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Why? Fast Growing
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Why?
Valuable

Umicore.com

Dias, 2019
Ebin and Isik, 2016

Element
Average minimum

content in ore (%)

Average content in 

WEEE* (%)

WEEE ÷ Ore 

Proportion

Copper (Cu) 0.5 10-20 ÷20-40

Iron (Fe) 30 1-5 0.167-0.033

Aluminum (Al) 30 2-6 0.2

Zinc (Zn) 4 0.5-6 1.5

Nickel (Ni) 1 0.1-2.5 2.5

Tin (Sn) 0.5 1.5-8 16

Lead (Pb) 4 0.3-5 1.25

Antimony (Sb) 3 0.2-1.8 0.6

Gold (Au) 0.0001 0.002-0.03 300

Silver (Ag) 0.01 0.03-0.3 30

Palladium (Pd) 0.0001 0.001-0.02 200

Indium (In)
0.001 

(in zinc ores)
0.02-0.04*

40



Why?
Valuable

Dias and Veit, 2018
Ebin and Isik, 2016
Dias et al., 2021

Element
Average minimum

content in ore (%)

Average content in 

silicon PV* (%)

WEEE ÷ Ore 

Proportion

Copper (Cu) 0.5 0.6 – 1 1.2 – 2

Silver (Ag) 0.01 0.006 – 0.06 0.6 – 6

Aluminum (Al) 30 10 – 20 0.33 – 0.67

Tin (Sn) 0.5 0.07 – 0.12 0.14 – 0.24

Lead (Pb) 4 0.05 – 0.08 0.01 – 0.02



Mining

Veit, H. 2020



Glass & Silver

ITRPV, VDMA, 2021



Mining
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Hazardous



Why?
Hazardous

Unit

Maximum 

TCLP

(Restricted 

solid waste)

Experimental 

Result

Lead (Pb) mg/L 20 5 – 22

Silver (Ag) mg/L 20 < 0.015

Fluoride mg F- /L 600 0.07

GENERAL 

SOLID WASTE

RESTRICTED 

SOLID 

WASTE

HAZARDOUS 

WASTE

NSW EPA, 2014 Dias, 2015



Why PV

Hovall.com

5 – 50 years until depletion

Hunt wt al., 2013
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Pre-
processing

End-
processing

EoL 
Recycling

Rate

Waste Management

Hageluken, 2012
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Australia



Dias et al., 2018a
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Recycling

Pinho & Galdino, 2014



PV 

Recycling

Komoto et al., 2018 (Task 12)

Optical
1%

Chemical
19%

Thermal
15%

Mechanical
40%

Combination
25%

• Chemical

• Thermal

• Optical

• Mechanical

• Combnation

• Patent filing for c-Si:



PV 

Recycling

Deng et al., 2019

End-of-life Scenario
Net Recycling 
Cost ($/ton)

A: Landfill 65 (10 – 426)

B: Glass Recycling 80 (-69 – -267)

C: Mechanical 
Recycling

252 (16 – 517)

D: Thermal Recycling 208 (-210 – 540)



Chemical

Dias et al., 2021



Thermal

Camargo, 2021Dias PR et al., 2016

Backsheet

EVA



Mechanical

Dias et al., 2018b



Mechanical

Dias PR et al., 2016

Particle Size

< 0.5mm
0.5mm > n > 

1.0mm

> 

1.0mm

Cu 11% 18% 72%

Ag 81% 10% 9%



Combination

Camargo, 2021

 



Combination

Dias et al., 2016



Recovery

Deng et al., in press



Final 

Thoughts

• WEEE, but with particularities

• Design for sustainability

• Reuse solutions

• Life cycle assessment

• Techno-economic analysis

• Policy (e.g. Product Stewardship)

• Collection (RL)
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