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Evolution of cathode battery chemistries
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European Battery Regulation 2023/1542

Li-based batteries By 2031 By 2036 

Minimum % share of recycled
material

Co = 16 % 
Ni = 6 %
Li = 6 %

Co = 26 % 
Ni = 15 %
Li = 12 %

Current European situation

Black mass

Spent battery

Market

Strategic raw materials
(Cathode for gigafactories)

(Pyrometallurgy or Hydrometallugy) 

Strategic raw materials
(Battery or EV)

Strategic raw materials

100% dependency in terms of CRMs and battery
manufacturing
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Future Europe Scenario

Spent battery

Market

Gigafactories

DIRECT RECYCLING 

Strategic raw 
materials

(Battery or EV 
manufacturing) Strategic raw material (Li)
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Direct Recycling

Li

Discharge Dismantling Relithiation Regenerated
cathode

Battery cell

Solid sintering Hydrothermal

ES Patent No. ES2924113B2

Metallic sheel
(Ni-enriched)

Cathode and anode foils
(enriched in Al and Cu)

Shredding and crushing

Thermal treatment

Aqueous separation

Size separation

Thermal treatment

Degraded material
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Roadmap

LCO

NMC 111

NMC 622

Upcycling

NMC 622 NMC 811
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NMC 622 - Restoration

ES Patent No. ES2924113B2

Separation process

Regeneration process – Hydrothermal method

Optimization of the
annealing process

Hybrid Ford Kuga 14.4 kWh
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NMC 622 - Validation

Determination 
of Li 

ICP-OES

01

Identification of 
the crystalline 

structure

XRD

02

Determination 
of the 

electrochemical 
properties

Electrochemistry

03
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Regenerated NMC 622 – Physicochemical characterisation

15 25 35 45 55 65

2θ(°)

Pristine NMC 622

Regenerated cathode

Degraded cathode

Degraded cathode Regenerated cathode

6.6 % 7.1 %

• Determination of lithium

• X-ray diffraction
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Regenerated NMC 622 – Electrochemical properties

Cycle life Rate performance

Compliance with Regulation 2023/1542 

0

20

40

60

80

100

120

140

160

180

0 20 40 60 80 100 120

D
is

ch
ar

ge
 c

ap
ac

it
y 

(m
A

h
·g

-1
)

Cycles 

20% recycled material

DC_NMC622

100% recycled material

Co

Ni

Li

Recycled material (%) 20 % regenerated material

2.3 / 1.8

7.3 / 2.2

1.4 / 0.4

2
 0

 3
 1

Co

Ni

Li

Recycled material (%) 20 % regenerated material

2.3 / 2.9

7.3 / 5.5

1.4 / 0.9

2
 0

 3
 6

0

20

40

60

80

100

120

140

160

180

0 5 10 15 20 25 30 35 40 45 50

D
is

ch
ar

ge
 c

ap
ac

it
y 

(m
A

h
/g

)

Cycle number

20% recycled material

NMC 622 (pristine)

100% recycled material

0.05C 0.1C
0.2C

0.5C

1C

2C

0.2C



© ITC-AICE, 2024

E

In
tr

o
d

u
ct

io
n

E

Ex
p

e
ri

m
e

n
ta

l

E

R
e

su
lt

s

E

C
o

n
cl

u
si

o
n

s

The regeneration of NMC 622 cathode material recovered from an EOL-
LIB used in an EV and its viability in the manufacturing of new batteries 
was assessed

The manufacturing of new batteries with 20% of recycled material 
complies with the battery regulation requirements for 2031

The establishment of direct recycling plants in Europe will enable 
strategic raw materials to remain in Europe

Future research will be focused on increasing the percentage of recycled 
material to meet the requirements for 2036

This reduction in the dependence on the supply of certain raw materials 
will facilitate the implementation of gigafactories in Europe
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