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Motivation for Recycling of Batteries INVENQOX

ADVANCED BATTERIES

= QOur ENVIRONMENT cannot cope with any more pollution
= LEGAL requirements

= Lack of exclusive MATERIALS

= Dependence on critical SUPPLY chains
= To high supplier PRODUCTION cost and oem VEHICLE price I
= Weak CO2 footprint due long distance logistics

= TAX load will increase in production and use.

In typical HYDAC/INVENOX applications, the battery system can account for up to 25-60% of the total vehicle costs!
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Motivation for Recycling of Batteries INVENQOX
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The global HYDAC Focus in Mobile Electrification INVENOX

ADVANCED BATTERIES

... a holistic markets, product portfolio and knowledge approach
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The global HYDAC Focus in Mobile Electrification INVENOX
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... within a powerful network

GY(1.Y® NEW TECHNOLOGIES

Energy Supply & Hydrogen & Fuel
Infrastructure cell applications

Zero Emission Mobile Machines

Systems Engineering, Business Development, Portfolio & Project Management

=NGIrRO

1YDAC INTERNATIONAL
E-Mobility Dedicated Product Divisions

SOFTWARE COOLING

MDBILHYDRAULIK 2040-X8 FLUIDTECHNIK GY.® SYSTEMS & SERVICES

R&D, Product Design and Product/Project Management for E-Mobility
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Company Profile INVENOX

ADVANCED BATTERIES

Foundation 16.05.2014 Spin-off from TI-ITI

Garching near Munich
Location « 1,200 m? Office Space
e 4,300 m? Production Area

95 Employees
* Thereof 35 Engineers Mech / EE /

People
Software
* Thereof 20 Students & Interns
Quality g
Certified QM System since 2016 ISO
Management i
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What'’s the value we offer? INVENOX

ADVANCED BATTERIES

Research and Pre-Development

Lithium-lon Batteries Analysis of Safety, Cycle Lifetime and Performance of Various Cell Types
Module Design Patented Technology and Further Development o owaieo1e
Battery Management System Development of Hard- and Software in House x5 i
R INVENOX
<. TIT=-. ~75%DoD.
Product Design, Production and Customer Service )
Concept Phase Supporting the Customer in Dimensioning for the Application and Requirement Definition N

|||||

Cycles

Design and Simulation Mechanical and Electrical Design of the Battery System to Customer Needs

Production and Supply Chain From the First Prototype to Series Delivery

Service and Aftersales Comprehensive Customer Assistance during Installation and Troubleshooting
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What are our fields of application? INVENQOX

ADVANCED BATTERIES

... a wide range of different technical and commercial requirements
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Product Portfolio INVENOX
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Customized / 48 V
Upcoming Standard 17 KWh | 22 kWh

Passive Cooling

1400V

20 kWh | 25 kWh
Liquid Cooling

Passive Cooling

800V

66 kWh | 88 kWh
Liquid Cooling

Passive Cooling

|
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INVENOX' Innovative Cell Connection System INVENQOX
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Aluminum PCB

v’ Electrical Power Wiring

Direct Heating . .
Bonding Material

FANTASTIUM®

U /T Measurement
Single Cell Fuse
Mechanical Stability

ASERNEENERN

Copper Layer —_—

Insulation up /

to 6,000 Volt Aluminum
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Battery System - Component Complexity INVENQOX

ADVANCED BATTERIES

Battery Cells
Various Mechanical Parts (Metal, Plastic)

Conductive Polymer Components

PCB & PCBA
Electronic Components (Relais, Fuses...)
Connectors, Cables, Bus Bars, Wire Harness...

Gaskets & Sealings

Screws & Fasteners
Housings & Mountings

Cooling System Components
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Battery System - Raw Materials Complexity INVENQOX
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Battery Cells: Lithium, Nickel, Cobalt, Manganese, Graphite, Copper, Aluminum, Steel, ...
Module PCB: Aluminium, Copper, ... 3
Li Al
. B o 25 26 27 28 29 _
Conductive Elastomer: @ s Mn Fe Co Ni Cu Al
Manganese Iron Cobalt Nickel Copper
Electronics: Copper, Tin, Gold, Silver, ... W
. . Ag
Housing: Aluminum, Steel|, ...  a o , Silver
7Y ! ) {_ e 4 79
+ Various Polymer and Ceramic Materials. .. P PR AY Au

Effective Recycling is crucial!
« High & volatile Prices for scarce and precious materials
* Mining and Disposal cause Environmental Damage

* Dependency on specific Countries = Supply Chain Risk
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What comes after a Battery’s service life?

INVENOX

ADVANCED BATTERIES

Used modules
with adapted
BMS and case

Feeding into
the grid

Stationary storage

Dissassembly Q%
of the % | »

components i *

(

Test / analysis

|

Cleaning

|

A 0

Refurbishing

Remanufacturing

1

Sorted o

battery cells Em'55}0n5

cleaning

Melting

furnace & i I I g

pelletizing g * *L¥¥s —
o Cinder

e ¢ (constr. ind.)

alloys Vg .ind.

Nickel Copper Cobalt

S R SRR SR SR SRR SRR SRR SRR SRR e e e s e

Lig. Nitrogen

Burning
Hydrogen
Precipitate
Lithium
Plastics
Metals

Reaction

Shredder steps

INVENOX - Advanced Batteries © 2024 Any reproduction is prohibited



State of the Art — Tesla Cybertruck Battery INVENOX
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— Sandy Munro

B
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https://www.youtube.com/watch?v=ipe5A4ZN3Gc
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Efficient Refurbing Process INVENOX

ADVANCED BATTERIES

r——-—————q
1
] 1

Electronic
Components

S
5‘5‘&@

Used C Refurbed
Battery Battery

sl Disassembly
sl Quality Check & Assembly
sl Disposal

INVENOX - Advanced Batteries © 2024 Any reproduction is prohibited “



Future Production Process
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Effect on Cost and CO,-Footprint INVENOX
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B ost ® 026 Battery Cells dominantly determine both Cost and

CO,-Footprint of a Battery System!

-20%
-30% Extended Usage of Material greatly improves the
Manufacturing Cost and the Environmental Impact.
-50%
Additional Commercial Benefit:
-70%
Enabler to meet Targets required by emerging Laws
- and hence to avoid Taxes, Fees & Penalties:
- IIlI. v CO, / GHG Emissions

v" Recycling Efficieny

New Battery Refurbed Battery  Second Life Battery
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Summary INVENOX
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Battery Recycling is highly important!

Cost CO,

Reduction Footprint

Ressource
SY-\lgle

Smart Technology for easy Disassembly enables to unleash the Potential

INVENOX - Advanced Batteries © 2024 Any reproduction is prohibited



ENO

ADVANCED BATTERIES

Q o ®

INVENOX GmbH www.invenox.de steffan@invenox.de
Schleif3heimer Strafle 104a
85748 Garching
Germany
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