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Technology x Market Penetration
‘ Disruption ?

Improvement

ofcarsaswe | B\

know ;

! : TOYOTA !
o

' Electric ca

" Industrialization ‘
. matures

- phase f

Below expectation

: . :‘cars” fulfilling needs

¢ 6lg
' UBER ! .
: j . consumption
. Google | .
t i : . Yole Développement
! Electronics 3 New use case | ® August 2015

Invades cars

TN
I

1880 soyears [1960 40years 2000 20years 2020 1oyears 2030 syears 2035

Acceleration: The speed of technolog

technolog

Yole, Mojor Trends Transforming The Automotive Industry, 2015
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TomTom 3

INRIX, The Future of Mobility : The ACES, 2018 KATECH
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[ -

1 Connected cars & internet of things
(I0T) platforms

6 Industry 4.0 to
industry 5.0

2 Autonomous cars

3 Shared mobility

7 Shift to digital retailing

8 Road to zero

4 Electric vehicles

5 Digital enterprise

9 New business models

10 Gen Zers as decision
makers

The Adecco Group, Future of Talent in the Automotive & Mobility Industry, 2021

KATECH



Behaviourat
Sciences

\

O Shifting Mobility

Manygance,, Automotive O /
7Y \.Demand Patterns

———\
Ctury, - ‘
& 5 4
* @ Decarbonization’ syl \
Int /L g y
GOVem:::::t

The Digital | Automotive

Digital f—F= et
Vehicle “—< Mobility

cqmmunicaﬂms
Architecture A\

Economy SOftware- “ ﬁ NeWL h; j
Defined-./ obility "= O Autonomous

Geopolitical Mobiity <
Shifts

sjeneleN
paoueApPY

World Economic Forum, Automotive & New Mobility, 2025

@
6‘\60 BA‘\ ‘\50

Pty
o®

weo

pgeing ?nd
LongeV!

Corporate
Governance

. Drones

KATECH



India 51% 1% 6% 5%
Southeast Asia 49% 11% 5% 8%
us 4905 11% 5% 6%
o
UK 38% 13% 5% 12%
Germany 37% 17% 8% 9%
South Korea 25% 21% 10% 18%
Japan 23% 18% 6% 32%
M Everyday M 3-4times per week B 1-2 times per week B 2-3times per month @ Once a month Once every few months

Deloitte, Global Automotive Consumer Study, 2025 KATECH
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MOBILITY AS A SERVICE FRAMEWORK
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TRANSPORT SYSTEM | SERVICES [@] : - =Y .

_— - ............ . ......... ROAD USER CHARGING Q‘oﬂ
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Future Mobility Finland, Mobility As a Service,
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AUTOMATED DRIVING KIT

Sensors,
Automated Driving ol
Control Computer @« MOBILITY SERVICES RELATED
(Automated Driving Software) 8 ek TO AUTOMATED DRIVING

N

API, such Software for
as operating automated driving kit
control data (updated version)

VEHICLE STATE CONTROL COMMAND

MSPF

Various vehicle (MOBILITY SERVICE PLATFORM)
information

(e.g. speed, location,
automated driving state)

VEHICLE CONTROL INTERFACE

GUARDIAN CAPABILITY

>
Various * Control commands,
vehicle such as running,
information stopping
and turning

Over-the-air updates of software
for automated driving kit

REAL
E-COMMERCE

\

. Other automated driving technology company . TOYOTA

|
EEUTAH—ERTSVNIA—A

MSPF
Ilmll-1 r-.--ll TOovoTa

AMMS
Autonomous Mobility i|| ¥ e-Palette Task Assignment Platform
Management System

e-TAP

4-
)

)V =% h s TAMMSTE ,U EREEN D Ie AR
i

Toyota, e—Pallet, 2020 KATECH
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NASA, Global Climate Change, 2025 KATECH
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Warmer water and flooding Pollution and pollen

will increase exposure to seasons will increase,
diseases in drinking and leading to more allergies
recreational water i & : and asthma

7million A

R
5 Y

Mainly due to malaria, malnutrition,

some extreme weather events

7 Nl Vector borne diseases Hunger and famine will

._ like malaria and dengue increase as food production
: virus will increase with is destabilised by drought

’ " more humidity and heat

diarrhoea and heat stress DIS[’Uptlng preCIpItatIOl'; » - \ A
patterns and the frequency and intensity of 2.4bn

Source: WHO
Credit: Rebeccah Robinson/LSHTM

Stern Review, WHO, Economics of Climate Change KATECH
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Power Industry Mobility Buildings Agriculture Forestry?

| | m
Carbon

Subsectors’ share of system emissions, %0

Power Industry Mobility Buildings Agriculture Forestry?
* Electricity 97 -+ Steel 26 + Road 75 + Residen- 70 Farming 96 Forestry 100
* Heat 3  Cement 20 « Aviation 13 tial Fishing 4
* Qil and 15+ Maritime 11+ Commer- 30
gas ex- * Rail 1 cial
traction * Other <1
* Chemicals 12
* Coal 6
mining
* Other 20

McKinsey & Company, Share of Emissions Per Energy and Land—-use System, 2022 KATECH
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Energy Resource Conversion

Energy Carrier

Petroleum Fuels
= o
Synthetic Fuels (XTL)

*VV

Liquid
Fuels

Regional Niche
Gaseous Fuels

SAE Reoprt

> Syngas
1 ﬁ COH, |- (e.g. CNG)
1 Electricity
> :

Propulsion System

Conventional ICE :
Gasoline/Diesel

Regional Niche ICE

ICE Hybrid

Plug-in Hybrid ICE

-« Range-Extended EV:
4 |C Engine/Fuel-Cell

Battery Electric

Fuel-Cell Electric

Electrification

KATECH
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Internal Combustion Engine

7l - SHAUS & H|W

Electric Motor

Energy Energy
Input Input
Energy
1 UU% Output (6)%# . (1 4)0/0 1 UU%.I

I Driveline  Fectic
Resistance

Loss

(62)%

Energy

Heat Loss (17 Outout
Idle Loss L.

Driveline Lossm

|
5-6x More Efficient on

Energy to Wheels Basis

Toyota, US Environmental Protection Agency & Alliance Bernstein

KATECH
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Vehicle market by year
in million

800

700
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Weey WC BMiceE W rHEY M RE

Deloitte, Path Way to Net Zero, 2023 KATECH
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tCOze per vehicle lifetime

45

35

30

25

20

10

Battery electric vehicle - Base case Battery electric vehicle - High-GHG minerals case Internal combustion engine vehicle

@ Vehicle manufacturing @ Batteries-assembly and other © Batteries-minerals © Electricity & Fuel cycle (well-to-wheel)

IEA, Comparative Life—Cycle Greenhouse Gas Emissions KATECH
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International CO, fleet targets

200
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S 100

3
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c

Q 50

w

2
|
i:0

2010 2015 2020 2025 2030 2035 2040

1: China’s target reflects gasoline vehicles only. The target may be higher after new energy vehicles are considered.
2: US, Canada, and Mexico light-duty vehicles include light-commercial vehicles.
Supporting data can be found attheicct.org/info-tools/global-passenger-vehicle-standards

International Council on Clean Transportation, Strategy& KATECH
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CANADA
Canada committed to
reduce emissions by 40% U.K. EU JAPAN & SOUTH KOREA
below 2005 levels by The U.K. committed The EU agreed to Japan and South Korea have
2030 and is legislating to to emissions reduce emissions to committed to achieve net-zero
raise the carbon tax to reductions of at at least 55% below emissions by 2050.
C$170 by 2030. least 68% below 1990 levels by 2030.
1990 levels by 2030.
(o) CHINA
(o) China pledged to
achieve carbon
(g (o) O neutrality before 2060
o O
O
INDIA
India is on track
uU.s. to achieve its “2°C
The U.S. is reentering compatible”-rated
the Paris Agreement, and Q Paris Agreement
announced plans for 100% climate action targets.
carbon-free power by 2035.

AUSTRALIA

Australia has committed to reducing
GHG emissions 26-28% below 2005
levels by 2030.

Climate Action Tracker, Decarbonization |Is a Global Goal, 2021

KATECH
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(2007)

Q- (HEV)
Q20| : :
7|g‘j|\;|s_qx1 - 1_997g (EV)
O W EREfE9AR &
Y. 4

6 ofo|A 2 B2 AN
(PHE 2013, BMW i3
Panhard Levassor

#A(1971)

JeyET™
* %‘8’1,‘@2 G- (Fé-slvﬁ‘ ( )
ECU(S 2 ZALA0f) 2010, GM Volt B

1975, 322 Cosworth
2013, WO{AL iX35
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(2017)
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Advanced driver-assistance systems (ADAS) and autonomous-driving (AD) revenues, $ billion

B leveld (high driving automation)
B cvel3 (conditional driving automation)
W Level2 (partial driving automation)

| R (driver assistance) ~300-400

~150-225

~156-25

~70-100
~40-55

~80-120

2022 2030  _s 4o 510 2035

Mckinsey & Company, Autonomous Driving’s Future, 2023
4 pany 0 KATECH
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Global Autonomous Vehicles Market urassenger venicle
Size, By Vehicle Type, 2024-2033 (USD Billion)

3500
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Market.US, Autonomous Vehicles Market, 2024

521.0

2027

700.7

2028

®m Commercial Vehicle

3,084.4
2,293.2
1,705.0
1,267.6
942.5 l
2029 2030 2031 2032 2033
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Connected Vehicle @ N\
Communicates with nearby

vehicles and infrastructure; Not
automated

/;\T

),

S’
T

D

Autonomous Vehicle

Operates in isolation from other
vehicles using internal sensors

@ U.S. Department of Transportation

U.S. Department of Transportation

KATECH
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nartphone in

s\

.
\\ Q.,.Enhanced safety

5. Comfort and experience

P4

RAC, ARM, Connected Cars, Software Defined Vehicles, 2024 KATECH
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V2V - Vehicle-to-Vehicle.
Alerts one vehicle to the presence of another. Cars “talk” VZD
using DSRC technology. ®

: : V2V
V2D - Vehicle-to-Device.
Vehicles communicate with cyclists' V2D device and

vice versa.

V2P - Vehicle-to-Pedestrian.
Car communication with pedestrian with approach-
ing alerts and vice versa.

V2P
&

V2H - Vehicle-to-Home.
Vehicles will act as supplement power supplies to the home.

V2l
V2G - Vehicle-to-Grid.

Smart grid controls vehicle charging and return elec-
tricity to the grid.

V2I - Vehicle-to-Infrastructure.
Alerts vehicles to traffic lights, traffic congestion, road
conditions, etc.

Qualcomm, Vehicle-to—X Communication and Use Cases, 2018 KATECH
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THE CONNECTED INTELLIGENT VEHICLE DATA LIFECYCLE WITH MACHINE LEARNING

THE CLOUD

RELEVANT AND S sSVELY,
THE CONNECTED VEHICLE D-g)-u b i S= SCALALLE
DATA STORAGE AND
COMPUTE
INTELLIGENT EDGE g A
SOFTWARE é’?
3 . e DATA SOURCES \
i, i 7\ . CAMERA DATA STREAM
Software . s . RADAR FROM VEHICLE
Platform : X ) : ggg“ i THE CONNECTED
% . & () S VEHICLE MACHINE
. .*  SOFTWARE o Rsensors  OVERTHEAR LEARNING (ML)
St sogmne LIFECYCLE
............................................................... I TERABYTES OF DATA/VEHICLE/DAY UPDATE
Th it VEHICLE
- S
o Ry . ° E PROCESSING
Hardware = s v HARDWARE °  PLATFORMS
: = DEPLOY ML MODELS CONTINUOUSLY
2 = 70 VEHICLES DEVELOP AND
UPDATE ML MODELS

Platform

o

NXC, The Future of Automotive Connectivity, 2021

KATECH
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X 5. Connectivity Layer

All modes of connectivity to the outside
world from the vehicle. backbone for
the data transmission between
external infrastructures and servers by
various network protocols and using
different services. This is the main

J layer for software updates and remote
™) maintanence.

4. Vehicle Data Platform
Includes all data storage and data
controller systems in the vehicle. This
is similar to a datacenter of the whole
vehicle managing the database of
environment data, personal data,

N processed data and system data.

w

. Vehicle Software Platform
Includes operating system,
middleware and application software
interacting with various domains and
zonal controllers and its subsystems

J for various functions.

N

. E/E Architecture Layer

Includes various Zonal or Domain
controllers or both handling various
vehicle functions connected using high
speed network and also providing
required power for the operation of the
overall vehicle.

¥

Zonal Controller C

Zonal Controller A T Zonal Controller B Domain Controller

-

. Vehicle Platform Layer

Includes modular chassis with
available interfaces and space for
integrating power system and control
systems.

©Plato Pathrose

Plato Pathrose, The Story of Software Defined Vehicle, 2022 KATECH
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Renault Group creates Software Defined Vehicle
with bestin class Tech partners

Business Services

Digital Twin (Cloud based)

&ose™  Google Cloud

Digital Chassis (In-Car services)

Y
.
?;?333“ Google Play Google Assistant Google Maps

’ Snapdragon

digital chassis

Car Operating System (Software)

805" android

Software Defined Vehicle
Digital Chassis

Digital Chassis Hardware

Renault Snapdragon
Group 5 digital chassis

E.V.Skateboard

*Snapdragon Digital Chassis is a product of Qualcomm Technologies, Inc. and/or its subsidiaries

Renault Group, The Software Defined Vehicle (SDV) architecture, 2023 KATECH
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70 Lowsgf:gth | ngh-Stmng!hE Ultra-High-Strength
- (<270 MPa) : Steels . Steels (> 700 MPa)
o\o 60 I
Interstitial-free (IF) steels ~
Mild steels E
Isotropic (IS) stI 70

Bake hardenabl{
Carbon- mangaﬂ -
High-strength I'E\ 50

Dual Phase (DPj E 10

Transformatlond: ?n E ot

g 30 ;

ot 20 i

“@& 10 |

50 !

40 ' 0 !

0 200 400 600 800 1000 1200 E

___________________________________________

Total Elongation (%)
w
o

Yleld Strength (MPa)

Post-Forming Heat-Treatable (PFHT) Steel

800 1100
Tensile Strength (MPa)

DOE, Light Weight Materials R&D Program
KATECH



Materials

/ Surfaces

#nextgenerationsteel

A new generation of steel
for coming generations

Technology

Applications
Sustainability

thyssenkruff, A New, Wider Range of Dual-Phase Steel

Grades
with increased
yield strength

Impact intrusion
resistance

Increased deformation resistance
and energy absorption for
structural parts — enhanced
local forming properties

Conventional
grades

Balanced material and
processing profile

Grades
with increased
elongation

S
@,

Complex

shapes

Additional elongation for
complex geometries with
highest demands on
global forming

KATECH
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Unboxed Process

, %4
N\
%
S——— —

Tesla Next Generation Production Platform

Giga Press, Tesla, Toyota, Idra

KATECH
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Categories [; 11 ; lll = Increasing complexity concerning surface
quality and corrosion protection

<_/_environmes
<

Bumper cross beam

Inner part of engine bonnet

Application Perspectives of Mg Sheet-Parts

Salzgitter KATECH
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Schematic of Thixomolding® process

X Hopper
Product Barrel w
> Die Nozzle Cover Inert

Screw ‘L“ Gas

I Valve '
» L4 Magnesium
/ Chips

-

Slurry Heater Bands High Speed
Temperature Injection Unit
(560 - 595° C)

' i Lab.
Oak Ridge National Lab KATECH



Breakdown by Materials Type

Cast Iron 2%
Glass 2%

W Steel

M Plastic

® Aluminum
M Glass

M Cast lron
m Others

fommmmmm ) PIaStiC | PP | PC

Volume Breakdown by Polymer Type mPA mOEP

mTSC ®mPU

TSC3% <

= ABS
Note: Others include elastomer and fluids
TSC: Thermosetting Composites
OEP: Other Engineering Plastics PC 49

KATECH
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VCommon Plastics Engineering Plastics Super Engineering Plastics
& Composites

Bio Plastics ity e e s g e B Sy o

KATECH
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Certainty
Low < > High
High Impact [ )
o \ ! High Growth |
o . ! Impact !
I Medium Growth ‘ Polymer bler Smmmmmm—————e
1
1

‘ Bio-based plastics
and composites
. CFRP
. Glass fiber

Aramid fibers

Other reinforced plastic

Projected
Impact on
Automotive
®-
o
@~

. HDPE

O \
Low Impact

“Go Green” and “Weight Reduction”

KATECH
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Demonstrate ()
advanced high ()
strength steel T
with tensile

strength <

Demonstrate ___
Al sheet alloys <
with tensile

between 1000
and 1500
MPa, uniform
elongation
>20%, and an

strength > 600
MPa, uniform
elongation =
15%, and an
added cost

Develop Mg
alloy systems
with
corrosion,
joining,

jTo]

=

Develop
predictive

an

added cost
<10%
compared to
current alloys.

computational .= Y-
. '
and empirical © EVEIOR lower

models for 6 :_Esetr:arbc'n
|

<10% impact, and
compared to creep
current alloys. properties e
issimilar
that_are ial - composites .
equivalent to materia i
Al joining with net-shape O
technology to manufacturing

enable mixed cv_cIE time < 3 E
material minutes, ()

. composite

vehicles. tensile (]
strength = 700
MPa (100 ksi), more than 55
and composite per |b. of
tensile weight saved
modulus = 100
GPa (14 Msi).

reduction,
relative to
comparable
2012 vehicles,
at an added
cost of no

USDRIVE, Materials Technical Team Roadmap KATECH
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> DOE 43} VTO(Vehicle Technology Office)2t117] I A HRALE 1/ E The Lightweight
Materials Consortium(LightMAT)0|M &S

Characterization

=9
a

ga-

=,

]
=]
=a

)

Extreme Environment Testing
Evaluation of materials in
environmental, chemical, electrical and
mechanical combined conditions

Mechanical Behavior of Materials
Evaluation of mechanical performance
across strain rates, surface conditions,
and geometric constraints

Microscopy

Visualization & characterization
techniques ranging from advanced
optical to x-ray and beam specific
equipment

Non-destructive Examination
Methodologies For evaluation of
properties, processes, and materials
without desktructive testing

DOE, Light Weight Materials R&D Program

Computational Tools

Data Tools

Materials data mining, discovery,
information management, and analysis
tools

Materials Processing
Predictive simulation capabilities for
deformation, joining, solidification

Process-Structure
Mechanism based process to structure

prediction

Structure-Properties
Continuum or discrete prediction of
effective properties

Processing/Manufacturing

Fabrication & Synthesis
IMaterial development across scales
from synthesis to scalable production

Joining

Advanced joining development including
multi-material, solid-state, fusion and
fastening

Shaping & Forming

Evaluation of materials Formability
limitations, rate sensitivity, tool life, and
effects of shaping

Thermo-mechanical Processing
Development of heat treatments,

thermo-mechanical processing, and
microstructural modification techniques

R

Composites ManuFacturing
Development of advanced materials and
processing of low cost, energy efficient,
multifunctional materials, and
sustainability

iV

KATECH
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Hybrid Functional hybrid
structfures structures

I I

Multi- -~
material Mix Optimised Al-steel

combination

2017

47 2017
44 35 21
38 .
EV - 29
ICEV 165 129 g/km 88 g/km

258 g/km

B Battery manufacturing ® Fuel/ electricity production
®m Other manufacturing B Tailpipe (real-world driving)

BAX & Company, A Vision on the Future of Automotive Lightweighting KATECH



Hc|E| rHef Of2l - AJAFE

C 0 M F 0 RT ol s v oo : Ec 0 I.O G ) g community...

The vehicle will become a trusted partner ~ Optimizing the energy use of the entire community
through close communication with the driver. = Achieving eco-friendly lifestyles with high quality of life.
netwarking service

+ The vehicle complies with the drver's verbal and nonverbal commands. ‘ ||,“s= ,,,c . pecple and vehicles d < L ‘ + Actualizing a lg arbon society where homes

+ The vehicle predicts driver's actions in order I provide services and prevent dangess. OYOTA friend ) s share energy with each other.
\ oting local energy production/consumption.
withstand
| Centralized voice recognition system -
( Voice Agent ) :
from vehicles ]

Your usual route is congested.
Shiall we take a detour?

SAFETY concevuos S CONVENIENCE conv .

IMRaE-" ST e T, .
Toward the realization of Toyota’s ultimate goal: : L Lo A Building a stress-free traffic environment where
zero casualties from traffic accidents. ) everyone can move around as they wish.

+ Vehick hange their locati andspeedsatanmles
+ Vehicles receive useful inf hon from roadside i

- Utilizing big data g: d from vehicles to imp traffic control
and disaster-related measures.
- Implementing an ultra-micro EV sharing service integrated with public transportation

Toyota, Smart Mobility Society, WIPO, Technology Trends Future of Transportation, 2025
KATECH
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(Evaluation Technology of Aluminum Melts Cleanness during Scrap Recycling)

2025. 07. 22
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mgkim73@rist.re.kr




—_—
[=]

o
N~
E
M
o]
=
~

S A

POSCO

RIST

7l=70%
SEELE
[ % ]

rPOSTE2LCH

§ pERa
A_l 8l b
HKI

. 7|% B3
. At

P

FAx-)

T=010],

| ATNERINIE

= 242l

EH-SLE)O| 77 [H2= A

i SHE Y

-6I;|_E|_ 17}

off 7164

]

AlS
=4

L

AV

oF B

SERIEE

L= 10

LY

2000



2F ozt @ 213 1317 (A7 172, 7|22 109F, A 36%) RIST
@ 0| Ak: 1,316 (mATE 7659, HE AR 3432, 7|EF 2082))
?_E! X'25.17|& @ 0“-*_" X'25H 7|&=
SHXA 71Et 16%
So (2089 #)

X EHQIAIE, 712017,
2CHALE, OIR} &

YA @
26% 1,316
(3439 &)
ZADIE
AL 544 58%

7I&d 34%

(109%H)
(172%) i (7652 &)
TR T T L I 61616162616 X61616:
25 /ME/MATH 31% 7|HIHR30%  3EHEE /A 27% ZIEF12% ZA3A65% P-=2Y235%

YA AT IE




I.2LQ Y20|E M

@ =U LR0|E MY 1K MYl BAet MTiXoz W2
QHOl 559%, T2 16%, UE 13% 0= &g £
2 Y20 A Flow (23)

ret
olck

0] AT
TS T=T
—— 22X | S A= | MEZNEE —
Ingot [ 300E ] N L7101 E HEARE - HZ|eH - A3}
dihoatr= OrE
e g S L& | 3| umonsszon
=1 ’ e A ST AR RAH|2
AAL40FE [ AE ] ) § =3
O E -A0| = I
wmEr [ —— \ |EnzuEagssge
| = N U 14zt \ s+-8 So HA A
O CHH | AHHE O
Saa | | \
P RN > L= 182h= § P |2 M EET|
HUTHE S ABAHgHE 12HE 3 i
e enrnamah
! oz (2 AgEH
CREsRES BIUE ) 112HE A4t
L 1g0HE
A} 400HE - 162= Note: Ingot, Rod, Bar, Powder S0| FE&
i SIOFE g3 dx & A UMz g8E= 492
hoefey ¥ = 23250] 99% 0| A2 8139
Source: 8AH, HIEFEE2, ot=F IR




OoF =2
=T

@ = ’S%*%ﬁl =7 BN BE

9|
Hij =
ol

- MA B EtAH|=EF CHH| R oLt EUELCH 0t BtAT ZAE™EAM 0 oot 71 EtAN 2E
- ¥ EU o+ +EW o 5 6000 & (2021), EFATIH $55.4 HE Al 20.6%°| ¥ EU =& ZA Z1f Of Abx
% = Al European carbon reaches €100 a tonne
Tons CO; per ton steel produced L AU EAZZAN| FAX| . . P
350 Price (€/tonne)
® . +EE0| EtA ERa 3760 71
3.00 @: 20194 7|2 | EU 45 2 X ELAHIEE 7|12
250 o E1A 712 (19)
200 B 0s28mA | 30,622 752 10022
150 (354502, 2442 2)F  (F3USHE)  (BRUSHE) (1Y)
1.00 EZ=D :
0 0 ’
0‘00 |l T T T T T
1990 1995 2000 2005 2010 2015 1293500 : 1244,190 324,770
T ot i
=== China == Russia === South Korea (94153021 9) i (21,600%) (9439702 (45,2042
“== Japan “== EU o= US 20194 ¢s°491 2 16% 2018 2019 2020 2021 2022 2023
X2/ CHOI BB I ARIKIER), EYEHIS| A O egsa Source: Refintiv

[Figure 3] Carbon Intensity Trends in Major Steel Producers
Source: Bloomberg New Energy Finance 2021

OFT
X https://www.ft.com/content/7a0dd553-fa5b-4a58-81d1-e500f8ce3d2a

A

OIxH2 7|t/ 20210717 ESE @yonhap_graphics H0|AS tuney. kr/LeYN1
{ I ,I ' (A L “ ' A

A Hsp

ra

, Issue paper 2021-18, At

:I'I'

o



I.zUe &0 &Y o

@ =U LF0ELAS =7 EtaM BE

- 20214 HEU L2 0|5 #—%(591 =) 7|F KA AL
- o Y205 *O'%z QlE, @ UAE, HA|OHCHEAN QI EtAHiEZ =2 =7}

T d

0 & ErAM 803.16 S

i [_=| X I A
213 ALUMINUMAIE == I . M= Z=2F 1tonTh EFAHIZEEE 16tonA| °|'2|' ot 96 4E|I'°.I
JIEk14 5948 o) FE B TAUIST0HC] XH0[1 9.2ton 2HA| = A g
e (842 12008 7|%)
E J 5.04%
+&:48.8%5
o . . 2021 Ol &F EF A
4PN 6%, 3 179 20214 7|E 9 2 &2 145,000ton, 515t OF 12 o
FE W EABESaEe| X10] 1,334,000tonCO2 Dl_g'l- = 1397.5 =
8 20214 Aluminum ¥ EU $522 14.30 £ —
— OI- L O-I = - EF *EESE 20269 M EU CBAM ETS AH
® 5= o= LR0sYAH F7t BAN 2H
- 3 BHE 11~12%, &R 0|85 2f 29~33% =7t £ 0 - Ol UF0|E 2 40% 0|+ £ o<

< T HEU £% 4F Y9 CBAMS| % >
driven by coal captive power plants. The additional cost per tonne of Indian aluminium going into

— CBAM B Sa=3dAM | ©RlT A=RE | BE2=347HE

== +5% ™ goh | (A 2l¢h (¢leh (%) the EU will be significant, and without robust decarbonisation efforts it is difficult not to see these

= 160.86 26~28 = 652~690 11~12% flows being impacted. The import cost of Indian aluminium products into the EU could i increase bu
Ad=01& 90.6 20~23 E& 4295~4909 29~33% more than 40% due to CBAM.

* Ao ML, AR (BOENREILE R ShE)



1oi0
B

i)

ke

NO
g

SA7|Y Hl= 99.5%

CH7| &

20227|% M|A| 791 POSCO(3,8642HE)
MA 189 HOHM = (1,8772HE)

), 87| =5
HM H|& 78.0%)

FEHA 2 H|Z 83.7%)

|_§-

BE& MM/MESE
At

(X &8 = 0l

27| 8767l, SAXE 11,796F
7| 139

ml
dlo

gl

at QA

I
M-

ol



I. =2 2500 oY 2z 243 ZEALY At

@ 2024HE ANMEET WU S ST E0F MK Cf & bR

PEEs [Nl [ AaeE | B EeE (Ees (] gue
HMAVIEFER | HER | 2420 | BEF B TER I;ﬁ;"; I Green flingers
A7) i'ﬂ' w2 o ﬁ'* A - AW §§"" EEA M i'ﬁ* "|i . E{Idjl-u"rem separator Spectroscopic sorter 2. fach tyge of material
Suew  |WovacsE W ATeHNEE [ AuEss (] agus 3. Asecondary magrefic refiects a e
L - — == = Jeld iz induced in metallic |4, 4 stroom of woste combination of
a8 ol & ] EFEEA [ EEEE] | | [ gHHE A 1. A streain of waste itams, ond magretic | imaterial trovels along warelengths i1 the
O ZEERAD [ =2 &RpaD M OEsEsE [] 2omA matarial buvels along repulsion pushes thent | g coveyer belt and infra-ved spectrum and
BE | A2T A28 AES 71V ANES D0iE OE 248 JENE a conveyer et clarofthenusetenm | pusios inderocamers B con thus beidentifed
(& | BT NBE ¥R0lm £3¥ @3 MAES #4A4 AF % 7 - ,,,_' Ly "
FIE T wenal Bya =,
nHE o | FEE 238 Q% A8 20, JRWE 4 SORAE g0E BEA 2. Th ot passes over
¥ES 7| 50hy st
[GA % | 220/F (CA /W Bx0E Ag S0EA 3 59 JaWE ekt
g >
e 459 YREAS 181.8%

3, By firing o jet af ol 1t
then possible to pick out some
itams from the waste stream

- dFuly IF WRE ReaAdolEE AHgsks 2 ¥ AEE 23 AgA
olshsieta WAHS oF suol B3, 4F AREY BAFY $UY

v AM2RIEOL: End of Lifek AS4E 23 A3, olg S0 "X ol 20, HEY7)8 28U S Sources: TiTech, The Fconamist
- EU 2237232020268 2a4d) digS 38 AR 233 AEE, J4AFF

49N P o|F REY HEY L AHEZ A3 b, 7[ AN/t 2F7]

- Blg% 3 EaE EfuEsEs AHEE AHEY 239E g, F8 = 6% o4k .
g B o9 FHgEte lE A

- B - Eg 239 00% ol AMER ZEE/ISE f8r)e, EBo/EEs Lw
AAE 2 EE AA, A2 Prmary)g E4E HEEE 7 Ad

- 2237 90%o]4 AHE-E R 2R E, JdYY 2 WX HAE ¢FoF
s FEFH AleAd

- 239 Ags FHEE 33 558 LC (Life Cyce Inventory) Database
T= g9 o]F 88§ LCA (Life Cvcle Assessment) #4932 »|&Ad

o (Bad- gaiE Az Jdse & AL 87
- Sl 2FelE el BAIEE 24 SAMdr dAS A FUTFRAA
A 2ade) ARg il a2 Afd dag
- 22 gagyAdd e I €5uE 4 g FEe 93t oF 1673
ofle® Agah AYAA F Fa daiubidd A4 okl peld
- 238 ARE 2AF BEshe A dAeMe B4 2o FEAE, @
Wy 2 BAAR, Ao e AAAR FYEA A AT A%
FedE Y BT 5 e WHE =9el €Y
o (IHER - FFF A4 2 AAH &3
- w34 S EFEE ¢EVY P eRTEE HY Aus A% 5 nEd By
FRE B 2HE e 6l
- AAFes Hgdk 4F0lE YRS FEE e sk Y 7k s
T Fark dddozs BRI dgeld, 48X 239 443 3 Ads
dFoEE gt dge s ddyEst AR D s
- B oAEE Sy g5uE AR S, Ags 250F Az FRes
22Y Aes dFoF AFe AEH HAE HRG F &




S
N
=<
4
i
=}
mF
oll
N
K
0 - 4
O W_.F__._.._
W_._wmo_o
——
Ll
of 2 s
._OﬁWUA
Mod
K o ..
dIrz=
o~ K-
._In_ﬂdﬂH_
T = r

-
‘-
>
-
' &
o
-
E

-
8]

!
a

BaEg WOl 2%

83 cawag

o/

= L{2|
%:'ﬂ-’ -é-l-

| g SH=
I 2

I

—_
(@)
=

=
f

100 KO

<

a5

< 1o



MEtA 20|15 MY U 7|eHE

FetE M2tz T2k 0| X|(Low carbon) 28, AHEHA] SiM Zero carbon) 3! X 2HE(Recyde) 2HCHE M7 S¢
ek Hiok ofie 7|
1. AL X (==, EfLZh 7|8t 220|155 MO 2 7|= CHH| EbA HEZFS Z|CH 25% 2
_ Hydro
g
2 TALO|IX] Z2[0] 20| -0 of RA Qiskg 50 B7IHez ofux| Aigielaja3 | Rio Tinto

Low Carbon | 2 sizroq 3y

Alcoa
3. +=2X20| o1 dul 30| X| ZE Ho|MHS ot SR HHAE SAMoZ XM=

X ext zol RUSAL

1. U20|E AA P S 9 C12F 0,2 X X2 |f AHA} HEAI
2 Of|4X| Z2|0| Q0| R|LH O 2 ZAsH= AZ0|A] X
Zero Carbon | #7PHI8=

3 LROIEe| 7 Sl B o= Ol FXHIE 2l + s L

—r
m*ﬂ
E
N
).
Ja
re
2
Mju
i
J
Ot
2

ELYSIS
11 LY 712 RUSAL

AL ==
T T
1. 80 7|=F DA T2hd Heto| 4™l Cfoto 2 x| M 247 =2 ME2 &
oIS} ACtol NOVG"S
2. Zero-Carbon2| &85t XA A| AH[ES 7|82 o X|ZHQI Primary CHA|Z X8 H?
Recycle il e Hydro
SHH 7ts
3 Ehath B 710 Kpist Q42 $0l50| Shi7t BEeln, MElZ| X B3US Rio Tinto

1243 PR 2 PCROY| [H2 1107 |4 KPSt T4




Novelis

@ Novelis — Closed Loop Recycling(PRIZ| )

- Mg B & IAAIPR & — T8 open EtR, DAL IO HAZH =T, THA x|}

T -d, —
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North America

Oswego, NY
Berea, KY

Asia

Greensboro, GA L) @ Yeongju, Korea
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K) Oswego
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(&) urope
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South Korea

Norf, Germany
Pieve, Italy

South America @
Pinda, Brazil Pinda
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1. Mk HEIAIHE (Primary Aluminum)

- RO LA K| 7|2k K ERA Al ARS HOPA[A 1Y LY E
N EHA| BAE X HSH= FEH ‘Carbon-Free' MIE

> Apple, ZHLICHEE Sl & FEHE =S EH 1 4AHEE
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Requirements

15.
Quality control

oy AL
g A oM Syl 7=
g AnyDESIGN #7/811, 24,2 nkyt

2.
Selection
of alloys

3.
Die design &
cooling concept

4.
Cavity
Simulation

6.
Aluminum
treatment

14.
Machining/
WESallale]

High quality and productivity requirements on Structural

parts are just achievable with a robust process chain.

13.
Straightening

12.
Thermal heat
treatment

11.
Trimming

PQ2

7.
HPDC
process

8.
Extracting

10.
Spraying
Process

9

Part co.oling/
marking

40°C

200°C

Moving Spray

2
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A383 0.300
SILAFONT-36 0.525
CASTASIL-37 0.060
AA386 0.075
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4

10.80
10.50
9.500
8.525

2R

: 49 (25 °C)
10 cm/s

0.300
0.200
0.150
0.013

0.015

0.500
0.030
0.475
0.455

St
1x
A

X

A383

SILAFONT-36

CASTASIL-37

AA386

1.300
0.150
0.150
0.277

0.500

0.009

2.500
0.050
0.050
0.790

—L
= =38

1.000
0.050
0.070
0.020

680, 700

CHR| - wt%

- 0.200 0.200

0.200 - - 0.200
0.005 0.004 - -



Solid Fraction (%)
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Clamping Unit Movesble Platen

Tie Bar

Ejector Die
Cowver Die

Ladle
Molten

Metal

—Pouring Hole

Platen

Tie bar

Hydraulic %)I-Hl QE tE—|H
Cylinder
Machine Database MOld
v -25 Machines ! Ttem value
) v & TosH Maker TOSHIBA
Clamping Bar - Eg:;ga ggi:;;‘ifggi:”;”) Name TOSHIBA DC350R-H (357ton) (@
. . e n,
Ejection System TOSHIEA DC350RH (357ton) Chamber Type Cold y
Sprue TOSHIBA DES00R-H (510ton) (P:‘;:‘ng:;r[;iz":;":;[;ﬂ] j:o 0
ot TOSHIBA DCA50R-H (653ton) :
|r|]eﬁtl0n Sleeve P unger TOSHIBA DES0OR-H ES:lStun; Hydraulic Pressure [MPa] 15.00 e
Stationary Platen Shot Chamber TOSHIBA DC250RAM (255ton) Dry Shot Speedfm)s] 1100 / N
Copyright € 2 TOSHIBA DC3IS0R-M (357ton) Intensification Ratio[m/s] 2.07 ( )
TOSHIBA DC500R-M (510ton) Max. Lockup Force[ton] 357.00 <7 ®
- TOSHIBA DCS5S0R-M (563ton) Tiebar Diameter [mm] 135.00 =

-] TOSHIBA DC300R-M (316ton) Tiebar Horizontal Distance[mm] 550.00
=7 Buhler Tiebar Vertical Distance [mm] 650,00

P uBe Shot Sleeve Length(mm] 430,00 C | am p
Bk Die Platen Horizontal Dimension[,.. 935,00
& Tovo Die Platen Vertical Dimension[mm] ~ 935.00

Injection Position[mm] -150.00 “

Min. Die Height[mm] 300,00
Max. Die Height[mm] 700.00

Machine DB

Cancel

OWYSOFTWARE



3. X&J1Hr9] =819t d Al

» b7 |[TLHH(Draft) £Ad > = 2&H(Parting Line) 4%H
« Product Q| tj7| 24l 2tE S0l b= o {7 |FHIE HIE O 2 SiReME X

- Positive Draft (> 0)
- Negative Draft (< 0)
- Zero Draft (= 0)

oWYSOFTWARE 8
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Flow Direction and Length

- Analyze flow direction from the ingat«
The lines shows direction and length

N. Type
1 Ingate (12)
2 Ingate (17)
3 Ingate (19)
4 Ingate (21)
5 Ingate (22)

6 |Ingate (27) |3919.0 | 4902.5

7 Ingate (37)

Length [cm]
2496.8
3384.1
3376.0
3353.6
3418.0

3605.1

J-Factor
2801.4
4902.5
4902.5
4902.5
4902.5

4902.5

J-Factor > 525, Atomized flow is expected.

Casting Yield
Pouring Weight
Product Weight
Product Volume
Total Gate Area
Gating Ratio (B:G)
Venting Ratio (V:G)
Transition Position

4768 %
125.80 Kg
59.98 Kg
22214.739 cm?
64,97 cm?
14.81:1.00
0.34:1.00
1307.14 mm




Clarmping and Tie Bar

Clamping  Tie Bar

Evaluate the balance of damping/opening force
(eci
d

with projection area and machine spec.

Region  Area[cmZ]

Q1 10887.66
Q2 11021.40
Q3 10474.75
Q4 10583.88

Total 42967.70

Ratio[¥&] Force[ton]
25.34 3194.20
25.65 323344
2438 3073.07
24.63 3105.08
100.00 12605.79

Casting Pressure [Kofjomz]
Safety Margin [¥g] :

Die Opening Force [ton] :
Clamping Force [ton] :

Center of Area
Centroid [mm] :

0.07,0.05 | [

o TN EQWA 42, 967.7cm?
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Clarmping and Tie Bar

Clamping Tie Bar

Evaluate forces on each tie bar with machine spec.,
foa)
g

projection area and offset from platen center.

Region  Force on Tie Bar[ton] Ratio[ %]
Q1 3190.95 25,22
Qz2 3202.42 25.31
Q3 3135.82 24.78
Q4 3124.58 24.69
Cancel

: 294.5kg/cm?
o AFEE =42,967.7cm? * 294.5kg/cm?
« = :12,605.79 (Ton) *1.2(20% safety margin) = 15,126.9 Ton

9

-
. 02 :3157.56 ton
1]

Q2:3,202.42 Ton

Q3:3,135.82 Ton

S

Q1:3,190.95Ton

Q4 :3,124.58 Ton

« MHAEZ =12,605.79 (Ton)
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PQ2 Analysis

’\Pg The PQ2 analysis is a tool that helps to make metal parts without defects
- by showing how much pressure and time are needed to make the parts comrectly.

Machine and Operation
LK FREAM 16000

Item Current
Plunger Speed [m/s] 10.00
b Hydraulic Pressure[bar] 180
Plunger Diameter[mm] 300
Cylinder Diameter[mm] 280

Product and Gate :

Item Current

Gate Area [mm?] 6497.00
¥ Wall Thickness [mm] 4.00

Product Volume [am3) 22214.74

Product Weight [Kg] 59.58
Display

[“|Die Line(Current) [ Die Line(Target)

[|Machine Line(Spec.) [ Machine Line (Settg) [»/]Machine Line{Rec'd)

["] Operating Point

PQ2 JZEE O}g

o\NYSOFTWARE

ssurelbar

Die Line{Current)
Die Line(Target)

Die Line(Rec'd)
Machine LineSpec.
Machine LineSett'g
Machine Line(Rec'd)
Max. Metal Pressure
Min. Metal Pressure
Max. Fill Time

Min. Fill Time

t
1.4E411 1.6E+11

o

A B (Health Check)

Health Check

;,%’ Execute health check.
You can see the progress of health dhedk execution.
Health Check Items :

(i) Tie Bar Force Distribution
Tie bar Forces : 3157.96ton, 3157.31ton, 3157.93ton, 3158.57ton,
Tie bar Ratio : 25.00%, 25.00%, 25.00%, 25.00%

(i) Shot Profile
Transition Position of High Speed in Shot Sleeve : 1707.14 mm,
Molten metal is filled 30.25% of shot sleeve, Low injection speed Is

() Atomized Flow of Ingate(37)
J-Factor is 4902.5 (525.0), well-developed atomized flow is
expected.

, Venting Ratio, Shot Profile, Atomized Flow &

| F{BPA0] 2t 27 T KIRIEH 47 ot




- AlO|E BRAEH| Y 225 STEH, 2T ST F 20 or7t 2X] 5O AN TS BIZ 0| XA E =IX| G HiZE 2 A2 2 HEE.

- 2[E S R0 2=t XMStE[ 22, 0|9 / € YRS ?loiM 5 A HE2 255 o Lot e

* -'-H*-l 7:|-|I_ ."a_.n. * | — B
S sl dn Hs sH 2k F%
Filing Sequence 7,190 (sec) - Flunger Tip Position (mm) : 179115 Filing Sequence  7.2099 {sec) - Plunger Tig Position (mm) : 1886.52 Temperature  Time: 7.25436(sec) Filling: 100.00(%) Solidification: 0.00{%3(°C} - Plunger Tip Position (mm} :
72544 7.2594 700.0000
£.5200 7.2157 £90.0000 F ‘ Vi ¥ s 5 3 1
5.6037 71771 80,0000 [ ] [ ] _ - [ ] [
50724 7.1385 £70,0000 i | I ‘ E
4,3530 7.0992 60,0000
36277 7.0612 50,0000 ‘ .
20024 7.0226 £40,0000 ¥ : z ¥ 1
21770 £.9840 el '6".7." = £30,0000
=2 S

14517 £.9454 £20,0000 I i
0.7264 6.9067 £10,0000
0.0010 £.8691 600,0000

Movie File Movie File Movie File

o\NYSOFTWARE
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Sensor1 Sensor2
p XZE Ol 7|ZNBD AMEIE BEx
- HEZelE= Q5 7|z 0 E 8 30| A 2251, oF HiE E|X| Xt At2tE0| THRE.

H IT
« Chill Block [SCS 60-1]= AFE S, T8 == 2 587mbar LIEHH .

d

TS E [SCS 60-1]

nnnnnnnnnnnn

- - 936,158 mm3<' £ sl TR A W) 1100
i 4 ’ . o -‘ 1 —— Sensor1
-y, | N - - : _ -
P 1000 \\ Sensor2| |
R SR « = o0 \
= 5 | \
< 800 AN
5 \
[7)]
o 700 ~.
Gas AMOUN.  Time: 7.2 30sec) Filng: 100.00(%) Scidficaton: 0.00(%)ee/1009) - Plunger T Positon (mm) © 2127.06 e \
Jemperature  Time: 7.25436(sac) Fillng: 100.00(%) Soldification: 0.00{%)(°C) - Plunger Tip Position {mm) : » m ] \
650.0000 F 3 r 3 LY | [ i A * : LV 600 4 587 mbar ™~
60,0000 - 5 ~ - 9 ~
1 — ! ‘ Vacuum
Start
500
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
<4— 400 mm .
Time (sec)

e (sec) |

»
»

A

Sleeve Length 2,200 mm

oWYSOFTWARE 13



» Vacuum System =2 [Chill Block / Valve] (1)

56)() - Phegar T Pesiton (mim)

) Solbticston: 0.00

ey Filing: 200.00(%

=
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Fileg S0 Solatcstcn: 0

SONYEC) - Pragpr T P (e

Fileg: s00.000%) Solificsion: 0

54 aec) Flleg: 100.00(%) Saklcation: 0.0(%) g/ - Prgir T Pesian (mes) : 242
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HE Usel 7=

1000

800

600

400

200

Entrapped Alr Volume (10° x mm®)

911.589

\

701.667

N

RN

[ cnill Block SCS 60-1
] cnill Block SCS 140-1
] Valve MAXI

669.262

0

Chill Block : 60-1

o\NYSOFTWARE

Chill Block : 140-1

Valve : MAXI

Entrapped Oxide Volume (10° x mm®)

HE 5| MstE
1200 [_]cnill Block SCS 60-1
1085.94 ] chill Block SCS 140-1
1000 4 ] Valve MAXI
™ 826.413
800 I
\ 618.536

600 -

400 -

200

0

Chill Block : 60-1

Chill Block : 140-1

Valve : MAXI

Vent2 X L}7}l= Air Volume

Air Volume (L)

800 ‘ ‘
—— Chill Block 60-1
1| — Chill Block 140-1
Valve MAXI
600 /
400 / % e
200 //
0
4.0 4.5 5.0 5.5 6.0 6.5 7.0
Time (sec)
Sensor1 Sensor2 590 52
/
VentZ WX L}7}= 60-1 140-1 MAXI

Air Volume =% 9|%|

15



» HA Zx ZM [Displacement]
o QIAO|E X|HO|| M stress7t =H 2XE T

« NZESL X2 (+) S22 S AMOIEXF2 (-) XFe 2 #HY =,

Mass Poisson Thermal Yield
Density Ratio Modulus exp. Coef. Stress

CASTASIL37 2.69 g/mm3 0.314 2.7 x 10"° N/m? 2.10x105/K 1.50 x 108 N/m? 7.0 x 10"0 N/m2

Material

Displacement (Y =

STRESS - Thermo-Elastic ¥on Mises Stress - DISPLACEMENT {mm) - Thermo-Elastic . N N B N JR I PR R I AN JR U B -
50.0000 ]
47.6000
45.2000 10 e
42.8000 E
40.4000 -]
38.0000 — 0.5
35.6000 £ 1
33.2000 £ 0.0
30.8000 = 1
28.4000
26,0000 € 0.5
236040 o ]
21.20
12,0000 € 1.0+
16.4000 8 -
14.0000 -]
11,6000 ) 1.5
5.2000 Q. 1
6.8000 v 204
4.4000
2,0000 s 25 1
3.0 S B RS IS R RS Rt (R SR R B RS R -
@ -3.5

12 3 456 7 8 91011121314151617 18 19
Area

Movie File
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Displacement
(Y = HY)

Moving Cooling Fixed Cooling

Displacement (mm)

o\NYSOFTWARE

2.0

1.5
1.0 ¢
0.5+

0.0

0.5
1.0
15
2.0
25
3.0

-3.5

m_4

|
9 1011121314 1516 17 18 19




« X, F[E A A2 YLK 2= O|Ho| [HE =2 O =2 Hel o=
« XE 52|29 sDASE 21 ~36um, Grain size 410 ~ 500pm = &2 =

SDAS(um) Grain Size(um)

SDAS{um)  Time: 356.428(sec) Filling: 100.00¢%) Solidification: 100.00{%) - Plunger Tip Position {mm) : 2127 Grain Size(um)  Time: 356.428(sec) Filling: 100.00(%) Solidification: 100.00¢%) - Plunger Tip Position (mm) @

70.4819 561.2180 . 4 3 I .}

[ - - L - -
64,5097 531.8886
56.5376 S02.5592 | o . - » ’
V4 3 ¥ 4 -
52,5854 473.2208 i ~ | o o
45,5832 443.9004 ICp——— | — |
40.6210 4145710 l S { I § l i [ L
34,6429 385.2416
28.6767 355.0122
22,7045 326.5828
16.7324 297.2534
) el
10.7602 267.9240 | ’
B Ao ——t
. o S i
= i - ) /
. .
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Tensile Strength(MPa)

Tensile Strength(MPa)

231.3663
227.7825
224,1986
220.6143
217.0200

209.8632
206.2793
202.6935
199.1116

195.5278

OWYSOFTWARE

Time: 356.429(sec) Fillng: 100.00(%;) Solidification: 100.00{%) - Plunger Tip Positior

2134471 B3

Yield Strength(MPa)

Yield Strength(MPa)

99,1620
98,1376
97.1132
96,0889
05,0645
94,0401 NS
93.0158
91.9914
90,9671
89,9427

88.9133

Time: 356.429(sec) Filling: 100.00(%) Solidification: 100.00¢%;) - Plunger Tip Position

Elongation(%)

Elongation (%)

16,7227
15.5149
14,3071
13.0994
11,8016
10.6832
9.4760
8.2682
7.0604
5.8526

46449

Time: 356.428(sec) Filling: 100.00(%) Solidification: 100.00{%:) - Plunger Tip Position (mm) :
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