- BEUS Sof 3R BE L g BY
» 7| LhA7| 20| A W OF o= (Ll Eg 2, &

=®i3 3)0| HiH 2| = AR *IE
— Teslal| =7| Roadster: Lotus chassis 7| &t

* Tesla Model S (2009)

- XrEFHorF0| A2 HiE 2| B X|: X FA S 0| ROHA ¢t
MZt0| =OX|H sHE 2| kA

o o
— Box on Box(H{E{ 2| SEHZ): HiE{2| & S7H0f Cist &8 &
=>AHE 2ol =2t
- Skateboard Platform: ™ 7| Xt &7
- HiHE| ==0| ¢tEF (2FO|EEE 58 % HiE{ 2|7} XbX]
St= H|&, 70%0[35})
— HiE (ol =X TiX|: Xt =0 7[0f?

P
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GM’s AUTOnomy Project (2002

- T2z AEF

THE AUTORCMY SHATEBOARD

THE AUTOHOMY COUPE

AUTONOMY

A A&7 CfA el

Electric vehicles = Disruptive

Hybrid technology = Sustaining
Fuel cell technology = Disruptive

GM AUTOnomy = Disruptive

:) UNIVERSAL DOCKING CONNECTION
Power communication port

that connects the body contrel
systems — steering, braking, power
and climate — with the skateboard

(® CONTROL SYSTEM

The vehicle's brains, controlling
the x-by-wire functions, telematics,
suspension and climate; central
housing for vehicle's 42-volt
electrical system

&) REAR CRUSH ZONE
Optimized to help protect
vehicle occupants by

absorbing crash energy

}) BODY ATTACHMENTS
Mechanical locks that secure
the body to the skateboard

HEAT DISSIPATION {3
Releases heat generated by

the fuel cell, vehicle electronics
and wheel motors

FUEL CELL SYSTEM
Fuel cell propulsion system,
including fuel cell stack and
hydrogen storage tank

}) FRONT CRUSH ZONE
Optimized to help protect
vehicle occupants by

WHEEL MOTORS (& ¢
absorbing crash energy

Four-wheel-drive motors
that propel the vehicle

Vehicle Platform

“The fuel cell is as big a change from the
internal-combustion engine as the internal-
combustion engine was from the horse.”

Key Challenges
v Industry Wide

» Distance Constraints ﬁ .
300 mi trip limit '

Lack of infrastructure for fuel ceII
recharging / refueling \:’
>
+ Cost Constraints V1
Cell itself is 10 time too expensive

Low fuel costs in US lower ROI for US
consumers

» Technology Itself Unclear :

State
- Hybrids: interim or long-lasting?

Compressed Gas vs. Liquid vs. Solid ﬁ‘
i

» Specific to GM

“Industry Leader” Goal
Current Hy-Wire approach threatens
status quo at GM
Pressure from the press for updates
Annual prototype roll-out
Large scale volume expectations

» In-house Development
Preference
Independence from outside suppliers
Recruiting and building the right
team
Limitation of leaps of thought by
team
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Global EV Platforms

* Volkswagen Group MEB

 GM Global EV Platform

« Toyota Electric New Generation Architecture e-TNGA
« Renault-Nissan-Mitsubishi CMF-EV

* Hyundai-Kia E-GMP Global EV Platform

Automotive |Q Guides: Electric Vehicle platforms (2019.10.07)
Top Five: Global EV Platforms (2020.06.18)
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Volkswagen

Battery

Charging port

Optional

- Volkswagen W = Motor/drivetrain unit

Concept vehicle shown. Not available for sale. Specifications may change.

https://www.youtube.com/watch?v=9rxcZMZ3blo
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Vehicle Platform

MEB (Modular Electric Platform) structure & benefits

The all-new e-platform gives many customer advantages and allows different
sizes and ranges to be fitted to later ID.3 and ID models

Battery construction

Battery cell Battery module Battery system

Q Wide wheelbase,

—> ShoIt overhangs
Rear-wheel drive for
lfﬁ}ﬂ optimised weight
distribution

Large, narrow
wheels for
aerodynamics

o -

5  Newcentral

L - computer system
- 7 Modules 9 Modules 12 Modules
=45 kWh =58 kWh =77 kWh
3 ®
Increases amount | Offers variable Battery Capacity based
of space in the interior E different driving demands

4

=¥ Electrical range starting roughly

=¢ at 200 miles with higher battery ranges
optional + High Performance
Charging (80% in 30 minutes)

Guarantees the best
design and positioning
for the batteries

Ensures optimal vehicle equipment
for electric vehicle requirements
by taking into account what axles,
drive units, wheelbases, and weight
ratios need to look like

flexible modular system exclusively
for Battery Electric Vehicles
(actually a matrix of common parts)
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MEB vs. MQB

Motor/drivetrain unit Fuel tank

Engine/Transaxle Assembly —< | <<

Battery —

Disc brakes

- Exhaust

AWD drive shaft

— Disc brakes
Radiator
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THE MEB PLATFORM (1)

— MEB is built around the battery

Wl m v o ey
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Battery cell

Manufacturer: LG Chem
Model: LGX E78
Voltage: 3,65V
Capacity: 78 Ah
Weight: 1.073 g

1 - Gravimetric energy density: 265 Wh/kg
Electric-platform battery system Chemist: NG ot

MEB - The modular electric drive matrix

Battery cells
Battery module
Battery system
Battery

Drive unit
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Vehicle Platform

Battery Pack: Modules (24 cells)

low medium high
Total capacity (kWh) 55 62 82
Usable capacity (94%) 52 58 77
Modules 8 9 12
Cells 192(96s2p) | 216(108s2p) | 288(96s3p)
Total Cell Weight (kg) 206 232 309

TMS

Active liquid cooling
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Upper part of housing

Cell module Cell management controller

High-voltage connector

Connector strip

Battery housing
Battery management system

Base plate with cooling system

Underbody protection
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THE MEB PLATFORM (2)

6—o

+—>
larger wheelbase
short overhangs

bigger
wheel diameter

Oel = =k

no centre tunnel : central computer unit
rear drive trunk volume

+ 4WD ~ICE @

Volkswagen
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THE MEB PLATFORM (3)

6—0

<+—>r
larger wheelbase
short overhangs

O O
osja5)]
Maore space in driver's

area and in the back;
higher seating position

P
L

/]
/

bigger
wheel diameter

)] :%

central computer unit

ayNa

[
—
no centre tunnel

rear drive trunk volume

+ LWD ACE @

Volkswagen
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THE MEB PLATFORM (4)

-

different body shapes

6—o

+—>
larger wheelbase
short overhangs

@) O
“s5je5)]
More space in driver's

area and in the back;
higher seating position

L/

/

bigger
wheel| diameter

apNa

L e

no centre tunnel

il :-m\

central computer unit

rear drive trunk volume

+ WD - ICE @

Volkswagen
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THE MEB PLATFORM (5)

I.D. LINE UP.

The first family members.

Lounge- I.D.
I.D. |.D. CROZZ SUVe VIZZION I.D. Buzz

m E Flm

. Best of SUV and BEV Loving heritage
Urban lifestyle characteristics Sporty & elegant meets innovation

I
@
o)
1]
m
—
m
N =
L=

Volkswagen
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THE MEB PLATFORM (6)

MEB-based model: 1) Five-passenger ID model MEB-based model: 2) Eight-passenger MPV ID Buzz
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Volkswagen’s ID family development plan

— 2020: To produce 600,000 EVs based on the MEB platform
(announced at Auto Shanghai).

— 2022: To increase the number of EV models to 20 (currently
two); sales target of 1mn units

— 2025: To increase the number of EV models to 50 and raise
annual production volume to 3mn units (25% of total)

— 2028: Sales of 15mn units and 55 MEB-based EV models =
Sales of 22mn units and 70 EV models

e == “ o
- <Neo -2019> | <Crozz -2020> | <Vizzion -2022> <TBD -2022> | <Aero - TBD> <Buzz - 2022>

Segment Hatchback - C SUv-C Sedan - E SUV-B Sedan—-D MPV -D

Site Zwickau Zwickau Zwickau Emden Emden Hanover

Notes First ID model Coupe-style Luxury model Under Similar to Passat LCV version to
crossover EUR20,000 (sedan/wagon) be launched

- Concurrent development of sedan/hatchback/SUV/MPV models (design for manufacturing)
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Significance of MEB platform

« At CES 2019, Volkswagen announced that it would
manufacture and sell its MEB platform.

* The company’s first MEB customer is €.GO Mobile, an EV
start-up based in Germany.

» Based on a partnership with Volkswagen, Ford (F US/CP:
US$10.41) plans to introduce 16 EV models by 2022.

* In an effort to make forays into the Chinese market, the
company is also providing its MEB platform to joint ventures
involving Chinese automakers, including SAIC (600104 CH/CP:
RMB27.38) and FAW.

Volkswagen to expand partnerships based on its platform
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Audi: PPE (Premium Platform Electric)

— 800-volt architecture with efficient cooling systems

» charge at rates of up to 350 kilowatts, making 80-percent
charges in about 20 minutes possible

MLB evo J1 Performance Platform
Audi e-tron Audi e-tron GT concept

MEB Modular
Electrification Toolkit
Audi Q4 e-tron concept

Premium Platform Electric PPE




GM: Ultium (2020.03.04)

FUTURE
ELECTRIFICATION
BANDWIDTH

v

MODULAR
ARCHITECTURE
TO FACILITATE QUICK
AND COST EFFECTIVE
SEGMENT ENTRIES

GENERAL MOTORS

https://www.youtube.com/watch?v=5YeJUsB1ehg

Introduction - 56

Vehicle Platform



Vehicle Platform

TOYATA: e-TNGA

Dedicated platform collaborative planning ( S22 ): e-TNGA 2
) e
passenger position;

Total
width

—

C

o | (][]

Wheel base

C_J
{—}
Change

Front motor Q Rear motor

Determine fixed points and points of: change, and respond fluidly

to multiple variations
START YOUR IMPOSSIBLE TOYOTA

Module development: e-TNGA 28

WAL ATIIAT Y T

Front module Center module Rear module

Overhang Wheel base Overhang Capacity Output
Short Long Short Middle Long Short Long Small Medium Large Small Medium Large

Deploy multiple variations efficiently

START YOUR IMPOSSIBLE TOYOTA

https://newsroom.toyota.eu/toyota-to-preview-all-new-battery-electric-suv/
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CMF-EV (New Modular Electric Platform)

Flat floor

Augmented roominess

https://www.youtube.com/watch?v=yUSDe9Qllho
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7| Kr A THe| AEM[CH =582 E-GmP

« EVHE E—GI\/IP(EIectric—GIob | Modular Platform)
- HiE 2|2t ZHE It XF o 37+ BHE == 7| If20]
st A4EH2 0= =0t

- 20| w2} BiE 2] 8 CHEA X a}BA of2f 2 Ho|
27l 58

https://www.youtube.com/watch?v=BTvai7268Zs
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— Hyundai, Kia Invest 100 Million Euros In Arrival EV Start Up
(2020.01.16)

— Hyundai Adds Electric Vehicle ‘Skateboard’ Project With L.A.
Startup Canoo To $87 Billion Mobility Push (2020.02.11)
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Platform War to Unfold

» Porsche-Audi: The PPE platform will be used to build a variety of
B/C/D-segment models (SUVs, sedans, wagons, and hatchbacks).

* Mercedes-Benz-BMW: To launch volume-production models under
the Mercedes EQ brand name (EVA platform)

 HMC-Kia: Set to launch new EV models built on a dedicated platform
named E-GMP in 2020

« GM (GM US/CP: US$38.80): Will also release new EVs based on its
third-generation EV platform (EV3) in 2021

HMC'’s E-GMP platform Audi’s e-tron GT concept (PPE platform)

Audi e-tron GT concept
118

Vehicle Platform Introduction - 61




BEV vs. ICE

Desirable attributes of a BEV include low centre of gravity
(handling), flat low floor {interior packaging), cabin forward

(more cabin space for same vehicle length).

— CABIN FORWARD

.

I

BATTERY PACK

)

1010W-3

I

-

lFLDDR DOWN
® BATTERY PACK

Vehicle Platform

ICE attributes include a high shaped floor to accommodate ICE
components and the cabin set back to provide crash protection.
OEMs need separate architectures to avoid compromises.

I o ock

.

FLOOR UP

o
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The industry is walking from ICE to BEV via a 4 step process
which leads to compromise, complexity and the largest step
(platform changeover) not taking place until the end.

Vehicle Platform

Step d

ICE: Vamlla lntemal

Combuostes Enmne Vihscle

Step 1

FHEY: Crium in F-Motor
inad Battery Pack, addme

wrrgsht md enking wp space

Sgep 2

BEV on ICE Platform
Artemmpst BEN by smopparr
ot 10 wod trymg 1o b
sufficent B eomponens in

S PR W ithout eanng up

ot metal

Step 3

BEV: v ovescome major
CEMTE ML m HEY on
rrm, lmlbd

I BEV an BEN
with all ne

BATTERY PACK
0

Starting with a BEV (E-FIRST) and walking back to what is
affordable today is a better approach in our view. An approach
with flexibility and which sees OEMSs transition to dedicated BEV
platforms sooner rather than later.

a TR _ b

Step 0

BEV: Dessgn optimal BEY
Magtvarm, 1 lame batteoy pac

35kWh ), o compromse and

Step 1

E-Finit BEV: 2 large batten
packs [35kWh+]. Semall
aclpstmienss m design
acommmosdate 1.1 compoosents

Il NOCCSsary orampic #ong

Step 2

E-First FHEV Perfonmance
Mantmn dectne dnve, add 1CE

mpersenes back me Dhel |
Misntr, T8k} rigrry sarmll]
1€ n= gencrarme

Step 3

E-Firit FHEV Eniry Level
AM=ninn coctos dove, adkd 101
coimponenis back i Smgle |

Mo, 4kWh battery, amall 1R
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Same Platform and Architecture

E-FIRST enables OEMs to produce vehicles comparable on cost with 48V (though better on CO2), PHEVs and BEVs all off the same
platform while offering all the advantages of a dedicated BEV platform to the customer and none of the compromises inherent in BEVs
sourced off traditional ICE platforms.

Entry Level ECD AWD Performance / Premium FPure Electric

SWh Banery, P kW Bancey, W AWh Banery, AWD NN Bamesy, AW =43RN Bamery, AW, Mo 1CE

Il_,- \1' Il;' \\ I.r"' ""nl f'f -\'I |'f ‘\l :n.l.r_nmmh

- - e T e T
- Fuel tank
_ Exhaiss aysrems, cooteds

B:l E‘I '::EI Bl v pack
N
- I =l PrilEriin, VeI, CoiEiids
Space desipned for banery packs
Coz [ Better than 48Y ICE Imvproving {at increased cost) Hern wilpipe CO2 >
Source: Evercare IS| Research, Ad Punctum
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Tesla Battery Day (2020.09.22)

We Have A Plan To Halve The Cost Per KWh

CELL FACTORY

|

CELL DESIGN

ANODE MATERIALS

CELL VEHICLE
INTEGRATION

CATHODE
MATERIALS
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Structural battery

part of chassis Larger tabless design

simplified design Cell to vehicle
integration
7% 5 X energy, $25,000
Cell desngn :
Dry coating 4% 6 x power,
process, ’ range +16 % Car
fully automated
cell assembly
oo ~50 $/kWh
Cell factory ’

18 % \. Si anode at 3 TWh
Cathode

= ) 1.2 $/kWh in 2030

Process innouation (metal + water),
diversified approach (LFP, Ni-Mn, high Ni), US Li reserves, in-house recycling
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Stacking Up The Benefits Of Tesla’s Vertical Integration

RANGE INCREASE $ / KWH REDUCTION INVESTMENT PER GWH REDUCTION
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Battery Cost

A New Trajectory

INDUSTRY TREND TESLA

Battery costs will decrease significantly by 2020

A €/kWh

300

200

100

-----
L]

Il battery system
battery cell
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VOLKSWAGEN

BETIENGESELLITCHAFT

Analysis of the value chain to achieve the target of <€100 / kWh

; < : Case, electronics and
Commodity Raw material Cell / Formats Module incl. assembly
sub components assembly
AR rouch

&g NMC
Lithium (Lithium Nickel Manganese
kel Cobalt Oxide)
Nicke Prizmatic
Manganese
Cobalt | | )
Graphite Round

70% added value 10% 20%
_—-v-—_

Main factor to achieve target
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Improve Mass And Range:
Structural Fuel Tanks vs. Structural Batteries
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Revolution In Body + Battery Engineering

10% MASS REDUCTION 14% RANGE INCREASE OPPORTUNITY 370 FEWER PARTS

Simpler, Smaller, Integrated Battery + Body Factory Of The Future

55% REDUCTION IN INVESTMENT PER GWH 35% REDUCTION IN FLOORSPACE

CURRENT FUTURE
Vehicle Platform Introduction - 71




Cell to Pack = Cell to Body

— HiHZ| 25 mjZct & I M z=-> HiE 2| & XM S XtEFHiC]
of Atz H&

- 7|& B0t 4 2 46802 2 HiE 2| & MS(HIHE 8 B
1) > BE2&FHAHE|1, SZH(trunk, frunk)?, XWP*“ 01| =

— Unibody 7+Z& S8 &: 7| =2| 2Hd &l XtEFe| i 2| S = F
St o EHeItEtOI HH1 O & CrEMEH B 2|7 X E St
o |:||.|:
= O
— Model Y =8| &8 & F=X7| =& (Fremonts &, 2020.08)
- AN oEIHrEI (kS
- 7|0 MIHE HED 7070 EES Mt HEH > 471 22y
E2|=o| Z&tE S|, &F & 27, X&)
- 2022'4 StV =< HEZ 7|7t E2[0| A it A=l
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Honeycomb Structure

— HiHZ| &1 AIO|=F 7 ¢ = 7ts
- (skateboard) =7} El | AO|=THE SIEZ 7 2 H
H
o

= 4 , 270 THE,
= 2ZH otE > Hig 2| d i Eo| =& o= =H It
— od
. Z[ADHO| XHEE =232 3zt Z8 B
o Ap A ALO|E 42|, €22 S IR Al § etH
« O XtN[Z AHA] —_rL_n_g NS, BHE{2[2 28 + XpEAA B &
P
S 21
- Hlg=Y
« BEEF7LA 370 HE M2 NZH|E, H A =2|H[ &, = E
&>d9| AtE=t
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