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Agenda

09:00-09:45   Walk-about Rotterdam

09:45-10:00   Walk in and Coffee

10:00-10:30   Introduction to the programmes INFUZE- XCARCITY - HYBRID

10:30-11:00   Design Methodology Across the programmes - HYBRID

11:00-12:00   Interactive session 1: Citizen engagements (hosted by INFUZE)

12:00-13:00   LUNCH

13:00-14:00      XCARCITY Researchers presentations - HYBRID - 8 presentations

14:00-14:15      Introduction to Models and Digital Twins - HYBRID

14:15-15:15   Interactive Session 2:  Co design session for Use Case + Digital Twin (hosted by XCARCITY)

15:15-15:30   TEA

15:30-16:15      Interactive Session 3: Reading Group  - HYBRID

16:15-16:30       Feedback/Reflections + Close out



Introductions



Toward sustainable urban 
mobility using digital twins

Bart van Arem



Urbanisation increasing

Population growing world-wide; 

number of mega-cities increasing

EU: limited population growth; 

population in cities increasing, 

population in rural areas 

decreasing

https://www.un.org/development/desa/pd/

https://urban.jrc.ec.europa.eu/thefutureofcities/

https://urban.jrc.ec.europa.eu/thefutureofcities/
https://urban.jrc.ec.europa.eu/thefutureofcities/


The Netherlands

17,5 Million 

population

41.850 km²

Randstad area 

(Amsterdam, Rotterdam, 

The Hague, Utrecht)

8,5 Million population

11.370 km²

Population large cities 

growing

(Amsterdam, Rotterdam, The 

Hague, Utrecht)

1 Million new houses planned 

by 2030

Mostly densification within 

existing cities



1 Million new houses? What about accessibility 
and liveability ?

.

▪ The road transport system 

has reached the limits of 

what is: 

• usage of space 

• externalities

▪ Public transport system has 

also reached capacity limits.

Scarcity of space

eX Car City

-------------------- +

XCARCITY?

Can we imagine a city 

without private cars? 



XCARCITY facts and figures
▪ Duration: 1st June 2023 -1st June 2029

▪ Budget:  4 M€ by NWO, 2 M€ 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 (PI), Maaike Snelder (co-PI)

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

Perspectief programme of NWO (Dutch Research Council)

New, challenging research projects within the application-oriented and technical 

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

the Netherlands.



Smart mobility – promising solutions

Flexible combinations of:

• walking and cycling

• shared electric vehicles

• transport hubs 

• traffic management

Building on service orientation and 

electrification of mobility.  

Will this work? 



We need new theories and methods to start collecting 
evidence what works (and what doesn’t).   

Traditional theories and methods are out dated

Traditional mobility Smart mobility

Roads and traffic People and services

Long-term planning and 

ex-ante models

Learning by doing and 

systematic feedback models

Physical infrastructure Digital infrastructure



Proposition XCARCITY

Digital twin federation

Real-time management & Strategic planning

Real-life and virtual 

reality data

Monitoring 

and analyses

Model-based 

scenario 

development

Implementation 

of interventions



Interactive urban 

planning digital 

twin

Immersive, 

multi-user VR 

digital twin

Real-time mobility 

digital twin



Scientific challenges

Measuring the behaviour of individuals 

and flows while respecting privacy and 

security 

Developing smart mobility services 

that meet travel demands

Assessing the contribution of smart mobility to 

sustainable and inclusive accessibility.

Multiple 

stakeholders

Highly dynamic 

interaction and 

feedback

In a context characterized 

by:



SP 6 Digital twin

Towards content-rich digital twins

SP1 Framework, method and 

guidelines for optimal sensor 

network design and 

predictions

SP2 Insights in behavioral 

responses

SP3 Algorithms for and 

insights in the design of 

smart mobility applications

SP4 Algorithms for and 

insights in the design of 

integrated transport networks

SP5  Algorithms for large-

scale collection of mobility 

data for traffic management 



Digital twin federation

▪ 3D models of the cities selected for the use cases  

▪ 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



Impact Plan 





Utilisation approach

Almere Pampus: 

a new city district

Amsterdam and surroundings: 

centralized trip patterns

Pilots, e.g.

- Low-car Amsterdam

- E-lympic hub

- Olympisch stadion

Metropolitan region Rotterdam-

The Hague: decentralized trip 

patterns

Pilots, e.g.

- BMW shared mobility

- MaaS pilots

- Dynamic road spaces

All regions: VR/AR & digital 

twin ‘pilots’

Pilots and applications, 

research by design, 

stakeholder interaction



CONSORTIUM MEETING June 2024 

IMPACT 

PLAN

POSITIONING

ZUIDASDOK



DESIGN SESSION November 2024

Digital twin federation

Key performance 

indicators

Redesign Parnassusweg 

Digital twin assessment Almere Pampus



Redesign Parnassusweg around Zuidas train station



International collaboration

Inspiring Futures for Zero Carbon 

Mobility (INFUZE)

Common workshop 3rd April 2025 in 

Delft

https://in-fuze.org.uk/

Japan SIP Development of Smart Mobility 

Platform

2nd joint workshop in Japan November 2025 



From transportation infrastructure to smart mobility service orientation.

Digital twin federation integrating data-driven and model-based 

approaches. 

Collaborative what-if analyses of new smart mobility approaches to 

ensure sustainable and inclusive accessibility. 

Toward sustainable urban mobility using digital twins

xcarcity.n

l
https://www.linkedin.com/groups/12822203/

THANK 

YOU!

Future work: 

Automated Vehicles in Shared Space

XCARCITY and climate change



infuze 

Professor Greg Marsden, University of Leeds



A pathway to Net Zero?





The High Cost of Car Ownership

£116bn



17p per mile 
or more

15p per mile 11p per 
mile

7p per 
mile
or less

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

£1.35/litre 25p kWhr price cap

52p kWhr Slow/fast 80p/kWhr Rapid



Better alternative fallacy



Cars
• 96% time stationary
• 33% don’t move on any given day
• average occupancy 1.6 (1.2 in peak)
• 14% is max % of cars on the move 

in peak

Does it have to be like this?



The INFUZE way

The question is not ‘can 
you live without your 
car?’ but ‘what would a 
world where people did 
not need to own their 
own cars look like?’ 

Co-
Design

Behavioura
l Insights

Agent 
Based 

Modelling

Life Cycle 
Analysis

Design 
Thinking



Call to Action



NATURE CONNECTEDNESS SENSE OF COMMUNITY SOCIAL JUSTICE



What follows?

Design 
Ideas

Design 
Goals

SoRA
Evaluation
Framework

Behavioural
Insight Data

Agent
Based Model

Trial

C
it

iz
e

n
 C

o
-D

e
si

g
n



• 2025 – designing, learning, mini trials
• 2026 – implementing pilot alongside LCC
• 2027 – small area or household trials
• 2028 – 400 household demonstrator

Experimentation



Working in Partnership
Main Test Site
●Leeds City Council, West Yorkshire 

Combined Authority

Key Transferability Sites
●Transport for West Midlands, 

Calderdale District Council

Other Government Partners
●Department for Transport, Transport 

for the North

Community Partners
●Third Sector Leeds, Ahead 

Partnership, Climate Action Leeds 
ACTS! CoMoUK

Consultant Partners
●Arup, Steer, Atkins Réalis, WSP, 

Connected Places Catapult

Service Providers and 
Aggregators
●Beryl Bikes, BetterPoints, First Bus, 

Flock Mobility, EnterpriseCarClub, 
HiyaCar, Mobilityways, Padam Mobility, 
RideTandem



edrc.ac.uk

Reimagine our streets?



edrc.ac.uk

Choose the vehicle you need for your journey?



Get in Touch
infuze@leeds.ac.uk

Find Out More
in-fuze.org.uk

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


Design 
Methodologies



Purpose of Design Sessions



Annual process

▪ 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





design and research side – by - side

identify stakeholders and stakeholders’ interests

determine ‘KPI’

develop design alternatives and variants

‘test’/select design alternatives

implement designs

monitor effects designs

simplified design process

design
of spatial

& transport
system

design /
development 
of approach

design /
development 

of tools

to be designed/developed artefacts



design and research side – by - side

identify stakeholders and stakeholders’ interests

determine ‘KPI’

develop design alternatives and variants

‘test’/select design alternatives

implement designs

monitor effects designs

simplified design process
related knowledge questions for

the design of a spatial & transport system

who are stakeholders, 
who to involve, how and when?

how to classify and prioritize criteria?

what are the degrees of freedom?
what (DT) tools are useful in 
designing?
how to ex-ante estimate effects? (KPI)

what additional design challenges 
result from the implementation 
phase?



design and research side – by – side (Almere)

identify stakeholders and stakeholders’ interests

determine ‘KPI’

develop design alternatives and variants

‘test’/select design alternatives

implement designs

monitor effects designs

simplified design process
related knowledge questions for

the design of a spatial & transport system

who are stakeholders, 
who to involve, how and when?

how to classify and prioritize criteria?

what are the degrees of freedom?
what (DT) tools are useful in 
designing?
how to ex-ante estimate effects? (KPI)

what additional design challenges 
result from the implementation 
phase?
how to measure/monitor effects in real 
life?



design and research side – by – side (A’dam)

identify stakeholders and stakeholders’ interests

determine ‘KPI’

develop design alternatives and variants

‘test’/select design alternatives

implement designs

monitor effects designs

simplified design process
related knowledge questions for

the design of a spatial & transport system

who are stakeholders, 
who to involve, how and when?

how to classify and prioritize criteria?

what are the degrees of freedom?
what (DT) tools are useful in 
designing?
how to ex-ante estimate effects? (KPI)

what additional design challenges 
result from the implementation 
phase?
how to measure/monitor effects in real 
life?



design and research side – by - side

identify stakeholders and stakeholders’ interests

determine ‘KPI’

develop design alternatives and variants

‘test’/select design alternatives

implement designs

monitor effects designs

simplified design process

do we need more/other degrees of 
freedom?

do we need other design 
alternatives?

feed-back 
loops

to 
strengthen

design

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



design and research side – by - side

identify stakeholders and stakeholders’ interests

determine ‘KPI’

develop design alternatives and variants

‘test’/select design alternatives

implement designs

monitor effects designs

simplified design process

did we include the relevant 
stakeholders, in the right way and at 
the right time? 

did we define meaningful criteria?
do we need other/more criteria?

do we need updated or other (DT) 
tools?

were the estimations relevant? (KPI)

feed-back 
loops

to 
strengthen

process

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



design and research side – by - side

identify stakeholders and stakeholders’ interests

determine ‘KPI’

develop design alternatives and variants

‘test’/select design alternatives

implement designs

monitor effects designs

simplified design process

who are stakeholders, 
who to involve how and when?

how to classify and prioritize criteria?

what are the degrees of freedom?
what (DT) tools are useful in 
designing?
how to ex-ante estimate effects? (KPI)

how to measure/monitor effects in real 
life?

Stakeholder analysis
Power – Interest – Attitude analysis
Delhphi with MAMCA prioritisation

‘on the fly’ design support tools
(real time Digtial Twins)

offline (LUTI, transport, traffic)
models

monitoring systems, data merging, 
information elicitation

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

effect visualisation
(maps, XR)

how to display and estimate effects, 
experiences and impacts? (KPI)



design and research side – by - side

identify users and users’ needs

determine input & output and 
performance requirements

develop tools* and variants

implement data collection / monitoring tools

evaluate the effectiveness of data collection / 
monitoring tools

simplified design process

were the tools useful for identified 
users, both in design & monitoring?

did we define appropriate input, 
output and performance 
requirements?
do we need updated or other (DT) 
tools*?

could the KPI reliably be determined 
and shared with users?

feed-back 
loops

to 
strengthen

process

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

apply tools (in the spatial/transport design process)

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

phase, others to the monitoring phase



Interactive 
Session 1: 
Citizen 
engagements



LUNCH



Researchers 
Presentations



Introduce the Research Topics



Presenters

▪ Presenter 1 - Mohammed (WP 1)

▪ Presenter 2 - Yuxing (WP 1/5)

▪ Presenter 3 - Dennis (WP 2)

▪ Presenter 4  - Andrea (WP 2)

▪ Presenter 5 - Nourhan (WP 3)

▪ Presenter 6 - Jyotsna (WP 4)

▪ Presenter 7- Dingshan (WP 5)



Mohammad Jafari

PhD Candidate

TU Delft
Email: m.jafari@tudelft.nl

TOPIC: Sensor Network Design for Strategic Multi-modal Transportation 

Service Planning



Work Package 1/Researcher 1

Mohammad:



Work Package 1/Researcher 1

Mohammad:



Work Package 1/Researcher 1

Mohammad:



Work Package 1/Researcher 1

Mohammad:



Case study 

Rotterdam:



Case study 

Rotterdam:



Case study 

Rotterdam:



Case study 



Case study 



Ir. Yuxing Cheng

PhD Candidate

TU Delft
Email: y.cheng-1@tudelft.nl

Sensor network design for real-time traffic management 



Sensor network design for real-time traffic management 

Sensor network design for real-

time traffic management

(Ir. Yuxing Cheng, TU Delft)

▪ Provide methodology, tools, guidelines 

for sensing network design to support 

multimodal traffic management

▪ Quantify the “value of information” for 

low-car area management applications

▪ Focus on using Explainable, robust and 

efficient AI

Figure: Correlation between the framework of 

physical transport system and digital twin



Sensor network design for real-time traffic management 

Figure: Framework of WP 1- Chain of Data, Information, and Application

Research modules

1. Sensor network design for 

data-driven prediction 

model under budget 

constraints

1. Sensor network optimization 

for real-time Low-car area’s 

KPIs prediction

1. The impact of sensor 

network design for real-time 

Low-car area’s management



Effects of urban streetscapes on the perceived 
safety of cyclists

Ir. Dennis Andreoli

PhD Candidate

TU Eindhoven
Email: d.t.l.andreoli@tue.nl



Effects of urban streetscapes on the perceived 
safety of cyclists



Effects of urban streetscapes on the perceived 
safety of cyclists



Effects of urban streetscapes on the perceived 
safety of cyclists



Effects of urban streetscapes on the perceived 
safety of cyclists



Effects of urban streetscapes on the perceived 
safety of cyclists



Crowdsourced parcel Delivery (CSD)

Andrea Domínguez Gámez

PhD Candidate

TU Eindhoven
Email: a.c.dominguez.gamez@tue.nl

mailto:a.c.dominguez.gamez@tue.nl


Parcel delivery challenges



How to tackle the challenges?



Interviews



Implementation barriers

Based on 13 interviews with key stakeholders we found:



Topic: Integrated smart mobility strategies 

Name: Nourhan Shokry

PhD Candidate

TU Delft
Email: n.shokry@tudelft.nl







WP3: Static Road Space Allocation 



WP3: Static Road Space Allocation



WP3: Static Road Space Allocation



WP3: Case Study

The model is applied to the Zuidas case study under three scenarios:

•Base Case: Both bike and car demand are at full capacity.

•Low Car Scenario: Car demand is reduced by 50%, 

while bike demand remains unchanged.

•No Car Scenario: Car demand is entirely removed, 

with bike demand remaining the same.



WP3: Current Topology



WP3:Low Car 



WP3: No Car



WP3:Results 

Car congestion over the three scenarios

Bike congestion over the three scenarios



WP4 : Developing Integrated Transport 
Network

Name: Jyotsna Singh

PhD Candidate

TU Delft
Email: J.Singh-2@tudelft.nl











Richest 10% and Poorest 40% groups.













Multi-modal transport network management

Name: Dingshan Sun

PhD, Postdoctoral researcher

TU Delft
Email: d.sun-1@tudelft.nl



Multi-modal transport network management



Bi-level multi-objective optimization framework



Rotterdam case study



Rotterdam case study



Work Package 5/researcher 2



Presentation 
Maaike & 
Jingjun





XCARCITY Digital Twin

What do we mean by “Digital Twin Federation”?

▪ Classical DT Definition: physical system, digital system, information flows between two 

systems;

▪ Many toolkits / digital twin available in different aspects of mobility system, but none of 

them could provide comprehensive evaluations of mobility interventions;

▪ A digital twin federation is needed.



Features of Digital Twin Federation



Meaningful Human Control in FedDT



Digital Twin Federation Definition

A digital twin federation for urban mobility assessment (FedDT) is a dynamic socio-technical ecosystem built

from several existing models and modules, where the core component is a collection of high-fidelity

simulations encompassing different spatial-temporal resolutions. It maintains continuous and bidirectional

data exchange with all components in the physical mobility system for real-time monitoring, mobility

optimisation and long-term planning. Additionally, it features advanced data analysis and interactive

visualisation capabilities for the interpretation and interaction of the information generated by the digital system.

Crucially, final decisions regarding intervention design, evaluation and implementation are monitored through

structured human input and control, ensuring that contextual knowledge, ethical considerations, and

stakeholder preferences are integral to the final decision made by the FedDT.



































Introduction to 
Models and 
Digital Twins



Activity-based travel demand modeling 

(ABM)

What is it?
● What

● Where

● When

● How long

● How



ABM



ABM: Case study in MRDH

● Population 2030:  2.56 M

● Level of Service: 7011 zones

● Land use

● 48 Hubs

● Parameters



ABM: Case study in MRDH

Scenarios:

1. Hubs + Share Service

2. Hubs + Share Service + Reduced parking capacity

Results



Activity- and Agent-based Co-Simulation



Agent based visualisation
example agent based visu

http://www.youtube.com/watch?v=6A0_COa6NRM


Interactive 
Session 2: Co 
design session 
for Use Case + 
Digital Twin



Session format

Merwe-vierhavens case (5 min)
Group discussion (20 min)
1. How can AcBM and AgBM help answer the questions about cities with fewer private vehicles?

2. In the research context of INFUZE, what are the advantages of AcBM + AgBM compared to existing tools?

3. Transferability? If we want to transfer these algorithms to other areas like Leeds, what data do we need and what data do you already 

have?

4. How can the research from INFUZE be integrated with the simulation platform we develop here at XCARCITY?

5. How can we calibrate and validate our results?

6. What is the future of AI in AcBM and AgBM?

Reflections (15 min)



TEA BREAK



Interactive 
Session 3: 
Reading Group



Papers

P1: Stuck in the driver’s seat: a conceptualisation for understanding car dependence and 

its determinants”: Full article: Stuck in the driver’s seat: a conceptualisation for 

understanding car dependence and its determinants

P2: Accessibility of urban regions on a low car diet – A research agenda for digital twins:

Accessibility of urban regions on a low car diet – A research agenda for digital twins -

ScienceDirect

https://www.tandfonline.com/doi/full/10.1080/01441647.2024.2430007?af=R
https://www.tandfonline.com/doi/full/10.1080/01441647.2024.2430007?af=R
https://www.tandfonline.com/doi/full/10.1080/01441647.2024.2430007?af=R
https://www.sciencedirect.com/science/article/pii/S2772424722000270
https://www.sciencedirect.com/science/article/pii/S2772424722000270


FEED BACK
+ REFLECTION
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