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The energy issue

1 ExaJoule = 1018 Joule 100 ExaJoule = 278 Petawatt/hour
Peta = 1015
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The human development index

Courtesy of Plamen Atanassov
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Green hydrogen chain
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Water electrolyzers: state of the art

C. Santoro et al. What is Next in Anion-Exchange Membrane Water Electrolyzers? Bottlenecks, Benefits, and Future, 
ChemSusChem (2022) 15, e202200027

A) Alkaline electrolyzer
B) PEM electrolyzer (PEMEL)
C) AEM electrolyzer (AEMEL)

PTL: porous transport layer
CL:   catalyst layer
BP:   bipolar plates

TRL 9 TRL 9 TRL <7
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Fuel cells: state of the art

PEMFC or DMFC

*

*

AEMFC

N2H2.H2O 

N2 + H2O

*

*

TRL 9 TRL <7
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Lithium-ion batteries (LIBs): the automotive sector

Confidential
Cylindrical Prismatic Pouch

TYPE OF CELLS
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Lithium-ion batteries (LIBs): overall market development

Source: EU SRIA 2020
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Lithium-ion batteries (LIBs): the case of cobalt
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Lithium-ion batteries (LIBs): the batteries cycle

Battery
Passport!
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Fuel cells and electrolyzers

• Synthesis, fabrication and characterization of membranes (ion
conducting) for fuel cells and electrolyzers

Piercarlo Mustarelli
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Batteries

• Anodes for lithium, sodium and other beyond-lithium batteries
• Cathodes for lithium, sodium and other beyond-lithium batteries
• Electrolytes for lithium, sodium and other beyond-lithium batteries
• Cell testing

Riccardo Ruffo, 
Piercarlo Mustarelli
Chiara Ferrara



EBLab (6 PhD student, 0.75M euro funding)

• Biomasse o Plastica di rifiuto

• Produzione di carbone attivato

• Funzionalizzazione del catalizzatore

Integrazione
Elettrodi

Elettrodo a disco 
ed anello rotante

Pirolisi

• T (600-1100°C)
• Gas (N2, H2, NH3)

SUPERFICIE CHIMICA
SUPERFICIE MORFOLOGIA

CARATTERIZZAZIONE

Cella a combustibile ed elettrolizzatoriE altri rifiuti...

Catalizzatori per celle a combustibile ed elettrolizzatori

carlo.santoro
@

unimib.it



Lithium Ion 
Battery
Recycling

Chiara Ferrara
(chiara.ferrara@unimib.it)



- Characterization of the spent lithium-ion batteries (chasing the 
origin of the performance fading)

- Development of methods for the degradation of the spent cathode 
materials (e.g.: use of organic acids, deep eutectic solvents, low 
temperature pyrolysis…)

- Development of methods for the recovery of critical raw materials 
from the products of cathode degradations (e.g.: Li, Co, Ni, Mn…)

Thesis in a nutshell
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