to facilitate a comprehensive analysis of the

mplication of smart city policies for contemporary urban life, namely: 

1. the acknowledgement that the urban is not confined to the

administrative boundaries of a city; 

2. the importance of local social-economic, cultural-political, and

environmental contingencies in analyzing the development, imple-

mentation, and effects of smart city policies; and 

3. the social-political construction of both the urban problems that the

smart city policies aim to solve and the considered solutions. 

Technocratic governance conceals those urban issues, conflicts,

nd controversies that cannot be represented by digital models and

mbedded in data analytics techniques [41 , 49 , 176] . Consequently,

he outcome of supply oriented, technocratic governance of smart

ities (e.g., [131 , 152] ) seems to be highly unequal urban societies,

haracterized by unequal power relations, large gaps between those

ith access to information services or opportunities and those with-

ut, social exclusion, and unequal distributions of costs and benefits
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 [59 , 133 , 147] ). This is due to putting much emphasis on the role of

echnology in collecting and analyzing data to extract useful knowledge

n the form of applied intelligence to enhance government operations

nd automate urban system functions. However, while smart urbanism

ffers great potential to enhance the quality of life, it also leads to the

arginalization of certain groups and create multiple divides between

hose who have access to smart applications and those who do not in

elation to public transport, mobility, healthcare, education, utilities,

nd so on. Social exclusion issues in smart urbanism go beyond access

o technology to include the distortion of the “reality of a city ” and

he particularities of localities, such as the history, feelings, concerns,

nowledge, and trajectories of the existing urban communities [153] . In

ther words, while smart urbanism seems to highlight the importance

f the quality of life at the discursive level, it tends to distort the indi-

iduality of the existing neighborhoods and strip off the particularities

f the existing urban fabrics. For example, an urban fabric (e.g., inner

ity) created by multiple actor layers, incrementally developed with a

iversity of building types, scales, and functions, is often seen as having

he attributes of a more intense and livelier street lives [71 , 157] . In the

ontext of the compact city, for example, the resilient urban properties

hat relate to increased diversity, networks, and increased number of

gents through density and proximity are often seen in emergent urban

reas that have developed incrementally through time [150 , 184] . To

ut it differently, emergent compact urban form, which is characterized

y high density and diversity, facilitates incremental and individual

icro interactions through time and space by multiple actors. It has

he possibilities to change and adapt to create new emerged states as

mergence is continuous and diversity is high. 

There is a need for reshaping big data analytics in smart urbanism

n ways that reconfigure the underlying epistemology to recognize

he complex, dynamic, and contingent nature of cities. The basic

rgument is that smart urbanism is incompatible with the informal

haracter of cities. As argued by Kitchin [ [129] , p. 11], cities need

to be framed as fluid, open, complex, multi–level, contingent, and

elational systems that are full of culture, politics, competing interests

nd wicked problems and often unfold in unpredictable ways, ” instead

f “being cast as bounded, knowable, and manageable systems that can

e steered and controlled in mechanical, linear ways. ”

The technocratic governance challenges have prevented smart cities

rom achieving the expected outcomes [181] . The ideals of smart

rbanism in seeking to take advantage from digital services require

 “reinvention of governance. ” Barns [ [10] , p. 6] In other words, there

s a need for transformative and socio-technical approaches to smart

overnance ( [57 , 118 , 169 , 219] ) based on the IoT, big data analytics,

nd Artificial Intelligence for enhanced decision making processes

nd improved quality of life. Meijer and Bolívar [156] argue for new

orms of human collaboration in smart governance to attain the desired

utcomes as well as open and transparent processes. Jiang, Geertman

nd Witte [110] propose a framework for smart urban governance

n the basis of three intertwined key components, namely spatial,

nstitutional, and technological components. Their study reveals that

he modes of smart governance varies remarkably depending on the

rban issues identified in different urban contexts. It also indicates that

 focus on substantive urban challenges enables defining appropriate

odes of governance and developing dedicated technologies that can

ontribute to solving specific smart city challenges. It additionally

ighlights the importance of cultural, social, political, and economic

ontexts in analyzing interactions between the spatial, institutional,

nd technological components, thereby supporting a socio-technical ap-

roach to governing smart cities. These can be useful in enhancing the

overnance models of data-driven smart sustainable cities of the future.

.3.3.4. Sustainability issues and conundrums. Critics have questioned

he effectiveness of corporate-led, top-down software-enabled and

echnology-mediated urban developments that promise to make cities

ore environmentally sustainable, economically prosperous, as well
17 
s socially just (e.g., [30 , 152 , 226] ). While there is a pervasive belief

hat new technologies will prevent social, economic, and environmen-

al collapse, data-driven technological fixes show that the negative

nintended consequences of science and technology are inherently un-

voidable and unpredictable; sustainability improvements do not offer

asting solutions; and data-driven technologies, considering the current

aradigm of economic development, do not promote sustainability but

nstead hasten collapse. Some authors dispute the net contribution of

mart urbanism to sustainable urbanism (Gargiulo [82 , 217] ). 

As regards the social issues of sustainability, which have already

een discussed earlier, Trencher [208] argues that while scholars

ritique the first-generation, corporate-led model of smart urbanism for

ailing to tackle people-oriented agendas and to authentically respond to

he needs of residents, many point to the potential to move beyond nar-

ow environmental and economic objectives to address and overcome

ocial issues. The author claims that the techno-economic and central-

zed approach rather pertains to the first generation paradigm of smart

rbanism, whose primary focus is on the diffusion of smart technologies

or corporate interests. This however raises the question as to what

rade-offs the so-called socially oriented smart cities are willing to make

n order to contribute to the social aspect and quality of life over the

conomic benefits, including what the cost of these trade-offs will be. In

act, the current model of smart urbanism is being promoted and sup-

orted with significant investment of resources by numerous industrial

ctors [194] . The outcome is a very competitive market where the risk

f the prevalence of stand-alone profit-making agendas becomes evident

182] . This is demonstrated by the huge investment being made by

iant technology companies in R&D. The huge market of the smart city

ay well undermine economic development through the isolated ICT

randing exercises of industrial actors [3] , which has a clear bearing on

ocio-economic and socio-environmental sustainability. This potential

isk becomes imminent when looking at the market growth of the smart

ity. Therefore, it is evident why the ICT industry and the private sector

iew the idea of the smart city as an opportunity to promote digital

ransformation [81] , although the smart city is increasingly advocated

y governments as the primary means to deliver urban sustainability. 

The smart city is envisioned, particularly in Europe, as an urban

nvironment where advanced technologies are deployed to solve urban

ustainability problems. The European Commission has assigned a bud-

et of nearly one billion euros on smart city projects for the period 2014–

020 [70] . Martin, Evans and Karvonen [151] provide a state-of-the-art,

mpirically informed analysis of smartness-sustainability, taking into

onsideration the established critiques of the policies and visions of the

mart city alongside the actual experiences of its initiatives in Europe.

he authors identify and test five tensions between the smart city and

he goals of urban sustainability: (1) reinforcing neoliberal economic

rowth; (2) focusing on more affluent populations; (3) disempowering

nd marginalising citizens; (4) neglecting environmental protection;

nd (5) failing to challenge prevailing consumerist cultures. They found

hat the key to unlocking the forms of smart sustainable urbanism

mphasizing environmental protection and social equity is to empower

nd engage citizens rather than merely reinforcing neoliberal forms of

rbanism. Based on empirical research, Bibri [27] identifies, distills,

nd enumerates the key benefits, potentials, and opportunities of both

mart cities and sustainable cities with respect to the three dimensions

f sustainability, as well as the key institutional transformations needed

o support the balancing of these dimensions. The author argues that

he emerging data-driven technologies for sustainability as innovative

iches are reconfiguring the socio-technical landscape of institutions,

s well as providing insights to policymakers into pathways for

trengthening existing institutionalized practices and competences and

eveloping and establishing new ones. This is necessary for balancing

nd advancing the goals of sustainability and thus achieving a desirable

uture. The concept of the niche is taken from socio-technical transitions

tudies, which studies the processes through which innovations come

bout and are taken up in society more widely (e.g., [84 , 123] ). 



S.E. Bibri Sustainable Futures 3 (2021) 100047 

 

a  

t  

i  

d  

t  

n  

d  

t  

d  

e  

o  

a  

p  

c  

i  

T  

o  

t  

a  

m  

t

 

u  

a  

m  

t  

m  

m  

p  

t  

o  

t  

e  

a  

a  

p  

f  

p  

m  

p  

h  

t  

i  

s  

w  

d  

p  

o  

E  

p  

t  

4  

w  

m  

t  

s  

i  

u  

a  

b  

w  

f  

p  

p  

o  

e  

u  

t  

w  

o  

a  

s  

h  

B  

s  

t  

c  

r  

F  

f  

s  

 

c  

i  

q  

t  

t  

r  

F  

i  

i  

c  

r  

e  

o  

h  

d  

o  

b  

f  

p  

h  

a  

t  

f  

d  

b  

fl  

s  

p  

y  

s  

w  

t

5

c

 

s  

n  

t  

a  

n  

a  

t  

i  

p  

t

Furthermore, smart urbanism has been questioned concerning its

ctual impacts on ecological sustainability beyond energy efficiency

echnologies, integrated renewable solutions, environmental monitor-

ng systems. De Jong et al. [63] argue for the potential psychological

isconnection of inhabitants from the environment and the disruption of

heir relationship with nature as a result of their overexposure to tech-

ology. From another perspective, new technologies are associated with

irect, indirect, and systemic effects. The direct effects of data-driven

echnologies on the environmental will exacerbate due to the increasing

emand for their applications, products, and services. As to the indirect

ffects, which arise from the use of these advanced technologies, the

perational functioning of data-driven smart sustainable cities requires

 huge amount of energy to power ubiquitous sensors, data processing

latforms, pervasive computing infrastructures, and wireless communi-

ation networks. The challenge of systemic effects is a real dilemma as it

s unlikely to be a ‘magic bullet’ solution for their special conundrums.

he systemic effects of data-driven technologies are the most complex

f all given their dynamic, volatile, and unpredictable nature. In fact,

he direct and indirect effects —which are relatively easy to model,

nalyze, and evaluate —have, up to the present time, been the focus of

uch of the research work that has been carried out on the link between

echnological innovation and environmental sustainability [30] . 

Despite the prevailing circumstances, the ideals of smart eco-

rbanism have succeeded in triggering actions within the ecologically

dvanced nations around the world, and have recently become nor-

alized as widely accepted ideas and approaches. By recognizing that

he utopian rhetoric mobilized in the promotion of smart eco-urbanism

ay provide sensible grounds for useful critical evaluations, this

odel also proposes some ways in which it might be understood as a

ositive attribute [53] . Although some smart eco ‐city initiatives badge

hemselves as models for future sustainable development, they remain

nly sites of innovation and experimentation, attempting to accelerate

he movement towards socio ‐technical sustainability transitions in the

ra of big data. It can be argued that the ability of smart eco ‐cities to

chieve their utopian ambitions is limited by, as discussed above, the re-

lities of technocratic governance, technocentric policies, and complex

ractices, in addition to operating within a profit ‐driven, neoliberal

ramework for planning and development. However, they can still

rovide a place to test new ideas (green technologies, sustainable waste

anagement, data-driven smart solutions for energy efficiency and

ollution reduction, etc.) and an ideal to aspire to. Historically, people

ave always moved to and preferred to live in eco-cities to improve

he quality of their lives and environment, and again smart urbanism

s being embraced to create eco-cities that make urban living more

ustainable over the long run —in short, that last. Further, however,

hile the environmental considerations of sustainability remain a key

river of the smart eco–city projects, they are also mobilized in the

ursuit of politico–economic goals. The plans and publicity materials

f eco-city projects, notably those promoted in Asia and the Middle

ast as ambitious, technologically driven projects led by the public and

rivate sector actors contain bold claims, attractive designs, ambitious

argets, and innovative technologies to advertise their “eco-ness ” [174] .

.3.3.5. Technocentricity and situatedness. We are in the midst of a new

ave of enthusiasm for smart urbanism driven by the digital transfor-

ation and scientific revolution in the era of big data. However, one of

he major challenges of smart urbanism in delivering the outcomes of

ustainability lie in that its policies are characterized by technocentric-

ty in terms of the application of data-driven scientism in sustainable

rbanism, and that its practices involve contestations, negotiations,

nd contingencies. Urban big data are being used as the evidence

ase for formulating urban policies, plans, strategies, and programs, as

ell as for tracking their effectiveness and modelling and simulating

uture urban development projects. This may produce the kind of

olicy interventions that harm city operations and fail to live up to the

romises claimed by smart urbanism. However, central to the concept
18 
f technocentricity is that scientific knowledge is required to monitor,

valuate, and improve performance. Accordingly, at the core of smart

rbanism is the use of technology, which emphasizes and promotes

he importance of technology or reflects trust in science. However, to

hat extent can science unveil the unique complexity and individuality

f cities is a subject of much debate. The scientific and computational

pproaches wilfully ignore the role of politics, social norms, social

tructures, ideology, culture, as well as the metaphysical aspects of

uman life in shaping urban relations, planning, and governance [89] .

esides, the science of cities (e.g., [12] ) is never really established, but

mart urbanism is regarded as art and science [139] . Regardless, it is

oo atomizing, reductionist, mechanistic, deterministic, and parochial,

ollapsing diverse complex, multidimensional social structures and

elationships to abstract data points and universal formulae and laws.

urther, it is also questionable whether science can juxtapose the

ragmentary conceptual underpinnings and conflicting ideological

tances at the intersection of smart urbanism and sustainable urbanism.

From a philosophical perspective, (data-driven) scientific urbanism

an be seen as a discourse of using scientific approaches and inquiries

n urbanism inspired by big data science and analytics that historically

uickly becomes fashionable and also quickly disappears. This relates to

he theoretical perspective of situativity, which argues that knowledge,

hinking, and learning are situated in experience. “All knowledge about

eality begins with experience and terminates in it ” ( [69] , p.164).

oucault [78] asserts that knowledge, whether theoretical or silently

nvested in practice, is fundamentally culturally contextual and histor-

cally situated. Situatedness as a theoretical position posits that human

ognition is ontologically and functionally intertwined within envi-

onmental, social, and cultural factors. Knowledge is also a matter of

pisteme, the space of knowledge in which configurations are grounded

n a set of claims, assumptions, premises, values, and truths basic to

ow the whole culture decides and justifies what is certain of. Episteme

enotes a pre-cognitive space that determines “on what historical a pri-

ri, and in the element of what positivity, ideas could appear, sciences

e established, experience be reflected in philosophies, rationalities be

ormed, only, perhaps, to dissolve and vanish soon afterwards ” ( [77] ,

p. xxi–xxii). Foucault’s central argument is that different periods of

istory constitute different systems of thought or epistemological fields,

nd all social constructions of scientific knowledge fall under the epis-

eme of a historical epoch. Bibri [22] examines the intertwined societal

actors driving the materialization, success, expansion, and evolution of

ata-driven smart sustainable urbanism, and further critically discusses

ig data technology as social constructions in terms of their inherent

aws, limits, and biases. The author concludes that data–driven smart

ustainable urbanism is shaped by, and also shape, socio–cultural and

olitico–institutional structures. And it will prevail for many years

et to come given the underlying transformational power of big data

cience and analytics, coupled with its legitimation capacity associated

ith the scientific discourse as the ultimate form of rational thought and

he basis for legitimacy in knowledge production and policy–making. 

. Knowledge gaps in the area of data-driven smart sustainable 

ities 

The area of data-driven smart sustainable cities is still in the early

tages of its development, and therefore, there are many problems that

eed to be addressed, which offers a wide range of research opportuni-

ies. The knowledge gaps that need to be filled in this area are numerous

nd can be approached from a variety of perspectives, including, but are

ot limited to, theoretical, methodological, technical, scientific, evalu-

tive, critical, empirical, futuristic, socio-political, economic, and insti-

utional. They are identified to be critically important for the function-

ng, dissemination, success, and continuation of this rapidly evolving ap-

roach to urban planning and development. As such, they relate to many

opics, of which the most relevant to this paper are listed in Table 9 . 



S.E. Bibri Sustainable Futures 3 (2021) 100047 

Table 9 

Topics associated with the knowledge gaps in the area of data-driven smart sustainable cities. 

• Conceptual and theoretical models for data-driven smart sustainable cities 

• Analytical frameworks for data-driven smart sustainable cities 

• Methodological approaches and technical methods for evaluating data-driven smart sustainable cities 

• Visionary and strategic planning approaches for data-driven smart sustainable cities 

• Economic, social, cultural, political, and ethical dimensions of data-driven smart sustainable cities 

• Opportunities and challenges for designing and developing data-driven smart sustainable cities 

• Built, infrastructural, social, political, and institutional transformations needed for promoting data-driven smart sustainable cities 

• Socio-technical approaches to data-driven smart urban governance 

• Integration of technocentric and human-centric policies for data-driven smart sustainable cities 

• Societal and scientific challenges, opportunities, and barriers for using real-time data and analytics 

• Assessment methods for measuring to what extent smartness enhances sustainability 

• Comprehensive models for integrating sustainable city and smart city landscapes and strategies 

• Complexity science and big data analytics for understanding urban complexity and sustainability 

• Urban intelligence functions for monitoring and designing data-driven smart sustainable cities 

• Urban computing approaches to timely decision-making processes for sustainability 

• Horizontal information platforms and operations systems for data-driven smart sustainable cities 

• Big data-enabled frameworks and architectures for data-driven smart sustainable cities 

• AI-enabled data-driven smart sustainable urbanism processes 

• Socially responsible artificial urban intelligence 

• The potential risks of sensorization, hyper-connectivity, algorithmization, and datafication 

• The negative implications of instrumenting the built environment on the environment 

• Data-driven smart solutions for socio-economic sustainability of land use 

• Green urban computing and urban sensing 

• Advanced simulation models for dealing with new conceptions of data-driven smart sustainable cities as dynamically changing and adaptive environments 

• Simulation models and optimization methods based on the integration of complexity science and sustainability science 

• Models of data-driven smart sustainable cities functioning in real-time 

• Multi-agent simulation for transport and traffic patterns 

• New smart sustainable urbanism theories based on data-intensive science 

• Data-driven short-term and joined planning for efficient designs and responses 

• Sustainable energy production and consumption patterns analysis and prediction 

• Big data analytics and GIS uses in waste management and transport inefficiency identification 

• Data-driven sustainable energy demands analysis and prediction 

• Data-driven land-use impact analysis 

• Data-driven smart approaches to strategic planning of building energy retrofitting 

• Modeling and simulation of emergent compact urban forms for future designs related to intensification. 
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c  
. Conclusion 

Cities growing ever bigger and faster in terms of their populations

nd knowledge base lie at the core of data-driven smart sustainable

ities of the future. Advanced ICT holds the key to a desirable future,

nd it will be most clearly demonstrated in sustainable cities. There are

 number of innovations that have inspired the academic and practical

ndeavor of integrating sustainable cities and smart cities. In the era of

ig data, there is a growing perception that the centripetal movement

f smart sustainable interests, ideas, and considerations in urban

trategies, technological innovations, and institutional developments

an have a significant impact on smart sustainable–induced processes

f transformation in the primary operations, core practices, and central

nstitutions of modern society. 

This paper offered a comprehensive state-of-the-art literature review

f the flourishing field of data-driven smart sustainable cities. Specif-

cally, it endeavored to deliver a detailed analysis, critical evaluation,

ompelling synthesis, and well-worked discussion of the available

esearch covering the topic of sustainable cities and smart cities in

erms of their integration as the leading global paradigms of urbanism.

n so doing, it answered several questions. Accordingly, it identified,

escribed, and discussed the prevailing paradigms of sustainable urban-

sm and the emerging paradigms of smart urbanism, and also elucidated

he way in which these paradigms relate to and complement each other

n the context of sustainability. This is primarily meant to facilitate the

ntegration and fusion of the different disciplinary fields underlying

ata-driven smart sustainable cities for the sheer purpose of generating

he kind of interactional and unified knowledge needed to gain a broader

nderstanding of and readily explore the topic on focus. Afterwards, this

aper addressed compact cities and eco-cities as the central paradigms

f sustainable urbanism in terms of their commonalities, deficiencies,

hortcomings, and also the potential of smart solutions for increasing the

enefits of social sustainability. Subsequently, it delved into the prob-
19 
ems, issues, and challenges related to sustainable cities. Following that,

t identified and enumerated the societal trends interplaying with sus-

ainable cities and shaping and driving the emergence, materialization,

xpansion, and success of data-driven smart sustainable cities. Then it

etailed and documented the potential role of the applied data-driven

echnology solutions for operational management and development

lanning in boosting and maintaining the performance of sustainable

ities with respect to their contribution to the goals of sustainability.

astly, this paper attempted to develop a critical understanding of smart

rbanism, focusing on its potential risks and negative implications from

 variety of perspectives and how and to what extent they affect

ustainability in the context of data-driven smart sustainable urbanism.

This study corroborated that big data technologies will change

ustainable urbanism in fundamental and irreversible ways, bringing

ew and innovative ways of understanding, planning, and managing

ustainable cities. It revealed that the evolving development planning

pproaches and operational management mechanisms enabled by data-

riven smart technologies are of paramount importance to boost and

aintain the contribution of sustainable cities to the goals of sustain-

bility in the face of urbanization. However, there are several critical

uestions to raise, including whether data-driven smart sustainable

ities will become too technocentric and technocratic as they evolve,

ut also with regard to other aspects of social and environmental

ustainability. Addressing these important contemporary concerns is of

qual importance for achieving the desired outcomes of sustainability

n the era of data-driven scientific urbanism. 

The contribution of this review lies in providing a valuable reference

or researchers, practitioners, and policymakers and the necessary ma-

erial to inform them of the latest developments in the burgeoning field

f data-driven smart sustainable cities. This review enables researchers

nd scholars to focus their work on the identified real–world oppor-

unities and challenges pertaining to data-driven smart sustainable

ities. Practitioners and policymakers can make use of the outcome of
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his review to identify the weaknesses of sustainable cities, especially

ompact cities and eco–cities, and to find more effective ways to

ddress these weaknesses based on the emerging applied data-driven

echnology solutions offered by smart cities 

It is hoped that this study will provide the grounding for further

n-depth research in the emerging area of data-driven smart sustainable

ities. Especially, a large part of the problems in this area is still not

ddressed, with many diverse critical aspects being fleshed out as part

f the ongoing research endeavors. There are also many problems that

ave not been addressed well or appropriately by any of the existing

esearch in the area of sustainable cities. This pertains particularly to

ow to integrate and balance the dimensions of urban sustainability

ased on big data technologies, and the multiple forms of integrating

ustainable cities and smart cities at the technical and policy levels so

s to make actual progress towards sustainability. There is a host of

nexplored opportunities towards new approaches to data-driven smart

ustainable urban planning and development. This is key to mitigating

he extreme fragmentation and the weak connection pertaining to

ustainable cities and smart cities as landscapes and approaches, re-

pectively, through developing multiple visions of sustainable futures.

ata-driven smart sustainable cities are a fertile area of interdisci-

linary and transdisciplinary research involving numerous intriguing

nd multifaceted questions awaiting scholars and practitioners from

cross many city-related academic or scientific disciplines. 
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