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1 ABSTRACT

A Smart City integrates physical, digital and hunmgystems to deliver a sustainable, prosperous and
inclusive future for its citizens. Many of thesenavative solutions will be based on sophisticated
information and communication technologies. Howet@rhnological complexity, as well as the comgiexi

of the various sectoral services involved withiSraart City, require a system approach to standstidis
Such an approach must promote the greatest possilde of existing open standards to acceleratSniaat

City deployment. In an effort to leverage the preenof a system approach, the Horizon 2020-project
ESPRESSO (systEmic standardisation apPRoach to \Eengemart citieS and cOmmunities) will focus on
the development of a conceptual Smart City InforomaEramework based on open standards.

A further goal of ESPRESSO will be to envisage ithpact of those technologies for urban planning and
also in societal terms. The partner cities willdogaged to analyse how their services can be direshand
improved through large-scale use of standards. Wihii$e done by analysing the downstream changems f
the new scenarios enabled by large-scale interbjigyaand what this could bring for a future Smeity.
Based on a detailed requirements-engineering cagmpakecuted in close cooperation with cities,
standardisation organizations, administrative b®dand private industry, the project will identibpen
standards matching the elicited requirements atidesiablish a baseline for interoperability betwebe
various sectoral data sources and the Smart Cigrgise application platform. In a comprehensiet of
coordination, support and networking activitie® project will engage a very large number of stakddrs,
such as Smart Cities (both existing and those waspirations), European Standardisation Organizsition
(ESOs), National Standardisation Bodies (NSBs)n&ieds Development Organizations (SDOs), public
administrations, industries, SMEs, and other intihs. ESPRESSO’s approach emphasises cost reaucti
and will foster an open market for many actors,diug lock-in to proprietary solutions.

2 INTRODUCTION

Over the next decade, the way we live, work and arsergy, transportation and other city resources an
services will progressively change thanks to a eaafjinnovative ‘Smart City’ solutions. A Smart Cit
integrates physical, digital and human systemstiver a sustainable, prosperous and inclusiverdéufor its
citizens. Many of these innovative solutions wil based on sophisticated information and commuoitat
technologies. However, technological complexitywadl as the complexity of the various sectoraviees
involved within a Smart City, require a system aygoh to standardisation. Such an approach mustgieom
the greatest possible reuse of existing open stdada accelerate Smart City deployment and exjihait
enormous potential deriving from the use of digtimtteroperable technologies and from re-use of
interoperable applications and services amongscitie an effort to leverage the promise of a system
approach, ESPRESSO will focus on the developmert obnceptual Smart City Information Framework
based on open standards.

3 THEORETICAL FRAMEWORK

The topic of Smart Cities is increasingly discussedrban planning though there is no sharp dédimifrom
a scientific point of view. An embracing explanati® a city, in which ,ICT is merged with traditiah
infrastructures, coordinated and integrated usieg digital technologies. These technologies estalile
functions of the city and also provide ways in whditizen groups, governments, businesses, andusdf
agencies who have an interest in generating mdigesit and equitable systems can interact in aungime
their understanding of the city and also providasgential engagement in the design and plannirgegst
(Batty et al., 2012, p. 492).

The greatest potential in the use of networkedddteh centralized ICT solutions in urban areasistseen
in the context of increased efficiency through wative technologies (less energy consumption, lower
emissions, less CO2 pollution, etc.). This is ofpeomoted as a contribution for the urban qualftyife. In
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addition to that, a common and open urban informnagilatform to share the gathered data is alsardeda
as very promising for companies and citizens -dealitypical vision of such a central urban moitgrand
simulation system in real-time (Exner, 2015). Do¢his, the Smart City topic found its ways on dgendas
of big corporations like IBM, Cisco Systems, Siesieisccenture, Ferrovial and ABB. They are settimgjrt
sights on the urban market and are foreseeing &-hillibn dollar market (Ratti & Townsend, 2011, 45).

It is considered as a big future business fielthaICT-sector for developing tools which could noye the
competitiveness and the quality of life for thézghs because. However, ,a Smart City is somethinge
than ‘just’ a digital or an intelligent city, whetbe attention is mainly drawn on the ICT composgak
enabling connection and exchange of data and ireom within an urban environment” (Murgante &
Borruso, 2013, p. 630). Smart is an adjective ithaurrently declined in different acceptation. $ms the
growth expected through the EU2020 strategy, snametishe communities, the territories and of cotinge
multiple aspects of the urban dimension: the conoéghe smart city as next stage in the process of
urbanization has been, and it is, quite fashionabtbe policy arena in recent and current yeas.stated,
the smart city concept works as distinct concepinfithe digital city (referring to connected comniias
and innovative services) or intelligent city (aitelligent cities are digital cities, but all digjfitcities are not
intelligent) which is shown by Komninos (2002).

Finally, the urban space has become a cross-brimeg [ which phenomenal experience and virtual
experience are combined together to create a seckmological environment based on the combination
place, networks as well as institutions. Continumisraction between physical locations and infdioma
flows' made even more intense by the recent disseminafigeo-referenced applications for cutting-edge
devices (Location Based Social Network, GeoblogsShortening drastically, depending on the priority
given to the different forms of communication angdlvement, we can isolate the following “prototgpe
of/for smart cities (Dimitriu & Elisei, 2014):

« The open city: It is the city model that operateishwransparency. The communication of its
activities is straightforward: decision-making peeses in streaming, online publication of all acts,
easier access to the file. The adoption of opea mhaidel has plenty of space and urban development
in this philosophy of government.

« The cloud/platform city: In cities cloud / platforrachnology becomes a facilitator of the use of the
potential of public spaces. Urban space as a smdtparmitting between ideas. A city that °creates
an ecosystem that enables both transparency amd@somic growtf.

« The creative city: The Creative City, according Gbarles Landry (2012), identifies, nurtures,
attracts and sustains talent so it is able mobitieas, talents and creative organizations. Thi bui
environment — the stage and the setting- is crdicia¢stablishing the milieu. A creative milieuds
place that contains the necessary requirementsrimstof hard and soft infrastructure to generate a
flow of ideas and inventions. A milieu can be aldiniy, a street an area, a city or a region.

« The wiki city: The communication between citizensdanstitutions is oriented to promote and
facilitate the involvement of citizens in the maeagnt of the res publica. From the first
experiments of e-democracy, in the late 90s, to réwment experience of politics and policies
generated through interactions with bloggers. €& are called upon to take an active part in
decisions that affect the city. Under many aspBoisgna could be considered on the way to be a
wiki-city.

« The resilient city: “A Resilient City is one thaa$ideveloped capacities to help absorb future shock
and stresses to its social, economic, and techsystéms and infrastructures so as to still be tble
maintain essentially the same functions, strucfegstems, and identity. We can even say that a
resilient city is the one capable to change itstities and structures in order to assure to tizasis
the same or a better level in quality of life.

! The Space of flows is a high-level cultural absticn of space and time, and their dynamic intéoast with digital
age society. The concept was created by the soidvl@nd cybernetic culture theoretician Manuel t€lis to
"reconceptualize new forms of spatial arrangemantier the new technological paradigm"; a new typspace that
allows distant synchronous, real-time interaction.

2 Rachel Sterne, chief digital officer of New York

% Definition provided by resilientcity.org
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International studies from the World Bank (Guadghgine, Sanchez, & Diop, 2007) shows that standards
can increase productivity and innovation and “pilbvide the foundation for long term advances iy
software is built, bought and deployed”. The 20pt@iate on the DIN study on “The Economic Benefits of
Standardisation®(Blind, Jungmittag, & Mangelsdd2f)11) quantifies the contribution of standardshe t
growth rate, which in each country is equivalen0t8% in Germany, 0.8% in France and Australia and
0.3% in the UK. EC studies also found that the texgest factors explaining economic growth are 1)
increased stock of capital goods, and 2) availgbitf a stock of standards. ESPRESSO pursues an
integrative approach that understands Smart Catines Communities as a system of interlinked prosgsse
components, workflows, legal and administrativestamnts, or organizational guidelines. Data isvyuted

by many sectoral and heterogeneous systems that toedbe made interoperable in order to enable
sustainable and economically powerful data intégnatand processing. ESPRESSO considers open
standards as a necessary prerequisite for anysygtém-oriented approach and reflects all of tlhagects

in the structure of both its work packages andcissortium. The latter consists of standardisation
organizations, private industry (both large intégretand SMESs), cities as final users and custanidrs
consortium also links to strong user engagements re@search-oriented organizations to ensure ennogdd
of standardisation and reference architecture gquade applied research studies.

4 PROJECT APPROACH

The proposed ESPRESSO consortium to tackle thesessonsists of 16 partners that provide an extell
combination of the necessary competences to acttieveroject’s objectives. ESPRESSO has an assdmble
and interdisciplinary team, consisting of SmartyGiities, large scale integrators, governmental exvn
organizations, SDOs and industry consortia, SM&'&] applied research organizations. Within thisugro
there is a unique combination of crosscutting skilhd experiences suited to the concept of Smarta@d
Communities and standardisation. In order to ensaoéal acceptance of developed solutions, ESPRESSO
sets up a stakeholder communication network thales an early dialogue between standards devetdgpme
organizations, technology providers, and technologysumers (cities and citizens as end users)dml &
mismatch between the design of technology solutionscities’ and citizens’ needs. ESPRESSO guagante
the inclusion of end-users in terms of planningsigie and knowledge transfer along the lifetime lof t
project. Training material and sustainable platf®mill further help to ensure social acceptancthalong

run. ESPRESSO includes a dedicated work packagaderstand the impact of the proposed solutions and
technologies, with a specific task focusing on aband organizational aspects. ESPRESSO is bas#ton
assumption that cities will develop and providdtg platform on which most city applications andsees

will run. This platform will be the main IT backberhat will vertebrate many existing sectoral syst€e.g.
energy efficient buildings, smart grid, intelligetransport systems, eHealth systems) and many new
applications and systems specifically designedSimart Cities and running on the city platform. Jami
ambitions and efforts to define a Smart City platfdave been reported from other parts in the Watdh

as South Korea or China and some proprietary soisitexist on the market (IBM, Cisco, etc.) (Kitghin
2014; Ratti & Townsend, 2011).

Standardisation efforts and results are alreadjladola in 'vertical' domains like eHealth, Buildignergy
Management Systems or Building Information Syste®msart Grid, or Intelligent Transport Systems. Ehes
efforts should not be redone or even revised fercthse of Smart City, at least at the beginningshauld

be analysed and used as they are. What is alreaialsle today provides most of what is required.
Nevertheless, ESPRESSO acknowledges that in soees gsuch as e.g. Internet of Things - 1oT)
standardisation efforts are on-going and may exteadurrent standardisation base relevant for 5@Gity.
The horizontal interoperability of applications aservices running on top of Smart City platformat
feasible at this first stage and hence is a long tEbjective. Horizontal interoperability would tdfsin lots

of interoperability dimensions that need to be yswd. Therefore, ESPRESSO avoids crosssectoral
standardisation analysis, but takes initiativeshsas FIWARE into account that prevent silos anduens
creating bridges towards interoperability betwegsteams that are nowadays defined as silos. Thetdire
involvement of Smart City cities and other relevstatkeholders from on the beginning to ensurebigliand
real-world-need-driven development of requireméot®pen standards for Smart City with the goabtiog

as efficiently as possible to the market the gsgatember of SCC solutions. It is the aim to in&gr
business perspectives and relevant means, subk devtelopment of a strategic growth map, whictesa
long-term strategy to monitor the effects of stadiation in the Smart City domain, the propositadna
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fast-track standardisation pipeline to increasén®ass and competitiveness, or the developmentaofitig
material. A further aim is to cross-fertilise armbperate with on-going actions under topic SCC2D14/15
and reuse existing networks and alliances to anggtication of efforts.

WP 1: Aim is to identify global stakeholders (inthys SDOs, etc.) and geographical clusters in the
domain of Smart City (including “lighthouse” initiees and their potential replicators and Smart
City innovation zones) published as an online bddve Atlas of Smart City and relevant
stakeholders. To promote capacity building amorggdtakeholders in order to create a large eco-
system (called the SmaCStak network), reachingtouhundreds of stakeholders, gathering a
community, around ESPRESSO, made of local Europeanglobal stakeholders from both public
and private sectors. The task will ensure theipgaif stakeholders for later activities (collectiof
requirement and validation of results), the creatb a large ecosystem on themes relevant for the
project among local EC stakeholders, the undersignaf the landscape associated to Smart City
(incl. regulations and trends at local level) ané facilitation of liaising with relevant internatial
initiatives (standardisation community, internaibarganisations and associations, EC projects).

WP 2: An additional aim lies in providing a consist and shared definition of what a Smart City is
today in terms of sectoral services and how thig malve in the medium to long term. This will
help select representative use cases, in termsn@rtSCity standards, for the pilot cities of
ESPRESSO, to single out requirements for Smart<tagdardisation aspects, to define a conceptual
standards interoperability framework for Smart Gityd to map existing standards from various
SDOs on top of the conceptual standards framewdido to carry on a comprehensive SWOT
analysis related to future standardisation landscapd to define all aspects related to later
interoperability testbeds (e.g., stakeholders tanbelved, software modules required or available,
different datasets to be harmonized and integrataddware or technologies to be supported,
specific regulatory requirements, privacy and sécoequirements) is an aim of the project.

WP 3: This work package uses the results from VéR@dntify standardisation priorities based on a
standardisation criteria matrix and develops irseloooperation with CEN, CENELEC as well as
international standardisation organizations famtkrrecommendations that will be handed over to
the corresponding SDOs for future consideration anglementation. In detail, WP3 has the
objectives to analyse and document: Overlapping ansequent harmonization potential of
standards across different SDOs, Coordination reqénts on new standards or components
between European bodies CEN-CENELEC-ETSI, Priariteg standardisation activities within the
various SDOs (OGC, ISO, etc.) and development iginatl roadmaps for SDOs and associated
organizations, Developments of fast-track guidalifoe various SDOSs.

WP 4: Work package 4 has the objectives to satisfytechnical objectives within ESPRESSO, i.e.
the development of a shared vocabulary, the definaf reference architecture, the city information
and indicator platform, certification program, aexkcution of pilots. WP4 takes the results from
WP?2 as its technical baseline and uses results W#8 that help optimizing WP4 products.

WP 5: Aim of work package 5 is to identify long#erstrategic market implications of
standardisation in the Smart City domain broughtdmhnological as well as societal evolution as
well as to identify new economic, financial and qumement models which can suit emerging Smart
City scenarios and to promote a range of markebipgning actions targeted to standards in the
domain of Smart City.

WP 6: The goal of this work package is to undexstand assess the legal, administrative, and
societal impacts of Smart City platforms, applicas, and workflows enabled by new information
technology solutions.

WP 7: To ensure maximum awareness of the projetigitees and achievements through liaisons
with other initiatives, through dissemination aitiés and through web-based publishing initiatives
and to organise a wide range of events addressegddety of different audiences.

WP 8: To ensure that all the objectives of the gmbpre met in line with the project schedule and
with the highest quality standards, in terms ohtécal achievements as well as pilot and awareness
activities. To deploy a management structure thatensure the necessary control over the project
activities. To ensure monitoring of the projectnfra technical, operational, financial, administrati
point of view.
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Fig. 1: The ESPRESSO Approach

5 DISCUSSION

Activities carried out within the ESPRESSO framekvbave the aim to ensure interoperability of Sn@aty
solutions, as well as avoiding entry barriers endor lock-in through promoting common meta-data
structures and interoperable (open) interfacegausbf proprietary ones. In addition, it is foreseeaking
relevant data as widely available as possible tudlicg to third parties for the purpose of appiicas
development — whilst using common, transparent oreasent and data collection standards to ensure
meaningfulness and comparability of performancefmue measurements.

From a technological perspective, there has to spezific degree of standardisation in the urbah IC
networks. These have to be chosen so that theynatrgroprietary and prevent innovative Bottom-Up-
solutions and equally open to city administraticc@npanies and citizens. The required interopetpluf
services implies a certain degree of standardizatiarrban ICT networks. To build reliable and geclCT
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structures, cooperations with the private secternmcessary. From an institutional point of perspecthe
governmental requirements from a streamlining afcpsses are manifold and enhance potential for
implentations of standardisation approaches. Trsssees will also be tackled with the close coopenabf

our urban partners oft he project as well as cadjmer partners within the Smart City Stakeholder
(SmaCsStak)-Network. Therefore, it is important tthety are not proprietary and prevent innovativedno-

up software solutions. Thus, the democratic legitiyn through full participation is essential in thes
standardization processes and thus part of a canmbdening and city development process (Lojewski &
Munziger, 2013). The dependences between SmaesCgiandards and social aspects are far more eempl
The potentials of a networked ICT city are impottamut also the dangers have to be taken in mind.
Especially for public participation, there will becomplex potential, because, “design is a soc@igss and
not only a paternalistic process” (Klosterman, 200898). The ethical aspects have to take in auciat
Smart City approaches are not non-transparent kBlages" planned in to p-down manner by a smalligro
of "specialists" (Exner, 2014). An important cobtiion to smarter cities is to foster innovationdan
creativity in the light of the knowledge-societyhi¥ includes also civic bottom-up movements. Faneple
"Civic Hacking" is thereby described as the movetrianwhich united citizens develop their own ICT
solutions to urban problems (Townsend, 2013). inligiht of these developments, ethical considematire
highly relevant, because “the thoughtful use of srtechnologies is a challenge for cities and tigiure
citizens” (Kunzmann, 2014, p. 18). There are manitycal considerations regarding Smart City consdpt
the scientific discourse (Greenfield, 2013), soséhéssues also have to be tackled in projects asch
ESPRESSO . Most of the well known Smart Cities hawacepts, which focus on optimization and
efficiency, organized in a top-down manner and mdigg the urban area simply as machine, which is
controllable and adjustable though the social intpad¢ Smart Cities and the respective standardizati
approaches have to be considered and will be péineovork for ESPRESSO, too. In order to ensuao
acceptance of developed solutions, ESPRESSO setstafieholder communication network that ensunes a
early dialogue between standards development aa@oms, technology providers, and technology
consumers (cities and citizens as end users) tid amismatch between the design of technologytiewisi
and cities’ and citizens’ needs. ESPRESSO ensnoobssion of end-users in terms of planning; desigd
knowledge transfer along the lifetime of the prajec

6 CONCLUSION

Smart cities have, above all, a vision — they knelat smart services have to be implemented at which
point, and they know that through the shared kndgéde increased administrative capacity and theevofc
the stakeholders. At the very least, the technotbgpeloped has to be understood, valued and inezhia
the daily use of the targeted stakeholders, anthfsreducation and capacity-building plays a kae rif it
comes to the question if standards could help tposver Smart Cities, this question can be answerddav
“yes” from a technological perspective, but this @ be seen in context of the given restrictiditem an
institutional and social perspective, the interdwjgmcies are far more complex. One of the most litapb
questions will be, how the Smart City of the futgleould look like and how to develop a common
understanding for these issues. This problem wiltazkled by ESPRESSO in order to develop Smag<Cit
for Europe, which are especially beneficial for ¢isizens. This embracing understanding of theaagpi
important, because the transformation towards S@itigs requires thus a fundamental change in bebgv
both in what concerns the citizens and the localeguments. Openness and dissemination activities ar
essential in order to provide citizens with infotioa on the stakes and benefits of smart solutiagsyell as

to involve them as future users and even co-dessgoé smart services — and that is primarily a
responsibility of the administration bodies, whisked to think in new, integrated long-term policiesd
citizen-centric initiatives.
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