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AGENDA

Metals enable future® (Metalle vernetzen Zukunft®)

The fundamental role of metallurgy in a circular economy (CE)
Metallurgical system provide the metals for renewable energy technologies

It enables recycling and maximizes impact of Design for Recycling

Policy Recommendation
Metallurgical infrastructure criticality should be a focus of the EU’s circular society 

rather than element criticality only!
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METALS ENABLE FUTURE® (METALLE VERNETZEN ZUKUNFT®)
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METALS ARE THE BALL BEARING OF THE CIRCULAR ECONOMY
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WHERE DO ALL ELEMENTS & COMPOUNDS GO IN THE CE?



THE BEAUTY AND HARMONY OF METALLURGY

12/03/2020 6

Green: Recovered

Orange: Recovered 
if economics work
Red: Lost



COMPLEXITY OF THE CE SYSTEM, METALLURGY & RECYCLING
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THE WHEELS OF THE CE DON'T TURN, DESIGN FOR RECYCLING 
HAS NO VALUE IF A SECTOR IS REMOVED BY UNWISE POLICY
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THE FUNDAMENTAL ROLE OF 
METALLURGY IN A CIRCULAR SOCIETY
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https://kuleuven.sim2.be/wp-content/uploads/2019/02/SOCRATES-Policy-Brief-2019-Lead.pdf https://geschaeftsbericht2018-19.aurubis.com/magazin/rethink/design-for-recycling



CRITICALITY OF THE METALLURGICAL INFRASTRUCTURE

Blanpain, Reuter, Malfliet (2019): Lead Policy Brief
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CE DIGITAL TWIN OF PV AND BATTERY MANUFACTURE
223 metallurgical processes, 860 streams, 30 elements + all their compounds

Bartie et al. (2019):  The simulation-based analysis of the resource efficiency of the circular economy – the enabling role of metallurgical infrastructure, 
Mineral Processing and Extractive Metallurgy (TIMM C)  (online). 

Water

Chemicals

Electricity

Fuels & 
reductants

Capital 
goods

(Iron / steel
Cement)

Emissions, 
impacts

Dissipative losses
- materials
- exergy

→ HSC Sim

Simulation

Batteries

in General

12/03/2020 12



THE RECYCLING LABEL FOR GOODS & PRODUCTS 
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M.A. Reuter, A. van Schaik, J. Gutzmer, N. Bartie, A. Abadías Llamas (2019): Challenges of the Circular Economy - A material, metallurgical and product 
design perspective. Annual Review of Materials Research, 49, 253-274.
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EXERGY RESOURCE EFFICIENCY LABEL FOR THE SYSTEM
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THE FOOTPRINT OF THE COMPLETE SYSTEM
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INCOVENIENT TRUTH OF THE CE: IT IS A DOWNWARD SPIRAL!
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Abadías et al. (2019):  Simulation-based analysis of the circular economy system: Zinc production coupled to CdTe photovoltaic module life cycle as 
industrial examples, Journal of Sustainable Metallurgy (online). 



POLICY RECOMMENDATION
Metallurgical processing infrastructure is critical to a circular 

society, not only element criticality.

Physics based recycling and resource efficiency labels are 
required to provide a true basis for the economic evaluation of 

the CE system

12/03/2020 17


