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R1 Fiscal Year Summary

Using natural polysaccharides (cellulose, paramylon, etc.) obtained from non-edible
biomass, we will develop highly functional bioplastics and demonstrate their application
to electronic devices and home interior products. We will also demonstrate the
effectiveness of out recycling system.

Therefore, this project aims to achieve the following final goals based on the
knowledge accumulated so far in the research group of NEC Corporation / The University
of Tokyo / LIXIL Corporation / euglena Co., Ltd.

[Final goals]

Achieving various characteristics required for application to electronic products
and home interior products (heat resistance: HDT 90 °C or higher, flame
retardancy: UL94 V-1 or V-2 or higher, water resistance: hot water immersion
test pH 6 ~ 7, recyclability: 90 % retention of various properties when remolded
five times, mass productivity: demonstrate productivity of 1 t / month and
production cost of 5,000 yen / kg while ensuring a stable supply of biomass raw
materials).

Demonstration of efficient material recycling for manufacturing new products
from the products using polysaccharide-based bioplastics.

Last year (as the first year), we had determined each current physical property such as
the heat resistance, flame retardancy, water resistance, and recyclability. We had also
determined the current recycling process and identified issues with it. Finally we had
formulated the future development plans needed to achieve our final goals.

This year (as second year), the development plans were implemented and verified, and
the following results were produced.

Subject 1. Examination of heat resistance and flame retardancy of
polysaccharide-based bioplastic

This project aims to develop polysaccharide-based bioplastics applicable to electronic
products and residential interior products. This fiscal year, we tried improvements to the
heat resistance and flame retardancy required for these applications, and implemented the



following with the goal of realizing heat resistance (HDT) of 90 °C or higher and flame
retardant (UL94) V-2 levels. Also we elucidated the correlation between the structure of
polysaccharide ester derivatives and their melt flowability and moldability.

First, an optimal molecular structure or material design of a polysaccharide bioplastic
that achieves a target level of heat resistance and flame retardancy was found by
synthesizing cellulose ester derivatives and paramylone ester derivatives synthesized with
a different side chain structure and binding ratio.

In addition, the relationship between the structure of paramylon ester derivatives and
their melt flowability and moldability was clarified. Furthermore, we carried out melt
spinning of paramylon ester derivatives for practical use as fibers as well as films and
injection-molded products, and carried out X-ray diffraction to analyze crystal modulus,
molecular conformation, and three-dimensional crystal structure at SPring-8.

Subject 2. Examination of water resistance of polysaccharide-based bioplastic

As for the water resistance required for the development of polysaccharide-based
bioplastics for the residential interior products, the development of injected mold products
balancing to have three points was carried out below in this physical year. One is it
withstands of immersing hot water with pH 6-7. Second is it has the water resistance. The
third is it has other physical characteristics.

First, a cellulose ester derivative and a paramylon ester derivative were synthesized as
a polysaccharide ester derivative as a base resin with a formulation having a low
environmental load (acid chloride method), and their water resistance, mechanical
properties, and thermophysical properties were evaluated.

As a result, as for the water resistance in all ester derivatives, the targeted pH of the hot
water immersion test with injected mold products was obtained as pH7. In addition, no
abnormality had not seemed in the long-term water immersion test for 3 months. As for
the mechanical and thermal characteristics, it was verified that they have almost the same
characteristics as the targeted current product as of polypropylene for the cellulose ester
derivative. On the other hand, the targeted characteristics were not obtained both
mechanical and thermal properties as for the paramylon ester derivative. Furthermore, it
was confirmed that the solvent-derived substance used in the synthesis reaction was
eluted from both the cellulose ester derivative and the paramylon ester derivative in the
elution evaluation test to detect the elution component from the molded product to water.

Although purification by methanol rinsing was examined, the elution of the residual



synthetic solvent was reconfirmed.

Based on these results, the improvement of the refined formulation aiming at the
complete removal of the residual synthetic solvent and the improvement of mechanical
and thermal characteristics either equaling or surpassing the current products for the
paramylon ester derivative will be studied as future measures.

Subject 3. Examination of mass productivity and recyclability of polysaccharide
bioplastic

In order to demonstrate the mass productivity of the polysaccharide bioplastics, the
following were carried out with the goal of extracting technical issues in the
manufacturing process (especially the drainage treatment process) and understanding
economic efficiency.

First, the obtained drainage was collected and analyzed from the manufacturing process
of polysaccharide ester derivatives, and information was collected for the basic design of
the cleaning process. In the process, technical issues were extracted, and the economic
efficiency was understood (feasibility study). As a result, the simulation of the distillation
recovery process with accuracy exceeding the target setting value was succeeded, and the
design of the drainage recovery distillation facility which showed extremely good
economy by the turn of the component was completed.

In addition, from the viewpoint of agricultural sustainability, we investigated and
examined the stable supply of oil-based crops and polysaccharide paramyrons and fatty
acids derived from algae to meet the demand for electronic products and home interior
products. As a result, it was shown that polysaccharides (cellulose and paramyron) and
fatty acids, respectively, could be supplied in enough for the target production volume.

Subject 4. Verification of material recycling system

This project demonstrates efficient material recycling to manufacture new products
from recoverd products using polysaccharide bioplastics. In this fiscal year, we conducted
the following with the goal of evaluating and examining the photo degradation
characteristics of polysaccharide bioplastics, understanding recyclability in actual
machines, optimizing recycling rates, and determining a possible recycle process flow
plan.



First, the photo degradability by acceleration test was evaluated, and the
photodegradation inhibitor was examined. In addition, by determinating the mechanism
of thermal degradation during recycling in the actual machine, we found that adjusting
the extrusion temperature was important to maintain the mechanical properties at the
recycling rate of 100 %.

In addition, polysaccharide bioplastics with a recycling frequency of 0 to 10 times were
created, and as a result of evaluating the correlation between recyclability and each
properties, it was clarified that there was a strong correlation in heating fluidity, molecular
weight, and surface impact strength. Based on this result, a small sorting machine that
can be introduced into the actual recycling process was designed and fabricated, and the
effect was verified.

Furthermore, we evaluated the effect of biopla mixing in the recycling process of
conventional resins, and found that alcause the effect on the mechanical properties is
small if it is 5% or less, the 1ZOD impact strength is greatly reduced when mixed by 10%,
and it affects the recycling process of conventional resins.

Subject 5. Verification and evaluation of LCA

In this project, we will evaluate the synthetic formulation of polysaccharide bioplastics
and the effect of molecular structure on LCA. In order to collect the necessary information
for this fiscal year, the following were implemented with the goal of calculating CO2
emissions (background data and foreground data) of each element (process).

First, CO2 emissions for polysaccharides and side chain components, and CO2
emissions for product manufacturing processes and recycling processes were acquired
using appropriate background data and foreground data, and LCA evaluation and
verification were performed. As a result, in the raw material procurement and production
process, the CO2 emissions from energy were larger in polysaccharide bioplastics than in
polycarbonate (PC) resins, but smaller in non-energy origins, and the total value was
lower in polysaccharide bioplastics. In addition, it was found that CO2 emissions can be
reduced by about 30% in the production process (pelletization and molding).

Moreover, in order to investigate the effect on the amount of power used when applying
electronic devices, an electronic device using polysaccharide bioplastics was prototyped
and the amount of power at the time of use was measured. As a result, the amount of
power consumed when applying electronic devices of polysaccharide bioplastics was
equivalent to that of PC resin.
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R1

1.1.

HDT

(SY)

Tg

Degree of Substitution (DS)

1-1
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(Mw)34 Mw 7.9

7%

90°C 4
1-2 GPC
1-2 Mw 8.6
1-2
Mn Mw Mw/Mn
x104 x104
©)LO—X = 1SS 7.92 4.5
NS=0> = 9.6 33.5 3.5

(FA%a0)

NZ=0>  7%Hd 3.4 8.62 2.5
(FAEe1%) 90°C4h
*DMAC/LICl
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RI Intensity (mV)
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nDFE EAEL<E
SRR (%)
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1-3

OH Propionyl chloride OR
HO 0 Long chain acid chloride RO 0
° NMP, Pyridine ©
OH n 90 °C 4h OR n

Paramylon Paramylon ester
R= CHBCHZCO, Long chain

1-3

RIEDS %GEHDS  mhtF  HALS IZOD #5R
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- i
(NMR)

BREERE 90
\5=0> St0.43 Ac229 39 1.0 85 111 66 16
TZFL® : ' ' :
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e St0.24 Ac248 68 17 2.6 132 90 4.0
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*EHHRIE (2. amtHSRE) | o TERAER/N\S O % EH
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DS Tg HDT

HDT90
1-4
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Ref
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1.2.

UL9%4

UL94 HB V-
1/V-2
1-5
IKEZ{ET) 2T 15 TS
229h
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WE MR @Rwg TEEE TooEm
[MPa] [GPa] [ki/mz] 19[C1 HDTLC]

BREEEIEZE V-1/V-2
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T 25 56 2.0 4.2 116 - HB
T % 63 2.7 3.0 118 - HB
1-5
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[MPa] [GPa] [ki/mz] '9[CI [

EIREREEE V-1/V-2
IWO—-ZXTZAFIV . : . e -
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100g

200 L
200 L 10.4 kg
200 L
4 6 2
7
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1
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1.4.

SPring-8
(TFAA)
TFAA
50°C 1h
/ /
DSC
20~30°C
3 ~ 15 MPa
100 pm
20 mm 5mm
10~20 °C
4
1h
X 95 %
FE(Shimadzu AUW120D, Japan)
21
°C 0.9980 g/cm?®
SPring-8 X
X SPring-8
BL45XU BLO3XU X 0.1000 nm 266
mm PILATUS-2M
X
Fit 2-D ImageJ
X

SPring-8  BL45XU BLO3XU
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1-8
(Linkam 10073B, Japan High Tech Co.)
X 0.1000 nm PILATUS-2M
0.5s 1s
1%
=0 le

Detector

1-8 (SPring-8)

0.2 mm/min
X

Tensile machine

Ei
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PaBu

PaBu

PaPr

PaVa
1-9 PaPr 5
5
PaBu Pava PaPr 5)

5

T O I TR
=Rl N R PR S

—

PaPr

PaVa

1-9 PaPr PaBu PaVa X
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nm

PaPr

1-8

15

X

PaPr

X

a=b=1.181nm c (fiber axis) = 1.847

1-8(a)
PaPr PaBu PaVa
(a) PaPr
h k| da'(nM)  dops’ (nM)
1 0 O 1.023 1.028
1 1 0 0.591 0.590
2 0 O 0.511 0.511
1 2 0 0.387 0.387
1 0 1 0.895 0.895
1 1 1 0.562 0.536
2 0 1 0.493 0.441
1 B 2 0.685 0.681
1 1 2 0.497 0.494
2 0 2 0.447 0.446
1 0 3 0.527 0.524
1 1 3 0.426 0.428
1 0 4 0.421 0.411
1 1 4 0.364 0.344
0 0 5 0.369 0.370

1 d-spacing of calculated value
2 d-spacing of observed value
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h k | dea'(nMm)  dobs® (nm)
1 0 0 1.083 1.093
1 1 0 0.626 0.629
2 0 O 0.542 0.541
1 2 0 0.409 0.445
1 0 1 0.942 0.951
1 0 2 0.716 0.718
1 1 2 0.523 0.520
2 0 2 0.471 0.458
1 0 3 0.548 0.547
1 1 3 0.446 0.446
1 0 4 0.436 0.430
0 0 5 0.381 0.382
(c) Pava
h k | dea'(nm)  dobs? (NM)
1 0 O 1.199 1.179
1.2 0 0.453 0.452
10 1 1.022 1.007
1 1 1 0.652 0.676
1 0 2 0.758 0.743
1 1 2 0.565 0.569
5 o 2 0.511 0.493
1 0 3 0.573 0.563
1 1 3 0.475 0.443
1 1 4 0.399 0.413
0 0 5 0.391 0.382
1 0 5 0.372 0.376
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PaBu PaVa X PaPr
5 PaBu PaVa

1-8(b) 1-8(c)

PaBu (a=b=1.251nm,and c=1.907nm) PaVa(a=b=1.384nm,
and ¢ = 1.957 nm) 1-9 PaPr(a=b=1.181nm c¢=1.847nm)

PaPr PaBu PaVa 1.24,1.21,and 1.07 g/cm®

1-9 PaPr PaBu PaVa

PaPr PaBu PaVa
a,b (hm) 1.181 1.251 1.384
¢ (nm) 1.847 1.907 1.957
pobs' (g/em?) 1.22 1.16 1.01
ol (glem®) 1.24 1.21 1.07
Helix 5 5 5
Chain number 1 1 1

1 Density of crystal lattice (observed value)
2 Density of crystal lattice (calculated value)
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PaPr PaBu PaVa

1-10 X
(005)
(005)
(005)
PaPr
> (005)
5
=
(005) PaBu
PaVa
5.00 10.00 15.00 20.00
26 (degree)
1-10 PaPr PaBu PaVa X
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(005)

1% -
1-11
Ei=o
/e
1-10 PaPr PaBu PaVa
25 19 1.0GPa
1 PaPr
PaBu PaVa 1.208 1.255 1.659nm?
1 1 1%
(f-value) PaPr PaBu PaVa 0.30 0.26 0.17 N1°
30 - PaPr (005)
25 4
_ PaBu (005)
S 20
- o
g 15 - o
7 PaVa (005)
10 - il
54 /L7 e
0 Bt : : . .
0 0.2 0.4 0.6 0.8 1 T2
Strain (%)

1-11 PaPr PaBu PavVa (005
1% —
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1-10

PaPr PaBu PaVa CTP* cTB* CTV*

E, (GPa) 25 1.9 1.0 218 17.6 17.9

Cross-sectional area' (nm?) 1.208 1.355 1.659 0.865 0.970 1.132

f-value? (10-1¢ N) 0.30 0.26 0.17 1.86 1.71 2.03

Density (g/cm?) 1.24 1.21 1.07 1.23 1.17 0.92

Fiber period (nm) 1.847 1.907 1.957 1.508 1.030 1.043

Molecular structure 5/1 helix* 5 helix 5 helix 3/2 helix 211 helix  2/1 helix

Crystallinity of specimen (%) 61.4 47.6 391 - - -
Y, (GPa)? 1.2 0.8 04 B - B

1 Cross-sectional area: cross-sectional area of one molecular in the crystal lattice.
2 f~value: The force required to stretch a molecular by 1%.

3 Elastic modulus of the speciemen.

* Nishino et al, J. Polym. Sci. B. Polym. Phys. 1995, 33, (4), 611-618.
*Marubayashi et al, ACS Macro Lett, 2016, 5, 607-611.

3
(CTP) (CTB)
(CTV) 216 17.6 17.9 GPa
1
(PaPr) (PaBu)
(PaVa) 25 19 1.0 GPa
10
CTP 3 CTB CTV 2 PaPr PaBu PaVa
5 B-1,4
B-1,3
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Cellulose tripropionate (CTP) Paramylon propionate (PaPr)

Pyranose residue 3/2 helix 5/1 helix

OH

i : 40 plang Cross-sectional area; 1.208 nm?
Hci)_' 0] i Cross-sectional area: 0.865 nm?
O H
| =Y
.— A0 1 KA
i< > 11 0.369 nm
! 0.544 nm : 11 \ 4
: ' A T A
0.503 1 4
A : nm I 1 v
Yy T [ A
A . .
Fib iod Fiber period | | 1
2| 1508 nm 1847 nm | 1 1 v
o I 1 A
......... L] v | 1 1
L3 h I 11 v
0.544 nm : : : i
v v v ! ly ¥
1-12
CTP PaPr 1-12 1
CTP
PaPr 1%
PaPr
1
1% (f-value) CTP  1.86N° PaPr 0.30N?
CTB CTV

PaBu PaVa



1.5.

PaPr PaBu PaVa DSC
DSC8500 (Perkin Elmer) DSC
2~4mg 1strun 30°C~250°C -50°C

—50 °C ~ 250 °C 2nd run

CFT-500EX (Shimadzu, Japan)
1-13 30 °C 5
°C/min 10 kof
1.0 mm 5 mm
MASS

Piston

‘<«——— Heated barrel

Test sample

—— Die (1.0 mm)

<«———— Melted polymer

1-13
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(IMC-19F8, Imoto, Japan)
1-14 1.0 mm 2
3min
0.5 mm/s

40 mm 18 ~ 180 m/min
18 36 108 180m/min 4

< Extruded bar

«A———— Melting furnace

< Polymer

1K Die

1-14
(Mn and My) GPC
RID-20A (Shimadzu) 40°C K-806M, K-
802 0.8 mL/min (PS)
PaPr
150 °C 30 min
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(ECLIPSE E600, Nikon, Japan) CCD (DFC450, Leica)

X
X X Rigaku MicroMax-007HF)
40kV  30mA CuK- (-
=0.15418 nm) X (Fujifilm
Corp.; 2540 x 2540 pixels, 50 x 50 pm? pixel™)
RAXIA-Di (Rigaku Corp.) 83
mm X
2DP software (Rigaku Corp.)
SPring-8  BL40B2 BLO3XU 0.1nm
F = (180-Wh) / 180
F Wh 1
EZ-test (Shimadzu, Japan)
10N 10 mm/min
10 mm 5
DSC PaPr PaBu PaVa
1-15 DSC 1-11
DSC PaPr Istrun
2 2
PaPr 89

X

220~170°C 114~55°C

35



Endo

1st run

40 70 100 130 160 190 220 250
Temperature (°C)

2nd run

PaVa

0 50 100 150 200 250
Temperature (°C)

1-15 DSC

Tm PaBu
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1-11

Glass transition  Crystallization  1strun melting  2nd run melting  Flow-starting [5 mm oflfset
temperature (“C) temperature ("C) temperature (°C) temperature (°C) temperature (“C) em??é? ure
PaPr 114 187 220 (Tma2) 215 218 232
PaBu 81 162 192 186 201 219
PaVa 55 129 170 160 183 200
1-16(a) (b) -
- 5 mm
( ) 1-11 1-16(a)
2
DSC
1-16(b)
)
mm ( ) PaPr PaBu PaVa 232 219
200 °C 20 ~ 30 °C
PaPr PaBu PaVa 240 220

220 °C
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—~
QD
N

(b)

1-16

Viscosity (Pa.s)

—_
(0]
J

i ] papr  O: Offset y i
. temperature !
= 124 ----Pava ;
£ 10 1
g 8 T
o I |
B 97
4 - v’
2 ] [ Te
S T I
0 50
Temperature (°C)
2.0E+05 - PaPr
PaVa
1.6E+05 A
PaBu
1.2E+05 -
8.0E+04 -
4 0E+04 -
0.0E+00 +——7F—F—F—F—"F—"F—"—""F—""++
180 200 220 240

Temperature (°C)

(@)
(b)
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PaPr PaBu PaVa

1-17
18 36 108 180 m/min
18 36 108 180 m/min
0.144 0.142 0.096 0.052 mm 108
m/min X

1-17

PaPr GPC
1-12 3.14
x 10°
1-12 PaBu PaVa

PaPr PaBu PaVa
PaPr
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1-12

M., x 10° My I M,
PaPr_powder 3.14 2.10
PaPr_50 rpm 2.98 2.10
PaPr_100 rpm 3.01 217
PaPr_300 rpm 3.03 1.94
PaPr_500 rpm 3.17 2.09
PaPr_50 rom_annealed 3.00 2.05
PaPr_100 rpm_annealed 3.08 2.22
PaPr_300 rpm_annealed 2.96 2.05
PaPr_500 rpom_annealed 2.94 1.73

PaPr
PaPr

18

PaPr
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18 m/min_0° 18 m/min_45°

36 m/min_0° 36 m/min_45°

108 m/min_0° 108 m/min_45°

180 m/min_0° 180 m/min_45°

Analyzer plate 200 um

Polarizer plate

1-18
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1-19(a) PaPr X
18 36 m/min

108 180 m/min

(a) Non-annealing

50 rpm

300 rpm 500 rpm

1-19(a)
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(b) After annealing

50 rpm_annealed 100 rpm_annealed

300 rpm_annealed 500 rpm_annealed

1-19(b)
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M 18 m/min

36 m/min

108 m/min
180 m/min

18 m/min_
annealed

Intensity

36 m/min_
annealed

108 m/min_
annealed

180 m/min_
annealed

5 10 15 20 25
20 (degree)

1-20

1-19(b)
18 36 m/min

1-20 X X
1-13 (100)

18 36 m/min
90 %
108 180 m/min
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20 % 50 %

108 m/min PaBu PaVa
PaPr 1-13
108 m/min PaPr 138 MPa PaBu PaVa

28 MPa 58 MPa

1-13
Tensile strength  Elongation at Young's Degree of Detglrltf.'e ?fn
(MPa) break (%) modulus (GPa) orientation (%) crys (O/:z)a =
PaPr_18 m/min 106 + 21 100 £ 31 1.12+0.19 - -
PaPr_36 m/min 112+13 58 + 25 1.16 £ 0.18 - -
PaPr_108 m/min 138+ 13 31+6 1.67+0.21 95 22
PaPr_180 m/min 157+ 8 34 +10 1.94 + 0.20 92 23
APt 181Iin 59 + 11 52 + 11 0.95 + 0.11 97 54
_annealed
FaPr_d6 m/min 1039 52+8 119+ 0.09 93 48
_annealed
EES_AD5 R 151 + 12 3543 1.53+0.19 97 45
_annealed
PaPr_18a miin 200 + 14 34+4 1.64 + 0.30 95 58
_annealed
PaBu_108 m/min 28+ 3 54 + 17 0.48 £ 0.13 B -
PaVa_108 m/min 58+ 14 25+6 0.31+£0.06 -a A

@ Not calculated due to low crystallinity.
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(a) Non-annealing

200 1

160 A

180 m/min

108 m/min 18 m/min
36 m/min

/

20 40 60 80 100
Strain (%)

(b) After annealing

200 -

160 A

120 -

80 -

Stress (MPa)

40 -

180 m/min

108 m/min

36 m/min

18 m/min

1-21

(@)

20 40 60 80 100
Strain (%)

(b)
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121 18 36 108 180 m/min PaPr
— 113 18 36 108 180 m/min
PaPr 106 112 138 157 MPa
112 116 157 1.94GPa
1-3-9b
PaPr —
180 m/min
157 MPa 200 MPa

PaPr

SPring-8

1-22
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1.6.

X
X
X VARI-MAX (Rigaku MicroMax-007HF)
Mo Ka (a4 =0.71073 nm)
50kV 24 mA
127.4 mm
2DP (Rigaku Corp.)
Cerius2 1
GLOBAL ISO, Bis0 5.000 A
:a:100.0 A: b: 100.0 A; ¢c: 100.0 A :a: 0.100 %: b: 0.100 %:
c: 0.100 %,
X
X X 1-
23 4
1-23
1-14
PaVa a b 2 (
4 1 )
2
1
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Pr (C3) Bu (C4) Va (C5)

Pr (C3) Bu (C4) | Va (C5)

1-23 X

1-14

a(A) b (A) c(A) |a(degree)| p(degree)| y(degree) |pobs” (9/cM>)|peac” (glem®)  Z°

Pr(C3) | 11.80 | 11.80 | 18.68 90 90 120 1.22 1.22 1
Bu(C4) | 1268 | 1268 | 19.38 90 90 120 1.16 1.14 1
Va(C5) | 27.44 | 27.44 | 19.50 90 90 120 1.12 1.08 4

@ Densities measured from experiment.
b Densities calculated from crystal lattice constants.
¢ Number of molecular chain per unit cell.
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1-24 PaPr

PaBu PaVa
1 2 PaPr
PaBu PaVa
PaPr PaBu PaVa

1-24

PaPr

1-24



1-25 1-14

1-26 1-27 1-28

ab plane

Minimization
S

C - axis
[

1-25
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PaPr
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PaBu
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PaVa
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1-15

1-15
CFNETCED
ﬂ(g'sé_*—; . P Pl .
BFE N\ —_— —_— Pl
1.7.
HDT90 °C

V-1,V-2 V-0

1000L
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TFAA

3.0

2-1
ZiEE SMT0ER R (TATILESE)
=4 ﬁg; % 91 o I f'{ﬁf | Tr("%g’ iiﬁlfff
NZ=02D | 35A %Eﬁ “ EE Eﬂ PDEIE:E.E 165{79 1.5;_.3{8
/EE02@ | 18R %Eﬁ ﬁg\i :":'-‘] PDB?:EE,G 161> 1.32.:[}1{8
U - %ﬁ{t = Eﬁ n R E o
WLO-A0 | 235 (gl w5 -2 oreny | NO/7 | T
wIn-2@ | 8h Eﬁﬁ a%g :. r:=t::1:[rg'::’§3.-ﬂr FRELRZIL 1.31;32{:]

#1He: ~FHATI

Pr:FOEAZDIL, %2 BEBETEZEOZHESE. PDI: E08E
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2.1.

(He)

2-1

3.0

(He:Pr) 1.2:1.8

30 He:Pr=1.0:20

(Tm) (Tg)

(Pr)

3.0

2.4

(He:Pr=10~12:20~138)

3.0
2
2-1
23
He Pr 1.1 19
(PDI) 21
8
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™m Tg

20 ~30°C Tg

35 8

EfDs B#ps HFE @mlif 2[5 sPhks - B3R s

(Mw) #E HUEE HERE GHEE THhaaE
[MPa] [MPa] [ki/m3] Tgl[*C] HDT[*C]

BE (RiTqR) 32 900 10 48
JISZ0/EHD Hel.2 Pr1.8 628 30 797 - 79 -
JISZI0YEEEAD Hel.2 Prl.8 264 23 743 9.7 73 45
tIO-ZFHEED Hel.2 Prig8 (74RH)* 36 1070 12.1 93 53
tIO-AF/EHET Hel.0 Pr2.0 198 39 1150 - 101 -

% BHEETEORZOEZE

2.2.

3.0
He Pr=10 12 20 138

HDT
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23

23
0.5wt%
2.5wWt%

1.1wt%

2-3

EfDs E#EDs 9S4F8 s0C

(Mw) 8
BE
[MPa]
BE (|/iT&H) 8.3
JISZ058432 Hel2 Prl1.8 26A° 0.6
vIO-ZFZEHD Hel.2 Prl1.8 (74R)% 7.5
¥ BEBEREOEHBEE

80 °C
80°C

MEE7K.
B
R
[MPa]

35

25

34

goc
BHIF

IR
[MPa]

254

121

638

1.80MPa
2-2

80
80

MRk
ealF
A
[MPa]

1090

673

927
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2-2 2-3

2-1 2-2
MP
m( a) .
. o RUTOFL
30 * o (SE0LHEHD
o TILO-ZFEHFD
20 :
10 °
U ik
0 20 40 60 80 100
AEBERTEE (T)
2-1
(MPa)
1500 .
o /RU70OE L,
o IS0 /HEED
1000 * o IO ZFHEED
.
[ ]
[ ]
500
.
D L ]
0 20 40 60 80 100
SEBEERREE ()
2-2
2-1 80°C 23°C 3
2-2
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23

80°C
2-2

23 24
0 (MPa) m kAL =KD

4
30
20
10 III
0

AToEL > JSI0VEEERQ  UIL0-AFEEED

15DD(MPE) m kil mIEKED

1000
- ||| III III ||I
0

ATOEL>  (SI0VEERQ vL0-AFSHO

2-4
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1.1wt%

2.5 wt%

2.3.

3.0 He:Pr=10~1.2

:20~1.8 80 °C 3
pH 80 °C 30

GC/MS

2-4
pH 7
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2

-4
s

a5 E#Ds i5#DS SHFE S0TEK  80TEK
(Mw) Z3ERERE 3ERERE

B8 (Ri78) o 67
NS0 B He1.2 Pri.8 3457 pH 7 ﬁﬂéﬁlﬁ
)L 0-AEEH He1.1l Pri9 195 pH 7 i’gﬂ%ﬁﬂg

#Pr - JOEAZIL. He - "4

PHATA

1.5e+07
1e+07

5000000

] 1.00 700 800 500 1000 11.00 12.00 13.00 14.00 1500 16.00

() :ERTILEEEENIE-D

2-5 GC/MS
PIHA
1.50+07 3
Bl 1[?
1a+07
5000000 1% 5
-
. sty (34)

T'T_I'T'T"T' 1
S ] > 100 700 800 900 10.00 11.00 12.00 13.00 14.00 1500 16.00

() :IEXRTELEERENEE D
2-6 GC/MS
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2-5 2-6

GC/MS
6
2-5 GC/MS
29 34
2-5 GC/MS
GC/MS
3 3-
13
17 3-
25 4- 2,5-
29
34
13 4-
2,5- 25
3- 3
29
34
3- 17
2.4.
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2-7 2-8

FIAT2

1.5a+07 ?
1 |

1e+07 M

5000000

(34 )
Tﬂ-r-'-rr‘ ) ] | 1] 1
A 100 « 700 800 900 1000 11.00 12.00 1300 1400 15.00 16.00

() EATREREENZE-S

2-7
GC/MS
GC/MS 2-5 2-7
3- 17
3- 3
13 4- 2,5-

25

GC/MS 2-6 2-8 3- 3
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FIT A

1.5e+07 .a

1e407 /ﬁ

5000000 I
/| i 11 a5 134

by —mLe————— e B
Al 100 700 800 900 1000 1100 12.00 13.00 1400 1500 16.00

() : ILATILEERENEE D

2-8
GC/MS
2.5.
2020 9 12 3
3.0 He:Pr=10~12:20~1.8
2-6

15
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2-6

TATILFEERE KR IER =@ 3 H g5E
JISEOVFHEEHE PG
(He : Pr=12:1.8) s

s mERL

Z)LO— AFEER
(He : Pr=1.0:2.0)

2.6.

:Pr=10~12:20~1.8
MFR 2-9

g/10min

MFR

3.0

220°C

MFR

(MFR)
He

1.2 kgf
19 MFR 6.4

26 17.19/10min

MFR
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2.7.

pH

10mi
50 (g/10min)

15

10

2-9

o ® (30 FER
e 7IL0-AFESE
B
@
.

20 40 60 380

EETIINTFE

220 1.2kgf

TFAA
35 8
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2-10
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3.1.

3-1

I#
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AR EIIR
I%E

1

3-1

IiE

ZHEFER
INAATSZAF VY
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3-1
st E1E KiliE

N-XF)LEOUR>

X5)=)b
Eus>
KTy

18
JOEAEE
ATV

3.2.

3-4

31.54
53.49
4.19
7.9
1.78
0.52

0.57

3-2

32.0

51.8

4.46 EUSUIGMIESY
8.25

1.81

1.1 JOEAZEEAFIVIAA>
0.49 AT PYUVEEAFIVHAA>

3-3

3-2

N-XF)LEOYR>
Eu>>
A5 )=
7K
I8RE
EUDIEREIE
FoEHASALES
REHAEAHEL

200 kg/h

63.64
3.24
101.94
21.04
0.76
7.62
1.56
0.20

31.82
1.62
59.97
10.52
0.38
3.81
7.80
0.10

99:5
99:5
99.0
99.5

99.5
99.5
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3-3
Eﬁﬂlﬁ (%) |ER&BE (C) |EH (MPaG)

X5)=) 99.0 40 0.05
EUs> 99.5 40 0.05
FatHAEARER 99’5 40 0.05
NMP 995 40 0.05
REHPEAHER 99:5 40 0.05

Eh BE (°C)
(MPaG)

204.3 (EBeAlEE<)

miﬁu;k 0.3 AO32 #0037
SHEZER 0.6
&H (@hH 220V x ®3 x 60Hz
B (FIEHR) 110V x 60Hz
3-5
3-5
(°C) (wt%)
X5 )= 32.04 64.70 59.97 101.94 3.1816
=i 36.46  85.05 0.38 0.76 0.0208
7K 18.02 100.00 10.52 21.04 1.1676
Eus> 79.10 115.20 1.62 3.24 0.0410
yhi= | i 74.08 141.00 7.80 1.56 0.0211
NMP 99.13 202.00 31.82 63.64 0.6420
FSEASRsEE  284.48 383.00 0.10 0.20 0.0007
PUSoteRsts 115.56  223.00 3.81 7.62 0.0659
ANFH> 86.18 69
Rrig 58.44 1413

5t 100 200 5.1407



NMP

NMP

NMP

NMP

31
= NOB oo ey
| 5% % =
N 2
®y R
X X G E #EEAL 62
Bl = =
@ @

J  mao
it | Sl (e
o
o _ SHEIAIN _
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_ SMEIA % A T||
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—EAGL
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_ FHE— 7 & ¥ i

3
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3
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BL
67 °C

°C

BL

BL

184.2 °C

149.0°C

40°C

66.6 °C
115.1°C
/
40°C
99.5
66.5
NMP
40 °C BL
-89.5kPaG 54.9°C
40°C
-89.5 kPaG
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83.8 °C

NMP

NMP
163.7 °C

40 °C

101.6 °C

5.21 kg/h

10 wt

141.8 °C
NMP NMP
NMP 40°C BL
-89.5kPaG 131.7°C

NaCl
NaCl
BL
116.8 °C
3-3
/ 3-5
3-7
NMP
3-8
2.67 kg/h( 26.7 kg/h)
3-9
3-10
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3-6
BIARB IR IBIRERTE | ERERE =ikt
(kPaG)
24 1.5

C-101 A5 )= )V EYUE 10.5 .
C-102 IS 10.0 25 NFH> /K
=28.18 (E=)
C-201 EVS>EIYRE -89.5 26
C-202 2FHRERAESEIYNIE -89.5 10
C-203 NMP[EIREE -89.5 10
C-204 EVUSUHBEINE 10.5 10
3-7
(wt%) | (wt%) | (kg/h) | (kg/h) | (%)
A5)=)b 99.23 99.00 101.93 101.89 99.96 C-101
X 99.54 99.90 C-102
Eu> 99.97 99.50 8.46+1 8.28 97.87 C-201
SEHREAAES 99.69 99.50 1.57 1.56 99.68 C-202
NMP 99.996 99.50 63.64 63.57 99.89 C-203
*] 3.25+5.21=8.46 3.25 5.21
3-8
Y% 1% 7.616
AT 7B 0.209
| chEIEE®
Y —-4 2.67
| pAgosRm ||
Eus> 5.21
AT 7SN Ly 0.22
Big 3.85
K (PFIRIGICESD) 1.21
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3-10
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AEK (R) 4B
1.6MPaGRAF—LA 2B
7 t4h 1B
ETERZER 1B
3-11 CLASS “C”
3-13 CLASS “E”
CLASS“E” 3-15
CLASS”SM”
CLASS "VP”

NMP

K (##8)

3/4B
3/4B
3/4B
3/4B
3/4B
3/4B
3/4B

SUS316L

SUS329
SUS316L
SUS316L
SUS316L
SUS316L

SUS329

CS
CS
CS
BAX

50

20
15

50

3-12

CLASS*P”

JIS10K
JIS10K
JIS10K
JIS10K
JIS10K
JIS10K
JIS10K

JIS10K
JIS10K
JIS16K
JIS16K
JIS10K

CLASS “T&D”

3-14

3-17

3-16
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1.6MPaGRF—LA 568 kg/h 675 kg/h
BEIK 54,833 kg/h 65,000 kg/h
&7 15.64 kW 18 kW

SHEZER 25 Nni/h 30 Nmi/h
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Aspen Process Economic Analyzer (APEA)  Ver.11
APEA

APEA
APEA
ASPEN
1
SUS329 SUS316L 1.3
SUS316L CS 25 CS
2
1.2
1.2
1.2
100 %
35~40% 65~ 60 %
35% 65 %
15~20%
20 %
30 % 10 % 10 % 10 % ~40
10 % 15% 15%
30~40%

%
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3-20

3-21 3-22
3-23 3-24 3-25
3-26
55~5.9
APEA
SUS329  SUS316L
SUS329
SUS316L
BM
35 % 65%
3-20
1
11
1 6 41,830
2 7 13,826
3 15 13,255
4 20 50,117
5 1 4,050
6 1 182
s0| 123,300 35%
12 229,000 65%(5 3
352,300,  100%
2 70,500 20% 2
422800  120%
8 169,300 30% 40
592000
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5.2
4.98

NMP

3-28

1.1

3-27

1.1

2,100

15.64  [kW]
ZF—L  568.1 [kg/hr]
A#EK  54.833 [ni/hr]

BERER 25 [Nm/h]
BrEY—-4  2.67 [kg/hr]
ANFH> 1.3 [kg/hr]

8000

20
2500
10

5

50
70

[F3/kW]
[F3/1000kg]
[FA/m]
[F3/Nmi]
[M/kg]
[F/kg]

a&t

2,502,400
11,362,000
4,386,640
1,000,000
1,068,000
728,000
21,047,040

54
21

100
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3-28

EUR & B {ifi =
s ey

X5 )= 101.89 32,604,800
EUs> 8.28 1120 74,188,800 14.3
Ao EHABRAEL 1.56 440 5,491,200 1.1
NMP 63.57 800 406,848,000 78.4
ai 519,132,800
3.3.
ABS 2000 Y/ 25%
500 t/
2021 10tly 5t/
3t/ 2025 1t 5000t/ 3000t/
2030 20 t/ 10 t 6 t/
RSPO
2025 2030
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(MFR)

4.1.

50 W/m? (300 ~ 400 nm)
65°C) HALS
UVA HALS
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(k3/m2)

SYIVE—-BEEE

FSAER5IEA]

Oh  360h

360h

Oh

HALS HALS UVA

8.6 87

15.3

ref

cross-link

o1 130
877
220

1010

96

2 7

102
108

13.7

9\

594

2.0

Ny
<
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4-1, ref

HALS-1,2
4-1, Sample 1 and 3

HALS-2
HALS Sample2and 4
HALS
HALS
HALS
4.2.
(MFR)
(DS)
4-2 4-2 2
4-3
2 5
200 190 5
100%
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4-2

Vg onEm o | 1| 5
36 37 36

BT 5RE MPa
JIS K 7171
Hh (o ER (Isi%gs) GPa AR (7 |
HTOS > % >10 | >10 | >10
MFR S, gamn 1.3 1.2 3.0

GPC oO00MULLA Mw*104 52 52 39

= g o JISK 7111-1
= b S e | 15 | 15 | 22

SEiFHE § EFRE L u5s0

smps  2.34 2.33 2.29
IR R#DS  0.30 0.30 0.30

USa27)L

4-3
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DS

4-5

20 ton

Mw 39

210°C

210 °C

4-4
100%
MFR
17
190°C
220 °C
210 °C
4-5
210°C MFR
100 %
100 %
90%
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4-4

4-5
VEFE SHE
Hﬁ E{ﬁ
[
JISK 7171

RS MER (IS%EB) GPa 1.1 1.1 1.1
B0 7> % >9 >9 >9
wgagr KU gm) 14 8.1 15
MFR 10T 10k 9/10min 4.8 24 12
GPC Mw*10¢ 37 1.7 32

$EHDS 2.32 2.28 23

NMR s R0 (.32 0.31 0.30
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U+ /7)1
UB2)L 210C 220°C

4-5

4.3.

(NECPF)
HGW

4-6

— HGW
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Ut 2)L0[E Ut 2)L10[E]

0~10 1
47 0 10
MFR
(MFR)
(GPC) 4-7 MFR
4-8 4-9
4-8
4-9 MFR 0.95
~0.99 (Mn)
MFR

108



n-n-m

g/10min  8.07 9.55 1052 (RLOUSH N30
Mnx 104 10.6 10.4 10.1 9.67 09.23
= (GPC
Ny ( ) Mwx 104 19.4 18.4 18.6 || 17:8 | 17.8
mEviEENE (MFR) HFE (Mn)
10.8
10.4 i
: 10.0 o
596
£ . =
e 9.2

UHA)LIE

MFR

1.00

0.75

- 0.25

+H
= - 0.00

i
52

W _ —0.25
=
=
e

L -0.50
=

-0.75

V44 7 NWEIER -

4-9 MFR

N
et — — insgaeet 2

0 5
U 2)LIEIE

10

Mn

Mw/Mn

Mp

U4 A 2B
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4-8

IEDIEF (5L VERS 0.75~ 1.00
1IED5# L \1ERE 0.50~ 0.74
IEDS5L\1ERE 0.25~ 0.49
FERE(CE5LVERIE U < (SAERER L -0.24 ~ 0.24
80550 \EE -0.25 ~ -0.49
B0 \VEES -0.50 ~ -0.74
B0IEE (5 \ER -0.75 ~ -1.00
10cmx
10cm 1 mmt 2 mmt
4-10
4-11
4-9 4-10
4-12 4-13

Ut-r2)1,5E Utr-r4)L10[E
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Y- 2)L0E

DY 12)L5E

UY-20)L10[E]

4-11

1 mmt 2 mmt
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4-11
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FREBICHFER
et MPa MPa
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4.3
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4.5.

PC

1ZOD
4-31

4-15

mEEEEAR (SEPREE)  SEEEEER (HHARER)
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1%, 5%, 10 %
1%, 5%, 10 %
MFR

PC
5%
10 %

PC

4-16

1ZOD
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4-16 PC

PCEIlEHR D PR EE MFR
)0—AEh8 [g/10min]

BAE T _ 240°C5kgf
glF  #aF  IZOD

(WES0) P e

[MPa] [GPa] [kI/m?]

0 118 | 2.7 76 4.4
1 i1l = 205 75 4.6
5 1O1IN 2.5 68 4.8
10 97 2.4 20 o7

4-31 PC
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4.6.
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5.2. LCA

5-1
TFAA LCA
CO; 5-2
3.99 kg-COa/kg TFAA 41.41
kg-CO2/kg TFAA 10
5-2 LCA

IRLF—iEER COHktE

CO,HFtiE HRZhR

S [kg-CO,/kg] _[kg-CO,/kg]
eI areaieT 390 1.68
SRR A AT SRF W

[R—RS51>] .
TR F— 7R — IR 5.67
LCA
LCA
CO,
LCA
LCA
LCA
1
1) HP https://www.jpa.gr.jp/states/pulpwood/index.html

131


https://www.jpa.gr.jp/states/pulpwood/index.html

CO; 5-3
3EID

5-4
HPp?2 CO,
CO; 5-5
2)https://www.rinya.maff.go.jp/kanto/apply/publicsale/wood/attach/pdf/sisutemu20200225-5.pdf

5-3 CO»
CO2HFH[REE{i] CO2#FH[REEAis
Eﬁpﬁfﬁ (TRILE—BE) | GETRILE—2E)
[kgCO2/kg] [kgCO2/kgd]
JULS 67060 0.594 0.0022
A. (2019) (3EID),

http://www.cger.nies.go.jp/publications/report/d031/index.html
B. Keisuke Nansai, Jacob Fry, Arunima Malik, Naoki Kondo (2020), Carbon footprint of Japanese
health care services from 2011 to 2015, Resources, Conservation & Recycling, 152, 104525.

5-4
= ’ KiAFw T
RS JAVI Vi rEE (1)
INA AT S 1kg 0.48kg 1.824
EIFEER TS (1AtY) 4800t 18240
2030 = (20/t/Y) 96000t | 364800

5-5 CO; ( )
CO2HFHE CO2#FiH=
& JULT (ZRILF—EF) |GEIRILF—iER)
[tCO2/y] [tCO2/y]
RIFEER TS (1At/y)| 4800t 2853 11
2030455 (2075t /y) |96000t 57064 212
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CO,

4393
km CO; Gabi Professional
2030 CO,
5-6 5000-20000dwt
CO,
5-7
5-6 CO, ( )
\ AbF v T A0 S S e
% = ITHRILF—ER) |GETRILF—IER)
; 4EZ (1) HAZ ( Lo ( alio e
EIFEERTRS| 18240 Container Ship 631 0
(15t/y)  |18240tx1E|5000 to 200000 dwt
203056852 | 364800
(20Pt/y)  |12160tx1@ T 12741 9
5-7 CO,
CO2BEE= CO2BEE=
e B AL (e VT R TS S
== [tCO2/y] [tCO2/y]
EEFEER TR (1/5t/Y) 3484 11
203042 (20At/yY) 69085 212
CO, CO,
CO,
LCA
LCA

RSPO3(Roundtable on Sustainable Palm Qil)

3) RSPO  HP https://www.rspo.org/

CO2 5-8
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3EID

CO; 5-9
5-8 CO2
[kgCO2/kd] [kgCO2/kd]
ESHRERAES | 113255 0.491 0.0516
A (2019) (3EID),

http://www.cger.nies.go.jp/publications/report/d031/index.html

B. Keisuke Nansai, Jacob Fry, Arunima Malik, Naoki Kondo (2020), Carbon footprint of Japanese

health care services from 2011 to 2015, Resources, Conservation & Recycling, 152, 104525.

5-9 CO2 ( )

=45 CO2HEt= CO2HFHE

& Hﬁﬂﬁgﬂ (IRILF—ER) |GELRILF—IIE)

SR [tco2/y] [tCO2/y]
EIFSEER TR S (15t/y)| 3400t 1670 176
20304FBS (205t /y) |68000t 33400 3511

CO,
5834
km CO, Gabi Professional
2030 CO;
5-10
CO, ( 5-11)
5-10 CO2 ( )
o CO23Fiti CO2HH R
B EE (D ﬁ’;;;. (TRILE—HEE) |FETRILF—iEE)
[tCO2/y] [tCO2/y]
EIFBEKR TS| 3400 Average ship 882 0
(173t/y) 1700tx2[E]| 3500t payload
203045 68000 Container Ship 3201 0
(20F5t/y)  |68000x1MEI[5000 to 200000 dwt
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5-11

CO:2

REHASARER

BE + Bnx

CO2#FH=

(ITRILF—iEIR)

[tCO2/y]

CO2#ftH=

GEIRILF—iEIR)

[tCO2/y]

I ERR TESR(15t/Y)

2552

176

203042 (205t /Y)

36601

3511

CO2
CO2

CO;
RSPO
CO,

LCA
CO;
CO,
LCA 4 CO,

4) Life Cycle Analysis of Algal Lipid Fuels with the GREET Model

https://greet.es.anl.gov/publication-algal-lipid-fuels

5-12 COz

CO2BEHH R BT
(TRIVE—E) |GETRILFE—E)
[kgCO2/kg] [kgCO2/kg]

0.92 0

CO2BHEREAL
SEEARESRAA Y

AN

—
—
—

O

>

I

0.92 0

= il
=i
R 6

CO2

CO,
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CO2

5-13
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S IYC G 2] 2 2 (i (B3/%) Emmmv_\@vc g
BT L 1)/ —F1ETHE —F1ET | —FETHE| —F1ET | Wi S
ik :7400) J=y=fdee)
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5-14 CO,

J\AATS51.0kgd1=D
HE(CHN'S

ahk
JOtR

Cvakil

Az
A CO2RHE  CO2bRtE
* RIS
RIGTHE (NMp 15505 Ok ™ 0.01)
*100°C, 4hr
*E&FEE&%?O
* SRR AR 7E 0.10
SAIEEIN TAE  MeOH, A#4))15. Okg ; R
FBIEOR53(0.3%) || 8243

4

JOtX 1.214
LCA LCA
LCA LCA
CO, 1 kg CO,
5-13
1kg CO, 5-14
CO,
LCA
LCA CO»
5-16
CO; 3.90 kg-COy/kg CO;
3.99 kg-CO2/kg

NMP  N-

LCA

5-15

0.3%
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100 200

PC CO;

PC

PC

PC

PC CO;
PC CO;

4.39

102

102

(PC)
PC
5-17
CO;
PC
CO; 5-18

CO2

5-19

5.67
CO,/CO;

1 kg

LCA

CO2

CO2
CO:

Gabi Professional

CO
CO,/CO;
(2030

509
LCA
PC CO2
3EID
5-17
PC
PC
COs
CO,
5-20
3.96 CO,/CO;
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5-15

CO;
_CORBFH R
E*ﬁgﬁi& . }t‘{jjf 1kg&—)7—t0 iﬂ?%ﬁ?ﬂ%ﬁ 2030&;‘?_};#
B RE (kgCO2/BM1kg) taaue b 20527 )L
(tCO2/t) (tCO2/t)
TSR |FETREDE| TRECE [T REEE| T RSB [FETRER
2)uo—x| /ULT®E | 0.285 | 0.001 | 2853 11 57064 212
fnx o = 631 0 12741 0
RERHL EEAEAEI%E | 0.167 | 0.0176 | 1670 176 | 33400 | 3511
ag - - 882 0 3201 0
B - %8| BlEH 1.864 | 0.0659 | 18636 659 [372710| 13176
ST E—| 1.498 0 12140 0 242800 0
Z=F 3.814 | 0.084 | 36812 845 ([721917| 16900
5-16
oA E
WA = 1) > z 1 53 E\ 2030&3#5
E S [E % = ] ﬂ=.: I’E %ﬂmgﬁﬁ?{’ﬂ%n g et
RS - & B 15t —)L 205t —)L
(¥) (¥)
ZLO0—=2  |[/ULTEE 321,888,000 6,437,760,000
Eanx 46,431,200 1,632,585,000
RERHEE RERbILEIE 385,067,000 7,701,340,000
Bihx 53,213,000 403987000
ahk « X8 | alEN 4,280,817,912 85,616,358,236
&5t 5,087,417,112]  101,792,030,236
¥/BM1kg 509 509
¥/ER1IEHED 102 102
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5-17 PC CO2
CO2BEEEER | COBIbREfT
Eﬁéf‘% (TRILE—EE) |GETRILE—tE)
[kgCO2/kd] [kgCO2/kd]
PCi&iRg 397526 3.46 0.414
A (2019) (3EID),

http://www.cger.nies.go.jp/publications/report/d031/index.html

B. Keisuke Nansai, Jacob Fry, Arunima Malik, Naoki Kondo (2020), Carbon footprint of Japanese

health care services from 2011 to 2015, Resources, Conservation & Recycling, 152, 104525.

5-18 PC CO;
CO2BEtH = CO2#FH=
& (IRILF—ER) |GELR/ILF—iER)
[tCO2/y] [tCO2/y]
REIFSBER TS (1At/Y) 34554 4137
203048 5(205t/y) 691082 82750
5-19 PC CO;
s CO2BFEE CO2BFEE
B 2 (v ﬁ‘ i (TRILVE—EE) [GETRILE—E)
[tCO2/y] [tCO2/y]
ESER TS| 9700 Average ship 4952 236
(15t/y) 2425tx4[0] 3500t payload
2030 | 194000 Container Ship — ”
(20/3t/y)  |48500tx4[E]|5000 to 200000 dwt
5-20 PC CO; CO, ( )
— CO2HEHE CO2tE CO2FHEEEENT | CO2HF AT
e ;ﬁgﬁ (TRILF—ER) |GEIRILF—EBR) (TRILF—'R) |GELR/ILF—ER)
[tCO2/y] [tCO2/y] [kgCO2/kg] [kgCO2/kg]
RIFEER TS (15t/Y) 39496 4373 3.95 0.44
2030EB&=(20t/y) 709886 82750 3.55 0.41

140



http://www.cger.nies.go.jp/publications/report/d031/index.html

5.3. LCA

CO;

CO,

LCA

CO,

5-2~4

T I AT INAT AT
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PC 5-21 1 kg
PC 8 %

PC 30°C
PC

PC
1kg

PC

5-21

WIS BBSI[KW]
ocary PIBRMEIS/kal oogory |

Ly bk
®WERE vO0—X = )0—X -
plortl PCi3g ploe PCHilg

ABH | 947 | 85.4 [0.99| 139 | 15.0 |0.93| 0.318 |0.346|0.92

(14)
“("1%‘? 335 | 41.9 |0.80| 78.0 | 64.4 |1.21| 0.710 |0.737|0.96
M 940 | 206" |0.68] 1288 | 67.3° [1.91] 0501 |0.385°|1.30

(1%h)

LCA

CO,

50t 160t 2
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MHIEZIRIF

y
)

PC
1 5-22 50t
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5-23 160

PC 40%
5-24 PC
5-22 PC 50t
153y MAEDOEBEBHE (SOtRAEDIES) HI{f:[Ws]
e
AR e PCisiig | thD-A1HE8 =
) N— 93,136 36,047
(120%C) (80°C)
5 o 91,562 74’669 133vk_31s
SOtEERzi (907C) (60°C) T
—— DIBE
43,792 28,477
3 2|
(90) (60%C)
4 W 6,009 6'009 1::?1')5??:
ot 234,499 | 145,202 | 38%I{Ei
5-23 PC 160t
133V MEEDOBEEBHE (160tHEAZEDIES) BT [Ws)
B B2 e =
PCHliE | thD-2EHER
. P— 156,228 | 60,467
] (120%) (80%)
, e 184,542 | 145,955 13%avh_s52s
160N (90C) (70%) -
= OIRE
] — 85,012 42,739
) (90C) (70)
a HR 6,009 6,009 lgggjs%??
an 431,791 | 255,169 | 41%{Kik




5-24

&
BSR4 PCiEfE | z)LO—X
EE
MRIBZIRRE 120°C 80°C
o e || 7o
£ ELEH > 90C
B A 60°C
50t
LCA
PC
kg 1 ty 20 tly
5-25
PC
PC
PC
1 ty 20 tly
5-25 1 kg
)LO0—RHE PCHilg
SxTh Ws/#ii81kg Ws/##i81kg
1HtA4o—)L 20t A4 —)L 1Bt Ao —)L 20t A4 —)L
(x104) (x109) (x10%) (x10%)
e x0.45 x0.47
f 255 559 115 265 X0V, 124
2312 117 2406, 125 192 2 213
as 372 2064 239 457 x:“'% 337




PC cO,
5-26 O,
0.000468 t-CO2/kWh
PC CO;
(20 ty) PC 30 % CO-
5-26 CO,
O—R s PCisiie
BT | so30mmm | FEBEET | o300
1FtzA—), | 2098RT=Ib | mohr ) | 203ERT =)L
#iE 1kgd = DDENE
(x10%) Ws/#ifE1kg 372 239 457 337
1553?524?»?\%5&;?% 1035 13290 1270 18740
CO2#tti=
t-CO2/y 4842 62195 5943 87703
5.4, LCA
CO,
HGW
PC
CO;
(HGW)
HGW HGW
40 1
>0 57 5-27
PC
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A>FarR—=4 : 40C

<BFHRRmRA\DERR>
fR<F7R— b : Ether-HUB%= £t (100M T LinkUP)
WAN7R— b : Ether-HUB% $£#5(100M T LinkUP)
BAEMR— b EiEM A IR, @EIKEE(Off-hook)

5-6 ( )

e

=Y —J)L CFuset Biizt%=
1&gt

S-7
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5-27

40 2.1

tz)LO— R fhg 50 175 2.1

60 175 2|

40 175 2.1

RU B —RR— MR 50 175 21

60 175 2.1

CO,
HGW CO2
3
21
2.1 Wh 0.96 Wh
6 % 20 2008
1
9.66 kWh 1
200 g
CO,
5-28 PC
CO,
5-28
ESHIEE S g S = 203056 =
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2020 4 2

https://www.euglena.jp/news/20200402/
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2020 7 30
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2020 10 2

JATAFF 2020 5

2020 5

MATERIAL STAGE 2020

Tadahisa lwata, Hongyi Gan, Azusa Togo, and Yuya Fukata: Recent developments
in microbial polyester fibers and polysaccharide ester deriveative research;
Polymer Journal, https://www.nature.com/articles/s41428-020-00404-8

Wenjia Zhai
WEB Journal 2020 9
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