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09:00-09:45

09:45-10:00

10:00-10:30

10:30-11:00

11:00-12:00

12:00-13:00

13:00-14:00

14:00-14:15

14:15-15:15

15:15-15:30

15:30-16:15

16:15-16:30

Walk-about Rotterdam

Walk in and Coffee

Introduction to the programmes INFUZE- XCARCITY - HYBRID

Design Methodology Across the programmes - HYBRID

Interactive session 1: Citizen engagements (hosted by INFUZE)

LUNCH

XCARCITY Researchers presentations - HYBRID - 8 presentations

Introduction to Models and Digital Twins - HYBRID

Interactive Session 2: Co design session for Use Case + Digital Twin (hosted by XCARCITY)
TEA

Interactive Session 3: Reading Group - HYBRID xeu rciw

Feedback/Reflections + Close out






Toward sustainable urban 1
mobility using digital twins =g =

Bart van Arem
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Urbanisation increasing

orld-wide;
Increasing

population in cities increasing,
population in rural areas
decreasing

xcarcity


https://urban.jrc.ec.europa.eu/thefutureofcities/
https://urban.jrc.ec.europa.eu/thefutureofcities/
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The Hague, Utrecht)

8,5 Million population
11.370 km?

Population large cities
growing

(Amsterdam, Rotterdam, The
Hague, Utrecht)

1 Million new houses planned
by 2030

Mostly densification within
existing cities
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1 Million new houses? What about accessibility

Can we imagine a city
without private cars?

Scarcity of space
eX Car City

XCARCITY?

The road transport system
has reached the limits of
what is:

A usage of space
A externalities

Public transport system has
also reached capacity limits.



XCARCITY facts and figures

Duration: 1st June 2023 -1st June 2029

Budget: 4 MU by NWO, 2 MU by partners
9 PhD candidates, 2 postdocs, 1 programmer, TNO researchers (60 person years)
33 partners from academia, public and private sector

Lead by TU Delft: Bart van Arem (P1), Maaike Snelder (co-PI)

V‘)‘ Perspectief programme of NWO (Dutch Research Council)

sciences that generate economic and social impact in thematic areas relevant to

New, challenging research projects within the application-oriented and technical
|!IU!.A| the Netherlands.

[ ]
https://www.nwo.nl/en/researchprogrammes/perspectief/previous-awards xcﬂrclty



Building on service orientation and
electrification of mobility.

Will this work? xecarcity



Traditional theories and methods are out dated

Traditional mobility
Roads and traffic
Physical infrastructure
-

We need new theories and methods to start collecting
evidence what wor ks &and.what
carcity




Proposition XCARCITY

Digital twin federation

Model-based
scenario
development

Implementation
of interventions

Monitoring
and analyses

Real-life and virtual
reality data

xcarcity



A comprehensive approach is needed
forithis urban intensification.

" Fupettt

Interactive urban
planning digital
twin

Immersive,
multi-user VR
digital twin

Real-time mobility
digital twin

xcarcity



Scientific challenges

and flows while respecting privacy and

Developing smart mobility services
that meet travel demands

Assessing the contribution of smart mobility to
sustainable and inclusive accessibility.

In a context characterized

Highly dynamic
interaction and
feedback

Multiple
stakeholders

xcarcity



Towards content-rich digital twins

SP1 Framework, method and

guidelines for optimal sensor SP2 Insights in behavioral
network design and responses

predictions

SP3 Algorithms for and
insights in the design of
smart mobility applications

SP 6 Digital twin

SP4 Algorithms for and SP5 Algorithms for large-

insights in the design of scale collection of mobility
integrated transport networks data for traffic management

xcarcity



Digital twin federation

3 Party
tools:

Simulation
models
Emission
models
Land use
Reporting
Visualization

3D/GIS 2D/GIS
Visualisation Visualisation
(web-based) (web-based)
[ ) [ )
A 4

Decision
support
Module

I

Sim KPI | Network / Use i Ve

Replayer Module | case Editor S
__________ [
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Inter Model Broker

- 04-»{ DSOL ()
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A 4 Y 4 y v
OMDT || UMO (|sipcAT]|| Urban XCARCITY
Strategy WP1 - WPS,
. WP7

3D models of the cities selected for the use cases

I I avites: 00
i Driving E | DITTLAB ! v \\\§;§§\\

| Simulators { | DataAccess |

H i et v I
i Gaming Lab 1 P
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Open source model architecture of XCARCITY DT and communication protocol

Visualisation dashboard and user interface

Scenarios for selected use cases, with interactive options, visualisations and KPIs
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| Impact Plan
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SOCIETAL IMPACT

1.Framework, method and
guidelines for optimal sensor
network design and predictions

2.Insightsinbehavioral
responses

6. Federated set of digital twins

- Data platform

- 3D models of cities/regions
in XCARCITY

Public authorities take interventions
regarding smart mobility solutions,
restrictive car usageand trafficand demand
managementand control

3.Algorithms for andinsightsin
the design of smart mobility
applications

4. Algorithms for andinsightsin
the design of integrated
transport networks

5.Algorithms for |arge-scale
collection of mobility datafor
trafficmanagement

7. Designs (i) and
implementation or transition
paths (ii) for mobility systems
including smart mobility
solutions

Public authorities and consultancyfirms
improve their datacollection and traffic
and transport models to continue
redesigning the mobility system after
XCARCITY

Area devel opers develop areas with less
parking spots, spatial reservations for
mobility hubs and integrated smart mobility
solutions

Mobiity providers offer cost-efficient
mobility services in linewithrequirements
of publicauthorities

Trafficand IT companies provide data
collection and communication platforms and
implement effective, data-based
multimodal traffic management strategies

Inclusive accessibility of
urban areas/regions

Economic:jobs, turnover,
profit

-

Liveability: balance transport
infra, green areas, water,
recreation

>

Reduced green house
emission by the transport
sector




Utilisation approach

Amsterdam and surroundings:

. . . centralized trip patterns Almere Pampus:
Pilots and applications, | ,-7 anew city district
R Pilots, e.g. It
research bY deSIQr_]’ - Low-car Amsterdam et
stakeholder interaction - E-lympic hub v .
Olympisch sf(itdion ,//
\‘ ,///
\ 7’
\ //
\ o
\ ,/
\ .
\ L
\ P
\ ,/ £
0-
‘ Metropolitan region Rotterdam-
e - —— - ___ | The Hague: decentralized trip
patterns
Pilots, e.g.
All regions: VR/AR & digital - BMW shared mobility
twin 6pilotsod - Maas pilots
- Dynamic road spaces

xcarcity



CONSORTIUM MEETING June 2024

City of
§ Amsterdam

Climate change effects

Sacha Stolp, department of engineering

May 30, 2024

ZUIDASDOK

~ -

‘ IMPACT
PLAN

POSITIONING

xcarcity




DESIGN SESSION November 2024
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Digital twin assessment Almere Pampus

Redesign Parnassusweg
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Almere Pampus Amsterdam Zuidasdok

Int“[k S o It * d Vﬂ ;1\...

Maa$S
Cde o bem Redesign Parnassusweg around Zuidas train station

xcarcity xcarcity

Barendrecht Stationstuinen

Immersive VR research by
design Urban Community
Vehicle (with BMW)

Integration of Rotterdam
Open Urban Platform,
Digital Twin Federation,
Vehicle data (with BMW)

’l““.:-:.': &8 ~ o pOREE

~ e Yie,, " . L. .
s " Modeling and optimisation
¢ W b of sustainable mobilty

@ @
Xcﬂl'clty Uit: Koersdocument Barendrecht — de Stationstuinen (2019) XGCI‘CIW



International collaboration

Vision : A society without a mobility divide, where people, goods and services can move freely and
independently, safely, comfortably and in an environmentally, people- and city- friendly way.

< A vision of society (goal) >

< A vision of society (goal) > Lifestyle Support Mobility .
® Fewer accidents, improved quality of small roads. ® Increased social and economic activity and
® Improved school route safety and parenting support productivity through improved mobility a an eve O r r l e n 0 m ar o I I
® Safer, more secure and enjoyable spaces and safe Subtheme | d promoting opportunities for mobility

modes of mobility for all road users,
® Vibrant public spaces and community building for play

and conversation.

and iife fulfiliment

® Contributing to sustainable regional development P I tfo r

Nakasmura SPD /Murase SPD

1 B'S™,Nagoya University, Hiroshima
ubthemelll University, Tsukuba University
Collaboration and
Expansion of
the domain

Safe and
comfortable
small roads

Ishida PD/Takahara SPD
0C', Tohoku University, BOLDLY.JARI'? Subtheme Il

Redesigning
mobility
services

< A vision of society (goal) >
® Fewer accidents, safer travel
® Adherence to traffic rules, smooth traffic flow
® Innovatively developed sensing technology L

and secure
mobility

2"d joint workshop in Japan November 2025

Takahara SPD/Hivama SPD
Nippon Signal. UTMS Society of Japan,
Kanazawa University

< A vision for system (concept) >

The University of Tokyo
Tsukuba University hth w
and data base

*1 0C:Oviental Coasultants Co. LTD.
2 JARI: Japan Automobile Research institute Koshizuka SPD
*3 1BS: The Instiute of Behavioral Sciences

Inspiring Futures for Zero Carbon
Mobility (INFUZE)

Common workshop 3™ April 2025 in
Delft

[ ]
https://in-fuze.org.uk/ )(cﬂl‘clty




Toward sustainable urban mobility using digital twins

From transportation infrastructure to smart mobility service orientation.

Digital twin federation integrating data-driven and model-based T HA N K
approaches.
YOU!

Collaborative what-if analyses of new smart mobility approaches to
ensure sustainable and inclusive accessibility.

SUM<&
Future work: LOb

Sustainable Urban
Multimodal Mobility

Automated Vehicles in Shared Space
XCARCITY and climate change

[ ]
xcarcity.n https://www.linkedin.com/groups/12822203/ xcarcity
|



@ infuze

Help us imagine and codesign your
city so you don't need to own a car

Professor Greg Marsden, University of Leeds

Lancaster 35| :

Univers y UNIVERSITY OF LEEDS



A pathway to Net Zero? Winfuze

120

100

40

Emissions (M{CO,e)

20

2008 2011 2014 2017 2020 2023 2026 2029 2032 2035 2038 2041 2044 2047 2050

Electric cars — Cectric vans
. /cro-emission HGVs r zero-emission vehicles

Re efficiency and hybridisation
mmmm M odal shiff and efficient driving

= = Baseline




Wiy, SOMETIMES LY

['ve BELIEYED as MaNy a8

Six IMPOSSIBLE

TH INGS BEFORE BREAKFaST

Alice [ Wox




The High Cost of Car Ownership infuze

Other Food and Drink
9% 14%

Air fares Taxis, bike and car

6% —hire, bike purcha g

Bus and rail fares
4%

204 ClOthlng
3%
Transport
22%
Petrol/diesel
19%

Housingand
Furniture
27%

munication

owning

69% Eating out
8%

Leisure
13%



il) A infuze

9.6, UVOEHEO 25p kWhr price cap

@ 7p per
mile
°"or less

17p per mile
or more

52p kWhr Slow/fast 80p/kWhr Rapid

https://www.zap -map.com/ev -stats/charging - price -index



infuze
Better alternative fallacy

. Enliqee‘r‘isng and ) %al_’lCaS‘tter fi
Researeh Cauncil Royal College of Art niversity UNIVERSITY OF LEEDS




infuze

Does it have to be like this?

Cars
C 96% time stationary

C 14% is max % of cars on the move
In peak

Lancaster[#%

University & univers



infuze

The INFUZE way

Behavioura
| Insights

20Qeél OGHéCEAQEG
you live without your
I ¢ E o 2whktwéild &
world where people did
not need to own their

own cars look like? 3 Q

Agent
Based
Modelling

Thinking

Life Cycle
Analysis

Lancaster [#3)

University & unvers:



. infuze
Call to Action

WHAT 3=
MOVES
US ?

Reimagine how we get ﬁ:::’g:: e
i
around Leeds together fears for the or sharing

for sharing
future

your ideas

oot = % {'f““"“*‘“r s n Sin . afa Lancaster #~
% B A 'y 3 b ity el
& infuze Rosel Costiatit niversity === yersiry of Lees & infuze o cotegentan  NIVETSILY =

UNIVERSITY OF LEEDS

&) infuze




NATURE CONNECTEDNESS SENSE OF COMMUNITY SOCIAL JUSTICE
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What follows?

'

Citizen Co -Design

infuze

e SoRA
GeSI?n > Evaluation
oals Framework

J

T~ i
Behavioural
Insight Data \
7

Design

Agent

ldeas

Based Model

Trlal




infuze

Experimentation

¢ 2025 0 designing, learning, mini trials
¢ 2026 0 implementing pilot alongside LCC
¢ 2027 0 small area or household trials
¢ 2028 0400 household demonstrator




Working in Partnership

Main Test Site
O Leeds City Council , West Yorkshire

Combined Authority

Key Transferability Sites

o) Transport for West Midlands,
Calderdale District Council

Other Government Partners

(3 Department for Transport, Transport
for the North

Community Partners

O Third Sector Leeds, Ahead

Partnership, Climate Action Leeds
ACTS! CoMoUK

infuze

Consultant Partners
O ETée1 OxHOOE!I Q Hgeée AGQt
Connected Places Catapult

Service Providers and

Aggregators

o) Beryl Bikes, BetterPoints, First Bus,
Flock Mobility, EnterpriseCarClub,
HiyaCar, Mobilityways, Padam Mobility,
RideTandem

UNIVERSITY OF LEEDS






: i
= 3 g
¢ e - . )

PChoose the vehicle you need for your jo

.W:

> & <o




infuze

Get In Touch

Find Out More

UNIVERSITY OF LEEDS

Research Council

ineri Lancaster[25] n
Eﬁ B Gueaies, o University | n


mailto:infuze@leeds.ac.uk
https://in-fuze.org.uk/

Design
Methodologies

xcarcity



Purpose of Design Sessions

Pilots and applications,
Research by Design,

Amsterdam Zuidasdok
CBD redevelopment

Stakeholder Interaction

research-by-design
approach

annual
design sessions

parallel
D-"":h Deslgn ; / Deslzn '-! dEVEIOpment
situatiar oyele 2 oyele 4 " oo .
sl hesian digital twins
i £yele 1 f opele s /
Yearl | ¥eard | Years | ‘f’aan-t- | Years

Almere Pampus:
new city district

MRDH Region
MerweVierhavens

7| & Barendrecht Stationstuinen

redevelop former industrial areas

xcarcity




Annual process

Pre-design
phase

Design
phase

' Post-design
phase

Research + findings

Co-design mobility system use cases

Yearly reports safety & spatial impacts

Post design sessions governments, area developers,
mobility service providers, IT & traffic companies
Update research plans & digital twin developments

xcarcity



&

(modal-supported)
design

implement

monitor &
evaluate

XCARITY innovations:

» Closes the loop between data-driven and
model-based approaches

» Develops integrated, smart, safe and
sustainable mobility services in/with the
spatial context

» Supports collaborative decision-making by
stakeholders

xcarcity



xecarcity

design and research siady- side

simplified design process

RTUUth!m+q¢fU6YﬁTU|+mkUT

b

[
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! V A il W ™ @ «
i i develop design alterne ives a d\ wiants
' v
% - . - )
; haldt qk ot WG WHqLW Wt R
5 v
i implement designs
: v
14

monitor effects designs

to be designed/developed artefacts

design
of spatial

design / design /
development development

& transport of approach of tools

system



xecarcity

design and research siady- side

simplified design process

RT JUqRN! Wt q¢et 3ayYarl 31+ L

1

[
X T gl GROL wnu Af
unl 12 N A P
i i develop design alterne ives a d\ wiants
< :
; haldt qk ot WG WHqLW Wt R
5 v
i implement designs
H !

monitor effects designs

related knowledge questions for
the design of a spatial & transport system

== Ludkeholders,

¢ Ul “”wﬂo"t& WVE, hdwdhalwkeWR U a1 134 at

how to ¢ ssify and prioritize criteria?

what are the degrees of freedom?
what (DT) tools are useful in
designing?

¢ Ghgpwitb éxaniprRstingate effects? (KPI)

what additional design challenges
result from the implementation
phase?



xecarcity

design and research siadyT side (Almere)

simplified design process

RT JUqRN! Wt q¢et 3ayYarl 31+ L

related knowledge questions for
the design of a spatial & transport system

== Ludkeholders,

¢ Ul “”wﬂo"t& WVE, hdwdhalwkeWR U a1 134 at

haqlt qk ot DO WUHqW It R

1

[
X T QW GROK wnu Af
Bl - " a-.
i i develop design alterne ives a d\ wiants
|

how to ¢ ssify and prioritize criteria?

what are the degrees of freedom?
what (DT) tools are useful in
designing?

¢ Ghgpwitb éxaniprRstingate effects? (KPI)



xecarcity

V4

design and research sigdytt RI 1J Wbl K

related knowledge questions for

simplified design process the design of a spatial & transport system

. - P - == Ludkeholders,
RT JUgRN! Wt q¢et B6YaTl 31+ we Ul Il”vvlqobta \Q/&vglhdwl‘%dwﬁewuml‘” Jt qt

. . what additional design challenges
implement designs

result from the implementation

* Rha e?

v _
eee T Jgqdl @ R UL wnu Af how to ¢ ssify and prioritize criteria?
1] v - |
A develop design alterne ives a E\ Ents_ | what are the degrees of freedom?
|| P €esig ‘ what (DT) tools are useful in
— v designing?
; halt qk ot DG WHqW 3t RPBUWE Gihpwitb éxanigrstinate effects? (KPI)
! v
v

ow to measure/monitor effects in real

monitor effects designs life?




xecarcity

design and research siady- side

simplified design process

related knowledge questions for
the design of a spatial & transport system

RIT DUgqRN! Wt qéet BéYarl 31+ wedol nm getBésyYal 3t k WUWROqII 13t qt
v

??? I JalJl URU| win u Af feed-back
i v A" 4l s do we need more/other degrees of loops
11V ] . ] R .
i i develop design altern: ives a d\ riants «- i freedom?
E E | to
vV - ! . . ; ;l: i do we need other design strengthen
| haqlJt qkot DG UIRqWl It R ILL!c 0 Giddlabiy&ss R 2 131 design
| J I
i '
: implement designs - =
i v
\

monitor effects designs




xecarcity

design and research siady- side

simplified design process

related knowledge questions for
the design of a spatial, transport systen& process

did we ir~' 1de the relevant

RT JUqRnNn! Wt qet 36Yal 131 4 LL‘é—QT - grert debs Yiruthe ldght wayldRdag) 1J | feéd-bmek
7 : the righ time? loops
*0e TWaql G§ROLK wnu Af [y did we d¢ iine meaningful criteria? to
E :\l' ! h Y™ di g : do we need other/more criteria? strengthen
i i develop design alterne ives a d\ wiants : do we need updated or other (DT) Process
i v ! tools?
% - . : . .
i haqllt qkot DG UHqWI It R Ec aveere the)estomat@ng relevant? (KPI)
s : 3
: implement designs :
! { I
\ ) ... L
monitor effects designs |




xecarcity
design and research siady- side

tools (models, systems) related knowledge questions for
the design of the design process

'*"0 are stakeholders,

Stakeholder analysis ] ¢t livBottdiifivolve hot HiR WrephPl 13t q
PowerT Interest T Attitude g

Delhphi with MANM
¥ ——— ow to classify and prioritize criteria?

what are the degrees of freedom?
what (DT) tools are useful in
designing?

Uhow tR @xinte estimate effects? (KPI)

effect visualisation how to display and estimate effects,
(maps, XR) experiences and impacts? (KPI)

monitoring systems, data merging,
information elicitation

how to measure/monitor effects in real
life?
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design and research siady- side

simplified design process

RT JUqRnN! Wet 31+ We 01 *!Ll-q b 111 esiL Jthik design& monitoring?
|

--4-®

determine input & output an

_,_,_,_paLtm:mam:Efeﬂ":“_‘"enl . BN |

develop tools* & 'd vari. nts

<t-1-

v

<G------1-®

apply tools (in the spatial/transport design process)

v

implement data collection / monitoring tools

G=--F===f ===t ===

evaluate the effectiveness of data collection /

monitoring tools

related knowledge questions for
the design of (DT) tools*

were the *- ols useful for identified

feed-back
loops
did we d¢ .ine appropriate input, to
output and performance strengthen
i ”?
foeheet Sibdated or other (DT) Process

tools*?

could the KPI reliably be determined
and shared with users?

*note: different types of tools will be
developed, some dedicated to the design
phase, others to the monitoring phase




Interactive
Session 1:
Citizen

engagements

NS \/ S
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Researchers
Presentations
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Introduce the Research Topics
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