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Circularity - Establishing a Value-Enhancing Circular Economy

Realize Digital Transformation
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~250 research institutes

455+ leading tech
companies enrolled

31 technology center
most with engineering and
production focus
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Growing ecosystem with strong partners

Headquarters
74% Germany

17% Europe
90/0 others

A 60% operate internationally
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efrom SMEs (~45%) to | arge companies

455

Companies

Production Engineering
& Materials

Information- &
Communication-
Technology

~ 0
( gnclisotI{%)s such as Mobility, Energy,
Technology, Health, Chemistry
Reporting Date: 31.12.2022



RWTH Aachen Campus i more than 455 companies matriculated
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Research Infrastructure RWTH Aachen Campus
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Overview of the Research Centers at RWTH Aachen Campus

Production Engineering

Bio-Medical Engineering

. g

Construction

A Telemedicine

A Integrated Oncology*

A Nursing Care*

A AMICARE (Cardio Renal Research)*
A Holistic Intensive Care*

Smart Logistics

A Building & Infrastructure Engineering
A Construction Robotics

A Building Information Modeling

A Factory Planning*

A Mobile Machinery*

Photonics

A Tooling Academy Aachen

A Aachen Center for Integrative
Lightweight Production

A Complexity Management Academy
A Invention Center

A Fuel Cell Industrialization

A Global Production Management

A XL Assembly

A Smart Industrial Agriculture

A Smart Sensing Systems*
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A Service Performance

A Integrated Business Applications
A European 4.0 Transformation
A Industrie 4.0 Maturity

A Connected Industry

A Smart Commercial Building

A Citizen Centered Care*

Sustainable Energy

A Digital Photonic Production
A Additive Manufacturing

Heavy Duty Drives

A Flexible Electrical Networks

A Wind Power Drives
A Systems Engineering

* in initiation



Marco Voigt
Sustainability
Ventures Founder

Marcel Philipp

CEO e.Mobiliy.Hub,
Former Head Mayor
of the City of Aache

e.\Volution META

First unveiling in June 2022

Niko Rosberg Christian Lindner
Formula 1 World Cha German Federal
and Green-Tech-Inves Minister of Finance
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Prof. Dr. Giinther Schuh
Founder of e.Volution
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Our present prosperity is based on aresource-intensive linear economic model built on the
extraction of primary resources

y Al f we could build an economy
2.000 7 than use them up, we coul d
Necessary ‘ ELLEN MACARTHUR,
decarbonization of 1.000 + ‘ SAILOR AND FOUNDER OF THE
EU-27industry in ELLEN MACARTHUR FOUNDATION
megatons of CO2
1990 2020 £ UN &
a3 Srogramme.
" We humans are now in the driver's seat [...] we are fully 950 \ess 2
aware of what we are doing." up “;\-‘\a\s
PAUL J. CRUTZEN, mat
DUTCH CHEMIST, ATMOSPHERIC SCIENTIST AND Up to 57% lesS
NOBEL PRIZE WINNER(1933 1 2021) P

\ ', —e— materials

b up to 90% less
~ —
" Produce, consume, throw away - this linear system

Production waste

S N
2 Q . O
leads to a dead end. The economy and society must ‘ e %, \06*‘ 2
consistently switch to a circular idea." Me % & prﬁ ;° 80y low,
2 e
MARKUS STEILEMANN, CEO COVESTRO ; Uction COst;

AT ; A
L A

The linear economic model of the manufacturing industry requires a
Challenge

fundamental transformation toward an ecologically sustainable circular economy

Source: Stapel (2022), Anderson Foundation (2018), McKinsey (2021), UN environment (2018), Europ. Parlament (2022), WZL of RWTH Aachen University (2024)
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Sustainable Production requires a life-prolonging as well as function- and value-enhancing
Circular Economy

Sustainable
Production

| " ¢ Profitable™ — i sé W
Q] Ecol I ful ' : 1 '
cologically usefu Possible v Saving energy [47]3
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& Politically required

D{b Consumer-friendly

Reducing scrap é%%

Increasing efficiency s

i | .- o
Upgrades Circular {'--{
Upgrades Economy 1\ °
i s & f "
/ Predictive Maintenance "”70,0 Increasing recycling @
N < )
@ Maintaining functions oty ' ' Saving raw materials //Qé%
' ~ Life-

Q Selling used products Prolonging Separating waste n‘ﬁ

Source: WZL of RWTH Aachen University (2024)
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Value-enhancing circular economy through upgrade strategies, new modularity, data
economy and profitable business models

Production concepts need to be adapted for circular upgrade New modularity of products for increased functionality and
strategies of a value-enhancing circular economy value through continuous innovation

21 """""" .
G . % « =
® % Digital Product
E _______ % .Q.g - Record ,('
v A
s B ,

Lebenszyklen [#]

Low re-production costs and new sales increase the Aggregation of information in a Digital Product Record over the entire life

profitability of industrial value creation cycle as an expanded Digital Shadow

Source: WZL of RWTH Aachen University (2024)
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2030 VISION FOR INDUSTRIE 4.0 iNDUSTHERO

Shaping Digital Ecosystems Globally

Autonomy

® Self-determination and free scope for action guarantee
3 ~R competitiveness in digital business models. 9
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Interoperability

Cooperation and open ecosystems
permit plurality and flexibility.

Sustainability
Modern industrial value creation
ensures high standard of living.

® Regulatory framework @ Decent work and education

@ Standards and integration e Climate change mitigation

nd the cir
® Decentralised systems and the circular economy

and artificial intelligence @ Social participation

Source: Plattform Industrie 4.0 (2024)



The RWTH Aachen Cluster of Excellence: Internet of Production (lIoP)

Steering Committee Scientific Committee

Principal Investigators & Associated Researchers

European 4.0 Transformation Center | RWTH Aachen Campus Source: https://www.iop.rwth-aachen.de/ (2024)



https://www.iop.rwth-aachen.de/

The RWTH Aachen Cluster of Excellence: Internet of Production (lIoP)
Industrial Advisory Board
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European 4.0 Transformation Center | RWTH Aachen Campus Source: https://www.iop.rwth-aachen.de/cms/Produktionstechnik/Das-Exzellenzcluster/Organisation/~rgoj/Industriebeirat/lidx/1/ (2024)
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Internet of Production (lIoP): Reference Architecture as enabler for realizing Circular Economy

Development Cycle

Realtime Apps and
Decision Support T

Event-driven
Decisions

Raw Data and PLM  CAD  FEM
Application Data |
Requirements/ CAD
Product Data Data
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Production Cycle

Autonomous
A Actions

Multi-Modal Information Access

Cluster
Algorithms

Learning
Algorithms

Correlation
Analysis

Data

Data Integration
Model 9

Data Storage
and Caching

Data Provision and Access

ot MES CAQ BDE
Simulation Process Machine Feedback
Data Data Data Data

User Cycle

Adaptive
Processes

Sales
CRM Config

Customer
Data

Test
Data



Internet of Production (loP): Reference Architecture as enabler for realizing Circular Economy

Development Cycle Production Cycle User Cycle
Realtime Apps and - - - - -
Decision Support _ Event-driven Autonomous Adaptive
Decisions A Actions Processes

U Multi-Modal Information Access U

Fully integrated Industry 4.0 architecture enables an agile product development
process and a highly effective production process towards sustainable productivity.

O T O

Data Provision and Access

Sal
Raw Data and PLM CAD FEM A MES CAQ BDE CRM Cjniisg

Application Data

Requirements/ CAD Simulation Process Machine Feedback Customer Test
Product Data Data Data Data Data Data Data Data
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The Internet of Production enables Al-based lifecycle management to determine the path of
highest possible value preservation

Identification of the path of

Digital product record Al-based lifecycle management highest value preservation
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Source: WZL of RWTH Aachen University (2024)
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The European 4.0 Transformation Center provides production and technology companies
efficient ways to realize the Internet of Production (loP) towards Circular Economy

Collaboration Opportunities

Membership Community Education

Consultancy Research

— Mindset: Internet of Production (loP)

— 4.0 Development Cycle

= 4.0 Production Cycle

4.0 User Cycle
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