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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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Demonstration Project for the Formulation of Plastic Resource Recycling System Supporting

Low Carbon Emission Society in 2019

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

[Step2]production of inorganic foamed body [ Step1]Production of sodium silicate solution

Sodium silicate solution NaOH solution
- Rice husk ash | BlackWhite
At least 1 min or more

Si powder
Sodium silicate solution

Foaming
Si+ 2NaOH + H:0 — Na.SiOs + 2H.

(spray  J7—{ Natural foaming J=—{ Hardening JT>

Normal temp15min~~Th Norrmal termp~~80 degree C 1~24h  Inorganic foamed body

Room temp~80 degree C
15 min~1d or more

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

Fig4 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.
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Fig.5 FGP Fig.6 Temperature and thermal conductivity

Table.2 FGP thermal conductivity of different starting material

Hame Calor e s sersien Remarks
[g./cnf]
RHA-E-Ha Black 0.160 Caustic soda
RHA-G-K Gray 0161 Caustic potash
RHA-E-K Elack 0.166 Caustic potash
Water glass - Caustic potash
Urethane foam 0.035 Alternate product

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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Evaluated product life cycle flow

Rice husk ash i
-

Foreground data: dark blue
Background data: white
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material}
Production of zinc stearate
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I
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r e
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Fig.7 FGPlife cycle flow

Table3 GHG emission per 1 kg product

%Required number per house: Required number considering house

life

Life cycle stage [g/C02e] FGP Hard urethane foam L
Raw material supply 1,439 3,800
Processing, Transportation 94 51
Recycle, Disposal 68 2,598
Others 0 191
Total 1602 5.1 ¢
Table 2 GHG emmission considering thermal conductivity, density and useful life.
FGP Hard urethane foam Ratio
GHG emission [g/C0O2e] 13138 13,482 97% °
Density [g/cni] 0.16 0.035 457%
Thermal conductivity [W/mK] 0.061 0.034 179%
Required number per house - 1 2 50%
[Referencel useful life! [year] 65 30 217%

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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0. AZHAY L OEAGEE TR N E L R DI E R 2D 0, 9RFRILLE
IZZEDHREMIE AL ERNERDND,

UEOFERELO, A2 0F) OB L IcEE 2 he—L13 52 &
THERINTH-TH, ZEHER R ETRIBN R > TH, & DR TG ATRE
ThbHZ ENbrotz, FEEBRICHWEZA X A 0%, 7.5 B #ED & D
ZER LT,
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(3) W AR < — bR
(3) @ B AHEITAR DAL
(3) -@-1 THEEME. e BB

B) - O TR L= AR Y ~—alBHZ DU T, MERE - M AR 217
o To, —MREEEE T L OEEERM O BREE 248 0E LT, BRIT., M., mile. il 4 vy,
7oA Y M) DWW, KEET U U AB L OUKERE Y T LA DOE AR
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,
3 RF OB AT - 72,

[ 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
REFL 72,

fig « 7V UALERAL X, No.5C D A#AE V=S| Az X > TREIREEL
MR O%, THIREEEET T 60°C, 1 Hizk L7,

FREHI T T A MBI A, YU BN EANTZT v — 2 —HT 3 I
FLL O EEFRFE D%, R 0.1 u g O RFFIZ TR LT,

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
AEE BRIER L) 1XEEAEELT, EESEDFNRIERYMEIC
WL G2 002 RSN,
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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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(3) Fiv AR Y ~—wEfb iR RE
(3)-©@-2 BN - i K MHEFERFEA

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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(3) FIAT A A ) ~ — s

BE, IRKHANLNTWAE T LH 74— AITHAD & 18 ([FREERER
WL, THUTEBME TH 2 VAR Y ~—Z IR OME B RO BRERNE
NWZEERMLTWDI LD THD, —F7, mHHORIMEZL L, Mika LV
O{L L 72 D10 O ZFLIRO T BWIEEIZEN TV D Z ENI LT/ 5T,

E 512, TIROALE S THLE O E KT T 2 2 FIVCCTERL L 72 2 4L o I8
Rl A7 m vz b THABIKE AW TER U 72 2 LI O W BVRR: 2 i
T5 L. BARRIKDOIER L= HKDO T BMEN T EWE 2 R Z & B 5 )
272 o7,

Fro  KBBIET U U LB AWT S AHHRIKZ L ER L 722 LR OERE
I, 0.061 W/ (m K) & AKE(EA U U A% HIFEEHCAWZSAE L0 ENLZIT
B2 A LS EERICE 5 2 LA L N o7,

% 3-18 (2 VAR Y = —Z ALK DB R O R DR R &2 7R T,

Q
©

Thermal conductivity
o
(@)

0 200 400 600 800
Temperature / °C

4 3-18 &I A K Y ~— LIk DIMRER D mERE,
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(3) Fiv AR Y ~—wEfb iR RE

IR TH, TIROKAT 7 A TR U 72 2 ALK DO WS —F <L KER BT |
VL& HOTERLEZIEDOREEN R B ENLTWD Z ERH BN -
7o THRDOLEIETORGERNEE COBMRERE KM L TV DH D & Hk
T&E 5, £, HBH OB SN TIL, DA OWIMEN 2\ D10 DZALIKD
T THORERE IS DT HBYRERP/NES < BT WEE 2 7R 38 )
DD ENyInoTle, TIUTEROBIRERD | BEURICHT/hE <, #03%
LR ZED D & & ERE OBEMEENIRE VR, BYRE LT T bD b
HIBrcE 5, T7bb, SEANLVIE ERIANEE L. 2T oK E D
PSR E < 2D, BMRERENME T LicewiZeBExbhd, £, 600C
IZRT DERMRER R OMENL VT T 5 L RBREOEEZRT &0 D,
b FRiRIK 2o N T2 SR 2 FL AR 2 RE SRRSO AT O W B ~ S T T & 5 AIRe A
R I,

# 3-19 13, BMEE % 800°CE THIE L7=d & OFREOWHEETH D, VT
ALDOFEL S K 20%3T < DUHE TR BTz, Z D X 5 72 UUAEIL 800°CHHEN b A
BICIUES 2 2 LR b,

#3-19  &3BD 800°CIZ I 1T B Ui %

e — . AT
B KA Z A H b Ak B B

e N
i D0.5 | 21.3 DO. 5 17.8
/% DIO | 19.5 D10 20. 5
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(3) W AR < — bR
(3)-©@-3 EAMWMEAEFFM
[X BREIHTHIE]

JFEHZ W2 b 2K 2 U 1 D CHN JIlE & 2 3-20, X BREIHTHRE R A (X 3-21 12
T, WTIVHIERE D U DARE L OURE R O A AR S 4L, X BREIPTRIE
20=) 23° I hy T ERT A NB—E—27DHROT T 7 A )VERT, Fi CHN
WELY, TNTNDORENDEFEITT L—IK (80.8 %), 2K (8 9.5%)
ThodZ bR T, bAHDBERRSIED, U DOREEME (7 U A RNT A K
FNUT g~ A bpE) 2AERET, PARY ~—S02 ) BFEE LTHE (1
) il +aRIENEMN T AU REEThH o2 LB,

WA R Y = —0 X REPRERE X 3-22 127 F, WIhb 20=4) 29" |
Ny 7&RT7a—Rna——2r0rD7Ta 7y A NVERLTE, ZIUX T
W) TABERPRY) ~—HEZHBR L2 2R L, EREREMTH D
TAFOEEFE A HEKET VI =T AOREFE 4 mED, BEZLAL THREET S
T Ko TEARKFERIA/NE L R olc 2 & T, 8RR Y ~— ) i
ENT-Z EERT, i, BT A ED (REM=0) 7-OIZT7 VI )
TABERETHIZH DT ) A —F—F A XOMAF & SEHT 5 EHNEA A
Y (VT LAF ) D, BB OKFEA T ~AZH) o7 v Vet (-~
U DA T UNTEH) ITK A A RO SO HVERG A A I E T D 2
T ARARA~T T b (EARFEEROER) ¥252LbbhoTnD, 772
HLARTRRIZE D, JFEIO G BRIK U I O IREYEICE DL 3, (LFREE
(TABH I TL) ZHANTCbDEFRFEORBERT VI ) FABR) ~—DF
BHEEZ AT ORI A R ~—ORFEICKI LT 2 LR ENT,

7 3-20 CHM 43l

Run Color Weight [mg] Carbon Hydrogen
190308-G Gray 1.901 0.87% 0.27%
190308-B Black 2.163 9.01% 0. 23%

AR

190709-B Black 2.174 9.75% 0. 20%
190917-G Gray 1.91 0.74% 0. 09%
o RHA-190308-G Gray 1.938 0. 39% 1.14%
%;ﬁgiﬂ_\ v RHA-190703-B Black 1.927 1.51% 1.10%
RHA-190917-G Gray 2.098 0. 31% 1.28%
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(2R IR E ]

HARIK U, BIXORW AR ~—DOT VI ) A BEKEOREAES
WREEZRRD1-DI1C, S RHEHZ OV T, #Si-MAS, 29Si-CPMAS 35 L
2%1m5®%Nm(#MﬁﬁE)ﬂm%l3z3_Tﬁ ZDH b, PSi-MAS 1T
ARANZ Y T FAME E = = b (Si0, PUER) OfER 2 47 ke a & L,
“Si-CPMAS (FRTFLEATIRREDO KM OKBEEE L 213> T 7 — i) oFBELZRT,
Fo TALIMAS IXT VR ) T A BRERAEE T O T LI =7 LS 4 B ~6 Bl
WFRELE S TV NERT,

b BIRIK Y X, BERSRE (BVBIE) L A RE D EDEWIZED T,
PSi-CPMAS ThT R I BV 7 M E—27 R S, ¥Si-MAS T Q~Q' s &
DYEERTIANT T NE—IBRRBOLNDLZ b, T AVEOKBEEL A
TOWMRL N7 T AZ—WEZHAT L, MIEMETRERI VATV THD
ZENOND

AR TIER L7 AR Y ~—3BHI, WL d “¥Si-CPMAS T I L
V7 M= BN BV, PSI-MAS ITHEARIC QS (ST RFE D 04D 0
[ 23~ CRET 5 Si0, IR £ 7213 A10, PUTA & s+ &2 44 L TREA)
D Si(B3~2A1)DEE—7 & Si(1~0Al) DY a LE—=ROE— 7 BNEH Sz
ZEnD, TLESHNTKIREE (VT ) — ) O T RIERT DTN T
ABERERBE L TWDZ N0 D, £72 “AIVMAS T X TOT LI =T A
MR 4 IR (4FML) OFICHY ., TV A BEBREGEICHAA T TWD
HZENRINTL, T TRINTEFRMBIZRIGETHEH Y | A1 - O 1
FoRF WA - HET HMHEPHIR TSNS,

Flo, INFET AR Y < —iE, MBS X 0 K INZETL D H DD,
MRS R )~ — s B RIE 800°CLLE (900°CH L) F CTHuRMELRDL, V1

CEDOABEMEL (450°C £ TITHRBEF) & Hie LT, F 4 &R £ TomiEvE
ERRIEERT D Z ERbhol,
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(3) FI Y A AV ~ — LR
[ Rt & &%)

324 IZRWAITH D VY 3 & pHH 2 SR L 7= 2 ALK o Wri &
BB LR 2T, WP siZy ) ay, DIISHHIZEL, T0H L 0T
IXEE R T DR Z KT, S0, DO 233&VaAl, A &2 3 IR L
722 LK T, EBLIRDE IR T 6mm F2HE TH - 72, HiaAl% 0. 26massh, 77 # Al %
0. 25masssWM R D72 T, JEHN 6 FLULERELS DT ENHBOLNDLE LD
(2 B S HIZEINT 5 & EOBMILICAEN TH 2 Z LA N>
oo ZNHOREREEBMICE LIZONK 3-25 TH D, HIEH, DiEH %20 &
WINT 572 T, ZHKOEE, BAICKEREEEHEX D ER5N5,

Bk

p—
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>

3-24
UA R Y ~— S IR OMEIT RIE TR B L O A ORI,
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(4) REHEGBEERE Y VE L& OB

(4) -© BLETRICRD A T - Z2M)
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BUGHE T SN TWAREERIE 7 L& VB IX, SERZEE Y
bid, EHEEZX -1, LA A=V %K 4212787,

4-1 4-2
) v vz BT () 7 L& BUIGRAS

SR E T HRE ARV ~— b RIL, HEREY V¥ W Rk
(2, BIGMRA IR ERMREE T 5, KM A-3 1AM ESEZ R,

T, bIETU AIKRET NIV IERIZEED LT AT v 7 U ik OK AT
T A) EUE L, FEBISIC T A X I A KRR IRA LIS « 678
85,

TR ORI Z WD Z & THEHEAFIENAIRETH Y . Eotilkio U v
Hr, Xe—ar 7L yH— (JES0.5MPa) TOEBMMAE TN FRETH 5 =
xRS L7 (M 4-4) , Felehi TR EIIARE TH 5,

i T4, 2898 - BLRFROBR L v | AVRIRIT 10°CUL EEE L,
ZPADHIFNIFF Ao\ EHBET D,

AEIOMFETIE, BEREY L ¥ VRS OWRAERE £ TR OBRFHZIEE -
TWRWA, D EHFRIZEOE TIENPMRTE 2 L HEET 5,
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(4) RSB RE D L& v & O gaH

[Z4H]

WECRI Y L2 WML, BT, i T ol &2 3 LERH 5,
i T P D VR VA A R L AR TS T L U T
0. RAMCRBETH S, TR, TRETH D%, kKRR TH
D

HIT AR Y ~— LKL, S00COMBMEREZ AT 5 2 L XY | Hi LD
BIKSET X B ok S M R < | Vit - VIR O IR G T8 FTRE T
BB, EIEMEHL, bR U K, A XA A LS ORRIZRERTE 2
PR, VA R L O R AR RS & ARET 5,

(4) @ BSAEROMERRICBT 5 ke (B& - M - W3 - mHES)
(R EE]

M 4-5 1L, UV Z T 4 — L EEMER IS & & QMRS ) — E R
RN R LT DTH D, ISTMZD & mANTHEER L, ZROETE
EBIT AN I VIS O T T M08l Tt IS OB EEE S
N5,

—J7, B 4-6 X AR E AW TER L7 U AR Y ~—Z LR & JEAERER L
fo b X QMBI —BHBETH L, IS TEMA 5 &L BT, o)1 —EdhfrT
BEMEAYICEARRAIC ER- L, HAISIEN SISO EFITIEE Y | ERMEZ THIF
E—EDIGS THIEENEIT LTV D 2 RN NnD, ZOHSRIT, BRZILIKIC
I &N D MR E 2B 5 T KIAO—E S RFTHICREE L7 & B2 LT
LTWEZEZRLTND, KH CHIEZTE O D AR R ek 2B 5
HEEXDN % o, WHRNRBEEOETHORKIGNZ 0 40 & LTI EDHFZAL
BOISN ZRDTFEREER 47T 1R T, b BHEIKOENT LD EIEINTE L
ZIXRO N7, L, TIROKT T A TER U= Z5URIC R, A
IR FWTERL L 722 ALK D TR, WITENOIEIICEBWTHEN TS Z &
BB NTIe 5Tz,
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o
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F—LDOFEIILL T O Y Th D,

A) HLERFICEIAT AR ORBIEEDOR Y A VT 32— 8T I VEREAET HT
O, FUERHTIIRGER A5 H L Ry 7R M S LB

B) BEE T LA T 4 — NEM S EICEIN D 2, IRV EE K O OBEANCR S
nNoHZEnd 5 (R 4-9)

C) BB LH 7 —LDMAMEICOWT, BRSO N RS -5 & R
SHILT DN WER & L TOBFEOM L CTHITZ DL 72 Lideno
T, RHIMICE > THERT 2 Z L2 AHE, (EEOWEL, HIm e a B 1
SN TWAHE Y LZ 74— A%, 30 £ THEAINTWAHL
o5

D) e EDOMAEM SRR L CIIRWRTIER H D RS ND T LIRS,
EIEREBRE T IO ERRETDHZENH D

E) BHEDREE DA TR B OBRBERFEL & LT, FAm, SRR, B3R
ez 4-8 1T~ T

= 4-8 PGS DA KIERE

FIKRCl | FEARIC] | EREHE#H(%]
N 260 450 22-23
RUTFLYV 340 350 17
RYRFLYT7H+—L4A 370 495 18
RUTLRyTH— LI 310 415 20-21
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(4) ERSEEREY L X L O G

F 49 WHEULF T+ — LDOMENE

e EREHE ¥ LR
K HiE MEK i
ik wWHE Fet v [
RS d25g Ko il iz
) A TWE AFLbvESw— R
¥l WIE iR e
#Hi i HREHER i
kTl i MR i
BleAFL» 4] ey — 4 EAE
Foa—El e fisih WIE
P e g hsih L
(51 3CHik]

v OKSERE 3 ki HESTHAR p, 800, 802 (1997)
v ARU L X UTEWHS (JUIT) FA—2A5_—Y http://www. urethane—jp. org/
v EK. Moss, JonrnalofCellularPlastics, Nov. /Dec. 332-336(1976)

v M.M. Hirschler, JoumalofFireSciences, 5, 289-307 (1987)

F 410 IZFF R A2 R, BIOVARY ~—1%, &% (LE) ., BrEWEERN
EDHHOD, BLERHCHE R T ARH M ER D M E LR,

BT VI ) FABER ) ~— LAk TH L L, AEEAl (T o,
PG IR FR, 72 ) [+t ff S D, 7o7e L, g - 70 VITIERk
DT D2 ERH DN, HEZ EOTFRMIEIZITIZ E A ERE7R | IFRIL
MR E DV A AEE2IBZ IR0,

I AR Y v —1F, AW A 2 MEECH D | B AL RN
MEb 3N THLHLT D ENnn, o, B@AL T2 A heA VLR
20 hHRIc X AL VWD T, HMEVEICIEFICENR TV A,

FERHN AR ROG I B3 8 L # 450°CE TIT, ek « BREET 2 DIz LT,
I A ARY ~—1F 800°CLLE ($1900°C)  TOIEFITEWIMEMEEZG L, H
F2THZEHoTHREBEL W, BERNRME L TEHTE S,
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(4) ERSEEREY L X L O G

#4-10 R
T E A

ZFR T 38 S 14 MRz E
-1 | w/mKl| [c] i o
hid#E. phl3mi
FAARU = 0.16 | 0.061 800 F;M; uﬁi%)p’}ftfw KEREAE L
SRk ' ' il s
) L) THARIME R
BEYL X 1. W7 HUEZE Fas 2 "
FHEIL X 0.035 0.034 100 T;f@&\ ﬁﬁj‘\} LAY E FAHTADIRT B LW
74— L AEI TR EVERERT

(4) -@ HALfEkEtaTEtE, HHEERE

AREL ORGSR 4-11 1R T, AEE9I I3 T8 2 5 8 L 7o fliAs 1%
E Y L& 74— ARRELEET D,

mﬁﬁmomfi;@ﬁﬁv&y7ﬁ~A&wﬁbf WP & L CoBYRE
FIIH D, —FH T, 800 CHOMEMEREZA L TNDH I & L0, IMiEEREZAT 5
%ﬁﬁj&Lfﬁ*ﬂ%ﬁf%ékﬁm#éo%zi\ﬁ¥@%:*Téf#%
TUE, BE, Mk, WEl PUEZROEMPMNEINDSZ L LY 5% MERED
Fim B X, mEREE S 2 ENWIRETE D,

Fio, BEEM AR TIIMEWEER LV | R4 R Y ~—f (LR D L L
%@@ﬁ%@%ﬁkbfnéﬁ g TR OFEAIERIEIC L0 | @R iaihE R
ORELFEETH D, BilHEE L 752 LT, KE, TAFLED 7 4 V2 —H
WD %%%ﬁﬁ%é

FKA-11  BLSH O HLik

ffit& [/ m2] &%
\ \ ¥ 4500+ 55 T 2 M sy SERAER
AR v —FAEE -
WEILRY 74— LA ¥6,000 M TEREHE

X AERERSTORE
X1 T SRR

(4) @ FI3% - 2 Rl THEORFFSE O T B4 5 LLseai i
fe THECBE LT, (-OX W REBZRWEBET D,
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(4) ERSEEREY L X L O G

(4) -® Bt - FRES O T B4 5 LR

e, MARREICIEW B 133 L ClEli S 4L 5,

ME Y LA 74— L3 BIERAEOMNEE NS D DIZ L, AR ~—I%
MBI CH D720, ZOMSIT IV FEGITH, & LTIV A LB AHETH
Do U, MRRFORE T L E ZHED D EEET D,

4) -® VYA 70 FRIHICET % HBGEH

(D-®&FE L0 "ok HEERSEE ORI L TR S EES NS,

TOETHERT, bR U BIKET VA KRN L, AT V7 UK
L OK T Z 2) &S 5, £ OB 7T VKB OERIC LD VA 7 V75
ENTIIN D,

wPE U OKER b U 7 L) 28R U256 B - itz OB iEmix, T
DAVEEE LT Y YA 7 NERZRET 5, BlAPAR Y ~—ifbik A&
TEERY THY  ZOEFEHRICECL TCOEFETHLID, WV EEAHT D
& &0, BB L CoOEMEBET S,

WY — 2 OKBRIET b U U L) 2R L7283, IEER AR R 7220,
KL witER ) Y —Z D 8D 6 28R LT H LT OFNE M2 4 T
AR

Vo rARBIEEE LTHIEM, B LT EER a7 U — MR HE A
U ADIEEFRRD) 1%, A BRIEEE L CREH]

vV ZHMERETEN L. BB L. KEORFREM ~OE

v EEGEME LT, @k - &R UGE
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(5) LCA OFREIE - 2¥AM

(5)  LCA OFREE - 34

RKFETIIRB AR v —f R ETE T L X T 3 — DN ITITDONT,
A 7HA 7 v GHG PEH EOFHM & N &2 17 - 7,

(5)-O REOHH

() -O-1 EBEXT5H®

AW TR R & 22 53810 T AR Y ~ —i{biKIL, Almkr 7 2
Fo WA THLIWEY LY 7+ —2DRERMEBEZAOND, HAETESR
RHEROHTH 5,

—RICKT LT, SEY VH T — DT DRI AR Y v — LR DOK
RIS DB 2R T 27O DERARALT 2 2 &5, KFAIT Y
TEMTLIMETH D,

(6) -O-2 —RICFARTZZLZENTIEBERICBOTHRZANWDSNE
D 7>
ARPETIERICHATT 2 Z L 2B LB ERICHE RN b L
2o
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(5) LCA OIREE - #FAfh
(6) -@ FAEDOHHA
(5) -@-1 #HeE, BREHEMB LIOEE T v—

@-1-1 #H&ge

RERWES & L CHIHASNAHEE Y VX 7 4 — L DB ZIT O 720,
FEEDOTA 7V A 7 vElE CCHiEERZRZMT 22 &) Z2ARHEICBIT S
HEE & LT,

@-1-2 HEEEL

AR OBSREZ BN £ 2. BEREHNL 2 5% E L7, M4 [PRE BRBSHETS ) (5F 2
[\ AIMAKTRHERE (2010) (12X 5 &, ENIZEIT 2 AREHAEE OB FHam L
S LD L ThD, Fio, WEW OFEHEIIFEEORESEREIC L - TR
HZEMD, T TCIIARGLENEREHZY . BRI -@-1-3 (TR A
Tu—lEkSE FHMliZE/T D LD LT D, LLEORHEND ., AFIEOKEER
Mz THAFEE A FOREEREEOTA 7 A 7 V2B LT, BAEEH-

WORE Y VZ 2T 4 — AR D BWERE) LERE LT,

®-1-3 E#ET7o—

-

K SCLICEWE VAR ~ =L EHE Y L X 7 4+ — AOWEVEREICAR D
FribfE (BMmigss, %) 2r7,

# 5-1 HBRGLOWEWERRICLR 5 KetEfE
I AR Y ~—E LR WEHEYLZ T 4—Dh
BV (W/mK) 0. 061 0. 034
R (g/ci) 0.16 0. 035

Rlo 0 BAVARY v =LKL E Y VX T 4 — LD HFED S | FEHE
HAL 22 T8 R OB U, R 52 18T L5,

*F 5-2 FRGLOMAER L LELK

FI VAR Y ~ —i R

WET L XT3 —Ah

1 FH A5k

65 4

30 LI E

B

1

2

FREAESE 2, R 53T TAR Y v —{E, EULZ T — LD
WrEAWWERE S Sl & 7R H B HE T v — A TR T,
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(5) LCA OFREIE - 2¥AM

* 5-3 FHGOEETo—
PV AR Y~ —HE R WE VYT F—DN
HH7o— (kg) 8.2 2

HEY VA7 —bOEETe— X, HEV L E 7 +—5 1 BEHZY
lkg ZHHAEL LT HEEDTA T A 7 NMICHT HNEREZE LR TH D,
I FRY v —mbiRIL, VEEIT 1 THHN, BEY VX7 4+ — LIkt
L TR ERZFELTHEOOEZFH EL TS (BVYRERDHLEREEED
LR EZE),

2L, IR T AR Y v — W RIIR TR CH D729, & 5-1, & 52
ICFEHOFEEICIIERENRE ENTEY . 4% - RKIGREBET B ING
DOEITZALT D AHEME N B D Z L ITHER SN2,
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(5) LCA OFRFE - F¥AM
(5) -@-2 AT LEER

©@-2-1 RE@ETARY ~—wEik

X 5-1 12T AR v~ —{bikDZ7 A4 7 A 7 vT7a—% & 5412V R
TLER R, W ARY v — RO > AT LAEEFUTEM R EN S U
AT, BEEETE LI,

HAHRRWE |
LA
[BX]

YA KERIE

Y —F W
GED)

HAWE
[GES)
SR ARYE
SEYTAR
WiE(AX)

RTT )RR

AT oBER
WE(BX]
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(a4l Wik GHEEA. Rl

VY4 I0L
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o]

(LIRS BRH)
[BX]

AR
(B 3a44)

AHAY L WE
HA )RR
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| I—

ARHA) S WiE 5y AEhA)mMIT "
(- 5ER) (R E) (B [BX])

AR TR L
HE(HE)

" J \ . J ‘\ - J |
f | f 1
RAHIE I, HiE M DRSO N 3

X 5-1 RHEIVARY~v—MbEKDOTA 7 A I NVTa—

* 54 FRATVIRY ~w—{LEKD T AT LEHR

2403 Y TR
JE A 2 b A K B M Y — H KRR S | R A FRE
ATT Y gHgh g A X A HlE
T, Wik i TELY & Cofk, JFMEHES . WA
it (R 6 54
UHA v, BEFE R %
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(56) LCA DIRFE - 7

@22 WHEYLHZ LT 5—5I

M 52 ICHE Y LA T+ —LbDTA T A I VT a—% K 5H5ICVAT
LR E T, BE T LE T 4 — DY AT LB FITEMBEENS U A
I, BEIEEETLE LT,

REHEEYLVZ T =L EEHT 56, BAYA R Y v —E kR0 fE
THHESND b HBEBAEMNFIHINT, BEL 2D, 20D, EY L X~
T A — LDV AT AEERICIT L AR OBEEE GO L LT,

FIEE T LY 7 A —AFREHE L TRE7e s 2RHALTWDR, o
AUTE BRI B W T REAFICHE L, [EEICKRE LS FET D, 2O
BHoLE 74+ —LbDY AT AERIZBOTIE., R 7 e olRHiconWT
ZETHLOLE LT,

0t
A
[ \
LHBEE
b8 | BEZE(E20)
(B B TrEx)
KEIOVEH
1A= %
BEILE 4 —LWiE | [z | |§Eﬁv9>7¢—A§ﬁl_(4 | mEOLE T — LR |
BEOILAYTH—L . A AERE e 3 (BEHD)
RRAE[BX) i BE o KM (KFEAHE) el I CES)

KM R R
SR TRE—
DT BEINS
foth, BRI
T3,

\ J { [ ) 1 )
Y “4TJ Y Y i
R TE NI, #E R iz VYA, RE
K 52 BBEYLELST7+—I2DFATHA I LT —

# 55 WEILEL T+ —LDV AT LER

BepE GA=NK
JE A B WE T V&7 4 — a8 (EMERRS . 25T !
L, ik s T8 & C Dk
fiti /i (FEAM I 5241
VA 7V, BRI R L& 7+ — NPT
saliiil b HBERE, R 7 v iR

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 FHEEOBRHWIZONT

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 BEHIR

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 ARAEBICHAWDIHEHERBEAT —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 RN HNT - R
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 HZY DAHNT—#

@-1-1 @A RY <~ —H UK 1kg b=V DAHTIT—%

(1)

JEATBH 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 ST 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, EsEpE

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 —#

*5-1 F@IF RV ~—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) VHA 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 HEIARY ~—MHLIK kg DY YA 7V, BEEEMBICBTAIAEHNT—%

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 EEULEZT74—Alkg bz DAHSHIT—Z

(1)

JEATBH R 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 WHEYLE 74— lkg

DIFEAMEHAEERE S 2 A /1T — 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 kg DINT. BB 5 AMAF—%

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 DY YA 7 )V, BEBERBICBIT 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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(5) LCA OFREIE - 2¥AM

(56) @2 TA TV A7 NREFAM
@-2-1 FHEIARY ~—fIK 1kg DT A 7Y A 7 )WIZET S GHG HEHHE
#5-13, M 5-31Z@-1-1 TR L AT —ZICKSE R AT 70, F8id
VARY = —HALE 1kg DT A 7Y A 7 VIZBIT D GHG HEH B 27~

# 5-13 R@TARY v —iFE UK kg DT A 7V A 7 2B IT 5 GHG BEHHE

B T BRETAM (g-C02e/kg) E|E
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W Y — 2K R 232.8 14. 5%
) BB A G 44.1 2. 8%
R
P I T A 9.5 0. 6%
AR T F Y 765. 8 47. 8%
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@22 WEULHLV T4 —Dblkg DT A 7V A 7 NMITET D GHG HEH &
(1) 7 v REAKRBEDOE S
F5-14, K 5-41Z@- 12T LI AWM DT —ZIZESEH I AITo72, 71
VIRMEGERVEE Y LE T F— A kg DT A THA 7 ITEIT D GHG HE

HEZ =7,

& 5-14 WEYLEAL7+—AhlkgDTFA 7% A 7 NMITEIT S GHC HEHE

(7 r VREHRBEDOHE)
Bl TFz BREEAAT (g-C02e/kg) F&
JER LA 2 WE D L& 74— sl 3,900. 0 57. 9%
L, Wik peS 51.4 0. 8%
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(56) LCA DIRFE - 7

(2) 7 v ViREBR OGS
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(7 u REBEDOEER)
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(5) LCA OFRFE - 3FH

®-2-3 &85 D GHG HEH Bl

(1) 7 v VIREARBE 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)
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(2) 7 v ViREBR OGS
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(5) LCA OFREIE - 2¥AM

(5) -@ FEROMER
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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 &
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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
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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

https://www. meti. go. jp/policy/chemical_management/ozone/files/pamplet/tec
/dannetsuzai-2. pdf

EFEAL RS [2016] - 22T —# P — K~ AZV VBTN UL
http://www. kokusan—chem. co. jp/sds/D005591-1. pdf

4 [2010] : PRE #kIEMREtS (55 2 [B) AkEfEmgrt Mo Ammgst
https://www. mof. go. jp/national _property/councils/pre/shiryou/221021_05. pd
f

—MRAL VA N E S BREEAE BR <> 1 LC1 7 — & ~\— A IDEA v2 (2020 4% 3 A 9 HI#HT)
http://www. jemai. or. jp/lca/idea/

[E LA ZEBH 56 15 N PEE BT G IF 78T 22 R AT JE R8P IDEA AN, —ixt:HIEA
Y AT F TR EHEMERME  LCT 7 — % ~— A IDEA Version 2.3

HIR X —7 [2020] @ =X —JERIEEREE - IRBFEHRE— B R
https://www. enecho. meti. go. jp/statistics/total_energy/carbon. html

THEA [1971] ¢ DR ORERIAT ) TREEA) 1154 75, 56-69 H
AAY LA TEBE R 7L E 73— O (202043 H 9 AME)
http://www. urethane—jp. org/shiritai/shiritai_03_02. html
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(6) FELxTEHE\C B2 AT - A
(6) FFEIRICETHHE - BE

6) -© F/STHAEHEE

B4 6-1 ([ZRHil 7 v —Z 7R,
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(6) t=IFALIZPHT DAMA - aT

6) @ rwEELFHE
# 62 2P kIS 7= EE 2 oR T,
# 6-2 paE Etm

~2021 2022 2022~2024 2025
dikh. HSERE | S hRED O PSHRA ® = —FE B W2
AR - R CE TOXJAIR 1rot 5300 m FEF LN R FEL . i T A —

PE - AR R 1000 HEE4Y THEE EAEESE | H—HBE LT

B (A FERBL DR E) T 145 R

X H ARABF I OW T, A RRE R L X —fik & LCOERARNSH D Z &5 1
BT BIT DAY MIKOAEE (CE120 ', +RC40 ") % 1 HALE T 5,
b AFRALERIFfE L, Mk T kT SRR L 72 S, (4[E CE %k 840 AT - RC1700 fEFT)

(6) @ MRREXTT LRRFT

6-3 2 VAR Y v AR ORIE TR Z RS,

KULHERE, BUMFEKRE LTH Y B — L_— 550 R (TR S
AU, WG O SN ZK & S AT S D, o T, bAIIT
MY —2 b _R—F —EDREMRITRD 7 — AP A IND,

DA RY) = —RIKRORIE TR T, TH VKRS S B3 ) B IR E IR D
LT AT NI ) KB OKTZ RA) 2 8iET 5 TRRDH, YARY ~—%5d
RITBSERIZEHEE L, 7 AT A D VKIRE ORI T R) &, AR A
LEOMRIFREHIBSG G 2 18E L T\ D,

DLEDSMEX Y AT U BIKDNEFES LD b A LB (O 3 D
KT, TABT VDV KIBEEORH T 2) 285E+25 2 ENZEE Ly, BRI
IE, BUEBRE L TV D JA WA TG OFFET 7 h~OEANZBET 5,

BB DHIF AP
Fagl+A2hF)

. : ARDAVY
Hx") s i
LAY D .y i’
g e = +7ILHVE o ficix (LB | HEABUD NePa
© A IR . (71/) 35 rﬁ/%)(fﬁ’c‘g =) ookt BR S

Feia

KA (51 ) o2 - Bk ML
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(6) -@ KPI EFEfERRE

# 6-4 |2 KPI HEEEZ =T,

- TEHMEEEE L, 45 - W EHEBORERE L T5
M TR, FICEERAELEEHODL ZEICEREES, TAHRA VB
&%4$@m5ﬁfﬁumﬁ@%@ XELTD
R =—RITIR> T 7T A 7T LAOFRFELKY | 4 4 (2025 F-F) 1IZ1E 10
i [3F 8 % FEA &Ek#é
VAT ABRIZIEIZE T UV ADOREEKDH Z L TNG = OBEREE L, K
BAREICL DA N U UEKD
RSN TEAET BI040 T, il = A b HIBC YR 72 AL pE AR ] D HE A
2 & B R A (X 5
RS EE R b, b TR M2 X 0 BREEETA (GHG PEHY & - BT B R bh)
DYEZ D
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(6) t=IFALIZPHT DAMA - aT

6) -® FEZARIAY POEIE

TRTAEE (2019 FE) BURFIREXZ 0T T ATF v 7 5%
BIFEBR v AT MMEGLIGEF K FEA~DFALZBR AL

EHRFES 2020.2.10 Ehi

LA ITHEETEHREETHRINXLDOTHLID MEY VX VT +— L
VA R~ —FIRDMANEDENEE . PEREDE W E B L= 2 K,
[[E]1%%]

BVRERE LE (TN D L (A % B 58 L 72 BERE AL CLLiZ L 72 GHG
PEHEE TIZOTREEHETH D . CET TIEH 520 BRIk 5, A
L. ZO#ETIX FCP A7 Dtk MEREIZFEM Sk 20 2 & X0 | BEREHANT &
ISR KPEREZ B T 2 HFEM & L CORMBIXBIEMLETH 5

« VAR Y = =R DI AN 65 EICHOWTUE, —E Lo akBrid Lz
IR
[[E]1%%]

Sk, BEICHT - TE, WAMERBRIZERS 5,

VAR = —FIAKRDOTAMEZEA T 5Z 2 HIILL T D@ ThH D,

iﬁ%ﬁ#%@%%ﬁ%%%&Uume%ﬁ%ﬁMﬂﬂ*i@%ﬁ%ﬁ
T5HZ L LD, ARORE CIZMAME 6L L EORREEZITo72,

s T W BT B (B A > b)) 27 U — hDFfni, 50 E~100 £ & 5
bihvd, ik, BA Y REEMEITH Y, BHiEO L 91Dk Sz k 541k
WIEZ DRVWENERBRTHLD, —H KL THD Z &, Efflichbi
O RIS ERET D Z EBNHIEDOREHEE TH DM, VAR Y ~—IX[F UM
BICHO RS, ARG TH D Z L, VAR ~—REIZHN TV B8

TiX, RETHLHHA TRIGHTER-T D2 L0006, £ HDOEREITRVY,

HETE TORWHIEERS RV EIEIE 2RV O T, AV XS5
i L. ZOMAMEZFRKEE TE D X HEHET D5 TH 5,

v VAR ~—HALIROFE Y BT B REERORFSE (2020 453 A 20 HB'E)
(2> 7V — NTPERGSCEE, Vol. 35, No. 1, 2013)

file:///C:/Users/t_kik/Desktop/035-01-1322. pdf

v S TH LWERM B TOARY ~—)” onffetk L (2020 423 A 20 H &)
(TC-155A : FHEFR DB ~DO VAR Y ~—H Aol I 22 EER)

https://www. jei-net. or. jp/j/public/technology/archive/201706_article_1. html
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v g—<y 27— 1 (202043 A 20 HBEE)

https://ja. wikipedia. org/wiki/m—=~3 « 27 U — hcite_note—:0-5

“LCA FHlDN—R T A L Tid, b AHBEDBEA & OFEIZ/R > TS5, BURT
TEIA HBLEEINTVDIHTLZVDTIERWVNEEZ LI, Lo ViiEL L
LTt BREEZ L W EEE 0,

[[E]1%%]
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AEFHIY R —= b R_R—F — SN D, HEORFREM ~0mEH Iz o0
TiX, GEEER~OBITIZL V) HEKRE L X 28R Iz L0 | e
52 IR DS X EE S LTV,

KT OEENGT L L, bABROFTEREITFEICL > THRATHDLZ &
AEE L LAC Rl <% THEH) RE L35,

v bR FNERICE T o EHE R (2020 42 3 3 20 ARETED)
https://www. affrc. maff. go. jp/docs/ibunya/pdf/koukinousei. pdftsearch=%27%ES%BE%B2%E6%IE%I 7%E6%BO
%BA%E7%94%A3%E6%8A%S0%ES%A 1%93%E4%BCUIA%ESBADIBO%E4%BA%SBRE4%BA%SBRES%8BRII%NES%B 1% 0%E6%SERASKE
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BUS OREBREPLETH D,
(1125 ]
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fif 8% @

Wb RS Y A KR 7 — &

No =SS FREREBEx AR NLBIERE Luxanf& -E5
1 2019/2/4 - - 3.98
2 2019/2/7 550°C - 3.45
3 2019/2/8 500°C 30Hz 3.48
4 2019/2/12 500°C 30Hz 3.60
5 2019/2/13 500°C 30Hz 3.95
6 2019/2/14 500°C 30Hz 3.95
7 2019/2/15 500°C 30Hz 3.93
8 2019/3/5 550°C 30Hz 2.85
9 2019/5/27 500°C 50Hz 1.59
10 2019/6/6 - - 1.63
11 2019/6/17 550°C 30Hz 1.84
12 2019/7/1 600°C 30Hz 1.29
13 2019/7/2 600°C 30Hz 1.65
14 2019/7/3 550°C 40Hz 2.33
15 2020/1/7 600°C 30Hz 3.29 | BB TE S s
16 2020/1/8 600°C 30Hz 3.14
17 2020/1/9 600°C 30Hz 3.09
18 2020/1/10 600°C 30Hz 3.66
19 2020/1/14 550°C 30Hz 3.52
20 2020/1/15 550°C 30Hz 3.66
21 2020/1/16 550°C 30Hz 3.40
22 2020/1/17 550°C 30Hz 3.25
23 2020/1/20 500°C 30Hz 3.28
24 2020/1/21 500°C 30Hz 3.34
25 2020/1/22 500°C 30Hz 3.63
26 2020/1/23 500°C 30Hz -
27 2020/1/24 500°C 30Hz -
28 2020/1/27 450°C 30Hz 3.51
29 2020/1/28 450°C 30Hz 3.49
30 2020/1/29 450°C 30Hz -
31 2020/1/30 450°C 30Hz -
32 2020/1/31 550°C 30Hz -
33 2020/2/3 550°C 30Hz -
34 2020/2/4 550°C 30Hz -
35 2020/2/7 550°C 30Hz -
36 2020/2/12 550°C 40Hz -
37 2020/2/14 550°C 40Hz -
38 2020/2/19 550°C 30Hz -
39 2020/2/20 550°C 30Hz -

X1 FAREREGINERE) LMD L5, bARBAZEHE

X2 D FRTO D BRI WA ERE

X3 Rfmoustt, BEEESIEE TS

BEUERTIE. LEHEETHY

B N-]
AxX B m.
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