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ABSTRACT KEYWORDS

By exploring and defining characteristics of a smart city research smart city; centres of
and innovation centre, we contribute to the discussion on smart ~ excellence; urban research
city development capacity. To do so, using a qualitative method, and innovation;

we review definitions of the concept and map international ~ Multidisciplinary;
groups and institutes affiliated with this domain. Our main result experiments

is an overview of global research centres dealing with smart cities.

One of the key implications of this paper is that instead of a strict

definition, the important aspect appears in the framing provided

by the complex real-life challenges that require and enable cross-

disciplinary research, even though the concept keeps evolving.

1. Introduction

Smart city (SC), a constantly evolving thematic domain, appears as an umbrella
term that hosts multidisciplinary research on specific domains such as mobility,
energy, built environment, data, and governance. As the term implies, the essence of
the theme lays in real-life phenomena and artefacts in the actively changing life
surroundings for a constantly increasing number of people all over the world. Cities,
as such, consist of vast amount of people and human interaction, technologies that
enable constantly advancing abilities for people to perform in improved ways, as
well as practices and processes for groups and communities to collaborate and
coordinate mutually important activities. Conceptually, and in more precise terms,
Batty et al. (2012) have described the theme addressing ‘constellations of instru-
ments across many scales that are connected through multiple networks which
provide continuous data regarding the movements of people and materials in
terms of the flow of decisions about the physical and social form of the city’.
A more general formulation is that most smart cities’ research is about how digital
processes can inform physical processes or are substituting for these (Batty 2020).
One may argue that the concept encapsulates a huge variety of issues to consider
extending towards being fuzzy and fluid.
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At the same time as the SC concept requires constant elaboration, it offers
multiple opportunities and a conceptual umbrella for researchers and innovators
to connect their ideation and development efforts. This research is interested in this
from different viewpoints: geographical (east-west, culturally grounded approaches),
time (how has it evolved, future research), science of cities (multidisciplinarily,
wicked problems, surprising researcher combinations for new innovative ideas),
and lively multistakeholder-research-innovation-nexus (city-industry-academia)
collaboration.

The main research question is interested in understanding the operational part of
smart city research, that is, which are the actual research groups globally dealing
with the concept and what are their disciplinary focus areas. The academic literature
so far has focused too much on defining smart city as a phenomenon, resulting in
quite a fuzzy outcome without any robust consensus on the concept. On the other
hand, the literature lacks a systematic overview of who are the actual smart city
research actors. Understanding these actors can help to reason the smart city as
a concept and therefore contribute to the smart city literature. That is, smart city
research can be conceptualised by understanding what smart city researchers actu-
ally do. As a sub research question, this paper addresses the general definition of
a smart city: What is the concept and definition of a smart city? We acknowledge
that such an overarching question is a broad and bold endeavour, particularly as our
interest goes beyond keyword-specific research based on papers that label themselves
under the domain of smart cities.

The aim of this study is to review the smart city as an evolving and broadening
theme and map it with smart city-related research groups in different urban data
and technologies centres globally. There are different approaches to smart and
sustainable cities in different regions ranging from planned cities in Asia to co-
creative ones in Europe. This paper identifies conceptual and operational character-
istics for a smart city centre with combined international and regional impact. To
do so, first, we perform a literature review of smart city as a keyword
domain; second, we map this with established academic centres that work on SC.
Thus, one contribution of the paper is an updated list of smart city research groups
globally, including identification of respective themes and approaches (i.e. overview
of academic centres and research groups). Furthermore, this paper provides an
overview of what kind of research relates to smart city research, independent
from the thematic label, and introduces a research and innovation agenda for
a novel smart city centre. The practical aim of the paper is to use the learnings in
the forming of a recently founded smart city centre of excellence with a significant
grant funding from the European Union, not to mention the considerations of the
future orientation of the centre.

The rest of this paper is structured as follows. The next section presents a review
of the relevant literature on smart cities, bringing some definitions, approaches, and
models. Afterwards, how this study was performed is explained. The results section
shows the centres dealing with smart city-related themes. Furthermore, the in-depth
case study of the FinEst Centre for Smart Cities, a rather recently established centre,
is presented. The last section brings theoretical and practical implications and final
considerations.
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2, Literature review: smart city concept and its models

Since the origin of the explicit smart city literature, several conceptions of smart city
have emerged, varying according to the main ‘smart’ characteristics (Caragliu and Del
Bo 2020). A smart city strategy involves application of technology in order to

e improve environmental quality in urban space, reducing CO, emissions, traffic,
and waste;

e optimise energy consumption, by building efficiency and renewable energy pro-
duction; and

e increase quality of life, delivering better public and private services, such as local
public transport, health services, and so on (Dameri and Cocchia 2013).

From that perspective it is no wonder that a strong critique of this technology-
centric vision emerged with the publication by Hollands (2008) ‘Will the real smart city
please stand up?. The heavily business-driven and deterministic approach to city
making was also refuted by several other academics (Neirotti et al. 2014; Soderstrom,
Paasche, and Klauser 2014).

The first smart city definitions were focused on the technology perspective.
Technology can be seen as an enabling force for the development of new forms of
intelligence and collaboration to advance the problem-solving aptitude of the city
(Angelidou et al., 2018). However, recent definitions are no longer limited to infor-
mation and communication technology (ICT) diffusion, being shifted more towards
people and community needs (Albino, Berardi, and Dangelico 2015). Table 1 shows
smart city definitions from highly cited references from different years, based on
a keyword search (‘smart cit*”) on Web of Science and Scopus. In addition, it coupled
with the back and forward method (Webster and Watson 2002) to select other
relevant literature.

As seen in the examples in Table 1, a new league of smart city definitions has
surfaced over the last decade (c. 2010-2020) with an emphasis on creativity, human
capital, education and learning, social inclusion, and governance. In addition, it high-
lights the need of multiple actors and partnerships for innovation (Ferraris, Santoro,
and Pellicelli 2020). With the diversification of the underlying foundations of the smart
city concept, the meaning of the label itself has become fuzzy and is used in ways that
are inconsistent (Praharaj and Han 2019). Likewise, there are different approaches
related to the smart cities discourse (Komninos and Mora 2018). For instance, on
one hand, the technology-driven approach indicates that the deployment of digital
technology improves the quality of life, whereas on the other hand the human-driven
approach endorses the key role of human capital and citizen skills (Kummitha and
Crutzen 2017). Moreover, the planning of a smart city initiative can be top-down or
bottom-up (Komninos and Mora 2018). This could be simplified by organising the
definitions in Table 1 based on their emphasis on top-down (Top-down) or bottom-up
(Bot-up) approaches, and technology (Tech) vs. human emphasis (Hum) - keeping in
mind that human emphasis means here a mere notion of human capital or citizen skills
(Komninos and Mora 2018). It can be seen that a technology-oriented bottom-up
approach is missing or at least weaker than the other three. This observation has
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Table 1. Smart city definitions and approaches.

Approach

Top- Top- Bot- Bot-
down down up up
+ + + +
Smart city definition Reference Tech Hum Tech Hum

The vision of ‘Smart Cities’ is the urban centre of the future, (Hall et al. 2000, 1) X
made safe, secure environmentally green, and efficient
because all structures — whether for power, water,
transportation, etc., are designed, constructed, and maintained
making use of advanced, integrated materials, sensors,
electronics, and networks which are interfaced with
computerised systems comprised of databases, tracking, and
decision-making algorithms.
A smart city is a city well performing in a forward-looking way in (Giffinger et al. 2007, X
these six characteristics [economy, people, governance, 11)
mobility, environment, and living], built on the ‘smart’
combination of endowments and activities of self-decisive,
independent and aware citizens.
A city to be smart when investments in human and social capital (Caragliu, Del Bo, X
and traditional (transport) and modern (ICT) communication and Nijkamp
infrastructure fuel sustainable economic growth and a high 2011)
quality of life, with a wise management of natural resources,
through participatory governance.
A city in which ICT is merged with traditional infrastructures, (M. Batty et al. 2012)  x
coordinated and integrated using new digital technologies.
A smart city is defined with the meaning of smartness (Nam and Pardo X
penetrating the urban context, the role of technologies in 2014, p. S2)
making a city smarter, and focal domain (infrastructures and
services) that need to be smarter.
As a concept, SC is described in various ways, but a general (Yeh 2017, 556) X
definition involves the implementation and deployment of
information and communication technology (ICT)
infrastructures to support social and urban growth through
improving the economy, citizens’ involvement and
government efficiency.
Smart cities stand for an idea of where the city wants to be in the (Angelidou et al., X
future and how it imagines itself transformed by taking 2018)
advantage of the capabilities of digital technology and
innovation networks.
A smart city not only includes the application of ICT in its (Wu and Chen 2019, X
infrastructure but also has the capacity to integrate people, 2)
information, and technology in building an efficient,
sustainable, and resilient infrastructure that provides high-
quality services and promotes the quality of life of its
residents.

something to do with the general requirement of people first in smart city discussions
that started around 2005.

There is also a strong consensus of the fact that smart city discussion is very scattered
and the work of defining and conceptualising it is still in progress (Albino, Berardi, and
Dangelico 2015; Cocchia and Dameri 2016; Dameri and Cocchia 2013; Fernandez-Anez
2016; Mora, Bolici, and Deakin 2017; Ojo, Dzhusupova, and Curry 2016). There is
a plethora of very different academic formulations of the smart city concept. Actually,
the style of those formulations could be called more description than definition.

The language game of smart city (Praharaj and Han 2019), or to be more precise,
labelling games and fuzziness of the definitions, can also be interpreted to arise partly
from the belief that technical solutions would be all we need to mitigate urban problems
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in a smart city. However, when the later smart city discussions have enlarged from
technical niches to fields such as social capital, everyday-life and governance, settings to
be solved and needed toolboxes have of course become more complicated.

Instead of trying to formulate one more definition of the concept of smart city, the
discomfort could be alleviated by the statement of Giffinger and Lui (2015, 12) that
actually all corresponding strategic discussions and efforts are more or less focusing on
three core dimensions, introduced by Nam and Pardo (2011):

(1) Technology and its mediated services making infrastructure more efficient;

(2) People in the context of social learning for strengthening human infrastructure
and collective decision-making;

(3) Institutions in the modified context of governance for institutional improve-
ments and the citizens’ engagement.

To put it even more concise, ‘... the concept of “Smart City” is evolving as a specific
approach to mitigate and remedy current urban problems between urban competitive-
ness and sustainability’ (Giffinger and Lii 2015).

When shifting from conceptualisation challenges to academic spread, Mora, Bolici,
and Deakin (2017) have collected bibliographical statistics from over 1000 English
publications and so-called grey literature, published 1992-2012 and having words
smart city or smart cities in title, abstract, or in a keyword list. They also calculated
the shares of citations the collected publications got during the period. Until 2002
writings done by American universities - typically in collaboration with corporates and
consultant companies, especially IBM and Forrester Research, ruled the statistics of
publications - and citations (IBM got 9% of total amount of citations). The subjects of
their writings were dominated by technical solutions with rather narrow scope. Also,
publications or citations from Asia, mostly Japan (Hitachi) and India (Tata group),
were rather corporate-driven, although being not very influential among smart city
literature (0.82% of total amount of citations). From 2002 onwards, especially from
2008 to 2010 on, European universities and more holistic scopes of smart cities really
took off. Their study showed Europe as the main contributor to the smart city research
as 52% of source documents were produced by organisations located in Europe and
they had the greatest impact; then North America also had a great contribution (16.6%
of production and 24.4 of citations), whereas Asia had a good contribution (23.3%) but
smaller (10.3%) impact (Mora, Bolici, and Deakin 2017).

The amount of the academic European activity, from the end of the first decade of
the twenty-first century, also made the whole smart city discussion to growth more than
10 times bigger than it was a couple of decades earlier. Respectively, the amount of
smart city researchers grew during the same period from less than 200 people to a
community ten times larger (Mora, Bolici, and Deakin 2017). The community is
probably even bigger than that, since the environmental reasons. Around 2010, there
was a rise in popularity of the smart city concept (or its near equivalents) also as a top-
level political initiative. During 2009, in addition to smart cities, the need to build the
actual ecologically healthy cities (Eco-Cities) got general top-level political awareness in
France and in the UK. Even more effective eco-city projects started in Abu Dhabi and
in China (Joss 2010). Consequently, since 2010 the European Union has used ‘smart’ to
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qualify sustainability projects and actions in the urban space (Dameri and Cocchia
2013), as for example, the programme Smart Cities and Communities from 2012. This
has enormously expanded the usage of ‘smart’ among the academics and the urban
developers who use European English as their professional language.

2.1 Two smart city models

This split between how smart city is defined in the literature versus what researchers are
doing has a mutual share of two models: ‘planned tech-oriented cities’
versus ‘improving the existing ones’. Whichever way the smart city concept is under-
stood and implemented in different parts of the globe, it is always heavily connected to
local political, cultural, and living condition, as is noted in the following two main
models.

2.1.1 Model 1: planned pop-up techno-cities

While the idea of a city is rather mature in the US and European Union, there are not
many opportunities for total technology-driven cities (techno-cities) in the Western
countries. An enforcing exception to the rule is PlanIT valley that was about to be built
in Portugal during the early 2010s but ceased because of funding problems. The most
recent cases also show that the privatisation of cities is happening in very focused topics
and in very small-scale pilots, for example, Volkswagen electrifying the transport modes
of the little Greek Island, Astypalean.'

Currently, the biggest financial resources to create smart cities are used in Asia,
especially in China. Likewise, most of the current global urbanisation is occurring in
Asia, mainly in China and in India. The volume of people moving to cities is huge, and
urban administrations cannot handle all social and infrastructural problems arising
from this, partly semi-legal, intra-national migrancy. Furthermore, the rapid economic
growth in China has caused environmental disasters, hence the term eco-city instead of
smart city. The national solution for these problems has been to give cities greater
independence from the national government (Caprotti and Romanowicz 2013).

Globally, it seems that Asian (and Arabian) countries are using a variety of smart
city concepts as an accelerated possibility to modernise their cities. In practice that
means how to cope with very rapid urbanisation, environmental and especially urban
air and water quality problems. The implementation of these aims is heading quite
precisely towards the way the existing Western cities are organised. These kinds of
‘pop-up techno-cities’ are not just trying to reach European basic-level conditions, they
are also utilising Western urban planning ideologies such as modernism and even
futurism, more precisely, Howardian Garden city, Le Corbusian/Futuristic and mod-
ernist techno-city, panoptic control rooms, and city dashboards. Conceptually, they are
combinations of futuristic technocratic solutions and mid-twentieth-century idea of a
city that all functionalities can be planned. It is no wonder that the general ideals and
models of pop-up techno-cities in Asia and Arabia are rooted in Western urban ideals
since typically the Western companies and even public administrations are strongly
involved in those projects. Although some of the most challenging projects have failed
because of high-level political and funding issues, many of them really are finalising -
probably faster than any Western infrastructural large-scale project. However, the
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amount of people and companies is lagging far behind from the originally planned
figures. For example, the national flagship development Tianjin has — 10 years after the
beginning of the project — a gross 100,000 residents, although the plan was 350,000.
Another success story is South Korean Songdo, located near Incheon airport and 60 km
from the capital city Seoul. From the European perspective, the above-described model
of a smart city raises several questions. First, what is actually a city? Can it be simply
the physical buildings, streets, and other technical infrastructure? Furthermore,
a smaller version of the Asian pop-up techno-cities, Masdar city in the United Arab
Emirates, near Abu Dhabi, already has urban structure, sun and wind power heavily
utilised in air conditioning and electricity systems, and in the electric bus system, etc.
However, the number of residents and companies is lagging heavily behind the planned
figures — some thousand residents combined, only.

One bundle of reasons is the strong emphasis on supply-based technology and city-
level efficiency, instead of the actual liveability and sociability among human beings.
Tianjin was built on formerly toxic wasteland - not a very enticing fact for those who
can choose where to live. More concretely, the newly constructed residential buildings
in these — supposedly - apolitical eco-cities are so expensive that only upper-middle-
class people can afford them. That is quite challenging in countries with high percen-
tage of poor, some amount of elite, but very thin middle classes.

2.1.2 Model 2: improving the smartness and governance of existing cities

When demographical, cultural, and social issues are not solved, but their types and
volumes are more or less matured, there is also a smart city concept related to those
conditions. Smartness is only added and developed to existing infrastructural and social
structure. This kind of exchange happens between Europe and Northern America. The
concept of smart city can be seen boosted by the American academics’ admiration of
the European type of urban planning that takes the development of existing -
European - cities and their social structure as a starting point.

The development process is typically such that public authorities of a city, perhaps
supported by some national resources, are enabling, encouraging, or even procuring
new services or functions to be created by private sector. Instead of providing covering
public funding, the public resources are used to reformulate regulations, technical
platforms, data hubs, Research & Innovation (R&I) programmes, or a combination of
those. Thus, existing cities are only improved by the new, say, ICT services and
governance practices.

The most important urban subsystems in the European smart city discussions, and,
rankings, have been sustainability in energy and carbon savings, and especially in the
transport system, for example, innovations in public transport, or in car-sharing and
bicycling. This ranking interest is actually an important activity in European and
North American smart city discussions. It promotes the cities, that is, shows that
these cities are worth investments, in other words willing to have new jobs, new
taxpayers, and new tourists. However, on a more abstract level we could also say that
the phenomenon of these lists is a way of pondering the real, or at least most
successful concept of the smart city.

According to Manville et al. (2014) who surveyed all European cities having popula-
tion more than 100,000, virtually all Nordic Member State cities can be characterised as
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smart cities, as can most cities in Italy, Austria and the Netherlands, and approximately
half of British, Spanish and French cities. Germany and Poland have relatively few
smart cities. Eastern European countries generally have a lower incidence of smart cities
than the rest of EU-28" (Manville et al. 2014, 38). National or international smart city
initiatives, having typically some kind of an environmental angle, are heavily funded by
the European Commission (Manville et al. 2014).

In Europe, also big IT companies, such as IBM, Cisco, and Siemens, offer their
remarkable legacy, resources, and practical products for the public planning, to an
extent even pro bono in early phase planning. However, in Europe there are planning
traditions and laws demanding local people to be invited into the societal, or local,
discussions, especially so in the Nordic countries. A growing topic in European smart
city discussions is the inclusion of citizens. One emerging example of that is the way
personal data is supposed to be handled in the West. Compared to Asia this really
makes a difference, having a dramatically different idea of individual rights and
personal data. However, European democracy makes the decision-making process
much slower than in Asia or Arabian countries. We can safely assume that it is precisely
this cultural difference that pushes Western companies to offer their planning and
implementation services for grateful governments in Asia, India, and Arabian countries.

3. Understanding smart cities through the lenses of research

Smart city projects have showed that public government lack capacities to accelerate
innovation (Ardito et al. 2019; Ferraris, Santoro, and Pellicelli 2020), and for this to
happen, it is important to involve different stakeholders. As a part of the 2010s’ social
and human intervention to formerly very techno-oriented smart city discussions,
management studies and multistakeholder approach are offering a perspective that is
relevant when positioning academic units related to the concept.

The concept of triple helix (e.g. Etzkowitz and Leydesdorff 1997) emphasises the
collaboration between state, company, and university. Especially thinking of tech-
oriented smart city projects, usually the initiative is ‘driven and guided by public
governments or Multinational Enterprises (MNEs), while the coordination is often
multistakeholder driven and followed by university team’s engagement’ (Ferraris,
Belyaeva, and Bresciani 2020, 165).

According to Ferraris, Belyaeva, and Bresciani (2020), the recent trend of smart
innovation should be seen also from the multistakeholder dimension. It is important to
understand the ‘cause and consequence of stakeholder relationships and interactions in
a network, as a stakeholders’ causal scope’ (Shams 2016, 676) to be able to generate
sustainable innovations (Ferraris, Belyaeva, and Bresciani 2020). Thus, university can
play an enhanced role in innovation in smart cities and in increasingly knowledge-
based societies, acting not only as technology and knowledge transfer favouring the
economic development but also operating as an intermediary and facilitator between
the other components of the ecosystem in multi- and interdisciplinary ways (Del
Giudice, Carayannis, and Maggioni 2017).

Since it is hard to capture the volume and certain vagueness of academic research on
smart cities, and the actual implications in cities, one way to understand the smart city
movement is to look at the most important sources of smart city research, the research
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groups, and centres around the world. Using a qualitative method based on expert
analysis of secondary data, first we mapped global research groups that work within the
research domain of smart cities and identified the main academic centres dealing with
urban informatics, smart cities, big data, and related fields. Since we are interested in
more consolidated research units, we involved centres that have been in place over 5
years with minimum amount of around half-dozen researchers involved. The initial list
of the centres derived from a report to the UK Economic and Social Research Council
Cities Expert Group (Batty 2013), slightly updated by Townsend (2015). In our
approach, we mapped and introduced these research groups, focusing on the ones
that were active as of May 2021. Thus, this part of our study is based on the authors’
internal evaluation with involvement of a global key expert in this field (Michael Batty
from UCL-CASA) and detailed analysis of secondary data such as web pages.

The second part is an in-depth case study of the FinEst Centre for Smart Cities,
a rather recently established centre that has been selected as it has a substantial research
agenda and is one of the rare ones which is actually labelled as a smart city research
centre. In this part, we studied the research and innovation agenda of this centre. In
total, more than 40% smart city publications (out of a pool of over 100) were analysed
with an overview of how large-scale research-based smart city pilots are planned and
implemented. The aim of the FinEst Centre is to initiate long-term smart city research
and innovation activities in collaboration with technology universities in Estonia and
Finland, Estonian Ministry of Economic Affairs and Communications and Forum
Virium Helsinki. The FinEst Centre is organised around five streams - Smart
Mobility, Smart Energy, and the Built Environment - tied together by streams of
Urban Analytics and Data, and Smart City Governance (Soe 2017). The FinEst
Centre was initiated in December 2019 when it received 32 million euros 8-year start-
up grant from the European Commission and Estonian Government to set up an
independent smart city research and innovation centre.

4. Results: centres dealing with smart city-related themes

The first part of this section introduces and discusses the mapping of smart city-related
centres. The second part is devoted to the in-depth case study of the FinEst Centre for
Smart Cities.

4.1 Overview of centres dealing with smart city-related themes

By 2010, a small number of smart cities centres (in need of a better term) had been
established to pursue an agenda related, first and foremost, to big data, real-time
sensing, new forms of automation, as well as informing much of the science that had
been developed for cities so far. As an example, the Centre for Advanced Spatial
Analysis (CASA) has slowly moved towards this area as it began as a GIS centre, set
up in UCL in 1995, as a group that could research geographic information systems and
spatial analysis, but always with a strong city focus, their vision is to play a central role
in the approach they call science of cities. CASA is less geared to computer science and
more to urban applications. In contrast, the Senseable Cities Lab was set up in 2004 in
the Department of Urban Studies and Planning (DUSP) at MIT, and its focus has been
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on networks and big data pertaining to streets and transport systems as well as
extending into a variety of simulations of mobility. The Media Lab, also at MIT, has
to some extent been at the forefront of smart cities research since it was founded, in
1985, with several groups dealing with cities in terms of media, energy, visualisation,
and design.

In 2005 and 2006, two other significant centres were founded, showing the range of
interest in smart cities at this point: the Urban Scaling group at the Santa Fe Institute
(SFI) and the Urban Informatics research lab at the Queensland University of
Technology (QUT). The Santa Fe Institute, which was founded in 1984 as the first
research institute dedicated to the study of complex adaptive systems, created in 2005
the Cities, Scaling and Sustainability research group with an interdisciplinary approach
and quantitative synthesis of organisational and dynamical aspects of human social
organisations, with an emphasis on cities. The work at Santa Fe continues, and there are
strong links there to several areas of the social and policy sciences that take complexity
theory and apply it to urban questions. While the QUT Urban Informatics group was
created in 2006 and is more involved in the study, design, and practice of urban
experiences across different urban contexts.

Since roughly 2010, the focus on smart cities has emerged; once smartphones became
the dominant way in which individuals began to capture and manipulate their personal
data, many centres have been set up to progress research on the types we have alluded
to in the above discussion. Chief amongst the centres in terms of size are those in
Chicago and in New York. The Urban Center for Computation and Data (Urban CCD),
created in 2012 in Chicago, came from computer science and is strongly concerned
with big data, sensing, and the development of projects involved in real-time streaming.
Recently the urban science initiative at the University of Chicago, which is based on the
Mansueto Institute for Urban Innovation, has joined Urban CCD while the Center for
Spatial Data Science is also linked. Thus, the centre has also been getting involved in
wider urban science issues. This seems to be a feature of all the centres. Although they
may begin in one area, they tend to expand their focus, or at least be sympathetic to
other disciplinary domains. This is important to provide a good context to smart city
research and many centres appear to recognise it.

In fact, we can date the genesis of what we are calling here smart cities research
centres with the Bloomberg Challenge which was set up in 2010-2011 to attract science
centres to New York City, two of which subsequently became smart cities foci, namely
the Center for Urban Science and Progress (CUSP) in NYU which begun in 2012, and
Cornell Tech, which took longer to become established and opened in 2017. CUSP has
also been limited by the fact that in NYU there are other programmes, in particular the
Wagner School of Public Policy and at the Marron Institute which is much more
focussed on the growth of cities. On the other hand, CUSP has also clones in England at
Kings College and Warwick University.

There are three other groups that are significant in size. In the UK, there is the Urban
Big Data Centre in the University of Glasgow (UBDC), jointly funded by the Economic
and Social Research Council (ESRC) in 2014. UBDC is based at the University of
Glasgow, but the centre has associates at University of Illinois at Chicago, University of
Bristol, University of Edinburgh, University of Reading, University of Sheffield, and
University of Cambridge. Their focus is primarily on assembling and integrating big
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data that pertains to cities, but there are a variety of projects involving urban science,
transportation, and the wider issues of privacy in data for smart cities. UBDC’s key
research strands are urban impacts of COVID-19; education and skills; housing and
neighbourhoods; transport and infrastructure; and urban governance. In the University of
Edinburgh, the Edinburgh Futures Institute is based more on digital humanities than on
digital cities, but there are several important themes that relate to innovative uses of
computers in cities.

There are a few significant centres funded from scratch which focus on urban
science, the governance of smart cities, questions of big data, and issues such as
mobility. The National University of Ireland’s Programmable City Group at
Maynooth has perhaps the strongest links from smart cities technologies to urban
social and spatial structure and how this map into governance. This is a centre set up
from scratch with European Research Council funding, and it runs alongside the
National Centre for Geocomputation at Maynooth. Nevertheless, the groups are work-
ing with the City of Dublin on various technical problems involving dashboards and
control systems.

A centre founded in 2015 is the Imperial College’s Urban Systems Lab (USL) which
has grown out of various initiatives devoted to urban transportation planning and
energy studies. This centre has eight thematic research areas including low carbon
operation and resource efficiency; resilience and adaptability; systemic quality of ser-
vice; sensing, simulation, and modelling; economic performance; advanced materials
and processes; health, well-being and quality of life; and business models and innova-
tion. Another one is the ETH Zurich Future Cities Lab located at the National
University of Singapore (note that the Senseable Cities also have a presence in the
same location as part of the SMART Programme). The ETH Future Cities Lab has
moved into a new phase (Future Cities II) with more emphasis on building, energy,
sustainability, and regeneration with more focus on mobility.

Noting other initiatives in academia that not only cover smart cities but extend to
spatial analysis, modelling, and other features of urban research, in Australia, there are
two significant initiatives besides the previously mentioned QUT Group. These are at
the University of New South Wales (UNSW) City Futures Research Centre, created in
2005, and there is the longer-standing group at the University of Wollongong, the
SMART Infrastructure Facility, which brings together experts from fields such as rail,
infrastructure systems, transport, water, energy, economics, modelling, and simulation,
providing 30 state-of-the-art laboratories to facilitate this important research.

In continental Europe, several groups have emerged a little more slowly than those in
the Anglo-American countries. In particular, the effort begun in Amsterdam in 2015.
The AMS Amsterdam Institute for Advanced Metropolitan Solutions was cloned from
and is linked to the Senseable Cities Lab at MIT and has fairly similar projects involving
mobility, autonomous vehicles, as well as being developed on a background of geospa-
tial and building technologies. The centre involves a partnership with Universities of
Delft, Wageningen, Amsterdam, and Eindhoven. Eindhoven and Delft have substantial
presence in the built environment, digital governance, and transport areas. A related
development is at the Open University of the Netherlands that seems to build on
various regional science initiatives. In Switzerland at ETH and Lausanne, there are
various groups.
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In Spain, there are several new approaches to urban planning based on smart cities.
The municipality of Barcelona is iconic in that not only is the city labelled as being
smart - it also provides resources to research itself. There are also a set of groups in
urban science, such as those in Palma de Majorca, and there are some groups in
transport modelling. In Austria, there is the Institute of Spatial Planning in Vienna at
TU Wien. In Italy, there are some groups in Rome, Bologna, Torino, Milano, and
Brindisi. What this overview shows is that there is a vast array of groups who deal with
cities and are sympathetic to smart cities technologies, big data, and modelling, but do
not specifically see themselves as smart cities centres per se. Furthermore, several
e-government research groups working in the cross-field between public administration
and Computer Science research have entered the field of smart cities. For example, the
United Nations University’s Operation Unit on Policy-Driven Electronic Governance
(UNU-EGOV) based in Guimarées, Portugal.

In Germany, there do not seem to be any distinctive centres as such because the
focus on cities is more social and policy-driven and what effort there is on smart cities
is related to tech and business models for automating cities. There is a large German
effort in this area which is ongoing but does not seem to be linked to academia.” In
France, there are some powerful urban science groups centred around the Cities group
at the Sorbonne and Barthelemy’s group at Institut de Physique Theorique (CEA) and
Centre d’Analyse et de Mathematique Sociales (EHESS). In addition, UrbanAI group is
in the vanguard of a dedicated initiative dealing with big data and Al

In East Asia, there are a variety of initiatives in China and Japan, but these are harder
to identify as they do not seem to be very focal centres. There are many initiatives and
centres for smart cities research in China, and all the key universities have a presence. If
we begin with Hong Kong, at the Chinese University there is the GIS centre which is
university wide and ranges from remote sensing to transportation, while this is also an
Institute for the Future Cities which draws together a range of technologies and
applications wider than smart cities per se but include them. A new Smart Cities
Institute has been formed during the last two years in the Hong Kong Polytechnic
University with strong focus on big data, visualisation, urban informatics, and various
kinds of sensing. In mainland China, there are almost too many smart cities initiatives
to define, but the academic centres that stand out are the Beijing City Lab which is
attached to Tsinghua University and the spatial mobility group in Peking University. In
Japan, there is a country-wide GIS network which is based on the Centre for Spatial
Information Science in the University of Tokyo, and this has been in existence since the
late 1980s. This embraces urban informatics and well as GIS and now big data and
various types of analytics. It is in fact quite strongly orientated towards urban planning
and policy.

In North America, we have already mentioned research groups at NYU, and in
Chicago, but there is a cluster of groups in Boston based on the strong focus there on
media and networks. In addition, in New York, there is a presence of sorts at Columbia
University centred around Urban Planning and Computer Science although these
appear to be somewhat separate, and the urban lab has changed its focus to a Center
for Spatial Research. The data science focus is within a programme dealing with big
data, and it is badged as smart cities, but it is important to see the effort in perspective.
There are other institutes in Columbia such as the Earth Institute which have significant
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links to smart cities research, in particular, and cities research, more generally. The City
University of New York has a transportation centre while the Geography Department at
Hunter College in CUNY has a long-standing interest in GIS and urban modelling. In
addition, there is a Smart Cities Smart Government Research — Practice Consortium as
a part of the Center for Technology in Government (CTG) - University at Albany, State
University of New York. There do not seem to be strong groups in Los Angeles, but
there are various research centres such as that at Oak Ridge on Urban Dynamics that
are beginning to populate the smart cities space. At Harvard too, there are several
initiatives in cities, and it is worth noting that in the US there is extensive interest
and research into the digital economy, its organisation, questions of data and copyright,
and IPR all of which are key to thinking about the implications of data streaming and
sensing in smart cities. There are many other initiatives in the US, but most of these are
focussed on transportation centres that are quite well developed and in geospatial
centres that are associated more directly with spatial analysis, spatial statistics, GIS,
and quantitative geography, all loosely defined as geospatial analysis. In South America,
there is interest from GIS and transportation groups, but so far we have not identified
any major centres. Of course, this survey is very impressionistic and, in this sense,
nowhere near complete. It merely provides a glance but not a definitive summary in any
sense.

As we have argued throughout this paper, this is inevitably an incomplete snapshot
in time with respect to the evolution of research centres involving smart cities. How
a smart cities centre is developed depends on the local context, cognate areas in other
departments, and of course funding. Very few centres have been set up directly, but
those that have appear to have worked better than looser associations of already
established interests. A more comprehensive table of academic centres and institutes
dealing with smart cities-related themes is available in Appendix A, including the
location of the centre, brief description, and website links. Some of them are more
like research institutes, a few of them are labelled as centre of excellence.

We argue here that what is needed as a next step is a more detailed worldwide review
of larger initiatives. Last but not least, we need to consider how the ideas might impact
on the grand challenges noted above, in terms of the way climate change, ageing,
inclusion, energy, housing, health, mobility, the future of work, and education and
learning all impinge on the ways in which we can make our cities smart. These in
themselves pose challenges that any new centre needs to address as it develops,
especially how to make interconnections between different disciplines in facing these
actual challenges of cities globally.

4.2 A case of FinEst Centre for Smart Cities

One of the core ideas of mapping other smart city centres globally in the previous
section is to learn how to set up new ones. This is the case of FinEst Centre that has
been established in December of 2019, enabling rather multi-topic academic activities
combined with versatile innovation projects with cities, companies, and other stake-
holders. The centre has been initiated under the substantial European Unions’s strategic
H2020 program’s Spreading Excellence and Widening Participation call for Teaming
projects. Thus, the FinEst Centre draws from knowledge transfer from the more
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developed Finnish R&I culture to the rapidly developing Estonian R&I culture. As
a joint effort, the FinEst Centre involves approximately 40 researchers from the two
technology universities in Estonia and Finland.

The FinEst Centre has five academic domains (Governance, Data, Built
Environment, Mobility, and Energy) that are covering the identified and timely smart
city topics. Each domain (stream) involves researchers from two technology universities
in Estonia and Finland, some working directly at the FinEst Centre whereas most of
them being affiliated to the centre via affiliation structure.

4.2.1 Overview of FinEst Centre research performed

Academic research and publishing is often done in siloed disciplines. However, within
smart city studies, even paradigmatically different academic domains can find common
ground and lots of explicit synergies through discipline-agnostic challenges from real-
life surroundings. The FinEst Centre researchers have published over 100 publications
during the first and half operative year. This indicates good opportunities for multi-
disciplinary research. For instance, urban lightning is studied in the Built Environment
stream (BE) as a source of urban light pollution. In Smart Governance (Gov), the
lightning of public places in cities is a matter of public procurement. Furthermore,
urban public lightning is also a technical platform for local WLAN connections, data,
and electric power, which makes the public urban lightning not just a Smart Energy
issue but also an Internet of Things (IoT) matter for the Urban Analytics & Data stream
(Data). The potential content, paradigmatic orientation, and potential data types of
those five domains are depicted in Table 2.

The IoT topics are handled in the published papers so far by Data from the
perspectives of fault-tolerant frameworks, thinking especially of their security and
resilience issues. One of the main concerns of the IoT-related studies is the interoper-
ability and standards for different systems. Methodological focus has been in software
engineering addressing agile software development methods in conjunction with
Development-Operations (DevOps).

IoT is utilised in Mobility context as different communication relations between
(physical and informative) infrastructure, vehicle, and (energy) grid. In the published
papers, the studied relations are mostly that of Vehicle-to-Infrastructure, Vehicle-to-
Grid, and Infrastructure-to-Infrastructure, not to mention human understandings of
them. Data and IoT perspectives are central also in machine learning, in the papers
related to self-driving vehicles - and the human understandings of the Self-driving
Vehicles (e.g. Soe and Miiiir 2020).

Potential threats of Mobility-as-as Service (MaaS) concept are strongly Governance
issues, in Mobility critics of MaaS, since this concept simply requires national laws,
priorities of public authorities, and capitalistic business logics to be changed, to make it
successful. Mobility is also referring to a democratic knowledge transfer when handling
the relation of urban planning and transport issues. This public participation is in the
strong interest of BE that has developed a data collection method called Public
Participation Geographic Information System (PPGIS) to enable to collect system-
atically experiences of people in certain geographical spots and areas. BE studies not
just humans (such as how social media is affecting urban planning) but also larger
biodiversity.
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Table 2. Main tasks and aims of the five research streams of the FinEst Centre.

Stream

Smart City Governance

Expected to do

Paradigmatic
orientation
Potential
sources and
subjects of
data
Stream
Expected to do

Paradigmatic
orientation

Potential
sources and
subjects of
data

Stream
Expected to do

Paradigmatic
orientation
Potential

Study and develop holistic theories and models of urban governance, new data frames for the
substance streams (Smart Mobility, Smart Energy, Built Environment)
From narrow techno-orientation to broader holism

Theories/models of city-led innovations, sustainable transitions, citizen-government co-production,
cross-border frameworks

Smart Mobility Smart Energy Built Environment
Domain-specific data production, based on substantial understanding of public policies, value
networks and business models, etc., that would enable the actual data streams
From modes of transport to urban From centralised energy supply to  From human-oriented
mobility system(s) smart grids and local demand to life-oriented
management urban planning
*District heating/cooling *Lightning and
*Energy flows in nearly Zero- outdoor conditions
Energy Buildings *Experienced quality
*Local energy production of built environment
*Market prices *Co-created
scenarios
*Biodiversity and
green infra
*Collaborative urban
planning processes

*Humans in cars, transit, last mile,
cross-border
*Cargo in different vehicles
*Self-driving vehicles in
interactions with infrastructure,
other vehicles, etc.

Urban Analytics & Data

System of Systems (different stakeholders’ systems can interchange data through standardised
APIs so that both ends understands data similarly)

Enabling working Internet of Things systems through standardisation, harmonisation, and realistic
business models

Data harmonisation [semantic and syntactic interoperability, visualisations of data flows, APIs,

sources and
subjects of
data

widgets, security, authentication and billing function, new revelations of loT functions and
processes, and cross-border urban data platform (shared between Helsinki and Tallinn)]

Energy papers are rather focused, but more broadly taken they can be divided into
consumption and production of energy. Their main idea is to study (and support) new
flexible and dispersed ways of energy production that would react smoothly to changing
demand, instead of the traditional model of monolithic energy production that is all
then consumed. The consumption side deals mostly with metering ‘buildings’, espe-
cially ‘nearly zero emission buildings’ heating, geothermal aspects, and ventilation.
Production-side emphasis is in demand-based, smaller-scale, microgrid production.
However, they also note that currently renewable energy sources still need nuclear
power production as a levelling function.

Former and current research topics are of course the background of deep academic
research also in smart city studies. However, in over 50 grant proposals FinEst Centre
researchers have done during their first and half year, one can see several extensions.
One extension is that of geographical. From the European smart city, the current smart
city knowledge is planned to be transfered to Africa, rural European areas, or to
Southeastern Asia. Another extension is topical, towards healthiness in cities. Third is
mostly within the mobility, including the governance of urban airspace (drones),
experience of urban tourists, climate change, last mile issues, and artificial intelligence.
The last one is common also with Energy that proposes Al to be used also when
studying digital twins. Climate change, energy consumption, and carbon neutrality are
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also connected to master’s degree education that would then concentrate on smart
cities. Last but not least, digital resilience of smart cities is one new topic in the
proposals.

4.2.2 Urban challenge-based experiential pilots

On one hand, efficient academic research is conducted within silos, as seen above where
the five academic domains were organised into five respective research streams. On the
other hand, these silos should be able to collaborate, especially when approaching
practical problems of cities. An example of how the FinEst Centre is approaching the
problems arising from cities is handled in Figure 1.

The FinEst Centre conducts a significant part of its research via large-scale experi-
mental pilots, whereas a pilot is defined as the process of developing a new knowledge-
based solution to an urban challenge. Pilots are focused on finding solutions in one of
the streams or combining different streams. This approach goes beyond academic
specialisations as pilots are exclusively urban challenges triggered based on the input
received from local governments in Estonia. The aim of the large-scale pilots is to
prototype research-based solutions especially for small- and medium-size cities around
the world. The promotion of demonstration projects as pilots and living labs are
recommended as a way to help reducing stakeholder issues concerning the implemen-
tation of innovative smart city projects (Ferraris, Santoro, and Pellicelli 2020).

The first phase of the realisation of the Experimental Piloting Programme was the
mapping of the future urban challenges. For this, 35 Estonian local governments were
surveyed and interviewed in the summer of 2020 with a goal to identify and rank top 10
urban challenges that the municipalities are facing in 5-10 years within the domains of
the FinEst Centre. These 10 challenges were decided upon in a consensus meeting with
local government representatives in fall 2020.> The second phase of the pilot realisation
was an open call for R&I ideas to the challenges determined and selected in the first
phase. In total, 71 ideas were submitted out of which four were selected as large-scale
pilots* in December 2020. It is important that the pilots have to face broadly agreed-upon
future challenges of local governments and the idea proposal process of pilots is fully

RESULT: Mapping city challenges RESULT:

From prototypes to ready International R&D idea
made solutions and scaling competition

- FinEst Centre will pilot the 1st ~
RESULT: R&D ideas with the towns RESULTS:

Figure 1. Smart city piloting programme phases.
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open and participatory to everybody globally. The selected R&I pilots are coordinated by
a joint team of researchers and cities with each pilot implemented in at least two cities.
Thus, the cities serve as experimental testbeds for research and innovation ideas.

5. Theoretical, practical implications, and final considerations

In this analytic review of existing smart city research, a mismatch between conceptua-
lisation of smart city and actual smart city research is pointed out. Our literature review
shows that there is no rigid research domain as ‘smart city’, there is only a broad
discussion on how smart city could be defined without any clear consensus on that. The
definition of smart city ranges from smart city seen as software-driven (e.g. Washburn
and Sindhu For 2010), people-and-community needs driven (Albino, Berardi, and
Dangelico 2015), to very broad integrative frameworks combining a variety of domains
like economy, people, governance, mobility, environment, and living (e.g. Giffinger
2007). More recently, a concept has developed a wider idea, involving also climate-
related goals (Caragliu and Del Bo 2020). Everything combined makes smart city now
a multi-interdisciplinary concept involving close to everything related to city environ-
ment, from spatial technologies (e.g. GPS) and agriculture (vegetable-friendly cities).

A different picture can be drawn when analysing what kind of research smart city-
related centres actually do (even when neglecting what kind of actual implications cities
have: geographical and cultural, not to mention political issues lead to hugely different
solutions in Western vs. Asian-Arabian cities). Thus, if it is difficult to define smart city
research via concept itself, it can be achieved via analysing the research groups and
centres labelled under the domain of smart cities. When grouping the centres in the
fields of urban informatics, smart cities, big data, and related urban science, only two
centres are focused on smart cities by their name (FinEst Centre and Harvard Data-
Smart City Solutions). All other examples mapped, over 50 centres, do not pop up when
using the keyword of smart city, although they make a significant contribution to the
field. For example, the UCL-CASA that began as a GIS centre and was set up in 1995 as
a group that focuses on geographic information systems and spatial analysis has
a strong smart city focus. Similarly, the Senseable Cities Lab at MIT, the Urban
Scaling group at the Santa Fe Institute, and the Urban Informatics research lab at the
Queensland Institute of Technology clearly contribute to the field of smart cities
research. Interestingly, few established centres have future cities in their name instead
of using ‘smart’ (Future Cities Lab University of Strathclyde; Future Cities Lab: ETH
Zurich Singapore Centre; Institute for Future Cities CUHK). Thus, smart city studies
are not yet institutionalised, although they certainly form a movement, as Batty puts it
(Batty 2020). In practice, according to a few follow-up meetings to this research project
with selected smart city research units, research groups contributing smart city discus-
sions only seldomly study smart city topics as their full-time job.

When zooming into one smart-city focused recently set up centre as a case study
(FinEst Centre), we indicated that the centre conducts basic research and pilots that are
usually not labelled under the smart city directly, at least not using the keywords. Our
analysis of approximately 40 research papers claimed to be in the field of smart cities,
indicating that these are mainly contributing to the smart city-relevant fields, such as
transport, ICT, public administration, civil engineering, robotics, architecture,
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environment, energy, etc. Similarly, none of the selected smart city large-scale research-
based pilot ideas have smart city in their name. In many cases, the only smart city label
comes from the affiliation, not by title nor abstract nor content. Interestingly, in the
case of innovation-closer activities, performed via experimental smart city pilots, the
research disciplines are in continuous mix. The FinEst Centre addresses its large-scale
smart city pilots to the actual challenges of local governments that often are not
interdisciplinary. In research and innovation centres, it is important to enable fruitful
collaboration between rather steady academic discipline-silos and more rapidly chan-
ging urban challenges.

However, as the case of FinEst Centre shows, the research-driven university unit can
also be the actual driver in smart city projects. In the context of triple helix model, it
can initiate and provide projects that invite (even by making them to compete with each
other) cities, companies, and people to participate. Especially small cities and compa-
nies having not much urban developing resources of their own are happy to participate.
Bigger cities with multi-siloed urban development sectors are of course more compli-
cated to collaborate with. Thus, even the mere facilitation from university is still
needed. An interesting question is, what is the role of multinational companies in
this kind of setting? Are they willing to participate even if they perhaps cannot convert
the focus of the project as they wish but simply adopt it?

One of the limitations of this study is related to the dependence on the expert
judgements (e.g. Michael Batty from UCL-CASA) and secondary data such as web-
pages and internal documents of FinEst Centre. As a follow-up study, it would make
sense to collect primary data from the selected centres listed in annex either in form of
questionnaire and or interviews.

For future research, there is a need to dig further in understanding what kind of
research is performed by researchers in the interplay of technology and urban environ-
ment, instead of applying mere keywords-basedanalysis. In the case of scientific
research, the term ‘smart’ could be used as merely one alternative of many concepts
dealing with technological dsevelopment of cities. The concept of smart city has not
become more rigid from the scientific perspective over the past decade, rather the
opposite. Cities have faced a significant digitalisation over the past years, and thus smart
cities are not the future concept anymore but are slowly becoming a de facto reality.
Thus, the borders between advanced cities and smart cities are getting blurrier — this is
a somewhat similar but slower process than how landline phones and then analogue
mobile phones have transferred into smartphones over the past three decades, making
smartphones de facto standard.

Although the amount of research on the hype term smart city has been increased
substantially, the literature still lacks an introduction to the core research and innova-
tion agenda of the phenomena which was proposed in this paper. If critically analysed,
most of the papers state that the concept of smart city is vague and there is no
agreement on definition among scholars. This is fundamentally true - there is no
absolute shift towards a theory as smart city. More than that, smart city is
a movement that connects several urban technology researchers and practitioners.
From the academic perspective, smart city is more like a glue that can combine different
ideas from different disciplines under one very broad umbrella. Although the number
of separate disciplines under the umbrella is big, the emphasis of them tends to be in
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technology-oriented ones. This could be one of the reasons for the general public
indifference against the concept of smart cities. Thus, more emphasis on severe societal,
cultural, and economic approaches, especially which of critical consumer and critical
technology studies, might improve the acceptance of smart city movement. Our find-
ings also implicate that larger-scale smart city studies should not be organised as
separate academic disciplines. Instead, they should be built on real-life problems,
even the wicked ones. In practice, this means more interdisciplinary and more experi-
mental approach to the development of smart cities.

Notes

https://www.volkswagenag.com/en/sustainability/engagement/smart-sustainable-island.html
https://www.kfw.de/stories/economy/innovation/smart-cities/

www.taltech.ee/en/smartcity

http://www.finesttwins.eu/projects
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http://www.blogs.casa.ucl.ac.uk
http://www.spatialcomplexity.info
http://www.imperial.ac.uk/transport-studies
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https://www.turing.ac.uk/
https://cp.catapult.org.uk/about-us/
http://www.oii.ox.ac.uk/
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https://www.ctg.albany.edu/projects/smartcitiesconsortium/
https://www.ctg.albany.edu/projects/smartcitiesconsortium/
http://www.urbansim.com
http://urbanccd.org/
http://senseable.mit.edu/
http://senseable.mit.edu/livesingapore/
http://senseable.mit.edu/livesingapore/
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