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FY 2016
Entrusted Work for Performance Evaluation Project of the Cellulose Nanofiber
(Implementation Demonstration and Performance Evaluation/Verification of
the CNF Lightweight Components in the Automobile Field)
Report

Summary

1. Background and Purpose of the Work

Cellulose nanofiber (CNF) originates from plants such as wood, and it is expected to be used in
various base materials as a lightweight material having high strength and elasticity. As a result, rigorous
development efforts are currently in progress. However, many problems may appear in the course of future
expansion of the application area of CNF. In this work, a focus was put on reduction in the weight of
automobiles because such reduction may lead to a measure of future global warming with which reduction in
carbon dioxide (CO,) emitted from energy can be expected. Using the CNF lightweight material provided from
“Work Entrusted for Evaluating the Performance of the Cellulose Nanofibers (Development and
Evaluation/Verification of the Lightweight CNF Materials for Mainstream Implementation)” (hereinafter,
Priority Issue [1]), also conducted by MOE, evaluation of the CNF-based lightweight parts and components
was conducted with regard to strength, reliability or cost thereof. Further, a car concept of an automobile using
CNF incorporated with future needs was made clear, and performance evaluation of products using CNF as

well as evaluation/verification of the CO, reduction thereof was conducted.

2. Contents of the Work
(1) Actual installation of CNF-based lightweight components in cars and its performance evaluation

The CNF-based lightweight material as well as information such as material constants, molding
processability, and bonding adhesiveness of the CNF lightweight material was provided from the Priority Issue
[1]; and a simulation tool was established to evaluate the effect of the weight reduction due to the CNF-based
material as compared with the components of the base car (Toyota 86). Using this tool, the effect of the weight
reduction due to the CNF-based material was confirmed. In addition, the basic structure was studied by
conducting overseas field survey to grasp the technology development trend, analysis of seven resin-made
automobile outer plates, and rigidity evaluation of one monocoque. From the existing components list, two
components (trunk lid and engine hood) were selected as the candidate components to be substituted with the
CNF-based lightweight material, and the information on the basic structures of the components were returned
to the work of the Priority Issue [1]. In addition, as a result of collaboration study with participating members
of the Priority Issue [1], five components were provisionally selected as the trial components for evaluation
(air-conditioner case, door trim, intake manifold, instrument panel, and C pillar); and the study was carried out

for trial production of the CNF lightweight components. Further, jointly with the participating members of the



Priority Issue [1], fabrication technologies of the two CNF-based lightweight components were studied. To
evaluate adhesion properties of CNF with various materials, adhesion tests were conducted between CNF test
pieces and test pieces of different materials, such as SPCC (cold-rolled steel plate), CFRP (carbon fiber
reinforded plastic) or aluminum for evaluation by using various adhesives such as structural adhesives and seal
materials.

(2) CO; reduction evaluation /verification of CNF products for mainstream implemenation

Firstly, for evaluation of the CO, reduction effect, literature describing the information such as
values of physical properties of existing components and the CO, output level was collected from the Priority
Issue [1] as well as from this commissioned work; and then, the reduction effect of the CO, emission in part of
the selected automobile components in the stages of manufacturing, running, and recycling of their wasted
materials was evaluated. Secondly, a calculation method of the CO, emission in the CNF mass production was
studied, and the items of necessary data to be collected were extracted. Then, the evaluation method of the CO,
reduction effect upon actual installation of the CNF components as well as the simulation technology of the
CO, reduction effect resulting from introduction of the CNF lightweight components was studied. Thirdly,
from the viewpoint of the CO, reduction, the studies were carried out with regard to how to establish a
promotion scenario of the CNF automobile and the evaluation frame for the reduction of the CO, emission

based on this promotion scenario and the ripple effect to the entire society expected from this.

(3) Evaluation of the CNF car concept with actual installation

With the aim of early realization of actual installation of CNF in automobiles, the car structure of a
final prototype car and the fabricating technology thereof were studied through an intense evaluation of one
resin-made monocoque and the structure analysis of the resin-made benchmark car. How to introduce the CNF
automobile to the market was studied through the analyses and expectation of the present and future CNF and
the environmental trend surrounding automobiles. Further, in order to study the car concept of the final
prototype car, domestic and overseas preceding cases were surveyed; and, in addition, close information
sharing with the participating members of the Priority Issue [1] was conducted to extract technological

problems and to study the measures to cope with these problems.

(4) Information management for project promotion and comprehensive evaluation of CNF products

Under close cooperation with members of the Priority Issue [1], in order for promotion of the project
to be effective, information provided from the Priority Issue [1], including material constants of every
CNF-reinforced resin, data resulting from their processability evaluation, and data relating to the weight
reduction target of the car, were comprehensively managed and shared among the members. “Obeya” (war
rooms), the meeting of work coordination of every member, was periodically held to facilitate the work of this
project. Through this activity, with participation of the Priority Issue [1], assignment of the work was

coordinated, the entire schedule was set, and information was shared, among other things. On top of this,



horizontal meetings were planned and held among the participating members of the Priority Issue [1] to share
the evaluation results and to coordinate plans, detailed or concrete assignment of the work. On the basis of all
the evaluation results, items of the development/demonstration plan and the market introduction plan were
studied, by clalification of the steps for CNF technology level to mainstream implementation level, to make a

draft proposal.

(5) In the execution of this work, the Japan Environmental Management Association for Industry undertook a
role as the representative institution; and the work consortium was established among Toyota Technocraft Co.,
Ltd, Kanazawa Institute of Technology, and Nagoya Institute of Technology. In order to raise public awareness
of the CNF-based material, the Work participated in EcoPro 2016 (8 to 10, December 2016), the representative
domestic environmental exposition, and promoted the material through panel exhibition and brochure
distribution. Public release of the CNF-related work was made by the participating members of this work
through newspapers (four times), magazines (once), lectures (eight times) or home pages of respective

members.

3. Work Execution Period
From October 26, 2016 through March 31, 2017
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F e —2ERE, LCA ENEFR L ORERICOWTER L7z, LCA EjitiNAE O
IZOWTIX, BIZTF —FIWNEFIE, FHmEE, fFHT — 2 X=X 2OV TOEF#RE F LDz,

(1) AEOHE

TEORES, ZMWmT8HH Y. 56 11 (Spenceetal 2011) (FL B a—7Kol, HBH
L7 AF K 3.2-1 1277,

IHH ORI, 2011 D 2016 OIS KFETII AT DR SN TN D, R4
B . CNF. CNC. CNW DOfh. fEftErm—2 (MCC) L0 CNF O HEx L HIEE AR
baEND, LCA OFFM#IHE L., SLEBREOLRDO L ONKEHE L, i - FEIEEME T
G- DX 11 (Hervy et al. 2015) OA o7, o, FIMEITHHLZ EMBRIETR L
NN TOFMIERIZEAETH D, £ LT, BMEMERCLFLBEOFER Y /81 nm
—ADEFEDFWM X TR TND, Ry 7 7T RTFT—F X=X %, EHT —4& X
— Z2ZWHL L TWDXET T T ecoinvent (BT —Z_X—2D—2) ZHEHAL T2,
LR EMBEHOIZBIH L TV T — 2 b0 oAb, X"y 7 770 RT—4D
HIRUL LCARERICKELSEEEL 2D 2R D7D, XMEDOHERIZH > TXEED &
WThb, £, [ELBHOFEEMFEZ, #EL TV DT X TIZEB W T IPCC DRI
bRk (100 4550 ZHEHL TW5,

CNF (27747 Vb rm—R; MFC) ®EDFEAMMZ 1T > 7= FHIX 4 72> 7-, 11
T, 4 S8l - TRICKS e —XERETO CO, EigHE* 2B L TW5, CO, %
fli gk & 1%, 360~1160 kgCO,e/kg-MFC D #iH & 72 0 | F I OBRBEAM N K I W ERE L
T % (Lietal. 2013), Arvidssonetal. (2015) %, 3 DO frai O LB T THlliE S L5 CNF
DOFHl 21T > TWb, WP L, - IXERLIEOE A, <2 kgCOe/kg-MFC (fi TldR &
T T TINLDHELRY) TholzDIZXt L, HIILARFI LA F UL ITH 100
kgCO.e/kg-MFC Th o7, ZiLik, RIRETHEHINLI =¥ /) — A7 EOEHIZ L 5 & o
ENTW5D, Piccinnoetal. (2015) 1%, = VUl & ik L L7z MFC S RF O LCA % F i
L7=fE 8, CO, S fliHk B2 140 kgCOse/kg-MFC (= v r B2 &Te) EWMEL TS, B
FUHEBETOAMMN —FBRENVWZ LB RINTZ, HED MFC I 5 SCHkix, BERFICE
T2 300 EEZEELIZL E2—T, CO,ZEMfiHETIEE RS, =2 xVF—aR 2 &
L Tuw5 (Spenceetal., 2011),

CNC #3237 %5 LCA X, Nascimento etal. (2016) (2 LV EhE#wE I T\wb, Zd CNC
fEX, aaFyVEHRHKLELT 4 DORETITOL, ZOREANEZLEINLTWD, B
R EPORETCOMB LY bBEEFE CoOMB T2 TROAME —F /NI ol (207
kgCO,e/kg-CNC).,

2 CO, Sk B COp LA DR EN A DR E BAS TR E T U T COHEE & A8 LI,
BANTIZIX kgCOe D X DI e ffREE N5,
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CNW (22T lX, de Figueiredoetal. (2012) 28 LCA 217> CW5, 22t vy YHEKBIW
FRE kD CNW Z3F-ff - befg L, Z 40 CO, FHMBEH & iX, 1086, 122 kgCO,e/kg-CNF &
LTV 5D,

Hervy et al. (2015) (X. CNF O3k =R U BIEHE SR D LCA 2 EfE L1=, Z O LHERD
FMEHRZENGHEFRE TO LCAZIT->TWND, £, TXTOT =X EEEL~JLIZHE L
TW5, PLABXONGF/IPP O LCAFERZ Il g & L TRLTW5, CO, S MifEH &I%, 8.6
kgCO,e/kg-CNF-epoxy (epoxy k= 0.65) (fh3Cik & DD/ BEFEE TTII RS HEE T
ERAERLTVD),

fEd L — 2D LCA ElHOoWTiH, 8 D0oMlE Y X T AR O T TiTbh =
(Husgafvel et al. 2016), 8 DD A7 Ak, 2 O 7+ % (AaltoCell I X OFFH MCC) .,
THENEMEL T AL INVEHFESA TSN, 2L TOR/E (EA - REH - B O
AR DLETHEEIN TS, —BAMN/NE o722 2T Ak, AaltoCell™ (L2 L7 2 L
FHERT 7 7 7 LT (BERALER © A & o HER L OVERIWLEE) T, 1.22 kgCOy/kg-MCC,
REMoTo AT HMF M MCC B A 2 8H M 7 Z 7 k731 77T 6.45 kgCO,/kg-MCC
7207 (COp ZEAMiHEH & TiE7e < CO HEHIE) . #E L T AaltoCell @15 235 MCC LV & &
TN/ E L, REAONLTOIF D BAMIE/N SV, AaltoCell O FEFEEER L 2015 2 A X —
FLTW5D,

(2) AL D

AKHAET, BFEDOT /A m—2AD LCAKREZ/L LN TE I, FEBEHONMEED
EREOENZLY, ZHERRETEO LCARREZGT-, (LR EIT - 2546 IR H
WCEHOTEREMPBREL R Z EITERT R L ZATHSD (Nascimento et al. (2016) B &
WY Arvidsson et al. (2015)), F7-. Husgafvel etal. 2016 THEJii S 7= BFER ~DHEIZ D>V T
P FIEREEITOMLENRND D,

AHETHONTZT /7 Brn—28EICEB T 5 CO2 ik &iX. 2 kgCO.e/kg 7> 5 1086
COelkg LIEABI X\, ZHE, /o —2AOfEE - Bk ERF— SN TR &
EL TRV TOFETHL Z LICERLTWS EEZBND,

B, LCAT —FX—ZXIDEAV2IZL D&, AU 7 m b L UEAERE T 1.88 kgCOze/kg.,
- 38 5 v JE SRR D 5 6 D 2.42 kgCOLelkg T 5, Hilik O SLEE D2 < 13 2 & BETE R @ CO,
PEHE LV 52 <0 RIBO XL S ITHEMEMIC L 28 El - REUEDR L ED TH HM RS
BB COp P REAS K & W2 b R & LT CO HIKIZ DA B 72 W ATREME AR B D, LA L,
Ak CNF O LCASCERIZ O W T BEDNREZEL TRV TR LARLOT =2 REFL AL
ThHHED, HEEARERBIE IRV, BEABE S TS CNF ® LCA 5 —# 7 CNF D5
BMREDETF Ly LB LT 0L LTRAINANE DT EEDIC S . wIELN B % Nk
L 7= CNF BU&ERED T — X {ERK - ABMNMETH 5,
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= 3.2-1

T/ —ZRBWEITHITSH LCAREICET 5 X BE

wIBA—RF/T74
N—EDIEE"

39A2747Y)LEE)LE—R (MFC)

BIVA—RFI/TPAN—(F/74T) L) SBIETHRF
SRR & # (NFC/epoxy)
NOTYTELA—RBIETRTHIsRE#
(BC/epoxy)

=/0747Y L{Et)LA—R (MFC)

TEMPOB{E (TO) . VO OEFEA T —7 JLAL RIS (CE),

BRH %I (electrospinning) - B F K& (wet

75 &l . s o ES i " . .
FaRE RESH—32 (HO), B RHEERE(SO) FEEIR¥FE (Supermasscolloider, ZEEEZE) spinning)
=z Li, Q., McGinnis, S., Sydnor, C., Wong, A., and Hervy, M., Evangelisti, S., Lettieri, P., and Lee, K.— Piccinno, F. Hischier, R, Seeger, S., and Som, C.
Renneckar, S. Y.
AR Virginia Tech, KE Imperial College London, #[E RAREIRHHBTRAT (EMPA) . RAR
RITE 2013 2015 2015
N Life cycle assessment of nanocellulose-reinforced Life oycle ass.essm.ent of a n‘ew tecchnology to
AARIL Nar llulose life cycle nt B extract, functionalize and orient cellulose
advanced fibre composites .
nanofibers from food waste
B ACS Sustainable Chemistry & Enginnering Composites Science and Technology Sustainable Chemistry and Engineering
CNFELEIZH] FHIRE= b = 5 N 3§ TGl
< e : o S N 'S \— Ry FoEL: LUE a— — —to- 3
BYOIEW ONEERT—7)Lib: YEMLE: AESA—Sa JS5R 773\ —58{bR) FAEL Y (GF/PP), AR EL [ LE—RF/T74/3—DLCA(Cradle-to—gate) &

U, ERWER) . ChoFEOEER4EYMIDNT
DLCAZEATLLET S,

BRED LB (PLA)

U2k (Li et al. 2013; Figueiredo et al. 2012) &M
22

La—RF /T4
N— DT B9 SN B

SHRLAL

FHRLAL

FRLAL

La—RF /T4
N—Q B SN B

T

EL|

B

a—RF+ /774

EF:USTY YR (20005 DFIE: 57T%E R 22%/R
FRANUREHR, 4%TOHM) GEEDFFaIIL

EHEE(KRHR 45.9%. Aik:28.3%. JF

S OB | ADS TP AN S A B R EABE QR b |7 103% IR 1.9% BRAR:03. BT A 3-0/¢
STV, .
SLEASE ~ = ~BIE
wHETOER R HERE~/ LT DY T = ihE ~ i (cradle BT~ B~ ~ R AR ~ B

to gate)

NYYTSIURT—8
£

Xk, ecoinvent v.2, USLCI v.1.6.0(SimaPro
ver.7.3). #E

Ecoinvent ver2.2, XK. #5E

ecoinvent v.2.2

TAT I FINRT—4
DEWTOER

VT ZUARE IRV THSF /L 0—RBRET (L
FAE(ITEMPORRE D7, VAOEFEET —T JLIEIE
XEREY)

NFC/BCA R~ g £ ok ~ A ~ BE 3

RSB~ iR

TATIZIRT—5
DRBRNE

L2 RLEE (TEMPORR{L . VO OEFER T —T )L1k) —
EA+HEA R+ H
MEBYREREDSR—Par, FRER) -EAE
ho#H

SRS /I O—R10eEMEICHRE

ANTRILF—+#H
SEBELALICHRE

EN- MR- HKGEET R TDinput/output7—
2

F/eLO—RBER
DEILa—RDIKAE

T ()T ZoER R ORI BT HCRIK) 12
M ALRREBETEIRAEICEBESE D, RIEWLET/
TILA—RT T MLBRIADR,

RH (REZIR)

A 13
ERTRE=UOUZOLOEEALIAS, ERICE=
DOV A—ADENLLERE (LILE—REFE
~24%E &)

SUEEBDORELER

CEHO: 360kg-C0O2e/kg-CN
CESO: 1160kg-C0O2e/kg-CN
TOHO: 190kg-CO2e/kg-CN
TOSO: 980kg-CO2e/kg-CN

Cradle to gate (BA{if:kgCO2eq/f.u.)

PLA: 4.6, GF/PP: 4.9, NFC/epoxy: 8.6(epoxytt 3
0.65), BC/epoxy: 13.8

Cradle to grave (Hifii:kgCO2eq/f.u.)

PLA: 26.9, GF/PP: 18.9, NFC/epoxy: 19.9(epoxytt
0.65), BC/epoxy: 27.1
(BREERALIEE IR ERMEEREICLTVSOT. E
EHPLA: 1.96kg, GF/PP: 1.24kg, NFC/epoxy: 1kg,
BC/epoxy: 1.17kg)

0.11kgCo2eq/g-extracted MFC (=P UGS E
L)
0.14kgCo2eq/g-extracted MFC (=P U BIE S L)

SUEEB O ETEF
b 3

IPCC7 GWP 100a T GWP100-H
L BRELHBERT VL vl (AdD)
- R it p=1>24
OO B :I;%ﬁfg?;)élzwhf(/HJTj'} (NFfERR. &£ i AE ABEE
IR = HKEREH

HALEA VU EBART OO vL

Z DI OFEHR

CED(cumulative energy demand)H 8 H=>TOHOAS
ATH AN EBELTEH oL CED

R E L TOHO—CEHO—TOSO—CESOMIEI=
L

ERBAE R E TOFMETIL. PLALGF/PPASNFC
PBBC LY HIEVGWPEADIETR LT, ST EEFAEREE
FTHIFIHE . NFCEBCOGWPHE KUAFIZPLAL
GF/PPOEITE DV =M BRI E & (37 55 A >
t=o PLALGF/PPIZEEDT-8IE AR TOIRE
BRI KEN O, [SEMDNDLTEEREETO
FHETRL YR E DS ST (&, EZH#EETA
R (VARD TORBERRNKEVNSEEZ DN
%,

BRI % & (electrospinning) [X B Hi % % (wet
spinning) &Y LIRFE AT HE M of=. MFCOiEREIC
LRAFHAREVDT, —FRAFOB L BRNIEE
BOBENGFIND, —U PO OB EEHEREE T
SEDHDHEMBEXRDOMFCRERELYLATAEC
72508, AaF Y YEROMFCELE HiELYLARIE
ELY, Li et al. 201D ED KLY BARIFVL
Ry
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= 3.21

F/7E0—RBWEICHITH LCAERMKICET 3 XikEERE

ELA—RF/T7A
A (0):

TILE—RF/PYRBIL

+)LA—2X+ /7471 )L (CNF)

#£ R+t /L O0—R (Microcrystalline cellulose)

OB % (RTALE B R)

SOMEMFIT/NLTIILITHESNEES X
BN

AlatoCel™ 7Rt R & LUBERAMCC

1. AaltoCell™ B3 ZBFAHHEHM ST LT
2. AaltoCell™ B3R ERFHEHEEH HF T LT
(BERILER : AR BIE S S UBEHLE)

3. EFAMCC b St3EHEEMR/ LT

4. BFAMCC BMZRFAHHEMISTN LT

1 —_ 1 3 £ i . S o) _
FREER TILA—RF/ V)R )L R %;Jﬁ)algl';;i)‘%)Mt(ﬁuﬂ&iE.7J)lz71'\—’\'—/)‘:)")lx1t) 5. AaltoColl™ {E22/ S LTS LB 3 25 4122 55
< b OLT (BERALER : BERIALIR)
6. AaltoCell™ L%/ L T2V BAFHH S IFT
FRLT (BRRALER : AR IS S U BERILE)
7. AaltoCell™ £/ 8L T2 #ER IS TR LT
(BERALER : e A0ER)
8. AaltoCell™ L2/ LT ILEEE#HS T/ LT
(BRRINIR: AR S S S UBEHNE)
Nascimento, D. M., Dias, A. F., Araujo Jr., C. P., . P
=5 Rosa, M. F., Morais, M. C. B., and Figueirédo, M. C. |Arvidsson, R, Nguyen, D., and Svanstrom, M. H.usgafvel,. R. Vanhatalo, K., Rodriguez=Chiang, L.,
B Linkosalmi, L., Dahl, O.
2 7\ == ) p 1) —.
B4R ;;ﬁﬁﬂ%ﬁ;t{ﬁmbraoa) RET7TOAVT AN Chalmers University of Technology, A™2T—7F> |Technical Research Center of Finland Ltd., Finland
RITE 2016 2015 2016
A comprehensive approach for obtaining cellulose Life cycle aseessment of cellulose nanofirils Comparative global warming potential assessment
nanocrystal from coconut fiber. Part II: . . . . . .
AL . . production by mechanical tretment and two of eight microcrystalline cellulose manufacturing
Environmental assessment of technological .
different pretreatment processes systems
pathways
BEEE Industrial Crops and Products Environmental Science and Technology Journal of Cleaner Production
TLA—RF/ VY RAINBEDIFEDLCAB LU
a B OFEETHL (CNHT) . QiREE THit . . " . N
7Y z Us = U s
WXDEBH (CNH2) . @BREEE T~ E= L (CNO) . DHEE i LRI DD EEELE LSOO EEELE
THiH (CNU)
a— =N = A kLA ™~ ~ ~
RLA—RF/T74 | g SHRLAL SHRLAIL (AlatoCel*TOER) ~ERAL AL (B

N—QEe T S EFE

MGC)

#ILE—RF/T7A
NI B EEE

2014F KB

2007, 2008, 20124

XK (1974-20144) %51/

wa—RF /774

BN AVI—TY

2L 71 o505 Wit B RV E A ST, /L TMERR |3—0/ (L TRETOER)
S ONER AT YT iy BRNEILT T VERE.
HEIOER FHERE~ e FARE~ W AR~ e

YOG SIURT—5
£

ecoinvent v.3.1

ecoinvent v.2.2, Eva Alander (InnventiaffZ2fT) M5
DEZFERY ., 3K (Paakko et al. 2007; Wagberg et
al. 2008; Ankerfors 2012)

ecoinvent, XAk (Vanhatalo et al. 201472 E840)

TAT I TIIRT—4

[RAHERE (22 y Vi OHt) ~ 3E ()L

DRETOER O—XF/9)RZ)LHH) (oY VEEFEER |HL L
i L)
TATISIURT—4 [KHEE EREHE -HAEERAE-LILO—XF/7 |, N
L L

DEBHAS

YRBIHHBERA LD ERMERE

F/O—R B
DE)LO—ZDIKE

RO F VUM (31.6%ILO—REFER)

AR# /%L (Ecoinvent T—RR—RIZH5/LT)
Elementary chlorine free(ECF)757h/ X)L
Totally chlorine free (TCF)252k/ 5L
EEHISTMLT

chlorine 2B /LT

BEAFAHEROISIN LT
SHEERIAR/ LT
HEROIZIM LT

SUREB ORI ER

CNU:0.207kgCo2eq/g-extracted ZJLA—RF/%
JARBI(2aFy Y BIEEFERLY)
HOFETOEDEEHLL, FITTOLKEHY .
CNUDBTFA —FNEL,

DB (BTALIR: BEFR) —<2kgCO2eq/kgCNF
@AIVRFY AF )AL (BIRE : HILRFD AFILAE)
—#$9100kgC0O2eq/kgCNF
QRTALIE L —<2kgCO2eq/keCNF

8FENHTERAGWPIE,

BFAMCC BIMZEBFEAHER T T ULT:
6445kgC0O2/t-MCC(¥218)

F|/NGWPIE,

AaltoCell™ 1622/ L T2 ILEHEM VT IMSLT (B
RN AR EE R L UBEEILE) : 1217kgCO2/t~
MCC(¥z1%)

SURZE B D72 B AT F

b3

GWP100-H

GWP (1004)

GWP (1004)

Z Dt O FT 2 B R

ERtHE KU EREM - BT REL - AREE- K
AR

el ML - KB IRAE S

7L

Z OO

ENHEL VT IR THAOKHBOEETD
BRNKEN T,

SSIVTRELGED S F)F IR IEEMEEEICA
ntTund,

HVRED AF I FRICBITRBEAFAKREL
M CHIFRTRETLESSN DT 4/—)L, 41VT0
IN/=I A /—ILDFERIZKBEIAMNKREL,
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= 3.2-1

T/ —ZRBWEITHITSH LCAREICET 5 X BE

I A—RF /D74
NHEOEE

27491 JLEE)LB—X (MFC)

TILO—RF I I4RD—

RESFAY—
TAYATINAL AF—
FHEGE RAYOT 548 — (EEEIFE (Supermasscolloider, | B& 17K 53 %
HEEE))
s Spence, K. L., Venditti, R. A, Rojas, O. J., Habibi, Y., E:ﬁ]“:'r,\:d‘; ';"A" g:y%;g{‘;’s: “g: E gfaay:(" %e';’l "L e
and Pawlak, J. J. L
= P ——
Bk North Carolina State University, USA Ei&ﬁ)}%’f\‘}i(Embraoa)%&m??ﬂff/@ZH)—E)}
R IV
RITE 2011 2012
A comparative study of energy consumption and
ALK physical properties of microfibrillated cellulose Life cycle assessment of cellulose nanowhiskers
produced by different processing methods
\1BEEE Cellulose Journal of Cleaner Production
e E LEEBFEHICKBMFCHEITHN DI RILF—IR NI Vi (ECU) S L UHR#MEHE (EC) RS/

DHEH

AN—HE DR

tILA—RF/T74

= 5 0 2 85 TR
IO —RF /074 TBH

N— BN R

IILA—RF/T74A IS

J\— 31 B2 4 45 35 6 )

HMETOER

I A—RF /4RI

NG SYURT—4
£

ecoinvent v2. 3k (APHA et al. 2006; Silva and
Oliveira 2001)

TAT TSIV T—4
DRHFIOER

LI O—RF /o4 X F—lE

TAT ISV T—E
DEHEAE

2PV ICRIBEARE . HEERAE

F /)L O—R B R
DEILA—RDIKEE

DOF VM - SRR (35 AV Y AT TR SN =1
DEKBLUNaOHF R Tiki% - FiESni=£0) —1
T UkkE

SURZEB DR

EC System: 0.122171kgCO2eq/g—nanowhiskers
EUC System: 1.086412kgC0O2eq/g-nanowhiskers

SUREB DR ETHEF

P

GWP100-H

Z D1t ) 5Tl 32 & FR 12K

KEREE EREL AFSHE

Z D D&

RESFAH—:$650
TAYATNAT A —(BIREE) : $140
AT SA45 —(RILEE) :$210
RAVNINATAF =B LB AIRT S5 —IZ
FBHEDFSNRELTRIILF—aRMEPELY,

RAIITVEHNSOME D F5HM, KERFE
BLUEEMEHFHN DG ABBRBLVER
BEADFELDEMN O, TOLRBIZHBEEIL
A—RF/ 74 AN—DHETOIRILFFEN—
BEREM T,
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322 FHRETOLAFEHROINE

CNF THRREL LM oflE Yot 2 7o —& LTlL., CNF f3E, CNF A EHYE (K5 &
DIRH) . AN TEoRE T o 23 %<, AiE Tl 7 CNF 8GR BT D iim & FEE,
ZOMOME T v 22BN THRIFIZ CO, e &MAHINT 2 &, HHKREICH T 2 &%)
ERHEEENTLEY, FDO71H, 4% CNF TREEL L - - i ol 7 o+ 2|2
BiFTD COHEHEAZMHIBICHRL TOL 2% & LT, ER 28 EFICB W TIET —# L
LB L OBET — 2 _XR—2F 2P LR Z2Toc, 7 —FWNEEfHE L THOIZ
CNF M oflE T o v 22 EHTH2FEEICE TV 72TV, ZORREE2 L L ICA5%OR
ETa v AEROWNEFEEERTH L & L,

FEE~OL TV 1L, CNF #E4E L7z ABS BHIE A L ~D A » F TRIC DWW TEN
L7z, B A vXHINERAT AN~ Bt e, BEICAEET A 2HFTH A (HI L~
7w NALANER) B WTe T U U TREEER Lz, FOME. REBRMICEET HEET
boOHTOEERO X (BIFEE%E) DREECITIHL OO, BEFRGICHKL TF
ARSI TE DAREMER BV T2, Yk TRICB W TIX Coy gk EHIE O FiattTh 2
ENMEREINTZ, L, FAEEO T TIITH SR TCoORSKEHEZLEREL TS G
OO, £7 0B RACEBWTEHAKFHREZ EZ] L W), RO EZIIEMS
MDET NWVALNMETH D Z EBmhoTe, RERIC, BEK - BRBEEELUZ T o AD A
THEUMNPNKNETH LD, TT VI EET 5,

728, [AAETIX CNF ZE A L7- ABS BHRRKEL M 2 BIfET A R LTV D2, KAFHETIX PA6
~EAE L7 EEZF AT 2L H 5720, BIEEAFERICB T2 YEA vyXF ok A~0
ERBIZOVWTHRANTOILEND D,

UEo#ERE2S L2, SBROBE T 0 AFEROWNETIEC OV TRE TR LT,
3.23. HERK COHFHERBEMDEMRAEDKEE

REEIISZNT HH50H%E0D, Wi 1 BARGERICRIT 2 2L ¥ — [MEEHNE
iRt To S & CO2 RH 7 v — 70 CO PR BREERD 2172 FIEL 45 (¥ 3.2-1), %
oo HAEFELITLEIS U TTREBEB RO 2R L, RIERICBT 2320 F— FHEML
MET—2FFEAE LT e 2528 T, 2 onvFEORRES T 5,

321 —8HRHIL-YOHER COHHENHEFRAFX—LA
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VHAENIYE T e RAIBIT DTSR CO, BRAERNEDOFEMONERE 7 4 — KXy o
L, &6 8ETaA0WREBEBOIEEITY, £o, ERKBHT — 2B F~v—7 L L
TAFTTELHEAF., b L, MR COHIEEMHMICT 5 (K 3.2-2  HMhaFM
FEMFER DA A=Y (VT 7OEREBFERITZEZDM)),

300

250
= a&fmA R
2 200 -
H DEAN
H 150 aR#D
g 100 e BIRHC
O m[7#B

50 oFEFA

0
EEA: PEEAD S

H 3.2-2 BRTAEFEEREDAA— (FST7OEERRIEIEZDE)

K7 2O AN NEREZERT LT —FNE T+ —~ vy PBLOREA A -V EE
3.2-2 BLUFE 323 2Lz, 2L, Bk A v THICBIT 2 RKMEHESCIHERELA R
DI, BEMEOLEXNRE LIET — X WNENKERr— AR N THDLH, TOD
72, UG~ COHEHEDR Y HiESL T vt AT AL HiER E, LEIZIE U T COo,
P 7N — I T EEZITO 2 ERADTH 5,

£ 322 JOERA—RIEROT—FNEIA—T Y FEFIUVEHA A —D

HE 4 AL H

TERE - AR HA&HE0000 BRBEKES TEL....E-mail....

T — A A W 2016 4F 12 A 1 H~12 A 3 H

A= It JSoolkIZ X 5B ER DT — %, IEOT,

T — X NEE A TEEABIZE RO, AJNFEE L ENLRAREHE,
WIS 72 0 B E ) & & BERER T,

BN SR HI7AT7 47 —REZHE, BB TIZIOOM®D AT X ML
THBY, TOMOERLE DT A MIAREN,

2987 B 5% 00 B = N IF: RN R b | AR ST R (AN e ==

& 323 TOCRAHAT—EDT—SMEI+—3 Y FELVREHA A —D

ASEB 4 &=
RN)7ar’ L (FF 271w h) 0.5kg
CNF (OfL#Efit REE: OOO) 0.1kg
= 7 Bk - 2kWh
H 1 :0.5kWh

324, EEFRKO®O COHHENHAEAEZNRE

WG ICBIT D COHEHE L, TNUANDEFE T o 20D CO, HHEZAR T L Z L T,
HEIEORENSMH, BEICEDL T TORENR CO, SEHENREETE S, LarL, fildE
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T RACBITAHE CO HEN T —FINETELLELTH, BERICBIT S =X L —%)
KRS EY LI RBICERZERBESND, 0D, T—ZWNERIZB W TIX
BIEOT — #7213 T, 2030 F&ERZ L, THICBIT2ARKELFIZEBIT 2MiET ok
2AEMBEL, COEHEZHHTILENH D (K 3.2-3),

1.5
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ﬁ o EE R
o 1 _

v @ ERE
ﬂ o ETERME
=g BHIETIEC
©g o#lE TE8

LK

w B HE THEA

2o

BIRNCV

2030778 |}
Nov L
ek=

3.2-3 NCVDLCCO2 DH#HSERDA A—L (IS ITDOESERITIEZDE)

T T, BMEKOTOB AL AT MIHONT, BATO CNFAE BB ADOHNEN— R
— At nH AL, FEMABIEOEELICHEI RROELE TrER A R b
U OHERGIEERGT LT, B32-4 WY V) a—RF ) Ty AR "= RlEa LRy
Fo—EfE 7o v 2 (7ot R) 2RICUEZEMEBEL, eT7 V728 TERL
CEPERED A X YR GEORZ R L, ENENELL T CTHIT 5,

3.224 Y F /LA —RF /T4 — - @IBa RSy FO—BRETOEX
(EBRPEFEBRA, 2016) LEELLEEFE
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Tat AL Ry M) OHFEIZB WL, OFEMEBIEOYE - B, QMBI Ny o Z
VORE, QFE s 2—F ¢ )74®Tﬁf~n VAT ARG, 21T, 9. OHEMNEEOYE -
UL TN H W T TR,

SR T35 O HALEAENDHERR - U 7 L7 iGE T, > — M

JT 7 MONVT TIRERMRICED ZEIWCKY . VT OV RGE XA, T AR XN
fit., v — MBI Wo o B o R ICBIT A S HEMEBELRZED L O L ET
XHZENDhoT-, £, arARY Yy POHRARFICE - T, BRIZY V=0 %
B IEDLZEUMEREH EEH Y 25720, 777 bV D RED S0,
Bt L BT A REFIH LR ML E LD, WTHOBMEEICB N TS,
A TTE L THE LD NT AR KLEIZR 50, BEE OMF%E(Miyata et al., 2010) L ¥
ThuaET ML, B EbE THET I Z ENRAREVZ D,

b7 mt AF%E +CAPE v = L—v a3 > LA

EF BT F PO Z O BV EIECTH Y (b7 7 v PREFTHO Tk A I 2 b—
4 2 Computer-Aided Process Engineering (CAPE)“/%A/(Mayuml etal.,, 2010)Z W\ T~

BEAAL RN EHRTE L2 BN o7 ALBEMEICB T 2 G & BEDIREE,
JE77, EffiT Db FEf EOSMENG, 7T v N OHEARF erki,CétF@ LED N ) &

WHRTE D, SOICKISHERCK SN, FOSHE, REISZDO Y A 7 Vg EORE%

HWT, YatvRx7ua—¥A47 77 A%Ei#MEE L, Aspen Plus Db 7 Bt A 3

2L —Enb, AR NIRRT ZENRARTH D,

et IRESRT —2 L OHER - Bk, 7L F

W L7 Lo M B ORI LD B AEERHIZY OB =R ZRBMHE 20
WL NA, B MO T e A THRFORMBIENFMEL D> D b, KK
IRRERE . IRE W OEEBMLRN S A RN T2 2R TEL J:Zn;bi»oto H
BERLEECRR AE . B, AEpER A, R RN S HEEAKZREL, AN Y

HHEZ2ETE 5,

TIAF v aryRy Ly R7av AL OH#HE v~ A X — oy TR, Ly FEGE &
H R T

B, XLy ME FHRIZIZOWTIE, RO T T RAF v 7 ar gy Rl

o7t A TENE A FE “C%%);&#Eb?ﬁ)oto RS RCIEE . E S J:O“C(rb
BEE, XLy MRIBRSCHEEICL > TRV X A P —, %ﬁtljﬁf“ B, RIERR, &8l
Ko THEHREERICB T A2RMERENENR/RECTE L, BHEOa /Ny 1\712%
AL THZETA RN MY AHEEAIREE T 5,

QHEHNT XY OREIZB W T, FHEMBENRFC LHOF THBRET 2 00, HE
WIICER D25 TEBT 200 2RETHILERL DL, THITE D & AL EAEO & pE
MWREY, HEEVAX (KR EEZRETEDLLIICRD, @QLFEFFIFITL T, OFE - =
—T A VT A OB AT ARG EITO LIS T, TR RAL RN ELTELN
THEREORERDLEDLIENTEDL IO RD, T, ATH5ORKEGEREBREND, K
Bt DRV T OVLEENRFETED, 22T AL LELNIEIREDHA (e.g., Oosawa
etal.,2016) 72X LV, FEOAFTREEZRFE L, BELFOA X MY AERTED LD
2725, ZOLx, Folko EofEEZAVDL I, Al MEREICEEEE XD
FELORMEEZZBETDHZLICED, FEOMEKE AT AOMEA E CERHTLHZENTE S,
TDOLE, CNF ®ET o A2 M (R¥ > R7r—r) THEH®K - B+ 20, 8K TH A
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EDOREIZ RNV T AFERMAE A LTS LI S TE - BT 5L -> T, BB
EORDENBLRDZT TR, 2—=T 4 VT 4 OB AT AR RES LT D, BKT
BIXBERBOB N T I FERELTEBY, ZI0LEEBBNA2BD2E0TES, ZOH)
NTZTZ o DA X NUIE, FiALVT EHAENSLVTORIZE > TR D BIEHOAEE -
FIHE, B A YR EOBEMHRA T OBBRE, 2RIl TELT LD, B THEDOSL
iz ;ofcw&fm4/~/%)mﬁmboé fh 5. CNF 428 O BT Bl I1T 5 B
RESMEICE > TE, WK TE» O OHROFAIZLVIES 2 & bMmEtL 2 5,

UbEoXoic, OHEMEBIEOWE - UL, QHMBH AT XU OFRE, OFE - =2—7F
4)74®&m/Z7Amﬁ%@¢ EICL o TEEAFEDO AL R N T — X OHEFE D]
BThd, ZOHAEOBEIZBWTIE, TNETNOEREICL > TARBERENRELSHFHETD
TELHLMNTHD, FEE, TETovRIIBWTH, FFICEERE, 81h 77 okt
Lo TRELA VRV NINRRRDZERSD>TWS, CNF EFEICBWWT S, HELEAE
BT A ARMEEMEZ T TR, MR8 770 b, SRS RFIAGEROMMA 2 L. £E%
ﬁ%MLfVN>WJJ%%%1Aﬂ@®&%ﬁﬁ%%ﬁfié_kﬁn%%&bwiéo
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3.3. CNF 33 REHIBHIZHITS CO BIEM B EFM A EZDHET
3.3.1. —EER&GD CO, HEHH E D HIR xR D FE{f
CNF fEHFEM TRELZHEEL T DI H=2 0, PP & £ EHE LI NEER
Btk Z FICR A LA EMERNb T NS, £ 2T, BIEAFARERT —Z T, HIE RO
R AT~ 72,
(1) F—HBIEICHB VTR 5 EME 2 CNF (CEHT 5 Z &2 & 2 HIERh RO B
PP I/ T AMMEAMRME LTIREEL-ET, Ty F%FA—F, RT7TEY2—1LFL— |
HEORR2 M E LTI TICFHEINTWD, ZOHT7 A OOV IZ CNF 25 L, B
NEEHZYOMELET Z L TRET D ERET D, UTFICEESRMZ7RT,
ETREOR 5L, Wi EE kg 720 H YU > 1750 1% (122,158km E17, H B HEE
i TSGR
PP,/ 5 ARG > CO, HEH 1% IDEA V.2 DAL T — Z & F]
CNF HYER: CO, HEH BITRHTH 572, 2kg-CO,/kg & 50 ke-COy/kg & {E L T 2 /%
2 — o
FEIER - AR
BN TR O SR X BR A
VL E DTN Z T CNF BiE JF AT 2 2 kg-CO,/kg-CNF & L CHHE LR 2K 3.3-1 12
RT, FREN XD T AMHERC AR A2 R L TR, i 7 A HER] A E & CNF R HEE O
CO, HEHHENRR UME L 2 DR B R Z R L T\ 5, il 21X GF30%AELA PP BLES & & |
CNF5%AL & PP #idh TR T 25468, &IEHN 6ROHMMBRENMLETH D, B, 2
kg-CO,/kg-CNF & 9 Bl 1%, Rl L v 7 HGERF O CO EH &I, HFOM TR V¥ —%
fPML78ETd 5,

12%
10% —&
oo | 4”E|
0 - L
ST T A
W ow S u -
T e sty v gy --&--- CNF1%
R o R
e e e - --£%-- CNF5%
I P ol
2% g,/ ,,,, 4 o --#--- CNF10%
'N """ ’—”4
0% - /,-—I’ --<9--- CNF20%
GF10% GR20% GF30% GF40%
2% -
-4% &
-6%

3.3-1 HSA#H (GF) E& PP & CNFE2& PP DK
(CNF #i& B 2 kg-CO2/kg-CNF D15 &)

—45.50 kg-CO,/kg-CNF & L TRE L7=7r — 2 &M 3.3-21Z5R LT, Z 084 4 21X GF30%
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B & PP B3R5 2 CNFS%EE A& PP &6t CREBT 256 &IKHK 25% 0 W &N LETH 5,
2B, WSO CNF &R0 CO HFHEAZ M L 7= L CITBEDRELZEZE L T ARWEET
H DD, BT kg-COu/kg-CNF E WO HE L HE STV 5,

60%
----------- ©
50% SR P— ©
40%
w o B
; Ao AT = --&--CNF1%
W A
Q{Lﬂ 30% --£3-- CNF5%
I =S e = --#¢-- CNF10%
Q0 —
20% [=p=== --¢--- CNF20%
JEN ©
10% — PR
0% .
GF10% GF20% GF30% GF40%

3.3-2 HS R (GF) BBA PP &L CNFES PP OLE
(CNF #1350 kg-CO2/kg-CNF D5 4)

(2) HFEHS 2 CNF B ISR 2 2 LIS & 2 HIA) R O fEd

Juay hI7—R, Tz H— =T T Y RTEIZHO LTV D D R R
ZRE L=, CNF Z 10%EA L7 PA6 Z V5 & Lz, ATFICEESH 277,

fUFHIPESEM S L, Yo 7R OEEIRE 51% & L,

EITRE O E X, A ER kg H7-0 H VU > 1.75L {E% (122,158km £17, H EHHEES
oh LESER

BEFEM X 2 EBEH) (CNF BREEFRF D CO, HEHITIRFEF L E L TER D T U B)
THEORE « ZRBNEGEFEN TN

CNF B3R CO HEH BT R TH 5728, 2 ke-CO,/kg & 50 kg-COy/kg & i E L T 2 /%
B — v xR,

Zoft, REFEORE (VA Y —2 WL 2R RE) OB HONTHEY

PLEDOEMZ2 S LICHBE LR A2 3.3-3107-7, YAHEEICH Y T A [ IEN o - X 8
WD CO, HEH fDS 8 kg9 T 5 7= D, CNF L& s D CO, HE H & 2% 2kg, 50kg D i &7 — A |2 F 0
T CO, HEHBEDHIENE N B - 7=,
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AR E fR O o E SR

CO2#Hi E [kg]
O R, N WA U N ®©

2kg 50kg

3.3-3 CNF10%E & PAG6 #5 1kg ® CO, #k &
(CNF 803885 0 CO2 HEH 8 h% 2kgCO2, 50kgCO2 D & — )

3.3.2. COHHEHIRMBSAIL—YaVvICRBEELELRINET—2EHOHME
LEDORENS, CNFFEEHCOWTIZRD Z & NEEE TV D,

CNF & IF D CO, HEH BT R T X 20 [EHEMED B WEE 2 72 WR D L CNF D44 CO,
PEIZT E— L TX 2,

12 CNF $3&E R > CO, HF I B3 8 kg B2 EE THNIT BRI X 0 RE W L3 EifF T
50

FOM, T FTCHRRTEIERIFERELZ D LT, COHIRBEDY I 2L — a2 ERT
HH0BHERETIIUTOREREOERZEH L, T— X INELZEDLZENREETH D,

# 331 COHBPENSIaAL—YarDEOCRELNEEIE
IHH SRR 29 FEDRINE L THELEEZ SN D FIA
NS N R = 4= FILTEE 7y R == N
FU A (CEEETERES) oRE |, . ’ ’
M, (55 3.11H)
CNF FEtOBGEFREA, BLO, | BEAEAOEBEICEEEZ &V | FEliT <X CNF T
TRk CNF 2 &2E L7256 0, WiE | BofsE, 7 — 2 INE, FENERZ FEii, (5 3.2
R — LAY hOHEORE | )
T — 2 WWEOE AN 2 D, RERE CO, &
AL & B, (58 3.2 TH)
MR 2 HEI O U A 7 vy F U4, RO, #HA
BEFEY VA 7 VERE DRI (27 | HEOIZHE T D CNFMELD U A 7 VRt 0§l

BRI T 7 1t & %o 4

U AR E) WMEHNORHNZT T, BE-- VYA 71T VA
Rk 29 4EJE CNF #5# fic >\ T, 186) OBEMFH
bkt 5 o g E fhe PR SLAEEa T FHEBIZHONWTIE, a2

7" bk &l U TR,
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3.4. CO, HFHEHIREI R DFEFE (2030 &)

BEFICLDETEBO 1 BHVHIELZ CO, HIBJRHEA L L, 22T U ARE
(CHEEDWIREROW M EAR AR LD Z LT, 2 ~DBE LR CO, AR BHFLN D,
CO, HIBSHALIL, Lo ZED D Z L TERELNDI LD TH L, BAEAKIT NCV
DEXRERTHY, TORERWUPEETH L, LT TEELRBREOREICET 5B 21T

ST,
3.4.1. CNFEMERITIVADEKREARE

TR X =R O EE D MERIERRAL T RO MLENE, 7 a— LB R OB NG |
BREHBDHESCRBELEZIICD LT, RERBBEOHENED 5 TS, CNF Hil
ERTVAEZRETDHICHZY, ZLORMREBETHRFTSA T LI EL STV ADH
REET L2720, FHAEEIT-72 (£ 3.4-1),

® 3.4-1 RERBBEERST YT OH

ERE
# 3 SFUFD
% X ZTUAOBE = 2020% | 20304 | 20354 | 2040 &
e 50 80% | 30~ 50%
- BFFEEY— 2R HV 207 30% | 30 40%
NGRS FRETIGEBREFNERED (EREOBEEDPEIR PHEV . .
157 20% | 20~ 30%
) EV
FCV 1% 3%
e 80% LIk | 60~70%
- RESAY—R HV 10~15% | 20~30%
- HNIREENFRETISEFEEHNERED REREOBELOEIR  [PHEV
BERELE |, £V 5~10% |10~20%
2010), /i
0
ax HREL 82— FCV Em 1%
(2010) T 30750% | 30 50%
S FOLAF VBT B MO REICRKE HV 10720% | 30~ 40%
- BREOXIE PHEV N N
50 60% | 20~ 30%
EV
fEkE 10720% | ~10%
HV 10720% | 10~ 20%
- REEHORK, EROX MET. KRRT—2 3 0EHF BHEY
- BREOXZE £ 10720% | 107 20%
FCVv 50 60% | 70~ 80%
A% PR B EREHE | - 2050FCREMEHRABHENOREIFEERRE (R—RXFUA) Fov 2054 | 6554 30054
EIRHESR (2016) |- KigLEHRE N >+ UA) 2054 | 6554 6005 &
fEkE 82% 44y 15%
. HV 9% 22% 28%
T . £ eSS s
HR 0016y, EAoiz|  EVHVOERS ¥4 (2DS mprovelF 1) A) PHV 5% 20% 20%
EV 2% 8% 14%
FCEV 0% 2% 9%
C0EM ORFMEEHEBZFOXILVERICEVTERENRES (R—XTF 108 20%
A
- BEBEGEREOBLAEEY . MOBEDSL— FETFFEBENTT 5y 205
R AAAQ013)  |< B (FEEHRIFTUA) BEEGE
EEEGmEORERAGEA T R, BLOBBECALNS (AXFY s -
EED) '
- BEBEEEABBILEND (BB FUL) 12% 23%

HV NS DYy RA— PHEV: DS94 0N TUy Fh— EVERBEE FCVIAKNERE
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BB LT U AT, il s, BEERE, BFOZRE - xR ENEEL TEH Y,
RIS CTHEZONEFEZRBE L TWSLERH L, WHHRBBHEICHS W TEEE 250
ZePRFE o Ey & LT TS i), XL, &), TV A 70 T£—% Tk
— ] OBHEENET N TWD, FriZ, TREAL) [T E M L7200 Tidze <, Il Fik7zE
OETHEREDM Licb 272’5720, BEIEA— I —& L CHEFICHEE R HEINHEERETDH
Lo BHETHY , KBREAMABEGINI LT —2F ) T 4 N— %, BEEME L
THHBE~OBEHARRNINTVWDIZENE, 5%, THABLEFINARBELEEZEZR2ND,
CNF B K v U A HAERT HMERH D,

3.42. COHHEBHAIBHRIZOVTOHEERADRRHRDFTHOZHEH

RET D TED CNF Hli & U AT S CO g EmANFEN RIC OV Totha 2k
SO R OFAMO A ZRFTT D721, Fex BREL TV LY EEE O % i HE
&35 IDEA ¥ RV w7 A (HJR,2015) % MW\ T, CO, HEHEAIEZI R IZ OV T ORI
SO KN FEOFAMPAL DN TR 21T o 72, (K 3.4-1, ¥ 3.4-2),

341 IDEATR MY Y I RADBE

342 HUREEELLOBROE (FUE=T7OH)
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K 3.4-1ICRTOMNIDEA~ MY v 7 ZOMETHY, £ X M T —X~X—Z |IDEA D
BAREFICEEREDO AT EZR LD LI > TEKRLTWS, 2%V, IDEA~ VU v
J ALK - ADODARN T X ICAEEREEZELCDLE, B - V-2 E2MBETEHD
WS ERRG O A R(FEER)ZHRTHIZENTE D, £/-, MKREERE(Y — b RESE),
WHARZF ET 252010k THEEE - —E 2R E B EN TV D 0204228 7]
LD, ZHNITED, 2,000 MEOHMN S CE 2MEHEBERMERINTZZ LI 5,
BREABEOE LTIV AIZHEESNWT, VFUVLAARNy T —ORENLTELT T U E=T
DEFEEEICONT, IDEA~ N v 7 ZZFHL THOMr LEREROB 2K 3.4-2 12787,
THIZCOHEHET — 2 2R 252 L TCOHHEBELILDRERENE BN D,

PLED X HICER TV AI2HS<, 2030 5% CTO CNF HEIHEDEEEH ERA B OHE
HEAE b LI, METREEN - AT F U ATERTOAL Xy M) F—%Z{ERk L. IDEA
R U I AEHWCTHEERENMEZETETELIENHLNI ST, ZORFMAEFIH
THIETUTFTOMEREONDEZEZDOND, VT U ARIKD CO, P EAIRZN IR, &
DAEFERERD AL L OZEO CO M EDEL I A W ADT — 2 28+ 5 2 & T,
CNF HEhHE N LIETEN CO P &L LM 5 CO e BE L2 E&MIT, 2o,
iR HCHRT D Z ENARETH D, o, AEBOHERINE L LHERLE L HEOLNDZ L
M, COp HEHEIE Y TS | BEOEE~GILIEELSITE S, ZTh60TICE
CNF HEVEOBE#EBEATHIHGEO A XU MU ENY TIEELS IDEA~Y N v 7 A X EET
— X DEEEH T OIVERNHDLZENRENT, LR T, wEBDORKETWHE GO A X
M TF—2OEBLY, EMGOAEROEELZEB LT DI ENAARTHD EH1o
72 BLEIZE Y, CNF BB RS 2RO COHEHE~ED X S IZHE KT 22O TORF
O AE LTRHATE D Z EBHLMNE 5T,

Z % Xk
3.1
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