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1. Revision history and statement of originality
1.1. Revision history
Rev  Date Author Organization Description
0.1 15/06/2016 Christin Walter oS Initial TOC
0.2 27/06/2016 Maria Francesca PwC Revision
Ghellere
0.3 01/07/2016 Christin Wallter oS First Draft
0.4 07/07/2016 Maria Francesca PwC Revision
Ghellere
0.5 08/07/2016 Christin Walter oS Second Draft
0.6 11/07/2016 Richard Woodling, Bart 0S, OGC Revision
De Lathouwer, Peter
Parslow
0.7 15/07/2016 Christin Walter oS Third Draft
0.8 19/07/2016 Richard Woodling, Peter oS Revision
Parslow
0.9 19/07/2016 Christin Walter oS Fourth Draft
0.10 29/07/2016 Richard Woodling os Revision
0.11 29/07/2016 Christin Walter oS First Release
0.12 29/07/2016 Irene Facchin TRILOGIS Quality Check
1.0 29/07/2016 Christin Walter oS Final version (1.0)
1.1 17/02/2017 Christin Walter oS Revision
1.2 07/04/2017 Christin Wallter (OS] Fifth Draft
1.3 11/04/2017 David Brunelleschi , PwC, Atos, OGC Revision
Juan Bareno , Bart De
Lathouwer
1.4 12/04/2017 Christin Walter oS Second Release
15 18/04/2017 Irene Facchin TRILOGIS Quality Check
2.0 18/04/2017 Christin Walter oS Final version (2.0)
1.2. Statement of originality
This deliverable contains original unpublished work except whe re clearly indicated
otherwise. Acknowledgement of previously published material and of the work of others
has been made through appropriate citation, quotation or both.
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Acronym
API

BSI
CASSIOPEIA
CAV

CCM

CEN
CENELEC
CITIE

DIN

DKE

EIP SCC
eMBB
ESPRESSO
ETSI

EU

FG

GIS

GLA

GPS

ICT

IDC

IEC

IEEE

loT

Description

Application Programming Interface

British Standards Institute

ConceptuAL StandardS interOPErability framework
Connected and autonomous vehicle

Core Concept Model
European Committee for ~ Standardisation

European Committee for Electrotechnical Standardization

City Initiatives for Technology, Innovation and Entrepreneurship
German Institute for Standardization

German Commission for Electrical, Electronic & Information Technologies
European Innovation Partnership for Smart Cities and Communities

Enhanced Mobile Broadband

systEmic standardisation apPRoach to Empower Smart citieS and cOmmunities
European Telecommunications Standards Institute
European Union

Focus group

Geographical Information System

Greater London Authority

Global Positioning System

Information and Communication Technology
International Data Corporation

International  Electrotechnical Commission

Institute of Electrical and Electronics Engineers

Internet of Things
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ISO International Standardisation Organisation
IT Information technology
ITU International Telecommunication Union
ITU -T ITU Telecommunication  Standardization Sector
JRC Joint Research Centre
JTC Joint Technical Committee
KPI Key Performance Indicator
mMTC Massive Machine Type Communication
MOOC Massive open online course
NASA US National Aeronautics and Space Administration
OASIS Organization for the Advancement of Structured Information Standards
OoGC Open Geospatial Consortium
OneM2M A technical specifications developing body for M2M
(O] Ordnance Survey
PAS Publically Available Specification
PEST Political -Economic -Social - Technological
PD Published Document
PPP Publici Private Partnership
R&D Research & Development
SAG Strategic Advisory Group
SDO Standards Development Organization
SG Study Group
SME Small - and Medium -sized enterprise
SSC Smart sustainable Cities
SSCC Smart and Sustainable Cities and Communities
SSCC-CG Smart and Sustainable Cities and Communities Coordination Group
SME Small and medium sized enterprise
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4. Executive Abstract

* o *

This reportis the  output of ESPRESSO Task 5.1 ; it aims to identify the most relevant
technological developments and societal trends  inthe Smart Ci ty domain; while putting

the findings in the context of the wider operational transform ation of the respective
municipality
The document is structured around two main sections . First, the report analyses

disruptive technologies and innov ations in the Smart City domain and investigates the
impa ct on industry and people , including examples of successful Smart City projects
Second, a programm e-building tool has been constr  ucted helping city managers

establish clarity and direction for their organisation as decisions on Smart City
developments are being made i both the assessment questio nnaire and supporting
documents can be a ccessed on the ESPRESSO website: http://espresso.espresso -
project.eu/

Regarding the main socio  -economic trends, security & privacy and resilience are areas

that appeart o have the greatest impact on Smart City solution implementation. Among

the te chnological and research trends, the Internat of Things, predictive analytics, and

ICT seem to be the ones with the broadest application ability, given the high number of

possibl e applications across the sectorial domains. Furthermore, the refernce cases
have clearly demonstrated that once data sets from a number of city i nfrastruc ture
providers T including transport, utilities, etc. I are made available through a common
data plat form, predicitve analytics enable a city to plan and maintain its functions over

the short -, medium -, andlong -term. Therefore, smarti nfrastruc ture is the combination
of physical and digital infrastruc ture providing improved data and information by way

of management, analysis, and decision -making. The high value -added opportunity will
be the ability to make sense of data and establish how to use that information to achieve
better performance from infrastructure assets.

It also appears that another factor a ble to overcome  municipal fragmentation is the
application of collaborative management initiatives. Among others, these initatives

include a common city reference architecture, a consolidated 10T platform, a shared

vision and targets, and an innovation ecosystem. Assessing the performance of city

initiatives can guarant ee that real benefits are being ach ieved. Indicators assess the
degree to which individual actions or the collection of initiatives have had a positive

effect on the performance of the city in pre -defined themes.

It is equally important to compare and learn from the expereinces i both posi tive and
negative - of other cities of similar size and performance level. As in other industries,

cities can leapfrog by implementing Smart City solu tion applications that similar cities
have used respectively. EIP-SCC Urban Platform provides a forum for smart cities and
solution providers to in  teract and shape the future applications needed in urban
environments.
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8. Introduction

This report seeks to provide along -term strategic growth roadmap for Smart City
development by identifying socio -economic and technical trends in the domain; while
highlighting the smart city capabilities needed within the municipality so that the city

environment benefits from the introduction of new technologies. The two mains ections
of thisreport 1 namely Chapter 10 - The technical enabler and Chapter 11 - Smart City
capability model & guidance T address the se areas.

Several examples of existing Smart City solutions have been analysed focusing on the
standardised technological trends adopted to help identify long -term strategic market
implications of standardisation in the Smart City domain. These examples are
highlighted throughout the report as a series of reference use cases. The choice of use
cases has been bas ed onthe likely potential of a specific technological development in
the domain and is in line with the most relevant Smart Cities reference architecture, as

defined in D4.2.1 Smart City reference architecture report and in line with the use cases
described inthe D2.6 Interoperability Pilot Deployment and Test Plan in which the main
technical and data transfer standardization requirements are identified.

Drawing on the results of the work performed in the previous del iverables, this report
uses the findings from D2.1 The scope of Smart City standardization ; D2.3 Detalils of
CASSIOPEIA; D2.6 Interoperability Pilot Deployment and Test Plan; D3.1 Cross -SDOs
analysis on harmonisation of Smart City standards report ; D3.2 Coo rdinated
development of high -level cross -domain standardization requirements report ; D4.2.1
Smart City reference architecture report ; and D5.2 Future trends in economic, financing

and procurement models

The relevant findings  of this report  are presented a ccording to the following structure:

Chapter 9 1 State of play

This chapter identifies the current level of standardisation in the city domain and clarifies
the terms of smart city, standards, and interoperability. It also highlights the
dimensions of smart cities and the key benefits standards can bring if implemented
effectively.

Chapter 10 7 The technical enabler

This section explores the main emerging research and technological trends as well as

socio -economic developments in the city domain. Smart city solutions currently in use
or with the greatest potential to accelerate the smart city development are covered by
case studies as part of the overall research work. Furthermore, it discusses what
standardisation goes with specific technology and solu tion possibilities.

* o *
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Chapter 11 - Smart City  capability = model & guidance

Assessing a cities capability , this chapter examines and analyses the components of
strategic Smart City planning. Topics covered in detail include: city strategy, data
management, access to data, service delivery, and innovation ecosystem. An online
assessment tool and guidance document, based on this chapter, is available on the
ESPRESSO website .

Chapter 12 i Guidelines for strategic Smart City gro wth

This section provides recommendations and guidelines on how to strategically position
future developments in the Smart C ity domain by addressing both technical trends and
municipal organisation.

Chapter 13 - Conclusion

This section of the report brings together the key findings of the analysis and dr aws
final conclusions. Itwill show that building a forward -thinking Smart City that works for
everyone needs two fundamental components:

1. An understanding that all smart technologies wil | eventually need to
i ntod one another; and
2. An integrated municipal operating system.
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9. State of Play
Technical and socio -economic factors are key elements in the implementation of Smart
City initiatives.
Investments in smart city technologies are increasing exponentially, both in the

development of new devices and their applications within the city environment. As the
world continues to become increasingly interconnected, for these investments to realize
a return one complex challenge needs to be overcome: interoperability.

Fragmentation of city operations, with specific functions, services, and domains being
handled within individual departments, has created significant challenges when

introducing new technologies into the city environment. While cities may look to
implement one technology at a time, the goal of a smart city is to have an over -arching
connected ecosystem of different technologies that collectively improve the efficiency,

security, and sustainability of the city [59] .

Today, indivi dual systems are deployed d smart lighting, road sensors, smart meters,
etc. 0 each working largely to fulfil a particular objective, but integrating these
technologies in a municipal system should be the goal. Without interoperable
components that leverag e standardization so each work seamlessly with one another,
a smart city cannot achieve its true potential.

Before analysing emerging research and technological trends and socio -economic
developments for the long  -term strategic fore sighting of the effect of standardisation
in the smart city domain, this chapter offers definitions for key terms used within this

report.

Whenreferingto  Smart City , this reporttakes  a high -level view and acknowledges the
key objectives common to all schools of Smart City thi  nking [36 ; 14] :

1. Adesire toimprove the quality of life for citizens ;

2. An aspiration to deliver sustainability, resilience, and high quality services ;
3. Greater engagement with society and collaborative leadership

4. Informed decision -making and reduced levels of risk ; and

5. Innovat ive, appropriate, and efficient use of technologies

Interoperability - that is, enabling collaboration across functions, disciplines and
organisations 1 implies open standards by definition.  Using standards to make
products and servi ces that implement the common p rotocol defined in the standard are
thus interoperable by design, with no specific liability or advantage for any customer

for choosing one product over another on the basis of standardised features [59] .

Implementing the ben  efits of standardisation requires government to use the disruptive
potential of technology and data to establish a common governance process [20] :

1 Analysis T analysis of societal problems. The availability of big data combined
with advanced data analytics techniques increases the predictive power of these
analyses.

1 Policy -making i more complex policy -making process due to improved analysis
techniques to enable better evidence -based decision making.
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1 Planning i government increasingly defines the high -level requirements, and

lets the market define creative and innovative solutions.

9 Execution T due to social innovation, new types of suppliers exist which are
highlighted in detail in D5.2 Future Trends in economic, financing and
procurement models

1 Enforcement T policy enforcement and supervision on the proper execution of
polices increasingly becomes data -driven.

The following table highlights the benefits the city environment is likely to experience if
standardisation is embraced [38; 34; 6; 26]

Table 1:Benefits of Standards

No. Benefits

(1) Improve efficiency - Standards can achieve efficiency savings when market
uptake of technological solutions in the city is brought about through
standardization.

(2) Create markets - Standards stimulate innovation and competition.

3) Enable economies of scale - Standards can stimulate the market, leading to
reduced cost.

4 Help to prevent vendor lock -in - Standards can break the chain of contracting a
single company.

(5) Help obtain funding - Standards support city leaders to communicate their vision
for the city in a language commonly understood by investors.

(6) Enhance Sustainability - Standards help decision makers to consider the
environmental impact of their activi ties.
@) Create a common understanding - Standards produce a shared language that

allows all stakeholders to communicate.

(8) Support all aspects of development - Standards in smart cities can be divided
into three different types of standards: Management standards, data standards,
and technical standards.

(9 Provide confidence in smart solutions - Standards provide certainty in
services, products, and processes as previous success can be replicated.

(10) Interoperability of technologies and systems - Standards allow for
integration and coherence between varied technologies and systems.

(11) Enable the integration between physical and digital infrastructure -
Standards provide resilience and reliability when integrating physical and digital
infrastructures.
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(12) Protect data and privacy - Standards exist for information security
management and data protection.
(13) Assess performance and measure progress - Standards help city managers
assess what they are doing well and what needs improving.
(14) Save time - Standards provide roadmaps created by experts based on good
practice.
(15) Minimise risk - Standards decrease the risk of projects and product/service
development failure.
Due to the complex dimensions of smart cities, the collaboration ability of cross -border
services for citizens, busine  sses and public administrations plays a central rol e in
integrating technologies in a municipal macro -system .

Goals, aspirations and quality of life

Interconnected city systems

Source: Deloitte (2014), Africa is ready to leapfrog the competition through Smart Cities technology.

Figure 1:Dimensions of a Smart City.
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The complexity of the  various sectorial services involved within a Smart City, requires
a system approach to standardization . Such an approach must promote the
greatest possible reuse of existing open standards to accelerate Smart City deployment

and exploit the potential deriv ing from use of disparate interoperable technologies and

from re -use of interoperable applications and services among cities [48] . For a
comprehensive overview of the scope of smart city standardisation, refer to D2.1 The
scope of Smart City standardisatio n.
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The world is facin g increasing urbanization with many cities becoming the driver of
regional economic growth. At the same time, cities are experiencing persistent societal
challenges, such as  unemployment and crime, the need for energy efficiency, an
increasing population , pressure on urban infrastructure and public authorities that need
to deliver more and better services  with less availalbe resources - examples are listed in
Annexe 14.1 Smart  Solutions in the City Environment . This development has provided
city leaders with a number of opportunities to add va lue through improved efficiency
that enhance the economic potential of the city and the surrounding  region, by reducing
operating costs, foster ing new business and service developments, and improving the
living conditions of its citizens [20 ;34 ].

New t echnology has been incorporated by cities for many years. Nevertheless , the pace
at which this adoption takes place is increasing rapidly as disruptive digital technologies
have the potential to solve major urban challenges. Consequently , urban areas
transform into  so-called smart cities . In this transformation, disruptive technology and
emergining research  is only one of the drivers. The seco nd crucial trend of smart cities
isdata thatinform smart solutions. The challenge is to use the potential that data brings
to create smart solutions that address real needs of city users . Finally , smart people
with the f ocus on job creation which s vita | for sustainable economic growth [20;3].

This transformatio n from a traditional city to a smatrt city is neither fluent nor abrupt,

its an ongoing metamorphose that irregularly accelerates and slows down . Success
depends on the quality of the decisions that are made and the way these decisions are
executed.

10.1. Socio -economic trends

Current global population trends show that for the first time in the history of mankind

a change in the numerical proportion of population is taking place, as the share of the
global urban population is outhnumbering the rural population. Widely cited numbers
indicate that by 2030 60 per cent of the global population will live in urban areas,
considering that the urban population in 1930 was 30 per cent of the total global
populati on. With 3.3 billion people already living in urban spaces, it is estimated that

approximately 180,000 people are moving into urban areas every day [24] .

Changes in the demographic make up of a city puts additional pressure on public service

prov ision and delivery. While technological developments have solved some of the se
issues, it has challenged the structure of the labour market, the skill sets required,

social cohesion, security and privacy, and resilience. Table 2 summarises the main

features of the  socoi-econimc challenges experienced by cities.

In addition to the challenges highlighted in this document, D2.1 The s cope of Smart
City standardisation  has extentsively elaborated on the topic.
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Table 2. Socio -economic challenges in Smart Cities
Research Areas to be Response
addressed

Disruption of the labour
market

Disruptive technologies make
many existing jobs disappear
(starting with automation

and robotization)

New jobs will replace
vanishing jobs

New jobs with new skills and
competences emerge

Attracting and retaining skills
in high -tech and creative
industries

Continuous renewal of the
economic infrastructure
through creative destruction
and innovation

Need for catalyst and
foundation for new
initiatives, start -ups and
innovation climate

I mpact of computerization in
the next 10 to 20 years

47% of total employment has
a hi gh probability of
disappearing

Many of th ose jobs are in the
categories o ffice and

administrative support, sales
and s ervice

Drivers have been identified
as:

1 Machines and robotics
Global nature of work

Wealth of data makes
the world a
programmable system

1 Global interconnectivity

Two major areas:

1. Unemployment /
transition of the
labo ur market

2. Income
inequality

Future skill sets

Innovation
climate and
incubator spaces
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Using predictive analytics
to analyse declining  and
rising occupations

Education offerings can
be adapted early

Spatial planning of a city
to create the right
conditions

Stimulation of start  -ups,
for example in the form

of incubators where
entrepreneurs can rent
space
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Social cohesion is built
around three key values:
d 9 social inclusion;

1 social capital; and

1 social mobility.

M Trustin citizens
and institutions of
the state

1 Lack of
inclusiveness and
civic participation

GA 691720 the

Exchange of products
and services in a peer -
to - peer model (sharing
economy, from
possession to use)

Dynamic groups of

Social 1 Upward mobilit citizens organize
Cohesion P vy themselves to work
and opportunities .
together on collective
interests
Co- creation of decision
making, new forms of
digital democracy and
participatory government
Vulnerability to cyber crime Privacy violation - digital 1 The joint between Introduce cyber security
as much more data is stored systems can be hacked with legacy and new and privacy in the smart
digitally and physical objects unauthorized access to infrastructure city reference
become connected to the personal data, and data components architecture
Internet of Things analytics have become so . .
1 Inconsistent Ensure consistent
. advanced that others know . R )
More open and big data - adoptiono adoption of smart
) much about a specific X
_ made availalbe ersonbs habits smart technologies across the
Security & P technologies municipality to prevent
Privacy Hacking of connected O6blind spotsbéo

objects - Hacking the control
system of planes, energy
plants, pacemakers, self
driving cars and may other
connected machines can
disrupt vital systems, and
create real threat to life

1 Increase of the
number of
security access
points due to
data -driven,
sensor -based
solutions

legacy and new
technologies

Investin up -to-date
software programmes to
decrease vulnerabilities
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Future crimes - increasing
digitization causes a

paradigm shift in crime as
these becomes scalable

Failure of digital and/or
physi cal infrastructures due
to natural or man -made
hazards, terrorist attacks, or
- traffic congestion can cause
Resilience serious disruption of society
and economy

Resilience looks different in
different cities due to their
specific challenges

Some are more concerned
wi th the lack of specific
resources, other with an
abundance of resources, and
others again with the
unpredictability of natural or
man - made events

Unknown events

Municipal service
delivery

Cyber security

Faster reaction to public
safety threats by real
time analysis of sensor
and surveillance camera
video data

Lower congestion and
pollution through optimal
use of transportation
infrastructure (roads,
parking places)

Source: Our elaboration based on: Deloitte, Smart Cities (2015); D2.1

I The scope of Smart  City standardization.
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10.2. Technology and research trends

Smart cities have often been desc ribed as an integral part of a broader transition
towards a digital economy . In recent years, digital technology has shown exponential
growth in capacity and performance , for example in  internet bandwidth and traffic as
well as processor speed and storage capacity. The pace of this growth outperforms any
other technology , while it also has the ability to follow its growth track over years to
come.

The impact of rapidly developing digital technology influences both adoption times and

product life cycles. On the one hand, the pace at which new products are adopted
increases. At the same time, product life cycles are shortening. Today, a large par t of
urban solutions isfrom services and/or products that were launched during the previous
year s. Due to this shorter product life cycle , municipalities have a rather narrow window

of opportunity to analyse the potential of specific innovations and succes sfully
implement those in their operating system

In the digital economy, processes have become data -centric and data has become a
fundamental production factor equal to capital, resources and labor. The power of data

and analytics is in the ability to make evidence based decision making. The company

that is best enabled to create insight from its data has the competitive advantage.

A fundamental difference between the digital economy and the traditional economy is
the increasing availability of free content and services. O pen data su ites showthato nly
a part of all value created in the digital economy is paid for by its users. In most cases,
digital content and servic  es have very low marginal costs, i.e. if users consume one

extra item, additional costs for the provider are almost zero and existing costs continue

to decrease as digital technologies mature . Consequently, this  allows providers to
provide free content to very large numbers of users [20] .

Horizon scanning

Many disruptive technologies are only in its infancy and a dvances in technology are
taking place daily . Growth and advancement in technological development is unlikely to

stop or even to slow down , and predicting technologies that show exponential growth

is very difficult. As a result, Gartnerb6s Hype Cycle for
annually to provide the latest insight into the state of technological development [29] .

The table on the follo wing pages illustrate s the most widely mentioned disruptive
technologies and innovations over the last 2 to 3 years and highlights a range of
technological applications  that support and enable Smart City initatives.
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Big Data,
Analytics,
and
Visualisation

Predictive
analytics

Atrtificial
Intelligence
& Machine
Learning

Table 3. Selection of disruptive technologies and innovations.

Description

Large volumes of data
from a range of sources
are at the heart of
smart solutions allows
for advanced analytics
and visualisation

A variety of statistical
techniques from
predictive mode lling,
machine learn ing, and
data mining that

analys e current and
historical facts to make
predictions about future
or otherwise unknown
events.

A type of learning that
creates insight from a
vast range of data and
makes decisions
accordingly .

Smart citieS and cOmmunities

Market readine Ss

Already in use

Already widely used

More widely used in
the next 2 to 5 years,
but unlikely to reach
maturity before 2025

Co-funded by

of the European Union

Research

Potential to increase
operating margin by
more than 60 percent

The global market for
predictive ana lytics is
projected to reach

$3.6 billion by 2020

The Al market is
worth $16.06 billion
by 2022

S GA 691720

»
* o *

* x*

Impact

Key to competition ,
productivity, and
economic growth

Provide richer set of
data and better data
quality

Anticipatory analytics
significantly decreases
the for accidents, and
anticipate unforeseen
events

Automation

Labor and capital
augmentation

Enhance i nnovation
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Applications

Predictive Policing

Predictive wast
collection

Risk analysis
Insurance

Usage based
cleaning

Smart traffic
control

Data -based crime
prevention
programmes

Predictive Policing

Predictive wast
collection

Robotics
UAVs and CAVs

Online assitance
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Virtual
Reality

Digital Twin

Blockchain

Internet of
Things

Computer technologies
that use virtual reality
to generate realistic
images, so unds and
other sensations that
replicate a real
environment or create
an imaginary setting.

A virtual/digital model
of a physical asset or
system that is specific
to that object.

An algorithm that
facilitates registering
transactions in an
indisputable way
without the use of an
intermediary or a
central administration

Physical objects with
advanced sensors and
connected to the
internet generate large
amounts of data about
the physical

Smart citieS and cOmmunities

In the next 5 to 10
years

Digital models o f
objects and systems
widely used

Potential of digital
models of areas and
regions being analysed

In the next 5 to 10
years

Basic IoT systems
already in use, with
complex loT platforms
being adopted over
the next 5 to 10 years

Co-funded by

of the European Union

The global market is
projected to be worth
$30bn by 2020

Numbers of users to
exceed 43 million

Organisations such as
NASA have been
building complex
models of their assets
for years

Possibilities include
objects to whole
cities/countries

The last nine months
have seen $1.4bn
invested globally in
blockchain startups
across numerous
sectors

30 billion connected
things by 2020

Estimated market
value of 10T by 2020
is $1.7 trillion

* % x GA 691720

* % %
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Construction projects
can be reviewed and
altered before
construction start

Emergency response
can be practiced

Predict equipment
failure or increase
operational efficiency

Repair equipment and
plan for service

Make decisions about
the physical world

Potential applications
beyond financial
services, including
man ufacturing,
government,
healthcare and
education sectors

The disruptive effects
of 10T is the fusion of
information
technology with other
technologies

This data can be used
by smart systems that
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Emergency
response
simulation

Indoor navigation

Simulation
training

predictive
maintenance
planning

Record
management

Transaction
processing

Smart meters
Smart grid

Sensors for
detection, i.e.
leakage or
pollution
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environment, i. e. air
quality, water flows, etc.

Ubiquitous wireless
coverage is now
available, through
different types of

networks that accelerate

0T applications.

Developments in the
unmanned aerial vehicle
industry provides a cost
efficient further source
for information capture

UAVs and from the sky

CAVs
Networks for digital
connectivity are
required in different

Digital forms:

ICCO_PneCtIVIty / 1. Fixed broadband

networks,
facilitating gigabit
connections

Smart citieS and cOmmunities

Trials are ongoing,
and mainstream
adoption can be
expected by:

CAVs: unlikely in the
next 10 years

Commercial drones: 5
to 10 years

Up to 2017, UK and
Germany have been
leading on 5G

research and roll -out
trials

Commercial launches
of 5G network are
expected for 2019

Co-funded by

of the European Union

Less than 1 per cent
of 1oT data generated
is currently being
utilised

40 to 60 per cent
improvement in value
can be unlocked by
combining data from
multiple loT

appli cations and
sources

250 million connected
vehicles by 2020

5G networks will
provide an enhanced

6connect i v ot

6smart o ci

RE GA 691720

*
Koy ,,*
optimize the use of
infrastructure and
resources.

Transforming
transportation
potentially eliminating
casualties and traffic
jams, while freeing up
locations currently
used as parking space

Wide range of
examples of
professional use of
UAVs

Impacts will be felt in
all sectoral systems

Networks offer
capacity, speed and
reliability

Greater latency,
pacing, durability and
resilience
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Drones
Driverless cars

Autonomous
presicion farming

3G/4G/5G

Wired and
wireless networks
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2. Mobile broadband when standardisation
networks, 4G and is complete
5G networks
providing
ubiquitous internet
access to people
using mobile
devices

Widespread urban
deployment by 2025

Internet -based Widely used By 2018, most of the Perform some of the Financial advisor
computing that provides world's largest 200 functions of a human
shared computer companies will exploit assistant
processing resources intelligent apps
(Apps) and data to pomputers

and other devices on

demand.

Source: Our elaboration based on: Gartner, Top 10 Strategic Technology Trends for 2017, Availatsle/atvw.gartner.can/doc/34715597?srcld=7199395398&cm mmc=presRMG} -attachment -
inwebinar#a358786171 Deloitte, Smart Cities (2015); Accenture, Why Al is the future of growth, Availati@st/www.accenture.com/lven/ _acnmedia/PD#3/AccentureWhy-Atis-the-Futureof-Growth.pdf
Gartner, Top 10 Strategic Technology Trends for 2Bi;//www.gartner.com/smarterwithgartner/gartnersop-10-technologytrends-2017/; IEC, Orchestrating Infrastructure for Sustainable Smart Cities,
http://w ww.iec.ch/whitepaper/pdf/iecWPsmartcitiesLRen.pdf

Intelligent Personal assistant

cloud
systems
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10.3. Solution application S
Fragmentation and complexity within the municipality need to be overcome in order to
create an integrated smart city infrastructure. Smart Infrastruc ture is the result of
combining  physical infrastructure with digital infrastructure, providing improved
information to enable better decision making [9] . Figure 3 provides an overview of
integrating physical and digital infrastructure through solution appl ications to re ach
interoperability between the various sectorial domains
/ Cloud computing Internet of Things Virtual Reality Blockchain
Digital connectivity Big Data . .
Machine Learning
CAVs & UAVs Artificial Intelligence Predictive Analytics Visualisation

Vertical Integration

Data sharing
and exchange

Reference
Architecture

1oT platform Interoperability

Horizontal Integration

\ /

Source: Our elaboration.

Figure 3. Integration of horizontal and vertical factors

This sections highlights solution applicat ions that have successfully be en applied in
leading smart cities around the world , focusing on data sh aring and exchange, loT
platform s, Smart Ci ties reference a rchitrectures, and ICT technologies.

Reference Architecture

A shown in D4.2.1 Definition of Smart City Reference Architecture , a reference
architecture is defined as an authoritative source of information about a specific subject

area that guides and constrains the instantiations of multiple architectures and
solutions. The primary purpose of such a Reference Architecture is to guide and
constrain the instantiations of solution architectures. In addition, a Reference
Architecture should:

A Provide common language for the various stakeholders;

A Provide consistency of technology implem entation to solve problems;

A Support the validation of solutions against a proven Reference Architecture; and
A Encourage adherence to common standards, specifications, and patterns.

Due to the large number of existing smatrt city reference architectures, we recommend
the following refernence architecture. The Reference Architecture as presented here
provides the key elements, aligned to several other EU initiatives and worldwide
standards regarding Reference Architectures. It will at least contain a generic yet
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integral approach including Business, Infrastructure, Data, Applications/Services,
Security, and Performance domains, to which the concepts of interoperability and
standards are applied [18] .

The reference architecture was developed in conjunction with the EIP -SCC. The EIP -
SCC Urban Platform s can be used as an enabler through a templated approach and
cross -sector collaboration: https://eu -smartcities.eu/content/urban - platforms

Application

Services

. )
\ |
Satellite | Fixed Wireless | Mobile
Positioning
Services

Figure 4. Smart Cities Reference Architecture (based on D4.2).

loT platforms

IoT platforms are the software that enables the Internet of Things . Foundational
Infrastructure and Software for 1oT are needed for the aggregation and analys e of the
data captured from the sensors . This process creates insight and intelligence through

its consolidation and analyse enabling the value generation and evidence -based decision
making.

IoT platform vendors offer different types of architecture dependin g on their capabilities.
On premise or public/private cloud, integration with different communication protocols,

storage and APIs are only some of the parts that need to be considered when deploying
IoT use cases. The structure below serves as a guide to u nderstand the complexity of
lIoT platforms capabilities of analytics, storage and infrastructure . The challenge is to
have a solution that is comprehensive and easy to manage [20] .
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? Hardware & Infrastructure

Source: Deloitte, Smart Cities.

Device management

Many loT platforms have the ability to
manage individual devices and make
sure that data is being captured and

reaches the platform

Datobase & Event Manager

Figure 5. loT pla tform components.

@meE) o

- - Microsoft Azure
Social media @ croon

1 o

Business SYSIEITIS
(ERP, CRM)

At the moment, devices are created with specific communication protocols that require

integration with the IloT platforms (Table 5 ). Understanding

the technological

composition behind IoT solution s helps identify the segmentation of the current loT
platftorms. Due to the different protocols and standards, devices are very much
specialized to capture information in specific characteristics creating a chain that is

limited to certain applic ations alth ough the use of APIs  enable s
interoperability across different applications and sources of data .

interconnectivity and
Developments on loT

platforms indicate a more comprehensive connectivity enhancing the data collection to

enable true creation of value [20] .

loT Platforms today

Analytics

Analytics

3

loT
Platforms
loT
Platforms

el T
o

=

=l ¢

Communication
protocol

— e —fff— T
el

Specialized
sensors
w
3
B
-.

Smart Smart
electricity traffic

Gas, heating
and water Cleaning Security
supply

Source: Deloitte, Smart Cities.

Figure 6. loT platform development.
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Government  -run data portal, Seoul (South Korea)

Government -run da ta portals are part of

10 =

Seoul 6 Smart e -Government initative . The —_— SeouLMap TR
6 S e etypt Map Tackingo s s

communicate s the whole array of its public E Za t'é
services t o increase its citi dw eIR s geans

Toward the end of 2012, the government = "

1
began to provide information on disabled - _ii ‘
friendly facilities, current status of new town i okt B
and redevelopment p  rojects, free Wi -Fi, etc., - m [m E

. Haoste /
to smartphone users. In 2013, it launched W B s 0 X
) ) ~ |
mobile services for the 12 parks along the Han pr- q;q/./fu-.

B2oE

2 SR [ [F
- Q — Q %

River to inform citizens of the diverse events
and facilities there, such as information on
shelters from the summer heat for children and
senior citizens.

Source: http://citynet-ap.org

Citizens can also participate in the services. They can make proposals for new services or

create and register their own content for new services. In addition, citizens can use the app
to send feedback on municipal issues to relevant agenc ies for timely responses. Having
established an integrated platform and protocol, agencies have improved their average

response time . The data disclosed and used in the process is accessed more than 860,000

times a day, making it one of the most popular ci ty services [51; 52]

City Data sharing and exchange

The d ata infrastrucutre of a city isas importantas its physical infrastructure. Overtime
cities have developed comprehensive mechanismstomanage its physical infrastructure.
However, f or data, suc h mechanisms are eit her lacking or in its infancy. Ideally, a data
infrastructure  will maintain data and share data taking account of  the following features
[48] :

1 Transparency 1 transparentabout its origi n, collection and how it has been
processed.

1 Authority T comes from a credible, and authoritative source

1 Openness T open and accessible .

1 Real-time 1 Where appropriat real -time data is made av ailable .

1 Maintenance 1 Data sets are maintained to capture changes and updates

A number of cities hav e de veloped open data platforms in parallel with  their smart city
programmes. Inthe UK, examplesofop  endata hubs include the London City Datastore,

Leeds Data Mill, Bristol is Open, and Milton Keynes Smart Data Hub.  Other international

examples include New Yor k6s Mafyfoirddes of Data Analytics and
Data Exchange which offer similar examples of city level open data and analytical

platforms - with some be ing more open to the general public than others and may

contain big datasets which are not fully open [48] .
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Datastore , London (United Kingdom)
The London Datastore is an award
free and open, data - sharing resource
anyone to access information and statistics
about the capital, from house p rices to crime
rates . The city took a strong lead with the
establishment of the London Datastore and an
extensive programme to encourage
developers to use this data, with Transport for
London being particularly notable for its
collaboration with third parties. 50,000
citizens, businesses, researchers and
developers use it each month to better plan
and operate the city. In 2014, GLA relaunched
the London Datastor e,
extension of open data. This switch was part

-winning,
for

and
of

Smart citieS and cOmmunities
Co-funded by
the Horizon 2020 Framework Programme
of the European Union

MAYOR OF LONDON LONDONASSEMBLY

LONDON DATASTORE s

Source: https://data.london.gov.uk/

has

GLAG6Gs move towards bei

in identifying a city issue or challenge and then establishing the data needed to tackle it and
establish a sensible means of doing so, if that data comes from an organisation with a different

set of consider ations around the sharing of data (for example, competition issues)

Sensor technology is being widely exploited, providing real

[41] .

-time data also allows for

faster decisions both with and without human intervention e.g. for modifying traffic light
sequences based on congestion, or flood controls to close barriers or divert water
courses. As congestion increases, parking sensors are becoming more prevalent and by

way of example in Singapore the OneMap
descri bi ng the city

OneMap portal, Singapore

(Singapore)

7 LR A
s Mg ey AR

Source: http://www.sla.gov.sg/e-Services/OneMap

6l anp8 caped

This is a government
public and private sector a
a wealth of government

portal provides a rich suite of information
and activity

-wide initiative to give
one -stop access to
data content from

authoritative sources. It is a launch -pad for
government agencies to build their own
services using an APl through which a
common and consistent look -and -feel
interface can be created. It also is the
gateway for the private sector to tap on ri ch

government content and mash it up with their
own collection of
ser vi

information to create
to support

data and

ces and

needs. Besides presenting public sector information, this system allows businesses and users

to mash up some of t

he public information via convenient technical interfaces such as APIs

The combination of various sources of data allows a city to develop real insight into
societal challenges like sustainability, mobility, health and security. This insight can be

started ciynatd ads,i sa ¢
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used to make better, smarter, data -based decisions. The ability to extract data from a

wide array of sensors, in public spaces, in transportation systems, in energy grids, in

all kinds of consumer devices provides real -time insight in transportation flows, ene rgy
flows, pollution and human behavio ur. It is not sufficient to use these data sources in
isolation of each other to create islands of smartness. A real smart city emerges when

data is combined from multiple sources that have traditionally not been used in
combination. An interesting use case of a city data platform that brings together data

from different infrastructure providers that enables better planning and delivery of

infrastructure i s L o n bhfeastrcsure Mapping Application [20] .

Infrastructure Mapping Application , London (United Kingdom)

In April 2016, the Greater London Authority

(GLA) published the guest version of its
Infrastructure Mapping Application. The map is

a commitment to support a more joined  -up
N e _ and forward  -looking ap proach to
i e T infrastructure planning and delivery in the

city. The aim is to create a database to better

understand the phasing of

projects, the

synergies and tensions that arise when looking
at the impact of development, the potential for
— greater coordinatio n of works and the ability of
o0 Londonds

Source: https://maps.london.gov.uk/ima/ systemsto respond

t

the short, medium and long term . For the
first time, virtually al/l
providers (transport, power, water, sewerage, broadband, etc.) as well as major develope rs

in the city are updating the digital database every week. And unlike conventional GIS
databases, which layer assets and links to related information, this particular platform
integrates project data, spatial organization, and powerful analytic s via an i nteractive

dashboard.

The application captures planned and projected development activity as well as planned and

expected future investment decisions . Users can identify conflicts (e.g. project overlaps with

other utilities, interference with view corridor s), parallel efforts by other infrastructure
providers, and projects occurring in similar timescales. The dashboard allows users to measure
consequences of development (e.g. impacts to traffic movements of individual and overlapping

projects), identify lan  d ownership and tax base, and even to anticipate employment sectors

and vocational training requirements related to particular major initiatives. Although full

access to granular information is restricted (because of commercially sensitive information) to

members of the London Infrastructure Delivery Board (the regulated utilities that have

ion is now publicly

contributed the vast majority of the database), higher -level informat
accessible. Within the first view weeks over 200 users registered for access.

GLA also layered information on population projections, green belt margins, expected
opportunity areas boundaries and more. Together with refining this information, GLA will look

to build on this work to include other elements that inform decision making in

this space

including capacity of the existing infrastructure systems, a skills analysis for delivering the
envisioned level of activity, funding arrangements in place for each project and others. This
application is likely to inform future investment decis ions and help incentivise greater

cooperation among providers [2; 48]

* x*
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Adopting a standard framework for acquiring, sharing and publishing data will not only
aid interoperability but also aid the ability to apply analytics to disparate datasets in a

consistent way allowing the improvement of city services, as well as like -for - like
comparisons across cities nationally and internationally.

The provision of data in an open format on open data platforms has provided
opportunities for improved service prov ision through [48] :

A Better planning and predictive analysis.

A More efficien t construction and better asset management in cities.

A Improved citizen engagement.

A Revealing hidden and  important relationships between data

As mentioned already, s ensitive issues su ch as privacy and confidentiality may also
need to be addressed when it comes to what data should be collected and what can be

made freely available. The use and interlinkage of big da tasets, including personal data
for service delivery or other kinds of s mart city activity (such as cloud computing
functions), also raises issues over privacy and own ership that need to be consider ed

and addressed.

Digital connectivity

5G has the potential to transform a number of sectors, including health, transport and

edu cation, not to mention CAVs or driverless cars, and to support the

loT . 5G will deliver

a faster and m ore responsive mobile broadband experience to smartphone customers.

It is well placed to support the anticipated growth of new services such as

those base d

on virtual reality and/or augmented reality, and the industry -specific services

mentioned above [55] .

Various global standard s bodies and organisations work to ensure alignment in 5G, in
particular the  ITU. Major radio standards components are expectedto be  ready in 2017
(where running in conjunction with existing 4G networks), with subsequent standards

frozen untilmid -2018 and 2019 respectively .

ITU-RIMT -2020 ide ntified three families of 5G usage scenarios anda pplications beyond

the cu rrent 4G technology generation [55] :

1. Massive mobile connecti vity, which drives the need for
Broadband (eMBB) ;

Enhanced Mobile

2. Connectivity of millions of devices, which drives the need for Massive Machine

Type Communication (mMTC) ; and

3. Resilient, instantan eous connectivity, which drives the need for Ultra -Reliable and

Low Latency Communications (URLLC).

* % %
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5G roll -out trial, Bournemout h (United Kingdom)

The government has commissioned a planning and
mapping tool that is currently being developed using
geospatial data from Bournemouth and aims to
create a digital version of the real world that will help
overcome the barrie rs to rolling out a 5G network.
With construction material, tree foliage, and weather
conditions having a profound impact on high
freq uency radio signals, the location of 5G radio
antennae is crucial. A detailed 3D model of the built
environment is requir  ed to optimise signal coverage; Source: Ordnance Survey.

the two potential base station sites (yellow points)

enable continuous radio coverage in the street, wi th the green and blue areas identifying the
lines of sight from these locations. Access to a shared facility of this kind could offer major
collaboration benefits T and reduced costs i to government and telco operators [46] .
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11. Smart City capability = mode | & guidance
The content of this chapter, including Annex |l The Smart City Strategic Growth Map
assessment questionnaire  and Annex Il The Smart C ity Growth Map tools , is the basis
for the Smart City Maturity tool and the guidance documentation published on the
ESPRESSO website: http://espresso  -project.eu/
11.1. The three elements of a Smart City strategy
Existing smatrt city standards show that a Smart City strategy consists of the following
three elements:
1. Acity vision with clear targets;
2. An understanding of a cityés specific challeng

3. A stakeholder engagement programme.
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Figure 7. Smart City Strategy Triangle.

1. Clear vision and targets

A Smart City strategy defines a cityobds int ent indudinggoal and strengthso n
while addressing its most pressing challenges. Without a clear vision in place thereis a
significant cha nce of wasting valuable time and resources to achieve only partial
successes.

A Smart City strategy has measurable outcomes that can be widely articulated. To
achieve this the city leader needs extensive detail about the socio -economic
development of the city with strategic actions that improve the existing infrastructure
while managing urban gr owth.

A Smart City strategy needs to be flexible enough to be reviewed and adjusted regularly
in light of changing environments while maintaining the stability and momentum to
keep al | stakeholders engaged with the long -term vision  [3; 21]
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2. Understanding the specific challenges

Analysing a city 6 sstrengths and weaknesses will provide useful direction on how to
allocate efforts and resources to create the most value.
Horizon scanning exercise s including a PEST  (Political, Economic , Social, and
Technological) analysis a SWOT (Strengths , Weaknesses, Opportunities, and Threats)
analysis are part of thorough analytical programmes . These activiti es will alert to a
variety of changes and provide a starting point for strategy building exercises [3;20 ].
3. Engaging with city stakeholders
The functioning of any ci ty is shaped by a diverse range of city actors. Successful
changes to the operating model of the municipality needs the buy -in from the
stakeholder community. Without acceptance from this group it will be nearly impossible
to turn the vision into a reality.
Acknowledging concerns and comments from the stakeholder community will provide
you with a collectively agreed plan to take forward.
Mapping out, and understanding, the new responsibilit ies expected of the city authority
can provide a strategic advantage when interacting with the various city stakeholders.
Learnin g from other cities and working with neighbouring cities to develop common
solutions can decrease some of the risk attached to trying new processes. Every city
may have its own unique history, but there are common interest and issues that unite
cities globally [3; 20; 34, 25]
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Figure 8. Selection of City Stakeholders.
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