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CCIC, A National Innovation Center & ceic
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Mission: to grow the regional composites industry by

Technology transfer from lab to factory
Nurturing startups and spin outs
Promoting education and training
Raising public awareness of composites
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Key Activities & ccic
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Laboratory access for applied research and technology scale-ups
Research partnerships
Technical consultancy
Commercialization
Education and training

Public awareness
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Green composites have been around for a long time «%- ccic
SOSSHHAFIEESY NICE o

B Has progress in implementation matched our rate of
technology advance?

® What is the level of impact on our industry and its
reliance on petroleum?

B How can we make a better case for green composites
B RES SRS AN RES SN EH %?@IEEE?
m BV BUR: PR A K A E’lll‘] EEAN?
B Ao FeE ST RN B E Rix ik DaIHKIE?




The history of advanced composites is also the {%- cclc
history of green composites! NICE

AHSSHUHNRRE, TESEBSSTMENRHE

B Flax-Phenolic aerostructures were fabricated in Europe from
1939-41 due to war-time aluminium shortages i

m 2 x specific stiffness of glass fibres/Identical weight to Al
alloy fuselage

Bishopp J.. In:. Sealar
vol. 1, Elsevier Scien
Ltd; 2005

m Pioneering work by Dr N.A DeBruyne, also first to create
bonded aerostructures

B SRAIESREERE: 1939-194158], REATIEMEEE, RUME
IR FR-ERES (Flax-Phenolic) $h&fnsSaiait:

B (iRAVIETEEE: LRI AR IRIEA4ERI2(E, BIPRESESRIR
el BReEFE

m FIkSEIR: B N.A. DeBruyne {§XFHREAIFHAMETE, BHBEE
ERENELIBES SRR F 5K
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Aerospace Composites: Market & Drivers
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() et Aerospace Composites Market
Global Forecast (2025 — 2034)

% MARKET STATISTICS @ SEGMENT STATISTICS

Market Value (2024)
$29.4BN

Market Value (2034)
$96.6 BN

CAGR (2025-2034)
12.8%

Carbon fiber segment
Market Share (2024): >68%

Ceramic matrix segment
CAGR (2025-2034): >14%

@ REGIONAL STATISTICS

North Market Size (2034)
America >$37BN

Market Landscape 2EhinRE
®m Market Scale & Hyper-Growth thif S Sif& %K

Market value surge: $29.4 BN (2024) - $96.6 BN (2034) at a CAGR
of 12.8% (Note: Civil Aero growing c.8%, 2021-26, JEC)

20244 2944235t > 20345FF 966123k, ESFIEIKE 12.8%
(B EH SR FIZCE] 8%, 2021-26, JEC;&@E)

B Segment Status & Material Forms i3 hia SRS

CFRP dominates with >68% market share; 75% of material volume
(~36 kT) is processed as prepreg

BRETES SIRENES (D5 >68%) , 75% AFEEHS
B Geographic Concentration {FIERE

North America exceeds $37 BN by 2034; USA alone accounts for
around 40% of glob-' -~~~ b tmmmnnn
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Performance & Benefits £56n[EHIHES

The Weight-to-Fuel Leverage #ZIU:HESTHITHF

Core physical rule: 1% drop in aircraft weight leads to a 0.75% reduction in fuel
use (Structural weight accounts for ¢.55% of operating empty weight (OEW) and
~27% of max take-off weight (MTOW) (Horst & Wolf, 2014))

CHESIRE1%, FTERIFE0.75%AINKEERE (SHEELY L CHOEWARIS5%LUR
MTOWRJ27%)

B Engineering Mass Reduction Gains £t3iFEZSlA

Mass reduction of 20% compared to traditional Al structures (e.g., Boeing 787
Dreamliner)

Largest gains (SHAC) are achieved in the wing (27%) and fuselage (14%) (Helleman
et al., 2025). Cabin interiors, seating, and even paint systems can contribute further.

B FIRE S5, BIRSCIL 20% MAERE (LIRS 787 =H101)
BANBERDETTIE (27%) SNG (14%) ERRin. BERDERERGA{FHE—
LHIREESEA.

B Economic & Environmental Balance £&&%5HISMEsilsE
In-Service Gains [RIZEIEGSHES

Climate change impact reduced by ¢.30%; total cost savings of $15.88 million can
be achieved over the aircraft's service life.

SIRFMPEELI30%; £ WHIENMRIGSHEHER, RSB E1588AETIZEMRA
Initial Cost ChaIIenge ?JJQHEJZZF.‘E?’

Jt=tirsass (2 10 What extent are in-service beneflts offset by energy mtenswe CFRP productlon’? >

40% (M YHIRRHIN RS, S

SIE{R

R AEFERIIRT EEHIIS T IEFMEST ?



Greening the Aerospace Supply Chain: Three Core Pillars {%- cclcC
MEMAHNHERBN: =XKIRUTHE NICE |

1. Fibre Reinforcements FF4E1Eig(5

®m Evaluation & Analytical Dimensions #ZUMFES 21

Markets and growth iz 5igK#a: RESKMSHM RN EH SAKIGKTE

Environmental footprint ZNEEINFL: Farsm@E R HIERIRG £ 4R RHES S0

Data quality #IERESTEMN: WIREEHEEFENESY, BHIEHIGEMSWRA "REEE (Greenwashing) ”
®m Material Classification & Key Variables #1951z #ES

Synthetic Fibres SRkETHEMERIRT4HE. SIEREPIRLTHE) Natural Fibres KIRTHE (UIMZRILRE. KFFEFLE)
* Precursors BUBRIREF}: BIBKIAH RS LFE SRS « Sourcing [FRERIESHR: Mo, HAESHSEER
« Energy Sources BEREEIISRIR: RAEEFFIBENSAEEIR « Cultivation RZEMESIES: titEA. WLRMESRIIZN\G
e Yields F=22: [FE(RMETERASIR SIS * By-products BIF¥I4EFIE: £5KFIR, WL
» Processing TZHIEINT: SREEMBIIZERIKTZMR « Processing : HMSHHINTITE: Bk, MIESEESMEREE
 LCA data SEREHRFNEIE: BASEHIESIER + LCA data REERFNEIE: BAGHERERREEN S0
Estimated Energy Savings Opportunity for B N N NEN
Opportunity Bandwidths CFRP Comngzirt?el\:zr-n)nufacturing — |
Current Opportunity - energy savings if the best 1.21 TBtu® ‘
technologies a:ggr:;zgi;:e:d?j\gii‘lfnble are used to (22.1% aneray savings)s
R&D Opportunity - additional energy savings if 3.43 TBtu’
prlbiis stk e o (62 nerey soungs

AN

US DoE bandwidth study 2017 Textiletrainer.com Concreteconstruction.com



Greening the Aerospace Supply Chain: Three Core Pillars {%- CCIC
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2. Bio-Resins & Sustainable Matrix Systems £EYIER A

B Evaluation & Analytical Dimensions #Z/UiF a5 2

Biomass Content & Transparency £¥RSE5BERE: MIESEX T BEEYERM D HIESLH S

Standards & Certification #R/EARRESEMIALE: ESNIERAZNZERMEWRE, BRI RESTRETEHE

LCA Data & Footprint LCAHIESINEEIL: EBIRMEESREIRZRFCES L pEHARRRERI
The Bio-Resin Landscape E&IEMNTHIAIRES 5%

« Mainstream Families 54 EMIEIER

PLA (95%+ bio-content from corn/starch), Bio-PE/PET(sugarcane-derived), and Bio-Polyamides (castor oil)

PLA (REEXK/iEf, EYMESE 95%+) . £¥E PE/PET (HIFEWN) REVERENRR (BERGHIEE)

Source Bio-content Examples
PLA Fermented cassava, corn starch etc 95%+ Natureworks Inego®
Bio-Polyethylene Sugarcane ethanol 90%+ Braskem " m Green®
Bio-PET Sugarcane Ethylene Glycol 20%+ Teijing Eco-circle® PET fiber (30%) // SitE s st
Polyhydroxyalkanoates (Polyesters) ~ Fermented sugars, vegetable oils 100% Tianan Enmat® PHBV | A + & ’.\ \,
Bio-Polyamides Castor Oil 60%-100% Arkema Rilsan® PA11 \\ ‘J g
\Mimf?gz:rg PP polylactic acid) o / Biodegradable composites
Lignin, Soy based Epoxies Wood pulp, Epoxidized Soybean oil 30%+ Sicomin Greenpoxy® 51%, Entropy Supersap® 37% \\ = e thd s y/) with improved properties
Methacrylate (monomers) Bioethanol <85% Evonik Terra IBOMA® S~
Bio-PUs (foams, coatings) Bio-polyols from soy, castor, or palm 20%+ Huntsman lbond(25%), Lubrizol Estane® (30%) Injection
Cellulose Acetates Wood pulp cellulose 40%+ Eastmann CA (41%), Daicell CA Melt-mixing moldine

Natural Rubbers Latex 100% Ubiquitous Mdplcom




Greening the Aerospace Supply Chain: Three Core Pillars {%- ccic
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2. Bio-Resins & Sustainable Matrix Systems SE g

®m Evaluation & Analytical Dimensions #Z Ui bS5 21

Biomass Content & Transparency £¥IREESEHE: MEENTBEEMRAZBIESLEG]

Standards & Certification fRERRSIERIALL: HENIEARRXEEREARE, BRI REmErEBE

LCA Data & Footprint LCAHIRSINEEIT: BIRMNUESHEIRZERFAHESEmEHIRRGERIL

The Bio-Resin Land Bt = 54y Avoiding "Greenwashing" via Regulatory Standards

e Bio-Resin Landscape REMIRHHIARRSS SINRRRE, HE "REHTE
« Current Application Bottleneck IRERHATHIZRIEMRIE

Current market remains heavily skewed toward Packaging, Consumer AUMAErY Takls

. . . Standard M Method T Regi
Goods, and Automotive (Packaging > Consumer Goods > Automotive). e cosres Tea Ype eden
NP 9 - e A . . .. A L e 2a, ASTM DG866 Bio-based carbon Radiocarbon (C-14) US / Global
éEUmﬁﬁﬁﬁﬁmﬁzirﬂ@ﬁ\ ;ﬁﬁlﬁs Fl.E?ﬁﬁmﬁfﬁ#, ﬁ%ﬁfﬁii’?‘ﬁl&%ﬁié‘é content
S 7x
E’JHTLIHEEKjJ—n*@ EN 16785-1 Total bio-based content Mass balance + EU
 The High-Value Focus SifMBEZU0ER analytical
Note: Bio-Epoxy occupies the smallest volume but holds the highest IS0 16620-2 Bio-based carbon Radiocarbon Global
technological value. EemE
E%Eﬁ’fbﬂﬂﬁaﬁﬁﬂiﬁ%ﬁd‘. 1E£¥E7%%Hg?iﬁuﬂ:§*ﬁﬂao 1SO 16620-3 Total bio-based content Mass balance Global
N

CEN/TS 16137 Bio-based carbon C-14 EU



Greening the Aerospace Supply Chain: Three Core Pillars {%. \
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2. Bio-Resins & Sustainable Matrix Systems E{IERAE
B Economic Penalties & The Aviation FST Wall &i¥a]171E5in= FST EAnM Ak
e The “Elephantin the Room” - Economic Realities &% al{TIESREAHIL

Immature Industrial Chain = iEARGERERL: Higher synthesis cost due to fragmented supply chains, immature supply base, and
low bioprocessing throughput compared to petrochemical cracking.

s aim TEMERME, EYHIEMRTHANSSE. HNEAAR. TZ2EXRE, SEWEEMBATXRS.

The Upfront Cost Penalty i B1R/COAI#IEAREA : High-performance Bio-Epoxy carries a staggering 200%+ cost penalty
compared to standard fossil-derived epoxy benchmarks.

SEFAWIREMIEEIEREL, SHseEYERENISRITIRAIRM R A ET =X 200%+,
® The Aviation Technical Barrier in=HASRTZLEEZ2
The Fire, Smoke & Toxicity (FST) Wall BB, {E{E. {€&EK: Standard bio-polymers collapse under high-temperature engine

or cabin fire scenarios, disqualifying them from primary aeronautical use.

DOREMERIRE (30 PLA, £90E PET) fEEZEEIURNAT 2, Eell=elEmeEnS ik arimRSihm K e 22K,
The Strategic Matrix Choice in=sRFEENEE: Aerospace interiors and sub-structures demand advanced chemistry; Bio-
Phenolics represent the primary viable pathway to satisfy strict aerospace FST mandates.

MEAIBSRENERERNRS, ENE/FEHEMIERERIREMT™5 FST BMiZMNSRZ ORI TRARZ.

Dreamstime.com




Greening the Aerospace Supply Chain: Three Core Pillars %- ccic
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3. Sustainable Ancillary Materials & Processing Optimisation & TSI ST ISR
B Process Characteristics & Environmental Challenges TZ4SESIHFISHIAES

Aerospace Manufacturing Baseline fn==HhiE&E/ET S : Large aircraft structural components are typically fabricated via conventional vacuum bagging or
autoclave processes. KB EEHEREKBE RV E S RIHENEAERE T 2 TEIAEL.

The Consumables Material Penalty T Zt0IEIELIBHIZY: These processing methods require multiple types of single-use polymer films, fabrics, and
felts—the vast majority of which are landfilled or incinerated post-manufacturing. ItZETZEAEHFESH—RNUREYER. FWIESE, HhETmESA
#B9> REEREUEIEE IR TV,

Market Scale & Waste Volume Correlation higHMESEIE S S IEHHXZES]: The global aerospace composites market alone is forecast to reach USD 26
Billion by 2026, scaling up the total industry output of secondary processing waste. (=K E S EIX—MAHD THIZAETRITZI2026 FE5iEIA ZI260/23ETT,
XEHRE 2T RN TR EE S E RS,

m Technical Optimization Vectors F@&HiEAZ AN

Advanced Processing Variables ik BFliE: Transitioning toward Out-of-Autoclave (OOA) techniques, alternative heating methods, and net-shape
manufacturing to directly reduce raw intensity and energy sources demand. 2 EJO0AREFEAR, BCHENFALEEHE, NERLFEEMEWISEE SRS
*O

Subsequent Finishing Technologies FENMTISEREMAEEAR: Replacing petrochemical coatings with sustainable bio-based coatings, while leveraging
non-traditional machining and laser/AWJ surface finishing. REFHFEAEERESNERANRE, AGESNAIMERINT. BOCRAWIRELETZ,

Logistics & Supply Chain Clustering ¥ EESHMEEER#E : Mitigating transport-related carbon footprints via strategic supplier clustering and
intearated green transportation management. 1B M R W R ERHM VA B 5SS —MYETE SR EE RSN BR& M ERR Rk



CF Production, Energy and Emission Dilemma &
BT TR TS R S HER AT B NeE 5

* Energy consumption of 318.2 MJ/kg and CO, emission of about 20kg for CF production.
BREF4E (CF) 4E778E#E318.2 MJ/kg, HERICO,if20kg, (From Full LCA Report of Toray)

= CF manufacturing was found to be responsible for 59% of the climate change (CO,
equivalent emission ranges from 13.0/kg - 34.1/kg) and 48% of the fossil resource use (from

262.3MJ/kg - 497.9MU/KQ). CFAEF=REREITSIREINEIX59% (CO, SR EMI3.0/kg - 341/kg) ,
S ABEREINE BFEEX48% (BIREAEBEM262.3MJ/kg - 497.9 MJ/kg) . (Source: Tobias Manuel
Prenzel, Andrea Hohmann, Tim Prescher, Kerstin Angerer, Daniel Wehner, Robert llg, Tjark von Reden, Klaus
Drechsler and Stefan Albrecht. Bringing Light into the Dark—Overview of Environmental Impacts of Carbon Fiber
Production and Potential Levers for Reduction. Polymers 2024, 16, 12)




Waste from CF Products, Way out?
IREHESHIEFTY: NERRE?

CF Demand and corresponding CFRP waste generation

AR

[0001]
125 +
100 +
4.46%
CFRP waste*
" CF demand generation ,
/ \/
/
50 + /
/
-
7
PR
25 +
Ojoss "~ "1de0" " 200 ‘2010’ ‘200" 2030

*assuming 1kg of CF generates 2 kg of CFRP waste at average CFRP-based product life time of 20 years
Source: SGL Group

F o005 4 b E g AT A AT b 3K B 25 A

6.41%

RALBURA
431%

EHEE
4.93%

A A
493% |

Consumption
proportion of China's
CF industry




The path to breakthrough: all-green &
SRESAHH NicE T

Raw material Reinforcing fibers Polymer matrix

i g MIEES

[RH3#

Fossil-source

AR (RTIF5EE)

Bio-source °
PR (ATHSEE)
Recycled °
[EZiE (RIFEER)
ContRGF™ refers to a new continuous CF product made fully from recycled CF (rCF) rovings. The mechanlc | properties are in

accordance with T/CSTM 00882-2023 "Industrial Grade Polyacrylonitrile-based Large Tow Carbon Fibre Yarn" group standard. It
can be combined with bio-sourced resins to form cost-effective and all-green composites ContRPMC™,




Proprietary technology to remanufacture rCF

ContRGFm™ [ ¥

Proprietary Technology to remanufacture
discontinuous rCFs to continuous bundles and

furthermore rCF fabrics and cloths




Example of trial products

L ol = I e T il ¥

i B e A L S M e it feten ) S

TR T S
BRIERAVREBIEmZE (24k) / Typical areal density of ContRGF™: 200g/m?2 ~ 1000g/m?



ContRGF™ and ContRPMC™
BEifzeSKeSES5HHE

BISR™/ContRGF™ (24k)
O Hi{H38E/tensile strength: 2GPa~3GPa
O Hif#AtEE/modulus: 180GPa~300GPa
O AU /cost: <¥457t/kg

7.0

60 High-strength Carbon fiber

€ 5o T
40 | /‘k,__
3.0

: Prp— _ —

i J ;g FﬁinG-F]MI;“‘“_ High-modulus Carbol

FRIEE#4™/ContRPMC™ (PRE/EP)
O Hi{AsEE/tensile strength: ~1.2GP, 60vol%CF
O Hif#AEE/modulus: ~130GPa, 60vol%CF

¥,

43
ESE
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Bio-sourced resins and their CFRCs NICE

SRS B

Rosin-EPs developed in ECO-COMPASS, a Sino-EU cooperation project.

'Cb N FEXEEIIH ECO-COMPASSH R RMAEIREMIAE /AR HES %
‘COMPNSS
. CF plain weave, 200g/m?, 57vol.% ——Reduiement
‘ Tensile Strength Warp —+—Tested Value
g h 1 In Plane Shear Modulus - Tensile Modulus Warp
EUROPEAN PARTNERS CHINESE PARTNERS

FROM 6 COUNTRIES In Plane Shear Strength Tensile Strength Weft

Rosin- _

sourced Bending Modulus Warp Compression Strength Warp
epoxy |

ha rd ener Bending Strength Warp ‘Compression Modulus Warp

} Compression Modulus Weft Compression Strength Weft




Recycling demonstration

éﬁ@ﬁ‘“ﬂﬁﬂ‘]_ﬂ PEREEINT

BREBFM™MIEE120°C/3~4hr& 4 N 2RISR
BRIBF™MAIRTMpBLEY Controlled fully degradation of ContRPMC™ @120°C/3~4hr
RTMable bio-EP ContRPMC™

1st recycled Y 2nd recycled

WEAZ TR, RE AR R 2 BFHIR R

/Bisphenol A polyol, raw material for EPs and
PURs

FRIE LR ™ME SRR RUBR AT 4 LJEU\IEIH&I
CF recovered again from ContRPMC™ n




Green Resin: bio-based, formaldehyde-free araminolic resin &- CClC
YRS BEEERNEE NICE

Benefits and characteristics 34 55

Solving toxicity

‘m]'
R R I Y

>
SR SRER RR

b4
B AR R R

'3
High thermal

N
Supports

CCIC-Michelin Technical Synergy

.= Michelin First Flagship Project in China
Non-Tire Composites Sector

resistance for
demanding
applications in
aeronautics

issues in phenolic
resins for your
workers & offering

regulatory peace of
mind

your company’s
sustainable
development &
sovereignty strategy

wk‘ ﬁm\
B (FST) fEak

BRERfEN AR 24
KRR LEHR

— S N ¥ =

—e

S Cantlad (et on REACH i 100% bio-based FAR2S AiF (BIHZFHE)
tes | (oo | [ e w2 | | o KRR E IR R S A R S TR
Zero after-flame time %?nm%nldegf?:a%d e . KA PR, MR & H>90%2 nq* =] [=]
HRRmax: 35 kW/m? y P Bio-based raw materials: oI EE Bd 2, 2 ) 114
by design SHMF monomer RRIBHGATE: 35 kwim - PR S-HME ik =
THR: 16 kW.min/m? P = REEH . BRI /N3 I
Free of CMR and o 6 3 SAFEG 16 KW.min/m G (CMR) HIRS o4 17
I%tglamntemraunngasses endocrine disruptors AN RSN e P TR ) HECO, ik
R phpm Bioethanol-solvent-based European sourcing? : i BRI LAk 1 1 ] 252
esin thermal resistance: resin Tt dde:  TEBma (k%25 = e ha . .
et i 300 Focusing on the co-development of high-
A
performance, sustainable, bio-based, and non-
Advantages M
' \( Yo toxic resin systems, while validating their market
@ No acute toxicity & serious - E“”PRE'.S (V) Resi4 PREG
nharim : S 0, emissions? (COkg / kg) HRTEE. 5. BB, AR SRR (COkg / kg) . . .

heaith hazard pictograms 8)

g ;@ 3@5 N i & EREBE, EFRRREES @ potential across broader industrial use-cases.

Furfuraldehyde. Sasroncey  Shas -'ff-l kR, P Sl -II-

e ae REEGTEMRE. WIS, EYIERTSEOWIERR,
HEmREEEET 2 I)"JﬁIikiiJ%EPH’\J/&)\'—im
273,

MICHELIN

KA HRESHERARUHPL (CCIC)
BXEM (Lig) REMELHKK

CCIC & MICHELIN RESICARE SIGNINS&.CEREMONY
o




Eco-Breather Technology
RETSHIZ: ESESE: XAKRE —HSH i.% e

B Global OEM Context of natural fibres FIREF4E T I 52 i FHIRIA

® Current Application Boundaries IMEXATFHRIRMAIBR
Applications mainly limited to vehicle interiors — door cassette, seatback, parcel-shelf EiiFEEZE OEMEKERAKXA
LHEEHEAR, EENATEERTIERDRSERING (IR, &6)

Instances will come and go along with legislative influences and public perceptions. E{ANFESLH] (ERAFFSER) 1E1E1EbE
B IEBERRIFMFN A ARELSHI AR B ES%

Published 4/1/2022

BMW Group invests in Bcomp for high-performance natural fiber |
components |

Collaborative partnership in motorsport moves to the next level for the use of renewable raw materials for future vehicle

Hemp Fiber Non-Woven Mat

model components, and joint R&D materials work for production vehicles is underway.

l
Edited by: GRAGENEHLS  in
Senior N ing Editor, i orld
Share ok | ‘g ~ S
= Finished Door Pre-Finished Door
Read Next Figure 1.

Hemp fibers in vehicle doors [45].
Pecas P, Carvalho H, Leite M. 2018



Eco-Breather Technology K
FETSHE: $SESE: REHE BT g oo

B Green manufacturing: Eco-Breather £5ESWAIHEEFHIE
® The Polymer Softening Penalty (£G4 T St 00= R HES

Breather felt is used to create a high permeability channel next to the vacuum membrane to
expedite air removal and laminate consolidation.

Conventional breather felts rely on needlepunched virgin polymers like PET or PA6 (typically
weighing around 300 g2/m), which are completely discarded as solid waste after a single
processing cycle.

G RETRAELESE PET B PA6 #lpk, HiESEAR TZEEERMEAREEEF.
The Technical Failure: Under elevated processing temperatures and pressures, PET/PAG fibers A
soften prematurely, leading to a catastrophic collapse in gas permeability and compromised T \ .
laminate consolidation. ERIEREENLAAI TR, PET/PA6 BAMFLSTREN, SEESBES Jute fiore 4
b, HMEMEE SR EH IS ELE, P l

® Jute Substitution & Permeability Retention XIAFHEEFKSE[TEMNE "

Advanced Material Hybridization SeiE4E##liRES: Eco-Breathers developed by CCIC rely on
substituting 40%—-60% of the virgin polymer with sustainably sourced Jute Fibres, creating a fully
degradable/recyclable composite ancillary infrastructure.

BRI SR AR AT 2L E AT (40%-60%RIPET,  piINffA e £ Rl pEAR/ A RINRIGZEIE S

- -




Eco-Breather Technology

FOTZWH: E5ESE: FenhE. BREF

B Green manufacturing: Eco-Breather £5ZESWEIHEFE S
® Jute Substitution & Permeability Retention KIAFHEE SiEST(RISMHE
Superior Thermal Integrity (i REISiBRISEYE

Unlike synthetic polymers, natural jute fibers do not undergo early thermal softening,
ensuring the continuous preservation of highly efficient vacuum channels up to 200°C.

Si=y7%=y=r//ZNCiR %?KEWK?:FZET B R AR ERERRARI, IRERSIA200 “CRYFEIRA
ATRT, ESHRBERARTEERE

<100 «
= %
Moisture Management & Enhanced Re-usability IGE 4 ETE STEHFIE S o N
® 80 v T
Jute inherently absorbs approximately 13% moisture, yet precise control variables c | S "
demonstrate that integrating jute significantly improves gas permeability retention rate S 60 - "-:g-_- I 5
through multiple thermal cycles, unlocking great potential for multi-cycle reuse. 9_; 40‘ | P, - ‘3
REEMFEEEL 13% WRAREY, EERNTSRHEERE, SANERSSRATESRM § | - N
ERPEOBSERISE, WAHT T TSRS RERERIEAR. g 2] -« wwo
fg-, 0 - PN340
RIT 1 E;ar 1éar TB:ar Téar

130°C 180°C 130°C 180°C
Processing conditions



Ministry of Textiles, Government of India via PWC, 2006 <}§ CCIC
ENEBAFARBERE (MEEKENRS, 20064) NICE

Phase of Life Cycle Impact Comments
Agricult:ral p:mase or IPCC-GHG effect .TI::e mosri':’:igniﬁcanttin:?actbin the Jl.ftl: Iil‘el cg::lfz Bo dy of same report
phase is carbon sequestration by green jute plants in also suggests Jute

the agricultural stage. Approximately 4.88 tonne
of CO2 get sequestered per tonne of raw jute fibre
production. However, the anthropogenic methane

cultivation capures
1.5 tonnes CO, per
tonne dry jute fibre

retting process also contributes to this impact. E—IREHNIEN IS
But the overall GHG emission impacts becomes = MEEREETFAF
negative as the jute plantation acts as a sink for Q&{yﬁg?ﬁ&'l 5IHECO
carbon. - ' 2
Manufacturing Phase or Human Toxicity Uncontrolled use of Jute Batching oil contributes
Phase Il to this impact
Manufacturing phase or IPCC-GHG effect CO2 emission due to fossil fuel based energy

Notes:

 Carbon sequestration c.5 tonnes CO,/tonne of jute fibre (* difficult to corroborate this figure *) {HEER
EEEMA4EREREReISMECO,/ME (* LHEHEIAIESE)

 Reduction in energy bill vs 100% PET, around 88% for jute #8EL100% 4 HE PET, SZAA=EMAJPF(K2I88%
HIBEFERLAS

- Re-use potential due to retained gas permeability R E{FRF 7 RIFIESK, EREAEFNBE

- Polymer fibre can be substituted by e.g. lignin or recyclateBR&¥IF4ERT AR RE= R BB SH—EER



Net CO, Savings based on 50% jute substitution {%‘ ccic
&EF 50% SHREARIKELL NICE

50% PET/50% Jute 100% PETfibre
Estimated beather market 2000 tonnes pa
Estimated beather market 2000 tonnes pa size
slze Embodied carbon PET 5400 tonnes pa
Embodied carbon PET 2700 tonnes pa polymer
polymer Fibre spinning 19 tonnes pa
Fibre spinning 9.5 tonnes pa Non-woven production 128 tonnes pa
Jute cultivation + retting  -1300 tonnes pa Net CO, equivalent 5547 tonnes
Non-woven production 128 tonnes pa
Net CO, equivalent 1537 tonnes
o Atypical passenger vehicle emits about 4.6 metric tons of carbon dioxide per year.
o This assumes the average gasoline vehicle on the road today has a fuel economy of about
e EPA Eg&ﬁgnﬁiﬁzl i 22.0 miles per gallon and drives around 11,500 miles per year. Every gallon of gasoline
\ Y 4 Agency burned creates about 8,887 grams of CO..

— AR AESFHINLY 4.6 SR



CF Energy Intensnty High Baseline, ngh Variability
BRETAERERES

Ha B = . =& - —m  sEal B e—-

& CCIC

Table 1 Total energy consumption per kg carbon fibre

B The Massive |
Virgin CFRP produc

ing f 195
966 MJ/kg — nearl; Source Tut[a;l .Ek':]’rgy Data origin Comment ranging fom
89.5 MJ/kq).
( /9 ArnoTd gbal 16 255 Experimental Heat and SRIMESA—EE,
RS Ml mnold eeak 10 data, simulation electricity
TRABREFIRERTRE (¢ Das [3] 459 Experimental Little details ms from lack of
90% Hotspot: Withi data, databases = about system , and absence of
of t.otal. energy |n't(.e Stz et all 1177 286 unclear No details
(oxidation/graphitis about system o GoEinE
s HFHIE. BEE
PR SRR, | Bxpermentll oo ot
Liddell et al. [18] 219 data, databases, "
Energy Intensity eStimatiDnS g
Experimental o
" Liddell et al. [19] 195 data, databases, aﬁf?f:;f;h:
estimations &
Dér et al. [15] 1150 i};{t};enmental Incl. peripheral

pI'DCBSSES

= GFproduction = Resin Production = (C

Glass-Epoxy Composites (89.5 MJ/kg) Carbon Epoxy Composites (966 MJ/kg)



Impact of Middle East Conflict {%‘ ccic
R ARSEN M EHME R HERY P T NICE

Toray Industries, Inc. (Tokyo, Japan) will introduce surcharge pricing on carbon AALRIIATE S, ESFER SN ES SRR E/ RS
fiber composite materials and other products as an emergency measure to address IERISCEEMSESIEE, SEEECTERIN R R AN
skyrocketing costs for petrochemical feedstocks and other raw materials driven by F., {FASSE, FRITSNRALEE SRS =RINK
the military conflict with Iran and de facto blockade of the Strait of Hormuz. N0

o IR FE BN T ESREMIZIE, E/RAZLSEEEIGRF, « War in the Middle East has caused significant damage to energy infrastructure
WETHEN., EiZzttXEME OYPSEAT? and the near closure of the Hormuz Strait, driving oil prices up, but what about
- BREEVRSN, IPSSIAFTHT Y BRES. 5. BEFIASSROIEEA  thereglonsotherexports?
S O A R 37 R &b 1]
mﬁi”w'ﬂ%' BiTE r 2ihisl IR @EeReE. « Beyond energy, the conflict is disrupting key non-oil commodities — like
. Nt L A/ S \ \\ \ \,: E

XL T EARIMHIEETVEE RSB HE (NRIULABHZ methanol, aluminium, sulfur and graphite —impacting global manufacturing
iEEREE ALY ) and the green energy transition.

» Disruptions to these industrial essentials are rapidly reshaping global supply
chains — from fertilizers for future harvests to minerals driving high-tech

World Economic Form Apl’i| Oth industries. Here are nine at the centre of the shift.



Potential energy savings identified ¥& ccic

NICE
GRP Industry CFRP Industry
21% via rollout of industry best practice ~ 22% via rollout of industry best practice
(7,000 TJ) (1,266 TJ)
28% via successful deployment of 63% via successful deployment of
ongoing R&D (9,160 T)J) ongoing R&D (3,619 T))

Industry awareness, collaboration, training and technology transfer are critical factors!

TUER, MEEE. HEBNLRIARER, #BESLH LIABRHIXREER!

DoE Data 2017



Aggregation of marginal gains
BERE AR S SRUMUBTIRR

m The British Cycling Transformation ZE B1TEPARIEZEZH]

® UK had won only one Olympic gold since 1908

£2003%F 2RI, B1908FLLKRNERFREF, REERBITEMNGRET—HER

TEhE,

® David Brailsford took over management in 2003 of UK cycling team. DB’ s
philosophy was to seek tiny improvements in every aspect of activity

2003Fa - MERIMBERETRESI, SINTESMEMATERERK 1%1£6ER

H BzOEE:

o Electrically heated shorts

o Alcohol rubbed tyres

o Optimised massage gel formulation
O The team won 8 Gold medals at Beijing 2008
BITXEMASBRIFEER S, FEMB LR, £ 2008 FitmBizs B3R
SILERE.

— -

—
Capovelo.com

Net-Zero Aviation cannot be delivered by a single miracle material; it demands the
aggregation of marginal gains to eliminate supply chain carbon piece by piece.
FEfnh "EE" BirERINNRE—R, CREE B ERSk—
WIBID SRR, SEMIEIRERENRFEN, SeH ESIATTRYRER @




Vertical optimization

EBL (1#&%1_12@5‘]3&?#"%73)

® Global Supply Chain Impact £ER{R5ERIPRHERSE

8 Global supply chains generate more than 50% of global emissions.
LIk 8 KU MERESTHR T £TK50% LA EAIRRHER (BUETRE HFREHT
B The Automotive Reference iS&E1TIVAIREINFEH]

Bix) .

Automotive OEMs have been shown to reduce emissions by approx. 60%

via supply chain changes.

ZIGRA, "FETWOEMBEEMMHANE, ERIIEI T4 60%AIKIEMHAE.
B The Cost-Sharing Model APt SREHEFNEEXR

Cost sharing across the chain means only marginal increase in costs to final

consumer (1-4%)

RN AE MBS DHTS

M 1%-4%.

BOM, SBRESERImBBERIAN

NICE

Carpe diem valuenet

Change requires investment and therefore needs to be data driven!

VAER

BN, Eltws

1&3 E%X

l

ZIXE] !



Where are the low hanging fruit?
S EENET (BREREREARRRO) IS cerc

®m LCA Mapping Methodology &% LCA RIEEEREMET

4.00

Various approaches based on LCA taken to map energy vectors in composites
3.50 -

manufacturing.

g
z
& 3.00-
SRERSMETICA (ERBIETR WAFTTE SEFREATHHIERTTE £ 291
ShEIREES 5, 5 > ] @ Control
& ' B Heating
B Sensitivity Variables i HI T 2 KE% g %0 m Drive
& 050 -
Energy intensity and embedded carbon clearly depend upon formulation and % 0,004
]
o
w

processing of primary materials, intermediates and final product.

MHEEEREESHERET, ™EEATEMEME. REE nfmsEd) s &
ReamVEC SRS T Z.

B The Core Question / gklig#z(i&a (SIHEREEZR)

Figure 6. Contributions to the total SEC (MJ/kg): comparison
of PP, CF20PP and T20PP on different production scales.

Where are the energy intensive hotspots in our supply chains? Hesser et al 2016
RS ATEHLNSET, SRS SRR . o _ . _

Reliable decision making requires reliable data
RN (CF20PP) FEEA, IO 55527&*15%77,5'7%/?55/#% (SEC) Sk PN Lo Lty o




Organizational interventions {% CCIC
HAOARTFM (EMESSEERINR) NICE

The 5-Dimension Action Plan A XKEERERITIHER

1. Acceleration of switching to green power JNiERLRFEE S/
imim BERZaT e B

2. Enhancement of industry clustering — reduction in
product-km SB{(CFENVERBHETER ., KNIB4ERIrhsm A BT

(PR MDA sHE)

3. Supply chain collaboration and joint investment #zh£#
MHERSRE MR SEBIERSIRE

4. Tax incentives for incremental resource efficiency SFEX st
XS ER A BRI TN S SR .

5. Enhanced roles for trade associations and regional
platforms in advocating Green engineering and He, Open Journal of Business and

supporting transition ;¢TI &S XiFEIFHESRTES Management (2016)
"RETR MR RN AR

Supply chain enterprises A Related organizations

Material Suppliers

Government agencies

Academic institutes

Components Suppliers

Intermediaries

Financial institutions

Manufacturers

Distributors




Conclusions {% cclc
LI5S NICE

1. Standardization & Market Penetration RSB SHizEE

As environmentally driven design planning becomes more important we need greater standardization in impact assessment,
materials sourcing and data in order to better drive the penetration of Green Composites.

PEEINMRIR AR TN B, TS FEMERIRITE,. [FAPEIREHELA R B SRR EEHE SERTRSE, M
MBEIIIEFBEE SRR ESE.
2. Urgent Data & Provenance Priorities #iE§ESaESTHIEE
Improved data and provenance is especially urgent for:
ToE e SE IS B FMEELL N ="M ORI /0918
Synthetic fiber manufacture SRAFERIE: REERIRKTELRISRGEIL SRR LAIEIRTIR,
Plant fibre cultivation and processing {E¥J¢H4EMESINL: FTEAWRL. RRTIZEIE4EmENEREEERERER.

Bio-resin renewables content and recyclability EJEMIEESSENL: FENETBEENHRSE, FHIRREFENEIRETITHE,
3. Innovative Commercial Architecture BWIER SZE N HIRIEIFR

Future commercial progress on bio-sourced products will require more innovative business and distribution models

SFEEMEFRAREEREKENECHEE, MEBURTHHASRIEN, BERBTHEERCIFIERNBIRR (NHAERIATIAIR
AEEDHE) .



End, Q&A

© Yangtze River Delta Carbon Fiber And Composite Material Innovation
Center (CCIC). All rights reserved. Confidential and proprietary document.

This document and all information contained herein is the sole property of
CCIC. No intellectual property rights are granted by the delivery of this
document or the disclosure of its content. This document shall not be
reproduced or disclosed to a third party without the express written
consent of CCIC. This document and its content shall not be used for any
purpose other than that for which it is supplied.

The statements made herein do not constitute an offer. They are based on
the mentioned assumptions and are expressed in good faith. Where the
supporting grounds for these statements are not shown, CCIC will be
pleased to explain the basis thereof.
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