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1 ABSTRACT

Cities are key agents in the transformation of gpeystems, since the majority of the world popatat
lives in cities and most energy is consumed in mrd@eas. In recent times, the concept of smadschias
raised the attention of both scientists and piaogts in different fields. Smart cities are enwsd to link
different fields of action such as mobility; energyoduction, distribution, and consumption; builgin
governance and stakeholder processes; and urbaminma Information and communication technologies a
seen as key to these interconnections. The owgwallof a smart city is to save energy and simelbasly to
increase the quality of life for inhabitants.

Although a broad variety of descriptions of smaties have been developed, the concept itself appede
rather fuzzy and hard to grasp. A clear-cut, comuhgfimition of smart cities is still lacking. Thea of this
paper is to better understand what a smart citgtdtates and what it means from the perspectivecnce,
as well as from a practical point of view.

In a thorough literature analysis, we identify diffnt i) definitions, ii) approaches, iii) field§ actions and

iv) technologies associated with smart cities. @nalysis is based on interdisciplinary scientifierature, as
well as on practical documents (e.g. websites tt girojects). In a subsequent step, we compare the
different understandings of smart cities. In sondpiwe focus on similarities and differences betwee
scientific and practical approaches. In a finapstee identify opportunities and challenges aridiogn the
identified similarities and differences.

Recognising these challenges and potentials iamicplar interest for so-called transdisciplinaggearch in

urban development, where scientists and practitiomerk closely together. Differences between smen
and practice might on the one hand inform researclsmart cities concerning practical implicatioms a
experiences. On the other hand, they can alsonmfaractitioners about scientific innovation in umba
development (e.g. cloud computing assessing selasarin real time).

2 INTRODUCTION

Cities will be important agents of change in thearping energy transition. In 2010, it was obsertreat
most people worldwide (52%) live in cities; thisash is expected to grow to 67% by the year 2050t¢dn
Nations, 2014). Furthermore, cities are responditMeas much as 75% of the global energy consumptio
(United Nations, 2011). This indicates a huge pidéfor energy efficiency improvements at the dayel.

In science and practice, the growing importanceiteds in the energy transition has been recogniSéees
can be role models in the energy transition (&ygincreasing energy efficiency of public buildipgand at
the same time governing change by implementingonati policies, setting legislation, providing
infrastructure, and informing and empowering citike Furthermore, cities can disseminate their
experiences, and in so doing, influence energysitian policies (Jollands, Kenihan, & Wescott, 2008

In Switzerland, communities and cities are encoeaa promote energy savings in different domairchs

as developmental and spatial planning (e.g. ascityission statement), public buildings and infractire

(e.g. refurbishment of public buildings), energypsly and waste management, communication and
cooperation (e.g. events, marketing), internal oiggion (e.g. further education) and mobility (e.g
promotion of public transport; Horbaty, 2013). Bpwmber 2013, as many as 345 Swiss communities had
received the ‘Energiestadt’ label (Swiss label egponding to the European Energy Award; Energigstad
2013). This label acknowledges the engagementti@sdin promoting energy efficiency in the mentidne
domains. However, in order to go one step furtbepromote energy efficiency, cities need to linkith
activities in the mentioned fields. This means necgmeal solutions; instead, integrated solutiors a
required.

In recent times, the concept of ‘smart cities’ lgased the attention of scientists and practitisn&mart
cities are supposed to link different fields ofiact such as mobility, energy, buildings, governance
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stakeholder processes and urban planning (SmartSeiiweiz, 2014b). Information and communication
technology (ICT) is seen as key to these intercotimes. The aim of a smart city is to reduce energy
consumption while at the same time maintainingv@neznhancing the quality of life of inhabitants.

2.1 Scientific definitions of smart cities

A multitude of different understandings of smartied are evident, and there is no commonly accepted
definition in the literature. Nam and Pardo’s (2DPphper provides an overview of different definiiso
which have been developed. Here, we briefly re\deme key characteristics of smart cities as idedtiby
Nam and Pardo (2011):

Smart cities
« adapt to the changing needs of users (Mars-Madsipez-Carmona, Velasco, & Navarro, 2008);

e use smart technologies that monitor and integrdtastructure (e.g., ICT such as connected mobile
terminals, sensors, and actuators; Hall, 2000);

« link smart economy (competitiveness), smart peggpbeial and human capital), smart governance
(participation), smart mobility (transport and ICEjnart environment (natural resources) and smart
living (quality of life; Giffinger & HaindImaier, 210); and

« empower inhabitants to participate in decisionstarshape smart cities (Partridge, 2004).

These different perspectives are reflected in agraijpnal definition by Caragliu, Del Bo and Nijkam
(2011): “We believe a city to be smart when investis in human and social capital and traditional
(transport) and modern (ICT) communication infrasture fuel sustainable economic growth and a high
quality of life, with a wise management of natuedources, through participatory governance” (p. 70

2.2 Practical understandings of smart cities

In addition to these scientific definitions, itirgeresting to consider the practical perspectiVe. reviewed
exemplary practice perspectives in three diffemmntries which currently promote smart cities, agm
Switzerland, Germany and Austria. All countriesoadsllaborate in a so-called D-A-CH project to exiche
smart city experiences (D-A-CH Energieeffizienzadst 2014) and provide rich databases on implerdente
ongoing and planned projects.

In Switzerland, a smart city is understood to mtyawhich provides the maximum available qualityite

at minimal use of resources thanks to intelligenhnections of infrastructure (transport, energy,
communication) at different hierarchical levelsi{timg, quarter, city; Smart City Schweiz, 2014a)smart
city links topics such as urban energy master praprsmart buildings, smart grids and supply tedbgies,
smart mobility, good governance and stakeholdecrgmses (see Fig. 1).

Fig. 1: Understanding of smart cities in SwitzeddBmart City Schweiz, 2014b).

In Germany, the term ‘energy efficient city’ is dseather than ‘smart city’. The overall goal of @mergy
efficient city is to integrate different innovatitechnologies in order to promote the energy efficy of
cities. Integrative planning is a key issue (Eng&ffidt, 2014).

Finally, in Austria, smart cities are understoocigies which i) consider the balance of greenh@ases, ii)
use innovative technologies that are highly resmamd energy efficient, iii) provide systemic sias for
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optimising energy systems, iv) promote public tmoms and soft mobility, v) promote social and
organisational innovation through participatory qgasses, vi) promote early inclusion of investord wi)
contribute to environmental sustainability (SmaitteS Austria, 2014).

2.3 Goal and research questions of the study

Scrutinising the understandings of a smart citgérence and in practice reveals that there ardasitiés
and differences within and between the scientifid @ractical perspectives. The goal of this papetoi
better understand what constitutes a smart cityverat it means from the perspective of scienceslation
to practice. The following research questions ftimecore of our study:

« How can the term smart city be characterised froth khe scientific and practical perspectives?
¢ What are the similarities and differences betwdenwo perspectives?

2.4 A two-dimensional grid: level of integration and saio-technical embedding

The backbone of our analysis is a two-dimensiond gn which scientific studies and practical pobgeare
placed. The two dimensions have been deduced franraview on scientific definitions and practical
understandings of smart cities (see above). Tisé dimension idevel of integration Integration is a key
characteristic of a smart city, both in scientifiefinitions and practical understandings. This disien
refers to the extent to which a study or projettdgnates different technologies and topics (e.ggimating
retrofitting of buildings, connection of differebuildings, energy supply and a mobility conceptimity
quarter). Correspondingly, the two poles of thimelsion are termed ‘single focus on topic/technglagd
‘integrated approach’. The second dimensiosasio-technical embeddinglany scientific definitions and
practical understandings stress that a smart bibyld be built on participatory decisions. This meshat
smart cities should provide participatory procesanad platforms where citizens and stakeholders can
express their needs and opinions regarding citgldpwment, technological decisions and so on (Casabi
Moser, Wilhelmer, Kubeczko, & Nelson, under reviewence, citizens and stakeholders should be
encouraged and empowered to actively shape thairtsimy. This dimension refers to the extent tachire
study or project takes a socio-technical perspectiliat is, a coupled perspective on technologies a
people. Correspondingly, the two poles of this digien are referred to as the ‘purely technical pectve’

and the ‘socio-technical perspective’.

Our research approach includes a literature revitwcientific papers on smart city issues, as waslla
review of concrete projects that have been cawigdunder the umbrella of the smart city concepiese
studies and projects are characterised and compaocedding to the identified analysis grid.

3 METHOD

The basis of our analysis comprises a literatuvieve of scientific studies on smart cities and ficad
projects carried out under the umbrella of the iy project.

3.1 Literature review of scientific studies

We searched research databases such as ‘Web eic&cend ‘SpringerLink’ to find scientific articles
papers, book chapters and books on smart citiea Reyword, the term ‘smart city’ was used. |daetif
matches were handpicked to select only those papdh provide an overview on the concept of smart
cities and discuss the researchers’ understandimgve a definition of smart cities. Papers werestidly
read and relevant information, including the follog/ characteristics, was transferred to an Exctllisse:
article information, (title, date, author, typec.gt abstract, keywords, definition of ‘smart cjtybpics,
perspective (science or practice), technologiesnirg/region and project status. We experiencedrtain
saturation point at the end phase of article cbhtlac(a moment when further collection of data noder
provided additional contributions). In tot&l,= 27 research papers were included in the analysis

3.2 Literature review of practical projects

We searched for practical projects carried out utide umbrella of the smart city concept in thredine
project databases provided by Switzerland, Austrid Germany. All databases are connected to dfficia
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smart city websites or energy-efficient citieshie tase of GermahyThe Swiss database contains 77 Swiss
projects (58 concepts, 13 pilot projects and 6 émm@nted projects), the Austrian database contains 3
projects (25 projects that are getting started @umdplemented projects) and the German databadainen
22 projects. For practical reasons, we selected $henplemented and pilot projects in Switzerlatie 9
implemented projects in Austria and the 22 Germajepts. In totaN = 50 projects were included in the
analysis. All databases provide detailed descrigtinf projects, contexts and related websites oumments.
Project descriptions were carefully read and relewaformation was transferred to the same Exdelds

for the scientific studies.

3.3 Characterisation of scientific studies and practichprojects

All identified studies and projects were locatedtla ‘level of integration/socio-technical embedgigrid
described above. This allocation was carried oatittively and rather intuitively, based on degtians of
studies and projects. This means that for eachegirajr study, a decision was made as to whether it
describes one specific topic or technology or takesntegrated perspective on several issues (dioen
level of integration). Furthermore, it was deteredrwhether the project or study describes purelyrieal
approaches or integrates people (dimension: seclmical embedding).

As a first step, scientific studies and practicadj@cts are characterised separately. For somerapiad a
few examples of studies and projects are describedllustrative purposes. In a second step, both
approaches are compared.
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Fig. 3: Characterisation of practical smart citgjpcts (pilot and implemented projedis= 46 projectd. Black dots represent
projects from Germany, dark grey dots represerjept®from Austria and light grey dots represenjguts from Switzerland.
Numbers in circles represent numbers assignedijeqis.

4 RESULTS

4.1 How can the term smart city be characterised from bth the scientific and practical perspectives?

The allocation of the analysed scientific studiagime ‘level of integration/socio-technical embedgigrid
is displayed in Fig. 2. This indicates that almalstanalysed research studies take an integragvsppctive.

! Switzerland: http://ds1.dreifels.ch/smartcity/vigrspx?LA=de (24.02.2014),

Austria: http://www.smartcities.at/stadt-projektatat-cities/ (24.02.2014),

and Germany: http://www.eneff-stadt.info/de/pilatjgkte/ (24.02.2014)

2 Four projects could not be assigned to the giitesthey are accompanying research projects.
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That is, they do not discuss single technologiethécontext of smart cities (e.g. single focussomart
metering), but rather combine and link differenpits and technologies (e.g. coupled perspective on
building retrofitting and energy supply). Of courtieis has to do with our literature research sggt since

we only included articles providing an overview the smart city concept in our analysis. Many stsidie
assign a key role to ICT in this integration endeav(see, for example, Piro, Cianci, Grieco, Bogdia
Camarda, 2014; Ronay & Egger, 2014; Yovanof & Haza2009).

The analysed scientific studies seem to differ waispect to their degree of integrating societalas. While
about one-third of the analysed articles focus lguos integrated technologies, about two-thirdsoals
consider the integration of people as an importhatacteristic of a smart city.

Table 2 provides examples of practical studiedltstrate different projects in all four quadrantypical

examples of integrative projects are city quartevedlopment projects which link topics such as bogd
and their use, energy supply and mobility. The gdamin Table 2 also indicate some key technologies
smart city, such as e-mobility, ICT (for communioat monitoring and steering processes, as wdihkig

different systems), smart electricity grids, snrmaetering, district heating systems and so on.

ID, Name & keywords Technologies Level of Socio-technical

quadrant integration embedding

P41, D E-cars E-cars Focus on oneProject takes userg’
Pilot project, test of a series of e-cals; technology (e perspectives intg
joint learning process and evaluatipn mobility) consideration
including all involved stakeholders

P39, C Smart metering Smart metering| Focus on| Households take part
Pilot project, installation of 100pSmart grid distribution of| in pilot study by
smart meters in a Swiss community| electricity ~ (smart| having a smart mete,

metering and smaitno participatory
grids) processes described

P31, A Smart city quarter in Austria District heating,| Highly integrated| Rather technica
Refurbishment of heritage protectedCT, smart grid,| (buildings, focus, no
buildings, realisation of a smart gridrefurbishment of mobility,  energy| participatory
establishment of car sharingouildings supply) processes described
infrastructure/e-mobility, district
heating system, city-wide
communication and informatiop
system

P15, B Net zero energy quarter Insulation, heat Integrates buildings Includes usef
Links buildings and technicgl PUmps, and energy supply perspectives in
appliances, potential influences prgeothermal, without e.g.| project
electricity grid, analysis of usgrmonitoring mobility
behaviour and raising awarengst£chnologies,
amongst users ICT

Table 2: lllustration of practical projects.

4.2 What are the similarities and differences betweerhie two perspectives?

When comparing the scientific understanding of $nwties and concrete implemented projects (i.e.
comparing Fig. 2 and Fig. 3) in the context of dnaities in Switzerland, Germany and Austria, ittimes
evident that the scientific and practical underditags have both similarities and differences. Gralarity

is that both understandings barely include projediech are singular and at the same time partioryat
(quadrant D). It also becomes clear that many efahalysed studies and projects in science asasell
practice neglect participatory approaches, instekihg a rather technical perspective. Issues agh
stakeholder processes, participation and integratsers’ needs are often not at the core of théyseth
studies and projects, although some definitionsnafirt cities stress these aspects (such as Caeddgil,
2011).

There are also some differences between the adabaentific and practical approaches: While from a
scientific perspective, almost all analysed artidigke an integrated perspective, this is not #se dor the
analysed implemented projects. There are many grojender the umbrella of smart cities (or energy-
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efficient cities in Germany) that take a ratheraarperspective on singular aspects or technoldgigs, on
smart grids, e-mobility, or ICT). Many analysed jpats take a semi-integrated perspective. By this,
mean that they integrate topics such as buildimgsemergy supply but exclude, for example, thectapbi
mobility.

5 DISCUSSION AND CONCLUSIONS

The goal of this article is to better understancindn smart city constitutes and how this term dewstood

in scientific studies and concrete practice prgjedie identified relevant overview research arsicks well

as a number of concrete projects carried out intZéwand, Germany and Austria. Based on a thorough
literature review, two important dimensions chagdsing smart cities have been identifiddvel of
integration and socio-technical embeddin@All identified scientific studies and practiceopacts were
characterised on a grid composed of these two dilbes.

Our analysis indicates that the scientific undeditag of smart cities in the analysed studies igy ve
integrative with respect to technologies and tapitswever, not all analysed scientific studies gnéte
people as well. Only some take a so-called so@brieal perspective on smart cities, and thus, upled
perspective including technologies and participappocesses for stakeholders and inhabitants.rtr&st to
scientific approaches, the analysed practical ptejmore often consider single technical approacinegr
the umbrella of a smatrt city. In general, the pcattprojects seem to have a narrower focus corparéhe
analysed scientific studies.

5.1 Critical reflections

The outcomes of our analyses are, of course, dyratependent on the choice of research studies and
practical projects. By only taking into accounteash studies that provide an overview on the suigyt
concept, research projects focusing on singulamni@ogies of smart cities (e.g. smart grids) hagerb
excluded. Since one of the goals of this paper twalsetter understand what a smart city constitutes
science in a general sense, this literature sefestrategy seems appropriate. However, we nebe &ware
that including research articles covering speaiigle technologies of a smart city would probaddter the
identified patterns illustrated in Fig. 2.

These considerations also apply to the practicajepts. We decided to analyse three European gesntr
which share experiences regarding smart cities {OFA Energieeffiziente Stadt, 2014) and used their
databases to select projects. These databasesvdifierespect to their structure, as well as thember and
scope of included projects. For example, the Sdégabase includes a greater number of projectsttiean
German and Austrian databases. This, of coursegsnakmparisons between countries difficult. One
possible explanation for the differing patternscotintries in Fig. 3 is that the Swiss database ialdades
projects which are related to single smart cithtedogies (such as e-cars, smart metering and gJriesl),
while the Austrian and German databases tend ttudacprojects on city and quarter development,
exhibiting a more integrative perspective.

5.2 Need for further research

Since all the analysed projects have been planneémmemented in Central Europe, a more internaion
perspective could potentially offer important ifdig into the smart city concept as implementedtiverno
regions of Europe and on other continents. It waldt be interesting to consider the timelinesrofgets to
better understand the interplay between reseangtoaghes and practical implementation. For exangie,
could analyse how the call for more integrative dncéty approaches in science is reflected in peatt
projects, as well as how experiences in practiggkpts shape scientific ambitions.

Another line of future research could more systérally analyse and structure the technologies baserd
to realise smart cities. Such a structure coulg relelucidating how different technologies arekéd to
connect infrastructures on different hierarchieakls (e.g. building, city quarter, city).

5.3 Implications of the findings

As mentioned above, integration of technologies sotlo-technical embedding are key aspects of atsma
city (Caragliu et al., 2011). In order to reactegration of technologies and people, many projdistsuss
the important role of ICT (Piro et al., 2014, Ro&afgger, 2014, Yovanof & Hazapis, 2009). One caere
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say that ICT represents a backbone of smart ciash technologies allow connections between differ
types of infrastructure, monitoring and steeringgasses and the promotion of communication between
people. They may also be used to promote partioipaif inhabitants and stakeholders in shapingsiecs
(e.g. e-governance). However, city administratioeged to be aware that not all inhabitants are able
willing to use ICT. Successful participation stgiés should therefore be appropriate to bridge digtal
divide’ amongst people (Hospers, 2012; Partridd®)42. It is of vital importance that such altermati
complementary strategies for participation be dgwed in the process of becoming a smart city. heot
words, ICT alone does not make a city smart.

The identified similarities and differences betwescience and practice bear challenges, but also
opportunities. The analysed scientific studies faskintegrated approaches, while many analysedept®j
focus on specific technologies or topics. This atiéhce represents a challenge and at the sameatime
opportunity for both science and practice. For ficat projects, our findings may indicate that thés a
need for more integration from the beginning ofnpiag a smart city initiative, both with respect to
technologies and topics and the involvement of feeophe idea of a smart city is not one of piecdmea
topic-related solutions, but instead of integrasetutions which link infrastructure, ICT and peapléis
means that project teams should be composed ofepeith different backgrounds (in energy, mobilityty
development, business, planning, architectureabeoork, etc.). For scientific projects, our fings may
indicate that more concrete ideas and methodolbgigaroaches are needed to reach the asked Ievels o
integration. Concrete projects might also inforrsesrch studies on the practical feasibility of tecal
options, as well as on social conflicts (e.g. duéatk of acceptance of specific technologies) nojgzts.
Moreover, research holds tremendous potential riterdisciplinary collaboration to develop integoati
methods jointly. The field of smart cities repreasean interesting field for so-called transdisciphy
research (Haberli et al., 2001; Hirsch-Hadorn et 2008; Stauffacher, 2011), where science andtipeac
collaborate closely to jointly develop technicalyund and socially acceptable solutions for smitisc
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