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About Circular Energy Storage

+ Leading provider of lifecycle data for for the lithium-ion battery
market

« Subscription of data and analysis and bespoke consulting
services such as custom reports, strategy and business
development and due diligence

+ Over 200 customers throughout the entire battery value chain in
North America (42%), Europe (37%) and APAC (18%)
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Circular economy strategies for electric vehicle
batteries reduce reliance on raw materials
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Batteries placed on the global market

LIBs placed on the global market by application 2010 - 2020 LIBs placed on the global market by application 2020 - 2030
(GWh) (GWh)
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Still volumes available for recycling will remain low in
comparison to what is placed on the market

Global volume of LIBs POM vs EOL and available for recycling 2021 - 2030 Global volume of LIBs available for recycling by
18,000,000 application (cell level)
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Volumes includes only batteries that has been placed on the market and reached their end of life. The data does not include production scrap or R&D/test batteries
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The lifecycle of lithium-ion batteries
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EVs values have depreciated faster than for ICE vehicles
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but the vehicles are still far from being scrapped.

Market price, USD

30,000

27,000

24,000

21,000

18,000

15,000

12,000

9,000

6,000

3,000

Prices Nissan Leaf in United Kingdom, USD, Augst 2021

30,000
27,000
o
o e
’0 ® 24,000
@ ( ]
(]
o o°,
21,000
°® o 4 °
® [ J [ J 2 18,000
D
(4 g
B e ® ©® £ 15,000
B
0 2% o o: °p° g
(] [ = 12,000
Frls  L°
d [ ]
o o .. %. o0 ® 9,000
%9 P .‘ ® 00
® 90 6,000
3,000
0
40,000 80,000 120,000 160,000 200,000

Kilometers driven

2011 ® 2012 @ 2013 2014 ® 2015 @ 2016 @ 2017 ® 2018 2019

Prices Nissan Leaf in Norway, USD, August 2021

o ® ° 00 o
o0 © o0 4 )
o ( X ) [ ) [
08 @ O ..
° QLos® ¢°
e .0.
(] [ ) [ J
* faly °
°® [ [
40,000 80,000 120,000 160,000 200,000
Kilometers driven
2011 @ 2012 @ 2013 2014 ® 2015 @ 2016 @ 2017 @ 2018 2019



Electric vehicles are exported - and batteries are

included

[ieas) 780008 2085620 rpu

KpeasT. TapanTAR. Copais. TNNAr. BST0D AONOMMTENIOCD
OPYAOREHAN # SCCRCCYE00R. Tracks In (Bawe sw1o ¢ (D06ers

P,

O Circular Energy Storage

Research and Consulting

Top 5 EVs sold in Ukraine
August 2021 (89% used import)

Nissan Leaf
207 units from
EU and the US

Tesla Model 3
71 units from EU
and NA

Renault Zoe
40 units from EU

Tesla Model S
38 units from EU

Chevy Bolt

37 units from NA w



If batteries can be reused, most of the them will be
- but not always in the expected applications

Reuse in EV

Stationary energy storage

EV Conversion
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Lead-acid battery substitution

Established
professional
organisations

In-warranty
replacements

Startups/
SME’s

DIY

¢ o T
Upgrade/range- ~ Replacement
extension

Residential
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Values for used EV batteries are continuously high for
packs and modules from high volume vehicles

Average prices used Nissan Leaf batteries, August 2021
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The end-of-life market for LIBs is diverse, complex and global

The end-of-life market for light electric vehicles is complex and very fragmented. Depending on how the battery reach end of life there will be different

routes with different access to the battery for the various players in the market. An important divider for a battery’s destiny is whether the OEMs are in
control of the batteries or not.

Test vehicles

Buyers of batteries/
service providers

Applications

Markets/buyer of
end-products

End-of-life batteries

Write-off vehicles

' ‘ Battery collectors
Upgrade replacements ) <7

In-warranty
replacements

Remanufacturing

I/

Reman specialists, OEMs

Replacement batteries (both in-
warranty and out-of-warranty)

OEMs, drivers of cars >8 years old,
drivers in non-original markets

Authorised\‘

treatment

\-—- facilities \ Car exporters
~ Independant
workshops

' Second hand ~ Cell refurbishers
~ battery retailers - overseas

Independent workshops, upgrade Second life specialists, EV conversion Traders, pre-processors, integrated
specialists companies, pack manufacturers, DIY- recyclers, recyclers overseas
ers, traders

o : Energy storage systems, EV-charging, Black mass, metal scrap, mattes and
Out-of-warranty replacement batteries EV conversions, range extenders, alloys, tradable compounds,
leisure batteries, power packs, backup precursors

power, maritime electrification
=& =~ 900 ]

Drivers of cars >8 years old, drivers Energy companies, fleet operators,
in non-original markets car enthusiasts, equipment rental
companies, telecom tower operators,
private users
= . |

The battery material industry, metal
processors, other users of specialty
chemicals
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Alternative sources of materials will be the main
feedstock for recyclers the next 10 years

Batteries from test
vehicles and R&D Unsold batteries Recalls

—_—— o 2

Production scrap




Volumes of battery waste available

tonnes
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Recoverable materials in lithium-ion cells

Separated materials
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Recovered material and end-products

—

Recoverable components
Casing of aluminium

and steel or m “‘

laminated aluminium oo "

Casings

Shredded steel, . A
aluminium and plastics % %‘%% 2

Shredded Shredded

Faimods aluminium plastics

Metals are turned into new
secondary raw materials. Plastic
usually goes to energy recovery.

Aluminium Steel

Current collector of
aluminium coated with
with a lithium-containing
metal oxide mixed with
carbon black and an
binder.

Cathode

)

Shredded aluminium
and “black mass”: a .
blend of active < A F
materials from cathode %ﬁ &

Shredded

and anode.

aluminium Black mass

Aluminium is melted and turned
into new aluminium products. R . .
Active materials such as nickel, L2C03  CosO4  NisO4  MnSO4
cobalt and lithium can be turned
into new battery grade chemicals or
into metals.

Current collector of

Shredded copper and

Copper is processed through

Electrolyte

be recovered.

T =

Fully recovered
electrolyte

but this is not believed to be done
commercially today. New

electrolyte

: . lting and and electrowinning to B 4
copper coated with “black mass”: ablend & ame ) ‘-\ 3
graphite, carbon black of active materials from %@‘@ new copper products. Graphite can  §:
and.a binder. B ————— pronct be, bur rarely is, recycled into new P P
e ’ copper Black miass battery grade graphite.
Separator of ' *,% s Theoretically possible to recycle A
polypropylene or Shredded plastics b plastics into resin used tq make new ‘*
polyethylene plastics. More often fraction goes to R .. s
Soparstor i energy recovery. P

i . Theoretically electrolyte should be =

t:gg'g elecholyte: " } Electrolyte “as is” can able to turn back into battery grade "



Prices recoverable materials in lithium-ion batteries

Value recoverable materials in different LIB chemistries March 2020 to February 2022 (USD/kg, cell level)

$/kg
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Current and future planned capacity of material recovery

Global battery recycling capacity, material recovery (tonnes intake, cell equivalent)
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Industrial pre-processing routes
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Multiple systems for pre-processing are in use today all over the world. Many have a similar design but continuous development

adds new variants of setups. Here are some of the most common:

Receiving and Pack Module

Discharging

classification disassembly disassembly

Sieving and

Shredding Calcination .
screening

Dissolving of Sieving and
organics I screening
Vacuum Sieving and

drying screening

Shredding

Shredding

Milling and Sieving and

Pyrolysis grinding screening

Cell Water jet
dismantling separation

|

Electrolyte, Electrolyte,

FE, Cu, Al,
PVDF PVDF plastics

End-products

Black mass

Eg. Ni, Co, Mn,
Li + graphite

Black mass

Eg. Ni, Co, Mn,
Li + graphite

Black mass

Eg. Ni, Co, Mn,
Li + graphite

Black mass

Eg. Ni, Co, Mn,
Li + graphite

Cathode
material

Ni Co Cu alloy

Example of users:

GEM, Sungeel, Brunp, Huayou
Cobalt, Ganpower

Guoxuan Hi-Tech, Li-Cycle, Battery
Resourcers

Duesenfeld, Redux, Volkswagen

Accurec, SNAM

Erlos, Kyburz

Umicore, Nickelhitte



Industrial material recovery routes

O Circular Energy Storage

Research and Consulting

Like for pre-processing there are also multiple systems for material recovery in use today. Some are more common than others but

basically all processes without direct recovery of cathode material involves leaching and most often precipitation:

End-products

Hydrolysis Leaching E!ec’_cro > Ni,Co
winning

P . Li2COs
Leaching Purification Solvent Selective NiSO4
(Precipitation) extraction precipitation '\CAOSS(C);
Black mass — _ nobs

Leachin Purification Co-precipitation/ Synthesis/ o

9 (Precipitation) selective precipitation sintering LiNixMnxCoxO»
M b X LioCO3
Leaching Smbrane Selective »  NiSO,
filtration precipitation CoS04
MnSOs4
s . . Electro
Calcination Smelting Leaching winning Ni, Co
. : (LiOH)
Ni Co Cu LeealiiG Solvent Selective , NiSOs
alloy extraction precipitation CoS04
Cu/CuS0Oq4
Froth Re-lithiation . .
Cathode Sintering > LiNixMnxCoxO:

material floatation and mixing

Li2COs Graphite

Example of users:

JX NMMC, Brunp (early years),
Recupyl

Brunp, Ganfeng Lithium, GEM,
Sungeel, Li-Cycle

Battery Resourcers, Green
Lion

Technology by Momentum
Energy, DuPont and others

Glencore

Umicore, Nickelhltte

Onto, Recell Center,
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The recycling value chain — Europe, current players O

Material recovery Precursor production Cathode production

Umicore (Be)
SNAM (Fr)
Accurec (Ge)

Ecobat (UK/Ge)
Duesenfeld (Ge)

Redux (Ge)
Euro Dieuze (Fr)

Royal Bees (PI)

Sungeel | Sungeel Hitech (South Korea)
TES Amm
cos 0o
Nickelhiltte (Ge) I
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The recycling value chain - international leaders O

Sorting and dismantling Material recovery Precursor production Cathode production
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Thank you!

hanseric@circularenergystorage.com




