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1 ABSTRACT

According to the United Nations, 60% of the worlgispulation will live in urban areas by 2030 (Udite
Nations 2012). While many cities around the wontd growing and expanding, at the same time, a big
number of cities in the northern hemisphere isi@aeeverse trends, e.g. caused by the demograparge.

As a result of these trends and the comprehensmlization, cities are competing within a globadrket

for companies and well educated inhabitants. Agdudlitional challenge, the climate change revealed h
powerful forces during the last decades as sebariicanes Katrina and Sandy in 2005 respectiveh22or
typhoon Haiyan in 2013.

In this context, cities are facing an extremelyidifit assignment: an innovative sustainable dgwelent of
the city, including ecologic, economic and socimhehsions. This task includes two central requineisie
making the city livable on the one hand and resiliggainst external factors as natural disastersttcer
crises on the other. This paper outlines innovadpproaches of cities all over the world, in ordeachieve
the goal of a sustainable city of tomorrow, concaintg on the contribution of innovative informatiand
communication technologies (ICT).

The paper is based on an interdisciplinary longiteesearch project called “Morgenstadt: City Inssgh
(m:ci), which analyzed innovative and sustainallieitions and projects of the city sectors mobilitgter
infrastructure, production and logistics, goverregrauildings, energy, security and ICT in six leagdcities
around the world in order to identify common chésistics and structures of success stories.

Therefore, the paper first presents the resear¢chaaelogy of the m:ci project, followed by an oview of
the examined sectors, projects and cities. Subsdguie key findings regarding the ICT sector wik
presented and the role of ICT for an innovative anstainable city development will be outlined.this
context it will be elaborated for instance how I€Tables innovative solutions of other sectors analtich
extent the collection and procession of urban datatributes to a sustainable development. Findlig,
paper discusses the transferability of the idesdtifapproaches and tries to illustrate possibldegfies to
implement such innovative and sustainable solutions

2 MORGENSTADT: CITY INSIGHTS PROJECT

This chapter provides a brief introduction into theei project. At first the underlying idea for theoject is
outlined, followed by the developed and appliedaesh methodology.

2.1 1dea

The urban knowledge economy is facing a tremendassformation that will affect the society
technologically, organisationally and systemicallgdividual technological sectors, such as energy o
mobility, will be affected. But since these sectare highly cross linked, especially in cities amthan
regions, the change in one sector will affect #Hileos and the urban system itself as well. To wstded the
interdependent links between the urban sectorg~thanhofer Society launched the innovation network
m:ci. For this system research initiative, 12 Fraafar institutes work together to investigate inzibxe
solutions for a sustainable city. To achieve thialga holistic research approach was developedder do
analyze the city system in its interdependent streqKalisch et al. 2013).

The main goal of the first period (2012-2013) c# th:ci project was to identify the status quo astetaish

a starting point for the research and developmemnovations for urban systems. Based on the figsliof
the first period and the systemic understandingrb&n areas, the second period (2014-2015) wilidamn
discovering and implementing systemic approachasdtccessfully respond to the increasing probleims
the selected technology fields in leading citieg dBtecting and analyzing innovative but alreadidftested
approaches, their feasibility for other complex ismvments and demands for an urban future will be
evaluated. To verify this expertise will be pooleddevelop smart and individually customized stgis
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together with our network partners from indust@gesl cities, aiming at the future requirements tothfer
concepts’ efficient implementation.

2.2 Methodology

The m:ci project follows a transdisciplinary resdmapproach, its first phase has been divided verse
phases (see Figure 1). At first more than 270 dlgbad practicees in more than 250 cities arouedatbrid
that were applicable to bring the city forward todsaa liveable, resilient, zero-waste and CO2 ¢igewere
studied. The examples were ranked by researcharstfre corresponding field by innovative technatagi
business models, forms of organization used, amd tthnsferability to other cities. Based upon this
assessment 80 solutions were defined as bestqawactll 80 best practices were evaluated in aegqyist
way which included assessment of core sustainabiliicators on social, economic and environmental
impact and a cross-sectoral analysis of systertécfates with other sectors.

The amount of identified best practices per citwee as reference for the city ranking. Furthemeta-
analysis of cities that appeared in different iediists was conducted. Based on this list a naetking of
the cities was compiled that reflect their ovepadtformance. The final ranking was realized bygrating
the best practice-ranking (70%) and the global matéing (30%) into one list of inspiring and leagi
global cities on the field of urban sustainabilithe first 24 cities of the final ranking were takas base
items for defining the top 12 list. This was doneréferring to the preferences of project partngrsy fair
regional distribution and to a good distributionsefctor-specific best practices. Based on the #ojsi.the
project partners choosed six cities (Berlin, Copyagen, Freiburg im Breisgau, New York, Singapuré an
Tokyo) that were studied on-site (phase 1 andFRigare 1).

Prior the two-week research visit the mayors offiagere contacted and asked to support the fieldwittk

a letter of recommendation and support. Aditionallyeral other locally based institutions like @mgities,
German associations etc. were also contacted ian@gvto request support in lining up interviewshwtite
persons that were responsible for the studied frestice examples. The m:ci project team define®3.5
indicators with the associated data for each seéwcttre given city and saved this information iretational
database that was developed for this project. Bmeswas done with information and data that were
collected from each studied practice example ircttye

Prepared with the results of this desktop researghnpup of Fraunhofer researchers stayed in efttie @ix
cities for two weeks and mainly conducted narrativerviews with relevant actors within each preeti
example. The interviews, typically 1.5 hours ination, were conducted on the basis of a part stdimtal
questionnaire which was adapted to each intervidwe. interviews were recorded, when permitted, atet |
analyzed.

The practice examples were, whenever possible,edeand visited, in order to gain a personal impoass
Each night the involved researchers came togethshdre the insights they gained this day. This ates
not done for a group dynamic reason only but tm gainsdisciplinary insights from the other reskars.
By sharing and discussing the experiences thenessa were challanged to view the studied exarfnpte
their own sector from another perspective and tiskethink the projects of other sectors from ooes
perspective (Roehl et al. 2012; Bojer et al. 2008).

Additionally, all actors that were involved in thiy’s key projects were invited to an evening eveuring
which the project, as well as the researcher's firgpressions of the city, were presented. The'sity
sustainability initiatives were discussed duringaael discussion and a subsequent reception. Eabdek
of the participants was incorporated in the analgsid accounted in the following interviews. Durihg so-
called “Morgenstadt: City Labs” several hypothesadating the examined practice examples were dpeelo
following a defined methology and discussed with th:ci project partners. The discussions servetelp
the researchers recognize inherent patterns inmthlementation of projects and solution approadpésse
3 and 4 in Figure 1).
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Figure 1: Overview of the research process frontosgedo areas of application (Kalisch et al. 2013)

Based on the qualitative interviews and availabiengjtative data, impact factors for certain preesswere
indentified. The analysis of impact factors uncewahy a certain progress happens in a particulgrima
specific urban system. Accordingly they describaegal forces that push or hinder the process of
sustainable development on many different levelse Tdentification of impact factors is complex and
requires a transdisciplinary reflection by the e#sbers. The researchers therefore reflected alagrythe
identified drivers and framework conditions. Ongoortant tool to do this were collaborative mind-map
structure the identified factors. Further, a mixaedthods approach was applied, utilizing social oetw
analysis and cluster analysis (phase 5 and 6 uré&ity).

Starting from a three-level-approach (indicatongpact factors and action fields) of urban systenayais
the m:ci research network developed a first gemaddel for sustainable urban development (see &igur
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Figure 2: Morgenstadt model for sustainable urbaretbpment
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After the on-site research visitis, all prior definindicators had been evaluated. The assessnwmédlthat
most variables are only available in some citied tirerefore not usefull for general city comparsof
revision of the m:ci indicators provided a set e$d than 100 urban indicators that define the sthte
sustainability of a city. This indicators are |st@ the final project report (Fraunhofer-Geseltt2013).

The 83 defined key action fields for sustainableettspment represent the core of the Morgenstadteinod
This action fields describe the sustainable actiand responses of the cities. They can be relaied t
indicators and allow the m:ci researchers to asedmther a response of a city is in line with @ript
pressures or state conditions and therefore réallys optimizing outputs for enhanced sustaingbilihe
key action fields were further assessed by thdgjaating researchers. They rated the impact oh day
action field to each other based on their fiel®egpertise. This so called cross-impact matrix of &etion
fields was subsequently evaluated by the sum ofeaend passive ratings. By plotting the sums chdeey
action field, three groups of action fields couleldeperated that have a significant relevanceusiamable
development of a city (see Figure 3).

« The “drivers” were key action fields that bring édeand initiatives forward.
e The “enabler” enables the city to perform certaiticms.
* The “levers” amplify given actions.

The cross impact of each key action field to eatteris also dynamicly visualized and accessibleutyh
the project website.

Ly

Active.sum of actionsfields

(=}

Passive sum of aftion fields

o 20 0 60 80 100 120

Figure 3: Cross-impact analysis of key action fields

3 THE ROLE OF ICT IN THE SMART CITY (OF TOMORROW)

In this context, the following chapter will conceate on the ICT sector and its role for the sustaim and
smart development of cities. Therefore the arguatent will follow the m:ci methodology, first prading

an overview of the analysed best practices andesulesitly deriving consitent impact factors as vesl|
coherencies. Finally four key action fields and opatral key insight for the ICT sector will be geated,
including a discussion regarding the transferabditsuch solutions.

3.1ICT best practices

As Table 1 lines out, the m:ci project analysedtdlein ICT best practices in four different citiiscan be
stated that the thematic scope of those thirteejeqis was extraordinarily broad. Thus the thenseme
from traffic management or ICT assisted securitprapches to ICT tools for public participation. hi
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broad range is a first indication of the profoumtevance of ICT solutions for the smart and suatai
development of city systems and their subsystenmsth@® basis chapter 3.2.2 provides a more detailed
insight into the influence of the ICT sector visda-other sectors, such as mobility, water infrattire,
production and logistics, governance, buildinggrgy and security.

Best practice Description

New York, United States of America

Open Data Initiative* Urban data analysis for ewide based city planning and
management

Smart Public Safety* ICT assisted security (trendlgsis and hot spot projection)

Berlin, Germany

Capital Cloud Open data approach (cloud networfangegional companies)

infreSt Open data approach (pipeline network information)

Open-Data-Plattform* Open data approach for comigunformation and services

Verkehrsinformationszentrale* ICT assisted traffianagement

Vernetzte Sicherheit* ICT assisted security

Smart Grids und Smart Metering BerlindCT assisted energy grid management
Brandenburg*

Tokyo, Japan

Mobile Spatial Statistics* Mobile data analysisutaderstand citizen’s movement patterns
(field of application e.g. urban planning and &risianagement

Interoperable Electronic Ticketing* ICT assistezkéting system for public transportation

Freiburg im Breisgau, Germany

GRID2Smart* ICT assisted energy grid management

Beteiligungshaushalt ICT assisted participatiortfpten for city budgeting

Baullickenborse Open data platform to manage thesit@ market

Table 1: Analysed ICT best practices

All projects marked with an asterisk within Tableafe based on one main idea: the smart use ofdglrea
existing urban data. Moreover, the remaining fawjgxts are basically providing new types of digiata,

by collecting information and making it availablgithlly. Summarizing, innovative ICT solutions ttg
make cities smart by using and providing city data new, creative and analytical manner.

3.2 Results of the ICT sector

In the next sections the results of the ICT seateroutlined. First the identified impact factors described.
Then it will be discussed how ICT can be an endilesustainable and smart development of otheosec
Finally, key action fields and key insights aregaaed.

3.2.1 Impact factors

As explained earlier, the m:ci project tried toritiy consistent impact factors within all best ¢tiees. With

the help of detected success factors it shouldassilple to increase the chances of success formipgo
innovative project ideas. All analysed ICT projestsealed specific impact factors correspondingptal
political, social and economic circumstances. Nenedess, several impact factors were identified as
substantial for numerous best practices.

The impact factor “existing networks of innovatigetors” has been relevant in six of the best presti
projects (out of 13) and is therefore the most irtgod factor for the ICT sector. Cooperation betwee
research institutes and other actors was an infpatr for three of these projects. However, ofh@jects
like the Open Data Initiative of New York also indes universities or research institutes as pro@dhers,
without depending on those networks upfront.

The political will of the city government to implemt innovative ICT strategies and techniques was
designated as an impact factor for 5 of the 13 @3t practices. Among other things, this factafigreat
importance, because the financial support of ICojguts depends on political decisions. Additionally
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financial funding respectively funding programs a/@amed as central impact factors for three ofi@ie
best practices. Accordingly, a municipality thatntgato support a smart city approach should becdéstil
to technological innovations and should supportiaithte networks of innovative actors of the |&dctor.

On the other side, looking at obstructive impactdes, the intensive use of digital data depenasgty on
legal regulations and the societal awareness riegaptivacy issues. Especially during the last gethie
public awareness raised due to massive data dolleaf companies and organizations. Cities thattwan
use personal data of inhabitants need to communtb&t dimension of the data collection and proogssi
transparently, further clarifying the benefits &ach citizen and the society as a whole.

3.2.2 ICT as an enabler for sustainable and smart denedapof other sectors

Since innovative ICT solutions support a broad spet of city related themes and projects, not dngls
ICT best practice project is limited exclusivelyttee ICT sector but connected to other sectorsmipiary
the Interoperable Electronic Ticketing project iokyo as well as the VerkehrsinformationszentralBenlin
have to be considered as projects of the mobiéttas, benefitting from a “smart” usage of datahwitie
help of ICT. Moreover, the Smart Grid projects @l or Freiburg im Breisgau could be assignethto
Energy sector, the Beteiligungshaushalt is alsargjmat the governance sector and the projects Vame
Sicherheit and Smart Public Safety can be seearés @f the security sector.

The level of impact of the ICT sector for othertees is shown in Figure 4, which describes the ddpeces
between all defined key action fields with thosetlad ICT sector (The more bars in the middle ritigs
higher is the relation). This figure, which is bdsen expert ratings, illustrates the extraordinary
interdependencies between the sectors ICT and myodsl well as ICT and security. Neverthelessait be
noted that all sectors are affected from ICT kejoadields to a certain point.

Impact

Rating

Incentives _ Business Tactics

Mobility .~ Z2

Water-Infrastructure

Resilience Engeneering/

Security . —
el Organisation and Structure

R&D Tactics
Figure 4: Impact of ICT key action fields

Regulation B

All these best practice projects used ICT in otdeachieve one or several of the following threemgmals:
Efficiency

Usually ICT solutions are implemented in order tptimize processes. This optimization includes
approaches regarding higher efficiency, evidensedaecision making, improved target group addrgssi
and much more. Exemplary project: GRID2Smart iritfengy im Breisgau.
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Promising opportunities of technologies

In various cases ICT solutions were adopted bec#lusg allowed addressing existing problems with
completely new approaches. In fact, sometimes &neyable to uncover so far unknown problems aner off
possible solutions to deal with them. Exemplaryjgrb Open Data Initiative in New York.

Emerging demands

Moreover, the digitalization of cities includes &tal changes too. Like Montgomery et. al. (2004¢ady
discussed, new generations of digital citizens walduring the past decades. These highly connected
inhabitants demand for new products and solutionsrder to organize and live their lives. Exemplary
project: Interoperable Electronic Ticketing in Toky

3.2.3 Key action fields

As also outlined in chapter 2.2, sector specifig &etion fields were identified during the city igsin order
to highlight recent innovative developments whicvé proven positive impact on entire city systems.
this context, four key action fields can be nanmdtie ICT sector.

Open Data Systems

The core idea is to provide municipal data forzeitis and local companies in order to ensure traaspa
and enable inhabitants to control their authoritidss key action field consists of various bestqgbices as
for example the Open Data Platform and infreSt &rliB or the Beteiligungshaushalt of Freiburg im
Breisgau.

Urban Smart Data Systems

Such systems are applied in order to gather andepsothe increasing amount of emerging city data to
optimize municipal processes and to provide a fatind for evidence-based decision making. Like the
previous key action field, “Urban Smart Data Sysénombines different best practices, like the Opaia
Initiative in New York or the implemented Smart ésolutions in Freiburg im Breisgau and Berlin.

Intelligent traffic management based on real timenformation

A system of receiving units collects real time fiaflata from the city’s streets. An operation tarah
collects the information and calculates optimafficaflows. The results are used for traffic managat.
Driver information is provided by real time stresplays or directly to navigation devices. Relgbeaictice
examples are the Verkehrsinformationszentrale ifiBer Tokyo’s Vehicle Information Communication
System (VICS) which was analysed by the mobilitgteeexperts of the m:ci project, collaboratinghi€T
specialists.

Interoperable electronic ticketing systems in publi transport

Optimally such an approach will be implemented weithingle card or device that allows passengeuséo
all public transport vehicles (e.g. subways, busegaxis) within a city. These systems have to ntket
following three main criteria: (1) optimal usabylifor passengers, (2) interoperability within meanfs
transport and operating transport companies andr{@s-domain applicability (versatile payment roeth
in the city).

The four presented key action fields have not shigwn their positive impact for the analysed beattice
projects and cities, rather they represent theragkefaur ICT key approaches that should be coneididry
cities all over the world in order to become smausstainable and resilient. Other urban areaseofvbrid
already started to implement comparable approadse®r example in Hong Kong or the Netherlandsewe
chip cards exist that cover various means of trarn$mm local ferries up to regional trains.

Additionally, a fifth aspect has to be consideredaguture ICT key action field, although first apaches
are just beginning to develop. Digital self-helpisiguctures for the society will become more andemo
important worldwide within the next years. This dBpment was, among others, observable duringaste |
few years in the context of natural disasters. dteti and global non-profit organizations are trying
involve citizens in data collection processes dyriratural catastrophes with the help of smart phone
applications (Meier 2013). Citizens are also ititig@ and organizing their engagement on social medi
platforms, as occurred, for example, during the3?fldod in the German city of Dresden (Ulbig 201\8)ith

the help of social media platforms (e.g. Facebauwk &witter) that are deeply grounded within soei®ti
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inhabitants get the chance to be proactive reggrdihkinds of social, economic, environmental ldga
Cities should engage citizens to strengthen thiéeamse of local communities and to foster theistsinable
development with the help of such self-organizedrsmommunity solutions.

3.2.4 Key insight

It can be concluded that a wide provision of urbata and their intelligent use can enable citiesctoeve a
smart and sustainable development. Nine out ofetir ICT-oriented best practice projects were based
the same main idea of knowledge acquisition thraugghof urban data. Further, the four remainingegts
are producing data sets that could also be comsfdtesuch projects. The previously named ICT ketyon
fields correspond to this outcome, concentratinghenuse and provision of digital city data for fedlds of
application. With this background, one ICT key gigican be derived: the intelligent use of datarivan
systems.

Cities can use existing or new (with the help olirsensor systems) data sets in order to optimizgaipal

processes and take evidence-based decisions. Ddieapply data analysis processes are able tdeggter
insights into the living conditions of inhabitanfhey are capable to identify emerging problemsefaand
will be empowered to cope with them independer8lych cities could be efficient working holistic s
that are connected via data streams of all kindgppfication fields.

3.3 Transferability

In general, the transferability of the presented #dlutions is not limited to specific externalatimstances
as for example geographic or demographic charatiteyi Nevertheless, the transferability is depahde
the presented impact factors such as the politidgllegal regulations and the societal acceptance

With a view to the presented findings, one questegarding the transferability remains: What stepd
measures are necessary to implement comparabléosslwithin a city? Concerning this, the following
main tasks have to be adressed.

< Identifying relevant data sets respecting the id¢elfield of application and privacy considerations
e Collecting data automatically as well as develo@ng implementing of sensor systems.

¢ Analysing smart data with high performance analy@is, including the development of additional
tools in order to make data operational.

« Defining knowledge processes in order to base Bpelgcisions on obtained results.
» Designing dissemination processes for public infuram.

In order to accomplish these complex tasks, citilsneed help from different partners. Therefoesearch
institutions as well as industrial partners coui@ioknow-how (e.g. big data analysis) and techg&s (e.g.
sensors). Further, long-term collaborations betwerse actors should be established in order toratie
basis of a common strategy and to achieve optiezllts. Jointly developed local ICT strategiesthesfirst
important step to integrate innovative ICT solusiomithin city projects and processes and to pronaote
sustainable smart city development in all fieldsygplication.

Moreover, the second period of the m:ci project1@Q5) concentrates as initially intended on the
implementation of successful approaches and sokifior other cities. In this context, city partnasswell

as industrial partners are working together witauahofer experts to adapt identified promising sohs to
the specific needs of the partner cities.

4 CONCLUSION

The substantial insights that were generated witti ifustrate the value of the project and the eleped
method. The interdisciplinary approach revealedofopnd understanding for best practices and ihgiact
factors, allowing the researches to identify yeldiein connections and commonalities between projécth
sectors.

Regarding the ICT sector the m:ci project has shitat

(1) Innovative ICT solutions are able to suppod slustainable and smart development of urban sgsieoh
all their sub-systems/sectors, and
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(2) The smart use of already existing digital citita is a powerfull as well as realizable firspdteorder to
make a city smart, sustainable and resilient.

In order to exploit the full potential of the presed ICT solutions and to make a city innovative amart,
cities should establish collaborations with loedearch instutions as well as to partners of tivatersector.
Nevertheless, cities need to meet their respongituilvards the society by applying transparent gsses,
both during the implementation phase as well asendsing urban data for specific purposes.
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