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Abstract

Carbon Fiber Reinforced Plastics (CFRP) are composite materials comprising carbon fibers (CF)
integrated within a resin matrix. Due to their exceptional properties — specifically lightweight, high
stiffness, and high strength — CFRP are extensively utilized across diverse sectors, including
aerospace, automotive, and general industrial applications.

On the other hand, for the recycling of CFRP, a chemical recycling approach has been developed
in which recovered carbon fibers (rCF) obtained from waste CFRP are used as reducing agents in
steelmaking furnaces. In addition, material recycling technologies are being developed in which rCF
is recovered and reused by thermally decomposing the resin component of CFRP at high
temperatures (pyrolysis), mainly targeting injection molding applications. However, these pyrolysis—
based approaches suffer from issues such as degradation of carbon fibers and residual resin on the
fiber surface. Therefore, for further expansion of applications, recycling technologies are required
that can suppress the degradation of pyrolysis—derived rCF, control resin residues, and be
applicable to a wide variety of waste CFRP materials. Furthermore, in conventional pyrolysis
processes, the resin component is converted into carbon dioxide and water, making its effective
utilization difficult.

In this proposal, we established a novel solvent—based dissolution method for CFRP recycling that
enables the recovery of CF without structural damage or residual resin. The recycled carbon fiber
(rCF) obtained through this process is applied to continuous fiber-reinforced substrates and
discontinuous fiber substrates, such as nonwoven fabrics. This enables the production of high—
quality recycled CFRP comparable to virgin CFRP, thereby contributing to the expansion of the
CFRP recycling market.

Additionally, this project aimed to achieve a circular economy for the resin component by
selectively recovering high-value compounds, such as phenols and anilines, from epoxy resin
degradation products through chemical conversion. The following sections summarize the key
achievements of this project.

1. CFRP Recycling via Novel Solvent—Based Dissolution

1.1 Depolymerization of CFRP

In this project, we developed a CFRP depolymerization technology based on a novel solvent
dissolution method, as an alternative to the conventional pyrolysis process, in which NaOH is used
as a depolymerizing agent in an NMP solvent system. Furthermore, to achieve milder reaction
conditions, an alternative system using a KOH/crown ether additive in a DMI solvent was
developed. These processes successfully decomposed the matrix resin of aerospace—grade CFRP,
allowing for the recovery of carbon fibers devoid of damage and residues. Beyond laboratory—scale
verification, trial production was conducted using 200-L and 2,600-L reactors, securing sufficient

rCF for application development and facilitating process evaluation for commercialization.



1.2 Evaluation of rCF

Surface analysis (XPS and TOF-SIMS) and physical property evaluations of the recovered rCF
confirmed the absence of resin—derived residues on the fiber surfaces. Elemental composition
analysis indicated that only minor chemical structural changes occurred at the outermost surface,
depending on processing conditions. Interfacial shear strength tests with nylon and thermosetting
epoxy resins demonstrated that the rCF maintained performance levels comparable to virgin CF.
1.3 Functionalization of rCF

To broaden the utility of rCF, bundling (sizing) treatments were investigated to enhance feedability.
While various devices were tested to optimize morphology, further studies are ongoing to achieve
the required industrial feedability standards. Additionally, the fabrication of wet—laid and dry—laid
nonwoven fabrics was explored. The wet—laid process successfully produced both uniform fabrics
and unique, “washi-like” non—uniform fabrics containing bundled CF regions. In the dry-laid
process, rCF proved highly suitable, provided that fiber entanglement and resin residues were
strictly controlled. These results underscore the potential of rCF for high—functionality and
aesthetic substrates.

1.4 Development of Recycled CFRP

Thermoplastic rCFRP was produced by compounding sized rCF with polyphenylene sulfide (PPS).
By optimizing the sizing agent and utilizing coupling agents, the resulting composite achieved
tensile and flexural properties equivalent to those of virgin materials. For thermosetting rCFRP,
dry rCF nonwoven fabrics were impregnated with epoxy resin and press—molded. The resulting
composite exhibited a flexural strength approximately 25% higher than that of rCF obtained via
pyrolysis, validating the technical superiority of the proposed dissolution method.

2. Conversion of Resin Degradation Products into Value—Added Compounds

2.1 Conversion Technologies for Phenols and Anilines

Detailed analysis (LC-MS, GC-MS, and GPC) of the epoxy resin degradation products confirmed
their suitability for chemical valorization. Hydrogenolysis using heterogeneous catalysts was applied
to bisphenol A—type epoxy degradation products, yielding phenols such as 4-isopropylphenol with
a maximum GC yield of 63%. Furthermore, the hydrogenolysis of aerospace—grade epoxy resins—
comprising aromatic amine curing agents and tetraglycidy! diaminodiphenylmethane (TGDDM)—
yielded methylenedianiline in moderate quantities.

2.2 Valorization of Phenolic Derivatives

Technologies were developed to convert 4-isopropylphenol into isopropyl methylphenol, a potent
antibacterial agent. By integrating carboxylation using carbon dioxide with aromatic methylation,
the feasibility of synthesizing raw materials for antibacterial agents was demonstrated. This provides
a clear pathway for the high—-value utilization of the resin component.

3. Life Cycle Assessment (LCA) and Verification



3.1 LCA of the Depolymerization Process

An LCA estimation based on pilot—scale operation indicated that GHG emissions for the rCF
production process were approximately 14.3 kg—~CO2/kg. This represents a potential 30% reduction
in GHG emissions compared to virgin CF production. However, solvent loss was identified as a
primary contributor to the carbon footprint, highlighting the optimization of solvent recovery and
solid-liquid separation as critical future challenges.

3.2 LCA of Resin Product Conversion

LCA comparisons between the recovery of aromatic amines from resin degradation products and
conventional manufacturing methods confirmed the potential for reduced GHG emissions for
methylenedianiline and DDS. These findings demonstrate that the proposed recycling technology
facilitates a comprehensive reduction in environmental impact, encompassing both the carbon fiber

and the resin matrix.
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# 3-2-2 JRF U (R HLE)

A4 N/C 0/C Na/C Si/C S/C cl/Cc Ca/C
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o T T T T T T
0 50 00 150 200 25.0 300
Time[min]

4-1-9 BisA/DICY 43 fi#¥ > GC-MS H|E TICC (2K[X])
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2025/08/05 14:27:47 / EZS0A05KO002-Ceantroided / lonization Made: Ele
S113-122 /MeOH 1350V 501 Ho—@—{
«10%  Inbensity (69130000) d)‘fp o ./
80 OH
o -0

O NMP L 5
# Bisphenol ARIEE S

Q. 'Ii O

o T\ | | | ./ |||

I

\
Wﬂ
400 500 00 700 800 10.00
Time[min]
2025/08/06 11:16:44 / C250808KC002-Centroided / lenization Made: Gl
S13-122 /MeOH 1950V 50:1
«10%  Intensity {12206000) o .
120
10.04 |
GC/CIMS | * -

. \ \ o
50 | '.I ' A |

“EM——*'“J ““““““““"“‘J.\“"““ mlw““‘“’”“‘“"“““ S

T T
.00 600 7 UD 800 800 10.00
Tim[min]

4-1-10 BisA/DICY Z5 i GC-MS JIE TICC (JLEK[XK1)

4

2025/08/05 14:27:47 / E250805K C002-Centrosded / lonization Made: El+

SN3-122 /M=0H 1850V 50:1
L] f x HO: H
w107 Intensity (G3130000) *

O-NMPRIRE S
50+ @ Bisghenol AMRES He Gy
| (RER THRRE BT MED— D)
NMPm 2B I E ‘l\\
50+
GC/EIMS' p— \ \

+tobiE \ \Q \ 1|
In " W{J Ld'i—-f‘-?\—’r\"—/\-—h—j‘:"\—.—-‘ k‘

L B I A e e e e e e e L A B S B e A B I B S ALINL S e o e s S o o oy o oy o e
10.00 11.00 1200 13.00 14:00 15.00
Timsa[min]

20250806 11:16:44 / C250806K CO02-Centrosded / lonization Made: Cl+
SN3-122 "MeOH 1950V 50:1

at1IJ‘3 Intensity {12206000)
1294

801 1 _ |I
80 : ’ W"}Mp%ﬁ ﬂ m \,«
1 W% \.\J WLIU“JMW Mnd

X 4-1-11 BisA/DICY 25 fi#¥nd GC-MS #lliE TICC (Y5 KX 2)
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2025/08/05 14:2747 / E250805K CO02-Cantrosded / lonization Made: El+
Sh3- 122 ‘MeOH I&EN.;{J

'ID Intensity (68130000)
| ~OHKH
/{ 4 :Bigghenol ARE RS
- Q‘\‘d:} . | (WER LA AT RED— )

16.00 1500 2000 2200 2400
Time[min]
2025/08/08 11:16:44 / C250808KCI02-Cantroided / lonization Made: Cle
5113122 /MOH 1950V 501

x1l.""i Intsnsity {1 22060000
120 4
*

10,0+
GC/CIMS ]

B0+

60 : \}J\W.PU,, \JHW’\MI »—w}wm

"6 1800 2000 220
Time[min]

X 4-1-12 BisA/DICY 253D GC-MS I8 TICC (HEK[X3)

I LC-MS LEHEZL T GC-MS TIXEVIRS 1B DRy OREE N HEE TEHAY, M St
EDDIT, W CHD NMP OEVEMIZINZ T, LC-MS TOFERLFEUSE AT =/ — /VE#E AL
THAELIZTZ 77 A MREBBLNSIZ, Ao Rzt T T, BAEH] DICY OIS0 RF
VRO E SO RT DT BEAT =/ — v A, XTI THDHT = ) —R0A
VTN T x ) — ) VIZEHRTRETHY | A M EHDFELE LT ATREMER S D&M Do
7

WA, 53 o GPC JIEETT T2, £7 1% GPC ORESRMFEZLL FITRT,

CEE I VIRE I~ N7 GPC (EFNE T4

BT 2 :TSKgel o -M, a=3000 4% 1 A(+ 7.8 mm X 30 cm, H/—fi)

WICHIERERA X EF RS, KFEF, SI13-051 [ T8L TV L7 O RY THY . SI13-121
73 TGDDM/DDS 243 T . SI13-122 75 BisA/DICY R4 fEM) T 5,
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1.2
—5[13-051

—5113-122
—5[13-121

dwW /dLogM
o ©
(=] oo

o
s

0.2
0
100 1000 10000 100000
HTE
4-1-13 FyF-dyAn iR
# 4-1-7 sy EHIERE R
R4 HEy) TR EREHSTFE Oz EES TR £ 4y i RE
' Mhn Mw Mz Mw/Mn  Mz/Mw
S113-0519 1330 2970 7910 223 266
SI13-121% 1950 4650 8340 238 1.79
SI13-1229 1440 2800 4720 1.94 1.69

PL EOFE RS, TGDDM/DDS R4 (S113-121) . BisA/DICY R4 (S113-122) &H1C
AV~ —L L FE TR BAL B HE A | LEEARIE T NMP (ZIEfiE 5720 A A #IC
IR IE THLZ N7,
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4.2 TIRFIRHIE IR DT = ) — VA~ DFEIR A IS BB AT D BA %

TREBUNIRTEAIT, CERP &AL T 2~ N w7 AR D /3 s A 2 3~ EA A BL=
N RINE % PP IZZEHAL | SHIZHIE AR E LU CRIHIS TS IPMP ITEHT 56 )
N—EE R FOMREEEDT-,

1o NaOH OH fiig o OH . OH :
14 o e et = [ —— T
i gLy %% BRE T am 1
| ER7T/-MAR IR+ WESRY xR IPP zR IPMP !
| by £ % 1 (#A)d=-) (447'aE N7z (447 0E WAFNTT=I) |

4-2-1 HAYZE LD A — I

4.2.1 DICY b 2 A IR At 43 i D A iy 25

9. DICY fHLE A A BIRS UAR 3 i 5 7 =/ — VHE (IPP) Z B3~ 52 8% B &L
T R ME 21T o7, FEHELTiE, B2 A Bl s L (LA CTHDH DICY SffbAeiEAl%
100 : 6.5 : 1 OEF &L TRA LB LI E-b 0% Ve, 22 TRLIVC AT AR EUEE |
TARF MR, KERL TR A VASE NMP % 5.00 : 0.95 @ 94.05 DB R TRALT250 CE
7213 200 CTRISSERDNI 3 R 2 A M AR EHI WD RO E L TV,

BFONTSOSRICHI LT, EHIZ TR U AN L 7=, S113-041 Liquid [ZiBMOLEEE
fES7 o T= 7 v SI3-062 XM E Bl — F LB AL % fiE X 97 (S113-062
Liquid), $9— 713 TH AL CTHIEIC L= HIC NMP IS B E L TS B2 S7-0 0
(SI13-062 Solid) T, SI13-072 1% 200 CT 2 BEHSUGSET=0H 3 EIL, — 7 IZB Mo
PAHESF(SI13-072 Liquid), o — F TR THRIL THIEICLIZOBIZ NMP AR £ T
Feo T [ERE4F7-10(S113-072 Solid) THD (FF),

% 4-2-1 DICY B LE 2 A /R BHIE 4 fR )

Kis R NMP 60°C
Lot No. EPEA| (kA EE KHE B 8% DMF

§0)) (h) (%) YA fE T
SI13-041 Liquid  bisA-typeEP DICY 250 1 - - -
SI13-062 Liquid ~ bisA-typeEP DICY 250 1 - - -
SI13-062 Solid bisA-typeEP DICY 250 1 6.4  AVELDHY
SI13-072 Liquid ~ bisA-typeEP DICY 200 2 - - -
SI13-072 Solid bisA-typeEP DICY 200 2 H 3.6 XA
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EROY T R FPNT, RE— R A TR BRI 82 B B~ DA MR T T,
REMZSRE RITIEABRE T D03, BB Th2 IPP DR AR LT,

4.2.2 BHRWET e A A BRI 0 i O A i 25 #a

AREITIE J R T NEL T, BRETIVELE A A BIeR2e S M5 D43 iR O SO
R, FEBET IR A B R BIRL LTI, B A RIS LIF R T A
t#ITod5 4,4’ -DDS % 100 : 35 DEEHLTRA LA LI E72b0x v ie, Z2THRLILET
N RNE A AR RINE KERE TR A I NMP % 5.00 : 0.95 : 94.05 DB &EHTIREL
T 250 ‘CE/21% 200 CT 2 B AUG S, ROSIEAETS 2,

O SIRIZH LT, SHIZ T RIR U A i L7z, S113-045 Liquid (BN ALEE %
JESI2 T2 T TS, SI-063 1TSS 72D HIZ Bl — 7 IRBINO LR i <4
(SI-063 Liquid), &5 — 5 IXHEEE THAIL THIEICLIZDOBHIC NMP B A B L TR~ - K%
FF=bD(SI-063 Solid) T2, SI-068 13RS DSUGIRE DS 200 CTHY | SR KA —47E|
L., —HI3BMO A% fi = 9°(SI-068 Liquid), $ 95— 7 3R CHFIL THMEICL7ZDHIZ NMP
TR A B 2T - T2 [E IR E 13725 D (S1-068 Solid) THhD (FH),

F 4-2-2 FHEBET I LE 2 A TR AHE S iR

NMP 60°C

Lot EPEH  BE{LA ﬁ”ﬁjﬁg ’i”‘f‘hﬂ)“*fﬁﬁﬁ RIS SA%E  DMF

%) vEfEhE
S113-045 Liquid bisA-typeEP 4,4-DDS 250 2 — - —
SI13-063 Liquid bisA-typeEP 4,4-DDS 250 2 — - -
SI113-063 Solid bisA-typeEP 4,4-DDS 250 2 9.6 /\
SI13-068 Liquid bisA-typeEP 4,4-DDS 200 2 - - -
SI113-068 Solid bisA—typeEP 4,4-DDS 200 2 e 19.2 O

ROV T FNT, AR R A K EL SRR LD B~ DI A i T,
FRIZ, T ThHD 4,47 -DDS XEIN CEAUIMMEOH AW THY I m Ea HEL
FMEDAI)— 2 o T aAT T, G RITIERBET D3, B THS IPP L7 ThD
4,4’ -DDS DA R &R LT,

4.3 IR RS B O T A~ D SRR HZE HA AT D B %6

LRI L THEFRT IV E, EAIELTTNI 7 USDN YTV 7 2=V A% (TGDDM)Z A
W AR URIEZ~ Ny VAT DT LI R R 8T R TTHY | & Ry 3 ELE ) S
IEAE7 2L A D78, C-N FE G OBZUC I T FNEILCEAUL, TR HHE D iR O
BENER PR CED,
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RGN ELT, TGDDM % 5 FHET IV Thd 4,4’ -DDS THEAL L= =R % MR it
L7z, B, IS CIRHW DN Y TP 7 2= )L AV (4,4° -DDS)K°, TGDDM D JF
BHIRDAF L DT =V AT = /) — VRIS AT CH 07280 | ZH23 s TEI T
UL, BRIF A BRIEDRNLA IR CE D, ZhvAk HRE LT SBR ot a 1T o7,

______________________________________________________________________________

HC CSNH,
NaOH IXR*>

e o - Am TERECEE MM xanwi*/;":'r/ % CLER]
N Y ame — +

: @ 2Iti’l\(l)lljc (AJdw-) NP o

| o Qg Q _ TAHF

WRACHI
DiEER DDS

4-3-1 W2 AR AR Sy MM DA s A A=

JFEIO =R A EE LT, TGDDM & 4,4’ -DDS % 100 : 54 OB & CIRA LB L7
DZ ANz, TRFRAE, KER{LT R A 8 NMP % 5.00 : 0.95 : 94.05 DB & TRAL
T 250 °C C 2 WSS S RS D BOG IR 2 152,

BONT SR A 3 EIL T, BINOIR A S X707 > 77 U(SI13-073 Liquid)&, HfET
HRIL CHPEIZ L7 BT NMP A B £ L CiR > 72 [E IR (SI13-073 Solid)Z SR D ke Lz,

% 4-3-1 BHEHET IV TGDDM R #IE5> fRd)

RiE  Kie NMP 60°C
Lot No. EPEAl E/kA BE R PMEMH SF%  DMF
(C) (h) %) Y PR M
SI13-073 Liquid TGDDM EP 4,4-DDS 250 2 - - -
SI13-073 Solid ~ TGDDM EP 4,4-DDS 250 2 icl 16.6 O

ROV T FHNT R — R il A N K FE AL R LA G i A i T
12 T ThHAT LT =02 (DDM) . 4,4’ -DDS FHNENDOUZER 4 B e L7544
DAG) = T oAT o7, MRS RATIEABIET D AF LT =0 b 4,4’ -DDS DARK
HER LT,

4.4 TIRFRNE 3 R DA M AT 15D HLg

TARFURINEE T = ) — VAN EEWS DEIFIZOWT, A, I ZATV | iR ZRORITR
LTce FFIEICAV YN T AV MR SHY | B R 2kt L TR FEORT LoV & B 5,
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& A-A-1 AR RIR R D A A ZE B ITIE D Hik

AREAT FrB AT 1 Pl F T2
R - Green Chem 26, 815- |Nature 617,
824 (2024)* 730-737 (2023)*Y
INAiTT Pd]Ni]/CeOQ N = =1y 2
fild 5 A P | ONaOH VT =0 Db
. RE DT |EMRSBEITRED | e,
AV7b SR FTHE R FEIRTE
S 2k eI 72 Pd e R |2 IR TINaOH /LT =7 At
7 D LRI [Ea] 5 P P IR

5. LCA OFFAfh - FRAIE
5.1 CFRP fif B & D LCA A

CFRP Of A TR, F¥EEGTED GHG Pl EARE LT, L FORIIR T XH72 s~
mERZGEL . CEFRP AL &N 2500 t/y HAL, /Ny F A, CFRP /RO E &b e 1,/
9 LE LTz, 728, CFRP FEM O L2 L1205 GHG HEH BITFREICE ATV,

v ERNMP
CFRP  [—— _—

NaOH — | 9a8&EE
'--.________..--‘
NMP — 2%
E3f:bay ]
"] n#>%
NMP — | NMP#® |—
—— x#3%

e [

——" NMP |

K 53] ERE
--.___T___.-- l

rCF IR +NMP(BER)
5-5-1 GHG JEHEDwi#EEDHE 7 vt A K

WIZ, 7N— CF Bl GHG g &, BUTEV LD GHG HEH &, BELOARIETD Y

A BEGHGHEH & NMP [AlY TFS#E E L% OGHGHEH O &R B LA UL T OXIZERHEL
77
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25
20

15

10
5 -
0

vCF &9 I'ﬁ ik
@ik (MB)

5-5-2 GHG JEHHEORE LR

CO, k& (ka/kg-CF)

BV iRED GHG HEH EiX, AHIE R DR RIFCO XTI E &4 36.45 MJ/kg-rCF®|
SO = AL — BT EEA 36.7 MJ/LPEL T, ATl KD GHG P E% 2.46 kg-CO2/kg-
rCF LEFRL, ZAUC, rCF % 1kg BGE 3 DB S 2B LA Fh >k CO, & 1.54 kg/kg-
rCF 2Nz TEHLT-, /A—0 CF 8l3&E R D GHG HEH &1, IREMMER SO AFRETHH T

AREFEEZLORETIL, BHRAE D GHG e &L, N— CF BUERFLDHAY 30%{EL Vil
Thol, —J7 BEIESIND NMP IZH KT 2 DAY BICRELF L L QU zizh  NMP 288
[EUN TREO 7 w24 RE L, NMP 28 B[R 2322 2 F15A0 L0 KB AR C & 5 T a4 L
L7, D NMP [EIN R RS EZ R BV IAT L fFEHEA THEO GHG Pt BT REYET
ZHAREMEDR DAL EN DD ST,

5.2 TARFUHIE M OA LA BB T % LCA A

TARFURINR % T =) DB ~E WS DGRV —MIBAL T, 20 LCA ik
Lz, £ 74— oMEEWTHHAT LT =Yk DDS OBUTRIGORGE FikEHEEL ., %
? LCA i LTz,

5.2.1 AF L7 =) O EBA TR

A=
NH, + (@] EASA+
2 ©/ HJ\H HoN NH
4%592001-26571 51% yield

EreFlBI19 AFLOT=
5-2-1 AF Lo PT7 =V OHEERLE
AFL VT =0 OREEFRE IR T IOTHEEL . ZOAF—AITHSEX | LCA ZRFA LT,
ARAX— LT DGO BATA ML IDEA 7 —Z _X—R [ HfED L ST
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7einoT=lo® FDJFEHIE D OIEVREFE L=,

LLFIC #EELT- BT A Mt LCA

#5-2-1 €4

AL R T

FA Mo LCA

R AL R

$5#82001-26571 : ¥ T I/ Y7z NA R0 EEOSRREGORESE
E mHRR (:gi.‘ #iz | IDEARGEI—F uas [T "“j‘;;zl’“ ﬁ:i::‘;
KEILT FSTFATIEZGL (40 wt%) 0.0588| ke - HRIET FSTFATLEZIL (40 wi) 588E-02| kg 220600  129E-01
E TvEF b UL (AI20356%) 0.0018( kg | 231311000pGLO |72 #,1AI 2015, GLO 190€-03| kg 154E+00  184E-03]
e B ety T B e It
- HSUCIZHIML., 0.6( kWh | 331131022p)PN R, B#F19, 20225, JPN 6.00E-01] kiWh 533E-01) 320601
RRIEIISE TRE 0.15( kWh | 3311310220)PN  |@:h, BHF:S, 202256 JPN 150€-01 kih 533E-01  7.99E-02
an4 #YhH (LUDOX HS 2 40%) 0.0375| kg = an4 #nish (LUDOX HS, Si02 40%) 3.75E-02| kg 1.30E+00 4.88E-02|
w0 o e PP e s i e e
T pH 14 OMELBRAL BN 01566 kg | 331131022pJPN |Eh, BT, 202268 JPN 157E-01| kiwh 533E-01)  B34E-02
BREE AT —AEDF— b7 L—FRIzphE L, of kWh | 33113102200PN  |Rh, B4FsS, 20228 JPN o| Kk 533E-01 0
ANER/ R 150 CoAMERTF T 0BMBRLS ¢, 153.6| kiWh | 331131022p)PN | ®A, BHTY, 202268, JPN L5S4E+02| kiWh 533E-01)  8.BE+0L
BORHT. AOARETIHETS Of kWh | 33113102200PN  |@:h, BFFS, 202286 IPN o] kwh 533E-01 0
E ) HREL-ERHEREL THM 0.0017 | kWh 331131022p)PN (A, B*¥F1Y, 20225 K, PN 1.67E-03| kWh 5.33E-01 8.88E-04)
B4 Ak (RAA kR EAREET) 0.0584| kg 168919200pJPN Mk, £ # »TREE, JPN 5.B4E-05| m3 1.94E+00 1.13E-04|
BHWEA WA : WHMT BB, REHBEELE 0.05| kWh | 331131022pJPN |, BT, 20228, JPN 5.00E-02| kih 533E-01)  266E-02
BUEETS 0.0017 | kiWh | 331131022pJPN |, B#F49, 202265, JPN 167€-03) kivh 533E-01)  B8E-04
FEITFAT»EZT L,

PHLm i::.'jg ::t?;;;. ;nr;ﬁ;a;ﬁ'«&ru ? ke
BEM M7 =7 LARE (4200g) 0.2 kg 168919200pIPN (B, 4 & ZEMEiE, JPN 2.00E-04| m3 1.94E+00 3.88E-04|
AAVRR niyEss AKEE (ETSEZ9A16g) oo k|| - |mErve=es T im0z kg | 200E-00 320€-02]
—— ZommEE, RELLNS 0.45 | kwh | 33113102200PN  [@, BHF9, 20228 PN 4.50E-01] kiWh 533E-01)  240E-01
¥ LEMINIL T B0CIST 3 0.10 | kWh | 331131022pIPN |2, BHF19, 20225 %, JPN 1.00E-01 kivh 533E-01)  533E-02
®id SREE A 0.002 | kWh | 331131022p)PN @A, BHFY, 202268, JPN 167E-03| kivh 53301  Bs8E-04
WA/ R A Aok (@ohiEEEESMEYE TR 0.15 kg 169919200pJPN (M4, £ # » TMEEE, JPN 150E-01| m3 1.94E+00 2.91E-01]
w2 EmEEErea 0.002 | kWh | 331131022pJPN  |B%, BFFH, 202288, JPN 167E-03| kWh 5.33E-01 B.B8E-04|

TYEST/TAELT L ESTORD

S E:tﬁ!:mr1§4 b " ? ke
ey i’f:f&’;:;;tﬁz:‘_*‘;:L_:::&t‘:;‘ * 0| kiWh | 33113102200PN |G, BT, 202228, PN ofkwh | sa3E-01 [
miL ;;:;E‘IZZ;::;::;::?_!::;:” Of kWh | 331131022pIPN |, B4FH, 202268 JPN 0| kih 533E-01 0
b RIS CRRLE TR R TREL, 0| kwh | 2331131022p)PN |3, BFTLY, 202265, JPN af kwh 5.33E-01 of

70~1004 7 > 2 OB (SBL) 2813E,
£t () I B FRZOSESOEN AT L1 10| em3 - L L= 2445 4 F10 em2 10| em3 8314 83.142
A—S4454 F10 em3

AFL T =D LCA &

KB DORER . BATA MO LCA 1, 83.142 kg-COy/kg T o7, WIT . ZOfhlA T
RE L, FofilE ot aryn—L LCA REFEREZ LI TO

(R

T 7236 BATA MM L@ H ARV I LA TE 26D TH L2, 100[E#:0 R LA 3550

EREL T

ui\b% L/7LCO
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[0036]

[0038]

' [0040]

[0042]

[ZhEH] 19]

SEHER 4 (CRoH L o FIRICHE > THEL.
70~1004 v ¥ aDEF (33 Khd,

bR R : 0 [kWh]
YH» F(ALOyA50EB%STHE L LT
R—BFHEF 54 k10 em’E,
A% B 12.5mm. & 390mmOERDRGEICHAL 0 [kWh]
T iz 231.3 [g]
RIGEE IC g
FTiF— % 10FE%STES 18.9 [g]
AR BE180°C, 1.23 [kWh]
’ EhH4m5—,
TR RIS 0.21 [kWh]
B LHSV(RZERGERE) 3.6 h™ ! TRIGE ISR
( 1y 1266.8 [g]
N : TEHRARGEZE THoBREEEZR (LHSV=1h"
HREEOTE e g 1034 [g]
L3S REGREME, to.s.(time on stream, %Y AKERR) A 24.15 [kWh]
Aff145EREE L3 £ THtia 414 [KWh]
. 1553.3 [g]
N - 14 5BRRGIETH o MIBEEZLHSYV=36 h~ " &L,
N 8.23 [kWh]
ATRER RSREAME, tos. ABH1 0 2BREHS % THE
1.41 [kWh]
19 2BHARBEETHS TIF—N 1410.0 [g]
RROERERE g5 0 h@% 7= Y v BEAHE L TERTE 258.9 [g]
ASESEIRS HEEERTATIC, RSRaDE 8.40 [kWh]
tos HEE24 O L LB E THEE 1.44 [kWh]

5-2-2 BIET O RAT7O—
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= p ey
3 5-2-2 LCA 5 R
EHE IDEAR &I — . [kg-CO2eq | GHGHFIHE
i " . " - "
B A wwmm | F HE ERR ¥ we | ke-Cozeq)
TR—%E454F (10 TR REA S
we ey R STEEETAR 10| cm3 - (L8 =Ly 10| cm3|  831E-02|  831E-01
cm3) 4 + (10 cm3)
BEE125mm, K& 390mm® 331131022p) | BH, BEFH,
A 0| kwh o/ kwh| 5.33E-01 0
frxd ERORBEIHAL PN 20224, JPN
TZU> (GUaHE 0.
;90){;&(;:@.14;% 0252(L] 0.231|kg 1634;11000“ F=Y, PN 2.31E-01| kg 3.00E+00|  6.95E-01
RIGEIHE -
FEFU (G : 0.252[L EX (GAFATE
! 75—l (BRHR: 0.252(L] 0.019|kg - Crkaie 189E-02| kg | 2.98E+00|  5.62E-02
i ® 10 &7 %) /) ARV
/ B LA ° Ty
! RAxaL¥— (180°C) 1225/ kwh |331131022p) | B2, BAFE, 1.23E+00| kWh |  533E-01]  6.52E-01
e 0175 KW/ PN |2022%F, JPN
5 i
ENAA-LRE BETRF 331131022p) | @, BFFH,
o) 003k 0.21| kWh on | |aozvem en 210E-01|kWh|  533E-01|  112E-01
T=U> (BakE : 1.38[L] © 1634170009 _ _
o0 0 1.267| ke oy [7=uven 1.27E+00| kg | 3.00E+00|  3.81E+00
FEFIN s ¢ 13801 €2 (GAFATE
BEEDE 0.103] K - 1.03E-01| k 298E+00|  3.08E-01
mﬁgrz% ZR | ) 10 ik %) & ) A&y E *
BETFAF_ (180°C) 331131022p) |8, BATH
138BRIRNS 24.15| KWh ’ 2.42E+01| KWh 33E-01|  1.20E401
BRI ) 175 kw/h S PN |2022%F, JPN +0 5-33E-0 9E+0
EH4rx—n: FE (GEEER 331131022p) | BH, BEFH,
4.14| kwh 414E+00| kWh |  5.33E-01|  2.20E+00
¥7)  0.03kW/h PN |2022%F, IPN * *
T=U > (GEEH : 1.692[L] 1634170000 _,
. F=uy, 1.55E . )
90 ik 1553| ke oy [7=uveN 55E+00| kg | 3.00E+00| | 4.67E+00
T IF - (G 1.692[L] ER (PAFLT
BEEOE 0.127] K - 1.27E-01| k 298E+00|  3.78E-01
‘#ﬁ‘@?‘ ER | ) 10 it %) & J) A&y E *
RETFA%— (180°C) 331131022p) | B, BT
ATERIRRS . ' : 23E 33E- :
mlRR | 8.225 kWh on |z, on 8.23E+00| kWh |  5.33E-01| | 4.38E+00
ERG A= BE (BERRS 141 Kwn | 33113102200 B0, BAFS, 141E+00| kWh |  533E-01|  7.51E-01
¥7)  0.03kW/h PN |2022%E, IPN
T=U> (BUREE : 1728 1634170009 _ _
80 foif 0 1410 kg oy 7=y N 1.41E+00| kg | 3.00E+00|  4.24E+00
T IF— (a4 1.728[L] ER (PAFLT
BEOERE 259| K - 259E-01 k 298E+00|  7.71E-01
s *LMEE D 20 657 %) 0259] ke J) A&y g +
RETFA%— (180°C) 331131022p) |87, BATH,
4SBRIRIS ! . 33E- .
mmgEs | 8.4| kWh on | |aozeam N 8A0E+00| kWh |  5.33E-01| | 4.47E+00
EHa AL mE (BEEEK 331131022p) | B, HAFH,
1.44{kWh 1.44E+00| kWh 33E-01|  7.67E-01
¥7)  0.03kW/h PN |2022%F, JPN * 5-33E-0 67E-0
GHGHEHE 5t : 41.954

BATAMBBEARR) K LA DL EL TERM T~ T B THL5E D LCAIE41.95

kg-COseq/kg THo7-,

-

ZIC ARG TONEREZEE L, HIID 4,4-AFL U7 =00 (I

51%) L Z DOREIEFMEAR 2,4-AF L7 =00 (25%) 12 GHG EH BZ2E S LIZHRE . 4,4-AF L
7 =)@ LCA 1% 54.99 kg—COseq/kg &E72o7-,

#* 5-2-3 INEEZEL- LCA

GHGHIHENR SR (A4 © 100 EfER)

(Hfif : kg-CO,eq/kg)

EHWL | 4AMDA | 24MDA | FUw— | EERW
gE{LEE ) 51.51% -"1-2-&.-78% 19.38% 4.31%
EeP4E iy 41.954 41.954 41.954 41.954
"""" 54993 54993  — -
81.449 - —_ —_
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5.2.2 DDS OHEE HATHLE
WIZ DDS OHATHENEAHEEL . D LCA iR L=,

W, HEERDEAF — LIS E 20 LCA ZiE L=,

cl 9

+ CI—S oH —» o “Vilg —» m@—s—@— /@’
o \—/L ' NH, HN

5 GB2135666A

example 27

Cul
o (4mol%)

o]

93 %

S

o]

97 % yield

#55 CN103819372B  DDS
s

5-2-3 DDS OHE & Bl A — 24

Hz

F9°. DDS OHIBKATHLH Y 7ray

Jetr N < .
7 2= VAV DR AR R T, B ORE RIX, 22.23 kg-COseq/kg TH-7=,
#F5-2-4 Va7 =)L 2L OB LR
EHE . . . [kg-CO2eq | GHGHEHE
T RA G | IDEASMRI— 1= = i
2 FRIEE wmm | M ®Ra—F HWRA AR | B e | g-cozea)
12-9 v (=
B Ga | vranxzsy (CELzFL 025| kg | 163223000pIPN |=HEfETFL >, IPN 125€00| kg | 234E+00| | 2.93E+00
. sRRRLFVE (B0EL) 0.349| kg - sanALEYE 1.756+00( kg 1.68E+00| | 2.95E+00
” \ikF F UYL (03ER) 0.0175| kg | 162411000p)PN |T## GEftF kUL) ,JPN | 8.78E-02| ke 257E-02|  2.25E-03
B B - RE - 0.05| kWh | 331131022pJPN |B, BAF4, 202248, PN | 5.99E-02| kWh 533E-01|  2.66E-02
sonxyEy (10EL) 0.1125| kg - sanxyEy 5.64E-01| kg 2.22E400|  1.25E+00
1#38(55~60°C) B E55~60°CIC BB 0.875| kWh | 331131022pJPN |®, BAF4, 202266, PN | 1.05E+00| kWh 533E-01|  5.59E-01
W GRH) EERE RN THT 0 kWh | 331131022pJPN |B3, BATY, 20224, IPN o| kwh 533E-01|  0.00E+00
BERERE LoD 03| kWh | 331131022pJPN |, BAFH, 202246, PN | 3.60E-01| kWh 533E-01|  1.92E-01
T BTERTH. 55~60°CIfRiE 125) kWh | 331131022pJPN |, BAFH, 20226, PN | 1.50E+00| kWh 533E-01|  7.98E-01
WERE & 5ISBRE 05| kWh | 331131022pJPN |@H, B&TY, 202248, PN | 5.99E-01| kWh 533E-01|  3.19E-01
i FRETHH 0| kWh | 331131022pJPN |B, BAF4, 20224, JPN o| kwh 533E-01|  0.00E+00
WA Ao 5tk) 1L 1| kg | 169919200pPN |#lixk, 4 7> ik, IPN 5.026-03| m3 1.94E+00  9.73E-03
*T@/;’& W 1LEMRTHL <@ 0| kWh | 331131022pJPN |BH, AT, 20224, JPN 0| kwh 533E-01|  0.00E+00
PR ICH S £ 5 TRENR 0| kWh | 331131022pJPN |®H, AT, 20224, PN o| kwh 533E-01|  0.00E-+00
WA A2 5eigk) 1L 1| kg | 169919200pJPN (87K, 4 7 > SEHEEE, PN 5.026-03| m3 1.94E+00|  9.73E-03
*?E/Izﬂ BE W 1LEMATHL M@ 0| kWh | 331131022pJPN &5, BAFL, 20224, JPN o| kwh 533E-01|  0.00E+00
L1 B £ 5 TREIR 0| kWh | 331131022pJPN |BH, BAF, 20224, JPN 0| kwh 533E-01|  0.00E+00
RG-SR ﬁ&ﬁ%”"%:%;;77unla 150| kWh | 331131022p)PN |, BAFH, 20226, PN | 1.80E+00| kWh 533E-01|  9.58E-01
4-7AARVEYZRNFZ LAY
£ ? k
L o g
= saA~RY+EY (1.9 mol) 0.214| kg - JAARYEY 1.07E+00| kg 2.22E+00 2.38E+00
0
1{ks% (FeClo) 0.0031| kg | 162933000pJPN |fE{LE=$, 38% AR, JPN 1556-02| kg 6.45E-01|  2.64E-02
. . 145~155°CIciRia 8| kWh | 331131022pJPN |B, BAF4, 202246, PN | 9.59E+00| kWh 5.33E-01| | 5.11E+00
")
155 15| kWh | 331131022pJPN |%H, BAF4, 202246, JPN | 1.80E-+00| kWh 533E-01|  9.58E-01
& saA~RyEY (? mol) 0.25| kg - sAARYEY 1.25E+00| kg 2.22E+00 2.78E+00
) RISESWE 70° C (54 0| kWh | 331131022pJPN |®H, BAF, 20224, JPN o| kwh 533E-01|  0.00E-+00
(4 > ik) 1L 1| kg | 169919200pJPN |z, 4 7 > 35k, JPN 5.026-03| m3 194E+00|  9.73E-03
i/ SR W 1L £MRTHS 0| kWh | 331131022pJPN %5, AT, 20224, JPN o| kwh 533E-01|  0.00E+00
BHREL SR 0| kWh | 331131022pJPN |BH, AT, 20224, JPN o| kwh 533E-01|  0.00E+00
hd VOARVEVERRT
S e 4 e St 15| kWh | 331131022p)PN |, B&F49, 20224, PN | 180E+00| kWh |  533E-01|  9.58E-01
itV E
44-H/AAYT T ZNRLEKY GHGHEHE
& 0239 k 22.22
i (ODS) BB £ e g
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ELIZZOEEHVT, DDS OB A To7, fERELL FTORITR T, REOREE, 34.01 kg~
COseq/kg TH-oT=,

%% 5-2-5 DDS OB F

EHE . . . [kg-CO2eq | GHGHFHiE
I FRIEE i IDEA®GZ O — 4 = i3
@Ry | O B3k b @R | B wi) | (ke-COzeq]
44-/RAAY 7 T ZNRIVEY 44-Y/AAYT7 T ZIVRIVEY
= 1.192 k - 1.19E+00| ki 2.22E+01 2.65E+0
e g (ODS) #84 00 ke ’ 1o
YEZ AAZER, NH
DEROME | TYE=TK GEEE 25 wt%) 6.763 kg 161112000pJPN e T, R AL 3 6.76E+00| kg 7.45E-01 1.26E+00
o 100% #%8, JPN
= “ | fem—sA (cuch 0.048| kg - #{LE— (CuCl) 4.77€-02| kg 3.02E+00|  1.44E-01
NEDEREBEFRY 7T y
AL l?j:&’mf_‘l;:;(ﬁ%‘i 0.05 kWh 331131022pJPN |BH, BAFY, 20224FE, JPN 5.00E-02| kWh 5.33E-01 2.66E-02
TR TS S = =
QEHETVES RRAA:BE L7742 (& 200 W 351316015pJPN BRAEXRE, CPIR 2015%) ) 0e01| M 7.68E-02|  1.54E+00
g ) &, JPN
YR
i G - FEE 0.094 kWh 331131022pJPN |EH, BEFY, 20224 %, JPN 9.40E-02| kWh 5.33E-01 5.01E-02
(©F:1:3 RIGEEY% BER TREBRSE 0 kWh 331131022pJPN |EH, BEFY, 20224 %, JPN 0| kWh 5.33E-01 0.00E+00
@ R BEIAT ST 74 —THIR 0 kWh 331131022pJPN |EBH, BAFLY, 20224, JPN 0| kWh 5.33E-01 0.00E+00
® B ERYEEIREEBEANXD 0 kWh 331131022pJPN |&Ah, BAF, 202246, PN 0| kWh 5.33E-01 0.00E+00
= =
©BHETE= | BT VEZT +AFKOES 16 M) 351316015pJPN ;gj:\‘ﬁm%i’ {E¥ I, 2015% 1.60E+01( MJ 7.68E-02 1.23E+00
7 EBReE bt S At 1.2 kWh 331131022pJPN |EBH, BAFLY, 20224, JPN 1.20E+00( kWh 5.33E-01 6.39E-01

KEND BMAL-PTI/Y
7 T ZIVRIE Y B
ARAAN-STI/STIZLAN

HRERH #v (EDDS) ? ke

@ S8t

#HDDS #iERARICERZL, 30

) 05| kWh 331131022p)PN | B/, BATFH, 202246, JPN 5.00E-01| kWh 5.33E-01 2.66E-01
@ AR Clohngh
B GEE 10 wt%) 4.998 kg 162114000mJPN |$5R%, 35% 8, JPN 5.00E+00| kg 8.72E-01 4.36E-01
@ Be SEER 0.02 kg 162928000pJPN  |3EHR, PN 2.00E-02| kg 7.16E+00 1.43E-01
® 58 R 0.002| kWh 331131022pJPN | BH, BAF, 20225, JPN 1.67E-03| kWh 5.33E-01 8.88E-04
@ ®H0 - #Ef iREE 1 30°C 0.3| kWh 331131022p)PN |8/}, BATFH, 202245, JPN 3.00E-01| kWh 5.33E-01 1.60E-01
B Yo LAKER (10
® pHiAZE vx;—fj by LR ( 3 kg 162112000pJPN |V — &K, JPN 3.00E+00| kg 7.62E-01 2.29E-01
3
©® BB EOS B 0.6| kWh 331131022pJPN | BH, BAF4Y, 20225, JPN 6.00E-01| kWh 5.33E-01 3.20E-01
@ ki Za+ Rk 8 kg 169919200pJPN  |#l7K, A 7 > Sifbis, PN 8.00E-03| m3 1.94E+00 1.55E-02
® %R BARNE - HEAY T 2| kWh 331131022p)PN | B/, BATF, 202246, JPN 2.00E+00| kWh 5.33E-01|  1.07E+00
AA-FTPI) STz ZNRNKY GHGHEHE
HEBS ! 1 ki 34.008
REBE (DDS) ¢ it

5.2.3 IR ANR 3 R A M 2R oD LCA #EE

TGDDM/DDS 75722 TR AR D o3 i % . A ) — SRR (PdiNi/CeOy) & IV K 35
B3 fRIZEVATF LT =0k DDS ICEHB|T D7 ak 2% B E, () R¥— R
(PdiNi;/CeO,) D LCA ZFEL | (i) ZOflEE AW T—EDIWENRONLHHEDATL L TT
=J&DDS @ LCA 3B LT, L FICET, A — RO B RS L2 rT,
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F7°\ IDEA 7 —Z =AW D IR ST VT L b=y v B D AORE AT
o7z, ¥ AL ST YT LT, TR P EB BT, FAESTUY LD GHG HEHEZ AL, B3
TV MDA LT,

# 5-2-6 ¥ b ST LAOREE R

OTTORFILE

I FAEE ADR |yt | iDEAmt@a-F BR% wyy | (KECO2ea |
(Efﬂi) /E{u'] L0201
) §$1\7~/'7.L\ (RFEYT Pd 6650 g _ Seconda.ry production ke 197] 3.30E+02
&) (Palladium)
v |300-500°CE Tz 0379| M) | 341111801pJPN fg:lmx LSADBRTANE= | ) 6.49E-02| 2.46E-02
b | mEEEOTS 3.158| kWh | 331131022p)PN |BH, BAF, 202248, PN | kWh 5.33E-01| 1.68E+00
v | EEAR 4431| g | 162119100pJPN |#E%H X, 100%, PN ke 1.17E+00| 5.19E-01
\B | ERHZAREAZOBH 2105 kWh | 331131022p)PN |BH, BAF, 202248, PN | kWh 5.33E-01| 1.12E+00
1 |AtEoEh? 0| kWh | 331131022pJPN |B, BAFH, 202246, IPN | kWh 5.33E-01| 0.00E+00
GHGHEH
v |ERLTET 1| ke ”Fﬁig 333.831
— o vl
# 5-2-T7 H{b=o L ORERER
; = k .COZ UTTOUFFOE
T FRIER EBE | wi | iDEARG— K e wyy | (KECO%ea |y
(R /wpn) |
N Y 27361 g | 231919248pPN | &= v 4L MCLE, JPN ke 8.93E+00| 2.44E+00
& %, 100%, TDI&! ,
1| ek 339.93| g | 162114120p0PN Jpﬁmi 100%, TDIRE HCL, | - 3.33E+00| 1.13E+00
3 g .
2 f;ﬁfi R/ BR—-RE 1.42| kWh | 331131022pJPN |®:H, BAFH, 20224, JPN | kWh 5.33E-01| | 7.57E-01
fo |3 - BkuE 0.89| kgCO; - RS - BEkinE - - 8.95E-01
GHGHEHE
v Efe= v anzokg 1 ke m:% 5.226
™ ey
F 5-2-8 bV ADFRBE B
i =5 k —COZ UTTOFFO B
T FREE ABE |yt | iDEARSa- K ne g | ECOZeq |y
(fERE) /Eif] P
UYL &) Ry ¥ N ) L
4 VI LE ey Y 199457| g - WEeY L (RLEWMER | 6.00E+00| 1.20E+01
Ce(NOs)s &)
} IKICERR 1000 g 169919100pJPN |#&7K, JPN m3 4.26E+02| 4.26E-01
B | 7AhY i KEEFFUTL 400| g | 162111000pJPN |AKELF kYDA, 100%, PN | kg 1.18E+00| 4.72E-01
H AiB — Kik — gtk 1.25( kWh 331131022pJPN |EH, BZEF, 20224, PN kWh 5.33E-01| 6.66E-01
i BEEL (700 °C. 2 B5RD) 3.00 kWh | 331131022p)PN |E7, BAEH, 20224, PN | kWh 5.33E-01| 1.60E+00
GHGHEH B
v |meev YL (Ce0n 1 ke m:% 15.129

U bEofEELEIC, R MO EZREA L7, R EROEFIRT, R — R AL
(PdNi,/CeO,) @ LCA Z3RAEL7-#5 5. 36.3 kg—COy/kg T o7,
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7% 5-2-9 R filkiE O ERE R

CTTURFIL R

EBE | . kg-CO2
I FREE ABE | e | iDEAREA- K e wpy | € C02ea |y
({ERS) /Hifi] £N2aa]
PACI2 (0.5mmol) H&IL<5 (Rl <5 59 LOBEE] /55
e 0.047| ke S e ke 3.34E+02| 156E-+01
- zcr (L.ommmol s&fe 7797 0.039) kg | 162923200pGLO |#fth Y 54, GLO ke 1.43E-01| 562E-03
NiCI2 - 6H20 (0.5mmob) & UEfL= v 5D Aok ol
fb= v (D AATY 0063) ke - &1 NiCl,-6H,0 ke 5:23£+00)  3.27E-01
44y 5tk 42.105| kg | 169919200pJPN |8k, 4 4> X%, JPN m3 | 194E+00| 8.17E-02
s |ZET1hERTE 0.126] kWh | 331131022pIPN |, BATFH, 20224, PN | kWh |  533E-01| 6.73E-02
Ce02 (Bt ) vh) Bitt [Bie) YL0RE] T3 7
1 k - K 1.53E+01| 161E+01
AR BN 5 Lav) 053) ke 4 MEREDLOBILEY DA% | C SEFOLgT 61E+0
1M NaOH aq. (1ENLDKEE [FAZA% / — F] KEgkr b+
0.0005| K - K 473E-01| 2.49E-04
R mE 65 YT AER € Y & LR ¢
PHE10+ 0.5/ % 0.0002| kWh | 331131022pJPN |&#, B4, 20224, PN | kWh |  533E-01| 9.16E-05
wie  |=EC2ahEe 3032 KWh | 331131022pJPN |®, BAT, 202246, JPN | kWh |  5.33E-01 1.61E+00
8 |muEHEsE 0.002| kWh | 331131022pPN |@%, B4, 202246, PN | kWh |  5.33E-01| 9.34E-04
LWE(;*/”M) 300mLx 1263 kg | 169910200pIPN |8k, 4 A > i, JPN m3 | 194E+00| 2.45E-03
%8/ 5B [ e
RO A * 2 kR TG
0.084| kWh | 331131022pIPN |@, BATHS, 202248, PN | kWh |  5.33E-01| 4.48E-02
e oIS « 40 pIPN | B, BATY, 20226
S E e 2B X 4E 0.007| kWh | 331131022pIPN |%%, BATH, 202246, PN | kWh |  5.33E-01| 3.74E-03
IR |8 REEE3 hoRE 4500 KWh | 331131022pJPN |®, BATH, 20224, PN | kWh |  5.33€-01|| 2.40E+00
GHGHFEE
85 |[ERLTET 1| ke m:f 36.253

WA, AfiAa VT, AF LT =0 EDDSHBINER 90% TIEHAL, Afilita 5 [HiiKL
FIATEDLIEL, AT OB RZEHAF LT =) EDDSO LCA iR L7/ R, 2 Eh
28 & 32 kg-COy/kg Th o7z, LU EDOFERNG | BT, GHG HEH SR TAY Y MELS AT
BEVER D LD DTz,
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6. FRETONEEH
6.1 ¥/ EE YT 4 a—2025 B

Ut A7/ CERP DBRFEIZEIT DIEMAIE T D728, P/ BT 429—2025 HULIZS
MUTe, w VB EOETav T N2ERDITIT 42T EVIINEE I A 7 )V 5 A HE AR ik
FPERAZI, FEEEEICHERHINTWD, oA T — RSO NEED ZATROER <0,
ZOft, 7 —ANDAT R —LHUTH R S T e ZE 2R LT,

6-1-1 v VX HT —ANDGH

6.2 EERESRAS week HUAT

UthA 2L CFRP OBRFSIZBE T DI MAINE T D70, mifkiEHEM Week HAIZSINILTZ, &
BEREFRH Week BURUL, BRRETE T 4L A T T AT w7 -l — A IR BFHEE G - &8 - BT
VI R0 E D ESEIDFEM AT — AR R R RO RR S THY | 4 BRI
TFINSTIT IR NIAINT I D%/ EhERE T T AT 7 DT T 2 FLOITIFHRIN
172,
- LB AL TAED BoR

Ve I FIRFRSAD R 523 ArCF D R/R DY | BV ffErCE OB IE A fess LT,
- B/ R~ Ty Y A D JER

rCF ZAH o724 HiH=CrCE &N R VBRHE & OV R fcA . B RO L AR 22 8 3 AR &S
AUy ARRRAT FEA TR O BB A IR LT,
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- B AR~ —pEI
RSB T A Fav T R 7 7 A= GLSo T —F A U E 572 E DB MBS A 15 )
VLT,

6.3 SAMPE Japan 2025
SAMPE Japan I, —MFEFIE A e BT 223 B T 38t L M Chifie 3 o8 &
MM bR L35 Je it Bk eI TEATIZ B T2 R TH D, SlElx, ARIZSMmL, VA 7v
R FEHED GBI OV CE LT,
S EIINBER S
S IHNEEREAENDIE, SMC REIMER, UD T—7 N=h ha T /i, A4 G,
GDL, VP A7 708 MEIRWEAT AR SHL TN, U A7V D53 5 DD TUXRRIZ IR
372K BV ROV R DN T B IMEL B AL TDEDZE, F2, FfIE6mm F7-1%
25mm DHFBIRV VA7V R Z ke (Fiberseed™) Z 8L 3282 LT, AL LT IR B ke
FHHRIER> SMC «@ﬁ;ﬂ%*ﬁdémﬂ\é 723 SMC Akl FTAE e 2 15— | Wt 3
HVERHY | BUEITZFOREE LS O CTHITRF P HED LI THDHEDTE,

T AR A
i?%flﬁﬁﬁ*ﬂif/*\ﬁ:“@ « FEAEAME O IR FBHEHED VDA 2V TR OV TR ST, Ht
BRI I N AR, G &72% CFRP & | F CHIZ TIRES B A 0 F H REE L
THY, ZHUZEY CF FEEDSC CF 20 EIHSNDEDT L,

6-3-2 TR SO TEEEE 7 vt R
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Fro BRARRIAT & AR RHER RIS L T2 7 L AR S SR STV, 61T, AR
AATEN A TR L A 3R S AN LEGED J) 7 iz FE B 8 Bk RS Tz,

6-3-4 rCF A K00 15

- JEAL R

JEAbESRR A T, BT UD M OVE I TG, VAL T4 I8 AT IERA o —h
R E DM ERTR, Fay T LA L7 4 — PRI LA Lz, £, IREMHEDY V1
IIVIFIEEL T, BRRER A RAS —BIRL QN JES X 7B A7)V 1R A 15D B
([ZIX, BRI REMOBRERLUFOBGR BRI OMENHLED L,
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A RS
A IR S TIE, TV ARIEDOZ G0N [ REE D&, #nT¥ UD B (L 7V 7L 7 DF
I EEAT LT X L —MET A A R,

6-3-5 T4 L —hDRTEH

7JJi~L7J,;A Tﬁt Hﬂe%#agL DR
'I*iﬁa“mo)vujw

DELESN YELIU S Ly —

6-3-6 T K L —hDIEX

- H RS AL
HRE A ST, VL DS 3E RN A ReL D L,

- HRRLERT
ELERT T, KA REO T VAR D ZREXTIE AT HE, BVr[# UD Ot 2 F a7/ )
MLV ALTZE a3 2 <RSI TV,

S E T RS
B TS TIL, RFBMAHEO A REAT L OSZFEDS AT HE,

L ART 7R —
LART7 778 —"TlL, VaRTM D% 563 A RE,
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I AP
P AAFEFETIZ RIM BB, 7V AR, A — L —T BIEOSZFE6H Al h
V) Ch 2 HEO

-SUNAOYA
SUNAOYA (W5 FF2en
P @ﬁ;(;@ BAUCFMZEPT) Tl U D FHEE R ERRIT, A ANIN TV U BRI
S ;ﬁ?&rﬁ‘éa REsEE B & ST DRSO B RER A A T 28 y7“;;:
A awid JL CF @ Sz iz O
. z AN AL, PPS A LAIR D5 [ IRFR L2320 %M EL7zEDZ

== INE) S il
ii};jm‘}“dﬁﬂﬂiiﬁ%ﬁ“ﬂi\ J A B2 BRI S % T UD T A R, 7
g e o - o D
ﬂﬁﬁﬂ:'f;/i LTCanrzoy 7 MEICRBL, Tavy HUHi L TT VAR, FHEIIEkDOE
" ACRIHLIIEZ T2 UD 77— D b0F 2y 7 RV AR & oL .
. HIRUT B T, PRI BIPHER

& mac
M FLARMT ~TH luv-lc z l THATH nll
DT mmumn

e HP UL

SUNEORONA ODA

6-3-7 Vrrant/NHBRRESAEORAY —EIR
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6-3-8 HKJE

SR )T =0 AR A

CFRP B0\ A— B — DAL A LTz, SR/ T 7 =7 ARSI, SRS 2 T4
FRAS &AL PE | T DA, by MU III A RS CARB A PE~EAT, IR/ T/ =0 A%t
DAL Ry NEZEERPIE CFRP 24524 L, G-SHOCK /XU RROHN G 7R A — /Lo L —R— )L
IHE, BER SN, ANTITT NIRRTy, BRI ETRIAERL TV,
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