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E-Mobility — EV Penetration Rates
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S-Curve
Main Drivers: Technology, Policy, Markets

Technology
Markets
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Number of BEV-models available wor
Passenger vehicles

Number of mainstream BEV models on sale
446

Models > 1,000 units per year

2017 2018 2019 2020 2021 2022 2023 2024 2025

Source: LMCA Global Light Vehicle Sales Forecast
Q4/2020
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Poll No 1 — What are the top EV ConstL
Please rank them.

Top EVV Consumer Concerns

Battery driving
range

Charging time

Not enough places
to charge

Costof EV

Residual Value

Safety
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== o Range Building Block
Range anxieties
Electric vehicles, top five consumer concerns
% responding*

> 500 km degrease in production costs //
new production processes

M 2019

.o Super Fast Charging Energy Density

800 V /I > 350 kW cell to pack // cell to chassis //
new formfactors // new cell chemistries

0 10 20 30 40 50 60
|

Battery driving range

Not enough places
to charge

Costs are significantly
higher than traditional
vehicles

|

Cost
i material costs // volume //

Second Life

production costs refurbishment // alternative applications

Charging takes too long

i

Charging the vehicle Lifespan and Safety Diagnostics
at home is not feasible S e data management // digital production
*In seven countries. Respondents " _ twin // digital product twin

Source: AlixPartners select top three concerns
The Economist
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Horizontal Integr
Tier 1 as an interface between Cell Supplier and OE

Raw Module Module Pack Pack . Battery
: Cell Second Life .
Material compoenents assembly components assembly recycling
OEM
(Horizontal BM)

Tierl Supplier (Production cost per system 10-15%)

Cell
Supplier

R&D feature area spending breakdown by stakeholders
Contact tab

o . Battery cells Battery modules —
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Spending average (%)

Autonomy Connected car  Infotainment & E-Mobility Ul & UX ADAS (L1 &L2)
Cockpit

= OEM Tier-1 suppliers m Tier-2 suppliers
Battery management

Specialize/Test companies = Technology companies = Silicon vendors

Battery ce" Battery mOdule Battery pack Telecom companies

Source: IHS Markit

© 2021 IHS Markit

Source: Evaluation of a Remanufacturing for Lithium lon Batteries from
Achim Kampker, Heiner H. Heimes, et al..
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Vertical Integration
OEM Platform strategies Europe

Group Global xEV platform

VOLKSWAGEN

Modular electric drive matrix, MEB

Group

Global xEV platform
2020

Scalable Systems
(Sg?’) ("”n""n“ns“”)‘"“" " Premium Platform Electric, PPE Platform, SSP

Fensens Modularer Lings-Baukasten, MLB Evo
Volkswagen

RENAULT NISSAN MITSUBISH|
@ RENAULT
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Renault-Nissan-
Mitsubishi

J1-platform

Common Module Family — EV, CMF-EV

Lower class 1, UKL1
Lower class 2, UKL 2

Cluster Architecture Rear Wheel Drive, CLAR

Front wheel drive architecture, FAAR

F [

BMW BEV platform announced

MFA2, MRA, MRA2 & MHA

DAIMLER EVA1.5
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@ Mercedes-Benz

SEA
Daimler AG VAN.EA, AMG.EA & MB.EA
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Jaguar Land Rover

Stellantis

®_QI‘V1’\(_

Bugatti/ Rimac

st

ASTON MARTIN

Aston Martin

PTA

Jaguar BEV platform
STLA Small
STLA Medium
STLA Large
STLA Frame

EVA 2 (Daimler)

P Multi-energy platform xEV platform

B :cvplatform
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Raw Module Module Pack Pack Second Life Battery
Material compoenents assembly components assembly recycling

Cell-to-module Cell-to-pack Cell-to-chassis

Sources: P3 Group, insideEVs, CleanTechnica, Tesla

Public: All rights reserved. Distribution to third parties allowed.



Porsche Taycan batter

0-100 km/h: <3,5s
Range: > 500 km
Charging Time: 100 km / 4 min

—
p—
—

Source: Bild (Taycan-Forum)

Source: Porsche AG
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Key development aspec

Depth of added value

Mechanical

Concept development
Validation, testing
Series development
Industrialization
Production

Spare part service
Recycling
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Process

Slurry coating Electrode drying
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Li-ion Battery
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Liquid electrolyte solution

Public: All rights reserved. Distribution to third parties allowed.

+

Separator

Electrolyte solution

Cathode

Solid electrolyte




1991-1994 (Sony)
14500, 20500, 18650

Cylindrical

2017 (Panasonic |

20700, 21700

Battery Pack | Tech Talks
Peter Rawlinson, CEO

!
1993
Hard case
Li-ion
prismatic Dﬁ # ﬁ
(JSB) |
Several formats 2021 (BYD) Blade
(e.g. GSY LEV50) CTP technology
| @
1997
Soft case, pouch Several formats 2005+ Opposite tab
(Sony LiPo) (e.g. AESC-LMO) L _H|taih|, l£EXJ<_

j[J5wWj64&t=1412s

https://mwww.youtube.com/watch?v=2aD

Source: Vendigital
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https://www.youtube.com/watch?v=2aDyjJ5wj64&t=1412s

Poll No 2 -What is a preferred future

Please select one.

Go to www.menti.com and use the code 6218 8794

Future Cell Format

0 0 0 0
Cylindrical Prismatic Pouch Other
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Raw material costs push up market g

Year on Year Change in Costs of the Battery Cell Cathode Materials of Tesla Model 3 (60 kWh)

Amount Cost Cost Price Charts
March 2021 8 March 2022

LITHIUM
38.8 kg 465 USD 2440 USD i "
Lithium Hydroxide 12 USD/kg 63 USD/kg ’J__’/—/ M +425% in 12 months

NICKEL
785 USD 4750 USD '
16.5 USD/kg 100 USD/kg +500% in a feW dayS

COBALT
+45% in 12 months

145 USD 210 USD
55 USD/kg 80 USD/kg

Total: 1395 USD 7400 USD

per Vehicle per Vehicle Source: ACC, F. Carranza
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Future Trends for High Performat

Technology progress in chemistries
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Battery Chemistries Development

EV battery demand outlook by battery cathode chemistry
GWh
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Battery Chemistries Development - Solid-State

® Solid-_State Battery Players
}Lux SOLID STATE BATTERY TECHNOLOGY

By region

LANDSCAPE s
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Pouch Cell (1) Metallic anodes (2) Interfaces

Process Flow - . ) - ) Electrode Separator One Side ELT Formation )
o Calendaring Slitting Shaping Stacking Sealing Filling Inspection Degassing

Liquid

Electrolytes

Pack

Assembly Welding Sealing Inspecting Connecting Assembling Pesemliliin Assebling

LiB

(3) Physical contact

Composite cathode
Solid electrolyte

Process Simplification > 40% Cycle Time > 200%

Pouch Cell

e - - - e csembin repecion
Mixing Coating Calendaring ’ Lamination ;
for Glue Assembling Inspection

Solid-State

Electrolytes Pack

LiB :
Inset BMS nle} Voltage Pack
. " Control Unit .
Stacking Assembling A bii Assebling A ) )
SSEMDINg Bipolar solid-state Li battery
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Solid-State Li-ion Batteries Patent Landscape 20

— Solid-state Li-ion batteries with inorganic solid electrolytes
Main patent assignees

Cell manufacturing capacity (GWh)

C:Jld Ranking of patent assignees according to the number of their patent families related to

Pasiaiinic solid-state Li-ion batteries with inorganic solid electrolyte

LG A patent familyis a set of patents filed in multiple countries to protect a single invention by a commoninventor(s).
A first application is made in one country- the priority country— and is then extended to other countries.

Samsung SDI
CALB
EVE energy
Lishen
SK Innovation
Gotion High-tech
§ Farasis V8 156 148 142 140 13 444 5o a
Envision-AESC 59 57 53 52 52 52 51 48 46 46 44 43 42 42 42 41
Chinarept
Svolt
Northvolt

@ WMaterial manufacturers @ Electronic component manufacturers

o Battery manufacturers . Equipment manufacturers
@ Both Material and Battery manufacturers @ r&Dlabs
' End-Users and integrators

268 261 33

Number of patent families

100 200 300 400 500 600 700 800 900
82020 Operating  m2021 Opertaing Addition ®Planned ~ 2025 target
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Poll No 3 —Which country / region will
INn materials for Li batteries? Please select one.

Future Battery Supply Chain - Materials

42

EU+
UK
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Nickel: Quebec, Newfoundland and Labrador, Manitoba
and Ontario

Lithium: Quebec, Alberta and Ontario

» Graphite: Quebec, Manitoba and Ontario
* Cobalt: Quebec, Ontario and Newfoundland and Labrador
* Manganese: Nunavut

* Molybdenum: British Columbia

* Rare Earth Elements:; Saskatchewan and the Northwest Territories / dV E n I n C o

https://adven-industries.com/
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ELECTRIC VEHICLE REVOLU
AdVvEn ESAC Overview

ESAC Strength and Durability ESAC Process
Standard Slurry Competitor AdvEn ESAC Feed i ng Syste m
Coating Technology Coating Technology Technology

Blender/Mixer

4-Step Roller

Electrode Film

Die-Cutter

Cracked Damaged Un-damaged
electrode film electrode film electrode film
after folding after folding after folding




Conventional Activated Carbon AdvEn ASAC

Macro Pore Meso Pore

T BT

Micro Pore

ASAC has significantly greater
“Micro Pore” volume




Requirments for high performance green be

_ What  lnnovations Who

Fast Charging 350 kW+ New Cell Design and Chemistries, Cell Supplier, OEM,
Thermal Design Infrastructure

Range 500 km+ (100 kWh+) New Cell Design and Chemistries, Cell Supplier, OEM, Tierl
Integration

Lifespan, Degradation New Cell Design and Chemistries, Cell Supplier, OEM
Thermal Design, Data & Model

Safety (Thermal runaway) New Cell Design and Chemistries, Data Cell Supplier, OEM
& Model, Thermal Design

Design for remanufacturing Integration OEM, Tierl

Design for recycling Integration OEM, Tierl

and Product and Cell Supplier, OEM, Tierl

|
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