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Biopolyethylene Furniture 3D Print Manufacturing Demonstration Project
Results Report 2019, 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
Through conducting assessment experiments on five types of green polyethylene (bio PE)
manufactured by Braskem S.A., the grade with melt flow rate (MFR) suited to fused deposition
modeling (FDM) and small contraction rate pertaining to precision of furniture manufacture was
selected; prototype compound pellets were made by mixing together four types of cellulose
nanofiber (CNF) “modified cellulose” and 10 types of long-fiber cellulose fibers, conifer cotton,
wood powder, etc. as a biomass-derived filler possessing a contraction limiting effect; and a
dedicated small-size 3D printer was used to evaluate suitability for 3D printing in terms of
contraction characteristics, interlaminar adhesion, etc.

The cellulose nanofiber mixture displayed good effects in terms of contraction limitation,
however, melting of the filler caused brown discoloration and there was also brittleness arising
from unevenness of the kneaded mixture. The cellulose fibers, conifer cotton and wood powder
displayed effects in terms of contraction limitation, however, an agglutination phenomenon was
observed in the filler. Issues exist regarding the filler selection and kneading method.

Also, since this experiment was intended to manufacture furniture, planning and examination
were conducted to enhance and verify weather resistance performance based on addition of
ultraviolet absorbing agent and light stabilizer.

In the next fiscal year, it is planned to investigate filler selection and kneading methods that are
suited to 3D printing, ascertain the physical properties (weather resistance and durability) of
isolated bio PE and bio PE compounds, confirm compatibility with furniture safety standards,
and conduct demonstration experiments on regeneration and performance deterioration of bio
PE compound pellets.

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

Upon surveying the shapes of 50 outdoor chairs made from commercially available
polyethylene and similar resins, 38 chairs were selected from the viewpoint of 3D print molding
conditions. Using a chair shape design tool, these shapes were adjusted for 3D printing; the
molding conditions such as laminating direction, nozzle diameter, melt temperature, molding
speed, etc. in a dedicated large 3D printer were set, and 22 chairs of full-scale dimensions were
manufactured. Plant-derived plastic PLA (polylactic acid) pellets were used as the molding
material.

This fiscal year’s experiments were intended to investigate the potential for realizing a chair
shape through 3D printing, however, following verification by an expert, issues were pointed
out, such as the following:

- Molding of surfaces that it is preferable to close could not be realized due to the limitations
of 3D printing.

- Due to the hardness of the material, the curves that are shaped on the seat and backrest,
which are directly linked to sitting comfort, are important. Further experimentation is
needed to determine whether that is a constraint of 3D print molding or something that can
be augmented through design.



In addition, new possibilities were revealed, such as follows:

- The surface finish was more beautiful than expected and presented a distinct uniqueness.

- Attention can be directed to structure that imparts cushion characteristics, sliding and other
movements.

Hence, it was concluded that it is necessary to examine designs that leverage the characteristics

of 3D printing technology, and establish the requirements for manufacturing.

In the next fiscal year, it is planned to conduct demonstration experiments on manufacturing
based on development of chair design and “individual customization” design techniques that
leverage the characteristics of 3D print manufacturing using bio PE compound as the material,
and to verify the practical applicability of completed chairs in terms of strength, durability,
weather resistance, etc.

3. LCA verification and assessment

An LCA model was created for comparing the manufacturing method based on the current
furniture industry’s business model and the 3D printing manufacturing method that uses bio PE
and biomass-derived filler compound as the material; and future estimation was conducted
through calculating GHG emissions and reductions in CO2 (both energy derived and
non-energy derived) according to 15 preconditions based on survey of actual conditions in
the furniture market, distribution, production and recycling, survey of 3D manufacturing
technology, mixed filler and so on.

The results of LCA comparing the case of manufacture based on biopolyethylene 3D printing
and manufacture based on rotational molding of conventional plastic (95% PP and 5% PE)
showed that the amount of GHG emissions was smaller in 3D print manufacturing. Moreover,
the figure was negative for both energy derived and non-energy derived emissions in 3D
printing. The decline in energy derived emissions was achieved as a result of the TR
substitution effect, with substitution of RPF combustion coal energy making a large
contribution, and the figure was negative even when totaled over the entire lifecycle. In the
conventional approach, energy derived emissions were similarly greatly reduced due to the TR
substitution effect, however, since this reduction was more than offset by the raw materials
manufacturing load and emissions arising from power consumption in the production phase, the
eventual energy derived emissions were positive. The negative figure for non-energy derived
emissions comprised carbon absorption by sugar cane, which was the crop used as the raw
material for the bio PE, and soil carbon fixing arising from modification of the land used for
cultivation. Since this negative portion was larger than subsequent loads, the eventual
non-energy derived emissions were negative.

In sensitivity analysis, in which the filler was changed, total GHG emissions were smaller when
using other filler as compared to the reference CNF adopted at the beginning of the project;
moreover, the energy derived emissions were also reduced compared to the conventional
approach.

Reductions of CO2 based on this fiscal year’s demonstration experiments and surveys were
calculated as 2t-CO2 for energy derived emissions and 6t-CO2 for non-energy derived
emissions at the end of the project, and 166t-CO2 for energy derived emissions and 645t-CO2
for non-energy derived emissions in 2030.

In the next fiscal year, the process will be further elaborated and sensitivity enhanced through
gathering manufacturing primary data on conventional products, manufacturing data on the dies
used for molding, data on the volume of production per die, and manufacturing data on filler.
Results from fact-finding survey of scrapping and recycling, specific images of alternative
chairs made by 3D printer, and examination of the business model and recycling scenarios will
be reflected in the LCA model. Verification of material recycling will be implemented based on



the results of demonstration experiments concerning regeneration and performance deterioration
of pellets.

4. Market survey concerning individualized outdoor furniture made by 3D printing
Basic data for verifying and evaluating LCA were obtained through implementing market
survey of companies that make plastic outdoor furniture and scale of the market, etc., and
fact-finding survey of product types, production quantities, molding methods, raw materials,
amount of energy used in manufacturing, materials procurement, packaging, processing losses,
and treatment, scrapping and recycling activities, etc. in companies that conduct manufacturing
and retailing of outdoor furniture in Japan.

In the market survey, it was found that most of the outdoor furniture sold in Japan comprises
polypropylene (PP) injection molded products; the number of retailed units is 240,000,
weighing a total of 850 tons and costing 2 billion yen (2018). Moreover, it was found that
imported products from Italy account for 83% of domestic product sales in terms of cash value,
while two major companies account for 60% of the value of sales in the remaining share of
17%.

From the fact-finding survey of production in these two domestic companies that conduct
manufacturing and retailing, it was found that both companies handle PP outdoor furniture
products manufactured using injection molding machines; that the large-size injection molding
machines used to make integrated chair and table units have clamping force of around 1,000t
1,600t, and that the die shot count ranges from around 20,000 to 100,000 depending on the size
and weight.

Many overseas PE outdoor furniture products are thought to be made by rotational molding
machines. Next fiscal year, it is planned to further advance fact-finding survey of die molding,
enhance the accuracy of LCA, and develop the method for conducting next year’s scheduled
marketability survey through examining the lifecycle and product business model for 3D print
furniture made from bio PE.

Summary: The biggest issue in switching from polyethylene (PE) to bio PE is the price
(roughly double). Initially, we considered halving materials consumption through 3D printing in
order to overcome this issue, however, since survey revealed that existing chairs are already
made with ample thinness by rotational molding, leaving no room for reducing materials any
more by 3D printing, we deemed it necessary to modify our direction. However, it was found
that, since the die manufacturing process is eliminated in 3D printing, making it possible to cut
costs, cost benefits can be derived if the manufacturing is limited to a certain quantity. In terms
of industrial parts, multiple surveys have revealed that this figure is roughly 450 units. Survey is
needed to determine the watershed figure for chairs, however, if it is “a certain number or less,”
even if bio PE, which costs twice as much, is used, there should be a point where the cost is
offset. Moreover, in the case of chairs, unlike industrial products and containers, the price of
materials does not necessarily directly connect to the sale price, but rather the sale price is
determined by a complicated formula that considers design charge, etc. In the case of the
3D-printed chairs that were studied here, it is also possible to impart added value through
“customization.” The switch to bio PE will be advanced upon integrating these factors.

Within this, the greatest challenge of this research project concerns modeling and optimization
of the various tradeoffs that accompany the switch. These are broadly divided into two types:
first is the tradeoff concerning the selection of filler (price, GHG, recycling characteristics), and
second is the tradeoff concerning the various factors concerning production of 3D
printers—“production speed,” “quality (durability),” “nozzle diameter and material discharge
width,” and “quantity and delivery time.” From the second year onwards, we will construct an
appropriate roadmap for transition upon modeling these tradeoffs, setting the strategy, and
discovering an approach for totally clearing these conditions.
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3DT—4
M=
aepalisdis|
AR

¥

1
BEE
A—h—
FFAF—
HAZ

3DT—4
M=
H A EFE
AUk

¥

#19

PE

SIGN MATT

Magis

Piergiorgio Cazzaniga
w 480

D 515

H 745

https://a360.co/2w8k8cR

6535g

6h41m
2EVINVEFERALGEEZE®S
FVOFIVITHGEYENH DO ET=

-BIRMEEED
BEN-BULHICERER AT OERSLE

#20
PE
Raviolo
Magis
Ron Arad
w 695
D 655
H 770

https://a360.co/3a50QCq

8988g

9h12m

2EVINVEFERALTGEEZSHS
ETEHOBELZEL, —£EZTOEREER
TORE. FEEIHNFENTLEST:

ZDRIZA I TEDRWERZEF/FOMIED B4R

63



3DT—4
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aepalisdis|
AR

¥

1
BEE
A—h—
FFAF—
HAZ

3DT—4
M=
H A EFE
AUk

¥

#21

PLA

SFC

Toki Hamasaki
w 525
D 500
H 537

https://a360.co/2SkoXr2

7892¢g

11h45m
2EVINVEFERALGEEZE®S
HIFEEZLHMZ . MY DBENHD
HEFEFIVOFILOED

NRUTAVTLELBOyay BIGEBEPBEDRRDHD
EERICGEERRDEMEEDRIEN L E

#22
PLA
SFC
Toki Hamasaki
w 525
D 500
H 537

https://a360.co/2SXUDnA

13970g

14h17m

HAMDER CEREZELNSA
RE-BLUEICEEIZENDS
FDARTZRCEBEEZ T FICANEANRMN o

RN ATIVELTREICENEBIER
ARETBDDT—TIETBH
{BLERRE SR RE AU E
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(BH 2-3) 3D TUURETHFOHRT-EE (2 ) T—2-I71IL—&
3D ETIL(STL) . & T—%2(G-code). & E /T (fFactory) T7 AL
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(BR2-4) RIFXEBRERBRTAAIIDT VS (T

B GEMLAA GD

:NZ YN #3,960mMm X E172,100mmX 5 =2,300mm
SCHAVDN #2,100mmX E171,000mmX &= 1,000mm
rEES #2,000Kg

ADER AC200V =48 12kVA EE

ST mb nmgpeEnN (FDMAID

BE;ME—5— Y—IRE—5H—

XYBRARENRE 300mm/s

g+ RIS 28 ZVPAHAE

J X)LV 2

INRus)m FUORYINEOINISA RO a—

Xt/ Z)UiE 1mm,2mm,3mm,4mm,5mm,6mm

ROV —11= ®20mm

(EELvp FRBZIR o1~ 4RBEDNRL Y FEIR

0tiae ~Bkg/hi2E XK « J DVBEFRHICKIDFT

ANy B (YUVE) RE

100C~350C

AN FIERTS T

N—FJyIe—8 (FNvyE5Z0ONE)

T—JIRE mA80T

T—=TILRIETSR SN—e—%

FRMEAETI T BIBEMNY Y INBAY Ry /N\—=[C TP TOEX
R TP E 0.35~0.60MPa

B 5w FINRI)V (PLCRIE) TORIFEIR, F—MR—RUE
HEBEDIBIS BU. USBXEUTT—HYANTY

YBRASITVYD ~

Simplify3D (S1t>Y2R)

ASAYNDT =S ADFER

STLER

ZEXIR

RENDN— REUolizss BEEMHILEEE
BEHILEE FEREIEMY V2B R YY—0vD

i
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3-1. LCA DKREL-FMmD B 1

BAIE Bt ko tlE e 3DV MUE T A9 25 LCA =T LVOEMREITW
LCA F =X _— 2B RF LI “ R 7 — 2 L0 B B AR O R AR A N g iR
2179, IRICHE T ~DOFREIC LD 7 v 208 L 2TV, U A7 AER ) RA G de 45 R IE
FVABIOE EEFEML . AKIRFZBILORNE B L OV Y A7 E - R M2 iR EiE - 245,
3-2. AEEH
3-2-1. AENRZORG AT L

AT CHGLT DR AT 2% FRATT T,

#z3-1 #MHI AT A

HH AT o 52 8 Fge e 52 8
GO 3D 7V MEIZ LD PERBIDF A
NRAFRY=F LG E
FEEA TR 3D 7V b (it
ARES (B # 1

AEAf e BT 3D TV AR L CRIE LI AR =T L BT ok 1-& L, ekt
SUTI M 8IS L CRIE SN AT IAF v /O T LTz, 728, 3D TV 2% Tk
TEZATO% 6 Tl BB IR A T 7 47— (BN 8B L 72> TLDH, ZORFHZIREIA
o7 47— 13N ENERLE AP RRY | FBEREFFOAMGRLRD, Lo TZo7 47 —22 1k
SHTREDEE M % G /T2 LCA RHliZ4T~ 72, REB{E#IX TCO2 BN FHICH BT L,

3-2-2. GV RATLNEOHEE
Far 1L L CORERE,
3-2-3. MEEHEMRUEEIO—
SRR AL, PERTOR T 1 lIRZO—AICB W TR 28EL L7, 728, 3D 7V RMZ

Fof L AR OF 7 TIERZ D MBENR RS THLEE (5% FEDOHT T, 3D TV MUF;
F-OMHANE, MHEEDREES TIOND) LTIZenb, BT —IzhZ i1 1 IIThD,
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3-2-4.

FMENRICHTHRTREH

ARl Rl xSRI BT DR SR O—E &2 LT IZRT,

#3-2 HiREMHE—E

44 FR nep it 3D 7V b AE
o E s
G E ) | Ok8 Ske
i A A [ 74 75
. ; . _ T47— 3R E IR
Bl FEFE % % N +7 — %
MEIOFES | PP(95%), PE(5%) ISAFPE+ 7 47— (20%) COEATIASHE
R 7 1 BN 3D FU &
ST D
N " 4 7
P 5,000 [H] 2L
SR OEE {2,700k L
Bt O E R |50,000kg 1,000kg
3D SV MDD T 4TF—1Tt
T 45— 7L T AT AR N— AT 7 AN —% JLiE
tLT2
PRk
CNF
AE R DR
T A7 — )L
2.75kWh/kg X BTr04kW X 3D UM Tl IE R
%I E S Skg=13.7kWh 16h=6.4 kWh LRI N EAT o725
R 2% E LTz
EHTaEA | (LYTES H A )
HEEED LS DALFRIZ DU
RS ED (5% 5% Tl Post Consumer D4
LlRIEEE LT
Post
Consumer
0z 1c0 0z 1c0 TR: Thermal Recycle
BESE U440 TR:85%. MR :15% TR:85%., MR:15% MR: Material Recycle
JUAILER
TR O " e " e b et
B s opae O PR
| w278
MR ALY A7 KNV AT A, <L Mb

72




HEAM e F B - S0km

:5
[ZR T e Mg S L - 50km [E| B3 b5 0 22,000km | /3AA PE (37 TV
[E P92 E s : 50km
{7 HE L% 500km BT EHIA 5V T
LU0 PN ] By % 0 18,000km | [EI P2 E g% : 100km 3D U MIAE LT
[P B F % : S00km PREEIE
BEFE S | EPNFE LR S0km EIPN F E % : 50km [T BES
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3-2-5-2. Avyhr#A 1B
LLFIZoWTIE Ay hA7 2L BB E EN TR,

TR ARkl 122 ¢ o

> MBI I OB IVHHEEAS

A= E B e

> PERAIOESE I WS IVHIEEAS

> BLEM O T R L —a

> BUERF OB ED (I AR D 3R L oI T I 5

it FH Bt s
> BEERRFOMEES | MR B L B2
BEFE B g

> BEEEOERICHNGNLTL I EDOER
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-3. BB LEEFEMFE

AR A O R BEETIL, KAEZE B L, EFAR FEELL T IPCC 2013 Global Warming
Potential 100 years (Hifi7 :kg CO2 eq) ZfE H L 7=,

3-4. SATHAIILAR M) S H (LCI)

3-4-1. FRYIFNIZTFRUENYITSHIURT—4

LCA iz To12H7=> T, NI T I RFT —H|Z LCI 5 —#X—A IDEA version 2.2 %
FW, BEICIX LCA Y7 M7 =7 SimaPro8.5.2 & /=,
3-4-2. —RT—ERRUVZRT—RDOINE

BEPET—IRT — RIS TELLDIZOWTE—RT —#ZINEL ELWHDIZHOW T
XHRE W T R T —Z 2L T, FELLIE, FA7 Ao Ta—MaB oL,

3-4-2-1. NMAX PEDOH®ETOER
SNAFA PE OEFET 0B AT OWTIEHRSIEE KT, 8iE L ThHSH Braskem 23ABHL
TWH/31F PE OSCHRE [Braskem 20171451 HL7Z,

3-3 Braskem O SCHRE (—#B K #:)

LUFICEE LI A R AR T,
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# 3-334F PED A S

A aE=| HH il | BAZ

7 GO /SAZ PE 1| kg
KA ~DOHEH Land Use Change Credits -1.1| kg

CO2 Uptake -3.14| kg

Electricity Cogeneration Credits -1.17| kg

Agricultural Operations 091 kg

Ethanol Production 0.03| kg

Bagasse Burning 0.16| kg

Ethanol Transport 0.46| kg

Industrial Operations (Ethylene and PE) 0.76] kg

I LR CIE 7 e A0 bHE &N CO2 BEDOANPEEHIN TN =IEnh, &2 TOIEA
ZIRZA~DOYEH I ELTHELT,

Land Use Change Credits |3 IS IC LD RFBWRINA R L TEY, SR HINGFE L7251
X AR T OBHE-ALE T HILICE ST, BERORFBESHEINL, ZORFED CO2 %
TEAITFETHIE00, AT AOHAED RS TS, CO2 Uptake I F7FE DK EKHHK
T 2% CO2 ETHY, ZORIIRV T LU OERRIENDH AT D CO2 BEDOIGREE AL T
V5, Electricity Cogeneration Credits |73 PE D4 FERFIAE FH SNDIREHZ T R B DK
T THLNTAEHEANTHIET AT LT ThHoTRBEREZ L, CO2 DPEH &N
BT HEERLTND,

3-4-2-2. 3D TV ADOEHEMIIOEX

3D TV Z OB E L (MHER 20191251 LT, ARSCERCIE TR REICHWH D
3D TV A RO FEERE Tatami (EZHEIFHIT/NSWANE TITH B IR &7 DRI il - 78 e B 1 X
RIU)ICFERZ T WRENO—IRT —ZONENMTbII, T2 CTRELE—RT — X%
FEOHIBIFFCHESNDBERELFEM THD, EBICTab AT O 2HIRBIL, Gl %
(HIOKI -8 EIFHE T HT7A4Y 3197 BLO, 77744 9660 (100A, 300Vmax) 3
AR) & A OCEHIEFT 72,
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X 3-4 X 3D 7Y # Tatami

3-5 FHHEBRICXOHEBRENRE
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FHHIEY 3D FV 2T RIHE )T 6.6kW, 7V MIHEFE 1T 400W WO 3G H
AU FIZFATRIRE L 16 Refil/ICh o7z, %D FEFRIZE ST 3D TV ZEDREG OE T3
FRWECTHIRITCELZEN LN o727 TV NRIEEE S OB THIRIA T biL
77
ZIWB 3D TV ED | BBV DOWEE I
0.4(kWh/h) X 16(h/ll) = 6.4 kWh/H!

Lot

3D TUHDEBEIZOWTUIET V7 BT 720, EEIIN 1 ton LOFREZ, 3D 7V
Z Ol HEHE 54, 1 365 IAFEAITOLHERL . 225
1,000(kg) / [365(1/4) X 5(4F) J=0.548 (kg/IH)

Llpolz, ZOEEEMEFEL THR-oT2,

B INTaRE 5%ERELTZIEND, ERBIOFR AT 5%% <720, LT T e Post

Consumer &R CALE ZINALDELTZ, A FICEE LA EEZRT,

#3-4 3DV FIED 1 HoBED AH HFE

AT Gag | HHH i HLA7
H7 B ¥ 1
T J€ "7 (Post Consumer &[F] UALER) 0.25
AT] TR T IAF 7 JEE (A A PE) 42| kg
TA4T— 1.05| kg
TRLF— W] 6.4| kWh
E¥N) RLEHAR (85) 0.548| kg

3-4-2-3. J45—DRETOLARVI(T—DHE

T4T—IE 5 A REL . TR E L STEME R R Z W e, BUFICE OFEMZ R T, 7238,
ORI % R L CDD X, TR (Thermal Recycle) (23T, AR T HEVE, BEREIZ O &
ERIET DD THD,

£3-5 747 —DFHMEHR &

o) D RIg AT s
44 PR NE. 7 — IR JK 53 (%)
A (kgCO2e/kg) (MJ/kg)
trm— fEAMT RS T 2 0327 10.30% 12.05
AT AN T 2019180, IKANIE R, AdE : PEO (MR

80




20111 KD K 53 DBz 5|
AU, 2B (HEEEAN A
A 20040 DRGSR T4
DD HEMED
(9400+14700)/2=12050KJ/kg %
FIHLT=,

SR

AT (RS EPM H
FEARENEY, K 531350 1D
R LA M, B3 LELT,

0.194

56%
CaCO3->CaO

CNF

BEAMIT [Moon, 1IH
20171680, JR3 1% [EEARM
Fv 7 TEES 2011180, 2
BRI, b, BAR 2015]&
D,

7.95

2%

18.6
(R#1)

NEFHRD

=
i

fEA M1 IDEA v2 @ boards
less than 7.5cm depth of
minimum cross section, with
more than 4 times width larger
than depth ZH|H L7z, JK57 1
CNF LRI%EELUT-, VBT R
FURFERT: RIS 2
— 2015]&9,

0.01 LA'F

2%

10
(A F~

JTAY—
v

ATT
A

FEATIL IDEA v2 O glass
fiber (tow) and its products % ]
U7z, IR T AR 2 7R e
L7, BRI LELT, AV
FTUHIBASNDG T FAT— )L
DI FE EIEN D D B
FOTHY, KIEAM ZZ E LA
ERL 7y 2L TV,

0.01 LA [~3
LIF

100%

B
A

FE AL IDEA v2 O glass
fiber (tow) and its products % ]
U7z, IR T AR 2 R0 e
A7z, BTl LTz, B ¥
FTIHFRASNDT TAT —)v
DI FERBEDOV AL
MHDHBREENTHY | AffiTHE
SEEVERR T D20, v AT AREL
7

-0.01

100%

WAL L TERASINDT T AT — LT,

UA B v UAELT,
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3-6 AVFHVF REHENSOHEBIVOS TR — )L

X 3-7 BYFUAF BREBEOVFAIANLDTIFAY—)v

A VT IVAIIFEBRIER OB EONOLHBONLT TAT— L THY | B U IIFEFZEL VA
IV LT BRI HINA T TAT — L Th D,

A FVFOYE . 7 T7AY — VO REA & I E Tl T 5288705, I TIEFE
25 10,000 M/kg THEZ T AT — /LN 20 M/kg LRRE LT2728, 7T Ay — )VELEA R D 1/500 73
At EEnsZEER D,

B VHUADOHE BEREDOVY AV NVEENSAE LD T TAT— L ThHHI LN, T TAY —
IV OENL AR BPERRSNDHZ &7 D, L FICETO T 47— 2O\ THEBLIZ A R AR
¥

#3-6 BEALU—RT77A N N—DAHBHFE

A7) ok HH it LA
H7 B T a—RAT 7 A3 — 1 kg
KEH~D CO2 HkH | G A AT 0.327 kg
K 3-7 WOBZDOAHIR
A7) ok HH it LA
H7 B YR D% 1 kg
KEHF~D CO2 gk | i A AT 0.194 kg
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# 3-8 CNFOAHAHE

A7 SR HH fiE XA
7 GO CNF 1 kg
KEHF~D CO2 HkH | & A AT 7.95 kg
£3-9 REROMOAH IR
A7) S HH fiE XA
7 GO AN R D 1 kg
KEHF~D CO2 gk | i A AT 0.01 kg
K3-10 J7RAU— V(AT FIA)DAH AR
A7 SR HH fiE XA
7 GO TIAT— V(A > FUA) 1 kg
KEHF~D CO2 gk | & A AT 0.01 kg
K311 ZJ7AY—=V(BYTIF)DAHNER
A7 S HH fiE XA
7 GO T IAT— V(B ¥ VA) 1 kg
KREF~D CO2 HEH | Bt & far -0.01 kg
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3-4-2-4. BEERBOREMITOELR
e D RlERpE O E MBI [STALBERG 2017\ ZFR#i0 % V-, LU IZSCHER
DA ETERT,

3-8 MIERFEOHEEE

R Y700 BB BDHADNE RS20 2206, B kg HT-0 OB &
R,
234 (MJ/box)/23.66 (kg/box)/3.6 (MJ/kWh)

=2.75 (kWh/kg)

[al i B T FH D Bk B B - el S D IS U TiE Web J8 A T, #HF 1 50,000 kg, 2,700
kg LHEEL . MEIORIE T m B RO AM O A LG BT 528 E LT, BUEREIZ OV TIE 50
FEMHHL, 1ET 1 HEOEEERIEZITIELE,

50,000 (kg) / [10,000 (J/4F) X 50(4) 1 = 0.10(kg/IH)
Lipolz, ZOMEERF—Md T2 Oy DO EEE LT,

T, B OMHREUZ OV T RSt SG BRBF 2019125 #k o -8 4T F [R5
WEIEZ Y, 45,000 [FIELTZ, 2205
2,700 (kg) / 45,000([5]) = 0.06 (kg/[Al)

Lot ZOMEERT— BTV ORIy O RO E R LT,

MTERAT S%EFHTELIZZEND, EREIOE AL 5%%<720, AU T aAiL Post

Consumer ¢RI CALE ZINALDELTZ, A FICEELIZ AR HEEZ T,
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£3-12 EERBEOHFIHGHLOVOBERM DO AH IR

A7) Gag | HH i HAL
7 B ¥ 1 il
nTax Jfg¢~"7 (Post Consumer & [A] CALER) 0.25 kg
AT] TR 7T AF v 7 JE KL (PPHPE) 5.25 kg
TARILF— Electricity 13.75 kWh
B R (85) 0.10 kg
S (RFak ) 0.06 kg

3-4-2-5 BE VYA )LT70EX

PEFE VY A7 /U HOWTIRERAL, 3D FUZDELLEFEUT 100%) A 7rEnbEL, )
P A7V IFEX TR & MR @ 2 ©DLL7e, TR TllE#EE RPF LD ARTEEE EL, 7 IAF 7O
FERBBEICED CO2 HEHEEZ Y R bat LUz, ZORHIELNLBEIC O WL, REHY
BB, BT EHI A REE LT, 728 3D TV ZE AV ilE TR ASnD 747
—IEERRBEE T KPR T DD 3 I OW TR RN M Thd LTz, S
NDTFILF—ICONTIET AT =T LICR RS0 N ENGE E LT, £72, 3D TV Z~#A
ENDHT4T—D—EBIT Y —< NV A7 VBB RRBES LT, Ky L THEFET 5, Fo T2
DFEAF DN TV —~ MU A 7 VBRI ILBES N D E LT, Ry OHNL ' 5 L

720 TNENDT 4T —DIK I35 RT,

% 3-13 WMADR L BFER

FEEk TA4T—
FiXE K5y TS K5y
TNAR—RT 7 AI3— 10.3%
Y% 56.0%
RAF PE 0% | CNF 2.0%
KNERDH 2.0%
TIGAY— )b 100.0%

MR (22T, FERANT FALRL G~V A 7L S, 3D TV ZIFAK YA NS D EARE
L. ZNEIUERLEEE Ly ME T 2 A M ZRE ELT-, 728, 3D 7V Z3BIEREO TR L7
47— REBETHELTHREEZITV., FARGASVF A7 VENTETTITIRBEARMIIR VL DL
L7z, PAFICEEBLIZ A 1R E27RT,
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# 3-14 RERE TROAHAFE

AT ok HH i Bz

H) TR — PP DRJE 38.9 MJ
PE DJRBE 1.86| MJ
REAF~D CO2 HEt | T TATF v DORRSE 3.14 kg
AT JE AL BEIESNDF T 1 kg
YA 7 LV RLER TP 1 kg
RPF 1t 1 kg

# 3-15 ERE MR O AH A%

NGV ok HH i HiA7
H7 (A LT TAF w7 (Ffi7al) 1 kg
AT JE AL BEIESNDF T 1 kg

Tt A T 1 kg
~LyME 1| ke
#3-16 3D PV ¥ TR(ZITAF I DH) D AH AR

NGV ok HH fiE HiA7

H) TRLF— PE O#RJE 37.1 MJ
REAF~D CO2 HEt | T TATF v DORREE 3.14 kg
AT JE AL BEIEISNDF T 1 kg
Tt A T 1 kg
RPF {t. 1| kg

#3-17 3D 7V TR(Z4T7—DH) D AH AR

NGV ok HH fiE HiA7
H7 TRILF— T —RT 7 AN —DEREE 12.05 MJ

YR D IR BE ol ™J
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CNF DRABE 18.6 MJ

N R DR DOPRIE 10 ™MJ

7T A — v DIRBE 0 MJ

IRy TR —RAT 7 AN—DK 5y 0.103 kg
YRDFRDIK 5y 0.56 kg

CNF DJK %y 0.02 kg

ANYEZDMDIK Gy 0.02 kg

T T AT— )V DIKSy 1 kg

AT JE A Ak PEFES LD T 1 kg
Tt A T 1 kg
RPF 1L 1 kg

HAOENDTZANX =TT 4T — 2o THhRARD, KRN SN 74T —D =R LF
— K WNK D EEIRTHLDET D,

#3-18 3D VU Z TR(ZAT— DR DIH) DRSS DOLED ANH /1R

NGV ok HH i Hi A7

AT] IRy TAT—DIKGy 1 kg
FEFE) fL 0 HE 7 1 ke
#£3-19 3D 7VZ MRDO A 1%

AT ok HH i HiA7
7 TR, VYA Ly (FA (R S) 1| kg
AT JE AL SO T 1 kg

YA 7V RLER TP 1 kg
~LyMb 1 kg
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3-5. 54794 I EEEL{l (LCIA)

3-5-1. 3D YU MEHEERBEDLBFER

PLFIZ 3D U477 =2 —RT7 7 AR —Z L2 54) TRE LR &, itk
FIOKT D LCA fER%2R~1,

3-9 3D FSUUIEPERBID LCA FER

#3-20 3D SUUPERERBIORKF 1 S0 GHG JEH ED B REBIANER

At ]
W | GHG PR | bR | e o e Fﬁ%ff‘
%
3D Uk -3.40 -8.18 4.65 0.07 0.00 0.06
e ey 18.82 10.09 6.39 3.12 0.00 -0.79

kgCO2e/1 JH

3D VN CTHRLE L7256 &0tk D ik TREL 72356 @ LCA #5313 3D 7V hcoflidEo

7575 GHG HEH B3/ h&<7a o7z, 3D 7V MIJFEA B

AR S LD PR SR I B D32 L LARE 0D By

PEDIEAT D GHG HEHEA LIRS0 | fiEREL T2 8UEHIiE 95138 GHG JEH &
DS WD RE R LR oTz, —T7 T IR TIIBEIE UV AV NV BERED B S~ AT AT D R




Elpotz, ZHUIRFFOBEHE UV A 7 VB D GHG HEHBEDO K% 5D TR (CLDBREHMCE
R (AR OPBET RN —Z R T DEE) D353 REL U AT VRBRIZ /30 DR
~LwMb, RPF ZABEL7-FED GHG HEH &% LRl TWAbThD, 7235, 3D 7Y hd TR
IXZ ORI —ERD T 4T — %G Tl RPF ORABNMELZRY, BT TO 7T AL
725, 728, 3D TV RDEMEHIDOWT, /3A A PE 1T EHEHZ 531 CTRFEL TWDHDITKE
L. AT —=PNA G~ A B DA I — R =2— 7 L TRIRG BEH B 22V E L TRIHL
TWBZEEFET 5,

3-10 3D SV REREFRBOZRIAF —IR, Fx R AT —EIRLDO LCA #H#HR

#3-21 3D FULRERERFBODTINLF —ER, FETXAF—EIRD LCA 5 M

A§+
=RA NS éu ol
mn | oHG ey |oHG g | PP ae | owm | wmm | ERIUVA
= J% 7/1/
J==N
3D 7Yy | TAIE -0.59 5.89 4.46 0.06 0.00 -11.00
h I i 281 -14.07 0.19 0.01 0.00 11.06
T3 3.97 8.81 6.21 2.87 0.00 -13.92
ey il -
T il 14.85 1.28 0.19 0.25 0.00 13.14

kgCO2e/1 il




TRAF— B (=) | X —ER GEm i) CRLE, 3D FUU NI R,
FROELLTH- TV AT AL olz, TRED~VAFTA531F TR OB RIZEDZHDOT
RPF BRBED AR = RNF =5 RET 20 DHFENEL TAT7 VANV BERTEEFILTH AT

DR LT o T, IR D~ AT A ITFEM B T o314 PE DJREHEM THH R
FE DR B EFIEZAT o T HHER D LB 12 LD LA~ D RFEF E(L 7 ThD, 2D~
AT A WZEN LD AT (LILTTAF 270 TR OFEO RPF BREER OB &) Lhb K
TN FEREL I Em R v A AL T,

PEHRIUCIT = REIXFEARIC TR OB I I TR~ AT AR D03, T o s
AT, AFEEBE OB ENOOPEHIVIT D0z FEREL TR RIT T TAE ST, 72
BT IAF I OF )~—8EREO 7Ty I — 1322 ELTH EL W5, IE=RETIE, A
F DI R FBRIENIAFAIEE T TR OEROBABERF O BEHHEH B KENW2D | RIER 7T A
(272D Lotz

WL F — IR EIE T LT — IR ORE R % SimaPro D1y N — 7O A TR T, *
Y RNT =IO TR BRO 7T aEAD GHG HEHEZFRL THY, Nk ) IS RRRh R THERR
SN2 GHGHEH EZRL TD, MO RSHHBEDORESA LKL TEHY, GHGHEH ENRE WS
AR TR SN D 281725,

Flo, BTO BRI RERAZR R THILITTERWD | ROy A7 2L (7 —
HZOFEEFEIZB N TH YR ZZToTORWY) | —ED/A—t 7 —V LU FORS BICHEL
B 272072 e R OWTUIRRL TRV THD, EHIC, S RIOEETIERGH LCA 7 —%
~N—2Z IDEA ZEHL TODIEND, T/ A L G EICEOHLIENTE RN T BRI
WIS EE~ AT 7 L CRR LT,
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3D 7V ROy NI — I RES BT 5L, TREOMDBIE, TR IZED A RAEREE (Chair_
TR_Coal substitute) 23FE i 12 K&, 2344 PE Ol (PE_production) &7 72 LB D ik (P
E Transport) . I . (3D Print_of Chair) 2% THEZAFHLIZELVE KEEKR T~ AT A
Li2%, o, A F PEDFENCHHTH ) — )V OEFERIC IR G LU CH S8 5 ) (Ethanol
_Production_Electricity Cogeneration) /XA 4" PE O HiEBED = i O HEH &2l 35 %0 5
NHHZEMATEND, — )5, RO DDIE, 7314 PE O#LiE (PE_Production) D~ A
ARGy DFEN R REV, 2O~ AT ALY M7 ek O R FE WY (Sugarcane Growing CO
2 Uptake) & OY, +HUFI F AL I2 4D 38 R 32 D BE N (Sugarcane. Growing Land use Change
Credits) DR RIZLDHDTHD, — 77, e EOBEIMER L L TIE, TR O RPF REFZRRIEL 7=
FEDO B HZHEH (Chair TR Direct_emission) D S22 K E U,

WA DAY T — I MEB BT HE, TREOKTIE, R0 TR IZED A R R (Chair
_TR) BEb REVWEDOD | AT TATF v 7 kB O i (PP+PE_Production) . L. (Molding
of Chair) THWAE ], WA DOAZYT 2L O % (Chair_Transport) DA FHE0H/NEL, IEBKRT
TIADPEH LI, — T FETFE DK TiE, TR OHEH E (Chair TR) 23X ELHI T, 780
DT RIDEDOTENROND,

VLB A EIORESRM T Tl s O 70 fiE) S 3D 7V 2Ok +ORGEICEE TS
ZHIZES T, ZRETEHADED, =R TIIRELS GHG PEHEDHIRS LA RE R L7257,
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3-5-2. BMESWM1:945—DEE

WIZT 47— %R WU it Bean 3, FEMMA Y PNCEREL LT CNF b2 oo 7 ¢
FT—ZAWIRE RO A GHG HEHEIT/NELRY) =X —1IFEIC W THRE A L b L
THHIEES DGR LT,

3-15 3D SV P74 T —RIEHERE D LCA #EF

#3-22 3IDFVNDOT4T—RILPERBID LCA R M

o

4s] = o ol
A5 GHG ﬁﬁg”ﬂ A pE IR i BEF );M
HEH R = 7
3D TV R
e AT A -3.40 8.18 4.65 0.07 0.00 0.06
3D FUL R
gy 2.49 -8.30 4.65 0.07 0.00 1.09
A
3&];)‘/1\ 2.53 -1.69 4.65 0.07 0.00 -0.50
3D TV R
R 3.51 8.47 4.65 0.07 0.00 0.24
3D Y
Jo ;7_]\” AU 2.66 8.47 4.65 0.07 0.00 1.09
3D Y
Jo ;7_]\” B 2.67 -8.48 4.65 0.07 0.00 1.09
i it} 18.82 10.09 6.39 3.12 0.00 0.79
kgCO2e/1
sl

96




3-16 3D 7V UMD T74T7—BIERERB O RN F—EIR, FEZRALF—RIRD LCA KR

#3-23 3D VUMD T4T—RERERBDO XNV — IR, FEZRLVF—EIRD LCA KR

e
o e e+
U i/ SN 1H
# GHG & GI-'IjI:IIG%EEIS e A pE it 18 & WA
3D 7Yk T RiE -0.59 5.89 4.46 0.06 0.00| -11.00
TAa—ZAT 7 AN .
_ ez 281 -14.07 0.19 0.01 0.00| 11.06
3D 7Yk TR 0.42 5.89 4.46 0.06 0.00] -9.99
IRO>7 JE i 2091| -14.19 0.19 0.01 000 11.08
3D FUs TR 5.64| 12.67 4.46 0.06 0.00| -11.55
CNF FEx i 302 -14.36 0.19 0.01 0.00| 11.05
3D 7Yk TR -0.41 5.89 4.46 0.06 0.00| -10.83
AE RO JE i 310 -14.36 0.19 0.01 000 11.06
3D 7Yk = xiE 0.43 5.89 4.46 0.06 0.00] -9.99
TIAY—I A .
F U FEr i -3.09(  -14.36 0.19 0.01 0.00/ 11.08
3D 7Yk = xiE 0.42 5.88 4.46 0.06 0.00] -9.99
JIAY—)L B .
F U FEr i -3.09(  -14.36 0.19 0.01 0.00| 11.08
X TR 3.97 8.81 6.21 2.87 0.00( -13.92
e :
ElR s S e 14.85 1.28 0.19 0.25 0.00| 13.14
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3-5-3. BESH 2. €ROFERHARIKEE

RO T

6
6

DA MIT/NEL 72D,

1Ek XA — O E R L CRE T 5720
RO EE % 2,700kg EHEFFLT-, 20T L TRE SN AR F ORI L NEE 1 T2
B (B S4E SG #bF 201911 ki, B HRIE O v ay MIUT AR

(& BIEOSR N HVLID, 20D

TH 1 HlEl, EHLT 2 HE~10 TEIAFHINDEDZENBA BIZEDOIEDN-ED 45,000
FIZEH L2, REESHT CTIXZO v ay Mz RIKH O KE TR 2 I T - AR

R

3-18 &R oFEHEBEEKIOFKER

# 3-25 &RoFEHABEERNORE BRI

R | R R Rt D% B iE | SRR | 2R BIAh
EI}R 10,000 19.31 6.09 0.17 0.62 12.43
20,000 18.99 6.09 0.17 0.31 12.43

45,000 18.82 6.09 0.17 0.14 12.43

100,000 18.75 6.09 0.17 0.06 12.43

3DV b 0 -3.40 3.71 0.92 0.00 -8.03

kgCO2e/1 il

RAEFERDD, AFF GHG PEHH B L TR OARTITIR K T 3%REEL LA HDTED
T BB OMEAREESHEZHZETRHR T 1 B0 8ROARITIR /25, — T, &8
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3-5-4. CO2 Bz £

WIZHERA DR 7% 3D TV 2Ok 1 (B m— 27 7 A /8 —) ~{B XL Z 7-FED CO2 Bl
BRZ T, AEPERITOWTIR, FEREFER THRFRISI VW THR T 365 IIZHEL | 2030 4K
JUCITAER] 36,500 LS T 2L U CHIBRN R DR EZ1T 72, BITED 3D 7V Z DRGSR X
1 AH70 1 IITHLHZEND, EREFZEK TR TIZ 1 B, 2030 4213 100 5D 3D FV 203
WMASNTHEEZITHIZEEMEL CHRIELIT o7, LA FICERERIONREZ =T,
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3-6. 578

A RIOFEEIZBNTIE, 3D FV 2 kA O Ry 1Tl i B EL AL R TH
HERRE LT AR 72 2 e, — T BBRICIIE VR RAE T LV FEIZE- T 3D 7
Vo ZBLEPERI O R 0 BB B B> T TRV ES m W, FENEITT S
IZfES T 3D F Y Z TRESNDIER O+, 3D 7V Z TGS OK 1 O B AR
DEVAMEIC /> TLAERbNDD, 5 %IFIOIIREREOE P RAET MITRILTZFE
MAEATHO BN HD,

PENRT D[RR R SRS FER SN2 L7223, MUk cibissha i ime 4
[ O R TIXEBENTEEITITA KL TR, R R LD _R— AT A B IZDU
T, ZDORE T ER ORGSR E OV T HEEMICHEZ I TOLERD
Do

BUE DR ERE R CTIIE AL L CERIOM Bt O IS A RTIZOWTEE R TOD A,
RO TAFIIE TRV, =S, @RI THZ 'O LF—Z2 AL T
FLEESN TODEHERIENDDO T, 5B EROIM T AROEEICOVWTUIRBEL, FHiE
DFEEZm D TSN B D,

3D UL 2R OGERT DN T, I TR AT — 5%EREL ., D/ FEFE V4o
IIVEPE LRI CALBL LA E L TWDH, S BB D VLETHS,

T 47— DRIFERED— R T —HZPIETETEL T, %S, B SN kT
— X% HNTWD, 3D TV ZTIET7 47— DIREGRERIEAM N EER~EEE KEG
25720 A% A REZR RO ERRICAIL . — R T — 22 NEL KL LT 22602 E
LV,

BEHE U A 7 )VEEEIZ DWW, BITED UV AT IVREV I A7V FFIEOEIRIL, AR FK
Bt G EUIHERHEZRI L TRY, fF 7O FERBICAILIE TIZRW TR B 5, F
TR L 3D V2T U A TN TFIER OZDOEIGIZOWTRIUEZ W TWD23,
FEEIZIE 3D TV A LKA TIEIN DD FIESREI AN R ELBESNDTD ., 4
%LV RE A LB TH D,
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3-7. 5| A X #k

Braskem. I’ m green™ PELife Cycle Assessment. Braskem - Braskem (2017 4£ 9 H 6 H).
http://plasticoverde.braskem.com.br/Portal/Principal/Arquivos/ModuloHTML/Documentos/
1191/Life-Cycle-Assessment-v02.pdf

Earth Engineering Center City College of New York.. DETERMINING ACCURATE HEATING
VALUESOFNON-RECYCLED PLASTICS (NRP) . NewYork: City University of
NewYork,2016.

MoonDami, SagisakaMasayuki, TaharaKiyotaka, TsukaharaKenichiro. Progress towards
Sustainable Production: Environmental, Economic, and Social Assessments of the Cellulose
Nanofiber Production Process. Sustainability, 2017.

STALBERGAXENLISA. Comparative LCA of street sandboxes made of polyethylene and glass
fibre reinforced plastic. CHALMERS University of Technology, 2017

KRS SG M. fREMEICB I DBV F HA e SeRe i A, Ay &, MUtk SG
HBIF, 2019.

A&t EPM. BIRARN =Y — | 7o EZ OBEFEMEHIAE LTS F~ 2T T 2T 7 O B %S
AR—U—. http://tamagonokara.co.jp/story/index.html

A SttTax "wa)—7 47 I &REEE S (EPD)." 201947 H 1 H.
https://ecoleaf-label.jp/pdf view.php?uuid=e83e8d73-c946-4192-8546-2766f8bb6e84.pdf&f
ilename=JR-AU-19001E.pdf

SRIER, IR, BIRESE. F3 BT X —FIHTE & B B R B DL
—FIHFEEICET OB E R (pp143-218). <X H EREAE [EH LHAERR
EHFZERT SMLERENTZEE, 2015.

HHETEAN AR S, BRE LA =70 Bl HiE X (AN R4, 2004,

FARRBUZ, A AN, FRER T P RIRME A S D RFIEIE T — 2 R — AERR &2 ORI A2
T 558, 2011.

REARMTF T THEEEG. "H 2 E RAMT T OEKE" F: H23 AR T 7 % R
RS &, A 2EAM T 7 TRES, 2011

FHES. Tatami OV E)RERR. BHERAARE, 2019.

FROLRERT: RILANSE 27—, “B2 8 KE AF ATV X—iR.” & BAEET
FX —ziE UGG b D Fol &, A RINAN B2 —RAURE R,
12-23. 2015.
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3-8-1-1. EXO—DHE

FPREICY o U F — i, o xF —ZIHROFE LR IN 5 EZT D701
SimaPro FOEART7O—ZFREL-, HiET= R —RBFERO T v A)5HH 4% Emissions,
carbon dioxide (fossil), air, unspecified % T F/LX —LJHEAONIRD I FEAR T T —% 5D
LONERE LT, ZOBICHEHTIEAT7o—1T, BEL-708AD IDEA #i2—ROEE 2

HizZAH T Teb D TH D,

3-21 TXREICHISTHEAT v —DFHEH]
FROEEMZ 2Tl a R TB B R EAOA MO RHIIC energy EDWNWTNDT
2EATHY), —EHOT A TZRF—RIEES ZDILH, energy £ DN TNRNT BER

Thd, L FICEEXMZ EITol- 7 0B AEE R LI AT — 4% RT,

# 3-27 AEEIToI-TuekR—F&

Tt A4,

EHELIEARATT—

(RS

crude oil, imported {JP} | 052111222 | U

energy, anthracite coal combustion {JP} |
051112802 | U

energy, coking coal, for blowing
combustion {JP} | 051111802 | U

energy, coking coal, for coke combustion
{JP} 051111801 |U

energy, crude oil combustion {JP} |
052111801 | U

energy, liquefied natural gas (LNG)
combustion {JP} | 052112802 | U

energy, LNG, internal combustion engine,
diesel engine, except transportation use
{JP} | 052112875 |U

energy, LNG, internal combustion engine,

052112874 | U

gas turbine, except transportation use {JP} |

Emissions, carbon dioxide
(fossil), air, unspecified, 05
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Tt A4,

EHELUIEARATT—

(RS

energy, natural gas combustion {JP} |
052112801 | U

energy, natural gas liquids (NGL)
combustion {JP} | 052112805 | U

energy, natural gas, internal combustion
engine, gas turbine, except transportation
use {JP} | 052112896 | U

energy, thermal coal combustion {JP} |
051112801 |U

C4 distillate, naphtha cracking {JP} |
173119000 | U

cracked gasoline, naphtha cracking {JP} |
173118000 | U

energy, dimethyl ether (DME) combustion
{JP} | 173919802 | U

energy, ethyl tertiarybutyl ether (ETBE)
combustion {JP} | 173949802 | U

energy, methane combustion {JP} |
173919803 | U

energy, methanol combustion {JP} |
173919801 | U

ethylene, naphtha cracking {JP} |
173111000 | U

hydrogen-rich gas, naphtha cracking {JP} |
172312102 | U

methane rich gas, naphtha cracking {JP} |
173919111 | U

propylene, naphtha cracking {JP} |
173112000 | U

Emissions, carbon dioxide
(fossil), air, unspecified, 17

energy, blast furnace gas (BFG)
combustion {JP} | 183112802 | U

energy, briquette and oval briquette
combustion {JP} | 189111801 | U

energy, coke combustion {JP} | 183111801
| U

energy, coke oven gas (COG) combustion
{JP} | 183112801 |U

energy, coke, for iron and steel combustion
{JP} | 183111803 |U

energy, electric furnace gas (EFG)
combustion {JP} | 183112804 | U

energy, gasoline combustion {JP} |

Emissions, carbon dioxide
(fossil), air, unspecified, 18
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Tt A4,

EHELUIEARATT—

(RS

181111801 | U

energy, heavy fuel oil A combustion {JP} |
181116801 | U

energy, heavy fuel oil B combustion {JP} |
181117801 | U

energy, heavy fuel oil C combustion {JP} |
181118801 | U

energy, hydrocarbon oil combustion {JP} |
181125801 | U

energy, jet fuel oil combustion {JP} |
181113801 | U

energy, kerosene combustion {JP} |
181114801 | U

energy, kerosene, internal combustion
engine, gas turbine, except transportation
use {JP} | 181114874 | U

energy, LD-converter gas (LDG)
combustion {JP} | 183112803 | U

energy, light oil combustion {JP} |
181115801 | U

energy, light oil, internal combustion
engine, diesel engine, except transportation
use {JP} | 181115875 |U

energy, light oil, internal combustion
engine, gas turbine, except transportation
use {JP} | 181115874 | U

energy, liquefied petroleum gas (LPG)
combustion {JP} | 181124801 | U

energy, liquefied petroleum gas (LPG),
internal combustion engine, gas turbine,
except transportation use {JP} | 181124876
| U

energy, naphtha combustion {JP} |
181112801 | U

energy, oil cokes combustion {JP} |
189919801 | U

energy, petroleum-based hydrocarbon gas
combustion {JP} | 181126802 | U

energy, refinery gas combustion {JP} |
181126801 | U

energy, tar combustion {JP} | 183113801 |
U

naphtha {JP} | 181112000 | U
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Tt A4,

EHELUIEARATT—

(RS

electricity by anthracite, GLO except Japan
{GLO} | 338212000 | U

electricity by bituminous coal, GLO except
Japan {GLO} | 338213000 | U

electricity by coal, Japan {JP} | 338117000
|U

electricity by COG, Japan {JP} |
338111000 | U

electricity by coke oven gas, GLO except
Japan {GLO} | 338227000 | U

electricity by coke, GLO except Japan
{GLO} | 338226000 | U

electricity by crude oil, GLO except Japan
{GLO} | 338216000 | U

electricity by crude oil, Japan {JP} |
338115000 | U

electricity by gasoline, GLO except Japan
{GLO} | 338218000 | U

electricity by heavy oil, GLO except Japan
{GLO} | 338222000 | U

electricity by heavy oil, Japan {JP} |
338116000 | U

electricity by kerosene, GLO except Japan
{GLO} | 338220000 | U

electricity by light oil, GLO except Japan
{GLO} | 338221000 | U

electricity by light oil, Japan {JP} |
338114000 | U

electricity by lignite, GLO except Japan
{GLO} | 338215000 | U

electricity by liquefied petroleum gas, GLO
except Japan {GLO} | 338223000 | U

electricity by LNG, Japan {JP} |
338112000 | U

electricity by LPG, Japan {JP} | 338113000
|U

electricity by naphtha, GLO except Japan
{GLO} | 338219000 | U

electricity by natural gas, GLO except
Japan {GLO} | 338217000 | U

electricity by subbituminous coal, GLO
except Japan {GLO} | 338214000 | U

Emissions, carbon dioxide
(fossil), air, unspecified, 33
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energy, town gas 13A combustion {JP} |
341111801 |U

Emissions, carbon dioxide
(fossil), air, unspecified, 34

rail transportation service, freight {JP} |
421211000 | U

rail transportation service, passenger {JP} |
421111000 | U

Emissions, carbon dioxide
(fossil), air, unspecified, 42

contracted omnibus transportation service
{JP} 431112000 |U

omnibus transportation service {JP} |
431111000 | U

passenger vehicle transportation service,
business use {JP} | 432111000 | U

passenger vehicle transportation service,
private, cars with engine size less than
660cc {JP} | 433112000 | U

passenger vehicle transportation service,
private, except cars with engine size less
than 660cc {JP} | 433111000 | U

private bus transportation service {JP} |
431113000 | U

Emissions, carbon dioxide
(fossil), air, unspecified, 43

special-purpose vehicle transportation
service, business use {JP} | 441113000 | U

special-purpose vehicle transportation
service, private {JP} | 442113000 | U

tank lorry transportation service, 10kl tank,
loading ratio average {JP} | 441113104 |U

tank lorry transportation service, 10kl tank,
loading ratio0% {JP} | 441113107 |U

tank lorry transportation service, 10kl tank,
loading ratio10% {JP} | 441113106 | U

tank lorry transportation service, 10kl tank,
loading ratio100% {JP} | 441113101 |U

tank lorry transportation service, 10kl tank,
loading ratio25% {JP} | 441113105 | U

tank lorry transportation service, 10kl tank,
loading ratio50% {JP} | 441113103 |U

tank lorry transportation service, 10kl tank,
loading ratio75% {JP} | 441113102 | U

tank lorry transportation service, 16kl tank,
loading ratio average {JP} | 441113204 |U

tank lorry transportation service, 16kl tank,
loading ratio0% {JP} | 441113207 |U

Emissions, carbon dioxide
(fossil), air, unspecified, 44
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tank lorry transportation service, 16kl tank,
loading ratio10% {JP} | 441113206 | U

tank lorry transportation service, 16kl tank,
loading ratio100% {JP} | 441113201 |U

tank lorry transportation service, 16kl tank,
loading ratio25% {JP} | 441113205 | U

tank lorry transportation service, 16kl tank,
loading ratio50% {JP} | 441113203 |U

tank lorry transportation service, 16kl tank,
loading ratio75% {JP} | 441113202 | U

tank lorry transportation service, 20kl tank,
loading ratio average {JP} | 441113304 |U

tank lorry transportation service, 20kl tank,
loading ratio0% {JP} | 441113307 | U

tank lorry transportation service, 20kl tank,
loading ratio10% {JP} | 441113306 | U

tank lorry transportation service, 20kl tank,
loading ratio100% {JP} | 441113301 | U

tank lorry transportation service, 20kl tank,
loading ratio25% {JP} | 441113305 | U

tank lorry transportation service, 20kl tank,
loading ratio50% {JP} | 441113303 |U

tank lorry transportation service, 20kl tank,
loading ratio75% {JP} | 441113302 | U

truck transportation service, 1.5t truck,
loading ratio average {JP} | 441111104 |U

truck transportation service, 1.5t truck,
loading ratio0% {JP} | 441111107 |U

truck transportation service, 1.5t truck,
loading ratio10% {JP} | 441111106 | U

truck transportation service, 1.5t truck,
loading ratio100% {JP} | 441111101 |U

truck transportation service, 1.5t truck,
loading ratio25% {JP} | 441111105 | U

truck transportation service, 1.5t truck,
loading ratio50% {JP} | 441111103 |U

truck transportation service, 1.5t truck,
loading ratio75% {JP} | 441111102 | U

truck transportation service, 10t truck,
loading ratio average {JP} | 441111404 |U

truck transportation service, 10t truck,
loading ratio0% {JP} | 441111407 |U
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truck transportation service, 10t truck,
loading ratio10% {JP} | 441111406 | U

truck transportation service, 10t truck,
loading ratio100% {JP} | 441111401 |U

truck transportation service, 10t truck,
loading ratio25% {JP} | 441111405 | U

truck transportation service, 10t truck,
loading ratio50% {JP} | 441111403 |U

truck transportation service, 10t truck,
loading ratio75% {JP} | 441111402 | U

truck transportation service, 15t truck,
loading ratio average {JP} | 441111504 |U

truck transportation service, 15t truck,
loading ratio0% {JP} | 441111507 |U

truck transportation service, 15t truck,
loading ratio10% {JP} | 441111506 | U

truck transportation service, 15t truck,
loading ratio100% {JP} | 441111501 |U

truck transportation service, 15t truck,
loading ratio25% {JP} | 441111505 | U

truck transportation service, 15t truck,
loading ratio50% {JP} | 441111503 |U

truck transportation service, 15t truck,
loading ratio75% {JP} | 441111502 | U

truck transportation service, 20t truck,
loading ratio average {JP} | 441111604 | U

truck transportation service, 20t truck,
loading ratio0% {JP} | 441111607 | U

truck transportation service, 20t truck,
loading ratio10% {JP} | 441111606 | U

truck transportation service, 20t truck,
loading ratio100% {JP} | 441111601 | U

truck transportation service, 20t truck,
loading ratio25% {JP} | 441111605 | U

truck transportation service, 20t truck,
loading ratio50% {JP} | 441111603 | U

truck transportation service, 20t truck,
loading ratio75% {JP} | 441111602 | U

truck transportation service, 2t truck,
loading ratio average {JP} | 441111204 |U

truck transportation service, 2t truck,
loading ratio0% {JP} | 441111207 |U
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truck transportation service, 2t truck,
loading ratio10% {JP} | 441111206 | U

truck transportation service, 2t truck,
loading ratio100% {JP} | 441111201 |U

truck transportation service, 2t truck,
loading ratio25% {JP} | 441111205 | U

truck transportation service, 2t truck,
loading ratio50% {JP} | 441111203 |U

truck transportation service, 2t truck,
loading ratio75% {JP} | 441111202 | U

truck transportation service, 4t truck,
loading ratio average {JP} | 441111304 |U

truck transportation service, 4t truck,
loading ratio0% {JP} | 441111307 |U

truck transportation service, 4t truck,
loading ratio10% {JP} | 441111306 | U

truck transportation service, 4t truck,
loading ratio100% {JP} | 441111301 |U

truck transportation service, 4t truck,
loading ratio25% {JP} | 441111305 | U

truck transportation service, 4t truck,
loading ratio50% {JP} | 441111303 |U

truck transportation service, 4t truck,
loading ratio75% {JP} | 441111302 | U

truck transportation service, business use
{JP} | 441111000 | U

truck transportation service, engine size
660cc-2000cc, business use {JP} |
441112000 | U

truck transportation service, engine size
660cc-2000cc, private {JP} | 442112000 | U

truck transportation service, engine size less
than 660cc, business use {JP} | 441114000 |
U

truck transportation service, engine size less
than 660cc, private {JP} | 442114000 | U

truck transportation service, light truck,
loading ratio average {JP} | 441114104 |U

truck transportation service, light truck,
loading ratio0% {JP} | 441114107 |U

truck transportation service, light truck,
loading ratio10% {JP} | 441114106 | U
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truck transportation service, light truck,
loading ratio100% {JP} | 441114101 |U

truck transportation service, light truck,
loading ratio25% {JP} | 441114105 | U

truck transportation service, light truck,
loading ratio50% {JP} | 441114103 |U

truck transportation service, light truck,
loading ratio75% {JP} | 441114102 | U

truck transportation service, light van,
loading ratio average {JP} | 441112104 |U

truck transportation service, light van,
loading ratio0% {JP} | 441112107 |U

truck transportation service, light van,
loading ratio10% {JP} | 441112106 | U

truck transportation service, light van,
loading ratio100% {JP} | 441112101 |U

truck transportation service, light van,
loading ratio25% {JP} | 441112105 | U

truck transportation service, light van,
loading ratio50% {JP} | 441112103 |U

truck transportation service, light van,
loading ratio75% {JP} | 441112102 | U

truck transportation service, private {JP} |
442111000 | U

coastwise vessel transportation service,
cargo {JP} | 452211000 | U

coastwise vessel transportation service,
cargo, tanker {JP} | 452212000 | U

coastwise vessel transportation service,
passenger {JP} | 452111000 | U

ferry transportation service {EU} |
452200100 | U

ship transportation service, coal carrier
<80kDWT {JP} | 451200109 | U

ship transportation service, coal carrier
>80kDWT {JP} | 451200110 | U

ship transportation service, container ship
(chilled and frozen) <4kTEU {JP} |
451200113 | U

ship transportation service, container ship
(chilled and frozen) >4kTEU {JP} |
451200114 | U

Emissions, carbon dioxide
(fossil), air, unspecified, 45
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ship transportation service, container ship
<4kTEU {JP} | 451200107 | U

ship transportation service, container ship
>4kTEU {JP} | 451200108 | U

ship transportation service, crude oil tanker
<80kDWT {JP} | 451200101 | U

ship transportation service, crude oil tanker
>80kDWT {JP} | 451200102 | U

ship transportation service, iron ore carrier
<80KDWT {JP} | 451200111 | U

ship transportation service, iron ore carrier
>80kDWT {JP} | 451200112 | U

ship transportation service, LNG tanker
{JP} | 451200100 | U

ship transportation service, oil product
tanker <8OkDWT {JP} | 451200103 | U

ship transportation service, oil product
tanker >80kDWT {JP} | 451200104 | U

ship transportation service, other bulk
carrier <80kDWT {JP} | 451200105 | U

ship transportation service, other bulk
carrier >80kDWT {JP} | 451200106 | U

transportation service by pusher barge, deck
barge {JP} | 452213000 | U

air transportation service, cargo, domestic
{JP} | 462111000 | U

air transportation service, cargo,
international {JP} | 462112000 | U

air transportation service, passenger,
domestic {JP} | 461111000 | U

air transportation service, passenger,
international {JP} | 461112000 | U

Emissions, carbon dioxide
(fossil), air, unspecified, 46

energy, Refuse Derived Fuel (RDF)
combustion {JP} | 519100803 | U

energy, waste plastics combustion {JP} |
519100802 | U

energy, waste tires combustion {JP} |
519100801 | U

Emissions, carbon dioxide
(fossil), air, unspecified, 51

01 planting and logging

01 Sugarcane Growing_Agricultural
Operations

02_chipping

Emissions, carbon dioxide
(fossil), air, unspecified,
99-3

PRS- ek
AD7= IDEA Hl =
—RBFELR, 22
T 99 DFFEEIN YT

116




PA=N 2SS EHELUIEARATT— ik

03_transportation 7

04 Ethanol Production Ethanol Production

04 preliminary grinding

05_fine grinding

06_classifying

06_Ethanol Production_Electricity
Cogeneration Credits

07 I'm Green PE_Ethanol Transport

08 I'm Green PE_Industrial Operations
(Ethylene and PE)

FROERATO—EEXW R - T o 2 ERR L IRIC R —Z% SimaPro ~FEHEA T o7,
AL LT — 2D SAF T FAF o 2% 2 LT IRETFIEE 7,
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3-8-1-2. ZRTFT—HEDEEH

[Braskem 2017]0 SCHRAEIZA H 7] DIF #IZ7Z2<BEFE RO kgCO2e/kg DAED 773

FLfliah T

VN2, £ ZC SimaPro ([ZE T AR O o 22 ERk L., AT o—DH 1% 1 5t 1
TR L=, B & BE PRI BEfe LT- Be A 7 — AR,

3-22 SimaPro D #EE:45]

3% 3-28 NAF PEDFukrRLLEATu— DL

Cogeneration Credits

air, unspecified, 99-3

PA=N 2T Bl Ll AT m— TxiE | i

01 Sugarcane Growing_Agricultural Emissions, carbon dioxide (fossil), P

Operations air, unspecified, 99-3

02 Sugarcane Growing_Land Use Emissions, carbon dioxide (fossil), PS

Change Credits air, unspecified

03 Sugarcane Growing CO2 Uptake E.mlss1ons,.carbon dioxide (fossil), PS
air, unspecified

04 Ethanol Production Ethanol Emissions, carbon dioxide (fossil), PS

Production air, unspecified, 99-3

05_Ethanol Production_Bagasse Burning E.mlss1ons,.carbon dioxide (fossil), o
air, unspecified

06_Ethanol Production_Electricity Emissions, carbon dioxide (fossil), PS
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07 I'm Green PE_Ethanol Transport E.mlss1ons,.carbon dioxide (fossil), o
air, unspecified, 99-3
08 I'm Green PE_Industrial Operations | Emissions, carbon dioxide (fossil), PS
(Ethylene and PE) air, unspecified, 99-3

WIZ 1% 1 TR L= o 252 T2 57 a v ARER L. FNENOT o A0E A BT #
7z kgCO2e/kg DIEE AT LT,

3-23 A% PE DFEIE
ZDI L TAA PE D7 b REFEL-, ERROFECTHRMANZ DWW THEEEZIT o7,

3-8-1-3. EERAFEDHEMR
i IL7- IDEAV2 7 —Z_R—Z | E = p A F— R I p X — R A HE T A FEN
FEEINTELT ., ARIOEEICY > TERLTZ, X—RELT=DIL IPCC 2013 GWP D F

ET MR LRo TV AT D —% = )L F — R EIE T R LF — Rl

vk

L7z, =%/

F—BEFEITATR 2 Lo EAT =D R EL | IR F =BT EN LSO IEAT =L
Teo L FICHERR L= FIED ST D AR T n— L a7~ T,

K 3-29 EELIE, FIEDOFIE

. Reteb o

BT =] HEART7 v — . DA
01_= k& CO2 | Emissions, carbon dioxide (fossil), air, unspecified, 05 1|kg CO2 e /kg

(IPCC 2013)

Emissions, carbon dioxide (fossil), air, unspecified, 17 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 18 1|lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 33 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 34 1|lkgCO2e/kg
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Emissions, carbon dioxide (fossil), air, unspecified, 42 1|kgCO2e/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 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 46 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 51 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 99-1 1lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 99-2 1|lkgCO2e/kg
Emissions, carbon dioxide (fossil), air, unspecified, 99-3 1lkgCO2e/kg

02_FE=F | Emissions, carbon dioxide (fossil), air, unspecified 1|kgCO2¢e/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 CO2¢e/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
Emissions, PFC-14, air, unspecified 6630 | kg CO2 e/ 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

T NODORMEAREE | DICEED T2 GHG LWV FELERLZ, GHG O FiEIZHON
Tt ERRoz g X —EREIE LT —REEZ A DY FREO-OE#EIIEI =I5,
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