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Waste management hierarchy
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T ———————————— 7 Range of recycling technologies
\ Re-use / Advanced battery recycling: automated disassembly
e o o e e
. : ‘Mixing’ of Amount of Value of
Recycling E?Erﬂlgg materials materials materials
streams recovered recovered
Recovery Present battery recycling: shredding, pyrometallurgy
Disposal
'ﬂf%}lmil‘,l. Nature | Vol 575 | 7 November2019 | 75
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— Akkuser (Finland) —— Duesenield (Germany)
— Recupyl (France)
— Umicore (Belgium)

Opening

Physical
separation

Dry thermal

Size

Material recovery

Batteries

Retriev (USA)
D T @ (Gas blanket High-airflow
m comminution comminution
Stesl,
ron, Size vac d Second
= separation uum drying comminution
S |
Fails,
anode, Density > Magnetic
i separation -« separation
y 4 I
Hydrolysis and Plast Fois, o
Fois filtration anode  cahode
Dry thermal
processing
I Anode and

Slag Third-party
LI recovery ALLL -
Mn
Hydrometallurgical Ni, Co
extraction Cu, Fe 5 gy

.

Plastics

Nature | Vol575 | 7 November2019 | 75
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Battery Chemistry Metal value (per ton)* Recycling
Lithium cobalt oxide $25,000 Subsidy needed
Cobalt $50,000 Relevant, subsidy
Lithium iron phosphate $400 Subsidy needed
Lead acid $1,500 Profitable
Nickel $10,000-$17,000 Subsidy needed
Cadmium $2,200 Subsidy needed

Table 1: Metal value
per ton of battery.

Lead acid remains
the most suitable
battery to recycle;
70% of its weight
contains reusable
lead.

* 2017 Reference
prices only; purity
and supply govern
value.

https://batteryuniversity.com/index.php/learn/article/battery_recycling_as_a_business
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https://batteryuniversity.com/index.php/learn/article/battery_recycling_as_a_business

Recycling rates W GiiroBattery

4% Mainly to |
agricultural
fertiliser

~100%  ~96%

Lead-acid | Li-ion

Profitable recycling

Closed loop
manufacture

No landfill

All batteries same
process

Costs built in to
purchase cost

~10%
~1%

Total Returned Reused Total Returned Reused

produced in new produced in new
batteries batteries

2 » Poppet, K, Shan, X, Atwee international, Monetary, Moterial » Semith Buchin Maorket Resewrch and Statistics Geowp (2011 Nationo!
Le a d A C l d and Ervivonmental Costs of L1 don Battery Revys bng Recyching Rate Stinly)
» Thang, (hanya, “The Current Status of the Recyeling of Leod-
kT arttecies in Chiowt, ™ international hosrnal of Elestrochemical

Lithium-ion
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NISSAN Leaf

Cylindrical Prismatic Pouch
Tesla model S 85 Mk1 kWh battery pack BMW i3 Mk1 22-kWh battery pack Nissan Leaf Mk1 22-kWh battery pack
Panasonic Samsung/SDI AESC

3552V 360V
235 kg 294 kg

< i 1,570 mm\\"“x‘::/ 1.188 mm
!
~ ! i
~ ue3mm
8 modules per pack 48 modules per pack
25 kg 24.5 kg 3.8 kg
LT
Lo _ b
e 150mm __ "7 = 35 mMm —====--- \I/
1 665 mm T \‘“\ sl T ~a T o
: : :
\ 311 mm_yx_360 mm 225 mm_.203 mm
@ <

4 cells per module

4 123 mm
65 mm
Cell -
fifi 710455186508 7
magritication of 36V  NCA cathode 3.7V NMC cathode 375V LMO/NMG cathode
;? ‘;:ZE;'#D rest 48.5g Graphite anode 2 kg Graphite anode 914 g Graphite anode
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@ Liions diffuse out from cathode charging

@ Liions exchange via SEI e——> .
@ Liions migrate in graphite layers e\ = -grap ene
T " CU s, Vs —
—Li
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\ @ Metastable Li-complexes reverse — S
Li-ECin

"~\ e @ o o e~ Electrolyte
=———— ?
e DLI*>
positive electrode
= material

° ] o o
voltage vs.

External power supply

Relative energy (eV)

]
electrolyte SEI” excess Lion EC excess Li into graphite
Li exchange
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