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Topics

1. Vehicle Development Philosophy: 5S
2. Situation of Thai Automotive Industry

3. Next-Generation Automotive are
Disrupting Automotive Supply Chains
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Vehicle Development Philosophy
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Photo: https://cdn.carbuzz.com/gallery-images/840x560/912000/500/912510.jpg
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The Evolution of Automotive Technology

3000 - 2500 B.C. 1771 The first steam engine 1860 The first commercially 1885 Benz Patent Motorwagen

Carriage powered vehicles by Nicolas- internal combustion engine The first practical modern automobile
Joseph Cugnot by Etienne Lenoir was produced in series production.

2008 Tesla Roaster (BEV) 1997 Toyota Prius 1996 General Motors Ev1 1908 Ford Model T

Newcomer in automobile The first mass-produced The first mass-produced The first mass production
industry gasoline-electric hybrid car electric car of automobile. PAGE 4
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SAVE TIME

Photo: https://toyotaquezonavenue.com.ph/4-road-trip-tips-for-new-toyota-vios-owners/ PAGE 5
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- How long does it take from Bangkok to Chiang Mai?

l//‘ 1 hours

,l
’

-

@@ T 9 hours

S 17 hours

7, e —— ¢ J )

PAGE 6
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SAVE LIFE

Photo: https://www.scienceabc.com/innovation/how-are-car-crash-tests-carried-out.html PAGE 7
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- Road Safety

50 million injuries and 1.3 million fatalities due to traffic accidents occur every year worldwide.
In 2021, Thailand will have the highest rate of road accident fatalities in Asia with 21,745 fatalities, or 32.7 per 100,000 people.

World Health
Death on the roads »O0 Eﬁ rld Hea

Based on the WHO Global Status Report on Road Safety 2018 Orgamzatlon

-

. e 0 @ L e Dnnk dnvmg Speed Helmets Seat belts Chlld seats YA Vehlcles 5

WHO regions Coumnes/areas All road users m Motorcycllsts Cychsts

Deaths per 100k people (all)

Click again to see all
information about Thailand

100k people
(all) (3]

*m Hover or click to
highlight on the map

I Data not available
M Non applicable

Credits & info

Source & Photo: https://extranet.who.int/roadsafety/death-on-the-roads/
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- Safety Belt

V-type three-point safety belt

Since the 1960s, Bohlin's belt has saved many
hundreds of thousands of lives and prevented
or reduced the severity of injuries among
many millions. This makes the three-point
safety belt the single most important safety
device in the car's 120-year history. And that's
not just Volvo's claim.

As confirmation of its effectiveness, Bohlin's
invention has been identified by German
patent registrars as one of the eight patents to
have the greatest significance for humanity
during the hundred years from 1885 to 1985. 2
Bohlin shares this honour with patent-holders (G - vy A Nils Bohlin demonstrated his life-

such as Benz, Edison and Diesel. — -— saving innovation to mark the
40% anniversary of his

Inventor Volvo 3-point Safety Beit

Source: Volvo Cars, https://www.media.volvocars.com/global/en-gb/media/pressreleases/18405 PAGE 9



- Safety system in vehicle

Passive Safety System Second Wave of Active Safety

Seatbelts Airbags Deformation Autonomous emergency
Zones braking (AEB)

First Wave of Active Safety Systems

—
~.

\ )
‘ Speed limit

information (SLI)

Anti-lock braking Electronic Stability
Systems (ABS) control (ESC)

Source: https://roadsafetyfacts.eu/active-safety-systems-what-are-they-and-how-do-they-work/

Lane departure
warning (LDW)

Drowsiness
and attention
detection systems
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Lane keeping
assistance (LKA)

Tire pressure
Monitoring
systems (TPMS)
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ADAS (Advanced Driver Assistance Systems) H50 s:uuzjoalhéougﬁu‘ﬁuep

Forward collision warning

$ 27% Front-to-rear crashes
$ 20% Front-to-rear crashes with injuries
$ 9% Claim rates for damage to other vehicles Blind spot detection
§ 16% Claim rates for injuries to people in other vehicles $ 14% Lane-change crashes
’ ) § 23% Lane-change crashes with injuries
Forward collision warning plus autobrake : 8 7% Claim rates for damage to other vehicles
$ 50% Front-to-rear crashes A & 8% Claim rates for injuries to people in other vehicles
8 56% Front-to-rear crashes with injuries B8
$# 13% Claim rates for damage to other vehicles Serra
$ 23% Claim rates for injuries to people in other vehicles Traffic >gn
recognition
Rearview cameras
§ 17% Backing crashes

Rear cross-traffic alert
§ 22% Backing crashes

Rear automatic braking
Lane departure warning 8 78%

$ 11% Single-vehicle, sideswipe and head-on crashes $ 12%
$ 21% Injury crashes of the same types

Backing crashes (when combined with rearview camera and parking sensors)
Claim rates for damage to the insured vehicle

§ 30% Ciaim rates for damage to other vehicles

Source:  http://roboticsandautomationnews.com/2016/09/22/advanced-driver-assistance-systems-trump-driverless-cars-by-stealth/7304/

https://www.iihs.org/media/259e5bbd-f859-42a7-bd54-3888f7a2d3ef/MIzhjg/Topics/ADVANCED%20DRIVER % 20ASSISTANCE/IIHS-real-world-CA-benefits-0419,pdf

PAGE 11
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SERVE LIFE

Photo: https://cars.usnews.com/cars-trucks/advice/cars-with-the-best-infotainment-systems PAGE 12
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- Innovation Milestones in Infotainment Module

1932 2000

First in-car entertainment GPS satellite navigation HUD (Head-up display)
(car radio)

1970 1998

Cassette deck Bluetooth Cloud-based functionalities

1985 2015

In-desk disk player Navigation system Front-split view camera
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- Human Machine Interface (HMI) in Vehicles

Selected HMI systems in passenger vehicles

@ Vision

+ Speed indicator

+ Fuel gauge

+  Warning lights

+ Center stack display
+ Head-up display

9 Hearing

* Audio feedback for
control of e g.
touchscreen

& Touch

+ Steering wheel controls
* Gear shift control

+ Central control unit incl.
multi function controls

+ Parking break control

+ Audio/Infotainment

+ Active safety functions

+  Warning lights

+ Lighting

+ Start/Stop

+ HVAC (incl. Seat heating)

Z ( )
N Voice Gesture

+ Control ofe.g. » Control of e.g.
infotainment functions, infotainment functions,
telephone etc. telephone etc.

Source: Oliver Wyman analysis



- Increase Demand for Comfort and Connectedness

Penetration rate of HMI technologies
In % of total vehicles, 2017-2030

2017

Center stack hardkeys & buttons
MuFu controller [l
Touchpads

Digital I1C |l
Digital/analog IC
Analog IC [IINNEGEGG

Non-touch CSD

Touch CSD [N

Steering wheel controls
Windscreen HUD |1
Combiner HUD
Augmented reality

Speech recaognition

Proximity/gesture recognition F

0 25 50

Penetration (%)

75

100

2030
|
A
I
i
.
0 25 50 75

FPenetration (%)

MNote: MuFu = Multi-Function, CSD = Center stack display, IC = Instrument cluster, HUD = Head-up display

Source: Oliver Wyman HMI Paint of view

100

Comments

+ The future cockpit will
deliver an increasingly
intuitive, innovative
and personalized user
experiences

« This next-generation
HMI is expected to
prevail until 2030,
smartly combining voice
control, touchscreens
and conventional
controls depending on
application and
passengers

+ Development will be
fueled by ongoing
vehicle automation,
and — predominantly —
the achievement of
critical mass together
with increasing
functions/components
integration
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Definition of levels of autonomy
. ADAS N 0 o Market penetration rates per level of autonomy, light-duty vehicles [m of vehicles, %]
De-emphasis of L3 in favor L5. Full e
of L2+ expected . L4. High automation '/:-1 Q’—_/’/_,’
. L3. Conditional  automation - / —
. L2+ Combined  aytomation — FTan 97 B o5 L4
) L2. Partial partial autom. : ! ! o m
. L1. Driver automation = 89 8% 1% ADAS L3
!_IJ. Warn_mg assistance &‘E > Fully autonomous - 5 soss Lz
information > il T B oas Lz
: > Highway pilot with driving in some B spas Lt
- > Advanced cruise automatic lane situations without
) > Cruise control control (adaptive changes (nohuman  need for human as ADAS LO
) > Automatic emer- (adapive cruise cruise control with  inter-action from fallback (chauffeur No ADAS
> Blind spot detector gency braking control with lane lane change assist exit to exit and full mode)
> Lane departure > Adaptive cruise keep assist in in parallel) monitoring of
warning control parallel) environment)
> Lane keep assist 44%
Use case | Consumer vehicles ‘ ‘ Robotaxi + Consumer vehicles ‘
Legal | Regulation clear — Driver obligation H Legislation delayed ‘ 15% %
/L Iyl
Markst | Current focus of commercialization (Compliance + NCAP rating) — Reasonable cost H Niche, 2025+ H Mobility cases — Higher costs acceptable ‘ 2019 " 2025 " 2030
‘Source: SAE Int, J3016; fka; Roland Berger 20211124_RB_Mobex_ADAS_AD_2030_Webinar_vipptx | 7

Source: Roland Berger (Nov 2021), ADAS and autonomous driving market trends to 2030 PAGE 16



- Definition of Autonomous Vehicle

An autonomous vehicle is technology that is capable of self-driving through connectivity and data communication.

It works through the collaboration of communication technology, sensor detection, and navigation.

INTERNATIONAL.

For on-road vehicles

SAE J3016™
NO
Advanced : ° AUTOMATION
. 8 S
Driver g —_—
§ 4 ASSISTANCE
Assistance 5§t
= PARTIAL
SVStemS e AUTOMATION
CONDITIONAL
Autonomous 5 e AUTOMATION
9B
Drivi 58
rving §e o HIGH
% :;; AUTOMATION
38
8§
S g e FULL
é AUTOMATION

Steeringand Monitoring Fallback when Automated

acceleration/

deceleration environment

of driving

automation
fails

systemisin
control

N/A

DRIVING
MODES

SOME
DRIVING
MODES

SOME
DRIVING
MODES

SOME
DRIVING
MODES

Automatic cruise control

Advance emergency braking
Lane keeping

o Parking assist

Traffic assist (Automatic cruise control with
steering control)

Advanced Emergency breaking & steering

o Auto parking

Highway pilot
Traffic-jam pilot
Remote parking

City pilot / Highway urban pilot
Valet parking

Auto pilot; Robo-Taxi
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Connected Vehicle

A connected vehicle is technology that can connect and communicate with anything.

Type of Vehicle Communication Type of Vehicle Communication Network

— .
= V=vehicle

P=pedestrian el ot “~._ Cellular

| =infrastructure ~
*Ng'Ework

~

o .
H .
.
L
)l

https://otonomo.io/blog/v2x-connected-vehicles/
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’SENSUS [ONNECT

dpJ r(ed esovpk every /e‘ T

Collected by Thailand Automotive Institute (2020)
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SAVE COST

Photo: https://www.stuff.co.nz/business/129313050/petrol-prices-drop-across-nz-as-government-questions-fuel-companies PAGE 20
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- Improvement in average fuel consumption

Average fuel consumption of new light-duty vehicle sales, 2005-2019

-
ra

Lge/100 km
=

b drnsnmnnnn B s s & & o
8 -------- s ssaang,
|o-l-vl|., --------- et i 2 2 o
" s s sy, =
......... - ."‘::::::::::.::-.-.--.-...-.... - .. T
- +
6 ------- LT T TTT P '.:'*.lll ........
LA B s
LT e ‘.,1111::1:11::11‘1“1‘1‘.‘--rliPJ::::::::
0 T T T I I

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
World

EA_ All rights reserved.

««sese Europe Ching ««sss- Developing and Emerging «+-+++ Japan United States

Source: Initiative, G. F. E. (2010). Global Fuel Economy Initiative. PAGE 21



- Fuel Economy Label

D?)? Fuel Economy and Env

Fuel Economy

“26

combined city/hwy

MPG Ftwes
22 3

city highway

3 .8 gallons per 100 miles

" 16 10 32 MPG. You SAVE

& MPGe.

$1,850

in fuel costs
over 5 years
compared to the
average new vehicle.

Calculate personalized

Annual fuel COST

$2,150 |a&

Fuel Economy & Greenhouse Gas Rating wiope =i Smog Rating saipee ooy

Thas weticls snnits 347 gn
daenbutng fus a:

nd compare vehicles

s 0 rams pee ke @aiipe oyl Procucing ind
at fowoccnomy gov

MAKE MODEL VARIANT
TRANSMISSION FUEL TYPE

Fuel
Consumption
(L/100km)

Combined Test

Co,
Emissions
(g/km)

Combined Test

Urban

Extra Urban

Carbon dioxide
(CO,) is the main
contributor to
climate change

Vehicle tested in accordance
Actual fuel and C

with ADR 81/02.

d on factors

such as traffic conditions, vehicle condition and how you drive.

More information at www.greenvehicleguide.gov.au

Vehicle Information

CO, emission figure (g/km)

<120 A
120+ to 140 B

170+ to 190

Fuel Use (estimated) for 18,000 kilometres
Afuel use figure is indicated to the consumer as a guide for comparison purposes. This figure is

calculated by using the combined drive cycle (urban and extra urban fuel consumption cycles). 774 litres
Motor Tax for 12 months €1 00

Motor Tax varies according to the CO, emissions of the vehicle.

Vehicle Registration Tax (VRT) Rate
Percentage rate of VRT payable of the value of the vehicle is dependant on 140/°
the €O, emissions.

Environmental Information
Aguide on fuel economy and CO, emissions which contains data for all new passenger car models is available at any
point of sale free of charge or directly from the Society of the Irish Motor Industry, 5 Upper Pembroke Street, Dublin 2,
Tel: 01-6761680, web address: www.simi.ie. In addition to the fuel efficiency of a car, driving behaviour as well as
other nen-technical facters play a role in determining a car's fuel consumption and CO, emissions. CO, is the main
greenhouse gas responsible for global warming.

Make:

Model/Version:

Carbon dioxide emissions (g/km): 104 g/km This figure may be obtained from the vehicle's Certiicate of

Conformity.

Important note: Some specifications of this make/model may have lower CO, emissions than this. Check with your
joaler.

Fuel Consumption:

Drive cycle Litres/100km

Urban 5.0 Fuel Type: Petrol
Extra-urban a2 Engine Capacity (cc): 1497
Combined 43 Transmission: Automatic

‘L \ -
\

felih

L XjAHRETS

5.2

L/100 km

(=19.2 km/1)
ANTRTIM *
(combined)
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SAVE EARTH

Photo: https://www.forbes.com/sites/neilwinton/2022/01/09/electric-car-crusaders-must-acknowledge-problems-or-the-revolution-will-fail/?sh=767ba10c3c44 PAGE 23
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- Climate Change

Climate change refers to long-term shifts in temperatures and weather patterns. These shifts may be natural, such as through
variations in the solar cycle. But since the 1800s, human activities have been the main driver of climate change, primarily due to
burning fossil fuels like coal, oil and gas.

PAGE 24



Causes of Climate Change
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Fossil fuels — coal, oil and gas — are by far the largest contributor to global climate change, accounting for over 75 per cent of global
greenhouse gas emissions and nearly 90 per cent of all carbon dioxide emissions. As greenhouse gas emissions blanket the Earth,

they trap the sun’s heat. This leads to global warming and climate change.

Greenhouse emissions by economic sector Greenhouse emissions
Industry I
Land use |
Buildings I
Transport |
Other energy [ |
0% 10%  20%  30%

Direct emissions (75% of total)

' Emissions from electricity and heat

Carbon dioxide (CO,)

Nitrous oxide (N,0O)

Methane (CH,)

Sulfur hexafluoride (SF6)

Hydrofluorocarbons (HFCs)

production used by sector (25% of total)

https://www.un.org/en/climatechange/science/causes-effects-climate-change

Perfluorocarbons (PFCs)

PAGE 25
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- Pollutant from Combustion

CO, / Fuel Efficiency
Regulations

Pollutant Emission
Regulations

PAGE 26



Emission Control
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L
Photo: https:7/www.ucsusa.org/res@gg [car al-w.

PAGE 27



/./; THAILAND
//‘.// AUTOMOTIVE
= [NSTITUTE

an1Uugnugun

Vehicle Emission Control

Introduction dates Petrol Diesel Petrol & Diesel
Euro New approvals All new NOx  Mass of particles (g/km)  NOx Mass of Number of ultra-fine
standard registrations (g/km) (g/km)  particles (g/km) particles per km
Euroa 1July 1992 31 Decemberigg2  0.97® - 0.97%@ 0.14 -
Euro 2 1 January 1996 1 January 1997 0.5 - 0.9W 0.1 -
Euro3 1 January 2000 1 January 2001 0.15 - 0.5 0.05 -
Euro 4 1 January 2005 1 January 2006 0.08 - 0.25 0.025 -
Euros 1 September 1 January 2011 0.06 0.0045 @ 0.18 0.0045 6 x 10 3
2009
Euro 6 1September 1 September 2015 0.06 0.0045 @ 0.08 0.0045 6 x 10145
2014

@) Expressed as HC+NOx.

@ Applicable to direct injection petrol engines.

@ Applicable to diesel engines only.

@ Limit of 6 x 10** in the case of direct injection petrol engines.

8 Common limit of 6 x 10* for direct injection petrol engines and diesel engines from September 2017/September 2018.

PAGE 28
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Adoption of the Euro emissions standards

1995 2000 2005 2010 2015 2020 2025
A\ A\ A\ A\ A\ A\ \
EL) I e vt b b T R R D I
Hong Kong I I R i i s R R R e
South Korea . iR e e ene

China @ L ] ] P
China ®© | ] P R B
Singapore ? I E e E e T e e e
Singapore” ENENEEENENEN 2l
India L | 1 |
India® e

Thailand NS EEEEEE = ]
Malaysia HEEN .-
Philippines U] 1 [
Vietnam ] 7 ) ] ] Ty 11 1
Indonesia e e e
Bangladesh? o ) Lyl ey by ]
Bangladesh® B e e P B R I
Pakistan i
SriLanka e e e e e e e e
Nepal e I R e
B Euro1 B Euro2 Euro3 | Euro4 B Euro5 M Euro6 No data

Source: https://www.eea.europa.eu/data-and-maps/figures/number-of-international-environmental-agreements-adopted-1 PAGE 29



Carbon Reduction
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Definition of
Electric Vehicle

An electric vehicle (EV)
is @ mode of transport
which is powered by electricity.
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0 Advantages

o Disadvantages

- Fuel tank

- Battery Ha.

HEV
'
|
ey
=)
S
-

€ Higher energy
efficiency
compared to ICE

{) Flexible charging
options

¢ Long driving
range

€J Technologically
complex

{J High exhaust
emissions

() Fossil fuel
dependency

() High engine noise

Hydrogen tank

55559

:
g
&

() High energy
efficiency

() Home/Workplace
recharge

() Developed fuel
station network

() Buying and use
incentives applicable
in specific countries

{) Technologically
complex

€ Higher price
compared to ICE

¥ High engine noise

0

0
4
4
O
O
O

FC  Fuel Cell

High energy efficiency

Home/Workplace
recharge

Developed fuel station
network

Low exhaust emissions

Buying and use
incentives applicable in
specific countries

Technologically
complex

Higher price compared
to ICE and PHEV

Shorter driving ranges
than HEV and PHEV

esss ICE

10
1©

lo

¢
[©
|

1o
|

10
1o

10
IU

. Electric motor

BEV

B2
LS

(=]

[

=)

High energy efficiency

Home/Workplace
recharge

Low engine noise
Zero exhaust emissions

Buying and use
incentives applicable in
specific countries

Technological
uncertainty (esp. battery
performance)

Higher price compared to
ICE

Few charging stations
Long charging times
Short driving ranges

0

0
0

4

V)

V)
O
V)

FCEV

R
.
T

9
&3

High energy
efficiency

Low engine noise
Zero exhaust
emissions
Buying and use

incentives applicable
in specific countries

Technologically
complex and
uncertain

Highest price of all
options

Limited commercial
availability

Mo developed
refueling network

I Electrified ancillary components

ICE = Internal Combustion Engine; HEV = Hybrid Electric Vehicle; PHEV = Plug-in Hybrid Electric Vehicle; REEV = Range-Extended Electric Vehicle; BEV = Battery Electric Vehicle;
FCEV = Fuel-Cell Electric Vehicle; Source: Oliver Wyman “E-Mobility 2035” study

Source: Oliver Wyman (2018), Future automotive industry structure until 2030

PAGE 31
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- How much CO, can Electric Vehicle really save?

C0O, Emission From Well-to-Wheel (g/km)

Calculate from D-segment passenger car.

ICE |
287 286 280

y /7 JZ 4

ici E S
E Btr. I B Itv " E rl gy u u rl B E Source: Calculated by Thailand Automotive Institute, Using U.S. Department of Energy, Argonne GREET Model and Electricity grid scenario of Thailand From EGAT.

hﬁ"
0
NG 4%  Coal 19%
Coal Hydro 8%  Impart 29% Renewable

Note: * Thailand electricity energy source excludes small power plant from private sector. PAGE 32
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- Countries’ Electric Vehicle Targets

More than 20 countries have electrification targets or ICE bans for cars, and 8 countries plus
the European Union have announced net-zero pledges

Internal combustion engine

Denmark Scotland France bans or electrification targets
Iceland Singapore Cabo Verde Canada
Ireland Slovenia China Portugal
Israel Sweden Japan Spain Costa Rica
United United .
Norway Netherlands Kingdom Kingdom Sri Lanka Germany
2025 2030 2035 2040 2045 2050
Sweden Canada Korea Thailand
. New
Net-zero emissions pledges Sl Zealand
100% electrified sales
100% ZEV sales European Norway
100% ZEV stock
United
Net-zero pledge Fiji Kingdom

PAGE 33



Carmaker’s
Carbon Neutrality
Target

Collected by Thailand Automotive Institute (Feb 2021)

=

*2026

e
ol : Whntneauibunaumimsuau A EV nunsdndumsuansnsudiuih
R
UnA. 2020 2025 2030 2035 2040 2045 2050
m @
. 3
g— 100% EV LSS
{ (20
&=2 (O
GEELY 40% EV 25
T
@) ()
GWM 100% EV S
l’ \}
LA W\
@ )
HYUNDAI 30% 100% EV RO
©
N
30% 50% EV
L
L orcl '
100% EV &
- S
. ()M
@ 25%  50% 100% EV &
[\W’ l.

70
l

HONDA 70% 80% 100% EV

3 N
1
7
A
‘l

100% EV
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- Global Electric Vehicle Forecast by 2030

Light vehicles sold*

(rmillion units)

125
2%
1%
3%

100 (7o,

78%

]
%]

2018

20—
1%
3%
i

2019

Global market share of light vehicles by power train®

Incentive and early adopter-driven  Ownership cost-driven

Supply-driven

electrification electrification electrification
=1%

3% 3% 4%

?E_!.-h 9:'i} 11%

7% 9% 10%

o 18% o

O

“ |
500 530 7%
27%
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Il FCEV B BEY Il PHEV Il HEV B MHEV Diesel B Gasoline

Source: Boston Consulting Group (April 2021), Why Electric Cars Can’t Come Fast Enough

Note: FCEV=fuel-cell electric, BEV=battery electric, PHEV=plug-in hybrid electric, HEV=full hybrid electric, MHEV=mild hybrid electric. Because of
rounding, the percentage total for a particular year may not equal 100%.

Sales for 2018, 2019, and 2020 are actual data Data for 2021 onward are BCG projections.

Zrorecast includes cars, SUVs, and all other light passenger vehicles except heavy-duty vans.
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Target of ZEV market
in Thailand

1,400

1,200

Thousands

1,000
800
600
400

200

2035
mICE mZEV

2025 2030

Source: Thailand National Electric
Vehicle Policy Committee (March 2021)
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Global Electric Vehicle Sales (1/2)

Total sales volume / share of electric vehicles and HVs in 11 major countries and 3 Nordic countries

7 million units 24% @ EV (BEV/PHV/FCV) share
22%
HV (excluding MHV) share
6 million units . ( "~ )
20%
Il EV (BEV/PHV/FCV)
i i 18%
5 million units : @ HV (excluding MHV)

@ Other
4 million units

14%
o 12% Note: 11 major countries: China,
3 million units )
oo U.S.A,, Japan, India, Germany, France,
R Brazil, U.K., South Korea, Canada,
2 million units 8%
Italy
. - ‘ I 6% 3 Nordic countries: Norway,

(]

1 million units

4% Sweden, Finland. These 14 countries
o , account for about 90% of global
units - - - - - + + - + + - T + + - + + - T - - - - 2% . .
o ¥ & 3 o ¢ T W o o T o @ o o o T Y o F

* Annual sales totaled 9.668 million units, up 62.7% from the previous year.
* The share of electric vehicles in total sales for the full year 2022 was 16.6%, up 6.3 points from 2021. The share of HVs was also up 0.7 points
from the previous year to 5.6%, but the growth rate was moderate.

Source: Markline (Jan 2023), Electric Vehicle (BEV/PHV/FCV) Sales Monthly Report (December 2022) PAGE 36
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- Global Electric Vehicle Sales (2/2)

Electric vehicle sales of major OEMs

250 thousand units

@0
. Tesla
. GM Group

200 thousand units VW Group

. Geely

@ HucaikaGop The top three manufacturers were BYD,
@ steanis Tesla, and GM (including SAIC-GM-Wuling),
150 thousand units @ renaut-Nissan as in the previous month.

. Chery

. Mercedez-Benz . .
@ oG * The 1-2 OEM positions remain unchanged,

. Toyota Group held by BYD and Tesla.
. Honda

100 thousand units

* The VW Group, whose models such as the
VW ID.4, ID.3, and Audi Q4 e-tron are
performing well, overtook GM to claim
third place. BYD is still growing steadily in
volume, while Tesla has experienced
slower growth in sales in recent months.

50 thousand units

Source: Markline (December 2022), Electric Vehicle (EV/PHV/FCV) Sales Monthly Report (November 2022) PAGE 37
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Range has changed!

. Lithium-ion battery-pack price outlook
S0 iy ERE abe e Gom

Lithium-ion battery pack price

(real 2021 $/kWh) BloombergNEF
1,200
\
1,000 ‘A
v 2035 implied price
800 !\ = 2024 implied price $45/kWh
\ %4 soakwh
600 \ A ST :
\ 2030 implied price
N oA
~ ~d ‘
200 S e \
f T 2l T T T T T T T T T T T T T T T T T 1 miles 0 -
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 2010 2015 2020 2025 2030
ectric range A Observed prices - = 18% leaming rate

Shift2Electric.com
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Vehicle Development Philosophy

Save Time
Save Life

Serve Life
Save Cost

Save Earth

PAGE 39



Situation of Thai Automotive Industry
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- Motor Vehicle Production

Motor Vehicle Production and Sale

Motor Vehicle Production by Type

(UNIT X1,000)

(UNIT X1,000)

l1 250 —_— l
1,243 1,300

1,950

1,042 1,008 792 754 849 900 538 595 594 600

2018 2019 2020 2021 2022 2023 (t) 2019 2020 2021 2022 2023 (t)

Domestic Market Export Market  e==m=Production Passenger Car M Pickup B Commercial Vehicle

* In 2022, Thailand’s car production totaled 1.88 million, 0.84 million cars were assembled for domestic market and 1 million for export.
Total car production is forecast at 1.95 million in 2023, up 3.5% from 2022.

* Pickups represented 62% of total car production in Thailand, while passenger cars shared 35% and other commercial vehicles (trucks, vans and
buses) 2%. The country's BEV production was still small.

Source: Automotive Industry Club - The Federation Of Thai Industries Note: (t) = Targeted by Automotive Industry Club - The Federation Of Thai Industries PAGE 41
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Motor Vehicle Domestic Sale

Motor Vehicle Domestic Sale by Type Motor Vehicle Registration Number

(UNIT X1,000) (UNIT X1,000)

11

47 —
46
| -
410 - :

2
1 1
481 469 .
343 318 348 29 i
26
20
2017 2018 2019 2020 plopX| 2022

2023 (t)
2018 2019 2020 2021 2022
Passenger Car M Pickup ® Commercial Vehicle

B HEV & PHEV BEV @ ICE

Thailand's domestic car sales totaled 0.84 million in 2022, up 12% from a year ago. The 2023 figure is estimated at 0.90 million. Pickups accounts for 54% of
domestic sales, while passenger cars at 41% and other commercial vehicles (trucks, vans and buses) at 5%.

BEV car registration continued to rise with an increase of 413% in 2022. Almost BEVs for domestic sales were imported particularly from China. Although newly-
registered BEV cars surged when compared with the previous year’s figure, its share to total cars newly registered in Thailand was still small at only about 1%.

Source: Automotive Industry Club - The Federation Of Thai Industries and Department of Land transport

Note: (t) = Targeted by Automotive Industry Club - The Federation Of Thai Industries PAGE 42
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Motor Vehicle Domestic Sale and Export

Motor Vehicle Export Unit Motor Vehicle Export Value

(UNIT X1,000) (MILLION USD)

10,803
! 7,973 7,677
5 5 J |

2019 2020 2021 2022 2023 (t 2018 2019 2020 2021

M Pickup M Passenger car B Passenger car B Commercial Vehicle

* One million cars were exported in 2022, up 10% from a year before. The 2023 figure is projected at 1.00 million cars.

* About 72% of total car exports went to pickups, while the remaining 28% passenger cars. In terms of value, passenger cars made up of 65% of total
export value.

Source: Automotive Industry Club - The Federation Of Thai Industries Note: (t) = Targeted by Automotive Industry Club - The Federation Of Thai Industries PAGE 43
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- Thai Automotive Industry Structure

2 8 Motor vehicle 12 Motorcycle

Assembler Assembler

18 Motor vehicle 8 Motorcycle
Assembler Assembler

4 6 2 1st Tier Supplier

,1 3 7 274 & Lower Tier Supplier

Pure Foreign Thai Pure
Foreign Majority Majority  Thai Source: Automotive Intelligence Unit, Thailand Automotive Institute PAGE 44

5 2 9 1st Tier Supplier

d

1 ,7 5 6 274 & Lower Tier Supplier




Thailand's Vision
on Electric Vehicle

“To be one of the most important EV
production bases and component
parts in 2035”

The National Electric Vehicle
Policy Committee, March 2021

=

ZEV Cumulative volume target in 2030
(Zero Emission Vehicle (ZEV) = BEV & FCEV)

Vehicle type Production Public Charging
Station

Passenger cars &

2,935,000 2,050,000 12,000
Pick-up trucks (Fast charge)
Trucks & Buses 156,000 160,000 n.a.
Motorcycles 3,133,000 3,200,000 1,450

(1 Station = 8 outlet)

THAILAND
AUTOMOTIVE
INSTITUTE
an1Uugnugun

PAGE 45



1. Supply side measures

1.1 Investment promotion scheme

1.2 EV and charger standards

1.3 Establishment of testing facility
1.4 Supply chain transition program

1.5 End-of-Life Vehicle (ELV) program

A_‘

2. Demand side measures

2.1 EV package of incentives

2.2 Registration tax reduction

3. Installation of public
charging stations

PAGE 46
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For the ICE and HEV, only CO, emissions will be taken into
account. It does not use fuel or vehicle type criteria.

Set different excise tax rates for PHEV and HEV.

Gradually adjust the excise tax rate on ICE, HEV, and PHEV in 3
phases in 2026, 2028, and 2030 and reduce the BEV tax.

Excise Tax
Restructure

Promote pickup trucks, which is considered taking into account
the reduction of CO, emissions and supporting renewable fuels
such as biodiesel and electric pickup trucks.

While reducing CO2 emissions, it encourages the use of
vehicles with Advanced Driver Assistance Systems (ADAS).



Next-Generation Automotive
are Disrupting Automotive Supply Chains
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- Transition from ICE to BEV will affect supply chain

Parts / Component
Manufacturing

DISRUPT PART

» Internal combustion
engine

Exhaust system
Fuel system
Transmission
Brakes booster

COMMON PART

Wheels and tires
Seats

Body

Interior

Climate control
Frame and Axles
Suspension
Steering

Sale

SALE CHANNEL
« Online sale

End-of-Life Vehicle
Management

WASTE
MANAGEMENT

* Reuse/
Remanufacturing
» Recycle

PAGE 49
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Portfolio of
powertrains

Power ratio

I Electric
I Fossil

Battery capacity
Voltage

Electric
range

Cost difference
to ICE

- Fuel tank

- Evolution of the powertrain portfolio

Electrified powertrain

B e

. Trad. Powertrain

ICE HEV
g i &
ol
-
40-60% 40-60%
0-2 KWh 2-10 kWh
12V
12 V (Mikro HEV) 200-800 VvV
48V (Mild HEV) (Voll HEV)
0 km 0-30 km
+ €0 + €150—€4.000
\
H, Hydrogen tank FC

PHEV
o

e
o
=

g
et (o

20-40% 60-80%

5-20 kWh
200-600 V

20-85km

2

+ €6.000—€11.000

Fuel Cell

seee |CE

REEV

‘m

(515Y

15-40% 60-85%

15-50 kWh
200-600 Vv

70-145 km

E:

+ ~ €6.000

]

. Electric motor

20-100 kWh
200-600 V

80-490 km

7

+€5.000—€10.000

7

s

Source: Oliver Wyman (2018), Future automotive industry structure until 2030

FCEV

BNy
Lo

100%

8-15 kWh
290-650 V

370-650 km

7

+ €15.000-20.000

i dd

I Electrified ancillary components
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EV Implications on vehicle content
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FCEV

Fuel Cell
Hydrogen tank

Electric heating/cooling
Electric brake power assist
HV wiring

PE

Fixed gearing

E-machine (100-113 kW)
Battery (<2 kWh)

HEV PHEV REEV BEV
ADDITIONAL
COMPONENTS
Electric heating/cooling Electric heating/cooling
E-brake power assist Electric brake power assist Electric brake power assist Electric brake power assist
HV viring
PE (incl. charging electr.) FPE (incl. charging electr.)
Gear box integration Gear box integration Fixed gearing
E-machine (50—200 kW) E-machine (50-200 kW)
Battery (<2.5 kWh) Battery (<18 kWh) Battery (16-33 kWh) Battery (22-90 kWh)
REDUNDANT Starter motor Starter motor Aux. systems (incl. starter)

Electric generator Electric generator

(Full) gear box (Full) gear box
Cooling

COMPONENTS Flctic gensrator

Aux. systems (incl. starter)
Electric generator

Engine

(Full) gear box

Cooling

Reduced fuel tank Fuel supply (tank, pump,...) REIEEI o\ A= e101] o |

Reduced exhaust system Exhaust system Exhaust system

Add. components: Redundant components:

As in previous stage . MNew compared to previous stage As in previous stage

Source: Oliver Wyman (2018), Future automotive industry structure until 2030

B New compared to previous stage

an1Uugnugun
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- Auto part in next-generation automotive

Transition from ICE to BEV will affect the market size of the supply chain

Market size in 2020 Market size in 2025
Electric drivetrain $11]  $64 475%
Battery and fuel cell s11]  s64 475%
ADAS and sensors B 150%
Electronics O 2% Growth
Interiors s76 | $93| 21%
Climate control 21%
Wheels and tires s122 | S144 18%
Body 10%
Seats 10%
Axles 10%
Info and communications 9%
Frame 9%
Suspension 9%
Steering 9%
Brakes $12]$11) -5%
Transmission mlﬂ -10%
Exhaust system $30 | $25) -15% Declining
ICE s144 | s123 -15%
Fuel system 520 | $17 -15%

Source: Deloitte (2020), Impact to Automotive Supply Chains in Thailand PAGE 53



Change in
supply chain
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- Vertical shifts in automotive value creation until 2030

2012 (vs. 2002) 2017 2030

Suppliers Suppliers OEMs Suppliers

Chassis

Drivetrain

ICE/aux.
Systems

E-Drive
(incl. battery)

Body
structure

Exterior

Interior

E/E!

Source: Oliver Wyman (2018), Future automotive industry structure until 2030 PAGE 55



Supplier business models 2030 (1/2)

Vehicle modules

ICE/aux.
systems

Services

Automotive value chain

)

|\ J\ J

Parts/ Module/ Vehicle Mobility service Aftermarket/
component supplier system supplier integration provider service provider
, ® Oataln ( ® YaOm
Ramp-down of fading technologies Tier 0.5 | | “White- Data-based Direct
(1\ 5 || Iaber service provider channel
' <) hicl aftersales
Digital Digital module/ venicie
technology system integrator manu-
specialist facturer
[ E-drive and battery specialist
L . w . - J
(% K I
Advanced engineering services/
software provider
- \ J O\ V,

Source: Oliver Wyman (2018), Future automotive industry structure until 2030
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- Supplier business models 2030 (2/2)

Parts / Component
Supplier

Module / System
Supplier

Vehicle
Integration

)]

Meobility Service
Provider

))

Aftermarket
Service Provider

)

-

1
Ftamp—duwn Supplier Tier 0.5

of fading technologies A

—\2)
Digital Digital Module /
Technology System Integrator
Specialist f{Hﬂ BOSCH
Panasonic DENSO

E-drive and Battery specialist

| .
Velodyne LiDAR
Autonomous/Connected/HMI Specialist

(@M -APTlu»wf}wQ

7\
s @ N

Car maker

e T

RIVIAN

TESLA

nauvya

b Plusid

“White-label"
Vehicle
Manufacturer

M MAGNA STEYR

Faas
A

-

lynt

I
&)

O—

-
Data-based Direct Channel
Service Provider Aftersales
WaAaYMD L

one

Advance engineering and digital services / software providers

Appl

1D IALI;ISAFEM

Adapt from Oliver Wyman (2018), Future automotive industry structure until 2030
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Change in Process
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- Technological Trends in the Automotive Industry [1/2]

Vehicle Manufacturing Value Chain

Parts &
Component
MFG.

Vehicle
Assemble

System
Integration

Marketing,
Sale

After Sale
Service

End-of-Life
Vehicle

R&D

New technology from the 4.0 industry revolution

* Al aided * Additive * Automation * Automation
design manufacturing
* Digital twin (3D printing)
* Automation

Personalized * Shred service * On-the-air * Product life
marketing / Vehicle on update cycle

Data driven demand Predictive management
marketing maintenance

Digital * Advance
marketing maintenance
management

Source: Thailand Automotive Institute (2021), Human development in the automotive industry to transition into the next-generation automotive industry PAGE 59
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- Technological Trends in the Automotive Industry [2/2]

Vehicle Manufacturing Value Chain

Parts &
Component
MFG.

End-of-Life
Vehicle

After Sale
Service

Vehicle
Assemble

Marketing,
Sale

System

D Integration

New technology from the next-generation automotive technology

* Mobility Battery Battery
Service maintenance Repacking
Platform Electrical Battery
Development safety check Inspection
Marketing Sensor Electronic

* EV system Electronic * EV platform EV platform * EV/CAV
development assembly integration assembly Transition
& design Motor CAV stack CAV package advertising
CAV package manufacturing integration assembly
development Battery cell * Xinthe Infotainment

Fleet calibration waste
management management

& design manufacturing loop assembly
Software Battery simulation CAV end of
development packing line testing
Optical sensor
manufacturing

Source: Thailand Automotive Institute (2021), Human development in the automotive industry to transition into the next-generation automotive industry PAGE 60



Change in Labor
Knowledge and
Skill
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New knowledge and skill
- for the next-generation automotive industry

Vehicle Manufacturing Value Chain

Pl & System Vehicle Marketing, Use After Sale End-of-Life
Component Integration Assemble Sale (el Service Vehicle
MFG. & Shared)
New Knowledge New Skill
1. Advance Digital Technology 1. Advance Digital Skill
2. CASE General Information 2. CASE Operation, Testing and Validation Skill
3. Multi Discipline Knowledge (Cyber-physical System, Mechatronic Eng.) 3. Multi Discipline Integration Skill
4. Electrical Knowledge (Electrical Eng., E&E/Sensor MFG, E&E/Sensor (Cyber-physical System Integration.)
QC/QA) 4. Electrical Skill. (E&E/Sensor MFG, E&E/Sensor Inspection, Testing

and Validation, E&E Mechanic)
Data Analytic

Data Science

Computer and Software

Fully Automation MFG Process Software / Application Development

New/Advance Material Automation Machine Operation

O 0 N o W
po 5= en B

Material Recycling and Recovery Business Development

10. Fleet Management

Source: Thailand Automotive Institute (2021), Human development in the automotive industry to transition into the next-generation automotive industry PAGE 62



Z=—~ INSTITUTE
anivugugumn

26;—/: AUTOMOTIVE

New Job for the next-generation automotive industry

New Job
1. Sustainable Management 4. Automotive programming 7. Advanced Manufacturing
4.1 Infotainment programmer 7.1 Electrical and electronic equipment
2. Advanced Engineering 4.2 Cybersecurity specialist assemblers
2.1 Advanced material engineer 7.2 Electromechanical equipment
2.2 Chemical engineer SEDaacience assemblers
2.3 E&E/Sensor QC/QA 5.1 Big data analytics 7.3 E&E module integrator
2.4 Simulation modelling engineer 5.2 Data center operator 7.4 Additive manufacturing engineer
5.3 Data management specialist 7.5 Fully automation MFG engineer
3. C.A.S.E. Technology 5.4 Remote fleet manager
3.1 Battery management engineer 5.5 Machine learning engineer 8. Vehicle End-of-life
3.2 Upskilled car mechanic/maintainer 8.1 Modern ELV specialists
3.3 CAV testing engineer 6. Artificial Intelligence (Al) 8.2 Block chain developer
3.4 Engineering business development 6.1 Al Vision processing engineer 8.3 Cloud PLM operator

6.2 Al Ethics researcher/engineer

Source: Thailand Automotive Institute (2021), Human development in the automotive industry to transition into the next-generation automotive industry PAGE 63
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Automotive industry trends until 2030

CONNECTED VEHICLE é:

Additional safety and (services) revenues I: ™~
through increasing connectedness

HUMAN-MACHINE-INTERFACE

New and digitized control concepts for driver/car
interaction

Q
o,
AUTONOMOUS VEHICLES % CHANGING CUSTOMER STRUCTURE
Progression of today's partially ‘?A Partial replacement of individual vehicle
automated driving into fully INDUSTRY "o buyers by large fleet or group buying driven
driver-less vehicles (2 by mobility-on-demand services

TRENDS 2030

___ Digitalization/Machine Learning

E-MOBILITY [ . , CREATION

Increasing electrification of
powertrains, resulting in decreasing
penetration of ICEs

NEW DISTRIBUTION CHANNEL PAY-PER-USE

Provision of selected vehicle features as
pay-per-use for certain target groups of vehicle
owners

DIGITAL INDUSTRY

Increasing digitization of processes through
predictive and adaptive data capability

Source: Oliver Wyman (2018), Future automotive industry structure until 2030 PAGE 64



Change in technology of Change in production Change in Players Change in Customers
car product technology Behavior

“C.AS.E” “Industry 4.0” “New Comers - “Adoption of new
More competition” technology and concern
of sustainability”
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Thank you

www.thaiauto.or.th
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