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“TORAY’

O utl i ne Of TO ra ! G rou I ! Innovation by Chemistry

1. Establishment . 1926 L Toray Consolidate Sales
2. Capital : JPY 148 Billion 1,800 | 1,650
3. Group Sales : JPY 1,530 Billion 1,600 . 1,472 1360
4. Number of Subsidiaries : 240 1,400 |
5. Number of Employees : 38,000 1,200
1,000 |
800 |
600 |
Fibers & Textiles 400 |
Foundation 200 [
Businesses 0
Plastics & Chemicals 2003 2005 2006 2007 2008 2009 2010
Sales by segment in FY2010
Strategi_cally ‘ IT-Related Products \ Environment & Life Science & Other
2l Engineering Businesses 4%
12% \

Businesses
Carbon Fiber & Composite Materials

Intensively
Developing
and
Expanding
Business

Environment & Engineering

Life Science & others

Carbon Fiber |T—
Composite
Materials 4%

Fibers &
Textiles 38%

IT-related Products 17%

Plastics & Chemicals 25%
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Toray’s Major Products

Fibers and Textiles

“TORAY’

Innovation by Chemistry

HEATTECH

T .
EEEEED
JAPAN TE

CHNOLOGY

\l

Snowboard clothing

Heattech

Carbon Fiber Composite Materials
IT-related Products

[
,.A\

Color Filters

Plastics & Chemicals
Life Science

Boeing 787

Contact lens

Polyester film

Environment & Engineering
Medical products

Compostable Bag
bio—degradable

Cleaning Cloth
Interferon

TORAY AMC

Home Water Purifiers

Copyright 2008 Toray Industries, Inc. All Rights Reserved.
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Toray’s Technolo

Fields & Products

Core
Technology

Synthetic

Organic
Chemist J

Bio-
Technology

Fiber Tech.
Textile Tech.
Micro-fiber Tech.
Film Tech. Film Processing

polymer

iah- Molding
Polymer Polymer) | High
Chg ist \ Des%gn performance

Fine Patterning]

Specialty
Polymers

Carbonizatio
Technology

)

Fine and composite
technology

Microstructu re]
Control

Medicinal Chemistry

Nanotechnology

5%

Synthetic fibers
Textiles, Apparel

Synthetic suede

High-performance films

Plastic,
Engineering plastics

Electronic materials

Printing materials

Carbon fibers,
Advanced composite materials

Industrial materials
Amenity materials

Synthetic raw materials

High-performance membranes
Medical devices
Fine chemicals

Pharmaceuticals

“TORAY’

Innovation by Chemistry
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“TORAY’

Torax’s Business Fields

Sales
A

Established
1926

Toward top global company
in advanced materials

Solutions for
Environmental issues

High Performance
Materials

)

[ Resins*Films ]

Fibers & Textiles)

Water Treatment
Membranes

Carbon Fiber
Composite Materials |8

Pharmaceutical &
Medical Materials

IT-Related

Products

NETgle)

technology

Organic
synthetic
chemist

Bio
technology

Polymer
chemistry

salsojouyoa | 9409

zi I
1950

TORAY AMC

1960 1970

1980 1990 2000 2010

Copyright 2008 Toray Industries, Inc. All Rights Reserved. §



. ‘TORAY’
C a rb o n F I be r Innovation by Chemistry

Carbon Fiber Production

L4

L - Acrylnitrile i Acrsélic FiCber |
Petroleum /CH\ \?/ \?/ \?/
H,C C=N C=N C=N C=N

Mechanical Performance Carbon Fiber Market
. Light Weight
Specific Gravity 30 1000tons /year
1 0
. Va of steel 25 ’Z/ 0
H E aml i V H H
- High Strength '3 i g;?;l " 5 | Commercial Production Start
Specific Tensile Strength < o | | Dy Toray Industries (1 971)
. S 1
: 10 times of steel > 20|
5 ] ((colf shaft (1973) )
. High Modulus & 10 High 0l
. . £ Gibss fﬁdulus i
Specific Tensile Modulus S & g 10 v
Q Ql'g;niJm
: 7 times of steel @ Algrninum 0

5 10 15 20 925 1960 195 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Specific Modulus (108cm) 6

o

. Rust Free



“TORAY’

Carbon Fiber Composites - Advantage and Application - imeeiorscremisr

Offshore’
oil explaration

Electric Cable Core

-

» High Specific Tensile Strength

- 10 times of steel
> High Specific Tensile Modulus

- 7 times of steel
> Better Fatigue Resistance

- Longer life
» High Electrical Conductivity

> Corrosion Free

Bridge Pier
Reinforcement



“TORAY’

Contribution of Carbon Fibers to Global Warming s cueni

Reduction of CO2 Emission

Generation of Clean Energy

Light Weight

B787

Airplane

StructureCFRP

High Efficiency

Next generation car;CFRP

100m Blade in Diameter
With CFRP

-

;arge Scall Windmill

Cross Section| |
.\\ iy

High Speed Rotator
With CFRP

Uranium Enrichment

CFRP

| Alternative Fuel

CNG Automobile

2o

e

Others

N -5

T W

7
Y!w.,

g -

0 Mpa Tank with CFRP =

Hydrogen Tank CFRP

Electrode with CF

|

Fuel Cell CFRP

(CFRP:Carbon Fiber Reinforced Plastics)

Carbon Fiber contributes to reduce CO2 emission during usage and to generate clean energies




“TORAY’

Conventional automobile and airplane in “JCMA Mode|’  woreten e

Automobile

< Presupposition >
Type:Middle size, Gasoline engine,

4 door, FF (average weight:1,380kg)
Mileage:9.8km/| (average in Japan),

Lifetime: 10yrs; 9,400km/yr (ditto)
(Ref :JAMA)

Matgehlals -
Prod@iction:
129

Assembly:4%

Scrap:1% \

Drive:83%

Most CO, is emitted during drives & flights

(Automobile:83%. Airplane:99%)

Airplane

-~ -- - - > /

<Presupposition>
Type:Middle size (B767; 280 seats)
Flight: Domestic line (Tokyo<Sapporo),

Lifetime: 10 yrs; 2,000 flights/yr
(Ref : ANA)

Materials, Production, Assembly. Scrap: 1%

Flight: 99%

Weight reduction with CFRP application should be effective in CO, reduction

TORAY AMC

Copyright 2008 Toray Industries, Inc. All Rights Reserved. 9



“TORAY’
Automobile LCA “JCMA Model” Inovation by Chomkiry

Conventional car and CFRP car

Front Cowl Door Frame Seat

Radiator Core \ - < f ;

Support < ‘ —
Standard sedan RR luggage space

CFRP > Energy Absorption
Pipe
FR Dash Under Cover
, 0 Thermoset CFRP: Panels, Structures
1:500 , CFRP ('11774 ﬁ’g) ] m orRP (Weight: 30% of steel)
mAL Thermoplastic CFRP : other parts

1,000 o I e T O Steel (Weight: 50% of steel)

Vehicle weight (kg)

500 Steel | T
968kg Steel Body weight
0 \ 385kg 1380—970kg (A30%)
| Conventional | | CFRP car |

Body weight can be reduced by 30% with CFRP application

TORAY AMC Copyright 2008 Toray Industries, Inc. All Rights Reserved. 410



‘TORAY’
Alr Iane LCA “JCMA MOdeI” Innovation by Chemistry

Conventional plane and CFRP plane

. CFRP
g : - '-‘ g“ .
= | B767-300
CFRP :3% (1.8 ton) CFRP :50% (24 ton) H Others

80 Secondary structures Prlmary structures & B CFRP Body Weight
100 | Secondary structures |- aTi
S — e U Ostesl | | 60—48ton (A20%)
-+
© 50 -l Oteel oD T\
_%o 40 4 PN S oo Body | Fuel | Payload
i 30 oo N T - ORI R 60t 13t 61t
'g 9O -eeeeeeeeeeeeeeoo- S - e Conventional plane: 134 ton in total
m

10 o I -

0 . 48t 13t 61t

Conventional plane CFRP plane CFRP plane:122 ton in total

(Based on material ratio of B787) |

Body weight can be reduced by 20% with CFRP application
(Equivalent to 9% reduction in total weight)

TORAY AMC Copyright 2008 Toray Industries, Inc. All Rights Reserved. 11



“TORAY’

“JCMA Model” Summary
CO, reduction effects through CFRP application

Automobile Reduction: 16%
O [ l‘
O,
A o
2 I I 0.3t
O,) 1
5% I
| Total|:31.5t
26.0t :
> = 1O Material
C 1.2t : : B Manufacturin
’9,0 1 I'0 Ooperation
o, ;
/ol

:E] Recycle
1
m 20.2t lk Total:26.5 t
\ [ + 0.3 ¢t

20 30 40

10
CO, [t/(car-10yrs)]

0

Airplane
.
Assembly-3800 t Reduction: 7%
Q)/) Materials, Production:700 t ’: : Total: 395 kt
% / 1
O L L
O éé/) 11
S, 390,000 t R
(Y 1
| | —
O Material B Manyfaciurin
Ce O operati O Reobl, | Total: 368 kt
Q i 1
é,)'% 364,000 t ] -
() i 1
\ 11
\ LI
0\ 100 200 300 . 400
Assembly:3000 t
Materials, Production:900 t % Scrap = 0 t

CO, [103t/(plane*10yrs)]]

A0.5t CO, Reduction.(car-yr)

A2,700t CO, Reduction/(plane-yr)

Cars possessed in Japan:42 Million
(Ref. :JAMA)

Airplanes possessed in Japan:430

(100 seats or more)

(Ref. : JAL & ANA)

Equivalent to 1.5% reduction of total CO, emission in Japan (1.3 Billion ton/yr)




CO2 Reduction by Using Carbon Fiber

Automobile

Gl cree

CO, Emission in LCA
Carbon Fiber Production | CO, Reduction

A 50ton

“TORAY’

Innovation by Chemistry

Airplane

20ton
/ICF 1ton

19 million ton CO,
[ 37 million Auto

CO, Emission in LCA
Carbon Fiber Production | CO, Reduction

A 1400ton

20ton

N

41 million ton CO,
/ 15,000 Airplane

From the view point of LCA, carbon fiber was considered as environmental friendly material.

TORAY AMC

Copyright 2008 Toray Industries, Inc. All Rights Reserved. 13




“TORAY’

Boeing- Toray Long Term Partnershi
BOEING
— @“
N —
NASAAACE  Secondary Partial primary Full primary
program structures for 757/767 structures for 777 structures for 787
\'4 \'4 V,
1970 1980 : 1990 y40]0]0) 2010
Sales & Production
Collaborations
R&D
1970 1980 | 1990 2000 2010
A A A A A
Start Commercialization High strength  Open US plant Open US Development Center
fundamental  (first in the world) and tough material

New Carbon
Composites

Impact Resistance

Conventional

research j
-
Carboln Compcl)site

V{ 7 4 !
‘ To RAY Impact Energy Copyright 2008 Toray Industries, Inc. All Rights Reserved. 14




“TORAY”/

Boeing- Toray Long Term Partnership

7\ sOEING N4

/ The Beginning: First Application

1S 010
1S
18 Commercialization Secondary 010
structures for
757/767

@ “TORAY’ vod 15




“TORAY’

Boeing- Toray Long Term Partnership

@_ﬂﬂflﬂﬂ

/ The Challenge: Primary Structures

@
D702 New Carbon
2 Composites
@ __Alumi
{1
o L
®
o
§ -
Impact Energy
( . i i
1 High strength Partial primary
structures for 777

and tough material

= New Carbon
Composites

Impact Resistance
T
=
o,

® . i B
To RAY Impact Energy Copyright 2008 Toray Industries, Inc. All Rights Reserved. 16




“TORAY’

Boeing- Toray Long Term Partnershi
@ﬂaflﬂa'

/ The Collaboration: Expansion of Application imary
res for 787

i \4

1 ’ : : y 010

it
andd
1 Us plants Primary structures 010
for 787

production & tech support

SN (Tacoma, WA)

® |roray”
To RAY Copyright 2008 Toray Industries, Inc. All Rights Reserved. 17




“TORAY’

Boeing- Toray Long Term Partnership

@__ﬂﬂf]ﬂﬂ '

/ “Working Together”: Supplier to Partner

1¢
1 Collaboration from Next generation
fundamental research aircraft

® ‘ToRAY”
RA Gopyright 2008 1oray Industries, Inc. All Rights Reserved. 18




“TORAY’

Expansion steps of CFRP aEEIication for airplane e cuni
| B767 (1982) | | B777 (1995) | | B787 (2011) |

e SO

(yBOEING

- Body weight
60—48ton (A20%)
* 20% reduction on fuel

oecluIluary oecvurnJary

Approx. 10 tons | Approx. 35 tons

Amount of CFRP / aircraft 1.5 tons (3%) (12%) (50%)

Copyright The Boeing Company 19



Carbon Fiber Development ‘TORAY’

Innovation by Chemistry

» The Key to Success
- Right decision by top management
Toray’s platform technology — Polymer chemistry, Fiber, Interfacial control
Long term business vision — consistent sustained efforts in R&D investment
- Strong partnership and global alliance with potential users;
High-end sport goods manufactures in Japan, Boeing, Airbus, and large auto manufacturers
- Strategic investment

Others
(thousand ton“year) 20%

100

10

Formosa
Plastics

World first CF (T300) %
Commercialization
Cytec

1971)

Started R&D (1961) ]

0

Carbon Fiber Capacity
(33,000ton Total (2010))

(o]
o
1
T

3%

T300 qualified Hexcel
by Boeing 3%
(1977)

D
o
1
T

Toho Tenax
17%

Mitsubishi

Tensile strength (Gpa)
()}

Rayon 10%
4 UCC started T300 production
I 40 + (Toray licensed technology) Industry
(1982) Applicatjon

Toughened prepreg
(T800H/3900-2)
qualified by Boeing Aircraft & Aerospace

o for 777 (1990) Applications
0 L 1 1 0 v 1 Iv 1 ; 1 1 ons

Tencile Stronsth Development History 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 5

NS
o
L
T

Worldwide Carbon Fiber Market




Carbon Fiber Manufacturer

“TORAY’

Innovation by Chemistry

Company name 1970 1975 1980 1985 1990 1995 2000 Current name
J | Toray W Toray
% Toho Rayon | | | | Toho Tenax
Mitsubishi Rayon Mitsubishi Rayon
A Company X
u | Hercules v Hexcel
Z B Company
E C Company X
P | UOC/BP Amoco v Cytec
D Company X
E Company X
Sigri / Hoechst 2 4 SGL Carbon
F Company X
S W : Reduced scale due to M&A x: Withdrew or Sold
Toray Group
Japanese manufactures
o Approximately 70% Japan has the lead in Carbon Fiber business
exce

Mitsubishi Rayon

Toho Tenax

Production Capacity of Carbon Fiber

21



“TORAY’

Ke ! P (o) i nts fo r I N ! ! s ZM ati Q n Innovation by Chemistry

Techigology Mandgement

4 ) ( )

- Establish world No.1 position - Management with a long-term vision
in core technology = Continuing and diligent Investment
= Continuous development effort for technical development
Ex;

Ex;unable to make revolutionary aircraft “B787”

: : Our carbon fiber business was in the red for 30 years.
without new materials.

New materials takes a long time to get a certification.
22




“TORAY’

UPCO m i n g [!rOS I !eCtS fo r C F RP Innovation by Chemistry

The demand for CFRP is expected to increase to...

140 Expansion Full-scale expansion Dramatic expansion
Key Points
Thousand tons / year

120 r .
1. Cost reduction Energy

100 L *Improvement of production technologies fospace

(strength, modulug,aing mealgingatetthod)

so L *Reduction on total cost by design.

60 - 2. New Generation / Increase of the de “-"“3
«Automobile application :
40 | «Environment-friendly Industrial

«Aerospace d i

20 r ':1!;:'“-" a OF O

on Heavy)

O I I I 1 I 1 I I 1 1 1 I 1 I 1 1 1 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

TORAY AMC Copyright 2008 Toray Industries, Inc. All Rights Reserved. 23



Innovation by Chemistry

Innovation by Chemistry

Thank you for your kind attention.



