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Demonstration Project for the Formulation of Plastic Resource Recycling System Supporting

Low Carbon Emission Society in 2019

Subject: Development of Alternative Plastic “Biomass Derived Highly Functional Next

Generation Hardened Foam”

Representative organization: Hokuriku Techno Co., Ltd.

Joint implementation organizations: Faculty of Science and Engineering Waseda University, Kyoto Institute of
Technology, Kurabo Industries Ltd., Imizuno Agricultural Cooperative, and Imizu City

B Purpose of the Project

Rice production generates about 2 million tons of rice husks each year
in Japan and about 120 million tons worldwide (according to the
webpage of the Ministry of Agriculture, Forestry and Fisheries).
Conventionally, rice husks have been heavily consumed by farmers as
underdrain materials of paddy fields. However, along with the
promotion of large-scale farming, underdrain materials have been
switched to crashed stones or plastic products and rice husks without
specific use purposes have been disposed of by paying disposal fees.
Also, the successful cases of rice husk utilization have been limited to
laboratory-scale ones and the mass disposal (combustion) of rice
husks has had the problems with the crystallization of silica
component which is deemed hazardous to human health and final
disposal of ash.
Leveraging its experience and expertise in the thermal control
technology of industrial furnaces, Hokuriku Techno successfully
extracted amorphous and highly-active silica ash from rice husks and
has put a practical plant with dual purposes of utilizing thermal energy
and producing silica material into full-scale operation since August
2018. The purpose of the project is to develop a new product
alternative to rigid urethane foam derived from fossil resources with
rice husk silica ash as a raw material by using the practical plant.
B Production of Rice Husk Silica Ash
With particular focus on the silica component in rice husks, Kurabo
Industries has aimed to develop a foamed geopolymer (FGP) with rice
husk silica ash as a main raw material. However, the development has
been facing difficulty in procuring ideal raw materials because the
commercially available silica ash derived from rice husks has not been
able to satisfy the following requirements:

(1) amorphous;

(2) stable supply; and

(3) soluble silica acid value not less than 60%.
Since the early stage of its full-scale operation, the practical plant has
already been able to satisfy requirements (1) and (2). Thus, the
remaining challenge is to find the operation conditions of the practical
plant that satisfy requirement (3). First, alkali silica solution is
conditioned by dissolving rice husk silica ash in alkali solution in the
FGP production process. The conditioning of the alkali silica solution
can be facilitated when the solution has high soluble silica acid value
and enhanced activity*. There is a method called the Luxan Method,
which measures the levels of reduction in electric conductivity on the

basis of the reaction between the silicic acid on ash surfaces and

calcium solution. Fig. 1 shows the correlation between the soluble
silicate acid values and Luxan values. Because the soluble silicate acid
value can be not less than 60% when the Luxan value (hereinafter
referred to “L value”) is not less than 2.8, the Luxan method can be
used as a simplified method for determining the soluble silica acid
value. Fig. 2 shows the trend of L values along with the historical
changes in production stages. In Group-1 with the L values measured
before the remodeling of plant facilities, the L values were unstably
dispersed because of rough furnace temperature control and manual
plant operation. In Group-2 with the L values measured after the
remodeling of plant facilities, the improved stability in the L values
means the effectiveness of the remodeling on the furnace temperature
control. Finally, in Group-3 with the L values on the basis of automatic
plant operation, the stabilized L values confirmed the reproducibility
of the plant.

*Activity: the silica in rice husks leaches into alkali solution and some types of
silica are likely to leach in the natural world (pH of 6 to 7) and others are not.

The plant enhances the activity of the silica likely to leach in the natural world.
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Fig.1 Correlation of soluble silicic acid and Luxan value

Fig.2 Luxan value according to the production history
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B Production of FGP
Table 1 shows the samples used for producing the FGP. On the
premise that these samples are amorphous, the major difference
between the samples is the component of fixed carbon (C). Fig. 3
shows the production process of the FGP. It was originally considered
that fixed carbon (C) had an adverse impact on a foaming process.
However, an FGP production process has been established through the
process management placing particular focus on the time required for
conditioning alkali silica solution and the quality of metakaolin

(produced in

China).
Table.l Component analysis of rice husk silica ash
Component analysis [mass%] Soluble
Name Color silicic
Si0: K20 Ca0 Mg0 C acid[%]
RHA-G Gray 96.8 2.5 0.5 0.2 - 80
RHA-B Black 87.3 2.4 0.2 0.1 10 70
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Fig.3 Production process of FGP
u Verification and valuation of product quality

Skeleton structure

Figs. 4 and 5 show the X-ray diffraction analysis result of the FGP and
the specimen used for the analysis respectively. The X-ray line profile
showed broad halo distribution with a peak at 26=about 29 degree.
Because such a profile is different from that of the FGP with
aluminosilicate, which is the main component of hardened foam, in a
gel state (with a peak at 26=about 23 degree), the analysis results
verify the successful formulation of the FGP having a rigid skeleton

structure of aluminosilicate polymer.

Test piece : RHA-B-Na

Soluble silica value : 70%

<29 degree Halo peak

Fig.4 FGP X-ray analysis

Thermal conductivity

Fig. 6 and Table 2 show the relationship between temperatures and
thermal conductivity and the comparison of material performance

respectively. The thermal conductivity of the FGP using rice husk

silica ash is 0.061 which is 1.8 times higher than that of urethane foam
for which the FGP substitutes. However, it has been confirmed that the
FGP has: heat resistance up to 800 degree C; high temperature heat

contraction of 20%; and no flammability.

‘Water glass

‘White D0.5

, R & Black D0.5

L ‘White D10

i Black D10
Na Black D10

i =y o 11 [ s EE
T

Fig.5 FGP Fig.6 Temperature and thermal conductivity

Table.2 FGP thermal conductivity of different starting material

B LCA of the FGP

Fig. 7 shows the life cycle flow of the FGP to be the scope of the LCA.
In the life cycle flow, alkali silica solution undergoes preliminary
conditioning with rice husk silica ash mixed with alkali solution and
then the FGP is placed through the on-site foaming in a manner that
mixes the alkali silica solution with metakaolin powders and others.
After the elapse of service life, the FGP products are recovered,
crushed and returned to soil. Table 3 shows the comparison of the
amounts of GHG emissions per kg between the FGP and rigid
urethane foam and Table 4 shows the comparison of the GHG
emissions between the FGP and rigid urethane foam taking into
consideration thermal conductivity, density and service life. The
comparison result shows that the GHG emission of the FGP is slightly
lower than that of rigid urethane foam. However, the LCA this time
does not take into consideration the effect of high fire resistance of the
FGP. Thus, there is a possibility that the superiority of the FGP to rigid
urethane foam is enhanced by taking into consideration such high fire

resistance.
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B Discussions and guidelines for future deliberation

] The production process of the FGP with rice husk silica ash as a
main raw material has been established.

[ In comparison with rigid urethane foam having excellent heat
insulation properties, the FGP is inferior to rigid urethane foam
in terms of its heat conductivity about 1.8 times higher than that
of rigid urethane foam.

(] The FGP is a noncombustible material with a heat resistance of
800°C or more and is unburnable even though there may a
chance of being vitrified.

] Having no flammability, the FGP can be installed concurrently
with welding and fusion cutting work and thereby enabling
construction periods to be shortened.

] The production of the FGP does not generate any harmful gases
or organic micropollutants.

[ The FGP can be installed through an on-site spraying method.

According to the comparison of the GHG emissions between
the FGP and rigid urethane foam taking into consideration
thermal conductivity, density and service life, the FGP is
considered to be superior to rigid urethane foam.

Considering its fire resistance and on-site foaming performance,
the FGP can be developed into building construction materials
for which nonflammable, heat resistant and lightweight
properties are required.

The independent foam structure is subject to the examination
this time because heat insulation properties are important when
examining the use of the FGP as a building material. However,
the FGP can be provided with a continuous foam structure
through the use of chemical agents in the production process
and the continuous foam structure enables the FGP to be

applied to (heat resistant) filters for water and gas purification.

[Contact information]

Representative organization: Hokuriku Techno, Co.,
Ltd.

Person in charge: Kikura, Manager, Management
Division

Contact number and address:

TEL: 0766-57-1400, e-mail: t_kikura@h-techno.com
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K (0. 1M) 2wz, ZL T, R IARY ~—ilkbHI, RISz et
H7212100 A ¥ 2 LRI L TR RO/ 7 01V IROSHRIZ A3 H L T 30°C,
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[ ZBRSAF]

fig « TLH ) AUERIAR & LC, HEEE (HCL) . #ilR (H,S0,). file (HNOs) . ZKER
{bF + U 74 (NaOH) . KER{bA Y 72 (KOH) D% 0. IM/KIRIE 2 Sl LU7=,
300 mL AT AH (ML) £721ZPE®R (7 VAR v — T —I2&K AL
HYAWE 27 200 mL AL, £ 212100 A > ¥ 2 LN L72&5 8@y 4R Y v —
AEF5.000 g &L T, fHIR~ 7 X F v 7 AZ—F— [T 30°C, 3 Kfd#Eef
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fig « 7V UALERAL X, No.5C D A#AE V=S| Az X > TREIREEL
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F7- FARBOBEVEEZRATA RHT A LI —RUMET—7 THEE L., &
30nm JED B —R & a—TF ¢ 7 LT SEM-EDS (2 TS 2 & & L7z,
‘oz, L FORITTT,

fERAZ R 3-14, 15177, WTFHOEE - 7u0 VAERIZ X5 TH 9~10 £%

DOIFEDBD DI, T DTG A 4 & L THRIEL T
WAH U T LAOEBLE T ISONERF O U O LD, F72T7 Vv
A BB ONT, BUIICBWTIIAEOT VI =T LD, TV )AL
HIZBW TV EDO VY HOEHICE 60T, EFEDT L EOD, Y oq
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% 3-14 KRAKOM - 7AH ) OfFEHIC X 2 EE[%]

e H itz iy KELF )y o KEE(L A Y 7 L

HC1 H,S0, HNO, NaOH KOH
il K5 Z A 12.9 14. 4 13.9 11.5 10. 8
RHA-190308-G 10. 7 14.5 13.9 8.2 5.6
RHA-190917-G 9 8.7 12.9 18 9.9
RHA-190703-B 13.6 12.8 14 12 7.4

#3-15 %#klo Si Al b (EDS. 7tEELL)

e il ity KEHLF F U v & KEE(EA Y 7 L

CIELRINIE HC1 H,S0, HNO, NaOH KOH
MR KT T A 1.38 1.28 1.49 1.35 1.48 1.48
RHA-190308-G 1.56 1.39 1.38 1.35 1.41 1.37
RHA-190917-G 1.36 1.28 1.37 1.41 1.41 1.48
RHA-190703-B 1.46 1.28 1.27 1.33 1.33 1. 34
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WrEAA 12 & > T MNEWE « R 72 D~ A BEE R A TH D, AT r Y
=7 MCIE, BVRERES LOVEIR T TR L7z & & OIERED O | it
M X & BAT L 72,

HWEZHW YA RY ~—Z UKL, RFEZK 10mass% & 5 L BA0 b gk
R, FTIERELZIFITEATORNT L—a0 b LERIK % HFRFEHZ W TE
L7, WINDOBAHRIKE 7 VA IANT A IRV A=Y R EOFMITE £
T, ERE ThoTo, ZHMAEOBYRERT JIS R 2251 (2S5 & FEEH BRIE
ZRWTEME L7z, 2 OJ 5, WiEMWE 2 EEAR T DMk 7 & OBRE )3/
SUVABHZX L THE OO TW AR TET, A7y =2 M TERL
Z AR OFHIIZ i 72 &I T & 5,

F 3-16 |ICAMERFE R 2R, L —aDbhiak, BOOE % KBRS
U0 BKEEIR TR LR B U 72 KR & JOBHE WD CTERL L 72 2 fLIR D =R T

DRMGERTH D, PO Dx (x=0.5 £721210) £HDHDIE, FinsEr L&
WA LIy A OWME L2~ T, 728 21E, D0.5 135 HAl & [ ikt LT
0. bmass%iMT 5 Z & &2md, £/, bR TiEe < fROKT T R % Hi%
JFBHZH W TR L 722 A BB L O L Z v 7 3 — L DOBRER L D i & %
317\ ZRT, FaKIv ) a2 THHIE, BEFEZIZH L 0. bmass%ifsii L 7=,

%316 YA Y < —0REEK

S LB RE
RHA-G-K RHA-B-K

BB D0.5 0.087 D0.5 0.075

[W/mk] D10 0.077 D10 0.071

#£3-17 BB ORMGELREL YL XY 7+ — L& DHEL

Density Thermal conductivity K
Name Color [/ ] [W/mK] Remarks
RHA-B—Na Black 0.160 0.061 Y =&
RHA-G-K Gray 0.161 0.077 A Y T L
RHA-B—K Black 0.166 0.071 A T L
IKHTZ R - 0.083 waEAY T L
TJLRTH— L 0.035 0.034 REE R
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272 o7,
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DOEITZALT D AHEME N B D Z L ITHER SN2,
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(5) LCA OIREE - #FAfh
(5) -@-2 AT LEER

@-2-1 ¥EVARY ~—F L

M 5-11ZHVE A RY v~ — bRk D T A 7 A IV Tm—% &K 5412V A
T LR ERT, BT ARY v — RO > AT AESUTEMEFREND Y

FA TN, FEFEETE L,

Er ms [T} e il

X 5-1 RHEIVARI~v—MbEKDOTA 7 A I NVTa—

* 54 FRATVIRY ~w—B{LEKD T AT LEHR

B4 AN
JEA Ak A 2 b K B W Y — KSR | R A SR
AT TV RIS, A X DAY GG
T, Wik M THY & Tofgs, JFMEHRS . WA
it (RFAt 6 5254
VYA 7N, BEE UtA v
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(5) LCA DIRGLE - FFAif

@22 WHEULHZ LT 4—1I

M 52 ITHWHE Y LI T —LbDITATHA I VT u—% £ 5D5ITVAT
LERZ RS, WET L X7 3 —LDY AT AERITEMEFENS Y 31
I, BEIHEETE LT,

RBWEU VAT — L EHEHT GG, BEYARY v — bR i
THH SN D b AEPANFIHENT, EEL R DL, 2O, BEU L X
T —LDVAT AEFITIT bR OREEZ ST LD L LT,

FEE T LA T A —NFREAE L TREBET e 2R L TR, O
AUSBEH B IC I W T RAFICRH L, RIEEICKRELS FET 5, 20D
B LR T F—ADY AT AERICBONTIE., 7o oliHIZONWTY
BRETDHHLDE LT,

TR

[

kg | T T
LETR i Radall '| TH#] |
W B — S w . | B e e — ! — | WAL — bl
| AL YL T =L i | BT R
EnmalaE] | ‘I s || 'I“ W i 'I T I: aa "I CEY
BITE G
=
> ANy
| | |
BT Ed I Wi maryiad i ICETIN T |

K 52 BBEYLELST7+—EDFATHA I LT —

# 55 WEILEL T+ —LDV AT LER

B TR
JE A B BE Y L& o7 — a8l (FMEHRSG . W2 ETe) !
L, ik it T35 F T Ok
it (G541
A7, BEIE BEEY L X 74— LPEFE
Z Oty b HIRBERE, BT v R

L ARHEICAV S PN EFEN T — 2 X—20E E, BEATARY v —EDv A T AEFIZI TN, #ikEk
FEICE N D FEMEHRA LR OWTIE, BE Y LY VT 4 — LDV AT AEFRICB WO TIE, JFM R RS £
naxbLoE L,
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(56) LCA DIRFE - 7

@-2-3 FHEEOBRHEWIZONT

AHEIZB WD HFEE 54 FOREHEHAFEED T A 7 A 7 V2B LT,
BN EEHTZVDOWME Y L X V7 4 — LN 2 EBWERE ) ZHERER I & L
TEY, BETARY v — B LROBEWEREE Y LY 7+ —MTHED Z
EIZONTIE, REFOBRICEEE Y L X > 7+ — N L RISEOREWEREIZ/R 5 £ T
JEHZ ST 52 & T WBWERRZ RIS T2 2BELTND, 2D
FEMHRFO GBI FHEHEIC ) =X VX —HEDNSEUL TRIS RS 2 L
5. i HEBPEO I SO W IR DO S/4 & Lz,

(5) -@-3 BEGHIR

AP CTITREHEEON, [ELBE 2R E U TGHMEEIT S, x5 L e biE
NRAT AL FNENITT D HERER(L AR T > o v VORI DV TR, AR
FIZBWTHIHT 5 LCA 57— & ~_—A [IDEA Version 2.3] IZBWTEHEN
TW5 TLIME2 Feifufeth  HERKIRRL) 28T 0L L,

5) -@-4 ARAEBICHWDIHEHERBEAT —ZX—2X

AFHA I Ttk TRt . TG ). (EEE) OUSOBLEN G, HE
HEJF AT — % _X—2 L LT [1DEA Version 2. 3] ZHW5 Z & T, %Y 75T
Miz1T9 Z EnHks LB 27,

F9° T (oW T, AFEICB O TRl S & 72 2RIV AR Y ~—7f
fBIKIZ, ZDOT7A T AT NVDIFEAEDRHEARENICEITDHDTH DN,
[TDEA Version 2.3 IZHARENOT —X X EINTT —F_X—2ATh
L2, ZIVUTEHER SR OLE L BAETH LS 2D,

W THEgEM: ) 1Ic>W T, TIDEA Version 2. 3] 1XMHEA OVERLT 2 B2 H R
RIZESWTHEEINTEY, BARENOE TOREEIZE T HRFIGE % M
THHDTHDHIZD, LCA DFRGE, fHliZ T O IZHT D FED2NEDTH S &
25,

F LT i) (2o, TIDEA Version 2.3) 13 3,800 MHAL 7 1t %
T—HEy hEALTVWLED, &7 —HIZOWTHIEFEMICKS I TS &
Exbhd,

Bz MEdEkE) 1o T, TIDEA Version 2.3]) (X GHG Protocol @ Third
Party Datebases |2 HBER I TEY . EEMICHLEVWVEEEEZAE LWL LEE
2 Do

FROWUSOBENS, AFHEICBO QI BB T — 2 X—2 L LT
[IDEA Version 2.3] ZF|H+T b DL L1,

2 AREREUE, 2007 FITAF ENT IPCC 5 4 A EFICR T 2 MIBKREIEE L F—Th 2,
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(5) LCA OFEEF -

FEAT

(5)-® TFATVATNA Ry NS - BB
AKREDT A TV A TN A X FUSIICEWTE, ETREARY <

—RELiR, BIEY L T g — AT

lkg H7-0 OF — X OEFELITVN, FD

BEETO—EEZETIHLOLE LT, O-1-1, @-1-2 &5 kg H7=2V DA
T —42 %, @-2-1, @-2-2 2% 1kg H7- 0 OFHFERE, @-2-3 125
W o —5H7- 0 OISR A2 R~T,

(5) -@-1 &S kg H7ZY DAHNT—#

@-1-1 R@TARY <~ —H UK 1kg b=V DAHIT—%

(1)

JEAT B R B R

K 56 ([ZHIATARNY v —WLIKRD T A 7Y A 7 VDN, ARz IS
BIFLE{ET 0 AO AN T —4 & AHHE L TIDEA Version 2.3] 7 —X LD
ST 2 ”T,

#56 FEMOARY v —HELE kg DFHBTRZBHNC IS AN T —¥

{%@JiIﬁ H %(% ‘I%%&@Tﬁfﬁtﬁ [TDEA Version 2.3] (Z331) %85
T Ak 8.71.E-01 kg ek 7 kAt —3
), —IREBREEE 10 P
B (b IHRIRBER) 5.92. E-01 kWh ek 7 o pkatt
#), 2015 FERE
In
b A R B ST (b Ak RE ) 5.09.E-01 MJ kb 2 RS | ATIHOREE= 2L —
1 s (b A% K B & AT
] - Lt Itk 2 Mkt —
~JERTEHRA AT
# TR 1.66.E-01 kg ke 2 it —
Out
HEED 8.71.E-03 kg Jkpes 2 7 pRAstt —
T — A& 1.56. E-01 kg BHCRR RS | KERMEF Y DA, 97%
ftik 1.69.E-04 w’ BECRREREEAE | Mk, A A AR
) &K (LK) 1.85.E-04 w’ BHCRRERR A | TEAKE
HE Y — & In - —
e Wk (Frik Yy — Z KA
UNEE S ‘ 500km, 10 b/ KT v 7k —E A, 10 hv
B T4~ R BHE & 18 — fiE % I F°
_ SR 2 Rk R L, FHHEER_PEY
A1)
Out | FlEY — Z KRR 5.09. F-01 kg B RA —
In | &)@7r A% 3.39. F-03 kg BEMEGASHE | 2B ) 2

3 HARITKOEFEICBIT DRIED THDLZ EnD, BUEICBIT2HHHEZEID Y CThnwo &t LT,
4 JFAPEHEA T b 2R WG FTIC o & . b ARKOWEIIFME LV D L Lz,
5 ZEE OSSOV TIE, BEORBOH DL LOERE, I—FRr 7y Vv bhala=r—varrauss

LADFRIE CFP-PCR Ok U A& BHFIZ,
E PCR —% httpsi//www.cfp-japan.jp/calculate/authorize/pcr.php)
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(5) LCA OFREIE - 2¥AM
ik (&)@ FRET | 500km, 10 b L, Ty ZkE—E A, 10 b
&R — Al &= A
» B~ FM BHE A AT IR 2R AR R B, FHER Y
1=
out | BB A 3.39. F-03 kg Bk st —
AT T TR 3.39. F-03 kg BEMGEGRRSHE | 277U VR
it (A7 7V CEERLEH
277 Y | In 500km, 10 k> L, Ty ZlgEr—r X, 10 h»
‘ B T~ JFAM EHRE A — Al &= A
P i g ik . I 2R R H, FHERE T
B
out | A7 7 U RSN 3.39. F-03 kg Bk St —
HAY 7.96.E-01 kg BHEiERASA | Y
AHY R R U A 3. 18.E-03 kg BB | VAT Y A
K (BF U ) 2.89.E-04 m’ B ESH | TEAKE
ES (WA REERA) 8.09. E-02 kWh BECRERR A | AES, FE, 1EA, 2015
EBS (WA BERLA) 2.56.E-01 kWh BHRRERR A | AES), FE, 1EA, 2015
WL (A BERCH) 1.97. E+00 MJ BB | — AR OBRBET 2L ¥ —
BEFE - BEFE AR ]
e — B 2 6.75.E-01 kg %y — i fiE & F A
P—r R
s (WA Y CERIES~ | T0km, 20 b \ N7y 7k —E R, 20 b
\ AR
AR A RET ) SR 7R REER B, FHESR Y
gk (A2 Y B F Y
1,000km, 20 b HE, FT oy ZlEY—E A, 20 kv
AANAY | In | T ABRGE TS~ A X A — %A & A
‘ A7 Rk B, Rk P
NG ) HE T )
1,594. Tkm, 20 hk
ik (A& B4 ok NSy ZEE—E A, 20 v
; VL, SRR RE — %A & A
T35~ ki) LN 5 R A )
#R
2, 111km, 4, 000TEU
a TS -, <
s (g~ k) NENOENE SN — A &= A
4000TEU
A7 R
Bt (GRIHs~ A % HF | 500km, 10 ko, rT o 7L —E A, 10 hy
— A % FI H
U VML TH) SR 2 Rk R B, fE#EER Y
s (AZHAV T | 500km, 10 k2 Hi, ~NT oy ZHEF—E A, 10 h>
. # — Ml %
TG~ EREHR A AT SR 2 Rk R B, fE#EER Y
Out | AZIFY 6.75.E-01 kg B RERE S —
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(5) LCA OFEEF -

FEAT

(2)

T, BB

R OT IR TARY ~—{LIED T A 7 A 7 VDN, L, kBRI
BILEKET 0 AOANHNT —4 & AHHE L TIDEA Version 2.3] 7 —X LD
ST 2R,

g DINT., EEBREICB T AARNT—#

*5-71 F@IF RNV ~—mEE 1k

VE B 5 H b TR OfEEL T [IDEA Version 2.3] 231} 5854
RIS ARY < — ik )
‘ 1. 36. E+00 kg V=8 ST it eV T —
R AL
‘ \ Eh, —ERKFESE 10 7
B M EHEA ) 3. 84.E-02 kWh BB
%), 2015 4FE
s, JFA | In
\ S, —MEREESE 10 47
BHEA . KR w (A 9.94. E-03 kWh AR ST
oy ¥, 2015 4FE
s URATBHEA BT~ | 100km, 2 b /HL, NT oy ZEEF—E R, 2 kv
— %Al % F)
it T345) ISP R L, FHHEER_PEY
FI T AR Y ~ —HE IR 1. 00. E+00 kg — —
Out
) 6.78.E-02 kg AR ST —
3) UVHA TN, BEEER

# 58 IIWIATARY ~—{LIKD T A 7Y A 7 NVDON, U A7, BESE
BRI AT o AOANH 1T —4% & % EH & [1IDEA Version 2.3] 7 —
& L DOXRATT 2T,

# 58 FHEUARY LK kg DY A 7V, BEEERICK T IAMANT —¥

TEB) I B E=gy 153 DAL T [DEA Version 2.3 (Z351) 2%
FI VAR Y < —wb R 1. 00. E+00 kg — —
BEE - ISR B BETTW A5 B
A 1. 00. E+00 kg 4> —fAE & A
In P—r 2
R %
ms (i THE~ Y Yo | 100km, 2 b H, FT v R —E A, 2 hv
3 — i fiE & F A
7 V%) ST 7 AR B, fEEER )
Out | KB 1. 00. E+00 kg — —

5 LRI,

R Y — SRR, BT AFR, AT TV R,
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(5) L

CA DIRFE - FF A

®-1-2 EEULZ 74 —Alkg bz DAHSHT—Z

(1)

JEAT B R B R

F LI IWHET LA L T —2DTA 7YV A 7 IVON, FEMEGHZEERIZE
A& TavwAD AN SIT—4 L %KTEH & [1IDEA Version 2.3] 5T —# & Oxf
IR 2 I

# 59 WHEYLHE 74— lkg

DIFAMEHAEER IS 2 AT — 4

EEEEE ¥ TR OFRE T [IDEA Version 2.3] (231} 584
WET VX7 5 — LR
g L4 ‘
In | RS, FREHEA . WA | 1. 00E+00 kg 43 — %A & R A WE T LH T 5 —08
NAZE N :
i
Out | fFEET LT 4 — LA 1. 00. E+00 kg — —
(2) INIL., EREERpE

K510 ICHE T LEZ L T+ —bDT A T7H A 7)LON, L., HiEEECE
FAETavw AD AR TIT—42 L, %TEH L [1DEA Version 2.3] T—H# & Oxf
ST &R,

% 5-10 WEYLZ L7 +—h lkg OINT. BREBBECHEIT 5 AMAT—%

EEEEH B [EER O [IDEA Version 2.3] (Z351) 2854

gD L& 74— AFE 1. 00E+00 kg 43 —
Wt (g Y LZ 7

In ‘ - 100km, 2 h/Hi, KTy 7@k —Ex, 2 hv

LTTBeS — IJERBHE A 8 T ~ it ) — e & R
SRR 2R A R L, R Y

THS)

Out | HEDY VX7 4 —A 1. 00. E+00 kg —

TOE LSRR Y . FREHR S SR oW TR, BIE Y LY 2T = AD Y AT AEERUC I TR B
BoEEnsbOE LT,
S HE T L& T 4 — MOV, [TDEA Version 2.3 (ZREd#OPEHEFEAIT R 7 7310 (THNOERHRE T A
VTR LT By 7 ZGIWINT U CHAR) 12K ET — 2 2552 L TR Y | AREICE O TEE LT DR

(ME TIIECRATLTHET) 12 L A8 1k, MEAZRAX—ERRL S, 72750, AT T RIAOBICLEREIL
WE Y VE Y74 —51kg IZ20& 0.1kWh, WAFILOBICLERTESIF 0.036kWh & ZOZEPHNTH D Z &
b, AHETIIA T 7RIAICL DRGET =2 2 I LICRHEZ AW b0 L Lz, (BF : BAY VX U TR

RU DL T 4 —AOFHR  http//www.urethane-jp.org/shiritai/shiritai_03_02.html)
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(56) LCA DIRFE - 7

(3) VYA, BRIEERE

KHNICHE Y VH T3 —DTFA4 T A7 VON, VA 7L, BEFE
frlzB T o8& 7T e A0 AN )T —4% &, £HHE & [1DEA Version 2.3) 7 —
& DRHSATT 2=,

124
7

# 5-11 WEULHLT4+—5blkg DU YA 7 )V, BEERBICBIT A AHAT—#

EEEEE b TR OfEEL T [IDEA Version 2.3] (231} 584
WEULVE LT F— N 1.00. E+00 kg — —
W L4 PE SE BRI BE LR — BV — B R | pEIEFEIEY),
1. 00. E+00 kg %> — A A
V74 —A | In | BER? BETSTAF
BEZE ik (i T ~PBEHEY | 100km, 2 k1 8L, FT oy kY —E R, 2 hv
B} — A % FI F
AP R R LR 2R A R B, FHHERE_EY
(4) ot

FH- 12 THE T L X T 3 —DDYV AT A ﬁ’aiﬂé LR ER< KT
ot 2O ANH AT —% & K£IEHE [1IDEA Version 2.3) 5 —# & OXFof it %

RY,
F# 5-12 WEULVHLT4+—hblkg DVAT AERICEETNZ ZOMOAHAT—4
TEBEIE H S &R DAL T [TDEA Version 2.3 Z351F 284
b Trick 8.71.E-01 kg Jkpes 2 7 pRAstt —1
PE ZEBETE W BEHN AL B Y — khET 7 MRS | BEEAEL— R, FEEBEIEY),
TRk BETE 8.71.E-01 kg %y
. In | EX Stk ST RLST
s (b AakATmibEEE ~ | 50km, 2 hI/HL - FT oy JEEF—E X, 2 b
~ 7]
BEIEM AL B i 7% FE#EE 100% B, BEHECE 100%
RE7m
- Out | F&7a#l (HFC-134a) 5.99.E-02 kg — i A& F A —
Y::

O FRIFPEFEL OFATT DM FHAMERT ORI 2307 Ly MZAIY | BT LY U7+ — A3 EERENT5
DL Lz, (B%  RIFEEL  EE B OBEHWLE <7 Ly b
https://www.meti.go.jp/policy/chemical_management/ozone/files/pamplet/tec/dannetsuzai-1.pdf
https://www.meti.go.jp/policy/chemical_management/ozone/files/pamplet/tec/dannetsuzai-2.pdf)

10 222 CREROMY | FETARY v~ —HLEDORE TSN TR SN D ARKICHONT, BETV VS T4 —hD
VAT AERICIT L AR OFEEEEL O L L,

1R 3 IZFEE O Y . b ARICITREICBIT PR EEZFHI D Y TR Lk Lz,
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(56) LCA D&k - FAfh
(5) @2 TFA 7V A 7 NVEEFE
@-2-1 P AR ~—E K kg DT A 7H A 7 NMITHIT 5 GHG HEH &
£ 5-13, K 5-31C@-1-1 IR LI AT —ZICHESZH 2T 72, Fd
AR ~—HAUR 1kg DT A T YA 7 )VIZET D GHG PEH & 2R,

# 5-13 R@TARY v —iE LK lkg DT A 7V A 7 B IT 5 GHG BEHHE

B T BRETAM (g-C02¢/kg) E|E

b AR ik 387. 1 24. 2%

WM Y — 2 KRR 232.8 14. 5%

) BB A G 44.1 2. 8%
JbA b

AT 7V EE R G 9.5 0. 6%

A B FF Y M 765. 8 47. 8%

/NGt 1,439.3 89. 9%

N, #k s, FAMEHEA . WA 94. 2 5. 9%

VHA v, BEFE U1 68. 3 4. 3%

iy — 1,601.8 100%

LT b T
’."'." i
_.;\-\..' )

5-3 VAR Y = —LEK lkg DT A 7Y A 7 MITEIT S GHG PR &
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(5) LCA OFREIE - 2¥AM

@22 HEULHL T4+ —h1kgDTA 7Y A 7B} 5 GHG HEHE

(1) 7 vV IRHEBEOHE
#5-14, K 5-412@- 12T R LTI AT —HICESETEHEZITo7-, 71
VIR A S ERVEE Y LA Tk —A kg DTA T A 7 NVITEIT D GHG HE

HEZ =7,

#F5-14 WEYLEAL7+—Ahlkg DTFA 7H A 7 NMITEIT S GHC HEHE

(7 v VREHRZBEDOBE)
B TH BREEATT (g-C02e/kg) )&
JER LA 2 WE D L& 74— sl 3,900. 0 57. 9%
L, Wik i % 51.4 0. 8%
VYA v, BESE LT VAT 5 — LR 2,598.5 38. 5%
Z DAt b Bk FEHE 190. 9 2. 8%
it (e UREREE) — 6, 740. 9 100%
B L . B 5 i

iy !

X 5-4 WHEYLZLT7F—b lkgDTFTA T7H A 7 NMZBIT 5 GHC HEHE
(7r VRHRBEDOHE)
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(56) LCA DIRFE - 7

(2) 7 v VREBEOSE

# 5-15, X 5-51Z@- 12T LI AWM N T —ZIZESEHHEITo72, 71
VIRMEGOEE Y VX Tk — N kg DT A TH A 7 NMTEIT D GHG HEH &
T,

# 5-15 WEYLAZL74+—Ahlkg DFA 7P A I MITRIT A GHC HEH &

(7 v RHBEDOHE)
24 TFz BREEAAT (g-C02e/kg) F&
JEA LA 2 WE D L& 74— sl 3, 900. 0 4. 2%
AT, s peS 51. 4 0. 1%
VYA v, BESE LT VAT 5 — LR 2,598.5 2.8%
b HRFEHE 190. 9 0. 2%

Z DAt

K7 m iR 85, 646. 4 92. 7%
HE (7o RHEEE) 92,387.3 100%

X 5-5 FEULHALT4—h lkg DTA 7Y A 7 MBS GHG HEHE
(Z7r  VREBEOEHE
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(5) LCA OFRFE - 3FH

®-2-3 &KH5 D GHG HEH Bl
(1) 7 v REARBE OGS
@-2-1 LUO@-2-2-(MWIZBWTHMHZITo 7=, &£ kg DT A 7H A 7L
2B 5 GHG HEHH &% LT .@-1-3 TR LR T o —% M L7, # 5-16,
5-6 IZE DRERZE T,

# 5-16 BERDOTA 7Y A 7 MBS 5 CHG HEHE (7 v ViRERZEOSRE)

D HEILVH T 4 —2A
Ry AR U < —af ki (7 v VREREZE)
AL kg B72 0 0 GHG HrH & 1,601. 8 6, 740. 9
[g—C02¢]
HHET 0 —
o 8.2 2
KHIEHERET 0 — 7)) O
GHG Hl & 13, 137.7 13,481.7
[g—C02e]

L LE]

1 &I

LI

(B | L]

L]

NN

L LT

FA

L=

(pCOle! FiEzIRES g R P T-tpuaal) Bl g 1

X 5-6 FHMLEETIo—5H7F00OGCHEHHE (7uViRHARZEOESD)
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(5) LCA OFRFE - 3FH

(2) 7 v ViREBR OGS

@-2-1 LU@-2-2-IZBWTHMZTo 7=, &£ kg DT A 7H A 7L
2B % GHG HEHH o xt L T @-1-3 TR L7 v —% A Uiz, # 5-17,
X 5-7 |2 % DR % R~T,

£ 5-17 BB DS A 7Y A 7 NMTHEIT S CHCHEHE (7o ViRHEEZEEOBRE)

e EEY LZ 74—
R AR Y ~—EbA (7o LR EE)
AL 1k &72 D O GHG P 1,601.8 92, 387. 3
[g—C02¢]
HHET 0 —
o 8.2 2
KHIE R T 0 — 7 D
GHG HEH & 13,137.7 184, 774.5
[g-C02e]

FeLE LR B
| B
LR
] WA
1
LN
BN
fiG
T ]

BOONN

ilfﬂ]r.' i+:1;|ry|!;: o e it L Rl P ]

X 5-7 FWMLEETIo—BH7F00OGHHEHE (7 e iRHEEOES)
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(5) LCA OFREIE - 2¥AM

(5) -@ FEROMER

HEUET7 o —b7= 0 O GHG JEHED KNG | A VAR Y ~— i LA IS
U LA T = DI LTH 2. 60 DHIBGI R A RO Z E R bk IR o T
KB kg H720 TlE, BTV AR Y < —w bR GHG BEH EITEE v L ¥
¥ 7 4 —A0 GHG BEH & DK 24% Th 5, — . KT v —5H7- 0 TIE, K 97. 4%
LD, kg e ERMET 0 —HT- D ITBWTHIEENRICER N E DB H &
LTk, S OWBMROZRN TG TDHLE ZANKEN, ZOH5E%, 3
WY FRY) =R W TERERN Y ET HZ LI - T, SHITKE
IRHIBN R A RO Z LW CTE S, £ BRIAVARY ~—@LIRD T A 7
AT WZEBNWTIE, AZTAY o OBGEITED PR R b RERFIEZ HDT
WD, AZAFY COMHEZHNET S, b LUIAZ AT % GHG HE
HEODV 2RI RET 5 Z &R, i@k%&%ﬁﬁ%COEﬁé
AFREIZ B O TITEE WG & L CoMERE (CHEHET 0 —Z R E LTS,
WY AR Y v — LRI T LY T o — Ahmm\%% (R KRR L 18
Nz ch s, ﬁ%%iﬁwm%f?X%yﬁ%ﬁ%ﬁé%m%ﬂ%kLT
BO, X=R2T7 A AMNTIE AN A IS TIE R WAL E £ b o &
T HIOIIZ, 2 2T IEREDZER 2 Z 8 L7725l IEE > TR0, filx
A MEZ RS E T 5720 —2 T 4 N LD REMAM 2Nz 57 8
LC, Mtk MEE T o — 12Nz % 2 AR, BV AR Y ~—m{biRix
S HRHRGEEMET HEMMEEZ R T Z NG TE S,

THCINZ, E T LV Z 74— LB TR 7e rOREESE LTS
AL BETARY v — A IRIZIE S SR E REIREN R A RiATe 2 & 23 Al HE
2%,

12 390 AR )~ — LR O ARE X 800°C, WE Y L ¥ v 7 4+ —A0MHEEIX 1000CTH 5,
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(5) LCA OFREIE - 2¥AM

[2Z&

>

CFP 7'm 7' A FREPCR —% (2020423 A 9 ARIE)

https://www. cfp—japan. jp/calculate/authorize/pcr. php

Greenhouse Gas Protocol: Life Cycle Databases (202043 H 9 H&)
https://ghgprotocol. org/life—cycle—databases

LCA A7 +—F & [2013] : JLCA 77— 2 X—2A R bfRE Y 2 &
https://lca—forum. org/database/impact/

)RS, RIS [2001] @ [1S014040 + U — Xxbis  AR3ED =8 D LCA A
N7 7|

PRWTPESER - [ W BT O FERILER R 7 Ly b (2020 423 H 9 HBE)
https://www. meti. go. jp/policy/chemical_management/ozone/files/pamplet/tec
/dannetsuzai-1. pdf
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