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Inefficiencies in 3R & how to overcome them
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The recycling dilemma of complex products

Heterogeneous composites containing both highly valuable but also 
hazardous substances that have to be liberated and separated

Base metals 
(Cu, Al, 

Zn, Ni etc.)

Precious metals 
(Au, Ag, Pd, etc.)

plastics
(ABS, PC, PVC)

Ferrous metals

Heavy metals
(Cd, Cr, Hg, Pb, etc.)

Brominated flame
retardants

Other organic
pollutants

Example: waste electric and electronic equipment
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End-of-life Management

Objective: Assurance of raw materials supply and 
protection of environmental resources

Strategy: Minimization of dissipative losses for valuable and 
hazardous  substances

Product

manufacture
End-of-Life

Raw

materials

production

Use

Residues

Residues

New

scrap

Raw materials

Residues

Residues

Systematic of the material life cycle
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Recovery targets for WEEE ςstatus quo in Germany
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Observation from the actual status of recycling

ü Trade-offs in the recycling economy

ü Fundamental limits of liberation and separation

ü άLƴŜŦŦƛŎƛŜƴŎȅέ ǘƘǊƻǳƎƘ Ƴŀǎǎ-driven recycling

ü Dissipative material and product use
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The recycling dilemma of complex products

After liberation and separation, recycling is often reduced to a
limited amount of recyclingroutes with the trade off of loosing &
diluting valuablematerialsin other recyclingroutes

ferrous

route

aluminum

route

plastics

route
PCB

Cable

CD drives

Copper and

precious metals

route

Ferrous scrap Aluminium

scrap

Plastics

Composites

Motors
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Processinventory: WEEE pre-processing
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lost

recovered

High recovery rates for major elements, 
low recovery rates for trace metals

Metal specific recovery rates at the pre-processing level

Chancerel,P.; Meskers,C.; Hagelueken,C.; Rotter,V. S.
Assessmentof metal flows duringpre-processingof waste electricalandelectronicequipment focusingon preciousmetals. Journalof IndustrialEcologyVolume
13, Issue5, October2009, Pages: 791-810



8E
n
d-

o
f-

lif
e

 m
a
n
a
g

e
m

e
n
t

Eco-efficiency during end -of- life -management
of complex products

bfallwirtschaftA

Reality: Low trace metal recovery trough pre-processing

Study Reference Process description Input

St 1 Chancerel & Rotter 2008 Manual dismantling
176 kg of IT and consumer 

equipment

St 2 Meskers et al. 2009 Manual dismantling (two step dismantling) 1.4 tonne of PC

St 3 Meskers et al. 2009 Manual dismantling (one step dismantling) 1.4 tonne of PC

St 4 Meskers et al. 2009

Manual depollution and smashing and hand 

picking, hammer mill and automating sorting 

automatic sorting

1.4 tonne of PC

St 5 Chancerel et al. 2009
Manual depollution and shredding and automatic 

sorting

27 tonnes of IT & consumer 

equipment

St 6 Van Schaik & Reuter 2009 Shredding and sorting Not indicated
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Weighted overall process recovery rate
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lost

recovered

GVI - gross intrinsic value 

TMR - total material requirement 

GVI - gross intrinsic value            (Gross) economic value
TMR - total material requirement ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ōŀŎƪǇŀŎƪέ
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The relevance of pre-processing

Gold potential 

(kg)
451 404 84 580 88 546

Gold recovery 

rate
12% 44% 49% 36% 21% 18%

Generation 

rate (t)

1 300 13 110 13 6978 48 787 1 431 197 998

Chancerel, P., 2009 Substance flow analysis of the recycling  of small waste electrical and electronic equipment. Dissertation 
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Gold distribution in the recycling of post-
consumer electronics in Germany in 2007

1.Trace 
elements 
have lower 
recovery 
rates

2.Formal 
treatment 
and pre-
processing  
contribute 
hugely  to 
the losses 
of gold

kg gold / a



11E
n
d-

o
f-

lif
e

 m
a
n
a
g

e
m

e
n
t

Eco-efficiency during end -of- life -management
of complex products

bfallwirtschaftA

Actions points

ωPrevention of dissipative usage and 
discarding behavior

Consumer

ωAdaption of technologies for a better 
recovery of trace metals

Recycler

ωAvoidance of dissipative metal application &  
άƳŀǘŜǊƛŀƭ-ǊŜŎȅŎƭƛƴƎ ƛƴŎƻƳǇŀǘƛōƛƭƛǘƛŜǎέ

Producer

ωSetting policy-frame, setting incentive 
avoiding anti-incentives

Policy
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Conclusions for the research agenda

ωAn experimental monitoring of recycling processes 

helps direct process improvement but and optimizing 
recycling chains

3

ωEasy assessment tools are required to make the right 
decisions for the design of recycling processes4

ωResource-efficiency considers both, recovery of non-
renewable materials and protection of natural 
resources

5
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Thank you for your attention!

contact:

Technische Universität Berlin -

Chair of Solid Waste Management

Sekretariat Z 2

Straße des 17. Juni 135  

D-10623 Berlin

http://www.aw.tu-berlin.de/abfallwirtschaft/

Vera Susanne Rotter

PerrineChancerel
Tel. ++49 (0)30 314 22619 
vera.rotter@tu-berlin.de

Christina Meskers

Christian Hagelüken

umicoreprecious metals refining

Adolf Greinerstraat 14

2660 Hoboken, Belgium

christina.meskers@eu.umciore.com

christian.hagelueken@eu.umicore.com

www.preciousmetals.umicore.com

http://www.aw.tu-berlin.de/abfallwirtschaft/
http://www.aw.tu-berlin.de/abfallwirtschaft/
http://www.aw.tu-berlin.de/abfallwirtschaft/
mailto:christina.meskers@eu.umciore.com
mailto:christian.hagelueken@eu.umicore.com
http://www.preciousmetals.umicore.com/

