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Saubermacher — for an

environment worth living
Closing the loop: unlocking the green

potential of Li-lon Batteries through
proper life-cycle management

Sauvbermnacter




Our mission

We take responsibility
for people

for the environment

for the company

for society
the regions

and ecology




Our vision of recycling — zer

yvaste

»
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The goal is to leave no waste behind and
to make all material recycable.
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Why get involved in battery recycling?
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Does recycling make sense?

 53C

2025

2030

3C: Computing, consumer, communication
NFZ: commercial vehicles

ESS: stationary storage

*Recycling von Lithium-Ionen-Batterien: Chancen und Herausforderungen
fir den Maschinen- und Anlagenbau, Fraunhofer Institut flir System- und

Innovationsforschung ISI, November 2021, S. 21

2035

2040

,Green Dea

Ill

2040: “climate-neutral”
transport sector in Austria
2050: EU and USA -
climate-neutral

Battery lifespan

** KTM, ICBR 2022
*** Robert Bosch GmbH, ICBR 2022 :eMobility and
Circularity - Learnings from EPACs, Gunter Flinspach

3C: ~2-3 years (up to 8 years)
Motorcycle: ~3-4 years
E-bike: ~8 years

Automotive: > 10 years

Sauvbermnacter
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Predicted return flow of batteries

3p0p o  —PKW —— NFZ . —— ESS Production scrap
— mmm Produktionsschrott Andere —— . . .
— — . MinMax In the medium term, production waste will make
“]] up a large part of the LIB return volumes,
2500 CAGR: 20%

particularly during the start-up phase of the new

| / 1 production facilities.

20009 ’ﬁmsm = /) End-of-Life Batteries
/ In the long term, EoL will represent the majority of
1500 CAGR: 17% ,/ returns; EV batteries are expected to have an
I—l // average life of 13 to 15 years.
/
1.000 CAGR: 31% // Efficiency gains
’—l 7 Efficiency increases are expected for the
s production and recycling of LIBs, among other
p 07 /// l/ - things, through improved process technologies
8 = and automation.
= |
o 2020 2025 I 2030 I 2035 I 2040 an I-ife
E‘?E?Jf“(?n' o i___f?_ __J i:__tu_ﬁ__J i 2 | i 618 | i 1553 | % Experts expect 'the'use of EV batteriesin a '
o - - — — : secondary application for 10-20% of the vehicles
schrott (in%) Looon | [T [T AT e and additional service life of 6 years.

Quelle: Fraunhofer-Institut fir System- und Innovationsforschung 151 5 g 5
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New suspects - safety hazard

CAUTION!

i o

LITHIUM ION BATTERY

DO NOT LOAD OR TRANSPORT
PACKAGE IF DAMAGED

For more information, call ........cccoeevmvnnnens
N N
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Rising number of battery related fires
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Il Major fires

' Mostly suniy 82/64 » Tosoerow: Sun

Democracy Dies in Darknes TUESDAY, MAY

The explosnve problem with recyclmg iPads,
iPhones and other gadgets: They literally catch fire.

0ld devices end up in trouble when we throw them in the trash, stick them in the recycling bin,
or even responsibly bring them to an e-waste center. There isn't official data on these fires, but
the anecdotal evidence is stark. Since the spring of 2018 alone, batteries have been suspected as
the cause of recycling fires in New York, Arizona, Florida, Wisconsin, Indiana, Idaho, Scotland,
Australia and New Zealand. In California, a recent survey of waste management facilities found

83 percent had at least one fire over the last two years, of which 40 percent were caused by
lithium-ion batteries.

Only the major fires make it into the news

Source: Nigl, T., & Pomberger, R. (2018). Brandgefahrlicher Abfall - Uber Risiken und Strategien in der Abfallwirtschaft. Recy & DepoTech. SMWWZ
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/_ Market growth: +10%/a .
A In the last 5 years ot E
6.000.000 = = 3
. 30 Mio. in 5
' 5.000.000 - = —+ 9% ©
W 9
9 Fire damage Same plant Lo &
g 4.000.00 — - T 7% c
0 =
g ] Same material Lo 8
T 3.000.00 5% $
o ° | +4% o
Ty =
% 5.000.00 3
0 | 429 5
T 1% :6,
1.000.00 | E
0
1990 2000 2020 P
Landfill fires
Causes Hazardous waste storage
Source: Nigl, T., & Pomberger, R. (2018). Brandgefahrlicher Abfall - Uber Risiken und Strategien in der Abfallwirtschaft. Recy & DepoTech. Sauﬁn%ﬂmcé@z
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Fire hazard electric vehicle —what to do?
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Source: picture alliance/Dennis Straubon/w-images.de
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Towing — Yes or No
=Y
WOVE ' - R19

Osterreichischer Verband
fur Elektrotechnik

Guideline for handling damaged e-vehicles (Annex H)

ot Accident damaged e-vehicles
=T Uncertainties in the adoption of
{2 electric vehicles by towing organizations
H Guidelines for towing (H.1.1.1)
<Gt Before a vethIe can b? loaded and
transported, information about the
e el type of engine as well as the technical
condition of the vehicle must be obtained.

e pl
" under observvation for 96 hrs

erature
increased further safety
temperature 7 % measures 5 g 5
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Storage of accident damaged e-vehicles

®» Storage in a safe place for min. 96 hours observation time (OVE-R19
appendix G)
®» Establishment of a quarantine/hazardous location necessary

Parking the vehicle in an open Possibilities of structural Storage of removed modules
area (OVE R-19 G.1). protection measures(OVE R-19 and packs

G.2)
The vehicle must be parked at a Battery Ordinance NEW Art. 49
sufficient distance from other A suitable parking space can also (3) [expected to be implemented
vehicles and buildings. be built with the necessary fire mid-2023]:

protection equipment.

[ e N\ e N\ ) N Prescribes the provision of an
B _— oo appropriate collection
Vi £ W infrastructure for spent batteries
A E‘g s that meets applicable safety
== requirements.
e

Sauvbermnacter




konferenca
komunalnega 4
W gospodarstva 2

Solution for accident damaged e-vehicles :
Saubermacher Batteries

- e e e e e e e e B e R R =
| |
| |
| |

™k : ) 24/7 Alarm und .
ade s | |y : s, Notfallhotline :

ﬂ hHotIrvaSQBOO 5000 J I I
| |
| e, . e o & = |
f ™ "= "= o Em Em EE EE SR Em Em Em EE SR Em R e =

Safety containers without mtegrated tank W|th or W|thout lid (MPV,
pick-up and LCV).

+Integrated temperature sensors incl. pre-warning system
+Smoke detector and video recorder optional
+Watertight compartment

+External water supply

+Extinguishing water is pumped out after use

TL
LILIT I
[
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EU regulatory framework — targets for waste batteries
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Portable batteries placed on the market

NiCd Pb

NiMH || 13% | |3.1%
6.6%

NiCd Pb
0.3% 3.1%

NiMH
4.1%

Rechargeable
batteries: 29%

Rechargeable
batteries: 26,3%

Li-lon
21.5%

Li-lon
15.2%

others V
3.3% AlMn
AlMn others 59.4%
61.2% 3.5% :
ZnC Primary batteries: 71%
9.3% ZnC

Primary batteries: 73,7 % 8.1%

Germany, 2014 Germanz, 2020
65.000 t portable batteries

Source: Erfolgskontrollberichte der Rlicknahmesysteme fiir Gerdte-Altbatterien 2014 und 2020 Sauﬁezﬂmcé%
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Different battery types

ch ‘H ‘ e
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Different battery types

ZnC
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Different battery types
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Different battery types
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Composition of the main elements

40% Ni: 38% Mn: 36%
Ni: 13% Fe: 23% Zn: 14%
Cu: 6% z::fh- 9% Fe: 21%
Co: 5% '
Mn: 4% Co: 3,5%
Al: 4%
Li: 2%

*Recycling von sekundaren Batteriesystemen, Montan Universitat Leoben, Dipl.-Ing Matthias Kaindl 5

**Protokoll HYT Analyse AIMn Offenbach 04.04.2022
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Redux — Smart Battery Recycling

350m TURNOVER 70m TURNOVER
Capital intensive Technology/personnel-intensive

—® QOperating Figures e

o >20 years of expertise, leading
battery recycling company in
Europe

Saubermadher _ _
HOLDING o 4 production sites
o 110 employees

o >200.000 tons of recycled
batteries

Sauvbermnacter
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Battery recycling sites

N X
BremerhaverP 1 . . 00080 -

°°:::zzzzzzz.. & 30

o
.........'. P/
©o. 00000 - 2a/i\

Sites in Germany Sites in Austria

Sauvbermnacter
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Redux- Circular system of Li-lon Batteries

e.g. active material of the
cathode HETELLL
O Inserting the battery into
| Corbaish) /—b the devices
i, it - ry . ‘
5. QLLL® :
( i CENSINg:

Production of the battery - Legally required
.‘EU’M,,'.‘“‘, * . - Voluntary d|sp_&ns ation
| -Sh

¥
Secondary raw
material extraction _ -
e.g. active material of the Production Use of the
cathode waste devices/batteries
TP D é) 1
7o
Eooey e >
Use 2nd Life
Recycling Collection |  Reuse/Repurpose of
) ; ) | Own collection or service | batteries
Recycling of battery’ production . rovider for systems
cecondary rew maerls P y | B Eh
v - recycling ~ = -
-’a_‘e_‘-s‘" Sortllng: discharge, | E ‘ |
disassembly e
«—

Eol Batteries

Sauvbermnacter
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[,

End-of-Life

batteries fm———————— -
ReC Cl | n I 1 6 Thermal |
_________ 1 1
y g |( Discharging & : « 7 _ treatment | ‘
pro cedure . Disassembly @& Mechanical Aluminum,
@ > copper and
_ treatment iron

'

Black mass
Pyro- . |
metallurgy | l

(6 Thermal 1
L treatment '

6 Hydrometallurgy 6 Hydrometallurgy 6 Hydrometallurgy _l
ooy ! [ ooy

Nickel Cobalt Copper Lithium Lithium Cobalt Nickel Graphite Manganese

W o @ 0000 0......
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E REDUX - Process \\
| End-of-Life l |
batteries fm——————— - |
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Saubermacher — for an

environment worth living
Closing the loop: unlocking the green

potential of Li-lon Batteries through
proper life-cycle management
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