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'Rare earth elements' (REE)

'Platinum group metals' (PGM)

 average mass fraction in earth crust : 
< 0.01%

Background

(Geochemically) scarce metals

Binder (1999); Skinner (1979); Wäger et al., 2010



Background

Critical raw materials (European Union)
"critical"

(26 out of 61 investigated raw materials / raw material groups)

EC (2017) Study on the review of the list of Critical Raw Materials 

 new on the list of
critical raw materials:
- Baryte
- Bismuth
- Hafnium
- Helium
- Natural rubber
- Phosphate rock
- Scandium
- Tantalum
- Vanadium

 not considered critical
any more:

- Chromium

- Coking coal

- Magnesite



Motivation

Scarce/critical metals in EEE

Blengini et al. (2017) ; Nuss,(2016) ; EC (2017)

Indium

Tantalum



Background

Scarce/critical metals in passenger car EE devices

 The in-use stock of the investigated scarce 
metals in car electronics in 2014 was similar 
to the in-use stock of scarce metals in 
consumer electronics and Information and 
Communication Technologies (ICT);

 The flow of scarce metals in imported new 
cars in 2014 was 5x larger than in ELVs, 
which was to a significant part due to the 
increasing number of embedded electronics.

Restrepo et al. (2017) Stocks, Flows, and Distribution of Critical Metals in Embedded Electronics in Passenger VehiclesEnvironmental Science and Technology, 
51 (3) 1129–1139.



UNEP (2011) Recycling Rates of Metals – A Status Report.

Background

Recycling rates of metals
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> 50%
> 25-50%
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1-10%
< 1%



The EVA project

Motivation (1/3)

Ordinance
on the return, the reception and the disposal
of electrical and electronic devices
(ORDEE)



The EVA project

Motivation (2/3)
Ordinance on the return, the reception and the disposal
of electrical and electronic devices (ORDEE)

For devices in buildings and vehicles the ordinance only applies, if their removal
is possible with a proportionate effort. The Swiss Federal Office for the
Environment (FOEN) publishes a regularly updated list of such devices in a 
guideline.



The EVA project

Motivation (3/3)
Ordinance on the return, the reception and the disposal
of electrical and electronic devices (ORDEE)

[…] as far as possible, scarce technical metals such as gold, palladium, 
indium, gallium, germanium neodymium or tantalum have to be recovered. 



Goals
 Provide the scientific foundations to

- estimate the recovery potential of scarce / critical metals
in end-of-life vehicles (ELV);

- select electrical and electronic (EE) devices to be removed
from ELV "with proportionate effort";

- optimise the recovery of scarce / critical metals from removed
EE devices and ELV shredder outputs.

Scope
 Swiss passenger car fleet up to ~2030;
 scarce / critical metals.

The EVA project

Goals and scope

Widmer et al. (2015)
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The EVA project

Approach (1/2)

Characterisation of scarce/critical metals distribution in passenger vehicles

- Analysis of scarce / critical metals mass distribution in EE devices and end-of-life
vehicle (ELV) shredder outputs for 100 ELVs.



MSWI!

The EVA project

Characterisation of metals distribution (1/5)

Widmer et al. (2015) Scarce Metals in Conventional Passenger Vehicles and End-of-Life Vehicle Shredder Output. ES&T 49, 4591-4599.

n=100 vehicles
31 scarce / critical metals



Widmer et al. (2015) Scarce Metals in Conventional Passenger Vehicles and End-of-Life Vehicle Shredder Output. ES&T 49, 4591-4599.

Not sampled:
• Body
• Loudspeakers
• Other electric motors  and 

sensors (Alnico magnets) 

The EVA project

Characterisation of metals distribution (2/5)

n=100 vehicles
31 scarce / critical metals



Løvik, Hagelüken and Wäger (2018) Improving supply security of critical metals: Current developments and research in the EU. 
Sustainable Materials and Technologies 15, 9-18.

The EVA project

Characterisation of metals distribution (3/5)



http://www.urbanmineplatform.eu

The EVA project

Characterisation of metals distribution (4/5)
Project funded by

the European Union



Historic data from 2005 to 2014, extrapolated trends from 2015 to 2020 [tonnes]. 
BEV=battery electric vehicle, FC=fuel cell, PHEV=plug in hybrid electric vehicle, HEV= hybrid electric vehicle.

Neodymium in the active vehicle fleet (EU 28 +3)

The EVA project

Characterisation of metals distribution (5/5)
Project funded by

the European Union

http://www.urbanmineplatform.eu
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The EVA project

Approach (2/2)

Characterisation of scarce/critical metals distribution in passenger vehicles

- Analysis of scarce / critical metals mass distribution in EE devices and end-of-life
vehicle (ELV) shredder outputs for 100 ELVs.

Identification of candidate
EE devices to be removed
for metals recovery

- EE devices removal tests;

- Dismantling tests for 129 end-
of-life vehicles (ELVs).

Sampling and analysis of
Shredder light fraction
(SLF)

- Batch test with 129 dismantled
end-of-life vehicles (ELVs);

- Analysis of scarce / critical
metals mass distribution .

Modelling, simulation
and optimisation

- Stocks and flows modelling;

- LCA of recycling options.



The EVA project

Identification of EE devices to be removed

Shredder Heavy Fraction

Shredder Light Fraction 
(SLF)

1. ELV collection and dismantling

Hazardous 
materials and 

substances

* Embedded 
electronics

2. ELV Shredding

Car hulks

129 ELVs
• 62 «young» (≥2001)
• 67 «old» (<2001)

Spare parts
* Dismantled 

electronics

ELVs

Restrepo et al. (2018)



Shredder heavy 
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The EVA project

Approach (2/2)

Characterisation of scarce/critical metals distribution in passenger vehicles

- Analysis of scarce / critical metals mass distribution in EE devices and end-of-life
vehicle (ELV) shredder outputs for 100 ELVs.

Identification of candidate
EE devices to be removed
for metals recovery

- EE devices removal tests;

- Dismantling tests for 129 end-
of-life vehicles (ELVs).

Sampling and analysis of
Shredder light fraction
(SLF)

- Batch test with 129 dismantled
end-of-life vehicles (ELVs);

- Analysis of scarce / critical
metals mass distribution .

Modelling, simulation
and optimisation

- Stocks and flows modelling;

- LCA of recycling options.



The EVA project

Scarce/critical metals stocks and flows modelling

4 000  000 vehicles (stock)  300 000 vehicles (import flow)
 100 000 vehicles (ELV flow)

A) Vehicles in stock B) New vehicles imported and ELV

PMs in new vehicles
PMs in vehicle stock

PMs in ELVs
REE in new vehicles
REE in vehicle stock

Co in new vehicles
Co in vehicle stock

Co in ELVsREE in ELVs

 The total mass of Nd in EE devices 
embedded in passengers vehicles in 
use in Switzerland 2014 amounts to 

t , which is similar to the Nd stock 
in all consumer electronics and ICT 
equipment in Switzerland (in 2010).

 The total mass of metals is 5 times 
larger in the import flow than in 
the ELV flow due to

- a larger number of vehicles, and

- a higher CM mass per vehicle.

(bar width proportional to number of vehicles)

Restrepo et al. (2017) Stocks, Flows, and Distribution of Critical Metals in Embedded Electronics in Passenger VehiclesEnvironmental Science and Technology, 
51 (3) 1129–1139.



 Geological knowledge(G-axis)
- mass distribution of scarce / critical metals in automotive EE devices and shredder outputs 

through experiments; 

- scarce / critical metals stocks and flows in EE devices embedded in passenger vehicles  for 
Switzerland 2014 (imported, in-use, end-of-life).

 Field project status and feasibility (F-axis) 
- dismantling experiments (infrastructure demand/skills, rate, time);

 Socio-economic viability (E-axis) 
- environmental impact savings.

EGRC draft specifications for anthropogenic resources classification

Tentative application to EVA project (1/2)

UNECE EGRC (2018) Final Draft Specifications for the application of the UNFC to Anthropogenic Resources.



 Preliminary classification:
- E3: Recovery and sale is not expected to 

become economically viable in the fore-
seeable future or evaluation is at too 
early a stage to determine economic 
viability;

- F2: Feasibility of recovery by defined 
development project or mining operation 
is subject to further evaluation;

- G2: Quantities associated with a known 
deposit that can be estimated with a 
moderate level of confidence.

EGRC draft specifications for anthropogenic resources classification

Tentative application to EVA project (2/2)

UNECE EGRC (2018) Final Draft Specifications for the application of the UNFC to Anthropogenic Resources.



 Recommend best practices to address 
- the "level of confidence in the potential recoverability of the quantities" (G-axis); 

Outlook

Possible future considerations



 Scope of the investigations
- reuse, recovery and/or disposal;
- 'recycling chain' perspective;

- evolution of product- and related material stocks and flows; 

- implications for societal metabolism.

 Sampling, sample preparation and chemical analysis methodologies
- sample representativeness;

- sampling preparation and measurement uncertainties.

 Stock and flow modelling methodologies
- static vs. dynamic, top-down vs. bottom-up, flow- vs. stock driven,...

- model simplifications: minimal generic blocks, systematic errors, uncertainties 

 Reference to other relevant specifications and standards 
- e.g. EN 50625-1 "Collection, logistics & treatment requirements for WEEE" 

("CENELEC standard").

Outlook

Recommend best practices (G-axis) 



 Recommend best practices to address 
- the "level of confidence in the potential recoverability of the quantities" (G-axis); 

- environmental issues (E-axis);

 Identify reference databases

Outlook

Possible future considerations

Huisman et al.  (2017) Final Report Deliverable 6.6; http://www.urbanmineplatform.eu

Project funded by
the European Union

http://rmis.jrc.ec.europa.eu/



Thank you for attention!
www.empa.ch/tsl


