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E-Wastes a Problem?
 53.6 Mt (Million Metric Tonnes) in 2019 (74.7 Mt by 2030) – Worldwide, Asia 

(24.9 Mt), the Americas (13.1 Mt) and Europe (12Mt)1

 Only 17.4% collected & properly recycled; Many metals < 1%

1 Global E-Waste Monitor 2020, UN
2 Allied Market Research 2020

≈ 5300 Eiffel towers

Example of Metal recovery from PCBs. After:

Best is 16 metals out of 60+ in PCBs
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Where can what be found?
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Where can what be found? Photovoltaic
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Paiano, A., Renewable and Sustainable Energy Reviews 41, 2015, 99.

To recover beyond Al / SiO2: Delamination



INNOVATIVE PROCESS? PHOTORAMA EU PROJECT
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This project has received funding from the European Union’s Horizon 

2020 research and innovation programme under grant agreement No  

958223.

Rapid Expansion ScCO2

© Y. Caudic / CEA
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Axel Briand, Lucas Liotaud , Antoine Leybros, Agnès Grandjean 



INNOVATIVE PROCESS? PHOTORAMA EU PROJECT
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This project has received funding from the European Union’s Horizon 

2020 research and innovation programme under grant agreement No  

958223.

Objective : Production of 1 kg/day of silver metal

Pilot line development

Method based on Green Solvent & Recyclability:

Use of Deep Eutectic Solvent (DES)

 Low cost and environment impact, non-harmful and easy to make

 Stable mixture of components at their eutectic points

 Good conductivity and excellent solubility for silver chloride

Innovative recovery of Ag in 1 step : 

electrolixiviation/electrodeposition

© Y. Caudic / CEA
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Where can what be found? IT & Telecom
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Example: Smart Phones

© CEA 2023, no reproductionallowed without written consent from CEA



Where can what be found? IT & Telecom
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O. Tantawi, I. Hua, Resources, Conservation and Recycling, 175, 105886 (2021)

Example: Smart Phones

© CEA 2023, no reproductionallowed without written consent from CEA



Where can what be found? IT & Telecom
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• PCBs = ~6-8 wt% of WEEEs
• High Variability: Space / Time / Value
• Little known detailed composition
• No standard protocols for analysis
• Empirical valuation
=> Challenge = Valuation / Analysis / Sorting

© CEA 2023, no reproductionallowed without written consent from CEA



Beyond manual: Can elemental sorting be done?

• Highest Techno approach: Optical recognition + Laser disassembly + Robotic
picking

• Whole PCB disassembly + Advanced/Fast sorting of all Ecs (optical + ME-Xray)

• Higly selective
• 0,3 s / EC
• High CAPEX (Laser + 

Robotic arm)
• Partial solution

Disassembly

© CEA 2023, no reproductionallowed without written consent from CEA

+ Bare boards (Cu, Au, 
Fiber glass & epoxy)

+ Solder 
(with or without lead)
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• Higly selective
• 0,3 s / EC
• High CAPEX (Laser + 

Robotic arm)
• Partial solution

10 kg/h
Single lane
Prototype

Optical Sorting: Can sort 90%

© CEA 2023, no reproductionallowed without written consent from CEA
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picking
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• Higly selective
• 0,3 s / EC
• High CAPEX (Laser + 

Robotic arm)
• Partial solution

ME-XRT Sorting

© CEA 2023, no reproductionallowed without written consent from CEA



Flowsheet & economic assessment: payback in 3-5 years

New Business opportunities: Neodymium

X. Dong et al. Chem. Engineering J. 441 (2022) 135886 / Patent Pending

NB: Nd ased Capacitor = 10% of Nb demand
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Next Step and Overall Impact on Value Chain
* Scale up (Partners?) + other metals: Nb, W, Mo, Ga, Ge, Te, Sb, In, Os, Re…/ (B, FG?)

* Electronic component / Composition Database (millions of large entries)    

=> trade at the right price! f([all metals]accurate)

* Value Chain: Industrial Recyclers

Optical + ME- XRT mapping & Recognition of all Ecs
=> Detailed Valuation of PCBs’ composition & metal value 

High Throughput Automated Composition 
Measurement at Synchrotron Radiation sources

106 ECs/day measured

Disassembly/Sorting

© P. GINTER/ESRF

…

Containerisation

© MTB



Call for Action!
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17 => 35% of recycling rate + CRMA goals are achievable with:

a) Smart design (eco-design) => enable easy disassembly / 
Recognition

b) Stronger Recycler – Technology developers links

c) Recycling of currently wasted spent metals (beyond B2B)

© CEA 2023, no reproductionallowed without written consent from CEA



Call for Action!
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17 => 35% of recycling rate + CRMA goals are achievable with:

a) Smart design (eco-design) => enable easy disassembly / 
Recognition

b) Stronger Recycler – Technology developers links

c) Recycling of currently wasted spent metals (beyond B2B)

Will require:

a) Rapid scale up & Adoption of promising technologies

b) Economically viable recycling process adapted to new 
inputs 

c) Customers in the EU for recycled metals.

© CEA 2023, no reproductionallowed without written consent from CEA
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|CEA: jean-christophe.gabriel@cea.fr
T. +33 676 043 559

Nanyang Technological University:

jgabriel@ntu.edu.sg

Thanks for your attention!

@SCARCE: Financial 

support from NEA & MND 

#USS-IF-2018-4 (2018-2023) 8 Mn€

#CTRL-2022-1D-01 (03/2023-02/2028) 12 Mn€

FRANCE 2030: ANR-22-PERE-0009

Industrial support from EPR 
ECOLOGIC SAS

Funding Acknowledgement:

2023-2026

2013-2018: 

ERC N°[320915] “REE-CYCLE”

2,5 Mn€
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