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Programme

Timo Meinders Opening

Mark Huijben Energy

Andries van der Meer  Biomedical Production Technology
Gertjan Koster Semiconductor Equipment
Sebastian Thiede Smart Industry

Maarten Bonnema Systems Engineering

Vinod Subramaniam Closure

Followed by drinks & bites in Atrium
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NGF NXTGEN HIGHTECH

Versterken van het lange termijn Oplossingen bieden voor
verdienvermogen maatschappelijke uitdagingen

Groeifondsvoorstel
NXTGEN HIGHTECH

Een coherent, wendbaar en internationaal toonaangevend ecosysteem

Toepassingspijler Verdiepingspijler

Realiseren nieuwe hightech toepassingen Versterken technologiebasis

Ecosysteempijler

Gerichte interventies voor versterken gehele ecosysteem
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NGF NXTGEN HIGHTECH

1. Toepassing in de nieuwe waardetekens D Leading application domain

Laser Energy- Biomedical Semicon Flexible Hands=sfrees
Satcom conversion production Equipment Micro Agrifood
and storage technology for Hetero- Factory for
2. Verdieping op sleutel- BENCTE Composites
Integration

en systeemtechnologieé&n

Optomechatronics

Robotics / CPS

Thin film / Plasma

Semicon devices

Bionano
~ Smart Industry

3. Versterken van . ; = e 2 :
Vision B roadmaps = Facilities « Connections = Capital = Skills » Internationalization
het ecosysteem H . : = o =
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NGF NXTGEN HIGHTECH

Leading Dutch High Tech
Equipment Ecosystem in 2030
* Application pillar

* Knowledge pillar

* Ecosystem Pillar

Subsidy total: 450M€

Domains (incl. involvement UT ~40M<€):

LaserSatcom

Energy

Biomedical Production
Semicon

Composites

AgriFood

Smart Industry

UNIVERSITY OF TWENTE.
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Energy domain

Prof. dr. ir. Mark Huijben

UNIVERSITY OF TWENTE.




Energy domain

This program focuses on the development of an integrated, scalable production chain for
new generation fuel cells and electrolysers, batteries, and plasma conversion that
enables a transition towards a more sustainable energy supply and the process industry.

* Energy01 3D battery pilot line production

* Energy02 Next-gen equipment for batteries and battery-materials
* Energy03 Plasma conversion methane

* Energy07 PHOENIX-Alkalina

* Energy08 Third-generation electrolysis

* Energyl0 Massa production of ZEF micro-plants for affordable solar fuel

* Total budget: ~ 100M<€, of which ~ 60M€ GF contribution

UNIVERSITY OF TWENTE. I(\;‘I)E(ﬁ

HIGHTECH




Energy01 3D battery pilot line production

S&T faculty (Mark Huijben)

Scope : Battery material optimization as well as battery cell design, by detailed
post-mortem analysis of the solid-state battery to relate the energy storage
performance to the present degradation processes.

UNIVERSITY OF TWENTE.
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Next-gen equipment for batteries
Energy02 and battery-materials

Goal : to expand the Dutch
battery R&D infrastructure for
innovative battery cell

Future
Battery Cell

3 fo suia} ul)

A~
833 Manufacturi :
e gva SnHactiring manufacturing and to generate
1" FT\,EV'EM integral battery material and
o : N : processing knowledge to be
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Next-gen equipment for batteries
and battery-materials

Energy02

Joint ET faculty (Sebastian Thiede) and S&T faculty (Mark Huijben)

Scope : - Flexible pilot line infrastructure for Battery R&D
- Material development and characterization

Open facility for testing new materials, processes and
technologies. Typical batch sizes of around 100 battery
pouch cells (around 5 Ah and more).

The platform is technology open and allows the
implementation of new technologies/materials in a flexible,
modular way and testing against a defined reference.

Strong links are given to smart industry topics, e.g. a full
digital backbone including a digital twin of the process

chain will be established. UNIVERSITY OF TWENTE. I(\_-“.I)E(ﬁ
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Biomedical Production Technologies

Andries van der Meer

UNIVERSITY OF TWENTE.



Biomedical Production Technologies

Lack of sufficiently fast and Point-of-Care diagnostic tests
(for healthcare (Covid), food/environmental safety)

Lack of validated human test systems
(drug failure, no personalized medicine, animal use)

Lack of donors and high burden on patient
(hemodialysis, kidney failure)

Lack of highly qualified standardized cells/cell products for therapy
(viral particles for oncolyticaltherapy, induced pluripotent stem cells)

UNIVERSITY OF TWENTE. I(\EI)E(E
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Organization of the Domain BMPT

Project 01:

Lab-on-Chip OUTPUT
4+ Project 02:
Organ-on-Chip Equipment
A 3 :
_ Application
Building —
blocks
. ) demonstrators
Project 00: Project 04: Processes
One Stop Shop Cell production equipment
Overall Design .
& Governance
. Pilot lines/processes/equipment for building
ezl blocks integration & assembly of systems
Functional Methodology/processes/equipment to assure
qualification regulatory approval after fabrication
Standardization for combination and integration
System of microfluidic, technical and biological building
architecture blocks
Scaffold Indexed portfolio of standardized, scalable and
&cl?' c t? integrable biologicals (scaffolds, antibody
[EEEDE coatings etc.)
compounds
Indexed portfolio of standardized, scalable and
Sensors & = integrable chips (microfluidics, sensors etc.)
Chips r I ) (T

UNIVERSITY OF TWENTE. GEN

HIGHTECH




Example: Organ-on-a-Chip

Multi-organ cell culture platform for
ADME studies (TNO HL&W as end-user)

Living cell culture units (‘chips’), j

microfluidic routing, online read-outs
and non-invasive imaging

Gut 1 r :
Epithelial Barrier spheroids

Membrane/Scaffold (el Membrane/Scaffold
VIICTOWEILS

UNIVERSITY OF TWENTE. I(\EI)E(E
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High TRL PLD in Semicon

Gertjan Koster

UNIVERSITY OF TWENTE.




High TRL PLD

Semicon-01: Process optimization for high TRL & high MRL PLD }

REDEN
UT participants:

Prof. dr. Ir. Gertjan Koster

Prof. dr. ing. Guus Rijnders UNIVERSITY
Dr. Minh Nguyen OF TWENTE.
Tobias Nickel, MSc ST
MmMASEvons

S!EEE&LMATES

THIM FILM EQUIPMENT
A Lam Research Company

UNIVERSITY OF TWENTE. I(\EI)E(E
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High TRL PLD

n Name work package | WP responsibility mm

Workpackages: Optics Reden Q12023 Q42028
P2 Plasma Solmates Q12023 Q22029
B Process University of Twente Q12023 Q42028
¥ Motion and control ~ Solmates Q12023 Q22029
B Equipment Solmates Q32023 Q42029
WP5: Equipment
S®LMATES S®LMATES

} neneu' S®LMATES mnsévﬁ'ﬂ= |
| 4 L G o oy

UNIVERSITY

OF TWENTE. '

Optics  Plasma rocsss Montol UNIVERSITY OF TWENTE. 2 )E(|I|
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S@LMATES

IHJHLHEQUINENT

A Lam Research Compan

High TRL PLD

Pulsed Laser Technology
Non-continuous nature of PLD plasma promotes crystal quality of deposited films
Localized plasma plume (few centimetres in diameter) requires scanning of plasma over

wafer to obtain continuous film
Vacuum chamber Ceramic target

- |
el
Background gas
(nanoseconds)
——
O,, N,, Ar or mix Target motion -
H H Deposition pulse

Laser entrance Pred (microseconds)

window /. ~
Plasma uper-saturation
~ plume 4/\ /\(mllllseconds)

;

Laser

ulses
P Substrate motion

Substrate Growth
Substrate heater v&;

Turbo
pump

Local deposition:
~ 0.1 mono-layer per pulse
~ 1 square inch with Gaussian profile




SELMATES

THIN FILM EQUIFPMENT

A Lam Ressarch Company

High TRL PLD

UT: support in process development
ScAIN process parameter dependencies
Understanding plasma behavior

UNIVERSITY OF TWENTE. g)E(ﬁ
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NXTGEN Hightech Smart Industry

Factory 2030

(East NL Industrial Cluster)

Sebastian Thiede

UNIVERSITY OF TWENTE.




Devices &

networks a®
PLS programming »

Motion g
teohnolog,




NXTGEN Smart Industry Projects

Lack of
4th Revolution (?) Standards
Based on cyber-physical Long term
systems risks?
Goals
Enabling lot size 1 .
Decrease lead time E;gnaﬁt]a
Improve energy and 3rd Revolution 8
resource efficiency Automation
. . Safety and
2"% Revolution Security Meaningful
Mass Production use cases
with feasible
ROI
st i
1 Reyo!utlon , Organisational
Mechanisation Enabling and obstacles
convincing
employees

., . UNIVERSITY OF TWENTE. 2 )E(ﬁ

Kagermann, H., Helbig, J., Hellinger, A., Wahlster, W. (2013). Recommendations for implementing the strategic initiative H|G HTECH
Industrie 4.0: Securing the future of German manufacturing industry; final report of the Industrie 4.0 Working Group, 2013.




NXTGEN Smart Industry Projects

. Autonomous Factories
Smart (Supply & Services) Networks

S—
\ = regional cluster differ in
P : terms of  focused
application domains,
Common é . % = consortium and type of
>o g 3 g - 5 o Capacity production
55 S 8% 55 2 § B Booster . bw_ld_ up on common
AL § *é w %ﬁ R g2 activities, e.g. for
2 5 E g sl06M establishing the digital
s - = uh architecture
Smart Human unfortunately . :
. ! Sle7M [5I1 17M SI2 16M ' 81311 514 10M1 SI7 7M itis 1.5 M = transfer into education
itif;;?w &1 (SI5 (Common AF) 17 M (SI1-4) and training
Interoperability and (S18 2.5 M DiD + SI9 Common SN 5M)

UNIVERSITY OF TWENTE. I(\:"I)E(ﬁ
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NXTGEN Smart Industry Projects

Autonomous Factories

Smart (Supply & Services) Networks

S
\ = regional cluster differ in
R} ] terms of  focused
application domains,
Common = consortium and type of
- — S _ o —  Capacity production
2 & S5 'é = Booster * build up on common
2a 3| g3 activities, eg. for
§ sloeM establishing the digital
Uh .
Smart Human unfortunately architecture
Sustainable ’ Sle7M [ 511 17M Si2 16M ‘ 1311 S1410M¢ SI7 7M itis 1.5 M = transfer into education
Autonomy él (Commagfi AF) 17 M (SI1-4) and training
Interoperability and (SI8 2.5 WiDID + SI19 Common SN 5M)

UNIVERSITY OF TWENTE. I(\:}I)E(ﬁ
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NXTGEN SMART INDUSTRY SOLUTIONS
CPPS FOR AUTONOMOUS FACTORIES

Cyber physical (production) systems

Data
Data gathering 4=  Treatment
and Storage

[lI] Data Acquisition

[1] Physical World [ll] Cyber World

Design and State and Data Analysis/ Modelina and
control <4—p influencing Machine o . 9
: A . Simulation
parameters variables Human in Focus | Learning

[IV] Decision Support/Control

Visualisation, gy

Control
Expert Systems ontre

= smart manufacturing asks for system approaches

- Capabilities and maturity levels

5“ Digitalisation Industry 4.0
i
° How to
g respond
> : (autono-
© What will
3 happen? mously)?
Why? “Being “self-
“Under- » optimizing”
standing” prepared
[ X X ]
LB 7z » e
Computerisation Connectivity  Visibility =~ Transparency Prediction Adaption

= autonomous factories ask for advanced capabilities that

= combination of (ICT) technologies and related methods/tools include understanding and prediction but also decision making

for use case on different levels (from process to whole
factory or beyond), connected to Digital Twin concept

Thiede, S. (2018): Environmental sustainability of cyber physical production systems, Procedia CIRP, 69, 644-649, Elsevier U N IV E R S ITY 0 F TWE N T E . G E N

Schuh et al. (2017): Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies (acatech STUDY)

and execution, variety of use case possible

NXT

HIGHTECH




FACTORY 2030 (EAST NL CLUSTER)
INNOVATIVE USE CASES IN FOUR CLUSTERS

Cross-sector digital

Ener i
gy BioMed transformation

(focus on batteries)

Semicon

Al-based toolbox for Smart and scalable

Smart production

Scale-up micro-needle
production for vaccines
& other products

Digitally supported
assembly of complex
high-tech products

Self-Organizing Manuf.[l assembly systems for

modules on battery
manufacturing

€ DEMCON

nd Intralogistics energy components

Digital twins for Smart sensors for Digital pipeline for

battery manufacturing high-tech/high-spec

products through

production for high
volume medical

product creation from
Design to Manufacturing

b oddhot SFPECTO

A EROSPACE

condition monitoring of
complex machines

LEVITECH ))

systems

€ DEMCON

Sl Capability Booster — educational/training program
S| Common Autonomous Factory — development of generalizable technologies, e.g. the necessary digital stack

S| Programme Management — coordination, communication

UNIVERSITY OF TWENTE. GEN

........................

R&D  support from
University of Twente and
NLR

some F2030 internal
cross-cutting activities to
ensure coherence/
synergies

additional strong link to
overarching Smart
industry projects — e.g.
building up on digital
stack/architectures
links to pilot lines in
energy (battery) and
biomed domain

NXT

HIGHTECH




FACTORY 2030 (EAST NL CLUSTER)
EXAMPLE ENERGY/BATTERY DOMAIN

Digital twin of electrode (anode) Smart production modules for battery
manufacturing process manufacturing (cell assembly)

Le BOOSTING BATTERY ENERGY
WITH PURE SILICON ANODES

Connection to pilot line activities

UNIVERSITY OF TWENTE. GEN
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Comprehensive Systems Engineering

Maarten Bonnema

UNIVERSITY OF TWENTE.



NXTGEN Key Technology:
Systems Engineering

Systems engineering is an interdisciplinary field
of engineering and engineering management that
focuses on how to design, integrate, and

manage complex systems over their life cycles. At its

core, systems engineering utilizes systems

thinking principles to organlze thls body of knowledge

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

eeeeeeeeeeeeeee

UNIVERSITY OF TWENTE.
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https://en.wikipedia.org/wiki/Interdisciplinary
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Engineering_management
https://en.wikipedia.org/wiki/Complex_system
https://en.wikipedia.org/wiki/Enterprise_life_cycle
https://en.wikipedia.org/wiki/Systems_thinking
https://en.wikipedia.org/wiki/Systems_thinking
https://en.wikipedia.org/wiki/Wikipedia:Text_of_the_Creative_Commons_Attribution-ShareAlike_3.0_Unported_License

Systems Engineering

Rest of the World

Netherlands is quite good at SE: T
e ASML s.u.n.®

° Ca non PP However: .

e Thales « Room for improvement SR &5 Sl el

Input from customer,

 Vanderlande S Snare T ot oo
* Rijkswaterstaat
* and more...

e Strengthen&consolidate

Investigating
the problem

* Promote

. _problem domain

Defining the
solution

olution domain

UNIVERSITY OF { gext development step

Wl b W
HIGHTECH




Challenges

SE seen as promising approach

o

* Products =» Systems

* Sustainability o

* Increasing complexity ystems-Engineerin

e Increasing multidisciplinarity
(beyond engineering)

Increasing demand for

- Communication

Systems Engineer

Systems Engineer

UNIVERSITY OF TWENTE. g)E(ﬁ
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NXTGEN and SE

Use SE in all projects

Create “Dutch School of SE”

UNIVERSITY OF TWENTE.
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Use SE in all projects

L
 Representatives of all
1. Application in new value chains |:| Leading application domain
L] L] L]

ro e CtS to b e t ra I n e d I n Laser Energy- Biomedical Semicon Flexible Handsfree
Satcom conversion production Equipment Micro Agrifood

. and storage technology for Hetero- Factory for

2. Advancing key and system Geneous Composites

SE (masterclasses)

Optomechatronics

* Milestones with SE
deliverables

Bionano

System engineering

Smart Industry

3. Strengthening
the ecosystem

Vision & roadmaps - Facilities + Connections - Capital - Skills - Internationalization

UNIVERSITY OF TWENTE. g)E(ﬁ
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Comprehensive SE Education

TU/e, TUD, UT, Fontys
Holland Innovative
ASML, Thales

Doorlopende ontwikkellijn SE

SE Professional Education programma's

loopbaan
(ervaring &
lifelong learning)

opleiding
(werkvoorbereidend)

S - ——=0 XX =% #3530

S - — =0 xXxx =5 +30

octoral
n
e
HBO Master SE
| i
n

INO Bachelor

SE
module(s)

MBO HBO Universitair

UNIVERSITY OF TWENTE. I(\:"I)E(ﬁ
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“We will rock you”

Vinod Subramaniam

UNIVERSITY OF TWENTE.
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