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Summary

With the aim of increasing the use of biomass plastics, we have started a new project
producing and demonstrating polyethylene and polylactic acid derived from pulp that is
provided domestically.

In the previous fiscal year, we demonstrated the basic design of a tester that converts
ethanol into ethylene to make polyethlene and a method of ethanol purification that meets
the quality standards for ethylene production. For polylactic acid, we demonstrated lactic
acid production and purification using pulp as a raw material and actually produced a trial
piece of polylactic acid from the obtained lactic acid.

In this fiscal year, for polyethylene, we scaled-up of purification of ethanol that was
necessary for polyethylene synthesis, studied ethylene sample production by outsourcing,
and conducted a preliminarily study of bio-polyethylene synthesis from ethylene gas. In
the case of polylactic acid, we improvemed lactic acid productivity by studying the
nitrogen source and a metabolomic analysis, a study of scaled-up culture in a 1000L jar,
and studies of lactic acid purification and synthesis condtion of polylactic acid.
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In LCA analysis, polyethylene and polylactic acid were re-compared with existing
petroleum-derived polyethylene and corn-derived polylactic acid, respectively. Then, we
estimated the CO, reduction effect more precisely than what we estimated in the last fiscal
year.

We have determined a method for evaluating the recyclability of our bio-polyethylene
samples, which are scheduled for next fiscal year, and have investigated the situation of
bioplastics producers and the target product segment for bio-polyethylen and polylactic
acid.
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121-Lot3 10kg 78.3
78-79 110 60
79.7 81.2 Fr.10 90
%) ()]
4.9 10,200
Fr.1 94.8 20.5 110 100.4 78.7
Fr.2 95.4 19.5 110 100.6 78.9
Fr.3 95.2 42.8 110 100.9 78.9
Fr.4 95.5 40.8 110 101.2 78.8
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Fr.6 95.4 41.4 110 101.5 78.8
Fr.7 95.6 41.4 110 101.5 78.8
Fr.8 94.5 43.7 115 101.6 78.9
Fr.9 90.6 26.8 115 101.5 81.2
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2 L60

1L 60
Fr.3 9 92.3% 262.1g 78.3
79-81 110 125
79-80 Fr.2 95%
1L 60
) @
92.3 262.1
Fr.1 93.8 16.6 110 79.8 78.4
Fr.2 95.2 16.5 115 79.8 78.4
Fr.3 95.7 15.9 118 79.9 78.5
Fr.4 95.2 15.7 118 79.9 78.4
Fr.5 95.5 16.1 118 79.8 78.4
Fr.6 94.7 16.3 118 79.9 78.4
Fr.7 95.3 16.0 118 80.1 78.5
Fr.8 94.4 15.8 118 80.0 78.4
Fr.9 95.1 17.7 118 80.0 78.3
Fr.10 95.3 16.8 120 80.3 78.4
Fr.11 94.5 16.5 122 81.1 78.3
Fr.12 95.3 16.0 125 86.5 78.3
Fr.13 95.3 13.7 140 80.9 62.3
89.4 41.6 150
60 GC
Fr.3 13 5.7
Fr.1 2
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Q@ 1L 10mL

) @) 1nL
3) @ 0  1000mg/L
n- n-
HS-GC/MS -

(1) 0  1000mg/L 100p L
(2) HS-GC/MS(HS 80 20min)
1) 100p L HS (20mL)
(2) HS-GC/MS(HS 80 20min)

10mL

Agilent HS-GC/MS HS(7697A) GC(7890A) MS(5975C)

GC DB-HeavyWAX 30m 0.32mm 0.50u m

200 30psix 1.5min 1 6
He 1.8mL/min
OVEN40 (10min)-10 /min-260 (8min)

MS EI + m/z 30-500
230 150 2

HS OVENSO LOOP90 LINE150 20
GC/FID

D) 0 1000mg/L 2mL

(2) GC/FID

(€D) GC 2mL

(2) GC/FID

Agilent GC 7890A
GC CP-PoraPLOT Q-HT 25m 0.53mm
200 2u L
N2 2.0mL/min
OVEN40 2min  -20 /min-260 5min
FID 260 H2 30mL/min Air 400mL/min

40

70eV

20U m

10000mg/L

N2 25mL/min



Fr.4 13
ppm

<30 <50 <80 <20 <20 <10 <50 <100

Fr.1 970 938 1110 <12 <0.8 <0.8 43 <40
Fr.2 107 410 188 <12 <0.8 <0.8 23 <40
Fr.3 39 169 27 <12 <0.8 <0.8 17 <40
Fr.4 19 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.5 12 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.6 8 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.7 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.8 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.9 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.10 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.11 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.12 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.13 <7 <39 <9 <12 <0.8 <0.8 <8 <40
8 <39 <9 13 1635 27 <8 990
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60 2 50
10 2
50
1 50L60
60 50L
78.3 78-79
140 60
Fr.14 78.3 80.0 Fr.15 90
(D) @
4.9 50,020
Fr.1 96.9 37.0 140 98.3 78.3
Fr.2 95.2 36.3 140 98.6 78.5
Fr.3 95.4 161.6 140 99.0 78.5
Fr.4 95.6 158.8 140 99.6 78.7
Fr.5 95.9 155.4 140 100.1 78.8
Fr.6 95.2 152.4 140 100.1 78.8
Fr.7 95.4 157.7 140 100.6 78.8
Fr.8 95.6 155.2 140 100.7 78.7
Fr.9 9.1 156.7 140 101.3 78.9
Fr.10 95.5 157.2 140 101.7 79.0
Fr.11 95.5 156.0 140 102.1 79.0
Fr.12 95.4 154.4 140 102.2 78.8
Fr.13 94.9 158.2 140 102.5 79.1
Fr.14 90.5 36.6 140 102.6 80.0
Fr.15 81.2 37.8 140 102.6 83.2
0.0 47,800
GC
Fr.1 2
Fr.3 13 5.7
Fr.14 15
20
Fr.3 13
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5L60

5L 60
Fr.3 13 95.0% 17019 78.3
79-81 110 125
79-80 Fr.2 95%
(%) @
95.0 1,701
Fr.1 95.7 41.7 110 82.0 78.5
Fr.2 95.9 36.3 110 81.9 78.7
Fr.3 95.3 35.5 110 81.9 78.6
Fr.4 95.0 76.6 110 81.4 78.7
Fr.5 95.2 77.4 110 80.9 78.5
Fr.6 95.1 7.7 110 81.0 78.6
Fr.7 95.2 159.6 110 81.1 78.6
Fr.8 95.1 159.6 110 81.3 78.6
Fr.9 95.2 161.8 110 81.5 78.7
Fr.10 95.4 163.8 110 81.1 78.8
Fr.11 95.2 162.5 110 81.3 78.8
Fr.12 95.5 160.9 110 83.6 78.8
Fr.13 94.8 164.1 110 80.4 78.7
Fr.14 94.1 71.4 110 80.2 78.5
Fr.15 95.0 23.4 140 83.4 78.7
Fr.16 94.9 36.2 150 92.8 78.5
Fr.17 94.9 6.3 160 101.9 78.0
0.0 37.8
60 GC
Fr.3 13 5.7
Fr.1 2
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Fr.6 17
ppm

<30 <50 <80 <20 <20 <10 <50 <100
Fr.1 354 15208 833 <12 <0.8 <0.8 17 <40
Fr.2 255 3199 126 <12 <0.8 <0.8 10 <40
Fr.3 168 933 53 <12 <0.8 <0.8 <8 <40
Fr.4 128 379 19 <12 <0.8 <0.8 <8 <40
Fr.5 180 77 <9 <12 <0.8 <0.8 <8 <40
Fr.6 23 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.7 9 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.8 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.9 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.10 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.11 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.12 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.13 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.14 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.15 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.16 <7 <39 <9 <12 <0.8 <0.8 <8 <40
Fr.17 <7 <39 <9 <12 <0.8 <0.8 <8 <40

14 <39 <9 12 389 <0.8 11 <40
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60 2 400
50 2
400
1 400L60
60 400L
78.3 78-79
120 60
Fr.8
78.3 80.3 90
D) @
4.9 400,500
Fr.1 95.3 4411 120 100.6 78.3
Fr.2 95.7 1,013.4 120 100.9 78.3
Fr.3 95.7 1,681.1 120 100.9 78.3
Fr.4 95.6 2,425.6 120 101.1 78.3
Fr.5 95.7 3,045.0 120 101.0 78.2
Fr.6 95.8 14,725.0 120 101.2 78.4
Fr.7 95.5 15,276.6 120 101.3 78.7
Fr.8 93.6 15,855.0 120 101.3 80.3
Fr.9 87.1 16,480.6 120 101.2 92.6
Fr.10 60.8 17,370.3 120 101.1 97.5
377,919.0
GC Fr.1 2
Fr.3 8 5.7
Fr.9 10 20
Fr.3 8
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50L60

50L 60
Fr.3 8 94.5% 14827.99 78.3
79-81 91 98
79-80 Fr.2 95%
) @
94.5 1,701
Fr.1 94.7 84.1 91 81.4 78.3
Fr.2 95.5 219.5 91 81.0 79.1
Fr.3 95.8 323.5 91 81.3 79.2
Fr.4 95.6 332.6 91 81.1 79.1
Fr.5 95.4 338.5 91 81.1 79.1
Fr.6 95.9 345.3 91 81.3 78.9
Fr.7 95.6 292.3 91 81.2 79.1
Fr.8 95.7 320.4 91 81.2 79.2
Fr.9 95.9 313.3 95 81.2 79.1
Fr.10 95.6 340.2 95 81.3 79.4
Fr.11 95.8 313.9 95 81.3 79.3
Fr.12 95.9 348.2 95 81.5 79.1
Fr.13 96.0 298.0 95 81.3 79.1
Fr.14 95.8 341.3 95 81.3 79.1
Fr.15 95.7 1,490.7 97 81.2 79.1
Fr.16 95.4 1,526.9 97 81.3 79.2
Fr.17 95.7 1,471.6 98 81.5 79.3
Fr.18 95.5 1,618.2 98 81.8 79.1
Fr.19 95.6 1,506.1 98 81.8 79.0
Fr.20 95.2 1,527.9 98 81.3 79.0
Fr.21 95.4 1,193.5 150 90.1 79.2
0.0 190.2
60 GC
Fr.3 13 5.7
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Fr.15 21
ppm

<30 <50 <80 <20 <20 <10 <50 <100
Fr.1 2,701 14,268 | 1,4187 6 <4 <4 414 <40
Fr.2 1,781 5,501 | 3,457 <6 <4 <4 189 <40
Fr.3 292 3,362 | 1,302 <6 <4 <4 141 <40
Fr.4 47 2,595 613 <6 <4 <4 130 <40
Fr.5 18 1,763 245 <6 <4 <4 104 <40
Fr.6 13 1,197 190 <6 <4 <4 83 <40
Fr.7 12 860 53 <6 <4 <4 64 <40
Fr.8 11 770 31 <6 <4 <4 69 <40
Fr.9 10 500 15 <6 <4 <4 58 <40
Fr.10 9 402 9 <6 <4 <4 54 <40
Fr.11 <8 275 <9 <6 <4 <4 46 <40
Fr.12 <8 159 <9 <6 <4 <4 37 <40
Fr.13 <8 104 <9 <6 <4 <4 31 <40
Fr.14 <8 67 <9 <6 <4 <4 20 <40
Fr.15 <8 <39 <9 <6 <4 <4 <8 <40
Fr.16 <8 <39 <9 <6 <4 <4 <8 <40
Fr.17 <8 <39 <9 <6 <4 <4 <8 <40
Fr.18 <8 <39 <9 <6 <4 <4 <8 <40
Fr.19 <8 <39 <9 <6 <4 <4 <8 <40
Fr.20 <8 <39 <9 <6 <4 <4 <8 <40
Fr.21 <8 <39 <9 <6 <4 <4 <8 <40

31 <39 19 <6 2,274 33 <8 447
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0.1 0.5MPa 60 90 1 2

=%

B

= P

3 3

)1

Eamn

RILTFL EARG
4-15MPa IFL./0.1-0.5MPa
60-90C
1-2h
0.94g/ml
0.943g/ml
0.95g/ml
g/ml 0.918 0.932 0.943
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E(E %), A28 (0O %)

PLA

NEDO
L D
No.27
No.31
1000L
COOH = HOOC
C- .
: H H-C
HC™ CH,
OH HO
L D
100 — 2.0
a0 [ | 1 1.8
80 I } | 1.6
70 1| 1.4 =
| :
60 { | 12 S
C;
50 1.0 g
40 0.8 ﬁ
ag
S
30 t 0.6
20 | 0.4
10 0.2
0 0.0

30C 40°C (50°C 30C 40C 50°C 30C 40C 50C 30°C 40C 50C |30C 40C 50°C

No.3 No.4 No.8 No.27 No.31
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30L 120

10 20 30
2000mI pH 5.0 3%CaCo03 250rpm
No.27 50  No.31 40
120 3
50 No.27
50 40 No.31
.20 -
& 18 -
16 -
14 -
® 12 -
i; 10 -
8.
g6
- a
£ B
0 + . ' ’ .
10% 15% 20% 10% 15% 20%
No.31 No.27
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No.27

30L 0, 8, 16, 24
CE/MS
10 2000ml pH 5.0 3% CaC03
250rpm No.27 50 No.31 40
AR5 A MEHE (REY 5:8) CE-MS
v nERTE#
2 w2y 1,500l AY /=i . »e
Aar ni.ox10'@ " » .“Hl‘;l‘?’:---( 1,100l
IAA—EMT —n
— - ——— —— —_—
" ik qUEs M N WEEREIAC :
noet 28 ,+_)3
N
BLER
- -' Iim‘ x4 !ﬂ.l_“'_;._' ]
%) i SN | || VTR <
—— ———— i —_— e ———
! | A If .-
L 1.0xg. 4, 3% b 1% Ney £7 254U
v HCTRT
1Tk e FRATAANET.
PRFITHANT AR
3 50
No.27
50
40 No.31
No.27
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Gluconeogenesis

Pentose phosphate

& [-]

| Glycolysis

F6P

ke
I\

Glucose
| Tk‘" [
App | Hewshinass
Presgrafrcias GEP  mrosnoguocss
AV namerate
2-Deoxyglucose

A
I/

F1,6P

[———]] -

] ‘ \
Citric acid, ATP
L_ ; E4P

pathway .
NADP:  NADPH o f\/‘
\ » 5-Phosphoglucono_\_, NADP+ a
p_— -delta-lactone ﬂ
5 6-PG
o nonproghmusts Y NADPH
debipdroganna
GAP Transkeniste RuSP

S7P X5P
\ Nucleotide
4
b " ATP AP
F6P GAP

2-Deoxyglucose  DHAP, ., = P W
6-phosphate dehwarogenate " - & >
: R5P PRPP
achyrogenate NAD+ (lyosrste
v e 4 S * \
o LR T
\AAI 130P6 h/
i Prosghaghicunss
G3P e . (P R1P ADP-Rib
ety Froneh aytemie Sty oo
EHOOH)
A/l < a * 3-Phosphonooxypyruvate
PIAD.- N‘Nﬁl Oh v, S Praspligmrine
3-PG rrosshosrimnie ) 206+ Tt
AV i ) (PEAT)
2-PG 3PSer
Enclate ‘Prowghatne
mfb@ l
u-mm M All. M
20TP PEP aoe Ser
Pymuvate THE Seina ydrymed
F arp tma R L A _—_—
i; ‘t—GOxaloacetate M < M
Malic acid 7|\Mc acid Gly
/ Mitochondria Membrance /
2-Amino- o
“P i : 3-ketobutyrate
e i ool : Sarcosine
’ 4— Oxaloacetate J i ‘
Mallc acld AcCoA Thr
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Gluconeogenesis

Glycolysis
Glucose Pentose phosphate
Tl( S n/:i_ B pathway
NADP+ NAD‘PH "o I
\ »0-Phosphoglucono_\_ )
o Bpmnate “delta-lactone .

Frctiie, P ATP phmphofruciokinas |
2-Deoxyglucose 1 - bughasphatate HM.P )

O A=~

2-Deoxyglucose  DHAP, o
6-phosphate oy /LJ A F6P GAP

o3P ““'DI l(m e R1P ADP-Rib
Phschogyemrate il o
< ya ¥ 3-Phosphonooxypyruvate
5
sane  NADH o 3 Praphptenne
I - >R

:’ ‘mutase ZIW/I PRAT) -

2-PG 3PSer
M’N;' i l -
g Z] Ala }\Q
2619 PEP Ko i..-. : Ser Saahe -
Arp M ’ ,,m,,,:; reterine
Ei—io:taloacetam < ./\

Malic acid Pyruvic acid

Mitochondria Membrance gt
-Amino-
ATE ‘“. - 3-ketobutyrate +
’m W [ —— Sarcosine
MCOA

¢ Oxaloacetate

Malic acid Thr

No.31
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No.31

No.27
No.31
No.27 No.31
50 40
1.38g/L/hr 0.89g/L/hr
96% 91%
10% 60% 100%
30L
pH 5.0 3% CaCO3
No.31
48
3.0g/L/hr 96.5%
35
@ FEEAL)
30 ® Opansio)
ERR0O(723)
SRAK:>210/L/N
25 4 RPEHE:>95%
g Ommaano) ERR(500) P
<20 SERE(522)
= @ @ EREALY
= WREI12) @ ERHK(923)
R .:nmm:
#H BRR0O13)
1.0 @ BRE (51
BREHI12) @ BRENHA)
05
® EREN)
0.0 , ' —— . ;
85 8 87 88 89 90 91 92 93 94 95 96 97 98 99 100
FEHE (V)
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30L
150

30L 1000L

120 -
—a— LAURZE [ 4] #pH5]

100 - 4 GIcE E[#)#pH5]
80
X
M 60
=
40
20
0 30 60 90 120 150
B #EFrR[hour)
30L
30L 1000L
30L 1000L
10
200ml or 20L pH 5.0 3% CacO3
150rpm 30 No.31
1000L 48 10%
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12 +

10 4 P
== 10001 5185 LA [%)

1 == 1000Li% Gic [%)

6 4 == 10001588 Xyl (%]
=O=30L 18 LA [%)

4 4

~0=30LEE Glc [%]

== 3011088 Xyl [%)

0 10 20 30 40 50
IHRESM[h]
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4009 2
x 30min - 160 x 180min

DSC
DSC
25 150
10 /min

50ml/min
GC

1ul

150 30min
250
FID

CP-Cyclodextrin B-2,3,6-M-19

49
170-190

135
X 180min
70

97

x 150min - 150



DSC

DSC

GC

99.1

GC

SO -
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e -

000 .

~1006

DIEE =l

=300 b=
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[ Fibl B, (KMg005] sw004Fo501.0F
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100+

o

400

600 ™0 200 80U ]
Cal

DSC

1108
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e
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50g 2- 20mg

DSC

DSC
25 200
10 /min
50ml/min
GPC
THF

Shodex GPC KF-806L x3
40
1.0ml/min
RI

99

170

X 480min

GPC



DSC

176 55
i_
: } fstacan
2% %
uuus:m:g&‘f{_ e
J Il hzan
|
|
. | —— -
400 B L] aan L B ]
Tamy Cal
- i T — T e e
GPC
12.1
GPC
Mw Mn Mw/Mn
OPLAOO1 35,600 13,000 2.73
OPLAQO2 75,500 15,500 4.86
OPLA003 121,000 28,100 4.31

100

(£ ]

1571 BGel
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34.8

4.5 6.5
170 210 0.2 2.0% 50 70%
5.5h
210 1.0% 70% 72.5%

OPLA | OPLA | OPLA OPLA | OPLA OPLA | OPLA | OPLA OPLA B
003 004 005 006 007 008 009 010 011 Ank
0 = = P - 56 - -— 70 >90

PEAA AR 5

AVIY—({CiEm 135- “ - - - - - - - -
160

AUV —{EsSH 4.5 5.5 6.5 5.5 - - - =

RLSEE 1179%' = - 200 210 - - - - -

RESMNRE 1.0 - - - - 0.5 2.0 1.0 - -

SOFFRE 34.8 33.1 33.9 41.1 42.8 44.8 45.9 47.2 72.5 88.9
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LCA

€0

€0

CO2

CaHs
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CoH4
1kg 3.14kg CO;

2020 7,000
20,000 CO2

3.14kg-CO;
CO:

PE

C3HeOs

CO2
CO2

CO2
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CO2

1kg

PE

1kg

CO2

1kg

PE

1kg

1kg

PE

LCA

CO2

PLA

1kg

PLA

1kg

PLA
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LCA
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CO2

IDEA v2
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1t

€O,

CO2

5241

2.39

CO2

0.8kg/L

CO2

CO2
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IDEA v2

1kg

CO2



CO2

100%

2.39

kg

3.88

kWh

0.011

kg

0.0048

kg

0.024

m3

0.024

m3

kg
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24

6
4
24 Google Map
142km
2,124km
779km 15
24 779km
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1. — 843km
2. — 729km
3. — 156km
4, — 448km
5. — 1,501km
6. — 1,387km
1. — 519km
8. — 714km
9. — 454km
10. — 340km
11. — 367km
12. — 828km
13. — 1,070km
14. — 1,116km
15. — 1,648km
16. — 2,124km
17. — 774km
18. — 660km
19. — 151km
20. — 641km
21. — 916km
22. — 803km
23. — 142km
24, — 365km

779km

20t
100%
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CszOH C2H4
C2Hs0C2Hs
46.07 28.05 1mol
1mol 1kg 1.64kg

Environmental Systems Analysis, Chalmers Univ. of
Technology, “SPINE LCI dataset: Ethylene production from cane based ethanol. ESA-DBP”, 2009

1.64 | kg

1.8 | MJ
0.5 | kWh
5.6 | MJ
GHG P CH. 15|g¢g
CO> 327 | g
N20 0.012 | g

* GHG
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EUROPEAN COMMISSION, “Reference Document on Best Available
Techniques in the Production of Polymers”, 2007 —

1.02 | kg

1.08 | kWh
0.0029 | m?

4kg 1kg
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CO2

CO;
CO2
95% 90%
85.5% 1kg
1.17
Co; IDEA V2
PLA
Co, 0
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2.39

kg

kWh

kg

0.0031

kg

0.56

kg

0.76

kg

kg

Erwin T.H. Vink, Steve

Davies, “Life Cycle Inventory and Impact Assessment Data for 2014 Ingeo Polylactide Production”,

2015

CO2

1.25

kg

kg

CO2

0.54

kg

0.20

kg

0.74

kg
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1.5kg 1kg
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CO2
COs
CO;
1kg CO, 24
779km
(CoHa)n CO;

1kg 3.14kg-CO; CO,

CO, 2.2kg-CO2
-0.4 kg-COz

1kg CO2
[kg-COa2e/kg-PE]

-3.140 -3.140
0.003 0.003
0.284 0.284
0.190 0.190
0.477 -3.140 -2.663
0.246 0.090 0.336
0.090

0.889 0.398
1.197
0.603 0.020 0.624
1.738 0.508 2.246
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CO;

1kg

LDPE HDPE
LDPE HDPE
co2
1kg CO2
[kg-CO2¢/kg-PE]
b LDPE 1.87
HDPE 1.80
2) LDPE 1.52
HDPE 1.33

1) PlasticsEurope, “Eco-profiles and Environmental Product
Declarations of the European Plastics Manufacturers” (2016)
2) , “LCA
”(2019)
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CO;

CO;
1kg CcO,
PElkg 1.8 2.3kg-COg

C02

CO;
[kg-COze/kg-PE] 0.42 1.87 1.80 152 1.33
[kg-CO2./kg-PE] ] 2.29 222 1.94 1.75
COz COz
Co;
CO;
CO;
CO;
Co,

CO;
[kg-COs0/kg-PE] 2.22 1.87 1.80 1.52 1.33
CO;
CO;
CO2
CO2 2.22kg-CO2¢/kg-PE
CO;
CO;
CO;
CO2 0.723kg-CO2 1.5 kg-CO2
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CO;
CO; COs
CO,

€0,

CO,
[kg'COZe/kg'PE]

-3.140 -3.140
0.003 0.003
0.284 0.284
0.190 0.190
-2.663 -2.663
0.336 0.336
0.090
0.889 0.398
1.197
0.603 0.020 0.624
1.492 0.754 2.246

CO2
CO2

CO2
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CO2

CO2
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CO;

CO,
1kg
CO;

(C3H40,) CO,
1kg 1.83kg-CO, CO,

CO: 1.28kg-CO2
-0.21
kg'COZe

1kg €O,
[kg-CO2e/kg-PLA]

-1.830 -1.830

0.001 0.001
0.104 0.104
0.070 0.070
0.175 -1.830 -1.655
0.363 0.341 0.704
0.740 0.740
1.103 0.341 1.444
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CO2

1kg CO,

1.83 1.84

CO;
1kg CO,
[kg-CO2/kg]
-1.84
2.44
0.60

1) Erwin T.H. Vink, Steve Davies “Life Cycle Inventory and
Impact Assessment Data for 2014 Ingeo Polylactide Production”(2015)

CO,
1kg CO2
PLAlkg 0.81kg-CO2e
€02
CO;
[kg-COze/kg-PLA] -0.21 0.60
[kg-CO2e/kg-PLA] - 0.81
CO2 co2
CO;
1kg 1.278Kg-COg
1kg 2.44Kg-COz cO,
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CO;

CO,

CO2

CO,

co,

co,

g X

CO2

124



2 2018
2,080 330 15.9%

2 2019 7 23
https://www.pwmi.or.jp/pdf/panfl.pdf
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https://www.pwmi.or.jp/pdf/panf1.pdf

2,053 2017 2,102

2018 2,409 2019 2,483 2020 CAGR®6.6%
2020 2,483 PET 22% PLA 16% StarchBlends
16% PBAT 12% PA  10% PE 9% PTT 8% PET PLA Starch
Blends 3 50%
PBAT

PBS

PLA
16%

PHA

/1%

22%
1%

PTT PBAT

PA PBS

PP PLA

PE PHA

PET Starch blends

2020 4

3 CAGR Compound Annual Growth Rate
4 Bioplastic market data European Bioplastics
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2017 PLA  PBAT
PLA 2017 226 2018 310 2019
397 2020 2019 2020 PBAT
104 2017 149 2018 282 2019 290
2020 2019
(T k)
600
PET
500
Starch blends
400
PLA
300 PBAT
// PA
200 - PE
:::::::::::::::,,a" PTT
100 PBS
PHA
i PP
0 —
2017 2018 2019 2020

5

Bioplastic market data European Bioplastics
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PBAT PBS PLA PHA starch
blends
2017 (2018 [2019 (2020 |2017 |2018 (2019 |2020 |2017 {2018 (2019 |2020 |2017 [2018 (2019 |2020 | 2017 | 2018 [ 2019 | 2020 | 2017 | 2018 | 2019 | 2020
47 | 67 |130(130| 47 |43 |38 | 28 |41 |43 (58 |77 |21(10| 10| 9 |233|230(269|157| O [¢] (0] (0]
21 (29 | 53 | 55 (0] [0} [0} 9 62 | 67 | 91 [117| 5 5 5 9 36 | 38 | 43 | 40 (0] (0] [0} [0}
o] 10 | 10 21 | 24|28 | 40| 5 ] 5 6 | 36|38 |43 |117| 16 |14 | 9 12
(0] o] o] o] (0] (0] 3 |41(43|62 40| O (] (0] (0] ] ] (0] (0] ] (0] (0]
26 |38 |71 |71|31(33|28|25|10| 14|19 | 22 5 (0] [0} 6 37 | 33| 43 | 40 (0] (0] [0} [0}
[0} [0} (0] 6 5 5 5 (0] (o] (0] (0] (o] (0] (0] [0} [0} (0] (0] [0} [0} 5 5 5 6
(0] (0] o] o] o] (0] (0] ] 5 5 9 (0] ] o] (0] (0] o] o] (0] O 10| 10| 5 9
[0} 15 | 29 | 28 (0] 10 5 3 10 | 19 | 22 (0] 5 5 3 (0] 39 | 43| 19 (0] (0] [0} [0}
[0} [0} (0] (0] (0] [0} [0} (0] 10 | 10 9 21 (0] (0] [0} [0} (0] (0] [0} [0} (0] [0} [0}
10| O o] 6] 10| O (0] 6 |25(11 |15 |58 10| O (0] O |3 | 0 0O |21] 0 [¢] (0] (0]
104|149|282|290|104|101| 86 | 83 |217 (226310397 | 47 | 19 | 24 | 34 |378|379|439(394| 31 | 29 | 19 | 28
PET PE PP PA PTT
2017 (2018 |2019 |2020 (2017 (2018 |2019 (2020 (2017 |2018 |2019 |2020 |2017 |2018 (2019 |2020 |2017 (2018 |2019 |2020 | 2017 | 2018 | 2019 | 2020
(0] (0] o] 0 |119(121|128|126| O (0] 5 6 (] (] (0] (0] (] (] (0] (0] (] (] (0] (0]
488|484|489(496| 68 [ 65| 68 | 70 | O 0] 5 6 (] (] 0] 0] 0O|10(10| O |10 | O (0] (0]
[0} [0} (0] (0] 10 9 12 | 12 (0] [0} 9 12 | 47 | 48 | 47 | 25 (0] (0] [0} 18 (0] (0] [0} 6
26 |24 25|52 | 0 (0] (0] (] (] (0] (0] 0O |10 | 14 25 |140|158|156|158| O (] (0] (0]
[0} [0} (0] (0] (o] (0] (0] (o] (0] [0} [0} (0] (0] (0] [0} [0} (0] (0] [0} [0} (0] (0] [0} [0}
31|29 37| 0 (] (0] (0] (] (o] (0] 5 3|84 (87|85 |74 0 |19|14 |19 |26 |10 | 14| 12
(0] (0] (o] (0] (0] (o] (0] [0} 5 3 61| 62| 61|73 (0] (0] (0] (0] [0} [0}
o] o] (] (0] (0] (0] ] (0] (0] ] 0 |24|24| O (o] (o] (o]
(0] (0] 5 5 4 3 (0] [0} [0} 2 10 { 10 | 13 | 37 (0] (0] 10 | 10 | 13
11 (0] (0] (o] (0] (0] (o] (0] [0} [0} (0] 25 (0] [0} 12 (0] (0] 10 5 (0] [0}
543|548|548|548|200(200|210|210( O 0 | 29 | 32 |238|245|243|246|140|187(191|194| 52 | 19 | 29 | 26
2017 |2018 (2019 (2020 |{2017 |2018 (2019 (2020 |2017 [2018 (2019 2020
388(393|504(401|119|121|132|132|507|514 (637|533
125(139|192 (231|566 558|572 |572|691|697 | 764|803
88 | 86 | 95 (185| 57 | 57 | 69 | 73 |145|143|164|258
41 | 43 | 62 | 43 |176|196|191|234|218|239|252|277 T
110(120|161|164| O [0} [0} 0 [(110|120|161|164 T
10 | 10 9 12 ({142]145|155|109|152 (155|164 |121
15| 14 | 14 9 61 (62|66 | 76 | 77| 77 | 80 | 86
O |78 |101| 75| O (24|24 | O 0 |103(125| 75
10 | 10 9 21| 25|24 (30|46 | 35|34 |39 | 67
91 (111586 |30 (11|10 | 15 |121| 21 | 25 |101 pPC
880 | 903 |1,160(1,226|1,173|1,199(1,250|1,257(|2,053|2,102|2,409 | 2,483
6 Bioplastic market data 2016 2020 European Bioplastics
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2019 46,650
2020 7 1
! COVID-19

2010 11,132

2020

CAGR17.3

(k)
50,000 - 44757 46650
39,565
40,000 - 35,638
hUFLES
Ny 30,000 -
i
o
=
20,000 -
11
10,000
o]
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
()
8
2019 47
9 NBP Nonbiodegradable Bio-based Plastics
1 BBP Biodegradable Bio-based Plastics
2019 10,500
0.4%
NBP 2019 PET 18
6.5 PE
11 PLAS PLA
NBP
PC PU PTT
7 25% 0.05
8 2020 5 22

http://www.env.go.jp/recycle/mat052212 1.pdf
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http://www.env.go.jp/recycle/mat052212_1.pdf

1.85

PBAT PBS

PHA PETS
4.3

ZOMNAATRATSAFYY 1,850,

= AYYNIA FREBERUD—RR—F (NAAPC)
<EANA AT REIH>

= NAAKUIL SRS (N APU)
<EAINAAIARE>

» KUMIAFLYFLIIL— b UNAAPTT)
<BBANAATRER>

w FOM

FENAANAISAFYS 40,500".

= X{ARYE (N{APET) 18,000
<EBHNAATAER>

= KAARUPZE (NAAPA) 6,500"
<BRNAAVZAEROGOESE>

» KAARUIFLY (N4APE) 11,000

MUZEE (PLA) 5,000".
<ENEEEHELET>

ENRIETSAFYYI 4,300,

8 RUTFLOFIR—bFLIZL—F (PBAT)

m RUTFLIYISR—F (PBS)
<EHRNAAVAHEDEDESD>

B B RUIATIERR

= RUEFDFZFPNHII-b (PHARR)
<100%NA AT AHE>

® RUIFLYFLISL—MI32— (PETS)
u Z0fth

Auza

a5t

46,650">

JBPAHEHE

2019 S

0A

9
http://www.env.go.jp/recycle/mat052212 1.pdf

2020 5 22
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http://www.env.go.jp/recycle/mat052212_1.pdf

T E R &

BER-ITKEM
(YLFIAILh, 15, BEFYIE)

BREZRETILF

BRI T #) EURES *
(HEREAE - A5 > H ARBERESA) £
BREHEE

mREAFyb-0—F

(ERRIETSENAAYAT S O21E1E) WECHS
o
= S da B »
FRRBEREE E5E § @?2* &
= WERYHE WEEARLSAL [ BV WT—rivd
AT
g oy
EBx - EHkbtEE \
< :
| VAV =071 3 WRBLS
O At#zs .
=[ESD
BETH) L W55 —URTR L
10
PE
PLA
10 2002 5 22

http://www.env.go.jp/recycle/mat052212 1.pdf
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http://www.env.go.jp/recycle/mat052212_1.pdf

PE

2020 PE 222 un
133 60 74 33% 12 6
3 1%
SIBEEM BTHEas
12 3
6% 1%
PE 2020 12
2021 3 PE Braskem
Dow Royal DSM PE
2019 6 18 LyondellBasell Neste Wesseling
PE LDPE
10
1 Bioplastics market development update 2020 2020 12 2 European Bioplastics

https://docs.european-bioplastics.org/conference/Report Bioplastics Market Data 2020 short version.

pdf https://docs.european-bioplastics.org/PR/2020/EUBP_PR_Market_Data 2020 20201202.pdf
12
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https://docs.european-bioplastics.org/conference/Report_Bioplastics_Market_Data_2020_short_version.
https://docs.european-bioplastics.org/PR/2020/EUBP_PR_Market_Data_2020_20201202.pdf

Braskem

I' m Green™

200

PE Braskem PE

2 9000 2010 9
200 I’ m green™
PE PE
PE CO,
PE HDPE LDPE
LLDPE
2020 12
Atol
2022 2025
PE
MO
PE
2025
Dow*3

ELITE 5230GC R

Dow UPM BioVerno
Terneuzen PE

13 Dow 2019 9 24

https://corporate.dow.com/en-us/news/press-releases/dow-and-upm-partner-to-produce-plastics-made-w

ith-renewable-feedstock.html
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https://corporate.dow.com/en-us/news/press-releases/dow-and-upm-partner-to-produce-plastics-made-w

PE 1SCC

2020
2020 5 Dow Doxa Plast
14 Doxa Plast Reborn
Dow PE ELITE™ 5230GC R UPM BioVerno
PE
2020 7 Dow Thong Guan PE
15
Thong Guan Nano Bio
PE ELITE™ 5230GC R
16
BASF TUV SUD
Royal DSM
PE
2019 10 Royal DSM
14 2020 5 25

https://chemical-news.com/2020/05/25/%e3%83%80%e3%82%a6%e3%80%80%e5%86%8d%e7%94%9f%e
5%8f%af%e8%83%bd%e8%b3%87%e6%ba%90%e3%81%ae%e3%82%b9%e3%83%88%e3%83%ac%e3%8
3%83%€e3%83%81%e3%83%95%e3%82%a3%e3%83%ab%e3%83%a0%e3%82%92%e5%85%b1%e5%90%
8c/
15 PE 2020 7
30
16 BASF

https://www.basf.com/jp/ja/who-we-are/sustainability/key-topics/biomass-balance.html
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https://chemical-news.com/2020/05/25/%e3%83%80%e3%82%a6%e3%80%80%e5%86%8d%e7%94%9f%e
https://www.basf.com/jp/ja/who-we-are/sustainability/key-topics/biomass-balance.html

2030

17

25% 2030
Arnite bio-based grades Stanyl
bio-based grades 18 Stanyl bio-based grades
ISCC Plus
LyondellBasell / Neste
Circulen Circulen Plus
Neste
19 Neste LyondelIBasell
PP LDPE
Wesseling
Neste
LyondelIBasell Circulen CirculenPlus
30
PE  Braskem 2010 2019
5
2020 7
25
PE PE
0y DSM 2019 10 19 DSM
18 2019 11 14
19 Neste 2019 6 18

https://www.neste.com/releases-and-news/neste-and-lyondellbasell-announce-commercial-scale-product

ion-bio-based-plastic-renewable-materials
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https://www.neste.com/releases-and-news/neste-and-lyondellbasell-announce-commercial-scale-product

2020

PE
2020
2020 PE 70 70 80 30
22 2019 PE
11 JBPA 2
PE
13.1 60% 7.3 33
1.2 6% 0.3 1%
1.2,
6%
7.3, 13.1,
33% 60%
2020 PE 2
PE Braskem
HS

2019 4 1 HS

3901.10 0.94 3901.10- 021 /3901.10- 061
/3901.10- 091 3901.20 0.94
3901.40 - -
2021 1 1 a
JBPA

20 Bioplastic market data 2016 2020 European Bioplastics

21

https://www.customs.go.jp/tariff/2021 1/data/j 39.htm
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https://www.customs.go.jp/tariff/2021_1/data/j_39.htm

22

2021 1 1 706
PE
340 2 PE
PE 2
DM
90%
25

PE PE

22
23
24

http://www.jbpaweb.net/identification/

http://www.jbpaweb.net/bplist/

2021
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http://www.jbpaweb.net/identification/
http://www.jbpaweb.net/bplist/

JBPA

50
Braskem PE FKuR PE
PE
£ § f the industries where
5 £
Id o
Beverages Retailing Home
care
Agriculture Cosmetics Food
and industry
Hygiene
and beauty
PE 2
FKuR PE
HDPE
LDPE LLDPE
26
25 FKuR

https://fkur.com/wp-content/uploads/2018/01/FKuR-Bioplastic-Biokunststoff-Polyethylene-Braskem-I

m_green_Broschure-2020.pdf
26 FKuUR https://fkur.com/wp-content/uploads/2018/01/FKuR-Bioplastic-B
okunststoff-Polyethylene-Braskem-Im_green_Broschure-2020.pdf
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https://fkur.com/wp-content/uploads/2018/01/FKuR-Bioplastic-Biokunststoff-Polyethylene-Braskem-I
https://fkur.com/wp-content/uploads/2018/01/FKuR-Bioplastic-B

HDPE LDPE LLDPE 2z

HDPE

LDPE
LLDPE

27 FKuUR
https://fkur.com/wp-content/uploads/2018/01/FKuR-Bioplastic-Biokunststoff-Polyethylene-Braskem-1

m_green_Broschure-2020.pdf
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https://fkur.com/wp-content/uploads/2018/01/FKuR-Bioplastic-Biokunststoff-Polyethylene-Braskem-I

PLA

PLA PLA

117 29
77 19
40 10 T
40 10%

5%

22,
6%

22,
5%
’ 117,
40,
30%
10%
10%0
PLA 2020 28
PLA 360 NatureWorks 150
Total Corbion PLA 75 Hisun 45 BBCA & Galactic
40 NatureWorks 42 Total Corbion PLA 21
28 Bioplastics market development update 2020 2020 12 2 European Bioplastics

https://docs.european-bioplastics.org/conference/Report Bioplastics Market Data 2020 short version.

pdf https://docs.european-bioplastics.org/PR/2020/EUBP_PR_Market_Data 2020 20201202.pdf
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https://docs.european-bioplastics.org/conference/Report_Bioplastics_Market_Data_2020_short_version.
https://docs.european-bioplastics.org/PR/2020/EUBP_PR_Market_Data_2020_20201202.pdf

PLA 2

NatureWorks 150
Total Corbion PLA JV 75
Hisun 45
BBCA & Galactic 40
COFCO 10
Hengtian 10
SuPLA 10
TongJieLiang 10
Synbra 5
TianRen 3
Futerro (under Galactic) 1
Jiangxi KeYuan 1
Sulzer <1
Pyramid (under Udhe) <1
(XinNing, HongDa, N/A
TongBang, YouCheng )
360
2019 PLA 190 /
52.7% NatureWorks LLC  Total Corbion PLA 2
90%
Total Corbion 75 / 2019 9
2019 23 2020 7
53 2021 %0
29 The development and challenges of poly (lactic acid) and poly glycolic acid  Advanced

Industrial and Engineering Polymer Research, Volume 3, Issue 2, April 2020, Pages 60-70
https://www.sciencedirect.com/science/article/pii/S2542504820300026?via%3Dihub

30 2020 6 23
https://www.chemicaldaily.co.jp/%EF%BD%90%EF%BD%8CYHEF%BD%81%E3%80%81%E3%82%B3%
E3%83%AD%E3%83%8A%NE4%B8%8B%E3%82%82%E9%AB%I8%E6%88%90%E9%95%B7/
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https://www.sciencedirect.com/science/article/pii/S2542504820300026?via%3Dihub
https://www.chemicaldaily.co.jp/%EF%BD%90%EF%BD%8C%EF%BD%81%E3%80%81%E3%82%B3%

NatureWorks LLC
Ingeo™

150 /

PTT Global Chemical
Blair 150 /
2002

2020 9 22 PLA 10%

2021

3D

31

PLA 2 75
2020 2021

32

Total Corbion PLA
Luminy

75 / 2018

33 6
Total
2018 75 /
PLA 2019 3
2020 7 2021 i
PLA Total Corbion PLA
2020 25

31 NatureWorks 2020 9 22

https://www.natureworksllc.com/Japan/Press-Releases/2020-09-22-Blair-Investment-Announcement-J
A

32 PLA 2020 6 23
https://www.chemicaldaily.co.jp/%EF%BD%90%EF%BD%8CHEF%BD%81%E3%80%81%E3%82%B3%

E3%83%ADYE3%83%8ANE4%B8%8BUE3%82%82%E9%AB%I8NE6%88%I0NEI%I5%B7/
33

34 PLA 2020 6 23
https://www.chemicaldaily.co.jp/%EF%BD%90%EF%BD%8CHEF%BD%81%E3%80%81%E3%82%B3%
E3%83%ADYE3%83%8ANE4%B8%8BUE3%82%82%E9%AB%I8NE6%88%I0NEI%I5%B7/
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https://www.natureworksllc.com/Japan/Press-Releases/2020-09-22-Blair-Investment-Announcement-J
https://www.chemicaldaily.co.jp/%EF%BD%90%EF%BD%8C%EF%BD%81%E3%80%81%E3%82%B3%
https://www.chemicaldaily.co.jp/%EF%BD%90%EF%BD%8C%EF%BD%81%E3%80%81%E3%82%B3%

Total Corbion PLA PLA PLA

100 110
PLA
35
2020 9 Total Corbion PLA 100 / 2 PLA
Total
Grandpuits 2024 PLA
36
2021 1 Corbion Corbion  Blair
40% 5
Corbion
7 PLA
& & BBCA Group & Futerro
Bengbu
50 / 2023 700
BBCA Group Galactic
2020 8 PLA PLA 50
/ PLA 80
2020 2
2023 PLA 700
% PLA
PLA 2020 8
3 PBAT
35 2020 6 4

https://www.chemicaldaily.co.jp/%E3%83%88%E3%82%BF%E3%83%ABYUE3%82%B3%E3%83%BCYUE
3%83%93%E3%82%AANE3%83%B3%NEF%BD%I0%EF%BD%8CUEF%BD%81%E3%80%80%E8%80%
90%E7%86%B 1%E6%80%A7%E7%94%9F%NE3%81%8BWUE3%81%97%E 7%94%A8%E9%80%94%E9%9
6%8B%E6%8B%93/

36 "Total Corbion builds Europe’s first world-scale PLA plant” 2020 9 30

https://www.european-bioplastics.org/total-corbion-builds-europes-first-world-scale-pla-plant/

37 "Corbion to Expand Lactic Acid Capacity in North America” 2021 1 21 Corbion
http://www.corbion.com/media/press-releases?newsld=2443404

38 bioplastics MAGAZINE.COM 2020 10 22

https://www.bioplasticsmagazine.com/en/news/meldungen/20201022-FUTERRO-launches-the-first-full

y-integrated-PLA-plant-in-China.php NIKKEI Asia 2021 2 13

https://asia.nikkei.com/Spotlight/Environment/China-aims-to-go-as-big-in-bioplastics-as-it-did-in-solar-
panels
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https://www.chemicaldaily.co.jp/%E3%83%88%E3%82%BF%E3%83%AB%E3%82%B3%E3%83%BC%E
https://www.european-bioplastics.org/total-corbion-builds-europes-first-world-scale-pla-plant/
http://www.corbion.com/media/press-releases?newsId=2443404
https://www.bioplasticsmagazine.com/en/news/meldungen/20201022-FUTERRO-launches-the-first-full
https://asia.nikkei.com/Spotlight/Environment/China-aims-to-go-as-big-in-bioplastics-as-it-did-in-solar-

39

Zhejian Hisun Biomaterials
REVODE

45 / 2020 12

Zhejiang Hisun Group Co., Ltd
Changchun Institute of Applied Chemistry (CIAC) of Chinese Academy of Science (CAS)
Taizhou Jiaojiang State-owned Assets Management Co. ,
Ltd. 3 2004 PLA
5 / 2018 15 /
2020 45 40

Zhejiang Youcheng Holding

Group 10 PLA 2020
1
2020 11 14
5 2021 2025
41
2020
PLA
2020 6
PLA
2.5 42
2.5 42 2 83%
&
39 () 2020 8 19 https://highchem.co.jp/topics/2020-08-19/
40 The development and challenges of poly (lactic acid) and poly glycolic acid  Advanced

Industrial and Engineering Polymer Research, Volume 3, Issue 2, April 2020, Pages 60-70
https://www.sciencedirect.com/science/article/pii/S2542504820300026?via%3Dihub

41 2021 2 13
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1.0,
17%
2.5,
41.5%

2.5,
41.5%
2020 PLA 42
PLA a2
T
PTT
PC

42

43 Fact Sheet (European bioplastics

https://docs.european-bioplastics.org/publications/fssEUBP_FS Packging.pdf
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4,001 2016 4,697 2017 4,926 2018

4,519 2019 5,976 2000 CAGR10.6%
3,964 2016 4,644 2017 4,824
2018 3,779 2019 4,009 2020 4,000
216 /kg 2016 224 [/kg 2017 235 /kg
2018 253 /kg 2019 288 /kg 2020 300 /kg
NatureWorks
2016 2017 3 2018 467
2019 1,710 2020 2020
246 2018 303 /kg 2019 398 /kg 2020
2020 110 /kg

Total Corbion

37 2016 53 2017 98 2018 272
2019 239 2020 250
236 /kg 2016 237 /kg 2017 236 /kg 2018 247 /kg 2019
374 /kg 2020 2020
f#
PLA CIF* 4
2016 2017 2018 2019 2020

3,964| 855,056 216| 4,644(1,040,293 224| 4,824|1,132,914 235| 3,779| 956,544 253| 4,009|1,152,786 288

(6] (] (] (0] (] (0] 3 737 246 467| 141,468 303| 1,710| 681,252 398
37 8,745 236 53 12,572 237 98 23,160 236 272 67,204 247 239 89,365 374
0| 19,726 0o (0] 8,395 (0] 1 12,922| 12,922 1 40,331 40,331 18 24,675 1,371

4,001| 883,527 221| 4,697(1,061,260 226| 4,926|1,169,733 237| 4,519|1,205,547 267| 5,976|1,948,078 326

44 CIF Cost Insurance and Freight

45
https://www.customs.go.jp/toukei/srch/index.htm?M=01&P=0,2,,,,..,,4,1,2019,0,0,0,2,390770,,,,.1.... 1,..,
i 20 CIF
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6,000

5,000 4,644 4824
3,964 3779 4009
4,000
3,000
2,000 1,710
1,000 939
0 53
2016 37 2017 2018 2019 2020
PLA 46
46
https://www.customs.go.jp/toukei/srch/index.htm?M=01&P=0,2,,,,....4,1,2019,0,0,0,2,390770,,,,.1..., 1,..,

i 20
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2030

PLA 360 390 2019 190 2020
6 PLA
PLA 70
PLA 4
PLA PLA
PLA
2020 2020 2030
1 77 2.5 3.9
2 117 2.5 5.9
3 40 & 2.0
T
4 . 40 & 2.0
5 22 & 1.1
6 (0] & 0.0
7 0 & 0.0
8 22 & 1.1
9 i 21 IE 1.1
10 - 58 & 2.9
397 6.0 20.0
3.2 EU 4.5 1.2
20
PLA
&
PLA 2020 20 PLA
3.9 5.9
2.0 2.0 & 1.1 & 1.1
1.1 2030
2030 PLA
PLA
47 PLA Bioplastic market data 2016 2020 European Bioplastics
PLA PLA

148




25

PE PLA
PLA
2020
PLA
PLA
2020
PLA
PLA100% /
PLA
48
PBAT
PBS PLA
2 3
3D
3D 3DCAD 3DCG
49 3D
PLA ABS 3D
3D
3D
3D
48 https://www.nouzai.com/agri-shizai/poly-multi/multi/seibunkai-multi
49 3D 3D

https://3dprint.or.jp/3dprint_glossary/
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Airbus 3D PLA 50

PLA
PE PLA
PE
PLA
PE Braskem 1
PLA
NatureWorks Total Corbion 2
PLA
:\;E
PE PLA
FS Feasibility Study
50 XTECH 2020 4 14 https://xtech.nikkei.com/atcl/nxt/column/18/01272/00011/
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