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1 ABSTRACT

Lisbon is a city with more than half a million ifbitants and one of the most touristic capitals iast@rn
Europe, constantly trying to find ways to deal withallenges in a smart and sustainable manner. tdow
turn Lisbon into a more inclusive, connected, aesilient city going into the future, is the questithat
researchers in the Fraunhofer project, Morgenstadd, trying to solve. Lisbon has developed a city
development strategy for the next decades, defigoals that aim to create more employment, attrame
people and to become a more liveable city. Thisdaal does not only include the improvements ving
standards of citizens, but addresses topics suchvasnobility concepts, renewal of old buildings;reased
energy efficiency, among others. All this can betdoed by using more participative approaches and a
extensive exploration of the local resources tmsite the economy and incentivize local innovation

The question that arises is how to get there? Homake Lisbon a more liveable and attractive cgiyanly
for tourists but especially for its citizens andrisgrs? This paper is based on an interdisciplipaoyect in
the form of a so-called “City lab” that began inp&amber 2015 in the context of the ongoing longater
research project called “Morgenstadt: City Insigingiated by the Fraunhofer Society.

This paper therefore first provides a general thiation into the smart city concept (chapter 2) and
overview over the initial position of Lisbon in ¢hiregard (chapter 3). In a next step, the research
methodology applied in the City Lab will be outlthedividing the analysis process (chapter 4) ara th
project development process (chapter 5). In tHeviahg the results of the city lab Lisbon will beegented.
While the first part of results concentrates on keycomes such as the sensitivity analysis and phegyn
sector specific results (chapter 6), the secontwidlrprovide an overview over the developed pobgeto
foster a smart and sustainable development of higbloapter 7). According to the identified challeagnd
opportunities in chapter 6 that reveal a good lefesmartness among the different sectors, theepi®j
presented in chapter 7 will specifically addressstrengthening of interdisciplinary and cross-tepant as
well as cross -stakeholder cooperation, which legs lidentified as Lisbons key challenge.

2 INTRODUCTION. CONCEPT OF SMART CITIES

A smart city refers to a concept of integrated aripdanning that emphasizes achieving efficiency and
sustainability in all aspects of its developmewtrireconomic and social to technological developmient
collaboration with key stakeholders, the intelligarniegration of data and ICT, the smart city atmgreate

a framework for its citizens that enables and pr@siontelligent innovation and creativity. Amongeth
principal goals of a smart city is the reductiorttué city’s ecological footprint, high resourceie@tncy and
increased economic competitiveness, all with theéedging objective of maximizing the welfare of arb
dwellers. A smart city follows the principle of gb@overnance, referring to the institutional capatd
design, manage and implement strategic long-teratsgopenly share information, provide data andtere
an innovative network with business, scientific amstitutional actors. Therefore, the smart citypab for
interdisciplinary collaboration, provides accessfitmncing models, and offers a stable environnibat
stimulates the initiation of innovative processesl @ dynamic economy. In this sense, the creatfon o
innovative partnerships and functional linkages iprecondition for the successful implementatiorthef
smart city principles but more important it opehe tloor for national as well as international coapen
and sharing of experiences and good practices.

3 LISBON ON THE WAY TO BECOME A SMART CITY

Lisbon is currently facing a range of issues thiflithe significant challenges going into the futufdie city

is still feeling the effects of the financial caswith high unemployment, especially among yoathyell as
austerity measures that limit public spending belyoore competencies. Furthermore, demographic esang
mean the city’s aging population is going to prinedensome in terms of effective support througtiato
security in the future. This is not just an isshigt tis playing out in economic terms but also irmte of the
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spatial and functional design of the city’s urbastems. These represent challenges that have maesim
short-term solution but can only be solved throlagig-term strategic development.

At the same time, the city is doing its best tottymaintain its youth, who have tended to leawedity in
search of greener pastures, leading to a braim-@fé&ct where many of the city’s best and brighteave
the city contribute to the development of otheiesitrather than Lisbon’s. The city administratioss h
acknowledged these challenges and is trying tatipositself as agile and future-proof, able to absthe
coming challenges while developing a liveable, tiveaand innovative city with many opportunities fts
citizens.

In this context Lisbon already participated in was European innovative initiatives, trying to tacthese
core problems. For example, the city was electednasof the three lighthouse cites together withdan
and Milan for the EU H2020 lighthouse program. @fh¢he main goals of the project is urban regemanat
through better energy performance and the developofdannovative business models. This shows that t
city of Lisbon is working towards establishing lfs#s one of Europe’s most liveable cities whileeabsing
a range of challenges heading into the future.

Nevertheless, not all problems can be solved wighith innovation networks or European projectshavit

a deep understanding of system interdependencpsifis and local challenges cannot be tackled.
Therefore, the city decided to apply for the Mogfedt City Challenge in 2015. The city was selee®@
winner city due to its clearly stated sustainapijoals, its effective preparation of strategieshim past in a
range of sectors, and because of a clear recogrofi@ need for strategic planning and demonstrated
interest in a holistic approach for its developmdiite main reward consists of an interdisciplineity lab
investigation performed by the Fraunhofer IAO, asg®y the current sustainability status of Lisboil a
developing a roadmap to make Lisbon more sustaresid smart.

This paper will outline the key outcomes of thig/dab investigation, starting with a general dggewn of
the performed procedure, followed by the analysssilts.

4 CITY-LAB LISBON. DESIGN AND PROCESS

Fraunhofer, together with numerous industry angmértners of the Innovation Network “Morgenstacity
Insights” has developed an action-oriented model docelerating and strengthening the sustainable
development of cities. It is based on six deep-@imalyses and hundreds of case studies to endide ot
cities to improve their sustainability credentiaBased on an integrated indicator framework and the
assessment of over 80 action fields, Morgenstaperex derive individual city profiles that servedesign
and implement individual strategies for city tramsfation (Fraunhofer 2016). Between March 2015 and
May 2016 Prague (CZE), Chemnitz (DEU), Lisbon (PRRY Thilisi (GEO), will be supported with this
approach by the Morgenstadt Innovation Network. dihelab is structured into five larger phases:

(1) Formal negotiations, team setup, signatory ggeccommunication;

(2) Analysis of existing strategic documents & dasaessment by city partners;
(3) 2-weeks assessment and analysis of the cignbgterdisciplinary team;

(4) Development / creation of sustainability prefif city;

(5) Development of strategic roadmap for sustamalelelopment.

The in-depth analysis of Lisbon was carried outeddasn the Morgenstadt assessment framework for
sustainable urban development. This frameworkrigcgired into three levels of analysis: indicat@rstjon
fields and impact factors. They were designed teustand the current sustainability performanceitogs

and to support development of coherent strategidsaa integrated roadmap for development. A mixadre
quantitative benchmarks and qualitative data aealysnsures that an objective performance profile of
Lisbon can be generated respecting the individaabfs of the city (Kalisch et al. 2013).

The City Lab Lisbon began with the Kick-off eventMarch 2015 and is planned to conclude in May 2016
During the process, a team of 4 Fraunhofer reses@upported by Morgenstadt experts from induestig/
cities and a local counterpart team from the l@hhinistration in Lisbon have assessed a broaderahg
information and data of the city. This analysis bagn the basis for developing integrated measamds
projects that are meant to contribute to the souskde development of Lisbon.
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Throughout the analysis the City Team assesseclttnent status of more than 80 action fields aret 400
indicators that helped to identify the pressurest thave an impact on Lisbon (social, economic and
environmental pressures), the current state ohgeraf sectors in the city (mobility system, enesggtem,
socio-economic parameters, security system, wafeastructure etc.) and the impact that the city da its
society, economy and environment.

The in-depth analysis occurred in the context obasite assessment that took place from the 14ththe
27th of October. Together with the on-site mirrearh, the University of Lisbon and the local eneagy
environmental agency, Lisboa E-Nova, the Fraunhbfergenstadt team carried out the evaluation in, sit
where relevant data was collected and strategiaurdents were analysed. 57 interviews with local
stakeholders from the municipality, local industriyil society and other institutions that are €elysrelated

to the city were conducted, focussing on the idieation of current strengths, challenges and ojpmities
for the development of innovative projects and menghips within the city. The collected data hélpe
create a global understanding and to recognizeemsystimpact factors that allow to identify external
pressures, underlying forces, dynamics, socio-mlltand historic implications that are present goft
unnoticed) and have an effect on decisions, strestistrategies and measures taken at the citly leve

The integration of members of the city hall andboa E-Nova throughout the entire assessment afecpro
development course was part of the capacity dewsdop process for the local counterpart team. Kndgde
and expertise regarding the methodology, the tdolgies and the process was gained for enablingoagst
sense of local ownership.

5 CITY LAB LISBON. DEVELOPING PROJECT IDEAS

After the analysis of the strategic documents efclty during the preparation phase and the ddtected
during the evaluation in situ, the Fraunhofer tgamtogether the primary city lab results intost 6f more
than 15 project ideas, which were then validatethlyLisbon mirror team. From the list a total gir@jects
were prioritized and selected for a more detailedearch and further discussion during a project
development workshop that took place on the 16tBafember 2015. More than 40 participants from the
city hall, the private sector as well as Morgenstagtwork partners participated and discussed tbhpgsed
innovative solutions, such as the creation of anmss model for energy transition or the creatibrar
urban sensor network. The aim of the workshop waslidate the project ideas proposed and to ctimere
them regarding the needs and demand of all relecats, the value that the project creates focitye the
necessary components and the activities that havbket carried out for its implementation. For the
discussion, reference projects were taken as examghd inspiration in order to further develop the
suggested solutions. The workshop results werbdbis for the elaboration of the strategic Roadmagich
shows a series of potential measures for a futulsmable development of the city.

The following Figure 1 visualizes the entire cigislprocess, including all process steps from Lisbioitial
application up to the final conference held in MeJA6. The next sections of this paper will concaetion
the results of the city lab investigation.

6 CITY LAB LISBON. RESULTS OF THE ANALYSIS

As a result of the city lab, very detailed repaas be derived for each city sector including urpkamning,
governance, mobility, buildings, energy, resilienoe ICT. In order to gain a better understandifighe
interdependencies and interrelations between thestrs, a sensitivity analysis was performedngyto
identify and define systemic key-impact factord ten be identified as:

« DRIVERS - have the potential to drive change anstay stable over a long time

« LEVERS - are the crucial factors that one needgetaright in order to transform the system in the
desired direction.

« INDICATORS - serve to display the change in theeys
« BUFFERS - do not influence many other factors drey tare not influenced by many other factors.
The following Figure 2 visualizes the resulting mabf the sensitivity analysis.
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Figure 2: Sensitivity Matrix Lisbon

This result represents a central key outcome oLtbleon city lab. The main DRIVERS and LEVERS are
not limited to specific topics or action fieldsthar they address overarching challenges and appbes
such as horizontal/vertical cooperation or longntesisions. The sector specific analysis also praves
hypothesis, since almost all sectors carry outvative and sustainable projects and concepts itaaHy.
Exemplary, three best practices from the sectorekV&lobility and Innovation will be outlined below

6.1 Intelligent water management for usage optimization

The losses caused by leaks, thefts, metering inacies of Portugal are 7%, which makes Lisbon dribe
world leaders in water sector. This optimizatiors Heeen achieved by various measures and awareness
programs, in particular smart initiatives like thidine water management system called AquamatiPAE

2016 a), an commercial management system desigmdised by the water provider company EPAL.
Besides the Waterbeep (EPAL 2016 b), which is awovative service offered as a smart app in Lisbon
providing customers information about their watensumption. The app sends alerts and warns about
abnormal water consumption and even possible hurstsefore allowing the customer to minimise lgsse
and unnecessary use of water.

These programs also provide information over wammsumption breakups from various sources, e.g.
municipal water, treated water, rain water etc.yTaee available as smartphone apps and can bebysed
individual households and industries. All theseiatives are part of EPALSs long term vision to reeuhe
water consumption and make the overall water seéttre city more efficient.

6.2 Innovation and Creativity Hubs

Lisbon has the vision to become one of Europe’stroosipetitive, innovative and creative cities, itilg
the outlined opportunity of a lively innovation @stape. In order to achieve this vision, the folfangoals
were set, addressing a creative and innovativetamup:

« Creating, attracting and retaining talents, comggnnvestment and strategic clusters;

- Stimulating the innovation, creativity and entragership spirit in the city;
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- Making Lisbon a space open to the exploitation efvrmotivations, experiences, concepts and
innovations.

Following these goals, a multitude of hubs havenbestalled, supporting the creative and innovative
citizens of Lisbon in the development of their islelnovators get support on all stages of the [dpweent
process, be that the early product experimentatiage (e.g. at fab lab lisboa or Mouraria Innovatiub),

the stage of making products marketable (Startgpda) or the final stage of finding business inmesstor
market entrance (Invest Lisboa). Under financinthefcity council all those hubs provide experf@docal
entrepreneurs, making Lisbon on of the most innesadnd creative city of the world with more tha®01
companies established by to Start-Up Lisboa and 8@@ supported businesses so far by InvestLisboa
(Fraunhofer IAO 2016).

6.3 Integrated Mobility Strategy

As a major source of local air pollution, noise lpttbn, GHG emissions, injury and death, as well as
valuable time lost spent in traffic, Lisbon hasntiged urban mobility as a key challenge goingoitihe
future. Smart development doesn’t always requieeattidition of new infrastructure or the integratamew
technologies, but can simply mean taking stock batis already available to gain a more comprekensi
understanding of the state of urban systems. Thisva planners to highlight weaknesses as well as
opportunities for more effective intervention. Lasbhas demonstrated this through the developmeits of
integrated mobility strategy. The city has idertifi ten “layers”, each demonstrating an important
perspective on the city’s mobility system. In aduit the city has identified five key intervention
mechanisms that can be utilised to steer mobildlgaviour on the respective layers. Finally, thategry
includes a set of goals that help guide intervesticommunicate objectives to the public and jysiify
impositions on the public that might result frondirced change in mobility behaviour.

5. Monitoring and
Evaluation

. Touristic mobility
10. Educational commuting

Intervention Mechanisms Layers of Intervention
1. Control and — 1. Pedestrian
managemeant il 2. Cycling
2. Information, = 3. Public Transport
promotion, public —> 4. Traffic Management
participation > 5. Modal Interfaces
3. Financing = 6. Parking
4, Regulation and o 7. Sharing
Incentives > 8. Logistics
—e 9
>

T3V I vV vV vV ¥ v

Goals: Specific objectives still to be confirmed ‘

Figure 3: Lisbon’s Integrated Mobility Strategy é6nhofer 2016)

Taking stock of all of these dimensions of the’sityobility system forced the strategic develogergather
information about influencing factors that previguseemained hidden in the periphery. Furthermohe t
process encouraged contact with stakeholders wpesspectives too would not have been considered,
encouraging a more participative planning appro@ghattempting to get a holistic understanding fué t
system and making the data gathered usable, thesdietter able to target planning in an integtatay to
maximise positive outcomes. This approach demamestthat the first step towards smart developntetd i
better understand the state of urban systems dtistib way to allow for more effective intervertio

These three examples demonstrate the capacityuftaisable innovation among the different sectars i
Lisbon. Falling back on the sensitivity analysigan therefore be stated, that Lisbon’s core nedmtated

in between the innovative sectors and all the imgleted best practices, requiring strong support in
solutions that strengthen the cooperation amongrtieents and stakeholders. This would allow Listmon
make better use of the multitude of the alreadyle®gp opportunities, stepping toward a more hdlisti
integrated system.

i
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7 CITY LAB LISBON. PROPOSED PROJECT IDEAS

Based on the outlined results, the city-lab teaoppsed a set of project ideas in order to makedrnishore
sustainable and smart. Even though a few of thgiare oriented towards specific topics (compeaioe

1), the proposed solutions had a very strong iigeiglinary focus, concentrating on a better coapen
among all stakeholders, departments and adminisratreas. The following three key-projects were
proposed:

(1) A strong Sustainability Action Team with cleauthority - the limited capacity of the existingshbn
2020 Action Team illustrated the need for clear petances and cross-department authorities for auch
team. To allow the body to effectively coordinatgiwties, it further requires more resources tmaduact
activities.

(2) The Lisbon Forum - A second key finding waseklof on-going coordination going into the futufbe

city itself is constantly changing and is facedmébnstantly modifying conditions and new challende

this context, a more formalised body to facilitateegrated urban development could help to addidss
The difficulty with formalising such bodies is thttey can often become bogged down in bureaucratic
processes, losing their dynamism and agility. Thhe, developed proposal resembled a “Sustainability
Forum”, rather than a new municipal department orkimg group. The general idea is that the Foruraldio
comprise of sustainability representatives from itienicipal departments and coordinated by the lrsbo
2020 Action Team. Depending on the topic in dismmssdifferent actors from within the municipality,
universities and research institutes, NGOs, civiliaty, private sector, innovation hubs, or anyeotéctors
deemed relevant for the topic, would be called ugmobuild topic-specific think tanks. The integaatiof
other representatives from other municipalities regional organizations could potentially assisthwit
improving regional coordination, another major esguthe Lisbon Metropolitan region.

Budget & Organization and Agreement on a
Mandate management Forum common strategy

Cross-sectoral J| Cross-sectoral | Cross-sectoral || Cross-sectoral

Cross-sectoral EETIRIETTA think tank think tank think tank

FORUM Cross-
workshops e.g. Vision e.g. urban £.g. awareness sectoral
data platform raising project
develop

. ment

. Universities
Lisboa Gl LT

knowledge Civil society . tropolitan
base Network Organizations

Innovation Private Department .& others
hubs businesses parish expertise

Figure 4: Concept of the Lisbon sustainability For{Fraunhofer IAO 2016)

(3) A measurable vision for Lisbon - A third impant finding is related to the lack of a vision ®hunify
actors and guide towards more sustainable developprecesses across all departments. This too is a
process that the city must develop independentlyjtbs suggested that the proposed Sustainalbitityim
would be a logical vehicle to create such a visiBuch a vision must be developed in an inclusivé an
integrated way and be linked to SMART (specificaswable, achievable, results-focused and timed)oun
principles, which act as a means of measuring ssccdleasurable goals allow for transparent
communication processes towards the society, r@asdor specific activities and projects and achigva
higher acceptance for these projects.

Further there is a great need for a smart datéophatthat combines and disseminates all knowlecdgens
all city departments as well as local stakeholdgysdeveloping the Integrated Operational Centr@1jGhe
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city already targets this issue. Therefore thisecoeed seems to be taken care of and the city dhoul
concentrate on other open issues.

Additionally a set of specific key- measures wasetigped in cooperation of all city-lab partnersgéding
the analysed sectors and identified gaps.

Sector Project Short- Description

Energy & | Extended Solar Potential Map gConnecting the existing solar potential map to #mergy

Buildings development of a business modalemand to make it a useful tool for decision making

for energy transition Implementing a lighthouse project with 8 municipaildings as
a demonstrator to trigger and scale-up the eneaysition in
Lisbon.

Water & | Closing the urban water cycle Designing projectisthe use of treated waste water & us|ng

Buildings prototypes to expand the current regulation for uke of rain
water and grey water in new building projects.

Education, Sustainability contests Sustainability awarenesspaigns using new technologies gnd

Waste & participatory methods to increase energy efficieaod waste

Energy reduction and public environmental awareness

Education, Smart Waste managemeint The information provided is used to:

Waste &| solutions: GPS sensors & waste Adapt the routes to avoid unnecessary trips (lodlibins) and

Energy bins sensors together with |araffic jams in the city.

waste/recycling app - Provide real-time information to the users abthe actual
collection time at their street and houses
- Apply the polluter pays principle in the taxation

Mobility & | Upgrade of public lighting network City-wide process of upgrading street lighting htegrating the

Logistics with potentials for inclusion of development a sensor network into this process taiuld

sensor network leverage a range of benefits for all other sectors

Business Lisbon Social Innovation Hub Development of a sbammovation hub that offers advancgd

Tactics facilities for social innovation, co-working and am
production.

ICT ICT Cooperation Strategy Establishment of astant cooperation strategy between the
city administration, local IT-research institutéise society and
local ICT-companies in order to cooperatively depebottom-
up innovations for the city.

Resilience Tool-catalogue for civil protectiprDevelopment and implementation of a tool-catalogeuding

solutions and applications a usage- guideline that allows crisis managemeofegsionals
to identify relevant tools and solutions.

Table 1: Proposed topic-specific key measures (fraier IAO 2016)

8 CONCLUSION & OUTLOOK

Lisbon presents the necessary conditions to prorsaiarter urban development. There was a clear
demonstration of political will, reflected in thenitiation of integrated planning processes and the
encouragement of dialogue between key actors imnger of sectors. However, the city lab process
highlighted a range of overarching issues thatadook be addressed alone through interventionpégific
sectors. Many of these areas are characterizeiyhycbmplexity and cannot be addressed in the sbort
through projects that simply integrate new techgialg, which is an approach often associated withatt’
development. Therefore, the key proposed solufienkisbon relate to overarching interventions tbgate

a dialogue, encourage cooperation between keysactalifferent sectors, and set meta level objestiVart

of this process is the reinforcement of the cajexcinf the action team to promote intersectorapeaation,
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the establishment of a forum to create a dialogevéen key actors in the city, and the integrated
development of a set of clear goals to act as aitgy star” for future city activities. These overhing
interventions need to be complemented by specifajepts “on the ground” in the different sectors.
Consequently a part of the road map developed hegetith the city, a range of projects are already
track, including the a lighthouse project for emdig refurbishment in public buildings, includinpet
extension of the solar potential map as a toottierdevelopment of business model for energy tiiansi
and the smartification of the waste managementicervthough the installation of GPS sensors in the
collection trucks and filling level sensors in thaste bins. Furthermore the Lisbon 2020 action team
currently under a restructuring process, wherdutges and competencies are being redefined.

The City Labs process has demonstrated that ,smaptlinism isn't just about high-tech solutions, aiso
relates to striving for a more holistic understaugdlias well as appreciating the complexity of urbgstems.
A key first step to achieving this is to create tannels of dialogue between key actors in the aitd
create overarching objectives to promote intersattmmmunication and cooperation.

Even if a smart city is described as one that dperaith intelligent systems and modern technolgie
particularly in the form of digital information armbmmunication technologies, it needs to be suppdoiy
strong institutional bodies and partnerships ablereate the right framework that allows for changed
adaptations, addressing the new challenges andrtapjies. These forms of intelligent collaboration
together with a clear vision and strategy congitiite basis and at the same time the preconditon f
becoming a smart city.
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