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Summary

In this project, we will improve the physical properties by blending polylactic acid (PLA) and
polyhydroxyalkanoic acid (PHA), which are carbon-neutral biomass plastics, with the aim of
expanding their applications. The use of biomass plastic is expected to reduce CO2 emissions
compared to the use of plastics derived from fossil resources, but its use is limited due to poor
physical properties. Even the most widespread PLA has the disadvantage of being hard and
brittle, and its improvement is desired.

Based on this background, we aimed to improve the toughness by blending PHA, a flexible
plastic with PLA, to produce a transparent blended film and to find its application. Since these
are all biomass plastics, they are expected to maintain their carbon-neutral properties and to be
biodegradable.

In preparing a blend film, PLA and PHA need to be compatible (mixed), but they are poorly
compatible and difficult to blend. Therefore, a new modification method for introducing oxygen
functional groups into plastics by irradiating chlorine dioxide with light was applied to these
resins to try to impart compatibility.

A film was actually produced using the obtained modified resin, and when PHBH was used as
PHA, an improvement in tensile elongation was achieved in a PLA blend film to which oxidized
modified PHBH was added.

On the other hand, the LCA of PLA, which is a raw material, was also studied toward LCA for

a new modification method and a blend film production method.
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BESME - X #I Al Ka (Wide: 12kVx10mA, Narrow: 12kVx10mA)

INTRE : 1mm? ¢

—H
[ ii]

Bk

%D PHBH 7 4 /L A% 1cm BREE]
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I L, XPSHIES e LTz,

[N L& E)ﬂf\_o
FRfbALERIZ & 0 R OB AKRMED A B L

A



— it R

W21 D PHBH 7 1 /L A DK E LR LI AZ K 3-1 12, C DILFRE AR RBMEAT RS R
BF2-2, F2-3ITRT,

F7-. RO PHBH 7 4 /L LD Cls A7 RV &[X 2-6 |2, FRALALERSL O Cls A
7 MVEK 2-T 2T,

WR{LALERT 0 PHBH OF M TCHELRICB W T, RUEIZHRT, O OELRNE
<. F72. Cls OFERFREND, O 2B EREDEIGNENZ Linb | BRLLEIC
EoT, O2ELEHEENBEAINZI ENGhoTz, £2, AT HXLF—DE
ZONDREGIREEE LTI, C-OfEA. COO FEANELILIRIZ L > TE W Z<HEAX
N2 ENEZ LN,

F7o. B O PHBH 72513 Cl B S iv7z, Zhud, BBAARE T - 723K
HHREBEZOND,

5% 2-2. FR{LALERRT% O PHBH 7 « /LA D F 6% 25 s 5

FHTCHEILE (atomic%)

+v T C 0 Cl
AR 84.9 15.1 -
AL ALEE (D 67.5 30.7 1.8

K 2-3. C OILFEREAIREMATRE R (%)

H Cc-C C-0 C=0, OCO CO0
ARALBR 76.5 11.9 4.2 7.4
R ALEE (D 59.7 16.9 4.2 19.2
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1stblockid: 1,1,1,1

:-:1'l:I2

IResidual STD = 144214

30 1”5,&. A Man in.f_ﬂh ﬂs 2 M
Ty
25, '|
20
Y
[+'8 4
o]
15]
10
5]
| 1 =
206 280
Binding Energy (eV)
2-6. RO PHBH 7 4 LD Cls 27 b L
1stblockid: 1, 1,1, 1
f_g_102
|Residual STD = 1.33173
25 W
20
15
w
n_ -
o
10
5.
AN A -~),‘ ~

284
Binding Energy (eV)

2-7 ®{LE Do PHBH 7 4 A 4D Cls A~<2 kv
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2—1—3 Fi®
PLEDOFERNS . B ERISIZ X V. PHBH OFEICIE CO fEE0EHIZ COO FE54 7
Z<BAINZZE T, ZFEDLVEAML o722 ER o T2,

21



2—2. KUHEE (PLA) &RV e ReXxr 7 by (PHA) O7 L2 K ((K) K
PR, RERE (BR)

a2, A7 —AT v FIZETTOREE LT, 2-1 TH L 2 i FUG S
IZFESNW T, kg/h A7 — )LV COMEZ A[REIZ T D SR DOBFT 21T - 72, 7N TR
&7 —ERORISHRIZE L T, TAORY FNDEG by FIE A #IR T
HZ el Ui, “bEFE T A OBEARKIZET 5 At a2 Bry & L TR O FHh
HIE ., T APEERCR SRS Z mL A7 — LG L A — LI 2 - BEOMBLEE I
HEEOREL LT,

2—2—1. BEY T NVORBLIEER 7 — VT v 7 DR

WEFREEIZ R e & . M RDBR LR AT 5 721, X 2-8 D L ) 7p2&E 2 AV TR
BB ZAT o T2, AZLE TiE, ClO2 B4R Td D NaClO BeMKIEHkIc =7 — R
ICEVEREEANT DT, JUSERTA~CIO 8 AT 5 L EHIT, iRy
EANIZ OGS Z B SE D 28 ThHRIKMILSEL Z LN TE D, £z,
VT VEE 10g D, 20g ~NEERR L, A= LTy THREOBLE OEIZ OV T fERR
1T o7,

FeE gy
o GEMEAL)
—E{LIERS X T;j?
(ClO,) S5
| | EIETRizEES J
.
NaClO, K&k A )L
o +B8
@)
O
o

X 2-8. By RER b LERLEE o RN

22



— it R

P TR 10g & 20g ITBWT, AR L —Z —Z W LS Z 1TV, hbA
VTRl A VTG 23 E L7z (X229, 2-10),

ZORER, =KL —F—% FNTOBLHETHE, 20g THLRIE 51T -7 i
KO mEWELIE LR oTz, 10g & 20g & HITSUGKRFH 20 43 TORLEED /T Y (3
REWZ ENRThoTz,

T)URL—~—(c kDB 109

4
f"\3_
2
= 2 ]
s 0
A3
H o1 ®
O? ] ] ] ] 1
0 5 10 15 20 25

RGBSR (min)

2:9. I ANKRL—X—IZXkDm{L 10g

23



T)URL—~—Ic & o588l 20g

L
1

MAEE (piml/g)
(]
8]

=t
1

o
47

0 3 10 15 20 25
fe [GEFE] (min)

X 2-10. =R L—F—Z LD 20g

YTV 10g DR L 20g DRFE TEMLEN R DA E LT, ¥ 7 VR okL
FTOREZIONTIINEZZ O,

ZZ T TINVBERDRI 2 ZE AR DXL RO FaRETZ &8 L,
WE T, BEICE LTz PHBH % 7 & Ak /L A A CURBEA % Bl L T
%o AlENE. WIEEIZEH LT PHBH 127 & & AR L A2 AN CETEY 4 B L 7=,
B L 72 [EINE DN T NR — 4 —Z KD BLRS T o To iR 2 ) 2-11 1T7R

j—o
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T)URL—~—(C kDB 209

4 _
f“‘\3_
=
=
= 2 - )
o
A3
14
OI, 1 1 1 1 1
0 5 10 15 20 25

RIISR (min)

4 2-11. =KL —F—IZX5M{t 20g

FrORESEZAZDZET, BALEDART Y XIPNEL oD 2 EBNnhoT,

DT EMND, B ICBEAEBMTA TS EEX BND, A% Lol &Mt 21T
2L T D,

Flo. BohieT7 Ly R U7 st U, AR R, BRI X 2 i Bk is
DM ZAT > 72 b OO EEAEED RO bR o7, Ziud, B A X% 5um L
TIZHECE e b B LND, BT L RT7 4V AOKFEFE, MR A
A= AL T HBZRIZONTUIRED 7 4 LV LFHEIZE & O 5,

2—2—2. F£&0

P PHBH %47 10g D A — /L TR LSBT 5 Z LN AlRR L Ip o7z, ETo,
{EEETEY > TNV ORLFRIIRE ARFTDRRDEFE LN b DD, XV FHMl 726
NBLETH D,

25



=% PLA-PHA 7' L > R OFHM

3—1. PLA-PHA 7 L > R7 4 L 2OWMRHE ( (R) KCRT, BWEEE () )
PLA 7 L R7 4V LOMMRHT AT 70, &<, 7L REOEELZI 5T
THDT Ly RIEEZ TV 7B W TERM R X OEINEO T &2 — i 72
7 4 IV DPERHEE S OEVMT o 7o, FERIL 72T L2 BT 4 v DO SRR D> & 1 5 1)
TR R 21T o 72,

3—1—1. 7L K74V LD5]5ERR

PLAIZXF LT, Bt PHBH Z 9: 1 DHETIRE L, BRI IV +HIc7 L RE
HHETYAX—NNyF (MB) Z1EHL7 (K31, ZDMBZENN—T 2D PLA
BELOPHBH LA DHETT LU RL, BTV RIZED 7 4 VA E{ER LT,

. i S R g PN
MB PHBH i MR

PLA P 10 MPa
olyester ~a,
=¥ powder 10 min,
PLA oxPHBH MB —170°C 2|

4 3-1. 7L R7 4 L AOfERTFE

F31LIHEADODT LY RIETER L7 o L 2O58EEERERE R R~d, 22T
L. BR{LE 2.2 pmol/g DL PHBH % Vv, &{RD 3% PLA/IPHBH=90/10 & L 7=,

7 3-1. BR{LFE 2.2 pmol/g DAL PHBH Z W /=7 L > K7 4 L A D 5| 3ERBR

BT BT R BRARIG  MTER:10-20N

(%) (N/mm?) (N/mm?)
1 PLA90/PHBH10 78.2+95.2 46.7+7.6 1933
2 PLASO/ft PHBH10 151.5+57.1 40.3+£14.4 1568
3 PLA87/PHBH10/MB3 82.7£105 44.7+£1.9 1710
4 PLA81/PHBH9/MB10 188.9+69.1 43.2+1.9 1678
5 PLA72/PHBH8/MB20  259.6+82.7 44.0+1.8 1655
6 PLA63/PHBH7/MB30 211.3+76.9 44.0+2.0 1685

26



REELAFEI O T Lo R 7 0 L A2k L T (entry 1), B&{L PHBH s Z &
TH IRV HONM E L, KT 259%DREMr AN & 7e > 7= (entry 5), Ziuix, F#
{t. PHBH 23 FRIEAEAI & LCHEH LT PLA & PHBH OB LAMERE S iz 7= & 5 %
bivd,

Wiz, BRI 1.7 ymol/g OFR{L PHBH % W ClRBEO MG 21T -7 (383-2) . =
Z TlX. PLA/PHBH=95/5 & L CH#{t PHBH Dkt % B S & 72541281 55F
MzE1T o7, ZORE., KT 287%DMWWIRZEN & 72 0 mW g IR E R LT,

3 3-2 RV 1.7 umol/g DER{L PHBH 2 H\\\ 727 L > K7 4 L LD 5| 5ERER

IRM R BRARIG  HMHERE:10-20N

B> (%) (N/mm?)  (N/mm>)
1 PLA95/PHBH5 24.1+23.0 49.1+1.1 1764
2 PLA92/PHBH5/MB3 287.4+£40.6 48.7x1.7 1852
3 PLA86/PHBH4/MB10 224.5+74.7 47.8+1.5 1809
4 PLA77/PHBH3/MB20 211.6+62.6 46.3+2.5 1743
5 PLA68/PHBH2/MB30 52.1+81.8 50.0%+1.1 1833

PLEORERAZ, K 3-2I12F DD, DEICKT HE{L PHBH OEIS 2kl & v |
W S BN 2 M 77 77 ay b5 &, 2% RO/ B DR PHBH DU
WX VOO KIEZ M ENRSDZ EnbhoT,

300 -
| | [ ]
~ 250 {, % = :
X 200 - o ® 95PLA/5PHBH
& = ° . ° © 90PLA/10PHBH
& 150 - " = 95PLA/5PHBH
At = 90PLA/10PHBH
% 100 -
] [ ]
50 -
| |
0 T T T T 1
0 1 2 3 4
281253 5oxPHBHD E| & (%)

3-2. filkWr SN & lig{b PHBH &6 @ B3R



3—1—2. BUHric X 2 rEE MR
E5HT (DSC HIE) 12k AL PLA-PHBH 7' L > K7 4 )V A2 3T D FETEM: DL %
1To7 FERAZX 33, £33ITFLH5H,

PLA-1. PLAE&{t7%: L —PHBHES{EZEL 1st heating

PLA-2. PLAE{t#Y —PHBHER (L7

PLA-3. PLAEE7:L —PHBHEE L 3 Y P
PLA-4. PLAE&{L#Y —PHBHER 1L HY) s \__J\\[_ —PLA2
BEJOSSA § PLA-3

1st heating (0 °C~190 °C, 10 °C/min)

— 1st cooling (190 °C ~ 0 °C, 10 °G/min) ﬂ,—/\’\[_ — PLA4
— 2nd heating (0 °C ~ 190 °C, 10 °C/min)

Temperature (°C)
1st Cooling 2nd heating
PLA-1
— plan PLA-1
PLA-3 3 ——PLA2
?
—PLA4| | O
PLA-3

DSC (uW)

ﬁ——J\[— ——PLA4

20 40 60 80 100 120 140 160 180

f T T T T T T T T !
0 20 40 60 80 100 120 140 160 180

Temperature (°C)

Temperature (°C)
3-3 PLA-PHBH 7 L > K7 ¢4 )L A® DSC H|EHE 5
#:3-3  PLA-PHBH 7'L > K7 ¢ /LA DSC I E fifs 5
1st Heating 1st Cooling 2nd Heating
Tg Tc Tm Tc Tg Tc Tm
PLA- PLA 54.7 - 149.8 80.2 56.1 - 151.6
1 PHBH - - 114.2 56.3 - - 114.2
145.1 146.6
* _ *
PI.2A- PLA 44,7 103.9 152.0 447 105.6 1527
PHBH - - 110.4* - - - 111.7*
PLA- PLA 545 - 150.9 78.8 56.3 - 152.3
3 PHBH - - 114.6 - - - 114.8
147.8
* _ *
PLA- PLA 53.0 108.4 1527 52.7 121.2 150.4
PHBH - - 113.0* - - - 112.9*

*PLAD#ERE — 7 EPHBHODRRE — W E ALY . IEHETIEARLY
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PLED X 512 PLA-LCREB(LMIFEI L7 L v R4 77L) Tl st heating & 2nd heating
TTg & Tm 2R CTX ., 1st cooling T Tec 23MHEFR CT& 7=, F£7- PLA-2 (PLA DAtk
fh 7 L R 7)) TiE, PLA OBZOEEKIZ LY, 1st heating & 2nd heating C Tg
ETm LAMZ, Te 238 HBL L, PLA O Tg 2MEF L7z o 24T PLA OE2{kA PLA O
I B AR 52 52 L 2Red 5, £72 PLAIZBW T —RIZ Tc A8 1stheating THY
B9 5 D%, PLA BFIRIEE TG ET 2720 L E X 5N TS0, PLA-2 IZBWT
Tc 78 1st cooling THEL L 72 <. 2nd heating TO &I L7=Di%, i LEE MK T
Liczbe&ExbND,

PLA-3 (PHBH O Z&E{bin 7 L2 RY 7 0) Tik, PHBH OAERL L TH., BT
2 X0 BN 7270 T,

PLA-4 (FfbihRl L7 Lo R 7)) X PLA-2 S [RIERIC,  1stheating & 2nd heating
TTg & TmLIAMT, Te 2B L, PLA @O Tg WK T L7z, Z UEEz{k L 7= PHBH
EPLADMHEAERIC LY | WEREICREEZ EX v B LN,

LLED X 512, PLA X° PHBH DOR{LSBENEIC G- 2 2 508 % BT I & 0 FEAT L
72 PLA OFALIIHRE LIS LY 5.2 5 2 LN RBENLfER L eolz, — 5T
FIRERBROFE R & TR B R o7z, 2k, K7 Ly R T h A7 —
IVTORET ChoTeled, IR TIER FEITORM T L R Th o727, B
RO ERBEIN TRV D EEZTND, REKIZ, EEDOT 1V AME
B L L RBEDSE T TR L= 7 Ly R OWTESIT 21T 9 LER S 5,

Bon/eT7 Ly B 7ckt L, BHEERISR, 6P BRMEN X 5 i B o Rk
1ol b OO, WEEERRD Shehotz, ZhuE. BHYA X%& 5 um LLTFIC
I CX 7720 L Z 2 bId, BAD LRI VEEPFEMER 25 2 588250 T
NMR IEIZHBT 57 I W7 SO AT L72h, BEEREREEN 2RI L
DRV DT RIS 2 Z E N TE b oTe, BRERBEDO R KO
L FElZx LT NMR 72 EDOAL2RY 25 M 2477200 a2 678295 2 L TF
IR AR DN D D,
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3—1—3 F&®

T RT7 4V LOMPEIZE L ChlaRAER D B FHi L7z, B2k PHBH OWINIZ XY
GloR VOB RELS A L LI Z ENBEIMENE L TV D TS R S e, £
7=, B HTRESR D> PLA X° PHBH DO2{bi PLA OFE S LiEE I B LY 52 5 2 LR

RIR SN DRER & 7Tz,

3—2. PLA-PHA 7L > R 7 4 VA OABMEHME ORPRZ:, RHEEZE (BF) )
ERR L7277 Lo R 7 4 )V A ORFEMMEZ A S 5N U, BEFRLN S 6 2 A % B
Welb 9252 &E CHOMMANY CHZ L2 Bis L., REE AN ZITS Z & &

L7,

3—2—1. 74V LOENIRIER A
PHBH 7 ¢ /v A DA Ml ORESL 2 BHO & L, BRLALBERIZ D 7 4 )V L%+
WD TT 4 NV LOEEILZ T, £72, X0 @2 SR O FiE &2 st

LD, KPCRESE TEREZ LM oMmaT bitEd Tz,

— kK
KIRKFHEDE NS 2RI, 77 02—/ LT, 2027 4 v LD
AT AL 228 Ui, E 7o KRR IR 15 5 A Z4RE LT,

FF LTI T 4 VA ERIESE TR L ZBIE LT,

— iR
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T+ CcoEHBME
100 = ™ P

S LI T S T T

a 95 A

Mo

N 90

fou

w85 A

ﬂﬂE'H 80 -

2

IR 75 _

70
0 2 4 6 8 10
week A OXPHBH e refPHBH

4 3-4  +rh DAL R

REZ(ED PHBH 7 /L L L FRIEER D PHBH 7 4 v b Ze LR & 24, FHH
AT 8B £ T, MY 7 AVOEEBEIIRDTLHZ Ennhrole (K3-4) , £z,
Kb LB bt COEBELICRE REITH O b oT,

O IRVEREM & L CHEEZLICEH L CED TR, ORI FED RLE L, B st
DEFDORELPMETHL EEZ DD,
WA, KT OFRERRE R A X 3-5 127”7,
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TN DA TDESERE

100 4 .
o . . s é

15 (%)
v

]
=]
Yo}
o
1

85 -

(S B

TTDEEIC
o)
o

70
0 1 2 3 4 5 6

week 4 OXPHBH ® refPHBH

4 3-5  KHTOAES R

REEALD PHBH 7 (L 2 EBR{EA D PHBH 7 4 L A& KHIZRIES®- & 2 A,
—H B CTORBE(N—FRE L, ZORELHRERERDNA LT (K35) |
F7o. P TOESRRIERAN & BRI, RER{L & ER{L1E TOERBERIZRE 2222135
DO oTe, —HEUBTEERDDIZEAEALNRSTZRKRE LT, 7«
IVARBNZ CTEINAFT T 4 VABOBRENREZ HD, —HEOFHHOE, 7 1L
LAREZITDD VR[N H Y |, MK TRD D R[OREEZIT> T LE T, £DH, 7
AIVLRENZTEAAL T T 4V LERERES N2, BEEDPERLNTR o7
EEZBND, WEIDKEFTIL, A A7 4V LBOEREBE L, REtEiED 5 Z
&L Llc, ARlORETTIE, PHBH OESHNMEOFHIIERE DMESLICITE bR o7,

3—2—2. PLA 7 A LV ADHESFEVEREAM

PHBH X ¥ & AENMIEDIR PLA 7 4 /b2 Z W CTESIEOFHME 21TV, 45
fENE DT RE DML A 57+ T2, PHBH TIXE &AL CHEDIRIEDFAN 21T - 7225,
NATT VBB S NI E, 7 4V AICAHE Lic L EBRET D BRI —HEI2H
DERWTLE 2B H -T2 T, AEITEELETIT /R, BEAZEIT OV TR
BlE%4T o 72, PHBH OWF L [FERIZ PLA 7 4 L AIZOWTEMEALER 24T\, BEfilifg
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&L ML D U T N Y TRV E 2T, BT 4V A OB & RV E ORE R A
# 3-4 12”1,

34 & PLA 7 4 L AOEERA LAV EE DS R

YT AR ) FE 16 E (umol/g)
ref-PLA 716.7 0.087
30°Cox-—

PLA 712.8 0.227
60°Cox-
PLA 70.7 3.265

ARALEE (ref-PLA) | F2{LALEE 30°C (30 °Cox-PLA) | FE{LALEE 60 °C (60 °Cox-PLA)
(ZOWT, BRI 24T O 70, T 3HEEHD PLA 7 L b LI T
—TEBERIEB DT 4 IV DR X O 2T,

— B AR
KIRKFZHEE S L 2L, 77 2=/ LT, Z2OHIZT7 4L LD
IAFRF AL AR LT,

@

©)

7 4 )V AENO~Q D E T DIE A 2 51 L 72,

33



— iR
FHARS R 2 LU ISR T,

T ToESENE
100 =
£ 95 4 . ¢ s
40 90 A t
% o | .
NS 85 n
{n 80 A L] L]
% 75
70 A
EE‘ 65 - ® ref-PLA(mm)
S 60 - A 30°C ox-PLA(mm)
R 55 A M 60°C ox-PLA(mm)
50
0 20 40 60
Day
4 3-6 OO T DR A2
T TOEDREME
_ 100 =
X |
= 95 .
4t 90 A g 4 .
o
Na 85 N
o 80 A
&= 75 4 = o=
1) [}
;U 70 A -
[ 65 A ® ref-PLA(mm)
S 60 - A 30°Cox-PLA(mm)
IR 55 + M 60°Cox-PLA(mm)
50
0 20 40 60
Day

3-7 QOfEFTDEHZA
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@i’ 65 - @ ref-PLA(mm)
S 60 - A 30°Cox-PLA(mm)

55 4 W 60°Cox-PLA(mm)

0 20 40 60
Day

3-8 Q@DfEATDIEALZA

FALER (ref-PLA) . FER{LALEE 30°C (30 °Cox-PLA) . FE{LALFE 60 °C (60 °Cox-PLA)
DNTIDT AV AZBNTH, LICHOTH TIIEIDRED L TWD Z &g
7o FFIT, ER{LALER 60°C (60°Cox-PLA) Db DEIG R ENZ & D3 Te, JIE M
AW L, TOFHETHMET I 2L, L EEMEOEOVIHEEA Y ALD &
TR D HDD, —EDFE FTRER R EME S HICE T, RiEEZH WD Z LT,
PHBH B L O'7 Lo K7 4 L D L COASRMEFM & vRe & B 2 b D,

3 —2— 3. TG/DTA 7T

PLA BHIE Z BB S THILREZIT o 2RI VAT 4 L A 2 FRT 5
LT ANVLEFIZEKENTE L E VW RBEENAE T, LML, hEE% O PLA Z5H
BLTHDL T 4V AEERT DL RIBDRNT 4 VAR ERS, (X 3-9) =
D LMD, FILEET S OBIBIIXEBA K > TO D ATREMER B 2 iz,

Z T, BEAT BR< HRYT, FIEBRER ISR 21T o 72, BRIEEAEZ > TV D
P2 E D DINTONTIE TGIDTA JIEIZ LV B A 1T o 7,
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AMRA

OSAKA UNIVERSITY OSAKA UNIVERSIT

KK AR K5

OSAKA UNIVERSITY OSAKA UNIVERSITY

39 FTVAKDPLA T v (B BUTSRM. T BHHER)

[TG/DTA #5E]
— IS
Rigaku L% Thermo Plus EVO Il 7RZE2 - 2V &llE
HIE S ¢ 10 °C/min T=RiE~200 °C
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— G R
FRILE % O PLA B3R & | FRLER (IR 21T - 72 PLA BMRIZ DWW, TG/DTA
HIEZAT > =45 B2 X 3-10 B8 L O 3-11 127,

+00 +00 +00
0.10 200.0 = 1250
008 L 4 180.0 4 100.0
006 4 160.0 -+ 800
004 4 140.0 7 600
4 400
002 + -4 1200 ij >
IS S —
= 4 200 <
= o000 [© d w00 3 -
= DTA Y w
© 0n k- N -
= E 4 200 ©
@ —
0.04 4 600
=+ -40.0
006 F 4 400
TEM 4 -60.0
-0.08 -1 200 <4 -80.0
-0.10 | | | | | | | | | 0.0 | -100.0
00 20 40 60 80 100 120 140 160 180 19.8
+00
Time/min

%] 3-10 FILEX % D PLA ¥rik
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+00 +00 +00

0.10 300.0 - 100.0
0.08 | 7 800
- 200 1 60.0
0.06
=+ 40.0
0.4
200.0
=+ 200
0.02 i’: =
£ E 7 0.0 —_
— 5 =
— 0.00 1500 - o
-; © + =200
“ 002 = :
= = 1 400
1000 @ -
- —
-0.04 4 -60.0
-0.06 =+ -80.0
50.0
-0.08 =+ -100.0
-0.10 | | | | | | | | | 0.0 1 -1250
00 20 40 60 80 100 120 140 160 180 195
+00

Time/min

%] 3-11  FI-PLIRAZ S el HE g

WEEROA « BT, BEHTICHEE 22 TR N no Tz, TORRMNS, 7 4
L ML DRI, RGBS DORRNE 2 Hivlz,
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3—2—4. FILEOMmT

T ANVAEER LT E ZICRIANRAD 2D, BB O FOEE 2R A7,
PHBH & [AERIC (2 EZH) | WM S E72 PLAOHIZ A Z ) — )L AT, [EH
FolbOEEINT L0 FEITo7-, B LT PLA BikE 7 LA LT & 2 A,
DX D BRKIEB AL TWRWT )V LOVERITE ) LTz,

APRKF AMRKF

OSAKA UNIVERSITY OSAKA UNIVERSITY

KWK F AR A

OSAKA UNIVERSITY OSAKA UNIVERSITY

[X]3-12 7V A%DPLA 7 4 v A (L BATSRHOS B GER. T Hilsm)
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FATAME OB T B O 7 4 0 5 & RO ) HEEE LA TR b
7 4 L BEDNT, BIIERERE TV R K B P AT 72, R A LU ICRT,

#*3-5 SlaRABRR R

FER 7]

H2T)L N/ 2
IRITEHED
BB E % 2147.6

HRREH 2274.5

SIEFBR ORE R, Bl SO 5 IRIEEL X, BUTRIFEO SRR & 3F LUVMEMS BT,
DI ENDL, BIRBORCD FEEXT-HHEAETE, ZHAR 7 0 VA THY .,
SIHERBOME L BTSRRI LT LW, URIZZOFHFREEEZH NS Z & &L
7=,

3—2—6. HEZRLF—KNa A MR
i L SNTERICHESN T, v A Z2 T ZBEOEE =R VX — K2 A k
ORBEEITH ZEH B L, AIFEEE TITHERRBILICOW T TRO L IIZRAE L T
W5,
P RALPRIEE 2 e L LT, SR A TOENEELLUTOL I ITRDT,
LED 7> 7 : & 5 mW/cm? T 100 cm? O aEFEIZ % LT 10 /MO IR 5 =
F VX —E11E. E1 (J)= 5X100--1000 X 10X 60=300
[FlEAZEE o [EEREEEE 15 rppm T 10 AT o 2 HmE D =R AF—E2 1T, E2 (0)=7
X 10X 60=4,200

HE
2
2
\
N

S Ve 1mL/min T 10 2 T 7% 6 O = * V¥ —Eszld. Es(J)=1.25
<1000 X 10 X 60=0.75
U bz ¥ — (57 45000) T 10 g DBENLELAIEETH D Z L6, HALE
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Y L35 &, 450kikg LD,

T, REEORERLER{EIZ PHBH OATE < 2KD 1%5381L PHBH & 1%
&, PLA-PHBH 7' L v R 7 ¢ )V AMERUZ B FRLICFR D =% L ¥ —1%, 45kIkg &
2%, —HTRMIHRD XN F =2 AT 20ENH Y | WEE~OFREE LT,
Fo, A A PREICOWTHET XX —ORBERIAT O OBl &5 2, WEREIC
(TR R Rl DY

3—2—7. £&¥

PHBH DA B &2 N A T- W AR T, BREEMER LI E £ TO5-E Y fil
O OKIERBE RN Z &b, PLAEL PHBH 2~ A% — "y F L LI
727 Ly RRICTHEM 21T > 72, PHBH ORERLIZOWTIEZE OB ZHIET 5 2 &
R L2 b oD, MBI PHBH OB HIZITE > TE LT, X VMR KRN
LS MELRS, £-. Ty RT7 4 V2O A2 /T BT, S RHERIE A
IITRNERHI 24T © MBS B D720 AAELLIXZ OFHI R ORMELITHR Y L2, 18 5 725
filiVEZ R Uiz, RAEEIZ 2 DaHMliRICHED &, AN 217725 & & BT,
Z DMIPEIZ DN TR ZAT 9 o A RPE &V S - il 2 B v A, BRI,
(ZxPT DN 2 R D ATREME DS R SN2 b OO BIE B AREN TOESIET T A
F v 7 ~OFTFEIFR, —BFETOI AR MU ER LTV &b, B
IN7e E~ORGEI G RBFICANDLERNH D EEZBND,
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FIUE  LCA OfFGE « 7l ( (OR) KRBCKR)

REETEMBARK T2 PLA 7L R7 4V AICDOWT, T 7 A 7 NVEEREL
7= COxHEtHEE (1) (2) THROLNDLGT—%., MAZEE X CEEMMZ FhiE L,
WERT 4NV BDT A TH AT NMIEBTH COHEHEE DN PLA 7L R7 ¢
VAT KD CO HEHIHIRAN R A WRRE » 30 L7z, ARER, MEEEE SN L7 PLA O
GHG HEHE DA, K F/ A A4~ A#E D GHG HEH &4, PBS,PHBH 7' L > K~
AIVLED LCA, R—=A T A D~TIVTNIH A I NVEBEEBLIEARY AT LD
GHG HEHH #IZ KT T B A LT,

B AEHOEMIY > TE, RBEEOKFHE LR LT, —EMEAT 2T
TR EHEERRE (SUMPO) ICH T LT,
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B

[PLA 7L F7 4V L] D COx HITEEIZ SV T LCA FiE% IV CRIAM L 7,

2019 AEFEIZIE, PLA OSCHERFAE R L OV GHG HEHHEZ >+ U ABNCERAE L, RX—2
TA L7025 PEPPBIEDOY—~ LU A 7 VIO FGFIHFIZHER LT, R ET
DV AT LARKO GHG HEH 23 L7z,

2020 AN, WEAEREFENE L7- PLA @ GHG e EOEAE, £ 1 4~ A5
® GHG HEHH &2, PBSPHBH 7' L' > K7 4 L AD LCA, X—AT7 A4 D~T V7T
WP A TN BE LTXIR Y AT LD GHG HEH &I KT T AL R L7,

ZORER, LT OREN G LT,

(1) A AT T AF v 7 O GHG JEHBITRABWIN Z2 ZLHENL O T RE LIZY
AT LEERIGE LT —F 2 RET HIEDBRETH D,

(2) M EMTdH 5 PBS, PHBH @ GHG HEHi&EIE, SUFAADOFER PLA DZiL LY
KREW,

(3) X—RA T A D PE,PP BINE7NS, PEEBEIEM DG E LI 10,20%D ARG~ T
UT YA T NEd, YR —< LU YA 7L ST 5o CTHRERANT 2 5% E
L7citiR, PLA 7L R7 b AD GHG HEHEIZ X=X T A4 D7 /LA
BE SN DR TIIVINE L. CO IR /1A R E W,

L. UTERFEIZL TV ZEBMETH D,

- BRSO~ T VTN A 7 VO ATREM: A 4842 L 72 GHG HIEEh R 0 E &1k
- TRVF K LSO GHG HEHCKIEE 22 E OB T v R 7Y v kOt

- EBEOMTREO =R VX —{HEZE DT — X OFEEEl S H72 LCA O FEfE
T VTNV YA T NVLND Y YA 7 NOREET 7t 2O

c HROTZAF v 7 WA 7 VR E KB L7z LCA O Fi

FDD, FitOT7 =270t A2 L0 EEEANL COoMMrT 22 ENEEL D,
X5, BARR 7 HEICxs L7z LCA BRI TH 5,
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AREZFTIEL, WERT AT 52U TO X I ICHWD,
GHG (Green House Gas) =COzeq=CO2.=CO, 25
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4—1. HW

ARWEE T, BRAEE MRFBHRELZ DT T AT v 7 FEEFREER S AT A
WEEESGES ) DO B, DS bR 2 W o Re s E I K HPLAT L
R7Z 4 VL] ORPTRERFEVZFELR T A 7 A2 E[E LT-GHG
BB, FHEMED T A 7 A 7 VEHE) (ZoWT#ET 5,

BRI, TPLATZ V> K7 4 v AO8E ] 1281 2 COHIBRIRZ T A 7 A
IJNTEAZ K (LCA) FEZHAWT, BETHZLAHNET D, O,
RiL, WEELIERE SN T L R 7 4V LOIRERNE T AP EOH RO .
Ry BEEOfR# & b2, BEERKRETEHE X5,

AHEETIL, WENETAPHEICOWT, FETHWD TR, I~ 2T
FERNETZ 4 VA EBEHRA S TWAPE (R =FLy) PP (KU =F L
¥) & DIHRRE AT 9,

KR, PLA (RYUELER) 13, BUEHEH ST 2R ICH~, OF < Mavy, @Rk
RONTHE, OMEEMEIZS 2O T, BRI ORMEZ ARD 2R3 6, 7L FEiR
SRR A A E A i U, BRI OB M 2T 5 ENEETH D,
201921, MR AT AOGHGHEH BRI E L KT THER L LT, U FEIY
72, [1]

* PLADOGHGHEH & D434
c NXN—=RAT A DY —~ )V H AT

AL EREICM A, PLAOGHGHEH EDOE A, #Hi/ A A4~ AHE OGHGHEH
HEiA, PLA 7L K7 4 JLADLCA, X—AF7 A4 > DO<T VT NIV AT LHE
JE LR R Y AT L OCHGHEH BIZ MT T B Z MET 5,

AEETRHWNS/A 7!'77(75 (ESRETS) DEER

PHA PBS
FRerFnxF> 7V A B) f')?Lﬁ) (FRYTFLoHH2—k)
R
O—CH—CHz—C {o—cu—ﬁ% ~<o -(CH,),-O- c (CHZ)Z—C
o n
PHB (R = Me)
B¥E: S—LFA L (A =1 = b= DR Ve A FoEOaY, Foun

% PLA~®PHA, PBSO 7 L > FEERIZLI0% RN EEIN TV 5,
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4 — 2. K& OHEH
B 4-1 1R T 7T rERATRESNDG T LY RT A NVLERRET D, REEITT L
FESNTZBHFE TNz . BFEANA A~ AFEM, ~T U TV YA 7V Eatktg L
T5,

728, PLA ~D7 L 2 FHRIT 10% K2 BE ST\ D, el 5 80130 4-2
WORTEOIS RS Z 4 v 2 LTHIH SN TWS PE £7213 PP ERE L, X—
AT7A L LTHIEET S,

[LELEFh B3 did

D F O AR 2L AR T,
FIFFT - ARACEERSE

X 4-1 TV R74nalBEDT7a—L 2 AT AER

A b b RSl - R T e 2

Fom—m ) BealmdEsg

Foen, TRUdTERM S B,
T SRS R ERS L dEEE L A& o W G g WaA s

1 H SR 'R !
il
e Yy R ER
[P e <
LB [ H Thrn]
L1

X 4-2 R—ZAF7 A DT 0a—E AT LER
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4—3. X=X T7 A LG ORIALRDL & BERE HLAL

BEREHNL 25X ET D72 DITiE, X—RA T A & LTO PEPP BEOBLIR 2 2T 5
VERH D, TDTd, X—RAF 4L LTOPEPPBIEOEE L MG 2 HMkIZT 5
T, —HEETERMSATODIBIEY A 7 VDOFEFEZE LD DL, X=X T A
DBREZPIEIZ L, N—R2 T A C OBRREALAZRET 2 Z & T, B & AT
TE 5, ZNOHOMFHE, ERICHLER—2F 40 D=T VT L) ¥ A 7 LET IV

BEDIEMEL 705,

4—3—1. PEPPIEAELTF

PE BEIL DKE VRS (FhEE<0.94) , EEXGEGZNE, MIAKME, MMM, BRELEMEIC
BN D BINEWEILZ LU, AR A E LN RIRTH b AL 2520 5
ELT, BEM 8, Ty 7T v A BT 2 — T HR). BEMT VA EREE
B, PRy 7 OWNIRY 7 4 v s IR ERTW D,

PP #iflRIE MEFERY =F L LD OREHY (JLE>0.94) 239K K D EEY, B
G, WA, MERSPEICEN, RBERY =F Lo L0 EWE, @ISR SV, Ao
ELSAREH BEE LT, @M (T4 VA 8 BREAER) . Yy T — - UV AR
g NTY AV 2T ST, 2T S IR STV S,

2020 FE D HARFHMOGLFICHE SN CTE L DD L, MiIFLLFO LB TH D,
2020.12 A B/E (AARRFEHRH  2020.12.10 £417F)

K& R PE Chidk, 7 4 /LA H]) 200-230 M/kg

B PE (KiK., 7 4 v A H) 190-210 M/kg

PP ChoiR, MEEEmIF) 200-240 M/kg
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T7H RO EBAHECENfEEESR

A/%0
RYFTOEL > 1240
o 4220
Fil |2 .
BEEEL)TFL
700/ =4 / o L 200
600 -
500
400 +74
o I 18 | 19

HAEWN TO PE,PP BHIEAPE &L 4-3 1ZRT L 91T, WTih 250 5 U RETH
DM, RPN LND, [2]
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2000 | é ........ é ....... |

PE. PPI&AE (D & BE & (Ft)

w0 | ... _HDPE
500 o o [LDPE |
) | | :

2000 2005 2010 2015 2020

HE:BEFSAF2THEEN
[X| 4-3 PE. PP fig DA EEDHERS

<[E i & & ik >
ENO M@ AT &ix. K 4-4 17T L2187 4 VA HENRZ W, [3]
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LA EREEIEEE
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T 4V A— MRS ORIEIZ. X 4-6 12T K D IR 250 5 b o DENIRGE &N
HY ., WERGE U CORIERENRF O ORK 120 5 kv L EEIIIZS W,

3|-UUD ] T T ] T ] T T T T T T T T T T T T T

TTITTTTTTTITITTUT T T ot

Lo 2so0 il El?ﬁ%
—_ 2500 Lol m 0

EH*: | m 53—t
T 000! N i
-_f%lllﬂ I 0 &%/
| g 1,500 |
JE
@ 1000 __
28 o pEa
Ay 500 |
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i

2000

H# BERTFSAFITHEES

4-6 7 4 VA — MAT IR DO E NG EHEE

HOE R AR GEE O 9 B, LDPE, HDPE, PP (% [84% (=1397/1672) 1 Z 58, %+
OFELHA®ET EH Ths, (X4-7)

2,000 :
= it 1,672 '
H |
'!E ﬁ 1500 = ‘E-mﬂﬂ %-Iairg.g?_
B iz S3F—k |
- EEH i
E H PP T4LL
¢ 1,000 - B
% ﬂ - | HDPE D4/l
> : S 2 —
HE 0T Tqllh |
:
e H
MEEAR D b da FER—F
s 3 HEE

i

4-7  HREREIE OEINIRGE & & AT 8RO HE (2018 4F)
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ERo X o1z, PEPPEIEIZHEARENTOUEHDO 7 4V AE L TRERY 2T 2H
LCTW5, — 5T, REMREER7 4 VATHD PEEOFE, XMFAREND
DEMAREILFR 4-1 1R T LD, MEFCHER S0 I hr 22 TRV, K427 TH
PEA EIRIZMASE (K50 T hy) LAULZETHIMLTWD, 207, BEpIED
ENEEENFLAIKRTFTLTNDI LD EEZ X HND,

7% 4-1 PE 43 A & O FFERIHERS
BARUIFLSHAROERNHEE2015FE~20195)

BT Fh
o E ML 24 ¥ =47 F4UE 42327 Fit 5t
20155F 2490 7549 65.5 28.5 15.2 744 19.2 5277
20165 247.5 919 68.5 30.2 15.6 735 20.3 547.5
20NTEE 236.3 116.2 68.1 28.8 15.2 746 21.3 560.5
20185 228.1 146.6 66.7 27.3 16.9 789 215 586.0
20195 2219 158.5 63.7 26.2 189 784 214 5490.0
Y A B RE A 5T
#4202 T 4 AOHERIR L OHER
[2015~2019% KUAL T4V T4V ADER HEIRR]
LDPE-LLDPEZqILA HD P EZ1JLA IPP
= 7 -
EXR IHE B¥ER Z0ft it L% THE BER |xxAzof it pZI7N
H = 177,294 23,155 105,455 305,904 92,133 21,825 69,520 183,478 6,918] 496,300
20155 BT b 99.4% 91.6% 99.6% 98.8% 96.7% 90.1% 102.5% 98.0% 100.9% 98.5%
¥ =| 175599 22,584 102,349 300,532 89,038 21,37 68,686 179,095 6,896| 486,523
2016% MBI 99.0% 97.5% 97.1% 98.2% 96.6% 97.9% 98.8% 97.6% 99.7% 98.0%
# ®| 178,602 22,261 104,549 305,412 84,637 20,793 66,816 172,246 6,854| 484,512
2017 HETE L 101.7% 98.6% 102.1% 101.6% 95.1% 97.3% 97.3% 96.2% 99 4% 99.6%
# &| 188,847 21,604 113,153 323,604 80,308 20,932 67,906 169,146 6,526| 499,276
20eE FOLTE: 4 105.7% 97.0% 108.2% 106.0% 94.9% 100.7% 101.6% 98.2% 95.2% 103.0%
#} OE| 182,344 21,621 119,367 323,332 77,543 20,335 71,107 168,985 5,997 498,314
2019% FSLIE: 324 96.6% 100.1% 105.5% 99.9% 96.6% 97.1% 104.7% 99.9% 91.9% 99.8%

GE) 1. HRr . BFERIALVMLLTERBE
2 Hfi: ME:hy MEEk:%
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F7o. HAET 2020 4 7 A0S TINTE L UVRERHMELIC K DV FEENME T T 50
C. HDPE O A S8 A B MK I H D 2 & 23, H AR (2020.12.16
HTRENTWD (4-8),

120
100
hAk> AR
2.0
1.5
0
2019/1 20/1

(HiPRr) & Z et

[X] 4-8 HDPE Difigi A & DZAL,

4—3—2. IBEERNREDE XS

N2 T A M (AL, FBH) ORERAREIR, RO OSDAT v T TERD
ZLENTED,
B 1 AT v ) BARMOEHHREAMICL, 56N EDRBEX—R T 1 EFRE
T 5,
F2LAT v ) N—=RT A UFEMOERND, PHHIRBEON—2F 1 B ET

Do

—HREIZ, FEMIE =R L TR SN D 5B LN, BTRLEM BT 2 13
WP DT, —=ARHELRD r—Ab L\, TE LT, EHMBR%E L By H
WASDFEMPAG L DX A LT 728 L, FELITHIETE D L) 2BEPRD LR
Do
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BAEDNSA A~ ARBAEO AR E L THIfF STV D0k, ANkt %215 T
X HEHAFMOREEETH AN, VYA 7NV TERWE D KEAEREEE OMGIR
I OEAGITIFE T 720,

S 2R N9 5 GHG SR SRR, E IS 2 8 Fn 9 5 R RA I 2 #HEtE
JiE, HEITEBEERIC K > TZOOMBEZ WL TE 220> TEB Y | ARBHJE
DEFRLZO OOFEOERICH D
BRI, OV A 7 M2 md, RIEROBAL LY A 7 ViD=
FIX—HEREONTIE LHIET 270 OER % 50T DHRERAL 2 5% E T
LT ENEREIND,

< BHZE i D ik & HERE B >
EFRVED R AIE AT 5121, HFGPREWRE VAT A TRHHI NS A 4~ A
M OBIENREIND DT, A Fm (~BELN) OBEREE LW, 22
T, X3-21Z7" L7z PE,PP BIIEO RS, BHFMOBMEEZ LI TITRT,
- BB (10 FRREELLE) - 5 H AR &
ZOFHEEEHMO—2>ThH L ABMEHOEE ST AF v 7L PP THH, /X
—MREL LTI AT NLENTNDIN, KEL L TOY 2 by ¥ —F A MIBRBES
i, =~V H A 7N EINDEHENRE,

EM

—J., TRERT7 4 v A ITHRBICE>TE 1 FUNOEFEMGORGEETH D, #l
X T 4V L EOEERITIIRBITMAMED RO b o — A3 720, KBRFET
E. VA 7 2 EE LoD, AN O EWEEN IR S D DT, et~
AV DA RO R SNIE A CE 2R O—DOTH Y | EHABME SN THENR
TORMENIEATE S, UL, ZNbEEGT T AT v 7 B-EOL 1T, —RPEE
Wb UCREZE, B SAD 7 —ANZNDO T, MO & B S PSRRI T
—~ /L U YA 7L LR TERWATREMED v,

IR T T AF v 701%, BO Y YA 7 )VIEREfE S EI - Frgamfb S Tnd
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Ny BEMITVATS—=RIF A7 vEN, XUFRAIFRE~D~T IV T Y P A
TNNENEHRIIL, T4 NV L~O=T VT NG ) A 7 VIEBAETIT R,

RFHREFGRILE LTCO/ET 4 L ADOY—< L YA 7 L1F 2019 FEIZEY
WrT-DT, KEFIIR—AT AL LT, BIRO~T VTNV A 7V Z ML
LCA %7 5,

WEITIEIR—A T A4 VI O~T U T LYY A 7 LOFERE LT, Rewmdky ¥4

TN, BEEBEEMRO T T AT v I O=T VTN A T NVIREREE2E 0, K
FEEDOR—AT A B FTIRKET D,
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4—3—3. TI7RXFyIDU YA 7RI
(1) Faealdk v A 7 WiE[4]

R 12 (2000 ) 4 AICREMAT S o Bancddi ) A 7 kid, —REE
SEEH SN DR OREROEEE (A, PET AR bLb, #H, 7 4 VA48, LURR D)
EEMEME - VA7V T 52 H2EMELTEY, MEEOSHIPEE, BIREDS
BUEE, FEEOHREM - VA 7 OREIHZED TN D,

1994 FE-DIERHERFIZIE, —IRBEIEWY) D FcAk L3 35C o 2 PENL I D FRRFEE)S 8.5
ELTHRENTW, FRED I OEED 60%% 58 5 A e EENEROMSR LR |
FD% FEV YA 7 E, BLY A I BRI YA 7 NE, BEIEY YA
Wk, INFEY A 7 VIERRIIT S TE T,

BRI ) YA 7 EORRIE, —REFEM T OFRIER T INTEEN DR ELET
Y, FHERIITRARITHEEN TR,

FRET I M ORMAIEREIENIL, K49 17T L HICTTAF v ZEMET R E
HOTEY, R—=RT A LD PEPPENZL EEND, [4]

>

SHARU
38.4%

A5AM 0.9%

4 4-9 FjE T I P ORI IEFETEY

ZIZTTTAF Y IIEPET AR bV e 7T AT v 7 BIRERAIET T B, FrES
EZCHEMMEORE R HD L SN TWD, 22T, Hrmk/ VA 7V EBEEAD
FEHIT, RfHEES. ARESFESR, QEFNFEEETH D,

SIRIENR U C b B E A2 A D T AUXFRALBE TE b o (HAE) 250
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il s U A 7NV D70 Bk E Th D TFMZEFER 13, K 4-10 (TR T X5
27T AF v 7 TR S0 kg THER L TR0 | fREFRETVNAM Lo L Eqtkto
90%IT 7T ATF v 7 BRGL I o> TN D,

VEALEAIIE, B 4-11 R T LI, TITAF v 7DV A 7 VHRICEDENES
05, 950 M/kg THERS LT\ 5D,

Ll
a‘:. 12ax 152 16ex 17ax 18ea 19am 204% 2lom 220 2307 240w 250¢ 26aw Z7ow 2Bem 29pe 3Dem 3lem 21.

X 4-10 FfiEFLEMOHERS

34 T e B w1 o5
Qum 12ag  1Bow 2lsm 243 25ux 26sm 274w 28swx 29w 30ax  3lapx 2am
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<T I AF v 7 OfREit s VYA 7>
BT I AT v 7 OFERTH D PEPP 2 X—AT7 A L L LTHELZDOT,
ZOFEME - VYA 7 VIR A AARRIROIEY A I N HEOT — 5 & T
T2,
R IE ) A I AWHRE, BET T AT v 7 BRSO R LR
EaRAIDEIIITEED, TDY VA 7 IVFEIZONTHEEEDTND,
F 43 TIAF v 7 BURNESREIEONHEE, BREabEE L O

A HL12 H13 H14 H15 H1l6 H17 H18 H18 H20

HPEME R () 239,000( 289,000 487,000 4870000 &29.000) 7570000 724,000( 807,000 804,000
Ao AR (ki) 153,000 261,000 336,000 591000 &55000( 776000 742000 762,000 1,271,000

*ﬁ[ir‘ﬁiﬁ .4 94% 92% 02% 91% 92% 93% 95% 97% 95%
ﬁimﬂfblﬁﬂll [k 143,620 240,120 309,120 443,170, 578,680 ?N,I:II{I. G&7 B800( 739.140| 771,B40
by
B:IE{'JEIHHQ#&I [ 106,418 236,444 | 201,665 367,124 460,150) 576,333 593,682 630466 669,102
=y
Ii:lﬁﬂhilﬂiﬂl 1y 67,080 168,681 259,669 368,005 446,912] 528,528 548839 531,340| 604,486
=
FF?EEHSH&E - 43,830 118,470| 180,162 256,150 309,537| 365924 380434 381,163 374,590
-

EM H21 H22 H23 H24 H25 H2E6 H27 H2B H29
SEEMEER () £58,000( 935,000 785,000| S18,000 846,000 759,000 763,000 770,000 45000
M IR (k) (1,291,000 1,291,000 (1,536,000 (1,558,000) 1,558,000 /1,346,000 | 1,349,000 1,349,000 | 1,455,000

S W b O5%, 7% L-1-LTS 00%, 1178 1118 gong 999 L=[. LT
%)
G AR (- B15,100( ©06,950| 777,150| 809,820 837,540 751,410 755370 762,300 737,550
]
@0 R (b BBO,020| B73,149| 6&78,593| 667,038 &73.402| 670,220| 671918 667468 665,291
]
o3 kA (- 617,151 B35,398| 650,345| 651,351 659,160 654,002 663,014 657,264 649,573
>

miaEtEaEER (- 393,740 | 418,681 | 426,068 434270 434,035| 438492 443046 438638 439,012
=

ZORRENS T T AF v 7 WUEIROIENS DY YA 7 AR A ) %X 4-12 O
FOCHEFELOTEY, ZOXNRELBEFELETEREITL L, K44 DERTE D,
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X 4-12 7T AF v 7 QRGN

TSAF VIR

T SD S| HMBECATE T EENFRLECLE,

ShHRak N
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v 575% d?:b

1nimﬁ
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*THENERC

K44 TIAF v I RBREOT — (2014 4)

BMALREDH MR FEIOMVYAZLET 6% . MHUSAZ70425%.

NSO YA 7 ARBLOAT) (2019 FFHE)

ETE N
R
F | R A )
SRR ) 56 | 96 | gt
L 5 i Na
MR CR
HEH
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i
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HEH
%
1.00 0.67 0.60 0.60 0.31 0.29

IS

%

PRIt 0.33 0.07 0.20 0.16 0.05 | 0.60

P A

. 0.15 0.25 | 0.40
n]m)

2014 FREITIX, FENOLHHEINT T T AT v 7 kg ® 9B, 2/3 BRIEIL S 4L,
0.6kg NEPEI ORI G E 72D, 2004 FEO~T VTNV A I NVETrI N B AT
LV (BEECORHAER) IXZEFRETHDH, ZORNG, FRil (BEFEW) 1% 0.6kg,
P bl 04kg TH D L HEE TE B,

\
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(%) e W IRSEAETFEW

CO:

%] 4-26 TGS bR & U CHEAPE XLy M2 8D CFP A (2014 4F)
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4—3—5. ERMOBRE

LCA OFRITHESF L LT, ED X5 eblbe & RO RMHRSM CEREEMIE 2 33 5
PO THEREHINL) ORENEE TH D, FrZ, ABHFTIEIN—2TF 1 & GHG HEH
Bl ZOHBZIRZARICT 22 ENROLENATND,

FRDIEARN 2 F 2 TR LIEL OIS, 74V bDY—< Y ¥A 7113 2019 £
IR P -TmD T, REFEIIR—RAT A LTI A NLD~T VT Y VAT
MRt cE 2 MAHEE L L5, BRMIZIX, PEPP 7 4 VL ADOTGHE N D, FEFERD
~TUT NI YA T NVERET D,

Flo, T IV TN YA T VRIT3A4HITRLT TPE: 10%, PP :20%]) LE&ET
L2 ENHEEITH D,
REFIIEARA2~T7 VTNV B A 7 Vi EG 2 RETT 50T, EOFEBMEN
5 LUTFOX D ITHRERN.ZRET D,

< B kg M DT 4 VA TA 7 L— a3 VG
s R—=Z2F A DT VTN YA TR
PE : 10%. PP :20%
HERE  EER TR T o v A & UTHIA RTEEZ: PE,PP #HAE & [RIZE DL EOREE
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4—4. "MFTT7AF v 7 OFMH & LCA
BB PRBREEHRAEANE T T AT v 7 BIEREN N EE S THR ST
WHERHIHESS &, "M A AT TAF v 71, ROEHIICEREIN TN D, [17]
- HAETRRAERERLEEHZ L TEOND T 7 XA F v 7,
ARV ZF LR EBEAMNOEEIND Db F v A6 BIERTHE,
o, ENRIET T AF v 71T, ROLIITERESNL TN D,
A OB EIZ LY L. BAERNTIIOK & SR IR FITENT D,
TR THETHELDOEKFTHET L LONRD D,
NRA G AT T AT v 7 EENRIET T 2F » 71213, K 427 O X 5 I EM PR
SNTEY, RBT M AT IFTAF v I BRERINLTND,

INAFTSAFYY

A
- 114PA KPLA -\ - PBAT
« 1IA1FPC « PHA + PBS
« I\M{ZPE « IN{FPBAT . PETS &
« INMFPET « 347 PBS
+ INMMFPPF » BYRRUIZTIVEEE S

.~/

X 4-27 NAFT T AF w7 OLEST

Flo. A AT T AF v 71T HEEN @A E LTUTZR LTV D,
<NAFYATTAF v T >
O ryEraRY hyFEZFEHIT S ERMTEREBET 5,
@ NAFAYATTAF v 7 DOLCA (B : ILELZhEH X)
<HEGZIRIET T ATF v 7 >

OB CIIENRE SN D E TR | RENCE> T~y A/ n T I 2Ty
7L TLE D,

DRI NLT K VA 7 MVTIFAME 2720, VA 7 v — N THO T T AT
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JEMERESTDE VI A7 VOREZER LD,
® EIAAY—REFIXERIL, BABTEBHET2BZNLDH 5.
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NAFTIZAF v ZIFSESERBEREZEALEEETHY . RN Tk
& IS AMK] T oND, N AT ARKRD O L, AL RS H D
EEDREZ T RE RNV b DI TE D, N A A AHRTESREDR Db D%
(A3 RN A A~ A7 F AF > 7 : Biodegradable/Bio-based Plastics] & L C BBP
EhES, WEMZ2BBP L LTPBS (RUT7FLoH s x—1K), PHA ((RUt
RaXs 7)., PAd (KU 7 I R4, PLA (RUIM) LEnHDH, £70,
A F AR TESIRERINT T 2T v 7 % [IEESHYENA A~ AT T 2T
7 : Nonbiodegradable/Bio-based Plastics] & L C NBP & g9, fRXFM72 NBP & L
T, A F RV ZF Ly (XA FPE), "MMARI=FL T T7XL—K (A
FPET), "M ARV LZL (A FPU) ERHDH, ZiLHDNBP L, JHUEE
ROHE) VI A I~ AERTHLD, FVINVEEOHERICLIOARY ~v—
272 o TZBRITATMBRO T 7 ZAF v 7 LALFHEEILFR L CTh 5,

—Ji. BRI A~ AR TH DB EGRED 72 GEAEDNE) 7T AF
v 7 (B2, A A PE, /N A PET) ZHfRICK T ~& & 428 DL HITA
AFTTTAF v 7 L T\ 5D, [18]

HAATABE
SAATREE PLA: 12,3
— : PHA: UEFR
: i : FLTINE
PA: sRUFIF : PBS: RUTFL
PTT: ARUAFL : T
TLIFL— B AW
& - e
IEESERE "m,,m.,.m,.,.m,,.,,.",.5,....“.“.+.+..+.++.+..+.+..+..+., S8R
EERDTIAFYY | FEbLE A
PE: RUIFL t;;rfrjh
FP: 7 OE L : PCL: #yHhTFo
PET: KT FL : Sobke
FLIAL— : e
HE
fERHEREE

X 428 A FT T AF 7 D4HE
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A—4—1. TIAF v 7 BFEIGERENK[19]

2019 4F 5 HIZARSNIZ 17T AF » 7 GIFIEERENE ] Tld, XA AT T AF v 7
(B L., LR AR#H SN TV D,

OF T AF v 7 @RI « WO FEN: BAMSHATREER (|, N A~ 27
T AF v 7F) \ZHEUNIE AT BT,

@AMR Z AR EINER R & ZORH BN S —BOICEAT 22802077 AT
I, =R =a— TNV THILINA T AT T AT v 7 2 RKIRER L. 7>
DL FEFRIZENEIN L E T,

@RS RIAEND U U = A OFEZELE - BWREIZOW TR, BB S %
WUT, ZOBRBMEAREF - 1 ELTEBAMO. |, "M AV RAT T RAF v 7 EDOF
A REE IR~ OO 2R AR L E 9,

DFAEM - A AT T AF > 7 OF| ALk

TIAFy I BEMTGEILR L, £l S AT T AF v 7 OEMVER &R
BHHR T Z2AF w7 L ORBEEZ DT, LTFO LB R MAET,

AT T T AF  ZIZOWTITE 2 R Mb - AR & OmBERE b0, FRIZBER] -
SIREDIIR D &L G~ DU 728 A SR 208 U CHRIHEREZ 51 & T £,

- AR S AR BN 72 EORR E K5 2/ T T ATy 712 o, FHE
LA A AT TZAF v 7 MERESND L5, Bl aEDET,

A FTTAF Y ZITOWTIE, B - = ARG, ESRET T AT v 7 O
Sy RS RE D REAM 208 U 72 W 0N 22 36 iy (MEAEAL. A A0 2qb5) 2V YA 7 Vil
PSS A BI L oo, HROEMEICZDMNSHIE LT XA AT T RAF > 7 HA
H— R~y 7] ZREL, #RCAT LEHL KR TEAZED TNEET,
O FTREME A A L7z BCL BURF. #5 BVRIRIE U o E R A A g O BRAR & d 5 1
BOMEHEIZ L V| 2030 FFE TIZ, 7T AF v 7 OFEFA (BAEEMOFIH) %5
THEOAMRLET,
@A ARENE & o0, [HEA A8 OB L EER @B OMEEIC L Y | 2030 £ E T
WNAFY AT T ATy 7 2 m KR (K200 5 ) BATLHE9HELET,

EROEIIC AATTTAF v DAY v b &N LI HILRPEHETH DD
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T, RETIEIFEDNA X7 T AF v 7 OBFIRILE LCA 1§ #z BT 5,
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4—4—2 NAFTITRAF v I OEER

RN AL T T T AF o VBRI DE AT T T AF v 7 OMRBKTOAPER
E X429 DX 51T, 2018 FFITHI 200 5 kLB ENTWD, —FH, BANA A
~AMENEFH LT ARENOANAL AT F7 AF v 7 HffEld, K430 DL 5T

MR (2019 4F) TH S, [20,21]

@ Other 11% 13.4% PBAT
(bio-based/
non-blodegradable) 43% PBS @
® PE 11.8% 13.9% PLA 1)
@ PET 9.8% ’ 1.2% PHA @
Total:
® PA 11.6% 211 million 21.3% Starch blends @
® PP 0.9% tonnes 1.4% Other
® PEF* 0.0% (biodegradable)
®PIT 9.2%
L X X X BN B L X X X
Bio-based/non-biodegradable Biodegradable
44.5% 55.5%
[ 4-29 NAFTT2AF w7 OWFRAEFEDNR
RIS A7 4,300
B HUTFLFUn— T IR~ (PBAT)
m fUTFLAILE—~ (PBES)
CEB A ATIEEOEOES T
EOMNAANATIAF YT 1,850 B T A7 AR
) —— w RUEFOEEFAAII-F (PHAE)
AT EWERIS =R UTAPC) A
o A ARUSL T BE (L APU) = RUIFLLFLISL— 53— (PETS)
<EEANTATAEE m Tl
m RURIAFLAFLISL—F (A APTT)
CESMTAT BT

= Tofth

FENAATATFAFYI 40,500

o AR (JICAPET) 18,000
<ERANTATAEE

w WA AFUPEF (M14PA) 5500
<HSNTATABROEOEST >

o NAARUIFL 2 (NAPE) 11,000

RUFLEE (PLA) 5,000°-

<R ET T

1BPAHEEHE

X14-30 HARENDONSA AT T 2F > 7 Wi BEOFEMBINR

2017 FDONA F~ AT FZAF v 7 OENFIAEILZ, LTO LB TH D,
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« XA A PET : 32,550 by (VA A~ A 30%)

« XA A PE : 31,555 b (A A~ AFE 100%)

- PLA (AR VU FLEE) : %9 2,500 k> (3o A~ 2 100%)

*PBS (RUTFLo¥roF—1h) Kt (KN A~ R 49%)

BB BIEDASA T T TZAF v 7D o5 b ZWMEM AR (39 %) THo,
LURICIE, BFEANA A7 T AF v 7 OBUR & LCA Fl % 2019 FE ORFHIR & &

D THEIT 5,

4—4—3. SAFPET

NAFZH )= AP HGLNIAARAFE ) 2F L7 ) a— L EalnrbELR
T L7 ABROLES TRESN S [51 4PET) 13, 20174E1C #9933 T ko8 H
MSNTEY, ZONAL A~ AEFI0% L WE SN TS, HFRICE, HiEOK= X
MERRETHY | A A~ ZAE0 EDOTZDIZIET U7 ZNVEEONA FAERLETH
Do
(1) /XA APETOGHGHEH &

SA FPETOLCAIL, HUBLCAEMOEFLFH L 720 100%/3A A~ A DOffiHE
FULEELE LCTO/RA APET (KU =27 /L) OLCADMUPE, FRIESIZL Y FEiE S
TWb, TOFERIT, BT T35 R[22]. Journal of Cleaner Production[23]iZ#5# & 11
Tn5,

B H1x. A APET & A THARPETOGHGHEH ED D 7= O DELL T AT L L LTH
4-317% 7~ L, el B OFKRE, BEREHRALL LT, LT Z/R LTV,

(HaE) R U = 27 71100% OFEHERLE O BHI L ZE 22 P D 1R At

(BEREHLNT) PET 1kg fid K OMEENAL >
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HETHSELZIE S RNG - HENA TR LBE  HETESE
L=TH LE=TE

i

HEETFCS = PR - TPAME
Sk

e - B S T
W AR | : )
B EF-Y M BEGRLIE e

Sl

— | a | J l_\PJ Ig(J LY_/

T e L B 0 B o iR I o B W@ R BEIE

4-31 PET @ LCA FEhiOH5L > 27 A

LCAZHTORER & LT, X4-327> 6 A THRPETIZHE, /31 APETOGHGHEH &3

WIpNZ L ERL TS, ZOOoNTTiE, JREIAA < ZADCOMIZFE EL TV
VY,

5.00 (kgCO2/ke)
=100% 3 A HEPET B B FEPET
4.00 GRS 953 0950
3.00
2.00 =
1.00
§f ~PX Tpamf & ~MEG PETEA  Mef+/if 4 &3t
Hh e

[X]4-32 /A APET & A {lI5R2PET D TAERI DO GHGHE H & g
F A A AEOESE U TIK4-33% R L, A A~ AFE D F & TS FPET

DOGHGHEH ENHIE I ND Z 2R L TWA, 2D T  FEIAFERE AL A BB Sk
SDOIDRBES L, S FHROBREEII I —R =2 — I L TErEHREL TS,
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®|lncineration “PEI =TPA "HEG

GHG emissions (kg-CO. /kg-PET)
o = N w FS

Doty S, 4o b bo.,
o SR W STw Sl
‘*b'"b” %-m‘; :."Q;:"?q oy hﬁ.“b;%wn‘,

Fig. 2. GHG emissions of each PET and its composition.

[X|4-33 /NA FPETOLCASEH] CAHAR E DL, NA A~ AL ORR)

87



(2) 73A 4 PET O E ML EHI

A a—=7F, —EROYETHRK 30% DA A~ ZAHKFEEZ 7z PET A kb
ZEH L TW5D, 2018 FRIZITKE = 7 22— F 13 2030 - E TIEH LT 50% D Y HA
7 V3R & PET 7R hL~DOF|HAZ B L TW5, [24]

TIGUADE ) NF VA TN LT T AT 7 2R UTBHAER MLV ERRE LT
o,

AARENTE, > FU—2% 12025 FF TIZENEHRECEH3EI2HB1F 5 PET A b
NVEBEOFHLL EICHAESRVy FOMAZ BET] L LTV, 2515 HERIE. &
BA—H—ENAF PET ZEB L, K434 DX 51ZH 2 b —RLKAKDOR FVIZHF
A PET 3R S %,

suntory oy
‘ Xﬁ"l\ WERR T RV 0L~
. % T WEPETRMEBONEM

W S W )

FE2PTRLIRRLLIRY —— ERERRS320298g
Ao BRT, BLTEWES 5
T4HBPTC EEPTL

2ELPTLER

4-34 B b U —RERKR FIL~DFEE PET #HiE OFH

DX DT, NA A PET IEA MW —5 A I IV TV AN, A A R_R—RFE T H
R ML DO WNTNNES %O F MR DD NIARERATH S, 100% /34 4 PET O
MR A% PET SIRGUIEE L72GA12X, (60D ETHBINMLE L S bl
T3,

4—4—4. NAFPE

P h X EHROPEEZHEESETHEONTANFTZ ) — L ERKLTA A
TFLUAEY . CNEEEST A & TS APE IFE S, FOABITL UK
bhEdh - ~7 77 Mih7e & ORZEIENR L,
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[VSA APE) 1Z, 2017T4ICITEMB3 T b rHF 0 BNRIH I TV DA, flEDK=
A MERIREE ST 5,

BB VBREAL A AT T ATF v 7B An— R~y Thats (SR | O&FET,
20194 DA APEDEMA R ZKILT b o EHEEEL TR Y . EWN T & D L3NS PE
mEFZZ LTS,

(1) /34 APEDGHGHEH &

A F = ZAEL00%D /S A APEDLCAGHTRR & LT, REEHD (1477 2F
v 78 An— K~y 7 Rites (GB3E) | OBRH26] b8 L7z (X4-35 : 27 —
Z [ IBraskemtt DN APERLELCA) o (FFE) ZORMNG, /A FPEIXEEHE:
7> S A RLE O TREIZ 38U T3.14 kgCO/kgDCO 2 W IN (uptake) -2 & HEFF L T
Do IHIT, B LTHERICTHREESNDY PR, HEOBEICHF L L T
WL ZEDRENT, Flo, Y P UFEDIER R TH 530 A Z =10 F —FI M
THZLT, WETrEATHESND TR X —D80%IIH e /LT —L
o TWB,

HFHRPELOHATE SEEDH~DFS
B SETH-EESELNOME T, /A B HhOFEBERORRELNXEL JOt+
FAPEQAINEENKEI-TLS AEHLLTHEHEBENADOELLO TS
SETH B AFETE. #ANR IO+ L&
100% — HELTLGL, FMEIERICETLCO M
AOERRE — ¢ e A v REF LT HIETH—ARZa—FIILD
y Y Y HRIERFATHD
.
r 'y \_‘
L~ oE ij'“ BT HESE Jo+x co,#iilt

[kgCO./kg]
| HEoXEHIE BREEYE 0.91
| TP AEE -1.10

IS f CO, Wi & 314
LROEERE AL S e = -3.33
™ y IH5/—LEE TA/—LEE 0.03
R ~ 1 iH A i 0.16
. ' BHo—CxHk A7
i -0.98
B EHEPE 7 I'mgreen PE AAHPE I';J;meﬁ 0.46

a T
HEHBEEPEL/ AAPEDILEEROKE ﬁ A ?;22
LvE#F100&LF-185HE ait -3.08

4-35 /34 4 PE @ LCA F| (a1 PE & DLl GHG JEHED#HT)
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(2) /XA 4 PE O LG

Yo b U =Tl EHCREENE 100%EH L7z~ y bR MLy v 72EAL T
WHDT, LLFICEDR S AL &5, [25]

2016 49 Hne, TH 2 MU =BT VT ADORRAK] (T, FEYHEFEE 30%(#
FALEEERREL 2D 185g DXy v T HEAL-, Z0OFxy v 7L, EHEETH
HEF L& 100%HEDEKIL LR 2 F L oFry v I THY, 2RIV ERD
Ay MR R LF vy TSR Al E SRR O A K9 35%EIB L. CO2 B & %
KI2T%HIET 5 Z EMNTE D, EHIT, N FREMEH TOREA~DIHLA % AL
S, 201943 A LV IJUNRER TLHZIZHBNT [P Y — Flfgod RK/K] 550ml T
TF L& 100%EMBERIE LR =F Lo F vy v TOEAERB LT, 2 X
D, BTy bR MLy FITHAT, AllESRIFEE O 2 2% 90%. CO2 8k
HEEZ A 56%HIT 5 Z LA TE D,

4—4—5. KU (PLA)

FNYERAVEDOT TN E B - BERICEONLIAMAESG I, R
BB IND, N A~ AHKROIBNHORIESID PLA OREHRA#EE T
& % NatureWorks fEiZ, 7 AU « 27 7 ABMICAEE E TG EHEL, LTFO
AT T TNA A= AFE 100%D PLA 25 LT\ 5,

<PLA &7 o — : LT D 5 5D AT v 7 THERL >
- MU n o v OAFE Lk, e

F A=V RAF—FHT R A b r— AL

« TX A bE— A0 DI
cHBEDT 7 F R~DE

- 7 F ROEE

PLA [IABHFE T FEREM LD Z LIRS TNDS DT, LCA OfiR LI
I BEHEREE LD D,

(1) PLA @ GHG #EHH &
NatureWorks fH1%, #i& L T\ % PLA (o > A) IZBET 2 LCA FasC A flkfe L T
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FLTWD[27], HAEMRTZRLX—OFMMARERED TR X —HEOLE SRS
NTWDHA, £0 GHG PEHIFHRALITFE LB SN TR Y . £ ORGMEITITE N Z 2
T3, TDH, 2019 FHEREETITRD 3 5D F U 4D F T GHG HEH & 255
L7z,

VFUA L =R RIS T

7 U A2 GHG #EH & (CO W% T0) &£9°5)

TF VA3 GHG Hiti®E (CO W Z & £ %)

2019 4EE DA ETHH L72A > VA4 D GHG HEHE[1]% . 5T U - OfE R &
T RA4TITELEDTORYT, oo Ny MGEETO GHG Peti &2 TRHNIR
L7z R & X 4-36 127”7,

#4717 A VAL y b GHG P EOZAL

2005 2009 | 2014 2015
U A3
N >FU | v =T (2-
NatureWorks Z ik NatureWork
+1 %+ 2 3)
s 3Lk
GHG HEH &
(kg- 2.02 1.30 0.72 3.67 2.44 0.62 1.82
COze/kg)
ALk Giobal warming potential
5 EEET ©0; 89./kg Ingeo
05 0 — o a3
" Q _ COL uplake E - . |
o e, T " et i . ot
T=2.44kg
A5 . (uptakefg<)

Fig. 8. Net GWP for the total Ingeo production system and the GWP per individual
production step,

B R N ture W I RE

436 XL v MNEFEE TO GHG HEHHE L FDHNER

91



— RIS T T T ATF v 7 EPET DRI, AMRT T ATy 7 LEREH T OB
B (W EMBBED) B5H 5D T, GHG Hr&EEZ TR B ERCEKRHATE S L9512,
RFBWI Sy (uptake) Z~A T AFH ELTWD, £V, XL v ML ToO GHG #E
HAED S RFEWIE (RS EHEICIZIZY) 221051\ TWnd, ZoFEIE,
[SO14067 TH X 4-37 12" T L 912 COL WA H TRV [28], ZoplE LTH
4-35 DA F PE RET HILD,

Co, recyecling co,
Biomass * Product

cradie-to-gate

End-of-Life |

i cradie- to-grave

[X] 4-37 LCA O AT LERERTE L RFBWIL
(TNl & T NI NBEEET) OBV

%] 4-37 Tl [0 N IT B E T (Cradle to Grave) | % v AT AR EFRET
DL, BEFEMET CO MR &G, ZOHEH Sz CO T A A~ AR E BB T
WIS du, IKFNT ADBMR SN D, (W—Rr=a2—FFL) LaL, [P0
T BB E T (Cradleto Gate) | DY AT LABERTR S &, REDPWILS D DI
ThHHLOT, WNELHHEOWNTNZ bxfZ L LT bau,
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Cradle-to-gate ¢limate ¢ hange impact for a biobased plastic - PLA

3.
2,3
7
3 15
5
o 14 B Met
g o4 _ . Energy
E.J} 05 1 = Raw materials
i

A5 -

2
PLA PLA - Met

Based on {Ecginvent, 2016}, the PLA process is based on data for production of PLA from
MatureWorks in Mebraska, but with an amended energy input.

%] 4-38 PLA @ GHG HEH AL DO EVE

X 4-38 12779 X 912 PLA @ GHG #EHHEIZT = 2V X —EZK%ED CO 122 [RF\EW
IRGy33 5 DT, WIS EZLBIWTHRE (Rv b)) CO & LTERREIND, DI
W, RBART UAPKHER SN TV D DDOFERD LI L 70 5,

LCA FElfig1E Ue%EM 2R L=y 27 A2k 5O GHG Y& %7 £
HEE. F OBBERFD GHG (CO2) HEHEZEr Lit T —Rr=a— I L&
WT, T AT ABIKDRFENT AR SETEY | N A~ ZFEEEFRO
PRGN 51 B9 2 o — KTy ey, Zofil & LT X 4-33 D234 F PET 73
2P oid,

RBBINAGE LS TNWD T A3 T, BEFERFOFZMIRBED CO HEH B2 B m 3f
EFoE NAFTAEFERKED CO PEH EPIBRNIHAE Sz LCA fER LD, %
DD, T F VA3 OTFT—Z W GEITIE, REERFIC CO L&A LT, &
RNT AL MRERITIR DR,

ZOT =W PNE B L7 1T, )72 LCA 2 FEfi T 5 2 ENMETH D,

FZITC AREETHRETHRGBHIL TORMAER L TWADOT, v A2 %
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BRI & Th o,

s R—=2AT A BRBEL T CO R S, — Y —~ LA 7 rIng,
- BTSSR E LTRSS LT, iR S (BESERFD CO HEHEE 1),
ZOJFANE, fEME RS L TRE S D PBS,PHBH IZ DWW T HiEH T 2,

(2) PLA DAL FH

<z =FH (20124) >[29]

2=F i, WEYHEKRORY HBEIERE LA A~ AFEM [T 7~y 7®) O
R 28 80% LA LiZm® 7z 9 2 T, MHEEM: & MNEWEAZ ABS Bl L~ riZm LSt
o MBS RSO R IE 2 B % Lo, 2 7R U F2IZ 1%, NatureWorks O lingeo (A
YIF) IPMERENTWD,

(7 Z~ v 7 @) MM LA AR IX, SHAHICRE SN DY HROR Y H
FREL RN 80~90% & 151 < . ABS BHE & [F) % O M8 M & Mt B 2 2Rk L T2,
ZORKRERONT, 77~y 7@, HEHWHRROR Y LBRILEENEHNZ & T, A
T PR OAE Ve R E S HUER IR B AL (e~ DO BB I TE 5, AU FLERITYLH ABS &
DTy FOBIEIEN S /OB ETOT A 79 A 7V TRETD
CO2HEH B A X 4-39 DX S ITHKI TO%HIKTE 2, S HIT, MEEROHE &L
T0%HIRT 5 Z LN TE 5, ZOKOHEEIT, 1kg OFHHEIEE M &R E S TE
D, I77~v7® O GHG JEH &35 2kg TH D, 2019 FEDOAHLEE (PLA) T
X AT DEIRT 4.4kg-CO, TH Y, TDFX 2.4kg (2725,

4 4-39 TrRENTTT T~ > 7 ®) O GHG HEHJFEHALIX NatureWorks @ 1.3kg-CO; %
BEHL, 27 7<=y 7@ OBEEZL D CO 2 MALTRBLTH TN~ AFALH
MENDDT, 2019 FEOAREEL VNS AESNLTWDEEAOBND, [T7
~ v 7 ®JIZIX PLA IS OBHIEDNR S STV D EHERI S 415 A3, LU T Tl PLA100%
EHGE LT, Ao & i 5,
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8 «
3 L4 Pty
g6 3™ (CESHEmRRD
35 .
€ 2 w
g:s § =
S 2 |
g 2 g=
] 0
MA ANS PLA ABS
Bl £EMSEAETOCOHHE 2 ca#HERE

439 2=FADIT T~ v 7 ® OFEHIA
Z 2T, PLA - - - 2009NEW BE5%/E JBPA & X J— T NatureWorks & #7255
ML, JASFEICL D CO MR R Z BV AL
ABS + - - Plastics Europe (http://www.lca.plasticseurope.org) 2> o 5| H
XBEHRFOHEH B, 70 FHEED S OB

2=F% : 1.3 (b k) +0.7 (JIL) =2.0
AEE 25 (Rby b)) +1.8 (JIL) =44
75y :PLAXL v k) 25-13=12 ) 1.8-0.7=1.1
FRo~NLby MG EIITTHERO GHG HHHEDOZOGEFHEL, 7T —F Oz &
572Toh 75D 23kg-CO2 L7210 | VAT AERKROPEHEDOZFITIZIITHITE S, L
L, 2=F TOEH L7 PLA XL v NOEIFRFEWIR DN~ A T AIN TS L HE
W& 5 DT, PLABRBEHELICH S T 5 1.8kg-CO, ZME T R&E Th 2,
ABS Tit, UTFO Xy I EN D,
2=F7) 32 (“Xbv ) +07 (L) +3.1 (BREE) =7.0
AEE) 35 (v b)) +1.8 () +3.1 (ke =84
ABS XL FOICHKIC K27, IILHkO GHG i EOEEZZBE T, 1F
FTE 5,
U EDX oz, BEONS A~ AT T AF 7 BEICET 2 IRE(L~DFEED )
B3, =X —if, I—ARr=a—FILVDHEMNLRINTNDEH, %< 1T
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NatureWorks D L7 — Z IAEAF L TH Y | ZOMEEIZE TIEE S TWH2RWDOBBLK
TdH b,
<Y =—>[30]

U a—id, 1ERNOBREFRMAEEL LT, 2L ORERESAZHEEL T D, £
T TH HEEREITITE R T 20~30%D 77 AF v 7 MM BPFIH ST\ 5,
Ua—@3R"A A~ A7 7 2AF v 7 OEER L RSN OEbzED TV D,

2005 FEITIE, /3o A~ R JE 50% 0 Effg iR ) 1 OPNIEERET 2 BRI L. 2008 £EIZI
A~ APER0% DI A AR L TV D,

Ua—3IN\A A~ AFEMELTPLA ZEME LTAMRT 7 AT v 7 2IRAET D
LIS A RAEDOM EEHRE LTINS, ZONA A 70%DEF 1L,
MR T T AT w7 LIAFEORERTHIE ATRED AIRE Td D | 2008 HEITFHIE L= E
BO~==2T7 VAT M BEHLTWS (K4-40), UV a—lZZONRA I~ RAED
] k%4 PLA & PC DR Y ~—7 v A1, & 5HIT1X PLA Off st & 2 e
T UM L > THTWD 2 L &2 K48 1T L 5 ITHENEIT i TAB
LT,
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{a) imagio MP C2200 &%

[# 4 : imagio MP C2200~ @1 (20085F104)

(b) imagio MP C2200 &M &

4-40 BEEEEH & L TONA A~ ZE 70% D Fb 1k 5]

BEEMIIFERT L FBICEHEMGL EMESTONDEDOT, ZOLHIRT LUK
(R ~—T1A) LI FERIICARBIZE O PLA (25 H T X, PLA O Al fedk
(EFm) U A 7R EE L EWM/HFTE 5,

# 4-8 PLA Eb & 71 GRS M DO BR%E

. T 7133 Fog i3
HHEIE H Hiqi ik i PLA PCHPLA SR PLA
AT i e
“ Ty 25 el
iz % #1
& | 9 T A MPa 150 50t oni T3 64 43
s % 517 n 4 24 &
T MPa 150 102 o4 576
2mm/min
H MR GiPa I7H 33 15 27
Loy b — 150 ST
. ki 1.6 19 7.1
A7 179 =
P e - 150 0.45MPa 53 80 135
ikl B ) 752 | 1soMPa | s2 — 83
_ HE SVEH SVE
i UL ] (2. 0mm) {1.2mm)

oMzt ZIHbFO

NEmEINTWD,

(VAT T oo UL —o ) e PoRig, &
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4—4—6. /34 PBS

PBS (X, BIARO L OMAEY D J) TR & ZERMLIRFIC BRI iR S 5 A itk
TIAF T, WETHY ., PR TILPE X PP ICRI-REEZ A LTV D, — R
IRAE I PRNERIIR O TIXE W IEME Z R 6. PLA K0 & AENMMEICEN, BEMO~
NFTZ 4 BERY M AESIRET IR SIS ATV D,

(1) /XA 4 PBS @ GHG HEH &
/NA 7 PBS @ LCA 1%, 2012 4FIZ, Moussa, Young |28 » T#ESN T35, [31]
B 51, 2012 4R IZHEFIEE T CAFE L TV 5 A% PBS TH 5 [Bionolle] DT —
HaBHZIZ LT, N4 PBS OfFR =R/ ¥ —{H%& & (Cumulative Energy Demand
(CED) Indicator) 725 4-41 \ZETRESHTTRT LI, kg XLy MY VHRET
140MJ/kg THDH Z L EHEL TN D,

BT : MI/kg
45
40
35
30
25
20
15
10
5

CED

PBS Dry Pellets BDO Succinic Acid Succinic Maleic

Anhydride Anhydride
Unit Process

4-41 1kg D/3A F PBS N L v MEEFE TCOZ RV FX —HE&E

—J7.1kg ® PBS XL v M E TO CO HEHE % 6.6kg-CO2xe THDH Z L %R L,
TONREHE LTS, (K 4-42) ZORERITIE, JRBERF O P —~ /L= )L —F|
MITEER TR,

AN D, ERR T AL TV D HEAE TOABSTEIEBEICHIBR S TR Y . WKEE
TE2RY,
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TOMXTIE, XLy MEEEFTEVAT AFERE LT LCA Z23hE L TWDH A,
X 4-16 775 CO2WIUTERH L TWRWEHER TE 5, £DT2d, /SA A PBS <L v
k@ GHG #EHi&E & LT [6.6kg-COze/kg] ZHWHZ & &35, £z, Sakamoto H %
COz IR ZE L CTHMERD BHEG N B EHA E TO GHG HEiE % 3.8kg-COze/kg &
WE LTV DH32], Zofthiz, 2.3~3.9kgCO, DIRE L B 5,

WP LTH, ARG ETERMAT S COWINZ B4 L7z GHG $EH &I, PLA &
DHREWEHWEIND, ZD72D /3 A A4 PBS XL~ h® GHG HEH # & L Cl6.6kg-
COxe/kg] ZMWDHZ & LT 5,

GHG Emissions (%)

BDO

Succinic Acid
45 %

Includes:
| Maleic Anhydride: 27%
Succinic Anhydride: 16%

PBS5 Dry Pellets ___—
16%%

4 4-42 /A A PBS L MEPEE TO GHG HEHIED R

(2) 731 4 PBS D EHLFHHI
<IHFIEE T >[33]

BAFNEE Ti%, 2012 FCESMERY =27 gD T2 4/ — 1 : Bionolle] DJil
Bt Cod D a7 BatEmtskONA a7 BICEL L, 7 4V 527 L— RO L
HifLTWb, ZOEHEIZID, B4/ —VOFEFREO Ly EZEMEEKE LT, £0
ESN! WROBEH~NT 7 4 VW A~OERAPYRFESN D, ZOfEIZ, 7 AU D
DNRAFTFZA—=N—ThH2 [ ) —F 77 /ar—X| IZBWT, Ny J R0k
MIZHWOEN D FETH D,

D%, 2016 FFICHEFIETIIE A /) — L ofildE « e IEEAE L TV D,
< ZZE R IV >[34]

—Z/r 2 V1, PTT Global Chemical Public Company Limited (A%f : # A « /N0 =
7. TPTTGC tt)) & #r-HE 24 PTTMCC Biochem Company Limited (A4f : #

99



A« az [PTTMCCBiochem 1)) A3 L. HALDMRA T 5 Al A5 liE
THbnlomER 7 vt 280k, BLOEWNIMCZERAT 257 %2 PTT MCC
Biochem tEIZ 7 A Z > A L, BioPBS™MAZAEL T 5, (X 4-43)

PTT MCC Biochem 1%, 2017 = X W EMHRD AT gl 1,4 7 2 D F— /LD
572534 4 PBS (P9I : BioPBS™) OPH¥EAFEL, Mo v 7o a v 7% EifiL
TW5,

F iz, FHLIIHRE PR RN D D AR T T AT v 7 T %D BioPBS™MAR—R & L,
BioPBS™ @it # M, EAHEEME &0 D REEE A TG L, AR RIERIIR & D= v Xy
NI &0 BYR TR T E RWMEREZ A% FORZEAS™ZA i L T\ 5, (1X] 4-44)

S BT, 2020 £ 6 A121% BioPBS™ & HARRGROMEL N Y 7 HE [ —L F7F T R
®) LW L BITEAERREZR R & B X4 D AR SRR A R T HE SR e B
ZILFPHFE LT D, ZOwEMIT, At b A9 2 [#H cgE - FooYT
PEZATE LTS (X4-45), U THEEIC KV NEY (IR OMEEHRERFL .,
AINEDIZBNEY ZMMA D LNTE D, E LRI 054 (X 4-45)
ELT, BHEEMREERLTWND,

¢ X T .=~ BiOPGS

71" &
JiAAaNIHE 144’;‘[ f;j‘fﬁ';

co Epp— oe Forzeas
HID 3 =i AR AR mepp

Ty,

. TR

4-43 BioPBS & FORZEAS O#lE 7 u— (ZZE7 I V)

wEH SHIELDPLUS®

NYTA-T47 7 R

tE—h > —ILE (PE.PPE) BioPBS™

R

X 4-44 PEERACOIM OJEHIEA A —
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() 75vbRhLR BAESR ~ (8&HH) EREIEXSHE
() =ZA—ILE / = Ta702019)IcTSEHE

X 4-45 PEERBUCIIER DY T

COXIBANAFTTITIATF 7 EMMOFEMEOERBICL2HEE, WEHFD AT v FA
1EE 572 5 IR LD RIEEMEN B 5,

4—4—7. /A4 PHA

WA RE 2 R AR ) ~—Df#E & LTPHA 3D 5 b, PHA ITEM N E
BT TAT v I BT D ERENRETH L LMD EREEDTVD, KA

CAHENTZOEAERY ~—DRY b RaxEE (PHB) Tho7, UL, @l
MREW EOMENRH o772, PHB LRV b KX FHERE (PHV) OLEARK
ZPEAT D BERRDVRS L &40 1981 ARSI T I L S 7=, PHA D% LB (1% 1981 4
Th o7,

PHA 3 / ~—OFESCZ OMAS DI L - THix 2N =—3 2 U MFIET
DRV =077 IV —DORFRTH D, PHA 1L 100%/31 A HETHESRIETH 5%
C. MK CA SR Z T S DN D 5, PHA IXEITFEED /N7 7 U 7T K0 FEE
TRERALVAEESN, GRENTERY =BT T U7 OHIlaNIZEEEIND,
DI, ) v —DEENOEAENCET, TXTAAS AT X TRIEMETH
Do BB, JRERCRBAEICHERTIEMIL, SEIERNT =T a rBb D,
(1) /31 7 PHA ® GHG #EH & [28]

B % 7o E R 5 85 &b PHA @ GHG HEHLE2S, EU  JRC2015 (12X » T
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49 DEHITEFEDOENTWDS, Ll HEWEE TORBWINDKRE S TR T
72\, PLA @ 2.4kg-COo/kg & b5 & FUEr =y H MUXE KEEEIO PHA
FhE< L B —2BEFEY), RREREER TIIRERERA R OND, /S—LF AL
ZJEEE § % PHA @ GHG FEHHEITFEH S LTV, E7o, BREE TR S
BN, I3, ANLIEMO FIEFEO ST E R EE (2019 4)
TbH. GHG HFHHFEHALIZ A STy,

7 4-9 A FEEERR PHA @ GHG HEH &
Climate change LCA results for 1 kg of PHA in cradle-to-gate system

Corn Sugar cane Lignocellulosic Soybean | Rapeseed
wastes
Geographical LISA, South Africa. LIs4A, Europe L5 Europe
coverage Europe Brazil
Climate change -2.3-0.45 | 0111 1.3-5.1 0.26 5-6.9
(kg COz-eq per kg
PHA)

Source: (Joint Research Centre, 2015).

9—n1 /3T LCA 7 —F# X=X L L TR HWHA S Ecoinvent TiX, PHA @
GHG #EHE (REFEWINETe) Z[X 4-46 DL 512, 1.7kg-COzkg ERLTWN5, ZD
K21, A ko PE © GHG #EH B & LT, 2.3kg-COzkg /R S TWDH N, HA
DENID b RERMETH D,

A EETIE, PHA ® GHG #EH & & L T Ecoinvent @ 1.7kg-COzkg % [V inT
INHEEET) OFMHTRAT N, L0RIOH 5T —5 & L TRIEELIEORE
T D,
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Cradle-te-gate climate change impact - PHA vs fossil PE per ke

4.5 7

kg €0:-eq per kg plastic

FHA Fossil alternative - PE

Source: {Ecoinvent, 201&].

4-46 PHA & fihE kD PE © GHG HEH B0 b

4-46 1Z T T HHEE T O GHG HEHHEAR DO T, MR ERO CO W
INAGE EEN TV D EHERI S L2 DT, BEFERF D PHBH JABER: D CO2 2 W& & %%
LWEGE < INFE LT, IKFEANT U A %ZMRT D, PHBH Ok aE=UL, X 4-47
DEINTRARINTNDHDT, ZOLFREERND kg 720V O CO HEH EZ R IE
T %, PHBHIIRFEE 4Dt e 7 FL—hEREH6DE FaFo~xy )/
T—RFeWI 2ODWEDOHMAEDLETTETEBY, ERrFIinFH / =2—D
FENEL 725 LGPV PHBH AT 5 & STV H[35], EBEOZITAR S
NTWRWVWD T, x=y=1 EIRET D,

PHBH : (C4Hs02) x— (CeH1002) y = Ci1oH160s <53 F & =200>

C10H1604+120,—10C0O+8H0 75

lkg ® PHBH JABEX 7=V | 2.2kg D CO N EH E N5,

L7235 7C, PHBH XL > b lkg DAPEFE TIZiX, 3.9kg-CO/kg(=1.7+2.2) & R ET
Do
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e i
0—C—(CHy) —C 0—C—(CHy), —C
(1)PHA | i l ]
M (o} H o]

ol

Rebydrogen  PHBP ((R)-3-hydroxybutyrate-co-3-hydroxypropionats)
Recthyl PHBV ((R)-3-hydroxybutynite-co-(K)-3-hydroxyvalcrate)
Repropyl  PHBH ((R)-3-hydroxybutyrsc-co-(R)-3-hydroxyh )
2

Rebydrogen  IHBAHB ((R)-3-bydroxybuty 4-bryd

HC, 3H Q] [CHy, JH 0
N 4 2, #
0" Seuy L T07 eH

R3-EFO*TFL—F R3-EFOFIAFH/I—}
(3HB) (3HHHX)

4-47 PHA,PHBH DOl F#E =

(2) PHA O ERLEHH)
<J1 %71 >[35]

AXTINE, 2009 12 IST DZEFEFAFE A FM L T, PHBH D/EREEFERERIAEF L
Too TOEIET, WML E DAL F~ 2R EFENT, MEMREE o A2k - T
HEFEART WAEGRER Y ~—Th b PHBH % EiL TW5, A hu—, LU
AR ~OF RIS TR YD | AFEFE 5000 b o O EIEBRH B L T
Do ZOMRIX., AAR EUT A U D ORMEMYEY 2 (PL) (28BS TN
20
AL, 448 1R T oI, MHTEDHPHAZILRT 52 & &4FHE L TW5D,

| ~2030% S, PHBH &

~20204 SHEED:E BN ZBROVEL
Ve W/ TR/ R i
LIS/ RS/ A O~ FET {080 22/ 29 ¥ 70~ b1 REAIIEARLTWS

HhFV—=/ b1/ Rane
“BEV /S PIAFIRML
EeDEeER / BEREER \

—
CNFI400ds P

4-48 137 @ PHBH JEBH 1 H]
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4—4—8. HERMOBRE
REWNRASAFT T AF v 7D LCA HhlZiit LIziiR, UTOLIICELDH
ns,
- XUy MUEE TOMBDORBERINZHET L2 LCA (D0 M I8 E T)
CIRFBNT U AEBE LT LCA (DY I HESFT)
ZOEIIT, VAT LEROBREICLY BAShLFENRLR D, AREE TR
DD AT LEEFUL TV I HESE T ITHET 50T, AT 7T — 21X
T DRFERIN A ZE L I2NT — X ERATRETHD Z L PR TE 7,

NAFTTZAF v 7 ORAE LT, VA 7V EEBLEFRIXRESND Z &by
Moz,

EDID, NAFYATTAF v 7Tl LUTFO LX) ITHEERNL 25 ET D,

< BEL kg B DT 4 VA TA T Lb—3 g VB

- BRSO~ T U TV AT 7L

- HERE  PEERM E I RAH T o v A L UTHIH IEEZR PE,PP #HAE & RIS LL E DR

NR—R T A L OWKEE « BEREHALE A, BB ER—AT A U E2FR 410D L HIT

# 4-10 ARG ECRE L7-HaE, PEREHAL
BH 6 i N—=2F 4
PLA/PBS PLA/ PE
FM
PHBH PP
PEEMETRAN 7 6L LT
e FIFH FIHEC PE,PP HifiE & A% LA o>
FetE
HRE HLAL lkg fH4 D7 4 L AT

105



A7 b—a U

R %

L

PE~7 U7V : 10%
PP~7 U7 L :20%
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4—5. PLAZ7 LY R7 4/LADLCA

ARETIX, PLATZ LY R7 4V AD GHG HEHEIB L ON—Z T 1 & g U 72 Hil
JBE%L, LCA FlEZHNWTHRET 5,

BARBIICIE, AEEZIZTHBEED LN, T~ AT L RT7 4L AIZOWT GHG
HIBEN R 2 o0 #T - AT 5, ZOREICHTZ>TUE, X—AF A& LTPEPP 7 «
IV EDRENRERR L LTl & FEiid 2,

4—-5—1. G
REETHESNDOINA A~ AT LU RT 4V ADBRBZRRIT T 4 V2 &%
ET 5,

4—5—2. FEEEHLAL
LCA DOFEREHNZIL, EEAR R & R BN RIS CHEUNIBIR S5 23, Bl AL
T Nkg YO T 4V L] ERET D, B, BE~LV Y MIEEHEMNEZ HWTE
HENTWAEANLZWOT, HEERXR—ADT—ZPEA LT NEND AT v b2
H 5,
AREEHE T 5 WEOFHEILLTO LB TH D,
- HgEE  EEMETITRMM T 48 LRI HHET

PE,PP #tll5 & [R5 LL EOREZ AT 5
- BEBEHNT  Ikg Y DT 4 L A TA 7 L—3 3 VG
s R=2F A DT VTNV YA I VEPE 10%, PP 20%
« BAFEMM DT L FHER - PHBH, PBS & HIZ PLAIZ 5% 7 L2

(10% AT 2MEE S AL TV D28, BAFEH D728 5% & ARGE)
CBHRBRO~T U TN YA TS EEERICH DT, ~T VT AU A 7
720N

4—-5—3. VAT LGSR
LCA 1%, TV NI bESET) OREMEZFMS 5 Y — L ThH DA, s
LB LR EHERSND T m B RTEM LT, HRTDZENRTE D, TORD,
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4 4-49 (F#8) KO 4-50 (7548) O mtv 2T, [ & HERI S D[RR85 A g
G, ) R BB ORBEAM I T2 /E0 T o ANGENT 5, Lo
T T 578X RO AL A~ AT L RT7 o b 285G L THEFE -
VYA 7] ERET D,

4 4-49 ITRT T RERATRIEIND AN T~V AT LU RT7 4 )V ADHBEALRTH
D E S D BT 4-50 (IR T R DI IS BEM T o v A e LTRSS T
LPEPPHIIELREL, N—RATA LT 5,

L e Tt i (U =Rl ol S
FIFFFT - ARACETERERE

X 4-49 NRAF~AT VL K7 g sliliEo 7o —L o 27 AR

IRk b2 P Pl B 1 2 Tt g | i FAE e WL A
Ry B !
' H e
R porymmms N S N rles e g ||
i PREAldPE i it T :
' [E 4] —"I il |"' ‘.":I*,ﬁ'] I :kj | 1) -"": rE
H - : - 1 4o e
i : e L=
___________________________________________________________________________________________ o e

4—-5—4. HWRHOTZVe—RELA XM T4

(1) XL v hORIEERE

WA FI ATV KT 4 )V LDOFEFEFM & 72 5 NatureWorks @D PLA @ LCA #55 &
LT, &BOfmCICHEDNT, GHG P EZ TR 5, 7272 L. GHG HEH &I E
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Z 10 LERRIET D,

F7-. bioPBS, PHBH ® HAREWNIZKIT 5 GHG HEH&ET — 13, &L %
NENRE LT,
FLRN—=RAT A THSIPEPP #IE O HARENEETONL v MEEE TOD GHG
PEHEIIBRE S TR AARENOT —Z _X—2 & L CTHH &N T\ % IDEA OfE % 5]
A3 5.

IHIT, PLA XLy MIT AU oA IND LEE L, W LExI2f25 GHG
HEHE G INE L=, (2019 41, Biate4esth)

I, N—=ZT A D PEPP Ly MUEE TORMEAICM S GHG HEHIEIT
IDEA 7 — X IR FEATH D,
P ECHRE LML > O GHG i &S, £4-111I2F LD 5D,
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F4-11 £F:M~XL v FD GHG HEHERRE

275
| GHG HrHif . N
A4 [HAL fba &Pk =
(kg-CO2e)
(kg-CO2e)

- NatureWorks & 3[27]
PLA | ke 2.44

- IRFBWRIN % Ak
PBS | ke 6.60 ; e = S aE]}

* EU-JRC G SCIZ FR 3R
PHBH | kg 3.90 )

I INE36]
LDPE | kg — % 1.81 - IDEA V2.2[37]
PP | ke — ¥ 1.76 - IDEA  V2.2[37]

X T == 2R HBUE ORI D7 I

(2) I B

XUy ML T ANV EERIETDICE, A7 b—y a3 VEIER A @A ST
%o (X 4-51)

ZDLEOYE TRV F K ONREN A RN T —2E, (fh) T AT
v ZAEEER S K0 TRIIEITICH T 51 v~y M) F—FREZHREE] [38]T
KEBEEREDOT 77— FENLELHHA TV D,

T A7 b—ya UREITENRE THHD T, RENTWVD LRI R/LF —

HEERZENTHET L2 LIk T BICEST 2B NHEREZHET D, 22T
X, ZOXRICRENTWA A T Lb—a VERIEOT — 2 28 AT 5, (14 4-52)
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IP-—Ud

TIAFuT
o

O g
— 12 +

\ /

amy

Lt

X 4-51 A2 7 Lb—3a UEORAK

BEE: f>7 -3 -BREcd ZLDPERAEE

PR — F&E FLE

F—4OHH BFEFUVFL T > 7 s LATRBEOERERD
2009 FE E /- EERECED < M.

MBS E 12,760t

(ER OB 2 t) N5
LL'LDPEM#EE ——> Mt
1.066 > 1.000 ITRAX—REHE B ML/ BE
WALFNF—
(RS B BRI 35 5,101
4 I#HIFNL¥—
g \EWREE® o o0a7 | (mEE-EAEES) ki
2T -
i H.ﬁ_‘l_ﬁ 7417
TRIZNS- [T 5
(TS naﬂﬁ; —
EHEE*J'E‘-HT %E.I. 34.?'39
0.028

(YiEE - MIENIICSIED A Ay b F—PAERESE (201 1F12R))

1 4-52 A>T L= a VI L DT 4 W AREED A N ) T

FEAE O EOT R LX—IHE X IDEA[37) 2592 &, 10.80kWh/kg i) @
BONWHEIND ERETE D, ARTORKENIHEFE SN D GHG Peth &AL
%, IDEA Z8HT 5, 7, K552 005 3% Do A3 eH 5 2 &b, LCA [Tk
WD, ZORKIEIX, EERED TN LR BRI LT WO T, 7 U T
VA7 VEIN5 ERET D,

% sk 3k k ok
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2B, 2019 FEERETIE EioA T L=y a VEEOT RLX —HEBIC TR
T — (JFUEHEE « IINAIHER5y) @ 27.9MI/kg Z 0% L T2 h3, 2 OfiiX PE
BHERE IR D TR L X —HEETH Y, IDEA 22557 % GHG HEH & I+
HLEETNAT L PESNTLEY, WRIFEREO GHG #iHE L Zr> T, £Z T,
RPECTETRIINF—0H b RS TR=INTTHEELETM Oz x L F—H
BREOHEWET L LICRET,
skook ok ok ok
(3) fi FH B[S

ML, MRSy AT LABERN LR LI,
(4) BEZFE « U YA 7 VB

AR B HYS T BB - U A 7V DEZ HIIUT2HEARET S,
@O pEFE TR

BAFS ST AR ED R A A L T2 O T, BEFRRFICHRBES 3 W s b, £72.
AR &5 CO 72 Eid, H—Rr=a— T VOBLEN LR E LR,

N—2 7 A D PE,PP BIIE DREIN A2 BERE TR & LT, = JRBEIFSE COBRBER (K
E L,

PE,PP DL D 522 E SN 5D & L CGHGHEHEZ LT O X S IR T 5,

PLA : I—ARr=a— NI D=8, BEERFD CO, BEHEIX 0],

PBS : [F] I

PHBH : [7] I-

PE : CoHs+30; — 2C0O,+2H,0

RYZF L lkg OBRBEIZK L, 3.14kg @ CO, ZHEH,

PP : C3Hs+9/20, — 3CO,+3H20

R 7B L kg OBRBEICXT L, 3.14kg @ CO2 ZHEMH,
@ VYA 7T
<=7 U7V A 7>

HHFEHNA T ATV RT7 4V NE, ARBRLETHLZLEBZEL, ~T V7T
NYHFA T NVENRNERET D,

Z T, EEREFEWMR T I AF v (PEPP) O~T U T YA 7T ak R,
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FIRIRLIEHAERL Yy MUEE TOENHERETH D 0.41~048kW THDHD T,
Hl 7ot 2% & Lz, FEY YA 7L THO ABS 5% Bt O—H & LT/N—
Vb y FNERAESEEAN Ly MEETOT —F X 4-53 IZRF[39], ZDT —
B HEBEI, A PE XLy MlE (10%RA) $TO~T I T7AT7r— BIIHE
EARAE LR, K454 150605,

[FaF4E]

ABSERER
1.00kg

b

0.04kWh 41

BEFRARS
1.00kg

0.35kWh

&5kca

EaRS

¥ 0.86kg
EfEE THEE i aBs ARSI IR~ Lovb
bk 0.20kg 0.70kg

BREE SR ARS A Lo fk
0.30kg 1 zonipe:

0.40kwh |

BEEHALUVE
—*  0.5%9kg

17keal

453 FIFS ABS @i % U YA 2 L LB Ly MEDET L

PE~L b
0.029kg 0.959%g
{2 F LD X ‘l ) o
i D 13 0.107kg | ~L vk EEL vk AU —
0.090kg e [10%EE) 1.066kg — o/ 3L/ BT
W [ i
1 M,
o.0akwh_| | 0.43KWh | B |
1 i 0.037ke |
* L
FEE B 0.48kWh
0.012kg [FEEE: 0.049kg

4-54 PEBEPE % 10% VYA 7V LI=FH~L v MEDET L

4-54 P LA L v NUEE TOEIWNE BT 0.48kWhkg TH O | FEFER D
7T AF 7 b OFARIEIEOBAWERLEE L, TFALL LTHEY LE
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Zohb, £Z T, K454 DFELy MbOETNVEPEDO~T U T VY H A7)0
TIHTICHWS,

W
R 2 PPl wh
007 9kg 0.853kg :
fihss 25 £ ¥ J’ \ ;
S 2 bR D.213kg | ~iLowk ik y el vk A —
0.208kg P RS L0BEkg ™ T T
[ ] - 1
! .
o.08kwh | | 0.43kWh | EEED |
I | 0.037kg |
% ) e —————— '
HEH T 0.51kwWh
0.024kg BT 0,061k

X 4-55 BEFE PP % 20% V) YA 7L LTef_ Ly MEDET L

Fio, WA PP XLy MUKE QOWES) FTO~T YTV 77—, BHHEELSR
BLURER, K455 3505,

Io7u—%HXLy MEOETLVELTPP O~7 U TV B A 7 VR HN
Do
UEDS ., 8 dTHPE 7 A NVLY AT ARIKDO~T Y TV 7a—F, X456 DL
INZET METE D,

TR{n:
A
1
BE_ | st
D.E:kg I 1.Dikg
€ ———-—-- - 0.0%kg 1
0.56ks s | . ]
ey . BE | 0llks| Zmay | i RE
fellE Lot o g [-' P EE SO
e N
1 I
1.06kg D.Dﬂkgi 1
L 3 - - . :
MR: 7T I | RaRE > {FM | I
TR —FILT 2 | 1.00kg |
n: TROEEHFIFAEE , l
RPUH 2L F S0 b e = - — |

¥ 4-56 PE 7 AL AHYE UH A LT m—
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<H—=n Yt 17>
FTAF 7 FREET S N 2017 ED T T AF v 7 HEFI R AR 4-12 D L 9
IZE DTS, [40]

F4-12 HHELTTAF 7O ) YA 7RI E AR CORF (AL : 5 b

>)
77 LR
|72 2019 4 JE
) AR E
HEt W
(2017)
MR(~7 U7
208 — 208
JLV)
CR(Z7 2 V) 39 — —
TR(P—~ /1) 503 503 503
BABER] 73 73 73
HRST 68 — —
&t 891 576 784
MR = 23% 0% 27%
TR AR =
— 0.87 0.64
()

ZDORT, 2019 FEFEETE~T VTN VA 7V ERFIRRE LW —2A
TlE, MR ®&ZFRH LT, TR OARFIHREZ [87%) LaiE L7,

KEEETIZ, XN—Z2F7A DT I TNV A 7L ELBREFHIRERELTND
DT, v 7 VTN HA 70 (MR) & E LT, H—~<1rVUH o127 (TR) OF
IRIHEE T64%) LRET D, i, 77 AT v 7 LB S O MR X 27%T
HO, NR=RF A UFHED MR F(10%F 7215 20%) & B2 508, BARF ORI HE D
AR INT-EEZ N5,
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— . T ANVDIFFERERT 7 4 VA E LT L URORMBEICHA SN GE1RS
<V UTO T772F y 7 GIRFEEREN ] (ZRE S TWD XD IZ[19]. FIH AR
DRBEE S DB /RN T T ATF v ZITHY T 5,

QPR AR ENUELS 72 & ZORA BN D —RWIIHERAIE I 5525077 2 F

Y IIE, =R =a— TNV THILINA T AT T AT v 7 2 RKIRER L. 7>
D, MEIFHTEENN L E T,

TR EEI G | —ARBEIEY DBRBEF I B\ TRERIICHEN & TH o 7B rIc
REEKEFET 20T, AHFMAERIT T0) ERADZLHTED,

LIFziE, B2RIHAER 101, [64%) O 2D F U FERICHhatd 5,

B x )L X —OFFIHICIE, PE #IEOREEE 46MI/kg, PP BHEDREE %
2MJ/kg, ERxE L. FEEEFMT C EMOMREKE L 2D LIET D, C HORE,
IRBEVARD A X MU TF—21%, LFOXR 4-13 5

ZZC. C HiOREEEIT 41.9MI/L. GHG #EHEI13H5E ) %5 3.79kg-CO2e T
HDHDTT. 7 ANDOBREET R VX —1F C BHORIET XL X —F2440 GHG
PEHI B AR (offset) TX D EHRTET D,

£413 BB LTO CEMOA LN R Y Tk

PEH & =XV
C HmHddE — 3% kg-CO2e/L
C H{hpABE —3% | kg-CO2e/MJ

M T s S AR RHE LRI D 7 HIERR

— . N—=AT A L5 PEPPBIIEOIFEREL LT, 7T AINMDITHNDLGE
HAEE I N DD O TO GHG HEHEITE 4-14 13T X 5 IC[37] BABERF D 3.14kg
IZEEARB BT/, &5, O TH 7 —ATIL GHG HEHEN /NS WS,
45 [HERE) 2% T 7 4 vV AHE+BEEYIOSI T (BRI ) 720, T7 44
Mig) L8725, 20D, HHERT7 4V 2TTRTREES L, 2D TOHLF]
MR EEERET Do LRRORMET, XN—=R T A L OERFEHFM OHZFI =R
#H L TGHG Hi EZRE T 2,
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#4-14 HNOA RN T —H

IDEA
GHG ki &
(kg-CO2e) —X
kg

X T = A R=2ZRMBE EOHIKI O 72 D IHEBAR

%) PLA N eBE s & LT O LRSI HED W T Co Rt SN %,
C3Hi02 + 30; — 3C0; + 2HyO--mmmmmmeeemee (1)
DF V., PLA1kg OBABEIZXT L, [1.83kg @ COxJ MPEH S D,
LU, RS TIE PLABRBERIZIZI Y — R =2 — F T LD, CO BHEH &
NIRWEHETHEE L TWAHDO T, PLA OBRBEITEY b7,

(5) HIERIRBE (L DRI AR EL

HIERIR AL DR LAREI L, IPCC DOF 1 IEEEFENDL AR SN, gl &He HwEH
THH SN TE 72, RFEETIE, £ 4-15410OFESMRIC R T HBH O IPCC OF 5 K
WEHE TR, LCA OFEREEFETHHSZ A SN TND 100 FFEEOFF
MALLRE A RS 5.

# 4-15  HERIRBEA L ORI LRI OHER

IR AR (SARD) MR (AR4DM)

R e T
UREERICEATROA  posmeR LoosmEE sooFmvein PIOSRESEIR MO0 SO0 RN
(GWPFan) (WP (GWPsza) (G Pao) (GWP o) (5 Pson)

- e Co; 1 1 1 1 1 1 1 1
ELar CH, 56 pil 6.5 7 5 76 84 1%
- v . . . .
120 310 170 il 134 153 2Ed dah
(mapme | MO
FRI L 5Fg 16,300 23300 34,900 16,300 22,500 3EE00 17,500 23,500
.'T—j.ll.-:{‘l:l]‘]—.‘lf._'.- PRCs | 4,800=4,200 | &,500-~3 200 ]I:’:‘ulé‘.;; 5007210 | 7,390~ 10,303 | 9,5200--14, 70 | 4, 280-~8 210 b30e=11,100

A FOZILFAON—R | HFCs | 460~9.100 | 140--11,700 A43~-8,800 A43--12.000 12~14.800 | 3.7~~12,200 15~ 10&00 A~-13 400

=T ErET! MF; - . . 12,300 17,200 10,700 12,800 16104

w1 EIEERIE TR RIE M TR S B AL SEN TS, SE. AUCONOHIELTHRCE WS ENS, BRC-157, HRC-151,
HFC-236eh, HFC-2 G2, HFC-245Fs, HFCXG5mic I, 2FCs ILC10FLANIRMZN TSN, AR SHENSeREmaTiongd.,

U IPCE SAR WG] Errata tahiad, 14, ARS WEE B tahkal. )

9 - B RHEAFL SR AR o [ DI D L R - B R L D R T 7 R

117



4—5—5. LCARMNR (A~ kUGH)

VAT LERO GHG it &' A, X=X T A D~ T U TNV Y YA 7 )LEE PE T
1% 10%, PP TIL20% &% E L, RGO —~< L U1 7 VHENFIRAELEEL T
lkg Wi HY THIR L7z, (i, X4-57, M4-58) ZOKIZIE, 2019 FED
Y=<V YA I NDHERF LI — RO T HRtdi L Th D,

G .
L MR T IS
{PESTR ClonEEFAFIA)
5l N | TREE =PI )L
Hoo : | (PEDMRIEIEEMESR)
%&:Ek’: . PE:NMR+TR N ;| FiFEde: £5A7
) 2 RIS pLa/pas N E
oo : : : : RASES: PLA/PHEH
r{ép 71
o
1L
0

0 IZI.IE EI.IJl IZI.IE EI.IB 1
N =T AL BRI

X 4-57 PBAFSE_X—Z2F 4 (PE) OFFY Y4 7 L mHIc kb GHG HEH &

B y
| MRS T ILL 2L
; 0% TR
. | TR =TI S,
ﬁ o2 i : CPROMRTEEF BRI
= g i | EEGR AR
n PEIMRE+ TR H
I _QD 4 H :
e BHFEch: PLA/PBS : :
38 f f L¥ : A% Sn: PLA/PHBH
<= :
)
oL
1

0 0 .IE 0 .Ifl 0 .IB 0 .IE 1
N =L DL DRI

4-58 PAFEGHERX—RAT A (PP) OKFEY Y1 7 V#EHIC L5 GHG HEH &
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BN, BiFEO PLA/PBS . PLA/PHBH @ GHG HEH & (X, PLA Hi{k X
DHREZV, ZHUL7 L M THSH PBS | PHBH XL v F® GHG #EH &2 PLA
FOHEREWVWEDHTH D,

N=ZAFADPEPPII~T VTN HA I NVEBELTL, b—~ LU A 7L
DHDEE L RE R GHG $FHEDOEUITFRO b olz, Thid, FEXEERE
TN DOFAENL Y MUIZET 223 L F—HBEEDN/ NS WD TH D, DF D,
RHIZHXL >y FAEET, ME LR CE DEERED N LO~T VT VYA
IWHEERTEBINTND Z EIZxHE LTV A,

BRI & _X— 2 F A 4 (PE,PP) @ GHG #EHHEZ T2 L, —~< P A7
VDB IR RPN 60%LAN Tk, BAZE MO GHG JEHEHI O R NS S5 08,
60%LL B CIZHIBZN R NGB i 72 5,

BH¥E LD TPLA/PBS] Tk B HITEZN R %2 [X] 4-59 (2. TPLA/PHBH] Zx%}9 5 Il
WA X 4-60 1ZRT,

2

| H BER&0cHeHLE

Y ;
M= ATAL DGHGHIE B

MR T2
CPEA0%REEHFIR)
(PP 20%EE AT

TR: =712
CRELIE R

[PLA/PBS | — A5
GHGHFHEZE (kg-cO2e/kgBlin)

RS meHGHHLE
A

M= AT DGHGHIE B

0 I:I.IE I:I.Ia'-l I:I.IE I:I.IB 1
NG =TI A DI ORI

4-59 [PLA/PBS] &_X—ZF A GHG HEHED =R
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8]

ARG henali B E

Y
M= AT DGHGHRE B

MR T P2
CPEA0REETFIR)
CPP 20 AT
TR: HH =72
CREL A

[PLA/PHBH & — A3/
GHGHFHEZ= (kg-CO2e/keBlih)

%S DeHGHIE B
A

M= AT MEHGHIE B

0 0.2 0.4 0.6 0.8 1
N =L 2L DEEhF A

X 4-60 [PLA/PHBH] & X—Z2 T A @ GHG HiHED =R

INHEORNG, WTNOBRG, XR—2AT7 A4 2B TH, =< U WP A 7L
DARFH =R 64% Tld GHG JEHEBEOHITEZRIZ WA, b—< 1 U A 7L DFZ)
I 0% TIT K& 72 GHG HEHEDHIBENR P3G B0 Z &N D,

Fio, R=RATA L O=T VT NI YA T VORI D LT, GHG HEH AR E
IRE R EE 523, HiEIZY—~ 1) 4 7 VOFRIARIKTET 5,

ARPEECTHE LY —~ LU A 7 VOEHIFARTOHERIL, £ 4-16 D
Iolzkashs,

#4-16 V=~ VYA I NVOFYFMAREHE LY AT L0 GHG HEHHIEE

=3 ) PLA/PBS PLA/PHBEH
TROBEZLHF A=) 0 064 0 064
1B F & 348 333

2N—=231 | PE|PP | FE|PP | PE | PP | FE | PP
(PE/PPY  |590 570|335 [ 312 | 590 [570 | 335 [312

KR

~242|-222|013 036 [-2.57 [-237|-0.02 |0.21
(1)-(2)
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4—5—6. LCAREMROT
AT CHE L7z GHG HRHAIREIL, TOHERICI YV EELZTH 2R LT
o,
- KEETHIET S PLA 7L 7 (/LD GHG HEH &
(PLA,PBS,PHBH @ GHG #FHHEB L7 L o FHE)
(BFE SR D~ T U 7 VY YA 7 VO R[RENE)
s R—= 2T A O R i DA DR R E
(=7 VTN YA 7R ==L U YA 7 LOHHHR)
VP A7 NVTRET LT e
(== UL 7 NVDRETarR, IV A7 1vORET vk XR)
LU, o8 L7z LCA R EZ Z L, BET D,

(1) fMLDBFFE & DL
<PLA <L > h® GHG #EHi&E>
= UFl VY —F&arP s M, BEANDXFELRL K 31 FE A A
TIAF Y 7 BN TERER e — R~ v TERICIR 5 BFeEB#mEE] (2020
F£3H) [RIOFTT, R41T DX, "AFTT T ERXR=RT A D GHG et &%
AL, L TRLTWD,
K417 "AFT T ELR=2F 1O GHG PEH ER (#)

1A TR PO GHGHE (kg-COse/kg-resin)
=1 B T s ES L 254 &< AP
(M fE D) (1) B (2) M8 | (3) BIRERE| (1) b
; - =) ¥ ] ;
I 4_?‘1:1}51“ PET 1.5% 229 1.79- 1.83
(735 V) MR () + (2) — (3) - (4) : 0262
133% 314 126! 0.13
ZAAPE | yppE i
(73 n) WA - 3.08
PLA . 1509 | 220 | 180®) | 000
- PET L
(A1) Pl - 208

ZDFET, PLA ® GHG HeH&E%, APEE T 1.80kg-COx/kg XL > b, BEHIRF XA
—ARy=a— IO 0] LERELTWS, HELARATH DA, NatureWorks
D ICHME30] RFEWULZ2 L) L0 /SR EE TR LTS,
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<GHG HEH D ERK >

FRIE, BREE AR S ORI R A HEER O — R E L THESNT [T A
F v VEREER ENA T T T AF v 7 ) [18]D72)T, LN EIBRRTND,

7T AT 7 BIRIEERERIE Tl TV D TAIR Z A fR e sER 2 &, = oF A B
76 —BNCHEAIE S 5 2B RN FRAF v 7IZiE, I—AR o =a2a— 7LV ThD
NAFY AT TAF v 7 HRERBHEH L) 1L, 4R FCEEOT 7 AT v 7 2F|H
THRY, NA AT ADHEANERNPIR, £lo, NA A~ ARKRDT T ZAF v 713K
BELTH CO ZHEH LW & B o8k a . AN HOBLENEE X HXE, 261
BEHIMNAHE L R D RBICNA A~ AT T AF v 7 HHATHZ LICBERD D,
JRBE & 72 D3 A A~ ZEED IR K ERIESE, 77 AF v 7 DEET o E XD
THNF—{HERE ZOADOMEICS BEMITL0LENRH D,

AEETIL, HEKRBRLOFEMZ B9 & L7 GHG JEH&EHIBA D > T\ b
R, NAF PE D LCAFFI TR O K D IT, KEFRIHE & HHATIZE S GHG HE
HEZEICHERTRETH L, ZOLH 72, =xF—E RSO GHG HEH<PK
HBERLEDBRE 7y P TV FaRETHILH, ABROMEL 2D,
DICAREETIE, b=~V A 7 VDA HRE 2 OFGE LIzt & Feli L
e, 7 4V AHETITBERAD AR & R D 7 — AR NO T, AFIHFIL T0) L%
ETHIENRYTHD LHREINS,

<PLA O & U YA 7 ViifntE >

AEETIZ, PLA 7Ly R7 4 VLD T U T Y YA 7 UTERE L TR,
=2 UF] V=T &2 P L8 o MIBEE ~OWEE[42] T, PLA DU A 7 Vil
FEDRFIOH T, PLA OMiEE U A 7 VA %K 4-18 D X S IR LTV 5,
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3 4-18 PLA O E U YA 7 LiiFarE

FHHRL—F A 2L
BRAE (S —F. 5 A2 ILISIES T, Hifi
SRR FOhITS [ZIZFhiL)HA49),

FEE.EJD M)A o LIZIZEET . o3h
J| PV o o N ) PO o el e o 55 |
i3 —EE. oIk HEE, fEER BV TEEUR (T L
F—1)hsR)—)
BEECILF ER.EIS o ARt R Y HARIE .
-3 o e = P B o B
BmF-ELLMR EEBYNED EKEERShAEEROLE, S
ERE,.EBIS HILUH A4S,

[FlAIE, PLA TR TH VO | BVETEBRAAIREE DMK < L #EHY 1 7 L DBRE D
SN2 T MEH) A 7 Ml S T EHARICE > T I ¥4 70,
R ETITRAISND EREL TWD,

ZOWEBHEZX RN L, PLADY YA I LOT D & LICHRFTTRETH D,
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(2) RS SR

1SO14040 THE XD LCA OTFNEE L TOMROERETIL, fERICKX 7B %
FIETEBIZEB L, EOREOREND L ONERRT 5, LTIk, EERR%
a5,
<NR—=ZRFA4 DT IUT NI YA TS

4-56, 4-57 T/ L7z GHG HEHi & D Tld, BAEMME =2 PE10%, PP20%
DOFEMTTGHG HFHE AR E Lz, LTICIE, BESHEE LT, PPOYT U TV
U A 7 VRIS 20%+10% DT 2T A2 KD GHG HEHH B2 RE T 5,

Z DFEREFEREHANL TRRE L 72 30% & KR 5, (X 4-61)

E

5 | MR TFUT LI 21
g : (10,20, 30%FE TR
[ﬂmﬂﬁ 5 L. e TRU =AM 5
Hos | (PROOMRREER IR
i 2 G
¥ :
g ;ﬂ FH®S: PLA/PHEH
55
Ik wp PP: MR+ TR
[, = 4 10%
o v 20%
30%
1L i
1]

0 EI.IE EI.Ifl EI.IEI EI.IE 1
NG =TI AN ORI

4-61 BRI EX—AT A (PP) OXFHY VA 7 ViwEHIZ L5 GHG HEH &
ZORNG, =T VTN YA T VRO FAMFI A, FEREENL TRRE L 72 20% 75>

SEI0%EE L7 — AT AT ALKO GHG HEHEICRITTEEIIH H8, KX 72
WA RIT S 720,
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(3) FRAR

Z DREERROTZDDET NV TIE, BEMOEIRIZL5MEELEBEL TBLT,
X 4-62 O KD pMEZbOFEH] (AFFAEMIC L DWHHOMIRT) b@EINLTND
[43], ZDORMNG, fEfmtER ETEVWOSH S PP & ABS O EH 5 TH IR RN 5
LBNTNWDLZ END, MR FOEBRICL LT, N—T 0 L FAMDIRE AW
ToMMELELA LTS, BIREO~T U T AU S A 7 VEAICELTYH, Btkomk
RN ENTWVRND T, LCA BHTORRATH 5,

10 20

2 A 1

-

w

w

S

=

& e PP

=

g — @ PP(UV-12h)
(‘\é = === ABS

PPOMEEICE T ZLARILFE— MIm?

0 20 40 50 a0 100
BEmORESE (wik)

X1 4-62 FAEMDIREAHR L PPABS OW{H O D BIFR[51]

Fo, FBAEBBITLIOR LD ICHM TR SN TWDTHENH 5[52,53], il
Sik. BEVHICHIH SN PP BESHAESH TV —R LRSS, 72, E
FLOHAEBEDMEDREL 53> THR,

INOHEROYT YT N7 =W TR CE R -7 DT, AfEHE CHEM
L7 LCA DIRFATH Y, SHOMFIRETH 5,
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4—5—7. LCADEELD

PR THD IPLA 7L RT7 4 VA BLOWR—RT A &g LT HIBE %
LCA FIEAHWTHE LIz, 2, X—=AF A4 O~ T VT VI H A 7 0E LTHAE
PE,PP DIREHRZFRE L., Ttz BEREHNL & 3RE LTz,
HHRETHEEENT TV - HIERIRREL

< BN kg Y DT 4 VA TA 7 L—3 g URES

c N=2TA DT VTN YA T

PE : 10%. PP :20%

- HERE  EEERETIIRSH T 4 v A L U TEIEATEEZ: PE,PP B & [RI%LL EO KR
cBARMDO~T U TN T A 7R HEEEICHLOT, 7T V7Y A 70
72N

PEEBEFE A x5 &9 2 AR RS . FAEMAIRIC X 28 O B, gD
WREEL —~< L U B A 7 VOFDFIRRR EA2ER L, LR OMRERAIZHESL &%
7 LR O GHG FEtl &2 FE LT,
Z OfEF. “HEOBHFE MO GHG HEHHIBENR, —~ v U %A 7 L OAZFIHRIC
REBREELEZT D, 74V LIHBOBEERORECH 2L AR S LEHEITE,
ABAFEmOE ML K& 72 GHG BIEZNRD & 5,

RE. FEM OEHMFS T 5 31 4 PBS X° PHBH @ GHG HEH B3 SCHRFA A O f& 5.
N=Z2F7 A LD HERENZ EHHEHITE 7,

Fo. R—=R T A OFAMHAH 2 +10%288) S B 7 @ SR O 8. BHAM ORI H
21X, GHG B BT MIET 2T/ NSV, L L, BAEMORAIC X 29K T
IR SN TWRNWD T, KOTORRTH 5,

AHROFBEIT, LLFTO LB TH D,

CBRERO=T U TS A 7 ORI Z R L7 GHG HIB) R O E B
» TV RSO GHG JEHCKIHT 22 EOBREL Y » 7Y > b O
* EEROM IO X F—{HE 2 G DT —F 2 mtiEL S 72 LCA DS
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T VT NY A TNEUNAD Y YA 7V ONET v A DORGE
s BROT T AF v 7 U YA 7 IR E KB L 7= LCA D5
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4—6. F&¥
[PLA 7L F7 4 v ] @D COx HIBEIZ DUV T LCA FE 4 VTR L 72,
2019 FFEIZIX, PLA OSCEAFAAE RS L OVGHG #EH &% v U ARNciRE L, X—2X

T4 L72% PEPPBIEDOY—~ LU A 7 VIO FGFIHFIZHER LT, R ET

DV AT LARKO GHG HEH 23 L7z,

2020 AN, WEAEREFENE L7- PLA @ GHG e EOEAE, £/ 1 4~ A5
® GHG #EHH &4, PBS,PHBH 7 L'> K7 4 )L AD LCA, X—AF7A L DO~T 7T
VYA I NEBEE LR AT A0 GHG HEH &I RIT T HEB A Rat Lz,

ZORER, LT OREN G LT,
(DN%ﬁf?x%y7aWMG%M%@ﬁ$wW%€@%Qﬁ%w@T\%Ebty

AT LEERICHE LT — X 2 RET DL ENNETH D,

(2) MM TdH 5 PBS, PHBH @ GHG HEHi &L, SUFAADOFER PLA DZiL LY
KREW,

(3) X—RA T A D PE,PP BINEAS, PEZEFEFEM IO ZINZE I 10~20%D i AERNED ~
FTUTNIHA 7 IVEN, BN =< P A 70 ST 5 CREREHINL 2 7%
E LIRSS, PLA 7L R7 4V A0 GHG #EH&EILX RX—ATF A4 D7 4 )L A
DIRBE S D SR TIVRE <L COHIERE 1A R E W,

L. UTERFEIZL TV ZEBRMETH D,

- HFESLO~T VT YA 7 O EEMEZ R L 7c GHG HITBZIR O & &1k
- TRLF—ERLSNO GHG R KIEE R EDBREE T v Y o h ORgET
- BEOMTKEO =X NVFXF—{{HEEZFZO T — % ZmksE{b S 72 LCA O FEli
T VTNV YA T NVLND Y YA 7 NVOREET 7t 2O

c RO T ZAF v 7 WA 7 V% KB L 72 LCA O i

FDD, FitOT7 =270t A2 L0 EEAL COoMMrT 22 EREEL D,
I BT, BARR A FRIZHIL L7 LCA BBV ETH 5,
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4—7. BZEILHK

[IIKRBRZ: - IR B bR 2 WS BEE I LD PLA 7L K7 4 L A
DORTE | (TR D TV WA 7 A% B LT- GHG HIBZER, FEEOT A4 710
VRt ZRREEF AR SREE. 2019 3 1

RIBARTZ7 AF > 7 T8 ©  http://www.jpif.grjp/ & D AT

[3]35?&1345?1%‘%% . http://www.jpca.orjp/ & ¥ AF

[4] ALY A 7 VS FEIRHEE © hitps:/www.jepra.orjp/ L D AF

[517° 7 AF v 7 ALEMEER 2« http://www.pwmi.or.jp/ L D AT

(6177 AF v I RJawclZ&E ) A 7 AWMt RS « 77 AT v 7 LR EHEQ2014)

https://www.meti.go.jp/policy/recycle/main/admin_info/committee/n/12/youril2_ap09-01.pdf

[7IFERML S - FED A 7 VERREE S0 2 FEA (2020)

[8]/%7 Y = 7 : http://www.panasonic.com/jp/ & ¥ AF

[OIFRIEFESES . BREEE - BB Y oA 7 L08R (Sf248 H 19 H)

https://www.meti.go.jp/shingikai/sankoshin/sangyo_gijutsu/haikibutsu_recycle/jidosha wg/
pdf/048 04 00.pdf

[10] FBEALAL : https://www.udakasei.co.jp/ & W AT

[11] [E#2 : http://www.kuni-matsu.co.jp/ & ¥ AF

[12]7 /v : http://naruse-fukuro.jp/ £ ¥ AF

[13])I1MBPEZE ©  https://www.eco-kawase.co.jp/ & D AT

[14]BR B4 AR A 3R FAiT » AT L DAL FEEIT T T2 B D A 7 Vi~
v TR E R, PRk 28 £ 3 A

[15] B—HR> 7 hF V> haa=4— 3 : https//www.cfp-japan.jp/ L W AT

[16] =X « = A « 7T AF v 7 . http://www.mmplastic.co.jp/ £V AT

(7BREEE - A AT T AF v 7 HAn— N~y Ziais (683 =) &k 2020.11 H
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AT PLA T Ly K7 4 L MBI 2B & Tisiids (RIEPESE (BF) )
5—1. = MREICMITo=— X8 (ENIAOEBMARL RO S)
BRSO ERED T DIIZ SR TR == ARBETH L NS, NA F~v AT
FIZET 5 AARENO BT AR 2 T~

k7 A U D43 Covanta 23, 7 — AT A (Z[AF T, 2000 ADT AU B N &XRITAT
otz VYA 7 VBT 2 ERE

HER>

s DA 7 NCHT HFARE T, VA 7B ELATA T RO TIEZWnn b
REZIE L TWDT AU T ANT62% Th o7z,

DY A TNRRRT AT LZ2) A7V L TWDEDITDOT N 31% T, FHTIE, U
YA TNVARMEOH LT AT LA HIZ5 DT TN D,
s ED—FT, 0% My bR MVOERZBET, 29% 03T T AF v 7 A r—0ff
MZkET TV D
RIS T A2E#ITEmWeD, b LI IBRDOEFEEENL RO L0 bEmnh

N> THEDRNEEZTNDHDIL83%., TDH 5 15%IT4EM 6000 KLLLED
B L THRER RN EEZ TS

HE: 77108 - Vv v braTH e EFRRia Y v hrar &k

* HARTSE00 DB FRYZNA A~ Ab LATESIET T BRI ER LI2ER, 2R
N7y X EZETRDODONL N2 ZHT 7 — b
LR

- PERIE Y TRTAIVUTEEA L 72V 1 24%
*5HUP ETTHITWEALTHLEWY : 11%
10 UP ETTHIITEALTHEV 1 20%
c 20 UP ETTHIITEALTHEN : 11%
*30 JUP £ TTHIUTHALTHEW : 6%
*50 JUP £ETTHIUITEALTHEN : 12%
*51 ML EUP THIALTHERW : 7%
OB 9%
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LLED X 91z, AARENTIERECK & g U CEREERMBIC ST 2 BRI L3 L b
< 7R A MK L TUIRENRHIRZ N TWD Z ERbnd, D7),
BB A A R S H - TH D L0 ) FRROATITEEE OIEE BN LI
RRBRNEZZ BID, FFIZ PP X° PE ORI X RBMENZ L b A, F v R
AN E SR TBEORIESEIL LD REWZ ENRTRSNDL 2D, S 67225 EMIN
e DTS MNELEZ D,

5—2. aYyRRFZ T NVEICET HE (¥4, Thantawan L85 IZ- DUV T)
LCA DOifii 72 EMv B | BHFE A D HBEBIZI W T, PP X PE DE X i 2 JHIRD 72
57, AESRIEICE DWW B A R AN D BN E U, 2O X9 5 &
5, BURICKIT 2 2 R A 2 7Vl OFFRE K OB AR G OMERE 72 LI 5
BE(THoTm, TOBEFE LT, ¥A D Thantawan LD PLA ZJFEE L7z R A
2 7NV OER 2 LUTIZRE T,

THANTAWAN

INDUSTRY PLC.

Compostable Product Presentation
100%

COMPOSTABLE
Products
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Why Compostable Products and Facts g

¥ Conventional plastic degrades in more than 400 vears and plastic waste
is increasing everyday

¥ Global warming concern since Kyoto Protocol {1997} and Paris
Agreement in 2015 in COP21 Sustainable Development Surmmit
v Single Use Plastic Ban becomes worldwide trend
"Compostable Products” is the Sustainable Solution.
+" Can replace conventional petrol bazed plastic
¥ Eco-friendly and Renewable
¥ Organic recyclable [PLA material)

¥ Compostabilty in industrial compost plants or in heme compost
¥ Increasing Opportunity 1o reduce landfill space

Cycle of Compostable Products i

cOR oy

COMPOSTABLE
Products

o)
H ]
- elo'-“,‘s:j
Comparisons: O
Degradable vs Compostable Plastics
{Oxo} Degradable Flastic Compostahle Plastic
+ |t is plastic with additives * Made of natural plant starch, and da not
= Mads from plastic with other chemicals produce any toxic material. Compaostaila
added (including heavy metals) that cause bags break down readily in a composting
the plastic to break down and disintegrate system through microbial activity to form
owvar time when expasad to sunlight 2nd Campost
heat, = Consists of
* Mot compostable * Disintegraticn
» Break down into hundreds of tiny pieces of » Biodegradation
plastic ar MICRO Plastic * Mo Ecotoxicity
= Low Heawvy Matal [Chemical
Compaosition)
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Bio-Based Plastic vs Biodegradable Plastic 0|

Bio-based Plastics = rmads of o cuntain ransseabils rasc.or s

Ellndagradabla Plastics = degrade by naturally occurring microorganisms such as bacteria,
funge, and algas b yeeid waber (HLO ) carbon deccode (200,) andior methans (GH, ) bomass, and
INOrganic compounis.

Compostable Plastios: FN13452 EMN148085_ ASTHM DAEOD, 1501 7088, AS4738, TIS1TORR
Cenfrolled condrion: SOV
= Disovtegration: deosong@esed e Gy Disces (InE mimiin 12 weeis
+  Biodegradabon: 2900 broken down by Diolegiodl ceotion inmd G0, wealer, aind mirkenal «3dvin & months.
+  Fuuloxiuily

v Chamical Coemposilicn. solatia matier, hasey matsin (S, Zn, W, Cd, Ph, He, O, Mo, Ga, Ax)oand flaocines

() SoMrosTABLE @:’N\ v | &
BPl. Do e E4 H-sam.

Our Compostable Products’ Key Features a

All products are
certified for
Compostabilty

100% and Fully Made from Renewable
Compostable Material haterial

Ower 8 year experience
Straw and Food bag and our products are
Products are Food commercialized in the
Contact Certified U5, Australia, EU
markets

Our Product Application vs Compostable Material £

Raw Material : Compound of FLA Starch FES PEAT
[mon-starch]  [with PBAT, or PES}| {non-starch) | (non-starch)

Product
Carrier Bags

Trash Bags / Garbage Bags/Poo Bags
Planting Bags

Gloves
Zipper Bags
Zlpper Tape
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Product Category and Capacity a

Compostable Food Bag,
fipper Bag, fipper
Tape:

00 tansfmonth

Cormpostable Nan-Food
Bag:

300 tons/manth

Compostable Straw:
300 tans/menth

Total Capacity: 900 tons per month

109% Compostable Product Lines a

£ \
dam o
B w =
B oag i 2 M
“ i - R
EEreaes Sl ftae - s

Compestadle Zipper Bag  Compostanle Carrier Zioper Bag  Compestable Glove  Compestable Pastic Sbaw

10x PLANTING

>

o it e

M Corrpostatia Panp Bag

CONSOSTABLE 100"
He.

- . TITTT
o

gt =

o AT

= Lo 10x pLANTING

Composlaoke Planting Bag

Compostable Garbage Bag
THANTAWAN
INDUSTRY PLC.
] 000/ ¥ Food Contact Compliance
i v Straight straw, Flexible straw, Spoon Straw
COMPOSTABLE v With or without paper wrap
Plastic v’ Diameter; Outer Diameter S mm., 6 mm., 7 mm,
¥ 12 months shelf-life in normal condition storage
Straw v Suitable for cold heverages

o

e ) ¢

60" <» '
Drs .,
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Certified Worldwide Standard THANTAWAN

« 54 — ASTM DEA00-99 , ASTM DGREE
* Europe — EN 13432
« International — 150 17088

‘ (i
COMPOETARLE
L | (33
i

compostesrtaar
T

LLEOEEING B 005D Lo, BURO a2 R & 785 o Rk & U CEEIRA
Hp A hm—0, BEEARMHRE L Loy 7 PR, IR ENFTOND, D
MR ZARFEOHBELTITOHA. ZhOoDBFERL LD a X Mg LR DT
D, ST T TIER VA Y v hoREEL RO BLD,

SHRBEIE/RE, N A~ AT T ATF v 7 ZiEH UTZBHFERE O HESOBMATF &
YRR 24T 5 Z & TRHIE M OB S 2 R, £/o, ASEFIIRE < ZEDV kil
TWLZ e, N F VAT T AF v 7IZEET 5 R e E~OS N0 FAE B
D=—=Re T U ZIThilkke L TIT O WEN B D,

I

k=11

5— 3. JUBHEMRIARRIOMENL & EH LTk 2 HAEE

NA T AT T AF v 7 DANFENREREEIZ 2> TND 2 END, BRI ARE] DT
AT o7, PLAIZOWTIE, B0 EFTEOELEFEENAONDLIZ L HH D,
L EMAS ST DRGSR S TE 7z —J7 T, PHBHIZOWTIIAETLTH LA XA
NS OHHE R ERITIEL LTV DRI TH D, Z DT, ARSI E HAG 2
FIAEND EDOMDESRIERE (PBS 031 4 PE, PVA72E) IV 7 M D005
NdHDH, £7-, 5 —2 THAE L2 ARA MHARIIBW L, #EHMEIIRD 57,
Y 7R & H AL COESRIENRRD N Z b, ZThWHE HIEEEE LT
WAL OREHctETie 2 & &35,
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5—4. £&

AEEN DR L TAA A~ AT T AF v 7 ~D=— XD E Y 22T 12RO
ZEMRE WV OREITKARE LTSN EETH D, —FH T, ENTONRS <X
TIAF v 7T HEEEBERITELET RN EFE 2 60, ®i & Lot
la @b INERH L, L0, BEEROSOCEINCFEEAEERE CTHLT T ETO
PEen R b S BRI AN D LER D D,
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