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– 13.30 Recycling of Critical Resources –Introduction Vera Susanne Rotter … Technische 
Universität Berlin, Germany

– 14.00 Recycling of Critical Metals from End‐of‐Life Electronics Andreas Manhart, Matthias 
Buchert, Daniel Bleher, Detlef Pingel … Öko‐Institut, Germany

– 14.30 Opportunities and Limits of WEEE Recycling – Recommendations to Product Design 
from a Recyclers PerspectiveMarkus Reuter … Outotec Oyj, Espoo, Finland

Break
– 15.30 Resource scarcity: an OEM perspective Eelco Smit, Jan Willem Scheijgrond, Jan 

Severin Philips NetherlandsSeverin, Philips, Netherlands

– 16.00 A Critique of Sustainable Design in the Context of Critical Materials Supply Risks 
David Phillip Peck, Conny Bakker … TU Delft, the Netherlands

– 16 30 Towards a Comprehensive Recovery System for Critical Metals – The Swiss Approach16.30 Towards a Comprehensive Recovery System for Critical Metals  The Swiss Approach
Patrick A. Wäger, Rolf Widmer, Fabian Blaser, Esther Müller, Anna Stamp … Swiss Federal 
Laboratories for Materials Science and Technology (Empa), Switzerland

– 17.00 Recycling of Critical Resources – Moderated Discussion
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Losses along the WEEE recycling chainLosses along the WEEE recycling chain
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Status of metal recoveryy
The Recycling of Metals: A Status Report. Second report of the Global Metal Flows group of the 
UNEP’s International Panel on Sustainable Resource Management. 
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Critical Metals 
National Research Council (NRC), Committee on Critical Mineral Impacts on the US Economy. Minerals, 
Critical Minerals, and the U.S. Economy; The National Academies Press: Washington, DC, 2008.

European Commission. The Raw Material Initiative – Meeting our Critical Needs for Growth and Jobs in 
Europe; Staff Working Document SEC(2008)2741 {COM(2008) 699}; Brussels, Belgium, 2008.
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Reduction of primary ore gradesp y g

General trend

Combined Average Ore Grades in Australia Over Time for Base and Precious Metals

Source: G.M. Mudd,  Sustainability of Mining in Australia, Research Report No. RR5, Monash Univ., 2007.



Quality of “urban ores”Q y
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Case Study: Recovery of metals from end‐
f lif bil hof‐life mobile phones

Goal: To quantify and assess theGoal: To quantify and assess the

flows of nine trace metals

associated with end‐of‐life

(EOL) mobile phones in

Germany in 2007 in the

whole recycling chainy g

Scope: Nine metals – silver (Ag), gold (Au), palladium (Pd),

nickel (Ni), bismuth (Bi), tin (Sn), antimony (Sb),

indium (In) and tantalum (Ta)



Case Study: Recovery of metals from end‐
of life mobile phonesof‐life mobile phones

Element Unit Concentration1

2- Collection 3- Treatment

Al % 3
Cu % 14
Fe % 7
Ag ppm 3630
Au ppm 347
C 145

1- WEEE 
generation

Co ppm 145
Ni ppm 15000
Pd ppm

150
Sb ppm 1000
Sn ppm 10000

Subsystem Required  Assumption2

pp
Bi ppm 300
Ta ppm 40
In ppm 20

System boundary: EOL equipment management

Subsystem q
information Assumption2

Generation Average lifetime 6 years

Theoretical generation of EOL mobile phones 2278 tonnes

Collection Separately collected EOL mobile phones 229 tonnes

Non‐separately collected EOL mobile phones 979 tonnes

1 Data sources: Hagelüken & Meskers 2008; Reller &al. 2009; Huisman 2004; DDTSC 2004; Nokia 2009; UNEP 2006
2 Chancerel 2010



Case Study: Recovery of metals from end‐
of‐life mobile phonesof life mobile phones

Recovery rates achieved in 2007 by the pre‐ and end‐processing technologies

Distribution DPP over the pre‐processing 
technologies1

Recovery rates achieved 
by formal pre‐
processing2

Recovery rates 
achieved by 
formal end‐
processing3

Recovery rates 
achieved by informal 

pre‐ and end‐
processing4M t l N PP M l M h M l M h processing processingMetal No PP Manual Mech. Manual Mech.

Ag/Silver 90% 11% 99% 0%

Au/Gold 90% 26% 98% 13%

Pd/P ll di 90% 26% 99% 0%Pd/Palladium 90% 26% 99% 0%

Ni/Nickel for all metals 90% 25% 83% 0%

Bi/Bismuth 60% 10% 30% 90% 10% 65% 0%

/Sn/Tin 90% 39% 52% 0%

Sb/Antimony 90% 12% 47% 0%

In/Indium 90% 10% 10% 0%

/Ta/Tantalum ? ? 0% 0%

(PP= pre-processing; Mech.= Mechanical)
1 Chancerel et al. 2011

2 Chancerel et al. 2011; Chancerel et al. 2009; Meskers & Hagelüken 2009
3 Deubzer 2007

4 Keller 2006



Case Study: Recovery of metals from end‐
of‐life mobile phonesof life mobile phones

Flows of trace metals:

Overall recovery rates achieved y

by end-processing:
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Closing loops requires multi‐criteriaClosing loops requires multi criteria
decission making
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I i  A ä   Rü k i  Integrierte Ansätze zur Rückgewinnung 
von Spurenmetallen und zur Verbesserung 
der Wertschöpfung aus Elektro- und 
Elektronikaltgeräten Elektronikaltgeräten 

Improved valorization and integrated 
recovery of trace metals in Waste Electronic recovery of trace metals in Waste Electronic 

and Electric Equipment (WEEE)

Project duration: Aug 2012 Jul 2015Project duration: Aug 2012‐Jul 2015



UPgrade ObjectivesU g ade Objec ves

“Upgrading” material flows along
the recycling chain does not aim

% b i hat a 100% recovery but is the
result of an interdisciplinary
decision making and optimizationdecision making and optimization
along the extended value chain.



UPgrade Consortiumg

P j t t A i t d tProject partners Associated partners

Scientific coordination



Work packages
System analysis and optimization 
of the WEEE recycling chain

Identification of metal potentials in 
WEEEWP 1 WP 2

Characterization and optimization of upgrading processes along the WEEEWP 3

Stakeholder Dialogues 
„Weee recover Metals“

Definition of „Design for Recycling“  
recommendations WP 5WP 4

Characterization and optimization of upgrading processes along the WEEE 
recycling chainWP 3

Results and Deliverables 

„Weee recover Metalsrecommendations

Inventory of trace metals in WEEE

New upgading and separation technologies for enhanced recycling of 
WEEE targeting at trace metals

Practical handbook for experimental Substance Flow Analysis

Best Practice handbook for Recyclers 

Stakeholder Dialogues „Weee recover Metals“  (Workshops, Newsletter, 
Publications)

Practical DfR handbook for product designers



Discussion questionsq

1) A l i k f iti l t l “ iti l f1) Are supply risks of „critical metals“ critical for 
the EEE industry?

2) D k h b i i l l i2) Do we know enough about critical metals in 
EEE? If no, which information are missing?

) f l l h bl3) Can design for recycling solve the problem?
4) Is our recycling infrastructure sufficient for 

enhanced recycling of critical metals?
5) What are appropriate decission support tools?) pp p pp
6) How should stakeholders collaborate?
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