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Biopolyethylene Furniture 3D Print Manufacturing Demonstration Project
Results Report 2020, Summary

Objective: To develop a method for manufacturing recyclable furniture by 3D printing using a compound of
biopolyethylene and biomass-derived filler as an alternative to fossil resource-derived polyethylene, and
implement lifecycle assessment based on that manufacturing method, with a view to disseminating
biopolyethylene materials commensurate with cost and demonstrating a new resource recycling-oriented

business.

1. Development of technology for 3D-printable biopolyethylene compound pellets

Last year’s development revealed that two types of biopolyethylene (PE) compound are effective in terms of
interlaminar adhesion, contraction limitation, etc. and have the potential for compatibility with 3D printing.
Conceming (a) long-fiber cellulose fibers, a kneading machine was used to improve the filler dispersion,
while concerning (b) cellulose nanofiber (CNF) “modified cellulose”, improvements were made in terms of
brittleness and coloring, and a compound that could be used in the 3D print manufacturing demonstration of a
chair shape was obtained. However, a common issue observed in both (a) and (b) was brown coloring.

From the results of (a), (c) the kneading method was modified by optimizing the length of the cellulose. On
doing this, improvements were obtained in terms of the filler cohesion and coloring, making it possible to
acquire a compound endowed with interlaminar adhesion and filler dispersion. Concerning the issue of
coloring, a manufacturer that has unique technology for blending (d) paper powder was found, and on
conducting a kneading trial with biopolyethylene, a compound possessing excellent dispersion and white

color was obtained, although the contraction limiting effect was found to be diminished.

In demonstration of 3D print manufacturing of full-scale chairs using these four compounds as the raw
material, it was confirmed that the chair shape can be molded, however, in each of the cases, issues remained

regarding either coloring, filler dispersion or the contraction limiting effect.

2. Demonstration experiment concerning 3D printing of a chair shape

Upon designing a chair shape model that integrates limitations of the 3D print manufacturing method with
comfort, a total of 20 chairs were manufactured by large 3D printer using 3D print-compatible materials
derived from the bio PE compounds developed in this fiscal year, and the 3D print chair design and
manufacturing conditions commensurate with the characteristics of each compound were identified.
Conceming two of the chairs, durability testing demonstrated that furniture industry standards are satisfied.
Moreover, a manufacturing experiment was conducted using pellet materials recycled from the manufactured

chairs, and this revealed issues and possibilities regarding the material recycling of 3D printed furniture.

To achieve product-standard furniture, it is necessary to have a shape design and manufacturing method that



is light and can shorten manufacturing time without compromising strength, effectiveness in terms of limiting
the material coloring and contraction, and improvement of surface roughness, etc. arising from the filler

cohesion.

Moreover, in order to impart superiority over conventional products made by die molding, it is necessary
to verify a method for designing and manufacturing customized furniture that makes use of a multi-variety

variable 3D print manufacturing system.

3. LCA verification and assessment

This demonstration project has the following three characteristics resulting from introducing 3D printing
instead of die molding to the manufacture of furniture. First, the 3D printer makes a contribution to
decarbonization because it uses approximately one tenth of the electric power compared to die production.
Second, because the 3D printer can conduct individual production unlike mass production, it can impart the
new added value of mass customization to countervail rising prices of biomaterials. And third, whereas 98%
of current polyethylene furniture is imported, 3D printers, which are inexpensive and quiet, can be easily

deployed in Japan, thereby enabling carbon arising from international transportation to be reduced.

Accordingly, this fiscal year, comparison of GHG emissions in chair product manufacturing was conducted
for eight scenarios entailing combinations of the conventional production method (rotary die molding), 3D
printing production method, different materials (petroleum-derived and biomaterials), different production

volume, and number of product varieties.

GHG emissions arising from energy sources and non-energy sources revealed that biopolyethylene furniture
made by 3D printing can make a large contribution in terms of decarbonization (negative GHG), indicating
that this is an extremely promising technology for realizing a carbon-free society. Since these calculation
findings reflect figures from the manufacturing experimentation stage and include some estimate values, it
will be necessary to further elaborate upon clarifying the target products for evaluation, alternative products,

and the production and recycling processes.



Eight scenarios based on three axes

Petrochemical PE x Die x Same shape/mass production
Petrochemical PE x 3D printer x Same shape/mass production
Bio PE x Die x Same shape/mass production

Bio PE x 3D printer x Same shape/mass production Alternatives

Petrochemical PE x Die x One-part one-sheet/individual customization
Petrochemical PE x 3D printer x One-part one-sheet/individual customization

Bio PE x Die x One-part one-sheet/individual customization

S L

Bio PE x 3D printer x One-part one-sheet/individual customization <+—
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HHES No.18 No.17 No.18 No.21 No.21
T47—BEBIE| #/3F—30% CF30% #ho S A —30% CF30% CF30%
B 5mm/ X)L 28| 6mm/ X)L 28 |8mm/ X)L 1B |6mm/ X)L 18| 6mm/ X)L 2J8
ECSCHiodis 5h 6h57m 5h26m 3h20m 2h40m
HHES 7.7kg 8.8kg 7.5kg 6.5kg 4.4kg
HEEFS BPC-16 BPC-17 BPC-18 BPC-19 BPC-20
HHES No.22 No.25 No.18 No.18 No.14
J45—BEEEIE CF30% o <92 —(K)30%| K/ NH A —30% | #/ o H —30%| ZERKCF15%
REEH 6mm/ X)L 1&|6mm/ X)L 18| 6mm/ X)L 2[8|6mm/ X)L 2[8|6mm/ X)L 2[8
ESCHindis 2h42m 2h2m 3h55m 8h25m 5h50m
MHES 6kg 3.9kg 5.9kg 12.7kg 8.8kg







3. LCA DI&EE -

i






3-1. LCA OREE - D B 8

PERORE T AU 1T 2 PRGN LD RS IR O #1128 D CO2 HEH R A &
L. &R 3D 7Y 7RI kD CO2 HITO 2 AW SMIT 5, DT U MUk )i
KU DAELE CHERIED HND A PE STV RII TR0, W F IR O RS ERB 1D,
FRD AR ORE BA LCA EF /L ~KWed %, RPF OEED S B4 5\ 0 Th . LCA
FERIC KA A 52 A7 LN TSN ST A— 250N EEE ~DE T YL 7 IC LD — 1k
7S OB B R KT S DAL T VABRIE LD AT AT
REREON E&2BIET LB, BRERIFHOIRTRZIT),

3-2. AEEHH

3-2-1. HENEZDOHEGZ AT L
ARHETHGRLET LR AT 2% FRRIORT,

#£3-1 BMHETATA

HHE FAh ek S Flage o 52 8
GO 3D 7V NMEIZ LD PERAIDF A
NAFR)=F L E R
JL e 40 PR 3D Vb PR
Ak (RS ) # 1

FEAfE 6 S B L 1T 3D VA B L CRIELIZ A AR = F L U BRIZ HoRy1-L L, Bl ks
BT 8IS i CRIE SN AT TATF v /O 1L LTz, 728, 3D TV 2% Tk
FEATH 86 Tl JEHEIR ISR T IA T 7 4T — (RINAD AL T L 725 T D, ZORIZIREIA
o7 47— 13N ENEOEAM R RRY | FBEREFFOAMGRLRD, Lo TZo7 47 —22 1k
SHTREDREE M % G /T2 LCA RHliZ4T ~ 7=, REB{E#IX TCO2 BN FICHB(EL-,

3-2-2. AL RATFLNREDOHEE

far L L CORERE,




3-2-3. BEEHEMNRUEEDOD—

BEREHLALIE, TR OF+ 1 A ZO— TR W TR 2MREL LTz, 7235, 3D 7V RC

FofTFL R OR 7 TlidE D

B
An

PRI THLEE (R FHED P T, 3D 7Y MUE;

T DMANE THEEDRRFESTOND) L2 b, KETu—TZn i+ 1 I THD,

3-2-4.

AR RICETHATIREH

A RIOFHl xSRI BT DRSO —E &2 L T ITRT,

#3-2 HIREMH—E

£ PR (it 3D 7V b AE
D & IO e
: B j:/\ L—
(L 10kg 10kg B R
(S 7 7
X ; . _ T4T7— 3RS E R
Bl FE % %, N - — %
MEIOFEFE | PP(95%), PE(5%) INAFPE+T7 47— (30%) COEACI AN
BT 5 1 [l R 3D SV &
G BT D
71.
R 300 iy 2L
SRIOFERE  |50.89kg L
EHRIDT LI
71.
o 10.89kg 2L
EFRIDOT LI
71.
N 5.44kg 2L
LT — N
71.
D 40.00kg 2L
SHBETR | 5.44kg X 33.24kWh/kg = L TIAZ NN T OYIHE D
Vi 181.04kWh BB OHERH LT
SRR -
35 7
P Hh =B ) 2L
Bt O E R |50,000kg 1,000kg
3D PV HITFeG A DI
FERAEER 10000 fE 365 & [F] i B AR L T A 1 LA Ak

HRETLHETHD




£ R (it 3D 7V b AE
R R T
v 50
P4 * 54
TAT— L tAra—RAT7 7 A3 —
IRSUE 2L 0.056kWh/kg IREEEINT— kT —%
IRERDEE |72l 40%
3D VR CIREEEEE
R E ) fbf;g?/ ;‘f\;fh 04 kWX 4h=1.6 kWh  |IZEEICIHE(ToTLT
’ Vo TR EL-
EH 7 utvR | AFZUTEH HAEE )
. HEEEN S DALFRIT Post
YR Ea ) % % B
RIEHH % 0% Consumer ElRIEEELT-
Post
Consumer oco 1 co oco 1 co TR: Thermal Recycle
-y | TR:85%. MR:15% TR:85%. MR:15% MR: Material Rosycle
JUALER
BB
TR — % IR D IR IE — % IR D IR IE fili#e, RPF AL DALER %5
T
K AT v KV A T v
- ¥ R, Lo ML LB
N
e EgE : 50km P EgR : 50km At
WEOMBE BR2E:S0km  *1 | MESMIE Figizg: S0km +2 |/ T4 PE T T2
*1, %2 P HTIZ BN T
N i L% 10,500km | EIFEIHE L% :22,000km |7 314 PE ZFIAT 556
IR TIPS *1 VIR A T AHEEACIL T
FGN—>AZVT 3D TV
EIPBE % S0km | [EI PN L5 - S0km z THYZVL=HATH
WSk b8k - S00km
ek oOREE A XY T
SR L
e IR L% 18,000km | mpgpe ek 100km  |3D 7V M BT C
DGR E
[EI N 8% : 500km
BEFEY L | [EPNRE EEgDE : S0km [ PN e _F g 2% - S0km T P %




R—oiAgy L) LOFRKT 1-€ K

SRR —O LA G e L LOU UL YT
R—ocarg)rHcCcrc 1 —5—2—-¢€

YETLYA G—CT-¢



CUACERIHFOPYHE RN LA LG L RRE

UNVE IR L — LY —DNCD) 20 LT UM OS82 5L dE

R—OLAUgy L LO5AMLAE T-€ A



3—2-5-2. AvkATIEH
LLFIZoWTIE Ay hA7EL BB E EN TR,
JERA 1) 3 32 B
> FEM BB I OB IVHHEEA
A PE B
> PERAIOEE I WS IVHHEEAF
> BUERF OB ED (R I AR D 3R 5 T VE T 5
it FH B it
> TEHRRF O ETS AL S | MR B E e )
J5E HE Bt s
> BEEREOEREICHOWONLT L EOEM



3-3. ERHBLEETMF A

AR AL OB IOL, KRR AB L R F 5L T IPCC 2013 Global Warming
Potential 100 years (Hifi7 :kg CO2 eq) ZfE H L 7=,

3—4. AT ALV A RV M) 534 (LCI)

3—41. ERAVIFIZTRUNYIITSIVVRET—4

LCA iHMliZ4To128 72> T, NI T T RF —ZIZ LC1 5 —#~—A IDEA version 2.2 %
FA, BEEICIZ LCA Y7 N7 =7 SimaPro8.5.2 %\ 7=,

3-4-2. —RT—EBRUVZRT—H5DINE

BB CT—IRT —ZREF TEDLLDIZ OV TE—RT —#ZIEL LW H DI DWW T
XEREAWT R T =22 WL LTz, F LR, T 7T A7 T7n—ReBRo L,

3—4-2-1. NAFZPEQOHETOELR
/SAZ PE OAEFET TR AT OWTEIFERANE KT, 50 Thod Braskem 23ABHL
TW5H/31F PE O SCHERE [Braskem 2017]% 5 HL7Z,

3-3  Braskem O CERE (— BBk EY)
PLTFICEEB LI AE N FEERT, =X — iR, FE X —EZIRIZEV Y Tl on
TIZ@T/RLTWA,



# 3-3AF PEDOAHB

x| TR
At oy HH B | B | ¥l | F—
IR TR
i B /3A% PE 1| kg
KEKH D CO2 Wy Land Use Change Credits -1l kg [
CO2 Uptake -3.14 | kg [ ]
Electricity Cogeneration Credits -1.17 | kg o
AT] KK H~0 CO2 HEH | Agricultural Operations 091 | kg [
Ethanol Production 0.03 | kg o
Bagasse Burning 0.16 | kg [
Ethanol Transport 046 | kg [
Industrial Operations (Ethylene and PE) 0.76 | kg [

IE L 72 SCHRCIE 7 e 2B HEHEND CO2 BDOABFEHSN TV IEND, £ TOIEE
I REQA~DOYEH 1 LU THRELT,

Land Use Change Credits |& THIZZRIC LD IRFEWINA R L TRV, S bR 22 50k
TR ARG T AP EHAUE T DHLICE ST, B ORFESINL, ZOREN CO2 &
TEAIFETHIE00, v AT AOHAED RIS TS, CO2 Uptake I h7FE DK HH
N 2% CO2ETHY, ZORIIRITF Lo DERRBENDIEETSH CO2 mOBRMEE G EL T
V5, Electricity Cogeneration Credits /314" PE O FERFAE FH SNVDIREHZ T R B DOKD
W THLNTAEHEANTHIET HHTHIET ThoTBEREA L, CO2 DOPEH &M
BT oEERLTND,

3—4—2-2. IDTYLADOEEMITAEX

3D U ZOIHEEIL [MHER 2019151 H L7, AR SCHK CILEBRICEH 7 & OB
Tatami (ZFHAIERZ AT, HEEBHO KT —ZOWENMTbNIZ, ZZTIRELE —RT —4
IFHOHIRIRFICHBE SN D BERREFE M THD, EEEICT b AT ORF2HIRIL ., FH2%
(HIOKI -8 EIFE T H7A4Y 3197 BLV, 7T 74 &9 9660 (100A, 300Vmax) 3
) &RV CEHE T o7,




X 3-4 X# 3D V& Tatami

3-5 RSSO EBRE NI E



FHEY 3D TV Z TR 1T 6.6kW, 7 U NIHEEE )T 400W LV R EH
AU ETZFIRIRE L 4 RefE)/ICdro Tz, D FEBRIZE ST 3D TV X BDORESG DE I E
72V TCTHIRI CEAZERH BN EIe s Tl TV NEE 1 DO A CTHIR M Thivs e LT,
ZIND 3D VD 1 BTV OB E T
0.4(kWh/h) X 4 (h/JH) =1.6 kWh/J}!

Lot

3D TVHDEEIZOWTIET V7 A2 BT, HEITN 1 ton EOFEREFZ, 3D 7V
ZDOERESE 5 F, FEM 365 MIAEFEERFTIEHEGTL, 225
1,000(kg) / [365(JHl/4) X 5(4F) J=0.548 (kg/IH)

Llpole, ZOEEHEME &L THR-T-,

¥ TR TR ARE T, BRBIORBBE DDA 5%t &5 FNMEEHF ~OeT
Vo b bmElieoTc, LNICEBLIE AN NRERT, REBART 2EATIL Material
Recycle (MR) 28 15%%8 43 5728 MR 77 D EHEO R IZHOWTITAMMDEE LS TR0,

#£3-4 3DV FIZEB IO ED AHFE

AT Gar| H H i LX(A
7 B ¥ 1| M
AT FIE (=20 53) | TIAF w7 R34 PE) 595 kg

TA4T7— 2.55| kg
FJEEF (MR 47) TIAF I JRE(NAF PE) 1.05| kg

47— 045 kg
TRILF— W] 1.6/ kWh
J=¥N) RUEHRAR (8%) 0.548| kg

3-4-2-3. 745—DHETOLARUV I« 53— DHH

T47 =T — AT 7 AR =L U MEE W e, LUTICEOFEMZ R T, 7ok, BUESOIK
3R TWDHD1E, TR (Thermal Recycle) (28T, RERT 28 G, BRItk 0N B2 HET
L2 ThD,




R3I5747—OFMER—E

FY o B o i
B2 7 WE., 7 —FIR K53 (%)
(kgCO2e/kg) (MI/kg)

EAMIL RSt T2
2019]8Y, IKo7iE [RaRk , A
2011]EDHRED K 55 D15 il 5|

ra—
. MUz, Bl [HEEAN AR . 12.05
PITAR s 2004)p e HR T 0327) - 1030% ) Gro )
o7 D
(9400+14700)/2=12050KJ/kg %
FIHALT=,

LLITFIC B a—RT 7 A L — DI L7 A £ AR,

F3-6EZLT—RTFAN—DAH1FE

At Gak | HH il Hfr
) B Ao —RAT 7 AN — 1 kg
KEHF~D CO2 gt | & A AT 0.327 kg

3—4—2-4 WNERBEOBWMEERUVEREER

[ B P OB AR R 12D\ Uk Web J 45T 50,000 kg, AHU B2 DWW Cid A [E TS
RIEESLEL CWBEE ~DOET Y7L 3D 7V 2 CRLE 21 1 O K i & VO TR A 2.3mm,
T V= LODE FER 2700kg/m3 ELEHRDDRE L SO B O E 1L 10.89kg £LTz, TV
7 KO EIHERCIE O @RI OUIHIZA TV EIES L, PR —MFEL TR o7 L IT7L— A
ERALTOWAZENALINERD, 2O 7L — LD E % 40kg LLTZ,

TV T LEHBEORE RS ETRIARR+ T — LD EREE A DY T50.89kg L L, KEEEE
ORIE T TR A A DO HEF BT 52 UT, BIHRATE H ORI DUV CTi 50 L,
14T 1 FEOBESRIEEZITIE LT,

50,000 (kg) / [10,000 ([51/4F) X 50(4F) ] = 0.10(kg/[A])
Llpotz, ZOEER— MBI OBy DO EEE LT,

Fo RO BRI OV TIL, 3D TV Z 81 O WIAE EE IR GEE ST E 4% 300 &L
o2 EMmB, RMEERIZ 51280, 300 [ELz, 2205
50.89(kg) / 300([=1) = 0.169 (kg/[H])

Llpole, ZOfEE T —HWHT-V OS5 OT AIDEEELT,




3—4—2-5 RRVOLBHETOELX
PERIL DB DOELEIZITEIHIIN LA HWGILTWDIED Web s AL BNER ST,
A EIZOEIRI 7T a2 OWT fFRAELAT SR EEITH LT 50% 08 HIshbE LT,
G 7 mt 2 kg & 7=V DI % /113 [Singh , Sultan 2018]%0 ., B HL7-, LA FIZSCHkD %Y
& T E R,

3—6 GIHIeEADHEEREN

BIHIED 0.45562kg 12K L CYHE /178 15.1474kW ThHD, ZZ0HUIHE] 1kg H7-0 DO EE S
R,
15.1474(kWh)/0.45562 (kg)
=33.2457(kWh/kg)
SRE DY 10kg DT- ., YIEIS D &I
10.89(kg) X 1.5
=16.335(kg)
IO EREREETHL
16.335(kg)-10.89(kg)

=5.445(kg)
ZEIHIT 5L L7z,

ZOUHNZ L DIHEE I

33.2457(kWh/kg) X 5.445(kg)
=181.02kWh

Thb,

SO [EIECERL T

181.02(kWh/kg)/300(/=])

=0.603(kWh)

ZARIOMERIZE ELT,



3—4—2-6. KEEOEEMIIOER
e D nlERpE O E D EI1L [STALBERG 2017\ZFE#in iz vz, LLFIZSCHR
D% M4 EFTE T,

3—-7 EERFEOHEEE S

EREB 1M TZ0DEINIHEEEDPI O EIST212b 2200, B 1kg HT-VOE JITHE &
R,
234 (MJ/box)/23.66 (kg/box)/3.6 (MI/KWh)

=275 (kWhikg)

T aRL 5%EFELZIENE, EEBIOF AT 5%%<720, U7 T. oA l% Post
Consumer & [FICALEZINAHLDELT-, DL MICEB L A 1FE LT,

£ 37 BEREORF1IHOEZVOBEARM DO AH IR

A 5% HH i HAL
7 B Far ¥ 1 i)l
T BE~"7 (Post Consumer &[] UALER) 0.526 kg
AT Tk 7T 2F 7 )i $l (PP+PE) 10.526 kg
TARILE— Electricity 27.5 kWh
&N RLEREAR (8%) 0.10 kg
S (T NI=T L) 0.169 kg
SR OREE T 0.603 kWh




3—4—2-7. BE-VYA4H)LTOERX

BEFE VS A T AZ DN TIRERSEL, 3D VA DOELLLFEICT 100%Y A7 vEnsél, VU
Y A2NVIFIET TR £ MR @ 2 D2 L7, TR Tidk#tL RPF {bo AR &Rt EL, 7IAF v I D
SEEMRBEICED CO2 HEHEL 1A DEt LUz, ZORHIELNLEEIZ OV T, REHE
B RBEL, BT REHIAIRERE LT, 7ok 3D TV 2E AW BECTRAShD 74T
—ITTERRBER T IR DR T2 R IC oW T RN M ThhbE LTz, 3D 7
VHEANEEAENDT 4T — T — < LI A VBRI SE R BES T IR LT ET 5, Lo
TZOEREZTOWTUT T =< VYT A7 VAR IR IR S H L LT, K oy OIS B2 Gt
LT 74T — DRy R,

£ 3-8 WA DK 53 BT E

ESVives TAT—

3A(4 PE 0% | Bra—2AT7 7 A/ — 10.3%

MRIZHOWT, FE3RA 3D FV L ZDEBLHIZHONWTH KIS A7 LENDHEREL, ZREN
RV L Ly M2 AR 25 L LT, MR ICE - TREER O JFM B R 07 47— 2095
ELTHEEETT-T,

LRI A 1R E T,

# 3—9 kA TROAHAFE

A ok | HH i HAL
i TRLF— PP DJRJE 389 MIJ
PE DIABE 1.86| MJ

REH~D CO2 P | T TAF v DPRYE 3.14| kg

AT JEAL Ak RIS IO T 1 kg
YA L QLB AP 1 kg

RPF 1k 1 kg




# 3—10 PERA MR DA HFR

AT Zox | IHH it LA
7 TR, VYA Ly bk (FA (R S5) 1| ke
ATy JERA B FEFES DR T 1| ke

Tat A fB 1 kg
~LyME 1 ke
£ 3-11 3D SV TR(FFTAFvIEBDH) DAH IR

AT Zox | HH it LA
7 TR — PE DWRBE 37.1]  MJ

KREF~D CO2 Pkt | TTATF v DERSE 3.14 kg
ATy JERA B FEFES DR T 1| kg
Tat A fB 1 kg
RPF 1t 1| kg
£ 312 3IDFVF TR(Z4F—DH) DA IFE

AT Zox | HH it LA

H TRILF— T — AT 7 AN —DRRBE 12.05 MJ
K5y BN —RT 7 AN—DJK 5} 0.103 kg
ATy JERA B FEFES DR T 1| kg
Tat A fB 1 kg
RPF 1t 1| kg
R 3-13 3D SV F TR(ZA4T— DR DH) DRy DILED A 1%

AT Zox | HH it LA

AT K5y 747 —DIK5y 1|kg
FEFE LR H 57 1| ke




% 3—14 3D UL Z MR D A HE

NGV Zox | HH it LA
7 TR, VYA Ly bk (FA (R 45) kg
ATy JERA B FEFES DR T kg

YA 7 L LE AP kg
~LyME ke




3-5.

3—5—1.

SATHAIIINEE

sF{fi (LCIA)

IDTYUMERERBOLRER

PLFIZ 3D U477 =2 a—RT7 7 AR —Z L2 54) CRIE LR &, 1tk

FIOR T D LCA FE 2271,

3—8 3D SULRERERTEID LCA R

% 3—15 3D UL REUERB OB/ F 1 HH7-0 D GHG HEH E D BRI N ER

o

ol
mm | GHG MR | ke | A W e g‘%%/iw
%
3D Uk -12.21 -16.90 1.85 0.14 0.00 2.70
(e i) 35.21 20.23 13.16 6.24 0.00 -4.41

kgCO2e/1 JHI

3D TV NCHRLE L7256 0tk D 1L TRUEL 72356 @ LCA #5713 3D 7V hcofliEo

73755 GHG HEH i3/ h&<72 o7z, 3D 7V MIJFH B

Wi

A/A]

BEIZ LD IR AWML E LA 0D B




BENDFEAT D GHG HEH 84 ERD720  fEREL TR T2 JE T X T 212E GHG HEH &
DHIS I DRE R L2807, — 5T HERBICIIBEFE - VYA VIV B BE D I3~ A F A2 DG R
Llpotz, ZHUIREFOBEHE UV A7V EEBE D GHG HEHBED K% 55 TR (CLDBREHMCER
R A ROPBET RN X —ZRBFTDEE) 3453 KEL VAT VRLBRIZD3 )30 DA<
~LwMb, RPF ZRBEL 722D GHG HEHH &% ERl>TnA0HThDH, 7283, 3D 7V hd TR
XZ DML —EBED T 4T —%E T 72D, RPF ORENMELZRY, ERTIEEHETOTTAL
725, 728, 3D TV RDEMEHZDOWNT, /314 PE W EPEHZ 531 CTRFEL TWDHDITK)
L. AT = AT A B OB A3 — R =2 — 7 ELTRIG HEH G 220 E L THE L
TNWHZEEATFT 2,

39 3D VU PERERBO I NAF —EIR, Fo VX —EIFED LCA R

# 3-16 3D VL PERRAD RV F —IR, FEZF VX —HIED LCA R #HM

A%.I_

=R
At A . BEFE VWA

B | GHG IR | GHG HE . AERE i fiti
= V%

H &
3D 7Y | =xiEd -7.33 9.68 1.75 0.13 0.00 -18.89
N i -4.88 -26.59 0.10 0.01 0.00 21.60
n TR 5.88 17.66 12.80 5.74 0.00 -30.33

(it -

R 29.33 2.56 0.36 0.49 0.00 25.91

kgCO2e/1 i




TR (mxid) | FEr o — I GEmxifd) TRLE, 3D FUMIT R,
REDELL ThHo>THYAT AL o0z, TRED~ AT Z531F TR ORFLHRIZILHDOT
RPF BRBED AR =RNF =% RET 20D HFENEL TAT7 ANV RIERTHELTH AT

IR DGR o T, IR D~ AT A ITFEME Th D314 PE OJFEHEH ThH TR
FEDRFEWILEHIG AT ST EHI O T HI 2 1D HEEA~D R FEE Eb 5y ThdH, 2D~
AT A WENLLED AT (LILTTAF 70 TR OFEO RPF BREER OB HEHEH &) Jb K
X fERELCTIHE R v A RER 5T,

PERMTII R EIXFERIC TR ORIENRIZE S TRIER~ AT AN D03, AR O fiE
Bfir, AEPEBERE DB NEENLOPEHEZ0IZ DTz | fEREL TR BIT T TARE ST, 72
BT IATF I OF )~—8ERKEO 7Ty — 1T =R EELTH EL TS, IE=RETIE, A
F DI RFERILEIAAAEE T TR OEROBRBERF O BEHHEH B KENT2D | RIER 7T A
(AT T Ay

WIZERF —EJREFET R LF — BRI O L% SimaPro D%y N — 7 KOFATRT, %
YR — 7D THRFRNE ERO T mEA0 GHG HEHEE2 R L TRY, Tk TR 5 Tk
SN GHGHEHHEZ R L TS, MO KENEEDO KESEEZLTBY, GHGHEHENRE W
AR TR SN D Z 812725,

Flo, BTO BRI RERAZRRTHILITTERWD | ROy M7 2L (7 —
ZORBREHFICBW TV ZIITo TR . —ED/R—t T —V LU FORE RICE 2%
2072t A ZOWTUIERRL TR WRITHD, EHIZ, S EIOEETIELFH LCA 7 —%
~N—Z IDEA AL TWAHZEND, TAEr A b MG EICEDHIENTERNT TER|ZHS
W EE~AF 7 L TR RLTZ,



(%€ LENREL) R4 — O ck HHVIT OHE —XUETO (1L A

01—¢ [¥



(%S0 LENCE) W4 —aNck HHVIT OHME —F1 kT O (1L A
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3D TV DRy NI = RES BT 5, TREDOMDBIE, TR IZED A RAEEZE (Chair_
TR_Coal substitute) 23FE 7 IZ K &L, 2344 PE &7 47— D #LiE (Mizing PE+ Additives) &7
DIV H O (PE Transport) . L (3D Print_of Chair) 2504 TREEZAFHLIZELVE K&
EEWT AT RALRD, —T . FEZREDRINBIE, /A4 PE D& (PE_Production) D~ A7
ALy DN R REN, 2OV AT AT IS RO R F WU (Sugarcane Growing CO
2 Uptake) e OV, LHUFI FHZE RIS PED T EEER F2 O HE N (Sugarcane Growing Land_use Change
Credits) DR RIZLDHDTHD, —F7 . e EOBEIMER L L TIE, TR O RPF BREFZIRIEL 7=
RO EHZHEH (Chair TR Direct_emission) . MR (25> THERRE NS JFUEF (Chari MR Horizontal
_Raw material) IZED BN KEN,

PERD XY NI — I M e BRI 58, TREOKTIL, 1Y TR ICED A RAEZNH (Chair
_TR) BEb REVWEDD | (LT TATF v 7 JE# B O $iE (PP+PE_Production) . 1 L. (Molding
of Chair) THWA&E 1, BEDOAZYT 2>H O % (Chair_Transport) DA FHEL0DEH/NEL IEBKRT
TIADPE LI o7z, —T5 T RO T, TR O (Chair TR) 23 3CBLHY T, 780
DT LRI DEOFTFERALND,

VL b, ARIOBESM: T i, (RO T O8iE)NS 3D TV 2Ok T OREICEE 5
ZEZEo T, =RETIIA O, R TIERELS GHG HE @& HIRSh AR REeoTz,



3-5—2 BENIT:OFIANH

JEPE AT ELCL RERA L O 3D YA K1 DOk E A I 2K PE, /SA 4 Hi 3k PE D3

B LA — RS AR B AR E
oo Z2¥B A K PE 2R 35561213 —ENO THES

WZITEEZ 7 Z O A b E L JERBUZ DWW TIE AT O fE A 814023 K &AL PE D8 A 121

— M —EOR L ARYETAEAE D 8§ Y UF AN T TCEERIT-
% . NAF PE AR T 58S

45000 [A], — & —EDLAITIT 1 BIELTHEEZITo72, 8 VT U4 DOREMELL FITRT,
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3-8-1-2. ZRT—HDREH

[Braskem 2017]D SCHEE I A H ) D IF T2 BRI D kgCO2e/kg DAED A3 Fhak ST
Uz, 2 C SimaPro (2 FEE T HEUIIEBE R O 7 a v AEERL ., EATe—DH 1% 1 %t 1
THEEE LT, BB LB PSRN B LT R AR T — % 7R,

3—20 SimaPro | ® 54



#F 324 SAFT PEDTuvRLLEA T — DS

PAENZS 2 B LT AT m— X | FEr i
01 Sugarcane Growing_Agricultural Emissions, carbon dioxide (fossil), PY
Operations air, unspecified, 99-3
02_Sugarcane Growing_Land Use Emissions, carbon dioxide (fossil), PS
Change Credits air, unspecified
03 Sugarcane Growing CO2 Uptake Emissions, carbon dioxide (fossil), PS

air, unspecified

04 _Ethanol Production_Ethanol Emissions, carbon dioxide (fossil), °®
Production air, unspecified, 99-3
05_Ethanol Production_Bagasse Burning Emissions, carbon dioxide (fossil), o

air, unspecified

06_Ethanol Production_Electricity Emissions, carbon dioxide (fossil), °®
Cogeneration Credits air, unspecified, 99-3
07 I'm Green PE, Ethanol Transport Emissions, carbon dioxide (fossil), °®

air, unspecified, 99-3

08 I'm Green PE_Industrial Operations | Emissions, carbon dioxide (fossil), PY
(Ethylene and PE) air, unspecified, 99-3

WIZ 1% 1 CEEE L= v 252 F D57 a v AR {ER L., FNENDO T o A0E A BT #
STz kgCO2e/kg DAEER AT LT,

3—21 X"AZF PE ODFEH
ZDIHNZLTNAA PE D7 b REFELT-, ERROFNETHRMANZ DWW THEEEZITo7-,

3-8-1-3. EERAFEDER
il FHL7= IDEAV2 7 — X N—A 2T F— @RI R X —RIF A FH 530 T ER
FEEINTELT . AEIOREIT Y oo THER LTz, X—ALL7ZDIX IPCC 2013 GWP OF
BT B TVDEART O — 2 =L — TR LI L — BRI E Lz, =L
F—EFICIEATRZ L7 AT n— DR EL | FET LT — BT Z NSO IEARTT—21
720 BLFICHERRL 72 FIE DX IR T 2 2R 7 o — LA HA 7~ T,



F 325 BELEoXE, IFREDOFE

HF LY & £ m— |
01_= k& CO2 | Emissions, carbon dioxide (fossil), air, unspecified, 05 1|kg CO2 e /kg
(IPCC 2013)
Emissions, carbon dioxide (fossil), air, unspecified, 17 1|lkg CO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 18 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 33 1|lkg CO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 34 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 42 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 43 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 44 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 45 1|lkg CO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 46 1|lkg CO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 51 1|lkg CO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 99-1 1|lkg CO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 99-2 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 99-3 1lkgCO2e/kg

02_FFTx i Emissions, carbon dioxide (fossil), air, unspecified 1|lkgCO2e/kg

CO2 (IPCC

2013) Emissions, carbon dioxide, air, unspecified 1lkgCO2e/kg
Emissions, methane (biogenic), air, unspecified 28| kg CO2e/kg
Emissions, methane, air, unspecified 28| kg CO2e/kg
Emissions, methane (fossil), air, unspecified 30| kg CO2 e/kg
Emissions, nitrous oxide, air, unspecified 265 | kg CO2 e/ kg
Emissions, HCFC-141b, air, unspecified 782 kg CO2e/kg
Emissions, HFC-134a, air, unspecified 1300 kg CO2 e/ kg
Emissions, HCFC-22, air, unspecified 1760 | kg CO2 e/ kg
Emissions, CFC-11, air, unspecified 4660 [ kg CO2 e/ kg




BT =Y 4 AT |
Emissions, PFC-14, air, unspecified 6630 | kg CO2e/kg
Emissions, CFC-12, air, unspecified 10200 kg CO2 e/ kg
Emissions, PFC-116, air, unspecified 11100 | kg CO2 e/ kg
Emissions, sulfur hexafluoride, air, unspecified 23500 | kg CO2 e/ kg

FINOOREAUREE 1| DICEEDTZ GHG LV FELERMLTZ, GHG O FiEIZHON
T EROZFNF —1FEEHE TRV —BIFEEZ S DT IEO-O B ITE =42,
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3—8—2-3. EHEER
SimaPro |ZFEEE U265 A — AL TORT,

3—22 00B_11_HF DOV —<VIH A7)0 OFELEH

TIIATAT ~OT IS b, FHESH B IZHERR ST R O BE T v A0V G EEiLT
BY, 2T =<V IT ANV EATI LIS THROBRAZRIE LI Th D, ZOR;D PP
& PE OPASE= /L% —(L [Earth Engineering Center City College of New York 2016]2°551 HL .
OB A EI S EZEH T b ERARLEET 50T,

Wi - OPERTLE 3D 7V MO EEERERE 7T,
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3—24 3D VL EZDEERFEE

SimaPro ECEREL CWA/RTA—HD—E % FElIlmrT,

# 3—28 NFGA—HF—K

INTA—=B 4, & %5
BF Weight 10 | Product Weight(kg) {1t 230 &L 5, & &
AF_Weight 10| Product Weight(kg) f: 23085 & &
BF PPMix 0.95 | PlasticsMix(%) PP DE4&
BF PEMix 0.05 | PlasticsMix(%) PE D% 4
BF LossWeightPer 0.05 | Percentage(%) Hifim A= 0.01=1%
AF LossWeightPer 0 | Percentage(%) fliEn A% 0.01=1%
AF MixingLoss 0.05 | Percentage(%) IR AFE 0.01=1%
BF_AdditivePer 0| Additive Percentage(%) WINAIOTEAEHIE  0.01=1%
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INTGA—=5%,

[

e

AF_AdditivePer

0.3

Additive Percentage(%) WINFIOEAEIE  0.01=1%

BF _Electricity

2.747252747

Consumption Electricity(kWh) 1kg &7-0 D% & (0]
HRA )

Kilometer(km) J5UE} #E4bRE Ligie SA4 PE OG5~

BF _OSLand 50 SULEN 50km

AF_OSLand 50 | Kilometer(km) JFUEl #EARf2 Bk 50km

BE Marine 10500 I;f/n;iez(l;r;);?ﬂ i LAAfiE A4 PE DBET
AF Marine 22000 | Kilometer(km) JFUEF ¥ _EARAAEG S 22000km

BF Domestic 50 |Kilometer(km) JUEF EPRE i 50km

AF Domestic 50 |Kilometer(km) JUEF EPRE g 50km

BF_OSLandProduct

500

Kilometer(km) #f ¥4 E EDE 500km

AF_OSLandProduct

Kilometer(km) #/5  #Es| Lg%

BF MarineProduct

18000

Kilometer(km) Hfh ¥ EAMAER DS 18000km

AF_ MarineProduct

Kilometer(km) Hd ¥ AR A6

BF_DProduct

500

Kilometer(km) #/ [EPFE F#iE 500km

AF_DProduct

100

Kilometer(km) #4/ [EPFE F#GE 100km

BF DLossWeight

50

Kilometer(km) 1 T2 ABEFHE [E A% 50km

AF DLossWeight

50

Kilometer(km) 1 T2 ABEFHE [E A% 50km

BF DProductRecove
ry

50

Kilometer(km) ~7 U7 /VUHA7/L [ENHHE 50km

AF_DProductRecove
ry

50

Kilometer(km) ~7 U7 /VUHA7/L ENH#E 50km

BF RPer 1 | Percentage(%) BEFEREDVHAZNVEIE 1=100%
AF RPer 1 | Percentage(%) BEFEREDVHAZ/VEIE 1=100%
BF LPer 0 | Percentage(%) BEFEREDOIENLEE 0=0%
AF LPer 0 | Percentage(%) BEFEREDOIENLEE 0=0%
BF InPer 0 | Percentage(%) BEFEEDHEAIE S 0=0%
AF InPer 0 | Percentage(%) BEFEREDHEAIEI S 0=0%
04) 1 VEIGDO~TYT L] JVEIE
BF MRPer 0.15 Percentage(%) VA2 /L E|IG TIVT NI A7V EIE
- 0.15=15%
04) 1 IVEIED~TYT L] JVEIE
AF MRPer 0.15 Percentage(%) VYA 27 /VEIA TUT NI A7 VEIR
- 0.15=15%
%) ! NVEIE DY —< L] IVEIE
BF TRPer 0.85 Percentage(%) VA7 /VEIG O VA7 VEIR

0.85=85%
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INTA=B 4 fi& e

o 1 £ A — 1 i PPAN
AF_TRPer 0.5 | Percentage(%) VA7 NVEI G DY —~ A YYA7 IS

0.85=85%
BF Mold weight 50.8912843 | Mold Weight(kg) & DE & HfHH
BF Mold usecount 300 | Mold Usecount(time) <% H A% 7k B 5 H
AF Mold_weight 0|Mold Weight(kg) & MDE & 3D 7V 4 H
BF Matchine weight 50000 | Matchine Weight(kg) TLiEHM OB & HERBL 5
AF_Matchine weight 1000 | Matchine Weight(kg) fiEftkOE & 3D 7'V2H
BF_MatLifetime 50 |Count HEHRODFFAn TEREL
AF_MatLifetime 5|Count MR DFEm 3D 7V 2 H]
BF_yearProduction 10000 | Count  #8#mk D4 [#] A= pPESSC 1R B it
AF_yearProduction 365 | Count FEMK DM AZEELL 3D 7V # ]

Percentage(%) VA7 NVEIGDO=T VT NI A7V EIE

AF_MRPer_H HopAru 42045 1-100%

Percentage(%) VAV NVEIGDO~=T VT NI A7V EIE

AF_MRPer_S O oy 2sr — KU1 205 0=0%
AF Voltage 200| Voltage(V) 3D 7'V XD IEK
AF_Ampere 60 | Ampere(A) 3D FULHDIER

Consumption Electricity(kW) 3D 7'V Z D /) Tatami

AF_tatamikW 1 0.4 o sz IO §h)

Consumption Electricity(kW) 3D 7'V # D /) Tatami

AF_ TatamikW 2 0.4 DI (BB )

AF Hour 1 0 Hour(h) 3D 7V 2 C1EFIRIT HIZd 72> TR
—Hout (AN DH L Bh)

AF Hour 2 A Hoﬂ}lr(h) 3D V& T HERIRIT 2128 7> ThHh DR
- (BEET)

WIMANOMEOBRE M ra—2T7 78—z F|

AF _CNF IncRat 0.103 RO LUk 0

T =T AN —ZAHEIBRDORBEMI/kg) HRDARAL
R EZFIH U, w8 T D DT80 FREE D94
AF_CF MJ 12.05 | 00+14700)/2=12050KJ/kg ZHI L7z,  http:/www.oit.ac.

jp/env/cardamom/~wastcoex/Elem Behav. MSWI/Typica
1%20value%200f%20waste%20constituents,%20doboku%2

Ogakkai.pdf
PE ST 8 A = -
BF BioPE Use 0 TERARITSAA PE ZMH 2556 1=FHT25 0=FIH
- - L7gn
, 3D SV THAAA PE 2T 256 1=FI$2 0=
AF _BioPE Use 1 FIH L0
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IRTG AL i 55
BF IT 1| TEkd AEERRE 1=12U7
BF JP 0|1k _APEETEE 1=K
AF_CoalSub 1|3D 7’V % RPF IZLD 4RI 0=72L 1=V
BF_CoalSub 1| 1ERG AR 0=72L 1=V

BF LT Production

BF_ MatLifeti
me*BF _yearP
roduction

Count AJEAPFEEL

AF LT Production

AF_ MatLifeti
me*AF yearP

Count AJEAPFEEL

roduction
. BF Weight-B . 4 o
BF PEWeight F Additive PE weight(kg) ##4 PE O'E &
. AF Weight-A . 4 o
AF_PEWeight F Additive PE weight(kg) F#4 PE O'E &
(AF_tatamik
. W_L*AF_Ho Consumption Electricity(kWh) 3D 7'V ZTDH 77 1 {#
AF_Electricity ur 1)+(AF ta BT D O T
tamikW_2*A - SR
F Hour 2)
BF Weight*

BF Additive

BF AdditiveP
er

Additive weight(kg) #INAIE &

AF_Additive

AF_ Weight*
AF_Additive
Per

Additive weight(kg) #SINAIE &
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