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“CRMs are considered to be those that have high economic importance for the EU (based on the
value added of corresponding EU manufacturing sectors, corrected by a substitution index) and a
high supply risk (based on supply concentration at global and EU levels weighted by a governance
performance index, corrected by recycling and substitution parameters).“

Critical Raw Materials

European Commission, Study on the
Critical Raw Materials for the EU 2023
– Final Report
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“CRMs are considered to be those that have high economic importance for the EU…”

Critical Raw Materials
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“CRMs are considered to be those that have high supply risk…”

Critical Raw Materials



Slide 5Andrea Zaffora

“…the Act identifies a list of strategic raw materials, which are crucial to
technologies important to Europe's green and digital ambitions and for defence and
space applications, while being subject to potential supply risks in the future.”

European Critical Raw Materials Act,
2023

Strategic Raw Materials

Critical Raw Materials
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Critical Raw Materials

Strategic Raw Materials
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Urban Mining

Urban Mining is the concept of using the materials present within
the anthroposphere as a source for our raw material supply.

The potential of the Urban Mine – the anthropogenic stock – is the sum of all
materials contained in products used or stored by society over a
comparatively long time. This includes – among many others – buildings,
electronic goods, waste and mine tailings.
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Urban Mining
A more Circular Economy aims to keep the value of products and the materials
they contain for as long as possible in the economy and to minimize waste
generation



Slide 9Andrea Zaffora

WEEE
(RAEE: Rifiuti di Apparecchiature Elettriche e Elettroniche)

Urban Mining
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WEEE
(RAEE: Rifiuti di Apparecchiature Elettriche e Elettroniche)

Urban Mining
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WEEE
(RAEE: Rifiuti di Apparecchiature Elettriche e Elettroniche)

Urban Mining

Pyrometallurgical 
processes

Hydrometallurgical 
processes

 Large energy input

 Environmental hazard

 Low selectivity

 High capital cost

 Aqueous environment

 Low temperature

 Cost effective

 Lower environmental impact
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Metal recovery from WEEE

Urban Mining
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Metal recovery from WEEE – Electrochemical processes

Urban Mining
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Electrodeposition

Urban Mining

- The reduction and deposition of an electronically conductive species at the
cathode of an electrochemical cell

- It’s the shorten form of “electrolytic deposition”

- It’s used for depositing metals on surfaces
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Electrodeposition

Urban Mining

- Electroplating (electrochemical deposition of metals)

- Electrowinning (production of metals from ores by electrodeposition from a
melt or a solution, e.g. Al production)

- Electrorefining (purify rather than recover a metal, e.g. Cu, Ni, Co, Sn)
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Electrodeposition

Urban Mining

C) Mx+ + xe-  M Metal ions reduction

A) H2O 1/2O2 + 2H+ + 2e- Water oxidation (OER)
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Electrodeposition

Urban Mining

C) Mx+ + xe-  M Metal ions reduction

A) H2O 1/2O2 + 2H+ + 2e- Water oxidation (OER)

Standard
Electrode
Potentials
series
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Electrodeposition

Urban Mining

Standard potential
E° vs SHE

Nernst EquationEeq = E° + RT/zF ln ([Ox]ψ/[Red]ν)

νM  ψMz+ + ze-

Non Standard Conditions – Equilibrium Potential

C) Mx+ + xe-  M Metal ions reduction

A) H2O 1/2O2 + 2H+ + 2e- Water oxidation (OER)
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Electrodeposition

Urban Mining

C) Mx+ + xe-  M Metal ions reduction

A) H2O 1/2O2 + 2H+ + 2e- Water oxidation (OER)

Overpotential= E(i ≠ 0) - Eeq

(Eeq i = 0)

M ↔ Mz+ + ze-equilibrium

Eeq M/Mz+

[V SHE]
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Electrodeposition

Urban Mining

C) Mx+ + xe-  M Metal ions reduction

A) H2O 1/2O2 + 2H+ + 2e- Water oxidation (OER)

Overpotential= E(i ≠ 0) - Eeq

(Eeq i = 0)

M ↔ Mz+ + ze-equilibrium

> 0 Anodic polarization

< 0 Cathodic polarization

Eeq M/Mz+

[V SHE]

> 0

< 0
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Electrodeposition

Urban Mining

C) Mx+ + xe-  M Metal ions reduction

A) H2O 1/2O2 + 2H+ + 2e- Water oxidation (OER)

Standard
Electrode
Potentials
series
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Electrodeposition

Urban Mining

C) Mx+ + xe-  M Metal ions reduction

A) H2O 1/2O2 + 2H+ + 2e- Water oxidation (OER)

Standard
Electrode
Potentials
series

Hydrogen
Evolution
Reaction (HER)
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Intercalation electrode

Urban Mining
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Intercalation electrode – Li recovery

Urban Mining
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Intercalation electrode – Li recovery

Urban Mining
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Intercalation electrode – Li recovery

Urban Mining
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Intercalation electrode – Li recovery

Urban Mining
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Summary

 Critical Raw Materials

 Strategic Raw Materials

 Urban Mining: what and how in a circular economy system

Metals recovery from WEEE

 Electrodeposition

 Intercalation electrodes
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