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/ FORMATION OF SMART CITIES - Cyber-physical systems of Smart
EVOLUTION OF SYSTEMS OF INNOVATION innovation ecosystems

Requirements are based on research at URENIO, a laboratory of Aristotle University

conducting research on intelligent cities since 2000



R1. Strategy development by city ecosystems



The city is a heterogeneous system: a system of ecosystems

A hundred
principal
ecosystems in
cities

Area-based
ecosystems,
defined by
districts &
neighbourhoods

Vertical
ecosystems,
defined

by activities

Network-based
ecosystems,
defined

by utility and
other networks
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Central Business District
Housing districts
Technology districts
University campus
Recreation areas
Open and public
Shopping malls

Port areas
Manufacturing sectors
Construction

Finance

Service sectors

Trade and wholesale
Education

Health, Social care

Transportation
Energy provision
Water provision
Waste management
Telecom

Broadband

A 1943 map showing how London would look based on ‘social and functional analysis’, which Patrick Abercrombie
helped to draw up



Smart cities To Create Huge Business Opportunities With
A Market Value Of $1.5 Trillion In 2020

Smart City Market by Segments,* Global, 2020
Smart Building @

CAGR: 8.8% (2012-2020) T - Smart Governance
\ and Smart Education?
CAGR: 12.4% (2012-

@ / 2093% N 2020)
Smart Healthcare ‘ .

CAGR: 6.9% (2012-2020)

Smart City Smart Security

; Market CAGR: 14% (2012-2020)
/ " v

Smart Transportation @
CAGR: 14.8% (2012-2020)

16.65% » Smart Energy
- e CAGR: 19.6% (2012-2020)

Note: The graph represent the market share of each

Smart Infrastructure? @ = . segment in the smart city market.

CAGR: 8.9% (2012-2020) For more information on smart city nmrl;:t{ ::cut;o:; ::ﬁzs;

1These numbers represent the entire smart solutions eco-system in each segment for both urban and non-urban panoramas
?Smart Education includes eLearning services for schools, universities, enterprises, and government entities

SOther Smart Infrastructure such as sensor networks, digital management of water utilities not included in other segments Source: Frost & Sullivan analysis.

FROST €& SULLIVAN




R1: Strategy development at the level of city ecosystems

TRADITIONAL CITY PLANNING: STATE-LED,
IERARCHICAL, TOP DOWN

City district:
Challenges -
Analysis

Objective Al Objective An

|
‘ Action Al1.1 ‘ Action Al1.2 ‘ Action An

Assess An
Assess Al.2 Assess Al.2

SMART CITY PLANNING: COLLABORATIVE,
VALORISING OPPORTUNITIES, BOTTOM UP

*Objective An

\ City District-
Challenges

cObjective Al
*Objective A2

Ecosystem
setting *Opp. Al-Public
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Skills: Turn strategic planning to digitally assisted (see OnlineS3)

Examine,
Evaiuate, and implement Evaale
Choose aternatives Quicome

DIAGNOSIS

leadsto a

DELPHI MISSIOI"I
which enables us to create the

e T Strategies
Planning Through Projects BUILDING that provide the guidelines for

Moving from Master Planning to Strategic Planning—30 cities Goals and Tactics
LYW\ (o35 IO be implemented and

by Marisa Carmona, Rod Burgess, & M.S. Badenhorst SCORECARD Matrics

to measure their
effectiveness

BENCHMARKING

: The starting point of Planning through Projects is the diversity of historical,
s9:°% Planning Through Projects political, socio-economic and environmental factors that affect the urban
e e P realities of each city. The book shows how the shift from master planning
o Strategic Planning to strategic planning through large urban projects is a worldwide process
affecting all countries, and it highlights the impact that such large projects

have on urban governance.

The global scope, the combination of theory and practice, and the many
examples, plans and illustrations make this book an excellent reference for
teachers, students and professionals working in urban planning and
management.




R2. Integrated cyber-physical projects



Integrated cyber-physical projects may cover an entire ecosystem

\/\/h at N VISIon Ze rO? Table 8.2 Vision Zero implementation components

.. . .. . 1. MAPPING 1.1 Data: Information collection and dataset creation
Vision Zerois a strategy to eliminate all traffic fatalities and N 1dentifagoh BT hign)ibidey defwdd Ind risk areas
severe ]njur]eg, while ]ncreag]ng safe, heaH:hy, equ[tab|e 1.3 Analytics: Fatalities and major injuries per areas and

social groups

mOblllty for all. First |mp|emented in Swedenin the 1990s, 2. PEOPLE AND USER 2.1  Reporting and witnessing by users
Vision Zero has proved successful across Europe — and ENGAGEMENT 2.2 Education: Develop a driving culture for Vision Zero
o e . : . oy 2.3 Co-design of safety solutions with users
now it's gaining momentum in major American cities. 3.CITY DESIGN 3.1 Intersecgton re—dets};grl for visibility and safety
3.2 Engineering solutions under the principles of VZ and
WalkFirst
3.3 Creation of arterial slow zones
Pillar 1 4. INSTITUTIONAL 4.1 Law enforcement
MEASURES 4.2 Law and policy support VZ and reduce speed on city
streets

Q ﬁ 3 4.3 Training of oftficers on safety measures and recording
S -
[1\N of events

5.DIGITAL SPACES AND 5.1 Web-based information collection and dissemination

- TECHNOLOGIES 5.2 Real-time watch and alert and transportation injury
Road safety Safer Safer Post-Crash Safer Driving | .
management Vehicles Road Users Response tronment ~ survcﬂlan_ce _ _ _
o 5.3 Car-pooling & car sharing for reducing travelled miles
per capita
e 5.4 Advanced video-based road-safety analytics

S - Vision Zero N K 6. MONITORING AND 6.1 Definition of output and result indicators
ource: Vision Zem Network, ASSESSMENT 6.2 Dashboards, data recording and periodic reporting

6.3 Analytics for assessment

https://visionzeronetwork.org/about/what-is-vision-zero/



https://visionzeronetwork.org/about/what-is-vision-zero/

Integrated cyber-physical projects may cover an entire ecosystem

City-zen: Virtual Power Plant

About Team Comments |11

Storage and trade of surplus solar energy through
home batteries

Maonetizing flexibility using a Virtual Power Plant, which incorporates solar-PY, load and home
battery systems. It is not a real power plant but a virtual. Aggregating several small production units
, ke pv-rocftops, 2 power plant is created.

> What is the goal of the project?

1. Improving the yield of solar panels: households will be able to store and/or trade surplus solar
energy

2. Balancing (unpredictable) sustainable energy supply and demand in neighbourhoods.

Avirtual power plant is an onling platform which aggregates people’s production and
consumption of solar energy and stores the surplus locally. Due to this aggregation it's possible to
trade energy on the wholesale markets: the use of a home battery lets you store energy when

glectricity prices are low and discharge the battery when there are high.

> What is the result of the project?

Trading on the energy markets with battery systems installed at households is new. The concept
requires a significant amount of ICT infrastructure, and will be connected to Alllander’s smart grid.
Through a pilot with more than 35 households in Amsterdam Nieuw-West, City-zen's partners will
be able to test and improve the use of home batteries as a virtual power plant. After extensive
testing upscaling to other nelghbourhoods in the city will be possible.

> Who initiated the project and which organizations are involved?

This project by Greenspread and Alliander is part of City-zen, a European funded project in
Amsterdam and Grenoble.

> What is the next step?

Currently already 25 home batteries have been installed at homes in the Amsterdam Nieuw-West
district. We are still looking for a few more participants! So, if you are interested to participate, live
in Amsterdam Nieuw-West and have PV panels: Send an e-mail to vragen@greenspread.nl or
check the website (Dutch): http://www.greenspread.nl/diensten/smart/city-zen for more

information!

Smart Stories

Check the article about the Virtual Power Plant featured in our online magazine ‘Smart

Stories':

18
USER
S[ORY

Living off the grid

) Vsl Poaser Brarm

Tom van Arman
Feurmer & Drector of Tapp

https://amsterdamsmartcity.com/projects/city-zen-virtual-power-plant



https://amsterdamsmartcity.com/projects/city-zen-virtual-power-plant

Integration into the urban digital

system

R2: Double integration of components, intra digital and inter-digital

UOS™ Cloud Applications

TCP/IP (Web Services)

Management § : . i

Rere Cloud
Monitoring Security fia orerEge Appliance

Metasystem Urban Service Bus (UCA)

UOS™ PlaceApps Applicatio@

s

TCP/IP (UOS™ SDP Formats)

N Urban Network
Uos™ RIC Appiance (UNA)

1 TCP/IP (UOS™ SDP formats) ;;:

Aggregators
| \ TCP/IP (Ethernet / 802.11) / Bluetooth / 802.15.4 / Current (A D)

| |
- . Power

Actuators

>
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Technolog
district

Layer I: THE CITY
People, Activities, Infrastructure

Into the city district: integration of urban,

innovation and digital systems

Source: http://www.cisco.com/web/about/ac78/docs/Living_PlanIT_SA_Handouts_C-scape.pdf



Skills: Vary per type of smart city project
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UTILITIES: TRANSPORT AND ENERGY

Hotelenergysolutions

Increasig the competitveness & sustanabiity of the EU accommodation Sector

HES e-toolkit Home

Resources = -

HOTEL
g ENERGY
SOLUTIONS

English [+]

Supports the adoption of energy efficiency and renewable energy technologies

Top 4 reasons to use the energy calculator

1. Understand how much energy you could save

2. Measure your energy usage

3. Compare your results with similar hotels and measure
Your progress

4. profit from cost-effective energy technology solutions
Reduce costs and market your activities

Understand » | Measure » | Compare » | Profit »

_ Technological Solutions: Cut energy costs Reduce CO2 emissions

Benchmark your energy use/efficiency

The benchmarking tool enables European Small and Medium
Enterprises (SMEs) in the accommodation sector to assess
their current energy use/efficiency and carbon footprint
against similar enterprises.

FTTP Up to | Gbps
(i
= ==k
FTTC 80-100 Mbps
EET
Video Data Voice
Deep FTTN 60100 Mbps
() (g
==lp
FTTN 20-£0 Mtgs

Why to use the tool » | Take a quick tour »

Save your Free User Profile

© to follow your energy performance year after vear

© to compare your results with similar hotels

© to access your personal data and recommendations at
any time

Confidentiality. Your answers are confidential. Data will not be
linked to a company's identity or used for marketing activities.

v

Questionnaire
6 Steps:

& Energy protie

Additional Return on
Information Investment
Input Calculator ROI
* Cost of Energy 0 o
o
Cowrel " ‘et 1 €€ o E
+ Dot informaton

Cyberport Map

FOCAL CYBER-PHYSICAL PROJECTS

TIP VAN DE WEEK

|5

Eerste hulp bij verbouwen

> MEER TIPS

CITY DISTRICTS AND CAMPUS

#01
#02
#03
#04
#05

Smart projects

Geuzenveld

West Orange

eManagement Haarlem

Onze Energie

Smart Challenge

ITO Tower

Monumental Buildings

Decentral Generation: Fuel Cell Technology
Zuidas Solar Challenge

Online Monitoring Municipal Buildings
Ship to Grid

Moet je Watt

Klimaatstraat

Smart Schools Contest

ZonSpot
Swimming Pools




R3. Group of e-services per ecosystem



A group of digital services is needed to transform a city ecosystem

 The solutions

- of the Smart City

| to the challenges of urban mobihty

Drive sustainable mobllity

5. Incantaiza the se of nan polksing
means of transport

TR Encourage the use of tikes

Promote podestrian mobility

Reduce emissions

. Ir\.c‘...c'h nmnua'
uses and trains

l 3 Encourage cs mo:l ina
w ond corshar

ﬁ L l al wreuation

Make multimodal trips easler
&85y Build safer, faster and more
B85 0 ACoRssibe Connections betveen
Sl T ditterant means of transport

e E_) Estabiish a sungle payment plattorm
for all transport netwarks

Reduce traffic jams

,  Improve traffic flow
Ju management

| Instal smart parking
Systems

Manage lones
in real time

Establish measures to
@ provide ecanomicelly
accasibie public ransporn

Smart.City_Lab

Drive sustainable mobility

Incentivize the use of non polluting
means of transport

Encourage the use of bikes

Promote pedestrian mobility

Make multimodal trips easier

Build safer, faster and more
? accessible connections between
0—0 different means of transport

Establish a single payment platform
for all transport networks

Improve inclusiveness

Increase and improve
access for functionally
diverse users

Establish measures to
provide economically
accesible public transport

13 digital services for
smart transport

https://www.smartcitylab.com/

Reduce emissions

‘ Increase the number of
) electric buses and trains

(=) Encourage carpooling
® —® and carsharing

e Limit private circulation
in city centers

Reduce traffic jams

Improve traffic flow
management

Install smart parking
systems

Manage lanes
in real time



https://www.smartcitylab.com/blog/mobility/the-solutions-of-the-smart-city-to-the-challenges-of-urban-mobility-infographic/

Each digital service needs a combination of complementary models

e .

¢ Organisation

¢ |nvestment

e Value proposition

BUSINESS
MODEL

Service context

~

s P ROVIDER o=

PR X—SERV

e Components
e SOA / Microservices

\. Technologies

APPLICATION

»

COMPONENT MODEL

SOFTWAR

E model

¢ |ndividuals
e Businesses
e Ecosystems

QUALITY MODEL

Impact metrics




R3: Development of models and combination of digital technologies

(-, digital Corfu - . , CROWDSOURCING LANDSCAPE ~~°

@ virtual tour
to the historical city center
2 ratall S i s (50 N i nlni e

Visual
Crowd

= ceticious ST FH

1995
2006

HY amazonrochanisal Turs
oy S b £ 2 A Aesrge s Eared e smiren

Libelium Smart World B

Smartphones.

Air Pollution
rated & p o Traffic Congestion

Forest Fire Detection

Wine Quality Enhancing

Sportsmen Care

Structural Health

Sensors

Water Leakages

Vehicle Auto-diagn:
Waste Management srBus &

2009

Smart Parking Item Location

Quality of Shipment Conditions [




Skills (1): applications design

Intelligent City
Software & Solutions

Home Appiloationc About Partioipats Feedback Blog

An Open Repository of Solutions for Intelligent Cities

ICOS website supports a community offering software and solutions in the field of intelligent cities / smart cities. The
community will serve to showcase existing projects, provide a forum for discussing projects and processes, and guide
developers' groups in applications’ creation, contnbution, and release.

¥ Subartl your Application  cr sy vicorea B SN

Faatured apen source applcatons for:

1.Innovation Economy 2. Living in Cities—Quality of Life 3.City Infrastructure and Utilities

>>«=ul. ol /‘/I L
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ety m v [ :
Citizenvestor AMCO - Smart Parking System

AirCasting

An integral systom for ncooe parking ots and on-
sheat paning spaces

Generic B Latest from URENIO Watch

Envision Tomorrow

ceas st Of Utan and mgona

1. Define
the
problem

7. Test,
release
V01

USER-
DRIVEN

6. Code DESIGN
writing

L 4
®

ONTOLOGY V1

Consider
similar apps

3-LAYER

architecture

Use NPD
methods

ONTOLOGY V2

Users
feedback

FINAL
ONTOLOGY

Flowchart
diagram




Skills (2): applications programming and development

: & . ABAP
F# 7 Visual Basic
Erlang c#D & Tr ansact-SQL

JavaScrl b S

Assembly Scrabch

: 8

<
D
Za
D5
O 2
D 8
o2
O

Newsqueak
¢ Visual Basic

Communicating sequential processes

QuickBASIC

es-influence-network-2014



https://exploring-data.com/vis/programming-languages-influence-network-2014/

R4. Data collection, storage, and open access



The functioning of cities and city ecosystems generate volume data
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The city becomes a measurement system:

Data -> Modeling -> Forecasting

Yrnpeoieg ESumtvng MoAng

Meropoper, Nepufabio

Enter postcode or area | Find

Sense The City
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Information service based on a network of wireless sensors (Libelium) that measure air
pollution (CO2, nitrogen oxides, microparticles, pollen) and send measurements to a
central hub. Data are presented on digital and physical displays, pc, and smart phones.




R4: Development of data repositories, collecting & redistributing data
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Thessalonki, Greece
Smarter Cities Challenge report



Skills: Data science, analytics, Al-based prediction and optimisation

Common Data

Model ' ~ Machine Learning akzorithms

| Deep Learning algorithms

| Text Mining

Analytics
Engine

{ Gragh Mining

|' Time Series Analysis

| Regrassion Analysis J
[ I

=
TT edictive Algorith
Data Modelling 1;: Predictive Algorithms
~g

Knowledge Extraction

e

is]

Big Data Analytics

Optimization

Evaluation of the Results




R5. Governance of operation and impact



Governance requires understanding how smart cities work

Cyber-physical system:
innovation & performance

Innovation cifcuit 2

\ 4

City :|  City’s innovation system
& A system of systems: :| @ R&D funding (public / private)
: | @ Innovation funding (VC, angels)
Subsystem of economy : | @ Innovation infra (Labs, SCPs, TTO)
o : institutions
Subsystem transport / utilities & Innovation institutions
Subsystem of governance & STEM skills and education
ﬁ_’ & Specialised service providers : —

@ Routines within subsystems :| @ Innovation regulations, IPR Innovation circuit 1
& Challenges, problems, needs :
& Networks, externalities, advantages v
& Performance KPIs (economy, living, City’s digital spaces and

utilities, government) smart environments

& Broadband, sensors, cloud, data,
software applications
& e-services

[

People / organisations

T

Innovatioh circuit 3




Monitoring the impact: new models of growth, living, and sustainability

SHARED SPACES

ENGAGEMENT SPACES

AWARENESS SPACES

Disruptive Innovation

THE COMMONS OPEN P2P MARKET PLACES

W a

N

8 pe
A
A Q ebay
FOR BENEFIT \ FOR PROFIT

erby
Etsy
:\

COOPERATIVES CONTROLLED NETWORK CAPITALISM

Mnyn: Oskam, J., & Boswijk, A. (2016)

& Sharing economy — New growth
models - Smart growth

& Business growth platforms
& Business over Business

& P2P production, demand driven

Social Innovation

Immigration
Control

# Social innovation and citizen
non-profit networks

@ Mapping and motivation for
participation and change

# Real-time safety and security
systems in the public space of
cities

Innovation for Sustainability

Libelium Smart World

& Sensor networks, real-time alert
# Behaviour adaptation to
external conditions

# Awareness and solutions about
the environment, pollution, energy
saving, CO2 emissions, climate
change



R5: Measurement, assessment, feed-back

District

ECOSYSTEM REIE:

>

Baseline

performance of
intelligent city drivers

:

Improvement of the
urban system

Action plan for change

Human
resources,
knowledge

Innovation
system
performances

Digital infra
and e-services

INVESTMENTS

in human
resources,
education

INVESTMENTS

in research
and
innovation

INVESTMENTS

in digital
infra and e-
services

—

Economy

Quality of life

Infrastructure
and utilities

Participatory
governance




Requirements
are driven by the interoperability and integration of

heterogeneous urban, innovation, and digital systems

Skills
at the crossroads of engineering, information

technology, and social sciences



