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ABSTRACT

Industrial cities still maintain structures for a mass production and consumption dynamics,
which result in several issues such as unemployment, homeless, traffic jams, pollution, diseases,
violence and so on. This urban industrial configuration no longer fits with the value creation
principles of the new techno-economic paradigm. The dynamics of the new techno-economic
paradigm demand that cities redeem their very essence in order to start a new cycle of wealth
creation. In order to overcome this crisis and encompass this new dynamics, cities of the future
must find suitable trajectories to become smart cities. However, there is no consensus about
what really makes a city smarter. What is a smart city? What are the driving elements that can
enhance the smartness of a city? The objective of this study is to propose an integrated
framework in order to understand the process to make cities smarter. To achieve this objective,
it was realized a systematic literature review and a multiple case studies from smart cities
projects in four European cities (Amsterdam, Barcelona, Lisbon, Vienna) where some experts
were interviewed. Results show that cities to become smarter should integrate their dimensions
and elements in order to offer high quality of life and a prosperous environment for innovation
and creativity in the most sustainable way. If a city wants to start this process of transformation,
it should develop some specific projects that that use and improve its enviro-urban
configuration, its techno-economic dynamics and its socio-institutional structure in order to
create wealth through a comprehensive innovation process. Therefore, the challenge to make a
city smarter lies on defining how to articulate those driving elements in each dimension properly

in order to build up its own urban innovation ecosystem.

Keywords: smart cities; paradigm; innovation; ecosystem; quality of life.



RESUMO

As cidades industriais ainda mantém estruturas para uma dinamica de producao e consumo em
massa, que resultam em varios problemas, como desemprego, falta de moradia,
engarrafamentos, poluicdo, doencas, violéncia e entre outros. Esta configuragdo industrial
urbana j& ndo estd mais condizente com os principios de criagdo de valor do novo paradigma
do século XXI. A dindmica do novo paradigma técnico-econdmico exige que as cidades
resgatem sua propria esséncia, que € a de aproximar pessoas para interagirem e compartilhar
ideias e conhecimentos de modo que seja possivel iniciar um novo ciclo de criagdo de riqueza.
Para superar essa crise e entrar nesta nova dinamica, as cidades do futuro devem encontrar
trajetdrias adequadas para se tornarem cidades inteligentes. No entanto, ndo ha consenso sobre
0 que realmente torna uma cidade mais inteligente. O que é uma cidade inteligente? Quais sdo
os elementos que podem aumentar a inteligéncia de uma cidade? O objetivo deste estudo é
propor uma estrutura integrada para entender o processo de tornar as cidades mais inteligentes.
Para atingir este objetivo, foi realizado uma revisdo sistematica da literatura para defini¢éo do
conceito e também um estudo de casos multiplos de projetos de cidades inteligentes em quatro
cidades europeias (Amsterdd, Barcelona, Lisboa, Viena) onde alguns especialistas foram
entrevistados. Os resultados mostraram que as cidades para se tornarem mais inteligentes
devem integrar suas dimensdes e elementos, a fim de oferecer alta qualidade de vida e um
ambiente préspero para inovacgdo e criatividade da maneira mais sustentavel. Se uma cidade
deseja iniciar esse processo de transformacdo, deve desenvolver projetos especificos que
utilizem e melhorem sua configuragdo ambiental urbana, sua dindmica tecno-econémica e sua
estrutura socio institucional, a fim de criar riqueza através de um abrangente processo de
inovacgdo. Portanto, o desafio de tornar uma cidade mais inteligente esta em definir como
articular adequadamente esses elementos direcionadores de cada dimensdo, a fim de construir

seu proprio ecossistema urbano de inovacao.

Palavras-Chave: cidades inteligentes; paradigma; inovacdo; ecossistema; qualidade de vida.
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1. INTRODUCTION

Since Ancient ages until nowadays, urban agglomerations have been true incentives for
settlement. It happens because urban agglomerations (i.e. cities), bring real gains of
concentration by merging population density and geographical proximity (GLAESER, 2011).
Cities reduce transaction costs, raise firms’ productivity, provide economies of scale, enhance
quality of life and stimulate creativity and innovation by engendering ease face-to-face
interactions (FLORIDA, 2002; ASHEIM and COENEN, 2005; SHAPIRO, 2006; ASHEIM et
al., 2007; CUBERES, 2009; ASHEIM, BOSCHMA and COOKE, 2011).

In sum, cities are innate engines for the socioeconomic development (Rogerson, 1999).
However, most of them are facing the challenge of overcoming issues such as unemployment,
homeless, social inequality, traffic jams, pollution, diseases, violence and so on (DODGSON
and GANN, 2011; NEIROTTI et al., 2014).

Remarkable is that the triumph of cities and the urban decay are both legacies of the
Industrial Revolution (GLAESER, 2011). The astonishing urban growth transformed small
towns into huge metropolises (SKOJBERG, 1955; STEARNS and BELL, 1974; FUJITA,
KRUGMAN and VENABLES, 1999). On the one hand, never before in history people reached
so high welfare state. On the other hand, cities were not prepared for this rapidly urbanization
process, which enhanced those issues not only making cities loss their superb gains of proximity
and density, but also making them hard places to live (GIL-GARCIA, PARDO and NAM,
2015).

Currently, the industrial city model is producing more negative than positive
externalities, which not only hinder cities to thrive, but also accelerate their urban decline
(EECKHOUT, 2004; DIRKS and KEELING, 2009). Most of urban issues are intimately
connected with an industrial city model driven by mass production and consumption of
declining manufacturing industries, which are supported by outdated buildings and
infrastructures, stuck institutional frameworks, and a laggard knowledge base (CARTER, 2013;
HAJKOVA and HAJEK, 2014; BOLIVAR and MEIJER, 2016).

This model no longer fits with the value creation principles of the new techno-economic
paradigm (BELL, 1976; PEREZ, 2004; ANGELIDOU, 2015). The new paradigm encompasses
a set of assumptions, principles and values such as, sustainability, connectivity, mobility,

accessibility, transparency, inclusiveness, collaboration, diversity, meritocracy and so on
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(STEARNS and BELL, 1974; PEREZ, 2004; FLORIDA, 2014). These characteristics foster
the emergence of new business models, new industries, new technologies, new market relations
and new society (FLORIDA, 2014; SCHWAB, 2017).

The creation of wealth in the 21% century flows through the innovation primacy, mostly
enabled by knowledge-intensive digital applications widespread by creative and sustainable
industries (FREEMAN AND PEREZ, 1988; FLORIDA, 2014; DE JONG et al.,, 2015;
SCHWAB, 2017). The knowledge economy demands from firms a higher level of techno-
scientific knowledge to develop increasingly complex solutions in order to meet the needs of
more demanding consumers.

However, just one firm is no longer able to develop a solution only with in-house
knowledge, given its bounded rationality (SIMON, 1945) and the high organizational costs to
produce the required knowledge (COASE, 1937; PENROSE, 1959; WILIAMSON, 1981).
Thus, it is necessary to bring together knowledge from other firms to develop these complex
solutions (ROTWHELL, 1994; HUIZING, 2011).

As a matter of fact, firms rely on people, because they are the very porters of knowledge
and creativity, which are the main inputs for wealth creation in the 21% century. In this context,
cities play an important role in the new paradigm, because they ease face-to-face interaction,
which still is the best way to exchange ideas and knowledge (Florida, 2002; 2014).

The process of wealth creation demands that cities be upgraded in order to recover their
innate advantages. In other words, cities should become smart in order to cope with those issues
and also encompasses the dynamics of this revolution (ZYGIARIS, 2013). However, what is a
smart city?

The term “Smart City” has been attracting the attention of many scholars, firms,
institutions and governments around the world (CARAGLIU ET AL., 2011; NEIROTTI et al.,
2014). The number of publications and projects related to smart city has been growing
exponentially in the last ten years around the world (Lee, Hancock and Hu, 2014; De Jong et
al., 2015).

Despite different definitions, there is no consensus about what really is a smart city
(NEIROTTI ET AL., 2014; ALBINO, BERARDI and DANGELICO, 2015). The lack of a
comprehensive concept is because most of literature about smart city does not consider the
inherent evolutionary process of urban transformation (ANGELIDOU, 2015). It is impossible

to imagine that a city will be smart from night to day.
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Besides that, the smart city initiatives and experiences around the world show different
strategies and ways of implementation (ANGELIDOU, 2014; LEE, HANCOCK and HU,
2014). These differences evidence that the transformation of cities is highly context dependent
(WEISI & PING, 2014 apud LETAIFA, 2015), because cities are naturally different (i.e. urban
morphology, natural resources, economy, culture, technology and so on).

Cities evolve over long periods in a path dependent manner by shaping the scope and
possibilities of future development (MARTIN and SIMMIE, 2008). Consequently, it is possible
to affirm that there is no fully-fledged smart city yet (YIGITCANLAR, 2015).

This is an undergoing process that each city should find its own trajectory to become
smarter (NEIROTTT et al., 2014). Thus, it is assumed that cities have different degrees of
“smartness” (ANGELIDOU, 2014; LETAIFA, 2015; GIL-GARCIA, ZHANG and PURON-
CID, 2016). While some cities are in more advanced stages, others are still taking the first steps
towards this inevitable transformation (CARAGLIU et al., 2011; ZYGIARIS, 2013; CARTER,
2013).

Therefore, a smart city should be considered as an ideal model for urban development
(ANGELIDOU, 2014), in which each city will have to find ways to enhance its “smartness”.
The problem is that the literature does not present an integrated evolutionary approach about
how to enhance the smartness of a city (LETAIFA, 2015; MANITIU and PEDRINI, 2016;
FERNANDEZ-GUELL, et al., 2016).

Several studies tried to identify which elements compose a smart city, but few of them
show which features these elements should have in order to make a city smarter (CARAGLIU
et al, 2011; NEIROTTI et al., 2014; GIL-GARCIA, PARDO AND NAM, 2015;
ZUBIZARRETA et al., 2016). It is important to highlight that identifying the features of these
elements should help practitioners to design policies and strategic initiatives in order to start
the process of transformation.

However, it is not enough only identifying which elements compose a smart city and
their specific features; it is necessary to understand how these elements can enhance the
smartness of a city in an integrated manner (LETAIFA, 2015). The design of a new model for
urban development that integrate the different elements of a city can enhance its potential for
wealth creation.

Within a multidimensional approach that considers the interaction among those different
elements of a smart city, it will be possible to identify how cities can enhance their smartness

in order to speed up the adoption of this new urban model.
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Therefore, the main objective of this work is to propose an integrated framework to
understand the process to make cities smarter.

The secondary objectives are fundamental to achieve this main objective:

e To clarify the smart city concept in order to propose a multidimensional
definition.

e To analyze different smart city experiences in order to disclose the driving
elements of a smart city and their specific features.

e To integrate the different dimensions and driving elements of a smart city in
order to understand how to enhance the smartness of a city.

This work used different qualitative methods in order to reach these proposed objectives.
A systematic literature review was performed in order to know the state-of-art about this topic.
This method allowed to build a solid definition and to suggest some assumptions. These
assumptions were essential to establish the next steps of this work, because it was clear that
would be only possible to identify what make a city smarter by analyzing different smart city
experiences and projects around the world.

Then, it was chosen some projects of four emblematic cities in Europe and the experts
that coordinate these projects were interviewed in order to disclose the most important elements
of a smart city. The data analysis from those different sources enabled to build an integrated
framework that present the interaction among dimensions.

This work was divided in seven sections. After this introduction, a conceptual
background was revisited and the results of systematic literature review were exposed. Then,
the method was presented. In the next section, the cases studies were presented. After that, it
was made a discussion about the way to make cities smarter. Finally, the concluding remarks,

study limitations and suggestions for future research were showed.
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2. THE ROLE OF CITIES IN THE NEW TECHNO-ECONOMIC PARADIGM

Before understanding what a smart city is, the question should be; why is it necessary to
make cities smarter? To answer this question, some topics need further enlightenment.

The first topic is to show that cities are not “dumb”. In fact, most of cities are just facing
the paradox related to their own forces of attraction, which make them naturally lose those
innate gains of concentration.

The second topic is to discuss about how the industrial city model restrains the creation
of wealth in 21% century. It is crucial to show in a historical perspective that the evolution of
cities is related with the current techno-economic® paradigm in each time. A brief
characterization of this ongoing process of technologic change and its ties with the social and
economic impacts are important to start a discussion about the (new) role of cities in 21%

century. These topics are discussed in the further sub-sections.

2.1. THE PARADOX OF URBAN AGGLOMERATIONS: FORCES OF ATTRACTION
AND CONGESTION COSTS

There is common sense that cities are no longer good places to live given their countless
issues, and, consequently they would disappear in the next few decades. However, it is
happening the extremely opposite. Until 2050, more than two thirds of world population will
live in urban agglomerations (UN, 2014).

Considering that, one should ask why this urbanization process has been occurring at a
fast pace since the first Industrial Revolution and will continue despite of those urban issues?

Briefly, it is because cities present more benefits than harms. The forces of attraction
from any city rely on two correlated concepts: geographical proximity and population density
(MARSHALL, 1920; DURANTON and PUGA, 2004).

Since Ancient ages until nowadays, people move from countryside into urban

agglomeration, because cities concentrate buyers and sellers into a same geographical space,

! Freeman and Perez (1988) define a techno-economic paradigm as “a combination of interrelated product
and process, technical, organization and managerial innovations embodying a quantum jump in potential
productivity for all or most of economy and opening up an unusually wide range of investment and profit
opportunities”. Consequently, a paradigm change implies a radical transformation on these current combinations,
which has pervasive effects in the new range of products and systems, but most of all in the dynamics of the relative
cost structure of all possible inputs to production.
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which reduce transaction costs (WOOD and PARR, 2005). Firms and consumers can make
cheaper and easier transactions given their proximity. It is a true incentive to attract even more
people and firms into urban agglomerations. Then, urban density start to bring some “magical”
outputs. The urban density is important, because it provides economies of scale to different
stakeholders, which makes cities even more attractive (MORETTI, 2012).

Considering that, city favors the labor-intensive economic activities, because they offer
not only infrastructure, but also jobs, utilities and amenities that enable people to succeed and
enjoy pleasant experiences (MORETTI, 2012). They also have the power to attract firms,
because they offer a thick labor market, specialized suppliers, and enable knowledge spillovers
(MARSHALL, 1920).

In sum, the proximity and density are the drivers of any city, because a city per se can
generate diverse economic externalities, which can maximize the utility curve of city’s
stakeholders (HENDERSON, 1974; LUCAS, 1988; FUJITA et al., 1999; CUBERES, 2009;
WINTERS, 2011).

The paradox is that this power of attraction also brings some negative outputs. On the
one hand, a city has increasing returns to scale, because it accumulates capital (i.e. tangible and
intangible assets) until its optimal size, and, consequently, it produces positive externalities
(FUJITA et al., 1999; BLACK and HENDERSON, 1999; CUBERES, 2009). On the other hand,
if a city exceeds its break-even point, it will generate additional congestion costs, which results
in decreasing returns to scale, and, consequently, in negative externalities (MARSHALL, 1920;
HENDERSON, 1974; LUCAS, 1988; FUJITA et al., 1999; EECKHOUT, 2004).

In other words, a city can accumulate capital until the point where the costs of this
accumulation are lower than the return from the economic activities allocated in this
agglomeration (FUJITA et al., 1999; EECKHOUT, 2004; CUBERES, 2009). This is happening
in most of cities around the world. The rapid urbanization process without planning and
management has been harming the urban development, and, consequently, the process of wealth
creation in these places.

Cities are losing their innate gains from proximity and density, because they cannot
provide the key assets to capital accumulation. Besides that, the “death of distance” considering
the new means of transportation, digitalization and globalization reduced those transaction
costs, which make cities loss their importance considering the relative gains of proximity to

market manufactured goods (GLAESER, 2011).
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Would the cities have lost their role as engines for sustainable socioeconomic
development?

If cities are considered merely locational places to reduce transaction costs, maybe they
are not more important for wealth creation. It is reasonable to think that firms and consumers
will move for places that present the lowest cost to perform their activities.

However, it is the extremely opposite that is happening. People and firms are going to
most expensive and fancy places to start their lives and business activities (MORETTI, 2012).
What could explain something so contradictory?

Obviously that, the reduction of transaction costs are still important for any urban
agglomeration succeed. However, the cities always were important because of another reason.
Cities can engender ease face-to-face interactions that stimulate creativity and innovation,
which enhance the knowledge production, and, consequently, the wealth creation (FLORIDA,
2002; ASHEIM and COENEN, 2005; SHAPIRO, 2006; ASHEIM et al., 2007; CUBERES,
2009; ASHEIM, BOSCHMA and COOKE, 2011).

Considering that, the urban crisis is not only because an unpredicted urbanization
process, but also because they cannot accumulate capital with the current urban model anymore
(EECKHOUT, 2004, CUBERES, 2009; YIGITCANLAR et al., 2010). In addition to bringing
various congestion costs, the industrial city is also deterring the knowledge production, which
1s the most valuable asset in the new paradigm (HAJKOVA and HAJEK, 2014).

However, why did this happen? Why is knowledge so important to the new paradigm?

2.2. THE AGGLOMERATIONS OF FUTURE AND THE NEW TECHNO-ECONOMIC
PARADIGM

Over time, economic activities and modes of production shape different kinds of
agglomerations (HENDERSON, 1974; FUJITA, KRUGMAN and VENABLES, 1999).
Villages, towns, cities, metropolises show that the evolution of urban agglomerations follow
different trajectories, which rely on how they adapt their structures in order to encompass the
current techno-economic paradigm (SKOJBERG, 1955; BELL, 1974; FREEMAN and PEREZ,
1988; EECKHOUT, 2004).

Actually, the cities are facing again the process of adjustments in their “regime of
regulation” in order to start a new cycle of social and economic development (FREEMAN and
PEREZ, 1988; PEREZ, 2004). It happened more than three centuries ago when pre-industrial

city suffered several adaptations in order to support the boom of Industrial Revolution.
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People migrated from countryside to search jobs and opportunities. A huge stock of
human capital with different backgrounds could now exchange ideas as well as goods
considering the astonishing growth of consumer market. These industrial cities should now
invest in new technologies, because the huge density could cover fixed costs, which enable the
deployment of those technologies on mass scale. Cities grew and established police, fire and
sanitation departments, as well as road networks, schools, public transportation, hospitals, and
later electricity distribution.

The mass production system enabled firms to produce goods in large scale with a
standard quality in order to supply consumers’ needs. This system is characterized by new
sources of energy, by several workers performing fragmented processes and by the using of
machineries resulted in a deep specialization process and definitively influenced all aspects of
society (CHANDLER, 1990). It was the rising of the industrial society (SKOJBERG, 1955;
BELL, 1976).

Within the application of basic scientific discoveries in goods, new production mode,
new division of labor, organized markets, new sources of energy, and advancements in
agriculture, logistics and communication characterized a major turning point in history, when
the average income and population began to show a sustained growth. Social mobility could
happen more often. Consequently, the bourgeoisie gauged forces with the pre-industrial elite
by the political appreciation and economic power of the cities (SKOJBERG, 1955).

In comparison with the pre-industrial era, the extensive industrialization required a
rational, centralized governance, in which economic, educational and social organization were
based more on universalism than on particularism where the class system stressed achievement
rather than ascription resulting in a small and flexible kinship system (SKOJBERG, 1955).
Those gains of proximity and density showed their “magical” effects.

However, as mentioned before, this also brought several urban issues. The true is that
the triumph of cities and the urban decay are both legacies of the Industrial Revolution
(GLAESER, 2011). While the rapid urban growth provided unprecedented socioeconomic
development, the lack of adequate planning to support this urban growth brought with it several
issues. Cities cannot even provide basic services for citizens considering their high congestion
costs.

Currently, the industrial cities are producing more negative than positive externalities,

which results in low quality of life, declining economic growth and many other urban issues
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such as unemployment, pollution, diseases, violence and so on (DIRKS and KEELING, 2009;
WINTERS, 2011; MORETTI, 2012).

Besides that, the new techno-economic paradigm is shifting the productive base from
handwork to brainwork, because the sustained growth of an economy results come from the
knowledge application (i.e. technology) rather than other production factors, such as land, labor
and capital (ROMER 1986; LUCAS 1988, AGHION and HOWITT 1992). Many
manufacturing industries were once the main source of wealth creation in these cities, started
to move their activities for other regions around the world where operational costs were lower
(CHANDLER, 1990), apparently pre-industrial cities.

In the last centuries, the mode of mass production and the market based on mass
consumption allowed a thriving growth of manufacturing industries, which was only necessary
to put a good in the market that it was absorbed by consumers. The old techno-economic
paradigm was utilitarian-based and machine-driven, because goods were more important than
ideas, which enabled high returns to scale and high margins of profits for firms (FREEMAN
and PEREZ, 1988).

The new revolution is happening at an even faster pace, because never before in the
history, economic agents have elements as information, creativity and knowledge at these levels
of complexity and availability (DOSI, 1988; FREEMAN and PEREZ, 1988; ANGELIDOU,
2014; HAJKOVA and HAJEK, 2014). It means that firms will mainly create value from
knowledge, because it can grow exponentially and also provide unlimited increasing returns to
the economy being the real source for wealth creation. One of interesting dynamics of this new
paradigm is that firms require even more knowledge to produce profitable solutions in order to
supply niche markets of more informed (and demanding) consumers. Consequently, it is even
more difficult to achieve the innovation. In spite of knowledge can grow exponentially, the costs
to produce this knowledge can make the development of a solution almost unfeasible
(ROTHWELL, 1994).

In 21% century, it is almost mandatory that firms collaborate in different ways and
intensities to develop complex solutions. Firms should raise up their networking for knowledge
production in order to increase the efficiency and efficacy of their innovative process
(ROTWHELL, 1994; CHESBROUGH, 2006; HUIZING, 2011).

In this sense, it is clear that digital applications provided easier connections among firms

around the world by enabling them to exchange information and ideas even faster. However,



21

there are three major bottlenecks in considering that only Information and Communication
Technologies (ICT’s) should solve these networking issues.

First, it is because ICT’s as well as many others technologies suffer from Jevons’
paradox, in which more efficient means of transmitting information increase the time for
transmitting information. It happens because better connections means create a more intensive
relationship world, which require complementary ways to increase these connections.

Second, to produce the different types of knowledge (i.e. analytical, symbolic or tacit),
there are different requirements for spatial proximity; from being relatively constant between
places to being highly variable between places (ASHEIM et al., 2007).

Third, the world is still facing the digital divide, because in some countries and regions
don’t have an adequate infrastructure considering the lack of investments in ICT’s.

Consequently, the digital communication increase the importance of face-to-face
interactions to produce complex knowledge. In 21% century, human capital is the most
important asset, because people are the very porters of knowledge and creativity (FLORIDA,
2002).

These aspects reinforce the crucial role that cities have in the new paradigm. Not only
because the new creative industries are located in cities, but also because cities enable easier
and relative low-cost interactions among people and firms, which speed up the production of
knowledge and the development of complex solutions.

The question is: how is possible to deal within this dichotomous context in order to
overcome the urban issues and start a new cycle of wealth creation?

It seems clear that if cities maintain this industrial configuration, it will not possible to
sustain the socioeconomic development over time (MORETTI, 2012). The new techno-
economic paradigm present a very different dynamic where this industrial configuration not
only hinder cities to thrive, but also accelerate their urban decline (EECKHOUT, 2004; DIRKS
and KEELING, 2009).

To overcome this crisis, cities must change their trajectories with a new model for urban
development, because the new paradigm demands a very different dynamic. This new city
model should be able to cope with those issues and also encompasses the dynamics of the new
paradigm in order to redeem the very essence of cities, which is concentrate and connect people
and firms.

The cities of future should offer a set of urban assets to attract and retain creative

knowledge workers and innovative firms in order to start a new cycle of wealth creation. In
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other words, cities should be transformed in a more efficient and livable space that can enhance
the quality of life and stimulate creativity and innovation (ZYGIARIS, 2013; ANGELIDOU,
2014; NEIROTTI et al., 2014). Cities must become “smart cities” (CARAGLIU et al., 2011;
NEIROTTI et al., 2014; LEE, HANCOCK and HU, 2014; DE JONG et al., 2015;
ZUBIZARRETA et al., 2016).

However, what really is a “smart city”?

To answer this question, it is necessary to deepen theoretical knowledge about smart
cities. It was performed a systematic literature review in order to identify the conceptual

definitions and to define the dimensions of a smart city.
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3. THE SMART CITY CONCEPT: ANEW ENGINE FOR WEALTH CREATION

The discussion about how cities should cope with their key issues has become a trending
topic (DE JONG et al., 2015). There is a consensus that if cities maintain an industrial
configuration, they will perish in the next few decades.

Actually, most of urban issues are intimately connected with an industrial city model
driven by mass production and consumption of declining manufacturing industries, which are
supported by outdated buildings and infrastructures, stuck institutional frameworks, and a
laggard knowledge base (CARTER, 2013; HAJKOVA and HAJEK, 2014; BOLIVAR and
MELIER, 2016).

In this sense, the major concern lies on how is possible to redeem those natural city
advantages in order to start a new cycle of wealth creation?

The fact is that in the 21 century cities should have a crucial role to play in for the
economic, social and environmental development (ANGELIDOU, 2015; GIL-GARCIA,
PARDO and NAM, 2015; MARSAL-LLACUNA and SEGAL, 2016).

Thus, it is necessary to find a model so that cities can fit into the new paradigm in order
to overcome urban-related issues (NAM and PARDO, 2011). Academics, practitioners and
private companies elected the smart city model as the most appropriated alternative for cities to
overcome those issues and at same time leapfrog them into the new paradigm (BAKICI,
ALMIRALL and WAREHAM, 2013; ANGELIDOU, 2014; DE JONG et al., 2015;
ZUBIZARRETA et al., 2016).

However, the term “smart city” does not present a solid definition yet, which may

restrain the model adoption by those industrial cities (ALBINO et al., 2015).

3.1. REVISITING THE CONCEPT: A SYSTEMATIC LITERATURE REVIEW

Aiming at clarifying the smart city concept, a protocol for systematic review was
followed so that relevant papers on smart city concept could be analyzed (see Table 1). Data
gathering criteria included only scientific papers in English published between 1990 and 2016
from Web of Science and Scopus Elsevier databases, which showed up “smart city/smart cities”

in their title, abstract and/or keywords. Subject areas related to social sciences, business and
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management, economics, planning development and urban studies were defined, considering

the author’s background.

Table 1 - Search Criteria for Systematic Literature Review

Database | Keyword(s) Search Criteria Results

Data Range: 1990 — 2016
Fields of Knowledge: Urban Studies; Economics; Management;
Web of Business; Social Interdisciplinary Studies; Planning Development

. “smart cit*” | Types of document: Only Articles 156 papers
Science . found.
Language: Only English
Data Range: 1990 — 2016
Fields of Knowledge: Social Sciences; Economics,
Econometrics and Finance; Business, Management and
) Accounting; 360 papers
Scopus “smart cit*” | Types of document: Only Articles fogng.

Types of document: Only Journal
Language: Only English

Results identified 360 documents in Scopus database and 156 documents in Web of
Science database, which represent a total of 516 papers. Subsequently, duplicated works from
the initial sample were excluded, remaining 415 papers to be further analyzed.

After that, a new selection was conducted by analyzing the abstracts and introduction
according to the following inclusion criteria:

a) papers that present a clear definition of smart city concept;

b) papers that discuss more than a specific topic in a city (i.e. public transport, security,
health, etc.) and try to make a relation with smart city concept;

C) papers that present more than a technology application in a city (i.e. big data, smart
grid, open data, etc.).

The final sample had 110 papers. This selection flow was presented in Figure 1.
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Figure 1 - Systematic Review Flow Diagram
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The results show that literature about smart cities has been growing in the last seven
years (Figure 2) and the journals with the highest number of publications are: Journal of Urban

Technology (9), Social Science Computer Review (8) and Cities (6).

Figure 2 - Publications about smart cities per year
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After that, these papers were divided in two groups: 1) most cited papers — citation-
based analysis is widely used as a measure of paper quality and also means that these papers
have already made theoretical/empirical contributions towards knowledge accumulation and

development about the theme (Saha et al., 2003); and 2) recent papers — recognizing that the
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citation-based method may discriminate against recent publications, an additional group from
the most recent papers (2014-16) was formed.

The main entry was retained in the first group under consideration, while duplicating
entries were eliminated from the subsequent group. Thus, abstracts, introduction, theoretical
background and methodological procedures from all selected papers were read in order to
extract the main definitions related to the smart city concept. These several definitions were
condensed and integrated in a comprehensive definition that required a content analysis in order
to clarify some of these concepts.

Considering that, the content analysis was performed following the three stages
proposed by Bardin (1977): pre-analysis, exploration and data treatment. All papers were read
in a fluctuant mode and preliminary hypothesis and assumptions were formulated.

These definitions and assumptions were showed in the further sections.

3.2. SMART CITY DEFINITIONS

The term “Smart City” emerged in the beginning of the 1990’s, coined as the
relationship between technology, innovation and urbanization growth worldwide. In these last
decades, many different urban experiences have been developed, which increase the importance
of this topic in both private and academic perspectives (LEE, HANCOCK and HU, 2014).

Since 90’s until nowadays, the smart city concept become more comprehensive, because
the economic, social and environmental aspects were introduced within the technological
perspective (DE JONG et al., 2015). Actually, the concept is an evolution of the older concepts
such as “Digital City”, “Information City” and “Intelligent City” (KOMNINOS, 2002; DE
JONG et al., 2015).

In that way, Harrison et al (2010) define a smart city as an instrumented, interconnected
and intelligent city, which present several integrated information and communication
technologies (ICT’s). These ICT’s are used to improve public services and hard infrastructures
in order to enhance the quality of life (KUK and JANSSEN, 2011; LEE, PHAAL and LEE,
2013; PAROUTIS et al., 2014). These technologies provide a set of data and information that
can help a city to make a better use and management of natural and financial resources, and
also can solve some problems of urban living, like traffic control, energy consumption, waste
management, water and sewage management (LEE, PHAAL and LEE, 2013; NEIROTTI et al.,
2014).
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In addition, one of the major concerns and challenges refer to environmental
sustainability. Given the scarce resources and the pressures from different stakeholders,
environmental sustainability is one of the big topics that every city has to discuss in their
political agenda (HERRSCHEL, 2013). Smart cities need to find solutions through an optimal
allocation of these scarce resources to reach some international goals, like reducing greenhouse
effects, energy and water consumption, recycling and reducing pollution (GIFFINGER et al.,
2007; NEIROTTI et al., 2014). More efficient processes and efficient management of natural
resources, less consumption and waste awareness, are some sustainable goals that can be
achieved (HERRSCHEL, 2013). There are much more indirect costs of being a filthy and
polluted city.

Thus, environmental sustainability is an important output that a smart city should strive,
aiming the enhancement of people’s quality of life. A city has to develop policy-shaping
mechanisms to facilitate collaboration, negotiation and engagement of city agents in order to
mitigate these problems. It is expected that these actions will transform cities into a more
sustainable place, which, consequently, will enhance the quality of life (HERRSCHEL, 2013;
DE JONG et al., 2015).

In sum, smart cities have to seize the opportunities to deliver value and enhance quality
of life of their inhabitants through the deployment of ICT’s and new technologies (i.e. smart
grids, street lightning, traffic sensors, climate meters, etc.) in their urban infrastructure and
should be used to improve public facilities and utilities. These technologies can help cities to
increase efficiency and environmental sustainability, reduce congestion costs and bring better
returns of investments (KUK and JANSSEN, 2011; PAROUTIS et al., 2014; DE JONG et al.,
2015).

In other words, these technologies can reduce, even mitigate, the transaction costs and
also can provide a set of opportunities to create value considering their multiplier effects. It is
no accident that big tech companies see smart cities as a huge potential market to introduce
technologies in the urban environment (HARRISON et al., 2010; PAROUTIS et al., 2014).

Nevertheless, a smart city is far from being limited to the application of technologies in
the urban environment (HOLLANDS, 2008; NEIROTTI et al., 2014; ALBINO et al., 2015;
ZUBIZARRETA et al., 2016). Obviously that in 21% century any city should be digital in order
to facilitate its development, but cities are essentially made by people. The focus of smart cities

must be on people.



28

Actually, the human factor is at the core of economic, social, cultural and environmental
processes, because the same individual can play different roles in a city, such as worker, student,
consumer, inventor, citizen and so on (FLORIDA, 2002; SHAPIRO, 2006; HOLLANDS, 2008;
MIGUELEZ and MORENO, 2014; ALBINO, BERARDI and DANGELICO, 2015; BETZ et
al., 2016). As an example, smart cities should provide efficient mobility networks in order to
ease interactions among people (CARAGLIU et al., 2011).

Smart cities must have high-skilled and creative human capital that could be trained on
knowledge institutions and could work in knowledge-intensive firms to develop solutions for a
global market (FLORIDA, 2002; SHAPIRO, 2006; WINTERS, 2011; ZYGIARIS, 2013;
NEIROTTI et al., 2014; MARKKULA and KUNE, 2015). In other words, there is no smart city
without knowledge and creativity, which increase the importance of people to achieve
innovation (ZYGIARIS, 2013).

Considering the importance of human capital, Winters (2011) defines that “smart cities”
are metropolitan areas with a large share of the adult population with a college degree. He
claims that they may be less likely to commit crimes, more likely to vote, more likely to support
local art and other cultural amenities, and more tolerant of others (FLORIDA, 2002 apud
WINTERS, 2011). In addition, Shapiro (2006) proved that there is a causal effect of
concentration of college graduates on local area employment growth. These college graduates
can also improve quality of life in an area with a “consumer city” style (i.e. openness of
amenities such as bars and restaurants), rather than from more politically mediated area
attributes such as crimes, schools and pollution (SHAPIRO, 2006).

It 1s important to highlight that high talented people (FLORIDA, 2002) are lured by
attractive and functional spaces, which means that only physical infrastructure and basic
services are not enough to satisfy their needs (MIGUELEZ AND MORENO, 2014). Winters
(2011) said that “an individual will move if an alternative location offers a higher utility than
his current location and the utility differential is sufficiently high to compensate the individual
for the costs of moving”.

Therefore, smart cities have to present unique urban design and cozy amenities to attract
and retain “brains”. They have to offer options for entertainment and leisure, like museums,
restaurants, stores, cinemas, theaters, and also an enjoyable environment for urban living
aspects, like unique buildings architectures, aesthetic pleasing public places and vistas,

walkable streets and beauty elements in the public realm.
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However, it is important to highlight that merely attracting capital may not be the
solution for all issues, because it will depend on how the capital is used in urban space
(VANOLO, 2014). It is necessary to create a set of mechanisms to facilitate knowledge flow,
to raise knowledge base and to promote innovation (LEYDESDORFF and DEAKIN, 2011;
HAJKOVA and HAJEK, 2014). A smart city should increase the knowledge production and
application by enabling an ease interaction and collaboration among city’s stakeholders,
making them integral parts of an innovation ecosystem (LEYDESDORFF and DEAKIN, 2011,
HAJKOVA and HAJEK, 2014).

To facilitate knowledge production, a smart city should present a new institutional
governance model (LEE et al., 2014; MEIJER and BOLIVAR, 2016) in order to enable the
community collaboration and participation, and improve public services and infrastructures
aiming at offer high quality of life and a prolific innovation ecosystem (ZYGIARIS, 2013;
NEIROTTI et al., 2014; ALBINO et al., 2015). New partnerships (public and private) and
institutions should be created to start some initiatives that can boost urban development (LEE
et al., 2014). Smart legal rules and arrangements can assist all actors and make cities flourish.
They offer proper conditions to seek innovative opportunities and improve urban dynamics
through a smart governance (GIFFINGER et al., 2007).

Based on the systematic literature review, it is possible to affirm that the smart city
concept comprehends different social, economic, urban, institutional, technological and
environmental aspects in a systemic approach (HOLLANDS, 2008; NEIROTTI et al., 2014;
ANGELIDOU, 2015). Besides that, the smart city concept must incorporate an evolutionary
perspective, which means that smart city is a model for urban development (ANGELIDOU,
2014) and not a simple adjective.

Table 2 shows the relevant definitions according to the top ten most-cited and recent

papers on smart city concept.

Table 2 - Main ideas regarding Smart City definitions

Author(s) Definitions

“...progressive smart cities must seriously start with people and the human capital side of

Holland . . o . .
oranas the equation, rather than blindly believing that IT itself can automatically transform and

2 .31
(2008, p. 315) improve cities”

“We believe a city to be smart when investments in human and social capital and
Caragliu et al. traditional (transport) and modern (ICT) communication infrastructure fuel sustainable
(2011, p. 70) economic growth and a high quality of life, with a wise management of natural resources,
through participatory governance.”
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Leydesdorff
and Deakin
(2011, p. 61)

“Such cities are “smarter” at exploiting information and communication technologies and
are not only creative or intelligent in generating intellectual capital and creating wealth, but
also in selecting environments governing their knowledge production, making them
integral parts of emerging innovation systems.”

Zygiaris (2013,
p. 218)

“Smart city conceptions as “green” referring to urban infrastructure for environment
protection and reduction of CO2 emission, “interconnected” related to revolution of
broadband economy, “intelligent” declaring the capacity to produce added value
information from the processing of city’s real-time data from sensors and activators,
whereas the terms “innovating”, “knowledge” cities interchangeably refer to the city’s
ability to raise innovation based on knowledgeable and creative human capital”

Angelidou
(2014, S3)

“Smart cities are all urban settlements that make a conscious effort to capitalize on the new
Information and Communications Technology (ICT) landscape in a strategic way, seeking
to achieve prosperity, effectiveness and competitiveness on multiple socio-economic
levels.”

Lee et al.
(2014)

Smart Cities have to consider a global vision to develop and implement a set of policy-
mechanisms through an alternative institutional governance model to change this scenario.

Neirotti et al.
(2014)

Smart City concept goes beyond the focus of ICT vendors on digitalization, and also takes
into consideration some of the aspects that are related to soft components that have crucial
importance on the urban, social and economic development of a city, such as human
capital.

Albino, Berardi
and Dangelico,
(2015, pg. 3;7)

“The smart city concept is no longer limited to the diffusion of ICT, but it looks at people
and community needs. People are the protagonists of a smart city, who shape it through
continuous interactions and the community of a smart city needs to feel the desire to
participate and promote a (smart) growth.”

De Jong et al.
(2015, pg. 34)

“The concept of ‘smart city’ is also relatively new in origin, although it stems from, or can
at least be seen as a more advanced successor to, the older ‘information city’, ‘digital city’
and the ‘intelligent city’ categories (...) The more recent definitions are more
comprehensive. Considering an apparent resemblance with the category ‘knowledge city’,
‘smart city’ is seen to be the desirable direction for urban development is similar:
information and knowledge-intensive production without high environmental impact.

Zubizarreta et
al. (2016,
04015005-7)

“Smart cities are not only an aggregation or a merger of some applications, they represent a
new cultural idea of cities. Technology is a driver, a facilitator for the city development, but
if there is not a strategy and a purpose that technology must follow, the risk is disorder.”

These several definitions and ideas regarding the literature show that the smart city

concept still has not a singular definition. It seems that there is a lack of theoretical background
to support a better explanation for this new phenomenon.

Obviously that, it is not an easy task to fully comprehend the dynamics behind this

complex study object. It should begin this definition considering the very essence of any city,

which is to bring together people into same geographical place in order to ease the flourish of

ideas and knowledge exchange among them. Also has to consider how the new technologies

influence the dynamics of the global economy and their effects on society in a local perspective.

Besides that, it should encompass the new values, assumptions and drivers that demand a huge

transformation of several city structures.
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Actually, the smart city concept should provide a powerful tool to understand how the
cities of future can deliver value for their different stakeholders in a more comprehensive way.
In this sense, a smart city can be defined as:

An urban space that offers a high quality of life and a prosperous environment for
creativity and innovation in the most sustainable way through the use of digital technologies
in order to enable a collaborative knowledge network, a flexible institutional structure, an
integrated governance model and a functional urban infrastructure and design.

Considering this definition, it is necessary to define analytical dimensions to ease the

understanding of the possible trajectories to make a city smarter.

3.3. DIMENSIONS OF A SMART CITY

The literature indicates that it is necessary to approach the phenomenon from a holistic
view to understand the dynamics of a smart city (NEIROTTI et al., 2014; ANGELIDOU, 2014;
LETAIFA, 2015). In this sense, the different concepts and definitions were grouped into a
multifaceted model, which allows to identify what really make a city smarter.

In order to identify which are the dimensions of a smart city, it was extracted the most
frequent words from all publications with software NVIVO 11. These words were codified and
grouped into similarity proximity (clustering), which enabled to identify that a smart city has

four dimensions (Table 3).

Table 3 - Most Frequent words and categorized dimensions

Frequent Words Dimensions Main References

development
governance
planning
management
strategies
policies
initiatives
collaboration
participation
integration
flexibility
data
information
digital

public services
design

(Dodgson and Gann, 2011; Kuk and Jansen, 2011;
Herrschel, 2013; Lee, Hancock and Hu, 2014;
Vanolo, 2014; Dupont, Morel and Guidat, 2015;
Gil-Garcia, Zhang and Puron-Cid, 2016;
Castelnovo, Misuraca and Salvodelli, 2016; Bolivar
and Meijer, 2016; Dameri and Benevolo, 2016)

City Governance

(Caragliu et al., 2011; Lee, Phall and Lee, 2013;

mobility
infrastructure
urbanization

Environ-Urban
Configuration

Carter, 2013; Paroutis et al., 2014; Neirotti et al.,
2014)
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environment
quality of life
sustainability
institutional
culture
inclusion Socio-Institutional (Hollands, 2008; Albino et al., 2015; Capdevila and
accessibility Structure Zarlenga, 2015; Betz, Partridge and Fallah, 2016;
people Thomas et al., 2016; Vanolo, 2016)

social

citizens
entrepreneurship
business
industries

econom
technoloygy (Shapiro, 2006; Leydesdorff and Deakin, 2011;

creativity Techno-Economic Winters, 2011; Bakici, Almirall and Wareham,
networking 2013; Zygiaris, 2013; Albino et al., 2015; Kraus et

competitiveness Dynamics al., 2015; Markkula and Kune, 2015; Del Bo and
innovation Caragliu, 2016)

knowledge

research

education

human capital

These dimensions encompass different elements that shape the dynamics of this new
model for urban development (ANGELIDOU, 2014; GIL-GARCIA, NAM and PARDO,
2015). It is assumed that the combination of different elements should enhance the smartness
of a city (LETAIFA, 2015; GIL-GARCIA, ZHANG and PURON-CID, 2016). However, it is
important to first define how these dimensions are configured.

Considering the systematic literature review and the definition created in this work, four
dimensions were categorized as City Governance; Environ-Urban Configuration; Socio-
Institutional Structure; Techno-Economic Dynamics. These dimensions are further detailed
below.

The governance dimension of a smart city has a central focus on collaboration between
the different stakeholders that actively participate in a collective decision-making process to
make or implement public policy or manage public programs or assets (GIL-GARCIA, NAM
and PARDO, 2015; CASTELNOVO, MISURACA and SALVODELLI, 2016). This dimension
also considers the different mechanisms, instruments, and processes (DAMERI and
BENEVOLO, 2016) that are used to change the traditional functions of government (MEIJER
and BOLIVAR, 2016) in order to adapt city structures into the new paradigm (GIL-GARCIA,
ZHANG and PURON-CID, 2016). The governance dimension encompass both formal (i.e.
rules, laws, municipal ordinances and territorial policies, etc.) and informal institutions (i.e.

partnerships, negotiations, networks) that are arranged in order to solve problems, enforce rules,
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or allocate resources (SMITH et al., 2016). The governance is also important to improve the
city administration in order to deliver value to citizens (GIL-GARCIA, NAM and PARDO,
2015; MEIJER and BOLIVAR, 2016). The use of technologies in the government (e-
government) should improve public services and also make it more open, transparent and
democratic (BOLIVAR and MEIJER, 2016).

The environ-urban dimension is composed by the built infrastructure, mobility, urban
design, facilities and amenities and natural environment (CARAGLIU et al., 2011; NEIROTTI
etal., 2014; GIL-GARCIA, NAM and PARDO, 2015). Focusing on wealth generation, through
the attraction of new business, and quality of life of citizens, a city must provide an adequate
infrastructure (CARAGLIU et al., 2011). Smart people want to live in cozy smart places;
therefore, urban design is a key asset (SHAPIRO, 2006; MIGUELEZ and MORENO, 2014;
BETZ et al., 2016). Urban amenities and facilities implementation must be conducted towards
a sustainable environment, involving the improvement of lighting technology through solar
panels and LED, as well as sidewalks, streets, bike paths and integrated urban design roads
(LEE, PHAAL and LEE, 2013). Aligned to that, smart places must provide security to citizens,
with monitoring cameras, lighting and more police on the streets (CHIODI, 2016). This
dimension stress the importance of a good urban mobility, which means that a smart city should
present multimodal accessibility to ease citizens commuting (CARAGLIU, DEL BO and
NIJKAMP, 2011). It is also required to analyze the building potential of existing areas and to
propose new uses to them if necessary, as well as to recover them to maintain their attractiveness
in the urban landscape.

The socio-institutional dimension involves cultural plurality, civic engagement and
social cohesion. Smart cities should provide an environment that attracts smart people,
stimulating creativity through a culture of flexibility, collaboration and tolerance in order to
bring together heterogeneous people (i.e. gender, age, nationality, ethnic, religion and so on)
who already experience this dynamic lifestyle (NAM and PARDO, 2011). Culture is extremely
related with knowledge economy, because a creative perspective relies on symbolic knowledge
that enable cites to change their set of values and assumptions related to a traditional economy
(FLORIDA, 2002; 2009).

The techno-economic dimension of a smart city considers the dynamics of the
knowledge economy. This dimension comprehends all aspects that can foster innovation and
entrepreneurship activities in a “glocal” perspective (NEIROTTI et al., 2014). The literature

highlights the importance of human capital, science and technology institutions and knowledge
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intensive firms in order to raise up the knowledge base of a city through intensive-research and
education activities (HAJKOVA and HAJEK, 2014; MARKKULA and KUNE, 2015). Besides
that, this dimension also encompass the collaboration networks among various stakeholders
that should create competitive advantages for developing a local innovation ecosystem to
produce global creative solutions (LEYDESDORFF and DEAKIN, 2011; HAJKOVA and
HAIJEK, 2014; MARKKULA and KUNE, 2015). Thus, the startups, accelerators, incubators,
technological parks and clusters of innovation should modify the present dynamic, in order to
reach a sustainable socioeconomic development (LEYDESDORFF and DEAKIN, 2011).

These dimensions shape the model of smart city, which is represented in the Figure 3.

Figure 3 - The Dimensions of Smart City Model
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Source: Elaborated by the author

After this extensive literature review, it is assumed that:

a) Every smart city has four dimensions

b) Each dimension of smart city is comprised by different elements.

c) The ‘smartness’ of a city relies on the features of these elements and how these elements
are interrelated.

d) Cities can enhance its smartness through the implementation of projects that incorporate

these specific features into the different elements of each dimension.
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These assumptions guided the next steps of the research. Considering that there is no
fully-fledge smart city, it was necessary to conduct a qualitative research in certain cities in
order to identify what elements make the city smarter.

To reduce the scope of the research and achieve the proposed objectives, it was used the
method of multiple case studies. This work focused on four European cities (Amsterdam,
Barcelona, Lisbon and Vienna) that have official smart cities projects in order to capture what
really can make a city smarter. The comparison of these undergoing urban experiences would
help to refine and validate those dimensions. These methodological procedures are detailed in

the next section.
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4. METHOD

An exploratory and descriptive research was performed in order to achieve the objective
of this work, which is “to present an integrated framework to understand the process that make
cities smarter”.

Considering the complexity of the object of this research and for being a recent theme,
it was made an exploratory research using the qualitative method of multiple case study, which
is the best choice to understand complex (YIN, 2010) phenomena like the process of urban

transformation. Then, these stages are further detailed below.

4.1. MULTIPLE CASE STUDY

In this work, it was realized a multiple case studies of four European cities. The selection
of cities and their smart city projects was done through documental analysis. Then, it was
realized some interviews with experts in these projects that were guided by a semi-structured
questionnaire. After that, the data was analyzed in order to disclose the driving elements of

smart city and their features. These phases were detailed in the sub-sections below.

4.1.1. Case Studies Selection

The case selection was based on three main criteria:

a) continent — Europe surpassed all stages of the industrialization process and was also
one of the first continents to suffer the deindustrialization process. Thus, European cities had
to adapt to this process earlier than other cities in the rest of the world. Based on that, there are
now several projects funded by European Union to implement smart city solutions that are
already in advanced stages;

b) cities — firstly, a documental analysis aimed to identify which conceptual definition
is applied on public and private projects/initiatives related to smart city around Europe. Within
this technique, it was possible identify some cities that are developing smart city projects and
initiatives. Then, it was chosen four European cities (Amsterdam, Barcelona, Lisbon and
Vienna) that figure in the top positions of smart cities ranking of a report called, “Mapping

smart cities in the EU” (Manville et al., 2014). This is a widely used report, commissioned by
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the European Parliament’s Industry Research and Energy Committee, which analyzed different
cities in Europe and ranked them according to their smart initiatives; and

C) projects — the projects and initiatives developed in the cities were chosen considering
if their objectives were related to the analytical dimensions developed in the systematic
literature review. It was searched and analyzed projects in those four chosen cities that are
linked with European lighthouse projects, reports from big tech vendors (IBM, SIEMENS,
CISCO and so on), reports and forecasts from major consulting firms, plans and projects related
to innovation districts (e.g. 22@ Barcelona) and official websites of each City Hall. After the
definition of projects, the key-members (i.e. experts or coordinators) were contacted in order to

schedule an interview.

4.1.2. Data Collection

In the second phase, six experts (Table 4) that work or worked in smart city
projects/initiatives in one of these cities were interviewed during the month of May in 2017 in
order to disclose the driving elements of a smart city and their features. Considering that smart

city projects should have several partners, there are some interviewees that participate in more

than one specific project.

Table 4 — Description of Interviewed Experts

Actual Expert . Projects/Initiatives
Expert Organization | Background City involved Actor
Director of the Lisbon City Geographer Lisbon, - Program BIP/ZIP | Government
Strategic Planning Hall and Urbanist | Portugal - Sharing Cities
Department
Former Director of Consultancy Architect Barcelona, - 22@ Barcelona: Government
Services and Planning Firm and Urbanist | Spain Innovation District
and Director of
Urbanism at Barcelona
City Hall
Professor at University | Consultancy | Engineering | Barcelona, - 22@ Barcelona: Firm
of La Salle Barcelona Firm and and Spain Innovation District
and Architect in University Architect
Architecture Studio
Coordinator in EU Private Sustainable | Vienna, - Smart City Wien Firm
projects related to company Development | Austria Agency
sustainability - Smart Together
Professor at University Economics Amsterdam, | - Amsterdam Smart | University
Amsterdam University Netherlands | City Platform
of Applied Sciences - Smart
Entrepreneurial Lab
Project Manager and Innovation Arts and Amsterdam, | - Smart Citizens People
program developer at Lab Computer Netherlands | Lab
Waag Society Science
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These experts were chosen considering if they work/worked in smart city projects or
initiatives implemented in one of those cities. They represent all important agents of a city (i.e.
government, S&T institutions, firms and citizens).

Interviews were based on a semi-structured questionnaire (See Appendix A) with
questions related to each dimension and were conducted in Portuguese (Lisbon) and English
(Amsterdam, Barcelona and Vienna) languages. All interviews were recorded and transcribed

in order to allow further analysis.

4.1.3. Data Analysis

A qualitative analysis of each interview was performed, highlighting important
statements related to each question. Each statement was allocated with the related dimension,
and, after that was compared with the results of documental analysis.

This final stage served to show which are the driving elements of smart city in the
opinion of the experts. Besides that, these elements were crossed with the results of literature
review in order to define the features of each driving element.

After that, all results were triangulated in order to make a relationship between
dimensions, elements and features. This step provided a rich analysis about how they could be

integrated in order to enhance the smartness of a city.
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5. DISCLOSING THE DIMENSIONS OF SMART CITIES: EVIDENCES FROM
EUROPE

In this section, it was presented the results based on the four analytical dimensions (i.e.,
city governance, enviro-urban configuration, socio-institutional structure, techno-economic

dynamics) in order to show the relevant elements that can make cities smarter.

5.1. THE SMART CITY PROJECTS

Considering the results from all interviews and documental analysis, it is possible to
affirm that is only possible to transform a traditional city into a smart city through projects.
These projects will have different scale and scope, because each city has different needs and
potentialities. It means that smart city projects will have different term, will involve different
numbers of stakeholders, will need different investment amounts, and will deliver different
results. Then, the projects of the four chosen cities were described following their chronological

order. The main topics of each project was summarized in Appendix B.

5.1.1. Barcelona

In 1999, the Barcelona City Hall decide to start its most emblematic smart city project,
which is the 22@ Barcelona — Innovation District. The 22@ Barcelona project involves the
transformation of an old industrial district (Poblenou District) into an innovation district, which
aims at perform a massive urban refurbishment and achieve an outstanding social and economic
revitalization (Pareja-Eastaway, 2015). These three different axes encompass some strategies
that shaped the implementation of several projects (22@ Barcelona Plan).

The refurbishment plan aims at upgrading urban environment in order to improve
quality of life and of workplace. It comprehends the construction and improvement of social
housing, facilities and green spaces, new mobility model (i.e. mix of walkable streets, exclusive
bike and bus lanes, trams and metro lines and so on), advanced infrastructures (i.e. pneumatic
waste selection, central heating and cooling, optical fibers and underground galleries of energy
and telecommunications).

The social and economic revitalization aims at shifting traditional economic activities
into knowledge intensive activities in order to boost local economy and promote better
opportunities for new and old habitants. The main strategy was the formation of innovation
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clusters by attracting knowledge intensive firms and universities linked with Life Science,
ICT’s, Biotechnology, Energy and Design sectors.

It is important to highlight that this mega project (22@ Barcelona) started with public
investments in infrastructure (estimated in €310 millions), but after this, the major investments
were spent by private organizations, which were benefited with tax breaks, new rules of land
use and financial incentives (BARCELONA CITY HALL, 2017).

The implementation of the plan has been coordinated and carried out by the “Barcelona
Activa”, since 2000, which is an urban development agency linked to City Hall. This agency
offers a set of services and facilities to support local business and entrepreneurial activities, and
promotes training programs for workers that are searching for employment (BARCELONA
ACTIVA, 2017). Working towards a greater coordination of the public-private-community
ecosystem, the Barcelona Activa develop and implement several plans in order to ensure city
competitiveness and achieve a sustainable socioeconomic development. The agency also acts
to strengthen the city's brand in the global scenario in order to bring investments and companies

to Barcelona.

5.1.2. Amsterdam

In Europe as well as worldwide, Amsterdam is at the forefront of smart city projects.
The city has a long tradition of innovation that makes Amsterdam one of the most prominent
ecosystem to start new projects.

In 2009, the Amsterdam Smart City Program was initiated by some public and private
organizations that created multi-stakeholder platform, called “Amsterdam Smart City - ASC”.
This platform was created to address urban challenges through collaboration between diverse
stakeholders in order to speed up and facilitate different projects that would benefit quality of
life and sustainability in the metropolitan region (VAN WINDEN et al., 2016). The platform
takes a broader perspective of smart city projects by also including projects without a strong
technology approach.

The ASC platform has strategic and project partners that have different functions and
responsibilities. The latter are involved on the different projects in order to develop innovative
urban solutions. The formers compose the board during minimum three-year with renewable
commitment to discuss latest concepts, questions and calls for urban issues and pay an annual

fee to maintain the staff of ASC organization.
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Actually, the ASC organization acts as an enabler and facilitator in this process through
the community website “www.amsterdamsmartcity.com”, which serves as connector between
urban stakeholders that want to start a smart city project with experts that can help its
development (VAN WINDEN et al., 2016). Besides that, the strategic partners, such as
Amsterdam University of Applied Sciences (AUAS) and Waag Society, have been developing
projects and initiatives in order to make Amsterdam an even more innovative, inclusive and
sustainable place.

The Smart Entrepreneurial Lab is a project created by Amsterdam University of Applied
Sciences that aims at connecting university and companies to co-create solutions for different
urban issues. The college students join in a research project during fourteen weeks, in which
they have to solve real problems in practice for a company. In other words, this smart city
project provide for students real experiences that prepare and motivate them to solve other urban
issues. Besides these problem-solving activities, the university organize some workshops and
academic events to discuss about relevant questions related to smart city topics.

The Waag Society perform a different role in this ecosystem. Waag Society is an
institute for art, science and technology that explores how emerging technologies (digital,
biotech and cognitive sciences) interact with society. It offers multifunctional spaces that are
used to realize events, to promote training and to develop experiments and pilot projects that
focus on open, fair and inclusive technologies. This institution created the Smart Citizens Lab,
which is a project that aims to empower the people in the city by measuring their related-issues,
such as water quality, air quality, noise pollution and so on. In this Lab, they can develop

integrated solutions for the city by incorporating a citizen-centric approach.

5.1.3. Lisbon

In Lisbon, among the different projects related to smart city, stand out two projects:
"Sharing Cities" and “BIP/ZIP Program”.

In 2011, Lisbon City Hall created the “BIP/ZIP” Program, freely translated as
“Neighborhoods and Priority Areas of Intervention”. Every year the City Hall supports and
funds local activities and projects in specific vulnerable areas that are proposed by residents’
associations, non-governmental organizations, companies and so on. This project aims to foster

public-private partnerships, citizen engagement and minor interventions in specific areas in
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order to strengthen the socio-territorial cohesion in the municipality (LISBON CITY HALL,
2017).

The “Sharing Cities” program is a consortium among three lighthouse cities (Lisbon,
London and Milan) and other three fellow cities (Bordeaux, Burgas and Warsaw), which started
in 2016 and received 24 million euros in European Union funding. This 5-year project seeks to
develop affordable, integrated and commercial-scale smart city solutions with high market
potential, such as e-mobility, energy management, smart lamp posts, urban sharing platform,
user-centric services and retrofitting of buildings (SHARING CITIES, 2016).

This project has been transforming specific areas of each city’s district into a “living
lab” where different technologies and ideas are co-created and tested. All practices, experiences
and results are shared among cities of consortium and the validated smart city solutions are

implemented across different European cities.

5.1.4. Vienna

In 2014, the Vienna City Hall launched the Smart City Wien - Framework Strategy,
which is an long run term project that aims at transforming the city until 2050 into the most
sustainable, livable and innovative place around the world. The framework strategy was
developed though multi-stakeholder process that city administration; research institutions,
private sector and civil society discussed about what city they want for the future (SMART
CITY WIEN, 2017).

In order to achieve the key goal of this project that is “offer optimum quality of living,
combined with highest possible resource preservation, for all citizens”, it is necessary that all
stakeholders work together considering cross-cutting smart city concept (VIENNA CITY
ADMINISTRATION, 2014). Then, the main question was: how to bring together stakeholders
with different agendas in order to achieve those strategic goals in a multi-sectorial manner?

Considering that, in 2012, the City of Vienna commissioned as part of a service mandate
the existing company TINA VIENNA as official Smart City Wien Agency (TINA VIENNA,
2017). This agency is an independent company that serves as an external support unit to the
local administration in relation of smart cities.

Actually, the Smart City Wien Agency is the main link between all relevant initiatives
and programs of the City of Vienna that foster new ways of collaboration in order to implement

the Smart City Wien framework strategy. Therefore, the agency’s major tasks are connecting
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people, coordinating groups and establishing governance structures to support the framework
implementation at operational, strategic and decision-making level.

Furthermore, the Framework Strategy assumes that individual larger lighthouse projects
with an innovative character will contribute to the attainment of key Smart City objectives.
Similar to the Lisbon lighthouse project, the City of Vienna is involved in a project called
“Smarter Together”. This is a joint project with other lighthouse cities (Munich and Lyon) and
other follower cities (Santiago de Compostela, and Venice) and observer cities (Kiev and
Yokohama) that focus on finding the right balance between ICT technologies, citizen
engagement and institutional governance to improve citizen’s quality of life through smart and
inclusive solutions (SMART TOGETHER, 2017).

To achieve these goals, it was chosen six neighborhoods in different European countries
to experience new ways of adding value in urban societies that encompass urban
refurbishments, co-creation process and new sustainable business models. The results will
serve to deepen the knowledge in these different fields and will enable a large-scale replication

of successful solutions at city level and in other cities.

* k *

After describing the projects of each city, it was necessary to make a deepen analysis

about which are the relevant elements of a smart city in the view of experts.



5.2. THE DRIVING ELEMENTS OF A SMART CITY

Considering the documental analysis and the main aspects highlighted in those city
projects, it was necessary to analyze the interviews of different experts in order to identify the
main elements of a smart city and their features, and, consequently, understand how these
projects can lead the cities to become smarter.

In further sub-sections, the statements of interviewees were presented considering the

four dimensions of a smart city.

5.2.1. The Elements of Governance Dimension

Reinforcing the results of Angelidou (2014) and Neirotti et al. (2014), the expert in
Lisbon said that “cities do not become smart overnight”. A smart city as a model for urban
development requires a long-term plan that encompass the identification of issues, the analysis
of needs and opportunities, the proposition of improvements, the implementation of these
proposed improvements and the measurement of results.

She highlighted that “strategic plans involving a mix of top-down and bottom-up
approaches are required to tackle social, economic and environmental issues”.
Complementarily, an expert in Barcelona mentioned that the plan for the innovation district
22@ Barcelona could only be implemented due to big amount of financial resources provided
by the government and private organizations for investments. To enable the operation, changes
in the legislation were required, as well as the creation of new models of governance involving
a dedicated organization — “Barcelona Activa”, in that case. The “Barcelona Activa” (which
incorporated the agency 22 ARROBA BCN) promotes the implementation and development of
strategic content in the new spaces created, integrates both public and private interests, and
favors international visibility of new business, scientific, teaching and cultural activities.

The City of Vienna also create its own agency with the function of “breakdown already
existing patterns and already existing structures”, as said by the expert. The Smart City Wien
Agency has also a mandate to foster new ways of collaboration and organize the background
behind it, functioning as a fundamental actor in the decision-making process. It was mentioned
a specific organization to deal with this governance structure that is divided between leaders
and supporting actors. They have a steering group with the CEO of the city of Vienna and a
group of 15-20 people who are chiefs in different departments like information, economy,

housing, energy and mobility. Supporting the steering group, there is a working group just one
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hierarchical level lower, which meets regularly and monitors systems for implementing several
plans related to the “Smart City Wien - Framework Strategy”.

Considering that, as stated by one expert, “the government can use its power of law to
gain efficiency and create new revenues through new rules”. For example, the expert from
Barcelona suggested that a smart land use, coping living and business activities, with mix
residential and commercial activities and high-rise buildings should make the city more
compact, which could influence the enviro-urban and techno-economic dimensions.

In Amsterdam, the organization “Amsterdam Smart City Platform” was created to speed
up and facilitate initiatives and projects gathering different stakeholders in a quadruple helix
approach (government, industry, university and society). It is a social platform where members
can develop projects and initiatives, learn new skills and share experiences.

Among those initiatives, there is the “Smart Entrepreneurial Lab”, develop by the
Hogeschool VVan Amsterdam, which aims to train students in smart city projects, promoting
workshops and allocating them to work with real ongoing projects.

Besides that, the city also presents the Waag Society, which is recognized by
municipality as an official digital media institute and therefore receives ca. 0.5% of funding.
Waag Society is an institution in constant and close contact with society, promoting the
connection between municipality representatives and citizens. By doing so, they are able to
identify and create solutions to help citizens, offering thus public services in a smart way. They
also enable e-governance to take place, since they focus on a digital and participative culture
in the city, trying also to secure that municipalities will make way of the legacy systems, to
become a more knowledge partner instead of ICT vendor. Therefore, they work to bring the
idea of service design to municipality as a way to create better, clear, open services for citizens.

In sum, different governance models show some convergent elements. The very first,
and present in all projects, is the building and functioning of a governance agency. This body
of city stakeholders should embrace both public and private agents, dividing the roles of leaders
and supporters. The second element is the existence of a strategic plan to ease the decision-
making process on whether investing, changing or recovering. Third is financing. The
availability of funding from both public and private sources is crucial for the starting of a city
transformation process. Finally, supporting elements, such as digital technologies and platforms
for connecting stakeholders and coordinating the different actions are necessary.
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5.2.2. The Elements of Environ-Urban Dimension

Regarding the enviro-urban dimension, Lisbon programs such as Sharing Cities and
BIP/ZIP involve urban regeneration projects in vulnerable areas, as well as the focus to establish
creative districts in central regions close to universities, retail stores, and entertainment options.
Within this context, the plan for the innovation district 22@Barcelona also involved
regeneration of a delimited area with projects related to new mobility alternatives, public spaces
renewal, new energy and broadband networks, selective pneumatic waste collection, new
heating and cooling systems and underground galleries.

In this way, an innovation district can also become a Living Lab. The premise of the
Living Lab is that a city can be used as real-world testing ground for new ideas and technologies
(Cosgrave et al., 2013). It is defined as a research methodology for sensing, validating and
refining complex solutions in multiple and evolving real life contexts (Schumacher and
Feurstein, 2007 apud Cosgrave et al., 2013). It is possible to test some technologies as sensors,
smart grids and ICT’s that can help cities to collect, process and analyze data to improve their
public utilities (Harrison et al., 2010; Washburn et al., 2010; Yamamoto et al., 2012; Cosgrave
et al., 2013; Neirotti et al., 2014).

One expert in Barcelona highlighted that the city must be attractive to retain talent far
beyond the working hours and, to be so, urban design must be detailed planned. In accordance
to that, he highlights that planning buildings is essential to cope both real estate agents and
citizens’ interests. He remarks the importance of a mixed building landscape, which preserve
architectonic heritage for new uses and build new iconic sites involving both business and living
spaces, so that people can walk around during 24 hours in a day. Moreover, the focus on
preservation and efficient use of natural resources should be included on urban plans and
building restrictions in order to take advantage from what is already built (e.g., brownfields
regeneration).

Besides that, one expert in Barcelona highlighted that cities must be able to deal with
technology, in terms of ICT, and that everything must be connected. Thus, cities must consider
dealing with infrastructure in a long-term manner, to set the basis for the future in terms of
optical fiber, waste, water, energy and climate-related issues. The expert from Lisbon also
remarked that cities should offer special public amenities and facilities to ensure quality of
life, especially in terms of elementary schools, public spaces for interaction, bike parking lots,
health equipment and health hubs for hospital and emergence care. Related to that, the expert
in Vienna stated that cities should provide all kind of public services that are close to the daily
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life of people in an integrated way, such as housing, mobility, energy provision, but also
environmental protection as the basics needs of resources. Therefore, the efficient use of
resources is fundamental to a fast urban growth.

In sum, this dimension has a set of more objective but not less important elements.
Urban design, amenities and facilities, the regeneration and recovery of ancient and historical
buildings and areas, natural resources and sustainability are the basics to meet the expectations

people have in terms of quality of life.

5.2.3. The Elements of Socio-Institutional Dimension

Linking the enviro-urban configuration to the social-institutional structure, the expert in
Vienna highlighted that mobility and infrastructure must be planned together: “we current have
a big Horizon 2020 project implementation project, a lighthouse project called Smart Together
that is a collaboration with Munich and Lyon and there is a specific area of Vienna that we are
implementing refurbishments and implementing mobility interventions”.

Besides that, the Vienna agency also plans to encompass vulnerable regions due to social
and economic segregation. At the Simmering area, for example, they are working to include
low-skilled people that live there in the labor pool, by promoting courses and training with civic
engagement. Through their perspective, such people have their own social dynamics and must
be inserted into the new economy, so that social and cultural plurality is not censured, but
stimulated. In this context, Lisbon expert remarked that attracting some people does not need
to end up in expelling others.

Besides that, the expert in Amsterdam also remarked that the city has many young
people, because of the universities. “People come here to study and they leave, but have a lot
of things to do here, there are lots of entertainment”. Aligning entertainment and business
interest, young people find in Amsterdam the city to start a company, debating sites and visiting
places to get inspiration. The expert in Barcelona stated “it is fundamental to attract young
people to city districts, as a way to invigorate the area”. These findings show that a mix of
demography should help cities to tackle issues related to aging population.

Another important topic highlighted by the expert from Waag Society is that “if you are
a smart city, you will make sure your citizens become smart (smart citizens)”. It does not mean
that citizens are “dumb”, but now “they are responsible for the city, which more accurately
describes the role that everybody like you mean take responsibility about what is happening

and become active part”.
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Also regarding smart citizens, one expert from Amsterdam highlighted that there is
growing effort from all institutes to do activities together in terms of arts, startups hubs and co-
living spaces. “You could literally visit fifteen meetups every night around the week”, as he
said. Within this context, he detailed, “The community is crucial. Without the community
there is no smart city”. Therefore, organizations as the previously mentioned Amsterdam Smart
City, the Waag Society and Parkhuis de Zwijger are fundamental, since they organize meetups
and presentations to discuss about different urban issues.

The importance of community also can be seen in the Program BIP/ZIP developed by
the Lisbon City Hall. This annual program provides an opportunity for local people to develop
and implement projects to improve their neighborhoods. Projects like that encourage citizens
to participate more actively in solving city issues.

In this sense, a smart city does not rely only on their formal mechanisms of governance
or either in their urban configuration. It was highlighted that proactive citizens can together take
care of city in different ways. The creation of a community mindset that bring together people
from different social conditions and cultural origins should be the major concern on becoming
smarter. Actually, participation, inclusiveness and spirit of community are some of the major

building blocks for wealth creation in the new paradigm.

5.2.4. The Elements of Techno-Economic Dimension

Within the context of techno-economic dimension, universities are seen as important
human capital source. The expert who works at a university in Amsterdam stated that there
are university spaces being transformed into incubators, so that “students can start a company
and fit in our definition of smart city projects”. Such students may work together in partnership
with big companies. He said “we also have CISCO and IBM, they also trying to learn with
startups. So every organization is in this vibe. So I think, it is like a mindset”. It shows the
importance of universities to stimulate an entrepreneurship culture among their students.

In that sense, the expert from Barcelona stated that the universities and young people
are the engines of transformation, because they connect research, education and technology.
Aligned to that, the expert from the agency in Vienna mentioned that they function as an
integrator, but they could not provide all expertize in all fields related to smart city. Therefore,
they work connecting people, coordinating and finding the right people to collaborate with —
enabling, thus, promising networks. To increase these interactions and to create new jobs, the
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expert in Lisbon informed that there is great interest from companies to transform former
industrial buildings into collaborative spaces for innovation such as incubators, accelerators,
fab labs, hacker spaces and coworking.

Thus, cities must attract and retain high-qualified economic agents (firms and
consumers) by offering the maximization of their utility curves. New endeavor and businesses
are the ultimate goal of any emerging smart city.

As a matter of fact, this is the very special way to create wealth and, thus, to overcome
all the existing socioeconomic issues, especially by increasing social inclusion through
economic inclusion. Knowledge society and technological complexity need cooperation,
partnership and complementarity to generate synergy and innovation. It is increasingly harder
to work alone and reach excellence. Networks, accelerators, coworking, university-industry
interaction are some of the different ways to bring people together in order to establish a new

entrepreneurial mindset and to create novelty and new value.

The results from the documental analysis and interviews show the main elements of a
smart city. These results were crossed with the literature review in order to identify the features
of these elements, which are presented in (Table 5).
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Table 5 - Features of Smart City Elements

Dimensions Elements Features

Proportional and regular investments in infrastructure from public and/or private institutions in order to make the city
more functional, to increase the citizens’ accessibility of public services and create economic incentives to make city
more business-friendly. The city should develop new kinds of revenues and investments (i.e. bonds, taxes, interests,
subsidies. Either only public, only private or hybrid investments)

Funding and Investments

Stimulate alliances, cooperation and partnerships between public and private organizations in order to increase efficiency,

Partnerships improve quality and diminish bureaucracy of projects

Specific and independent organizations formed by different stakeholders aiming at the implementation of the strategic

Dedicated Organizations plan through the coordination of smart city projects/initiatives

Established practices of open governance through digital tools in order to enhance transparency, inclusiveness and

E-governance participation (open data, e-democracy, etc.). Democratic, transparent, inclusive, decentralized but integrated

Web and ICT-based services oriented in a citizen-centric approach, focusing on Health, Security, Transportation,

Public Services Education, Energy, Sanitation, Waste Management

City Governance L /s 2 _ _ _ _ S— _
Future-oriented within a mix of bottom up and top-down strategies that stimulate the community participation on city

Decision-Making planning process

Trust-based, Formal, Adaptive rules and laws through an efficient legal-normative framework that encompass different

Rule of Law . . R
interests on win-win situations

Pro-Development of real estate stimulating mix residential and commercial areas and high-rise buildings. It makes city

Land Use more vibrant, because it is possible to build compact neighborhoods with high-density strategy

Define a long term vision setting some strategies and major transversal objectives driven by a sustainable approach (i.e.

Strategic Plan resource-efficiency, quality of life and innovation), which should be formulated in a collaborative way

Quadruple-Helix It is easy to make interactions and partnerships between government, industry, universities and society in order to solve
Approach the city problems

Smart city projects are based on the strategic plan and have different scope and scale relying on which kind of objective

Actions/Initiatives/Projects they must achieve within well-defined metrics and indicators to monitor the city development

Preserve historical heritage and stimulate the construction of new iconic buildings. Besides that, it seeks urban

Urban Design densification through the balance between workers and residents in order to reduce the urban sprawling

Delimited region of a city that concentrates high-skilled people, high-tech firms and institutions in order to achieve

Innovation Districts X .
economic growth and social development.

Enviro-Urban Living Lab A delimited district area to test new ideas and technologies

Configuration — — - -
g Deployment of digital and green technologies in infrastructure, such as sensors, meters, smart grids that provide a huge

Infrastructure amount of data that can be analyzed in order to make cities more efficient and connected

Mix of walkable streets and multimodal transportation in order to reduce commuting time and make cities more

Mobility environmentally-friendly by reducing carbon emissions and transportation costs
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Amenities and Facilities

Provide a wide range of entertainment, culture, and catering venues and green public spaces for leisure, which enhance
the quality of life of city inhabitants.

Natural Resources

Balance between preservation and efficient use of natural resources in order to reduce the environmental impact

Spirit of Community

Engaged community that care about common problems and act together to solve them

Socio- . Participative citizens that not propose improvements, but also are proactive agents for urban change following their rights
o Smart Citizens .
Institutional and duties
Structure Soua;);alunril%ltural Preserve the local identity while being tolerant to differences on cultural, ethnic, religious and gender orientation.
. . The economy is based on creative and knowledge industries that present a high ratio of startups, knowledge intensive
Economic Activities . . Lo
business services and advanced manufacturing firms
Héjr?raer;)riizﬁfslh&}gd Presence of young and high-skilled workers that have an entrepreneur mindset
E-I(_: %%honnc:i-c Research, Education and | These elements relies on S&T Institutions that should produce the state-of-art knowledge, train people for those
Dynamics Technology knowledge jobs and foster entrepreneurship culture

Collaborative Spaces

Presence of spaces for entrepreneurship and innovation such as incubators, accelerators, fab labs, co-workings that should
promote collaboration, improve networking and enable the prototyping of goods, enhancing a “maker culture”

Global Business Networks/
Internationalization

Presence of multinational companies and global research centers. Besides that, the local market solutions focus on the
global market enabling large export volume of goods with high added value
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Considering these elements, one may conclude that former industrial cities should follow
some guidelines to start their process of transformation. The connection among the dimensions
and their elements may suggest such guidelines in order to enhance the smartness of city. This

is discussed and detailed in the next section.
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6. BUILDING THE FRAMEWORK FOR SMARTER CITIES

As mentioned before, cities have exceeded their optimum size, which resulted in the
loss of economies of scale and high socioeconomic and environmental costs. Actually, the
industrial city is presenting an urban decay process, because the current infrastructure limits its
growth, its economic activities based on traditional industries can no longer generate wealth
and its institutional framework does not provide flexibility to adapt city structures.

To transform this scenario, industrial cities must change their trajectories, aiming to
maximize the utility curves of their economic agents again. In this process of change, it is
necessary to consider the current techno-economic paradigm to align urban development
strategies. It seems clear that to be smart is not an alternative, but the unique way to overcome

those urban issues and achieve a sustainable socio-economic development.

6.1. THE SMARTNESS OF A CITY

As discussed before, it is possible to affirm that there is no fully-fledge smart city. Cities
around the world are developing projects with different scale and scope in order to reach this
new city model. It is an ongoing process to transform different structures in order to make cities
smarter.

Actually, cities present different degrees of “smartness”, because they have different
previous assets, which can be transformed and enhanced through smart city projects. The
assessment of city smartness rely on two conditions:

1) If the city present those driving elements;

2) If the driving elements present those specific features;

It is important to highlight that some cities should reach both conditions. However, they
will never show the same performance. Even the most advanced cities will have different
degrees of “smartness”.

Therefore, the “smartness” of a city relies on how the city can provide high quality of
life and economic prosperity in the most sustainable way for the different stakeholders.

The challenge is to understand how is possible to take advantages of innate potentialities
and create new opportunities to enhance its “smartness”. It could be easy to define that a smart
city must have metro lines or bicycle lanes. However, if the city is not dense enough to cover

fixed costs of a metro or do not have a flat ground to ease the bike riding, will it be considered
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a “dumb” city? The answer is no, because cities are naturally different, consequently, the smart
city solutions can be different.

Actually, the smartness rely on if the city can:

- Ease the knowledge production, diffusion and application;

- Enable a business-friendly environment;

- Attract and retain high-qualified human capital;

- Enter in the global competitive scenario

- Define plans and actions to be implemented in the long-term;

- Foster an entrepreneurship mindset among society;

- Establish collaborative networks among various stakeholders;

- Stimulate citizens and community to participate actively in public affairs;

- Offer efficient public services and an advanced infrastructure;

- Attract investments and create new kinds of revenue;

- Preserve natural resources and reduce its environmental impact;

- Harmonically aggregate a socio-cultural plurality

In other words, the smartness of a city should be seen as a continuum that each smart

city solution implemented in the driving elements would influence the different dimensions.

6.2. MAKING A CITY SMARTER

As mentioned before, each city has the proper way to make itself smarter. However, any
city that wants to be smarter will have to develop smart city projects following a comprehensive
plan.

Then, first, it is necessary to formulate, in a quadruple helix approach, a long-term
strategic plan that should contain a broad vision, strategies, policies and goals for the city of the
future.

After that, the city must start projects with different scale and scope in order to achieve
those goals defined in the strategic plan. These projects require leadership, funding, controlling
and evaluation. The projects will have to consider those different dimensions in order to create
more comprehensive and integrated solutions.

In this sense, the findings of this study suggest that city governance is fundamental for
the implementation of smart city model. Remarkable is that government should not be the
unique transformation agent. The government should create an alternative governance model

that stimulates the community engagement. This governance model is characterized by an
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integrated and decentralized management structure, in which flexible organizations and public-
private partnerships are some elements that can help in this transformation process.

Furthermore, it is possible to affirm that there is no smart city without knowledge.
Considering the dynamics of the new economy, cities must increase their knowledge base
(HAJKOVA and HAJEK, 2014) through different mechanisms related to their socio-
institutional structure and enviro-urban configuration.

It means that a city should create a local innovation ecosystem, in which knowledge
production, diffusion and applications flows easily (LEYDESDORFF and DEAKIN, 2011,
ZYGIARIS, 2013). This innovation ecosystem allows the collaboration among actors in a
quadruple helix configuration (CARAYANNIS and CAMPBELL, 2009), in which it is possible
to develop smart solutions using creativity and knowledge to deal with several urban issues
more efficiently. The increase of local knowledge base also fosters the creation of new
knowledge intensive and high-tech ventures (HAJKOVA and HAJEK, 2014; SHUTTERS et
al., 2016), which create jobs that require highly talented people (FLORIDA, 2002; 2009).

Therefore, cities should elaborate strategies to attract, retain and bring together high-
skilled people, knowledge intensive firms and knowledge institutions in order to compete in the
global knowledge economy.

To attract and retain people, the city has to offer high living conditions. It is important
to provide good and efficient public services, such as health, education, security, but also offer
good options for leisure and fun, such as bars, restaurants, museums, parks, gyms and so on.

These public services, amenities and facilities should offer alternatives for a safer,
greener, happier and healthier city. They should involve green technologies in buildings and
urban realm, such as smart grids, solar panels, smart meters, in order to reduce environmental
impact by efficiently using natural resources and producing less waste and CO> gases. They
should also use technologies to diminish criminality with cameras, sensors, big data.

However, it is important to highlight that the urban violence will not be solved only
introducing technologies in the security systems. Other solutions that do not require huge
investments can be more effective to reduce this issue. Studies show that the high urban density
in specific areas can make streets safer, because crowded streets could inhibit action of
criminals (GLAESER, 2011). Furthermore, areas with the presence of highly educated people
show a low-level of criminality (SHAPIRO, 2006).

Mobility solutions also can be different depending on the size of the city. A minor city,

considering the sprawling process, will demand solutions that could be not the construction of
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a metro, but the creation of policies to stimulate the construction of compact neighborhoods.
The mobility issues of a metropolis will require different solutions where technology could
have a crucial role in costs savings and in decreasing commuting time, such as traffic control
systems.

Actually, there are a lot of solutions and possibilities that would deliver value for the
different stakeholders, depending on the evaluation of risk and return.

A business-friendly environment can attract and retain firms and investments, which are
fundamental for economic development. Cities should foster the formation startups and venture
capitals based on knowledge through specific policies and financial incentives in order to raise
up firms’ productivity, workers’ salaries, and, consequently, the city’s gross domestic product.
However, it is important to highlight that it depends not only a flexible normative-legal
framework, but also on a strong network among the different stakeholders in this ecosystem.

The knowledge institutions, such as universities, schools, research centers, are even
more important for the knowledge economy. These institutions produce basic, intermediate and
advanced research, which results in publications, patents, spin-offs and spin-outs. Moreover,
they train high-skilled people to work in those firms or stimulate them to become entrepreneurs.
A smart city must have different kinds of knowledge sources in order to produce different
outputs.

Considering that, the city “smartness” should be enhanced by a well-orchestrated
innovation ecosystem with a strong “smart specialization strategy” (ZYGIARIS, 2013;
MARKULLA and KUNE, 2015).

In order to enhance this innovation ecosystem, cities can change and improve some
elements related with the enviro-urban dimension. Cities should connect those different
stakeholders through advanced digital infrastructure, mixed land use policy and efficient
multimodal mobility in order to enable more interactions between them. As highlighted by
Angelidou (2014), most of smart cities projects present a mix of local strategy for industrial
cities (i.e. existing cities) that can focus on hard and soft infrastructure oriented strategies or on
the development of economic activities for entire cities or geographically-based in districts.

Therefore, cities should start implementing their strategies, plans and initiatives in a
specific district, because small-scale projects are more viable and likely to succeed
(CARAGLIU and DEL BO, 2016). Emphasis should be placed on regenerating degraded urban
areas (ANGELIDOU, 2014), which are characterized as abandoned industrial districts. These

areas show an already existing infrastructure that does not require huge investments.
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The creation of an innovation district? should be a very important stage for every city
that wants to be smart. The innovation district can be the location where startups, creative and
high-tech firms, universities, research and technological centers should establish their activities
in order to develop solutions for global consumers’ needs. This process can begin in a point that
can sprawl for other city’s districts gradually, transforming a city in a cozy place for living,
working and entertaining. Moreover, it is also important to create some spaces that stimulate
creativity and innovation, such as fab labs, coworking, incubators, accelerators and so on.

In sum, there is no “one size fits all”, which means that the different elements of a city
should be combined in order to solve those several key issues. Then, each city should figure out
how is possible to create or transform its driving elements with those specific features in order
to enhance its “smartness”. This integration can enable cities around the world to change their

trajectories.

6.3. THE URBAN INNOVATION ECOSYSTEM

As mentioned before, if a city want to become smarter, it should upgrade its driving
elements through projects. The problem is to define which dimension should be transformed
first, or even if there is a logic of transformation.

Many cities are developing projects with different scale and scope in order to transform
their structures. One should focus on upgrading the techno-economic dimension by fostering
new economic activities, attracting and training high-skilled people or even establishing new
knowledge institutions. Other should focus on improving the environ-urban dimension by
building new digital and green infrastructures, defining a new mobility configuration or even
starting a great urban refurbishment in specific areas.

The fact is that there is no “right” way to start this process of urban transformation,
because as highlighted before cities are different and have different needs and potentialities.

However, it seems clear that is necessary to orchestrate all driving elements in an
integrated and comprehensive way in order to achieve the goals of any smart city. A city

demands a model that allow integrating these dimensions and elements in order to offer “high

2 Innovation districts can be defined as small pockets in a town or city (Cosgrave et al., 2013) where firms and
institutions share common infrastructure and labor market pooling, to take advantages of locally-embedded
technologies, production processes, and to reduce transportation and transaction costs (Fujita et al., 2000; Porter,
2000; Clark et al., 2003).
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quality of life and a prosperous environment for innovation and creativity in the most
sustainable way”.

Considering the results from literature review and case studies, it is possible to affirm
that a smart city is a complex ecosystem that use its enviro-urban configuration, its techno-
economic dynamics and its socio-institutional structure in order to create wealth through a
comprehensive innovation process. In fact, a smart city is an urban innovation ecosystem, which
present a well-defined governance model to articulate the other dimensions towards a
sustainable socioeconomic development. Again, there is no “magic formula” that show the best
way to make a city smarter.

However, the results pointed out that the city governance dimension is a catalyst in this
process of transformation. The focus on this dimension is because the industrial city model has
a very different way of governance. Weak partnerships, short-term plans, unilateral decision-
making processes, lack of an adaptive normative-legal framework are some of the differences
between the models.

It is assumed that nothing will advance if the city does not present a strong governance.
The use of different mechanisms to define which could be the best strategy to overcome those
several issues and to start a new cycle of wealth creation rely on the governance dimension. As
previously shown, some cities (Amsterdam, Barcelona, Vienna) started bringing together the
most relevant stakeholders and creating dedicated organizations to think about the future of city
and develop different projects in both top-down and bottom-up strategies.

This framework suggests that the governance dimension should lead this process of
transformation, but other dimensions are also very important. Actually, a smart city should be
understood as an integrated model to achieve a sustainable socioeconomic development. The

relationship among dimensions was summarized in the Figure 4.



59

Figure 4 - The Integrated Framework of Smart City
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The integrated framework suggests that the four dimensions should be integrated within
different relationships in order to achieve a sustainable socioeconomic development.

Furthermore, the relationship among dimensions is not a linear function, because it
should be taken in account the multiplier effects from their correlation. As an example, the
improvement in the urban environment dimension will have a positive influence in the techno-
economic dimension, and vice-versa.

In addition, the city development (dependent variable) will have a “rebound effect” in
all dimensions. It is assumed that, there is a positive relationship when a city offers high quality
of life, it will improve all dimensions of smart city. Considering that cities are highly context
dependent, it is difficult to assess which dimensions have a greater impact in city development.

Within this integrated approach, it will be possible to disclose some guidelines that cities
should follow in order to change their trajectories. The different driving elements of each
dimension must be taken into account depending on the defined city goals. Then, the city
governance should establish some priority projects to develop smart city solutions in order to

overcome the current issues and to create wealth in the context of the new paradigm.
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Therefore, the challenge to make a city smarter lies on defining how to articulate those
driving elements in each dimension properly in order to build up its own urban innovation

ecosystem.
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7. CONCLUDING REMARKS

In the present study, it was highlighted the importance of cities in the twenty-first
century. The dynamics of the new techno-economic paradigm demand that cities redeem their
very essence in order to enable a new cycle of wealth creation. It was highlighted that the current
city model based on a manufacturing industrial configuration is bringing more issues than
solutions.

Actually, these issues cannot be solved with simple adjustments or improvements. It
requires a radical structural change, which means a new model for urban development. The
cities of future must be smart. It is much more than a lofty title, because cities must solve their
issues in the most effective way and also find alternatives to achieve a sustainable
socioeconomic development.

To be smart is not an option, but a single way out of this urban crisis. The smart city
concept brings several solutions that can promote a massive revolution. The literature highlights
some aspects linked with this concept, such as technology, knowledge, creativity, innovation,
collaboration, connectivity, integration, sustainability and quality of life. Sometimes it seems a
utopic model, because it requires many changes that demand a long time to be implemented
and, consequently, to bring significant results.

In this sense, it is possible to affirm that there is no fully-fledge smart city yet. Not only
because it requires time, but also because that cities are not “dumb”. Actually, cities have
different degrees of “smartness”. Then, if a city wants to start this process of transformation, it
should develop some specific projects that considers the different dimensions of a smart city.

It is important to highlight that these solutions will vary among cities, because they are
naturally different. Cities differ somewhat in their history, economic activities, institutional
arrangements and cultural legacy (Hollands, 2008; Martin and Simmie, 2008). Consequently,
each city will present different trajectories in this shifting movement. The cities can be placed
on different stages related to current degree of urban development and need to define some
priorities based on their strengths and weakness (Fujita et al., 1999).

In this sense, cities will only change their trajectories through smart city projects. These
projects may have different scale and scope considering the city’s smartness. They will develop
solutions that must bring more efficiency and also deliver a new value for more than one

stakeholder.
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Now it seems easy to understand why the smart city concept is mainly related to the use
of technologies to improve public services. It is because the ICT’s can improve the efficiency
of cities by reducing their congestion costs, and, consequently, the negative externalities.
However, the use of non-technological components should also improve its “smartness”. The
upgrading of soft assets sometimes should be more efficient than the deployment of
technologies in the urban realm or in public services.

Since the deployment of technologies in the urban infrastructure until the creation of an
innovation district, the different solutions must consider the different dimensions and how is
possible to solve the issue in most efficient and integrated way.

Based on the literature, existing projects related to smart cities and interviews with
experts, this study offers an important theoretical contribution by identifying the dimensions
and the driving elements of a smart city. Consequently, it was possible to identify what could
be the first step towards this “smartification”.

The results show that the governance dimension takes the lead in this process of
transformation. The city that plans can take the reins of its trajectory. It is suggested that a mix
of top-down and bottom-up strategies should help cities to start a new collaborative process in
order to make structural changes.

This study also provides an integrated framework that may have significant practical
utility to government entities, policymakers, as well as to business owners. Identifying the
driving elements of a smart city allow cities around the world to evolve towards a sustainable
development, by structuring feasible and realistic plans, considering their idiosyncrasies.

When defining a smart city as an “urban innovation ecosystem” should unify some
different approaches, considering that the urban space can enhance the innovation ecosystem,
and vice-versa. It can be discussed that innovation cannot be achieved only with strong
networks, high-tech firms or high qualified human capital, but also relies on how those different
elements are configured considering the smart city dimensions (i.e. techno-economic dynamics,
city governance, environ-urban configuration and socio-institutional structure). Thus, it is
possible to conclude that transform a traditional industrial city into a smart city requires more
than willing — good practices are necessary for this revolution.

Considering that, this study reached the proposed objectives by presenting a clear
definition of what is a smart city and its dimensions. Besides that, this study also disclosed the

features of smart city elements, which allowed to build the integrated conceptual framework.
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However, this study has some limitations considering that results are only from
European experiences what could be different in other experiences around the world.
Furthermore, the chosen qualitative method does not allow a broad generalization, because it is
not possible to confirm and validate all proposition with only case studies. It is also important
to highlight that it is necessary to realize empirical studies considering the theoretical
background about innovation ecosystem and integrate with other urban theories. Besides that,
it is difficult to capture the entire transformation of a city only with a few projects and to assess
how these projects have an effective contribution to enhance the smartness of city.

These limitations can be solved by applying that definition and those analytical
dimensions in different contexts to validate those elements and identify others.

This work also point out some future studies. A future study can assess the smartness of
a city by setting indicators for those elements in order to make a quantitative comparison among
cities. Besides that, it is possible to develop qualitative studies to make a deepen analysis about
the identified elements and how they would enhance the smartness of a city. For example, a
study would focus on how those innovation spaces can ease collaboration among people.
Another study would compare the different dedicated organizations around the world in order
to identify common features. It is also possible to analyze how innovation districts influence in
the other city dimensions. Many studies can be developed considering the lack of longitudinal

empirical studies about this topic, which will require new methodological procedures.
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APPENDIX B - Interview Guide

About Project

=

When did this project start? Is there any deadline for conclusion?

Is this project linked to any strategic plan of government?

Why this project started to be developed?

What is/was the main objective of this project?

What are/were the solutions that this project is/intends to offer?
How is/was this project being funded?

How was the structure of this project to set up?

Who are/were the actors that participate (d) in this project?

What are/were the results obtained so far? (For stakeholders and for city)
10 What are/were the main difficulties in implementing this project?

©CooNoGarWD
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APPENDIX C - SMART CITY PROJECTS

Table 6 — The main topics about the selected smart city projects

City

Project

Main Topics

Amsterdam

Amsterdam Smart City
Platform

Multi-stakeholder web-platform
Organize the different projects and initiatives

Smart Entrepreneurial
Lab

Collaboration with firms
Young human capital
Entrepreneurship culture and mindset

Smart Citizens Lab

Public and International Funds
Maker culture

Civic engagement

Smart Citizens

Maker Spaces (Fab Labs)

Barcelona

22@ Barcelona —
Innovation District

Regeneration of degraded district through a massive urban
refurbishment and socioeconomic revitalization
Partnerships between public and private organizations
Huge and regular amounts of public and private investments
Long-term project that continued even with the change of
political parties in power.

City Hall is the main leader with the support of a dedicated
agency

Attraction of Clusters from Creative and Hi-tech industries
Major Infrastructure Constructions

Development of a new mobility plan

Concerns about environmental sustainability and climate
change

Barcelona Activa

Dedicated organization with different departments of city
City Branding Promotion to attract foreign investments
Offer training courses for unemployed people

Lisbon

BIP/ZIP Program

Bottom-up strategy to solve specific issues in different
neighborhoods

Funded by City Hall

Stimulates the civic engagement by investing in community
projects

Citizens Economic Activities

Sharing Cities

Building retrofitting

Natural Resources (Reduce energy and water consumption, low
carbon emission)

Living Lab (Electric Cars, solar panels, smart grids, etc.)
Public-Private Partnerships

New public services

Public Funds

Vienna

Smart City Framework
Strategy

Drivers are quality of life, sustainability and innovation
Long-term strategic plan that embrace the actual issues and the
future challenges of city

The city hall developed the plan together with more than 400
different organizations, which assure legitimacy for the project.
Concerns about reducing carbon emissions, save energy and
water consumption

Smart City Wien
Agency

Dedicated organization
Governance structure
Partnerships

Smart Citizens

Social and Cultural Plurality
New Laws
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Smart Together

Public funds

Partnerships

Actions/Initiatives/Projects

Urban Design (Building retrofitting)
Infrastructure

Mobility (Metro)

Education and Training

Economic Activities Community

Socio-cultural plurality Amenities and Facilities
Natural Resources (Reduce energy and water consumption, low
carbon emission)

Living Lab




