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#erde

Source: https://pixabay.com/de/photos/erde-blauer-planet-erdkugel-planet-11008/
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#erde

“The planetary boundaries framework 
defines a safe operating space for 

humanity based on the intrinsic 
biophysical processes that regulate the 

stability of the Earth System. […] 
Two core boundaries—climate change 

and biosphere integrity—have been 
identified, each of which has the 

potential on its own to drive the Earth 
System into a new state should they be 

substantially and persistently 
transgressed.”

Steffen et al. 2015
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Sustainable Development

Decoupling of
specific raw
material consumption

Decoupling 
of specific
environmental impact

Twofold decoupling of resource consumption and 
quality of life/prosperity 

Efficiency

Consistency

Sufficiency

 less resources –
same function

 Closing loops

 Slower, less, 
better, finer

changed after Wuppertal Institute; Fischer-Kowalski et al./UNEP, IRP 2011: „impact decoupling“ 
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narrowing

slowing

closing
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Circular Economy

Circular Economy:

„(…)The value of products, 
materials and resources is
maintained in the economy for
as long as possible, 
and the generation of
waste is minimised (…), 
to develop a sustainable, slow 
carbon, resource efficient and 
competitive economy.“ 
(EC, 2015)

Sustainability
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Circular Economy – Potential for Future Savings
“Circular economy is an economic system that is regenerative by design. … The linear economy is the 
prevailing model because simply the world is just not in tune or necessarily aware of the circular model 
and it’s economic and societal benefits.”   Attila Turos, World Economic Forum

Source: Circular Economy Initiative Deutschland (Hrsg.) : Circular Economy Roadmap für Deutschland. 2021 

The 3 main objectives of the Circular Economy:

1. Decoupling economic growth from resource consumption

2. Designing out waste to keep materials (longer) in use

3. Regenerating the natural systems
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Circular Economy – Circular Potential for CO2 Emissions Reduction

Source: The Circular Economy – a powerful force for climate mitigation. Material Economics, 2018

Up to 56% CO2 emissions reduction 
thanks to Circular Economy practices:

Material Recirculation
 High value collection and recycling

Product material efficiency 
 Less material required per product

Circular Business Models
 Achieving similar service with less 

products
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The application of the Circular Economy leads to:

• Material Loops
• Cascading use of products
• New designs for circularity
• More involvement of consumers

An opportunity for the metallurgical and raw materials sectors:

• To invest in new circular business ideas and start-ups
• To increase the Raw Material independency
• To develop new products needed on the market

8

Circular Economy – The Butterfly

Source: Circular Economy Systems Diagram. Elen MacArthur Foundation. 2019
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Circular Economy – The Basis of a Sustainable Future

 Circular Economy is now replacing and
operationalizing the previous sustainability
strategies

 CE is highly topical and promoted by politics.
The European Union and Germany‘s
government understands CE as a priority for
the next decade

 CE is strongly linked to society because of its
impact on the everyday lives of the citizens

 CE requires the collaboration of ALL different
research areas
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Refuse

Rethink

Reduce

Smart/
Innovative 

manufactur-
ing and use of 

products

Replacement of previous products with new PDL systems

Intensification of product use (e.g. by sharing)

Increase material efficiency

Further use of existing products by other consumers

Repair/maintenance of defective products and further use

Reconditioning of defective products and further use

Usage of modules/components of a defective product in a new product with the 
same function

Usage of modules/components of a defective product in a new product with 
modified function 

Processes for production of materials with the same or lower quality

Combustion of materials with energy recovery

Reuse

Repair

Refurbish

Remanufacture

Repurpose

Increased 
lifetime of 

products and 
product parts

Recycle

Recover

Usage of 
materials and 
substances

In
cr

ea
se

in
 c

irc
ul

ar
ity

R- StrategiesCircular
Economy

Linear 
Economy Source: Own illustration according to Potting et al. 2017 

Narrowing

Slowing

Closing

Objective

Circular Economy – The 9R Framework
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Circular Economy – The 9R Framework

Circular Economy concepts go beyond the 
recycling economy – an ideal “playground” 
for metal containing products:

 Keep metals, materials and products 
(longer) in use

 Produce more robust and versatile 
alloys

 Design products for cascading uses
 Create second use and product 

sharing business

Source: Digitisation and the Circular Economy: a Review of Current Reserach and Future Trends. O. Okorie et al. In Energies, 2018.
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Circular Economy Use-Cases: E-Car Recycling

Source: The Circular Economy – a powerful force for climate mitigation. Material Economics, 2018
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Circular Economy Use-Cases: E-Car Recycling

A Circular E-Car concept, from users to
recyclers:

• New Ownership and Sharing 
concept

• Developing the refurbished car
market

• Increasing efficiency of collection, 
dismantling and sorting

• Remanufacturing of parts and 
modules

• Recycling as last solution against
material loss
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Hubs for Circularity
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Aluminum Use-Case
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The Vision

A multidisciplinary and interconnected approach to Circular Economy combining expertise from ALL 
faculties at RWTH Aachen University

Interdisciplinary Projects
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Economy EnvironmentSociety
DigitalizationTechnology

The RWTH Aachen Center for

Circular Economy (CCE) is an

enabler for a transformation of

research, teaching and finally

society, acting as a lighthouse

for internal and external

partners.
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The Aspects Circular Economy

Material Recirculation

Circular Business 
Models

Product 
Sustainability

Reuse

Remanufacture

Energy use

Disposal

Rethink

Mining

Processing

Use

Collection
Sorting

Recycle

Material 
Production

Design for Circularity

Repair

Sustainability
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Network & Community – Faculties of RWTH Aachen (27 partners)

Fakultät 1 
Mathematik, Informatik 
und Naturwissenschaften

Fakultät 2
Architektur

Fakultät 3 
Bauingenieurwesen

Fakultät 5 
Georessourcen 
und Materialtechnik

Fakultät 6
Elektrotechnik 
und Informationstechnik

Fakultät 7 
Philosophische Fakultät

Fakultät 8 
Wirtschaftswissenschaften

Fakultät 10
Medizin

Fakultät 4
Maschinenwesen
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CCE Operations

An Education Institute
Master Program – Workshops – Seminars – Trainings

An Inter- and Transdisciplinary Research and Innovation Center
Circular Economy-Related Projects

A Network and Mesh
University – City – Regional – National – European – International

An Awareness Demonstrator
Students – Citizens – Politicians – Stakeholders

An Unit for Transfer
Accelerator – Incubator – Ideas – Startups – Spinoffs
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A Circular Economy Scenario in Europe could lead to:

• Climate mitigation and raw materials independency

• New business opportunities for existing companies

• A need for new products, alloys and services

The RWTH Aachen tackles these challenges through a 
transdisciplinary approach at the Center for Circular Economy!

22

A Short Summary
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Thank you for your attention!

Dr.-Ing. Mohammad Chehadé
Manager des Centers for Circular Economy
Chehade@cce.rwth-aachen.de
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Expert Hub #1: 
Digitized 
Hardware

BASES

• Information & 
Communication 
Technologies

• 21st Century 
Production

• Future of Mobility & 
Urban Life

• Advanced & 
Sustainable Textiles

Expert Hub #2: 
Resources

BASES

• Energy
• Chemicals
• Raw Materials
• Design & 

Construction

Expert Hub #4: 
digitalStartups 

by RWTH & 
digitalHUB Aachen

Expert Hub #3:
Life Science

BASES

• Medical Devices & 
Diagnostics 

• (Bio-)Pharma & 
Drug Delivery 

• Digital Health 
Technologies

• Tools, Services & 
Solutions

Expert Hub #5: 
Circular 
Economy

BASES

• Material Recirculation
• Product Sustainability
• Circular Business 

Models

(Launch in November)

Expert Hubs at the Collective Incubator
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Expert
Hubs

Digitized Hardware Resources Life Science digitalStartups
(digiHUB)

Expert
Bases

Energy

Prof. Dirk Uwe Sauer

Raw Materials

Prof. Elisabeth Clausen

Chemicals

Prof. Matthias Wessling

Design & Construction

Prof. Kai-Uwe Schröder

Medical Devices & 
Diagnostics

Prof. Ulrich Steinseifer

(Bio-)Pharma & Drug 
Delivery

Prof. Rene Tolba

Digital Health Technologies

Prof. Michael Czaplik

Tools, Services & Solutions

Prof. Rene Tolba

Powered by digitalHUB 
Aachen

Participation confirmed Participation to be confiremd

Circular Economy

Information and Communi-
cation Technologies

Prof. Max Lemme, Prof. Rainer 
Leupers, Prof. Gemmeke

21st Century Production

Prof. Johannes 
Schleifenbaum

Future of Mobility & Urban 
Life

Prof. Lutz Eckstein

Advanced & Sustainable 
Textiles

Prof. Thomas Gries

Sustainable Product Design
(Production)

Prof. Eckstein

Sustainable Business Model 
Development (Use)

Prof. Letmathe

Material Recovery and 
Recycling (Re-Use)

Prof. Greiff
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NMWP Magazine

CCE first
„political“ 
publication

http://nmwp.nrw.de/cluster-nmwp-nrw/nmwp-magazin/
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Circular Cities Declaration

The event was planned by the city of Aachen and the
CCE. It took place on the 27th of October 2021 in
which the mayor signed the circular cities declaration.
The event, city and center were mentioned in the
Aachener Nachrichten as well.

Summary Video here

https://www.aachener-nachrichten.de/sammeln-und-recyceln-allein-reicht-noch-nicht-aus_aid-63757581
https://www.cce.rwth-aachen.de/global/show_document.asp?id=aaaaaaaabhjcrcq
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CCE in ÖcherLab
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Global Domestic Extraction

http://www.materialflows.net/visualisation-centre/

2017: about 90 Billion tonnes

1990 – 2017:
increase by factor 2.14

Metals (Fe, Al, Cu etc.) 4.8 Gt CO2eq
non-metallic minerals
(Cement, lime, plaster etc.) 

4.4 Gt CO2eq 

Plastics 1.5 Gt CO2eq
Wood production 0.9 Gt CO2eq

International Resource Panel 2019
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