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<Summary>

Cellulose nanofiber (CNF) has been attracting a great deal of attention in recent years.
Cellulose nanofiber is a material extracted from plants. It weighs 80% less than steel, but is
five times stronger. With such properties, cellulose nanofiber has been examined for its
effective use. It is considered from the viewpoint of global environment protection and
energy saving that using a CNF-reinforced material (composite resin, etc.), which is created
by reinforcing a resin material making up various products with CNF, is an effective
approach for reducing CO, emissions. Consequently, the Ministry of the Environment has
embarked on a CNF performance assessment project, aiming for the effective reduction in
CO, emissions through the utilization of CNF-reinforced material.

CNF is a carbon-neutral material extracted from plants. Being light and strong, the
material is expected to be used in products from various fields, such as cars, household
appliances, and housing building materials. We now have full-fledged activities in place for
identifying CNF applications in the domestic market. The wide use of CNF may be achieved
quickly by applying CNF first to household appliances — an industrial field that offers a large
domestic market and the possibility of a greater reduction in CO, emissions, relatively
shorter product development periods, and a wide variety of products. Applying CNF to the
field of household appliances may lead to use of CNF in other fields, thus triggering the
widespread use of CNF in various fields.

Based on the above perspective, a project has been implemented to examine the
possibility of applying CNF to household appliances while taking market conditions and
product characteristics into consideration; to assess the volume of CO, emissions during
product use, physical distribution, and waste disposal/recycling from the viewpoint of
product life cycles; to identify the expected properties of CNF-reinforced material
incorporated in actual products using parts of refrigerators and washing machines as
typical products; and to assess the performance of CNF-reinforced material incorporated
in actual products. The project will continue for about one year and three months to end
in March 2018. This year, we have conducted research for applying CNF to household
appliances and designed /manufactured CNF-based parts to replace existing parts of
refrigerators and dies for molding those parts. We also started verifying the recyclability
of CNF-reinforced material. The results of these research and verification activities are

described below.

(1) Verifying/researching the effects of expanded use of CNF-reinforced material

6



We have conducted market research to calculate the volume of reduction of CO,
emissions achieved through the application of CNF to household appliances and the
expanded use of CNF in various products. We have also conducted research on patents in
order to grasp the current technical trend.

(1)-1 Calculation to determine CO, emission reduction effects

To determine CO, emission reduction effects achieved by applying CNF to household
appliances, we have defined a method of calculating the volume of CO, emitted by
materials to be replaced with CNF-reinforced materials, in view of the product life cycle
including the stages of material preparation, parts processing, and waste disposal/recycling.
We have thus calculated CO, emission volumes, taking product/parts weights into
consideration.

The calculations have been made for the following materials.

- GFPP (PP resin containing glass fibers): It is used in parts of washing machines, etc.

- Cold-rolled steel sheet: It is usually used as exterior material, etc. In this test for CO,
emission calculation purposes, a cold-rolled steel sheet used as reinforcing material in
refrigerators is examined.

The calculation results are shown in table 1 below. The CO, emission volume is
expressed in kg-CO,/unit. The calculation is made on the assumption that 1 kg of GFPP
and a 1.5 kg cold-rolled steel sheet included in a single product are replaced by 1 kg of
CNF.

Table 1 Volume of CO, emitted by materials

Parts Waste
Material _ _ _ Total
processing disposal/recycling
GFPP 2.346 2.581 2.597 5.178
Cold-rolled
steel 1.710 4.275 -1.830 2.445
sheet
CNF-PP 1.703 1.873 -0.456 1.417

As shown in table 1, it is considered that CNF-PP emits a substantial amount of CO,
during parts processing but CO, is recycled during waste disposal/recycling. This “recycling”
means that burning CNF-PP produces heat equivalent to that produced by burning heavy
oil and because the burning heavy oil emits more CO,, the difference between the

calculated heavy oil's CO, emissions and the CO, emissions of CNF-PP is defined as a
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portion of CO, reduction. The total reduction of CO, emissions per unit through the stages
of material preparation to waste disposal/recycling amounts to 3.761 kg for the case of
replacing GFPP with CNF-PP and to 1.028 kg for the case of replacing a cold-rolled steel
sheet with CNF-PP. Based on this data, a material to be replaced with CNF and the amount
of replacement of such a material will be determined for each product to derive the effects
of CO, emission reduction achieved by using CNF. CO, emission reduction effects by
CNF-containing products during product use and the physical distribution process will be
clarified through examinations in this project and further research and analyses.

(1)-2 Research on patents related to the application of CNF-reinforced materials to

household appliances

We have conducted research on cases of filed patents describing the application of the
CNF composite resin to a wide variety of products ranging from refrigerators and washing
machines to OA equipment and personal computers. In the research, we have classified
patent technologies according to categories of rigidity, moldability, degree of freedom in
coloring, heat insulating property, recyclability, and cost. We have carried out the research
through a series of steps, first grabbing an overview of the all patent technologies by a
macro-analysis and then focusing on some important cases to examine them in detail.

At the step of macro-analysis, we have extracted and classified 1098 cases using such
keywords as “cellulose nanofiber,” “organic polymer compound,” and “plastic processing.”
The analysis has revealed that patent applications increased abruptly about 10 years ago
and that the major applicants were paper manufacturers, chemical manufacturers, and

universities.

Based on the results of a macro-analysis, we have extracted another 1308 cases using a

corrected search formula and analyzed them in detail. This time we have found that patents

related to improvement in rigidity (reduction in weight) account for approximately half of all patent

cases and those related to enhanced recyclability and moldability account for 10% or less. Nearly

90% of the cases fail to define the scope of inventions. We have thus found that CNF has now

become the center of attention because of its high rigidity but is not used in specific applications

(2) Verifying the application of CNF to household appliance parts
In order to verify the application of CNF to household appliance parts, we will create
prototypes of the following three parts made of CNF and evaluate their performance in
this project.

- Center pillar (refrigerator part)



A center pillar is a part that fills a gap of the bi-parting door of a refrigerator. It has
a built-in heater that prevents dewing on the exterior of the refrigerator. The center
pillar has issues to be resolved - a reduction in power output from its heater and
suppression of heat inflow to the refrigerator. A steel sheet, which reinforces the
pillar structure, is replaced with CNF to reduce power consumption by the center
pillar.

- Cross rail (refrigerator part)

A cross rail is a steel sheet placed in front of the partition of the refrigerator body.
The cross rail carries a high-temperature pipe for preventing dewing and the heat
from the pipe flows into the refrigerator. We are considering replacing the steel
cross rail with a CNF-based rail in order to reduce heat conduction by this part
serving as a heat transfer path. However, this part also plays the role of suppressing
the deformation of the refrigerator’s casing, and should therefore be rigid.

- Spin-drying support (Washing machine part)

This is glass fiber resin (GFPP) that encircles the rotary drum of a drum-type
washing machine to support the drum. This support made of GFPP, which is not
recyclable, is to be replaced with a support made of CNF, which is recyclable. This
also allows a reduction in CO, emissions. The support must be rigid enough to
properly support the drum.

As part of the FY2016 business plan, the CNF-based center pillar of the refrigerator will

be designed to give it a specific shape and manufacture a molding die as well.

(2)-1 Designing parts applied to refrigerators
1) Analyzing/designing the center pillar
To apply CNF to the center pillar, structural analyses and heat transfer analyses
including the following evaluations will be carried out to determine the shape of a prototype.
- Evaluating thermal deformation
Warping of the center pillar caused by a temperature difference between the
inside and outside of the refrigerator should be kept within the refrigerator
specifications. Two temperature conditions are assumed: inside temperature 5C
Joutside temperature 30°C and inside temperature 5°C/outside temperature -5C.
- Evaluating heat transfer
The center pillar is equipped with a dewing prevention heater, whose power output

is adjusted to keep the temperature of the refrigerator exterior at a certain level or higher. In this
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process, the heater power output and the amount of heat inflow to the refrigerator are evaluated.
- Evaluating deformation caused by a load
The amount of bending deformation of the center pillar of a double-supported
structure caused by a load applied to its center is calculated to evaluate the rigidity
of the center pillar.

Based on the results of the above evaluations, a prototype is created so that the case
of the center pillar, which is composed of two parts and is closer to the refrigerator interior,
is replaced with a CNF-based case and the thickness of the case is 1.5 times. This
prototype is made into a shape attachable to an actual refrigerator so that the prototype
incorporated therein is verified in terms of structure and power consumption (or heat
inflow). The prototype is also given a structure in which inward ribs can be formed to

enhance the rigidity of the prototyped center pillar.

2) Analyzing/designing the cross rail

To find a cross rail shape with equivalent rigidity to the current steel cross rail, the

rigidity of a cross rail with additional ribs and an overall greater thickness has been

evaluated by a structural analysis.

The evaluation has found that the rigidity of the cross rail is insufficient and that when
sufficient rigidity is achieved, the reinforcing ribs and increased thickness leave almost no
space, which is not a realistic and acceptable result. We have therefore decided that we will
discuss a cross rail structure whose deformation is suppressed by the overall structure of

the refrigerator casing and seek for the possibility of application of CNF to such a cross rail.

(2)-2 Designing/manufacturing a die for molding the applied parts of the refrigerator

Through a resin fluidity analysis, we have designed a die for molding the center pillar
derived from the above analyzing/designing and manufactured a molding die for the
verification process.

Specifically, we have evaluated an in-die filling pattern, pressure distribution, weld line,
and sink marks and determined the molding conditions, such as the number and layout of
gates, filling time, die temperature, and pressure control.

The parts of center pillar will be molded, using this die, and evaluated to identify its

moldability (craftsmanship), strength, and coloring property, etc.

(2)-3 The applied parts of washing machine
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The spin-drying support of the washing machine will be designed as a structure made
of CNF that replaces GFPP and retains the same rigidity as that of GFPP. To check the
state of deformation of the spin-drying support subjected to a load and a change in the
spin-drying support resulting from replacement of GFPP with CNF, we have initially
analyzed the spin-drying support whose material is replaced with CNF but whose shape is
left as is. CNF has a lower elasticity than GFPP and therefore readily deforms if the whole
support shape remains the same.

Bearing this in mind, to create a load condition close to an actual case, we have carried
out the analysis with a shaft-tilting moment applied to the bearing that bears the rotating
shaft of the spin-drying support.

The analysis has demonstrated that a part of the rounded corner of the spin-drying
support is the weakest. We will therefore discuss a reinforcement measure focused on
parts with greater distortion including the above part and design a CNF-based support

structure as rigid as the current CFPP-based one.

(3) Verifying recyclability
Recyclability will be achieved through the following two processes.
- Selection: A single resin is selected out of various types of resins.

- Recovery: The physical properties of the selected resin are recovered to recycle the resin.

(3)-1 Verifying resin selection technology
CNF composite resins are classified into the following two purposes.
(Purpose 1) To sort out the base substances of CNF composite resins.
(Purpose 2) To sort out resins containing/not containing CNF.
With regard to purposes 1 and 2, we have evaluated the effectiveness of the following
three detection technologies.
(Detection technology 1) Water specific gravity method
(Detection technology 2) Medium-range infrared spectroscopy
(Detection technology 3) Near-infrared spectroscopy
The evaluation has revealed that near-infrared spectroscopy allows the identification of
the types of base substances (PP and ABS) and the presence/absence of CNF content of

10% or higher.
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(3)-2 Verifying recycling technologies

We have verified the recyclability of CNF composite resins from the following viewpoints.

-Recycling performance in terms of reinforced fibers

-Estimating the degree of degradation of base resins through the recycling process

The verification has shown that the CNF composite resin offers a superior recycling
performance to that of the GF-reinforced resin in terms of strength, etc., but contains less
additives and has a decreased average molecular weight due to repeated exposure to
molding heat. We therefore need to discuss and come up with various recycling measures in

the future.

12



2 BYHAIEE EEFE  --crorrrrrrrrrri it s s

1, BELER  veerceeeeeeeeans
3. BUYKEAAEE  cvverereeeeenes

4. BRHIERY HE A

4—1. CNFRBISRIRL-FRAE
4—1—1. #%E
4—1—2. 770—F
4—1—3. AR
4—1—4. #E

4—2. REWEADBERIRELE
4—2—1. %5
4—2—2. 77O—F
4—2—3. A HER
4—2—4 5

4—3. YA ILIEDIREE
4—3—1. %5
4—3—2. 770—F
4—3—3. A HER
4—3—4. 5

5. EEEOQORMYMBAH  crrrreee--

13

14

15

17

18

29

65

99



1. ExmEEM

E EYBREOA—RZa—rIILGHHEHTHY KOS D1 DESTEEDRESFD
HHEEETHILEEDODNDIEILA—RF/IT7AN—(LUT.CNRA)DABESHE. RE. TEEMEGL
EHEOEXICBVWTEBIN. BRNICBVLWTHEANGEEBNSATVS, TO—HER1—1
ISR, BRET. EMA—D—B#H. RREQA—D—DEELLTERIDSITRIEFTOME
REVNAVALGHBTENTNOHEEFN LB TEHSN TS,

ZOFT. REDH~AOERATEATHRENKRE MND. CO2HFHRTUIvILAKRE
WeEZOND RENTFIIHALIERZALLRMRARHAMAEV-OCNFOR At cEE
EEBRIHAEEIHY. RE~NDERFTEZIHFAOERIIHTHEERLELS>TCNFERE
EoEREILGEYED,

LREDERERFEA AZETERELAR~DOBEAMREMZHIGOCRABHENISHELE
BmIATHAIILNDBERISHRER. MR BE-VFAIILIIBITHCO2 i 25T HEET 5L
EHIC. RREFBELTABES SV EROTRZRAVCELRBRBICVELHHZHAMKICT
BLLELICERBEAAFOHEREFEEERELTRBOZET,

| OEOHTT ERIDST FRIET | QDB EEEMLT
CNFHiRZ£E(

mignHas Hhis
P Y iR

IR, aH. | RIBEEE. AR § ?

TRAEIZEM B.RBXE ¥

HEAEA, BYH. | RED. PER. I
RHFI ERHLS ¥ 5

HERHEA, R | NER. BEAY 2
. FRASCR | 1)

I HE|BE |85 |HE

mrmEoER § | PMRAMXE gy

@A =T x> TR&DY %

~ momet = T HR-RABEEZAS

B1—1 A —RF/IT7AN—ICETEEROHE

(i F 7 Ere =22 RO T L2016 HBERELR—XF /774 N—=fBoda58cmiT Tl )

14



2 MUYHAEBBLBE

AEETEUTOERICRYMED,
(1)CNFREERZEI-FAE

CCTIX.CNFERBERICEA. SSICEREALTLSEO CO2 I EHIBEZE TS
OOMGHE. BTG EMEZIRET 5200 AEETS. IRHEZITOIRERERIC
DT FF AU AR BFICEERURTHLIABE. RERISIRO . T7IV . RRESE
[SIEFTO F-. BERNTBICHLTERBORBICTOVTRBROUMENBONLELTHIGHR
BICIGLE-MRERET 5, (2—1)

(1)—1 CO2 I EHIMMRHRERE

CNFZREITERALIED coO2 i EHIBMNRERET 510 ESHMAZTHRET T LM H
[COWT.EZMER. BRMIMNSEE-YFAIILETORRZSATHAIIILOE ST CO2 Hi
ENEERAF—LEBEL ARSIV FEANROEELRELTHEEZTI,

XRETDHIMHIL,

-GFPP (AR AY PP &iA8) - SEEHEOMRELTHER

R RS — RN EFICER, SEIXSRERICHEBEMELTERINTLSLD
EXRRICEREEITS.

(1)—2 %ErE

ABEOEEMERDELTOAKSE ., VIV ELEESDEVEEEZNRICCNFEAREED
BRZECHBESFICETIAEEZT o TOMIC. BIE. . EEEHE. BEE. )
YA WEESLIVIARNDB A TRIMT D EET o=, ABERTYTELTIE. BRI IALDHIZEK
YERBEREBELEELETIA—HRTEIEGEHIBRERVAATHERGAETLZTo1-

LR ERLY ﬁ

A
Ir3ax
RERiS
TLE
A
BE5E

e, e, e, e, e, | ey | iy
S W ) W ) W) S S S—

J

M2—1 BHESBIVTSEEAE~DERTERECEONRET AT IR AN A—

15



(2) REAB &~ DE AREE

ARYMBAHTIE, ABELERERICTOVTEANITER Y AR ERMRICRELEMICH
HRAATREHMIDKROONDFMEERATMT 5. TNENDHBISHLTRIET S LE
DFBABTERK2—-2(2RY,

(2) —2 WEELR& A~ DE AR
ABECHENLEFCTARGBROENRAZHLETHIEEAVOICNFOS RO
REENNTEEMEOEBRZIDAIBEEMRIIZTI. ERNISAECRCEDOHE AN LT MK
FETD.ENICE DSV TCEREZRHEELER O K R EEE. BB CEHMIFELHER
%, SHICEBICEBBLTRERRELTOHEEZFTEI 5.
(2) —3 HEWE S~ DEAREE
BRIFEAINTOARHIERRIHLTCNFOSRIEDHREENLE-BEMZIZLDE
R -BREDOATEEEDRIEZITI HICU YAV IILH A §EIC/RH T ETCO2BIRm M EAF TESHGF
BIEEMMOBEZTMADKRIEZITI. EAMICEEROMAFRTETL. ThITEOLWTERE
REHELEBROR REEE. BB ECBRIFEEER T 5, SOICERICEELTRER
mELTOREEZETHES 5.

BT s [ Bl = e, MR
o, [aﬁrg ][@ﬁ][ﬂzi}g@][fg@r&][&ﬁﬁar&][ e ]

- - EI R
FE3l F&5LE =
} #8 1L

EIx
82 =1t
ESaR il ESEs i
NE EEER (et ®AE

K2—2 CNF#ERIREE TIREET DHF1EEETMARE

16



(BN H AU ILIEDIREE
DY AIVICIEMELER R EM BB ERTIBETHY . TNTRITOVTRIEETS.
(3)—1 #MHHER DRILE
CNFEEHRIEZEUCREHBIENOCNFESHBIIEZHRE T ORBFEERITL. EEDE
AMEBZRANTH B ORIEEITS.

(3)—2 MPBEBLEDKEL
B ENI-CNFESHEICH L TRHDOEEHEICEETS-HORRDFMFI L

L. Z0HEMBZRANREEZEITI. T, TORAMEDH HPMEARETE LA R

p—~

1T

LEDORNBETRYMEAZHET S, R2—1ICLEREBLABXORKBEEZTRT,

®2—1 EXHEBERKRER

I8 B AR =EEE
2KBE -HIGEBLUERAET - CREH S ADOERO S W
ERRXERROHAE. M ‘BERRETISEEAR~ORRATTREE LI
‘CNF BB EDHEFHRAE. 7 Bty
EERT.CERBITICKSE REERE
CNFEEDE | " BERFTSIVEGERERZRAVEABER | -BERRETBEA~NDOREE B &%)
RIL-AE VBT R~OEABEE - BIKEEH Bt
CBHLEEEICRTAEEREETEERAL
& OBBES LU EITHRET
REHE~AD | B2, SAMEERICESIBEHHIFECSEEEL | - ABRESRRAOEA DTS HIE
W AR EE DH L THOEBREL RIS A OE AT F
JHAOILED | CNFEESHBEOREBEMORBOHEET | CNFEESHEZECEAHEBEICDE—
REL Bt O #E L FHEIR
‘CNFEEHEBEOBEEMGEMALAE. U | CNFEEHEIEEIINE 60%LL L
Lyhkib) D FEIL CNF 2 & 1 5 B YN &r fli - 80% LA £
REERBICERILIBELFDASTD
31| iy

3. YA AHEHE
AEXORYBABEOMEZRI—1IZRY . ABREBRADERZELTSET2017
FERFTICERERBR~NDERRBHETS,

S A 2 Vi HREE

2016FE | 20175E
| CNFRMAE > &
| _AREEARI =
I 5t TR P ARSI o

K3—1 RYEHDEERETE

17




4. BERBERYKE A

4—1. CNFEHMERRI-AE

4—1—1.#&S

EYMHEDODA—RZa—rIILEMH THEEILO—RXFT/T74/N—(CNRIF. B E -
ERELRREENFCBEEDIHFAOTFAINSFIN. BHIEDOATNS, D
PTEATEAREEBENHERGABNEEREEREEIIRENTH~DOEH
FREAHSEEZEZHILIAGEENHD,

AREXTHZORESEZHRTUWAEISCEINTIN. —ATHHREEREOHE AN
CREERABOHEMAVNINIDVTHEINET S . ERMICE. REHS~D
CNFERICMIT-%(RBMEEETILELIC. ERFEABICEIZEEE N8R
DHELT ERHRENCYR.EBEE-VHAIILETHRSATHSIILOHE AMNS CO2
HEHEHRDROAEZTLV.CO2 HFHEBRAIBMRICODVTERZT>. X RE & (E.
FTRASFETERIAZTOABELEEREP L. T ERERHAICOVTHM AT
A.BLUVEBRNTHBICERAINZEEOMRLLTHEE TS,

4—1—2. 770—F
(HCO2HHEHIBMRAERE

CNFEREBICERALEOCO2HEEH MM REZRET IO . BEEBRAEHRFT
BMBICOVT. . ZMER . BRMIIPCEE-UFAILETOEKRSATHAIILDOE
RTCO2HHENEERF—LEZREL . ASBLUERABROEELZRELTHE
Eofz. CCTIHRERERABOLBITERLTLS,

xt & ELT=# H#E.

"GFPP(ASRAMMAYPP ) REHREOMBLLTER

CAEMR: RN EFICERA.SEFXABERICHBEMELTHERAIN
TWH3LDERRICHRETZ1T o1,

Fr . ABECREH. . 720 B ELTHA VI XER X ImEL . EEF
GFPP,.CNF Tlkg. A MR T1.5kg LLTHIBEHERE. CO2 FHEFEH L=,

(2)FHFRE
tLO—RF/T7AN—CNREEHEZRERMICERALELEHBICODVWTHREZT
W.EHROHEMEEBETLI. A ERERELTE. REOLTEABE . RERER D EL,
OAER . N\VIAVEFICTDODVLWTHLEVWEHBELLTEOTHRAELEERLIz. TORIC, BIE.
Bk . EEEBRE. B VYA ILESLST, ORMIDVWTOBR RICTHEMT S5

11>t

18



RAEODRTYTELTE . IVARHICIYLE KRB OIBEL. JA—HRITEZ2EHOEE
Eiao-& . FEHGAZTCBITLTVLS,

4—1—3. WMYHEAHER
(MNCO2HHEBHIHMMRAERE

ERDOMHODCO2BEEZRZM BRAMI . EE-VYAIIICH T TEELIEER
EFZDHERIEEBICUTIZRT,

(1)—=1 F#

CNFOIEIX, —fBICARINTLWSEILO—REAMEEA—HTUPMIDH ¥ TUPM
FormilZ R RICTAVIUFARBEANERLIEZA—RUVIVRNTYURTEIAVMRAED
EREHA V=, GFPPIZEI L TIZEcolnvent database D EZSI AL, THO—Ex %K 4
—1(NIZRT,

xK4—1(1) EEHEOEMAEEICEHITSICO28HE
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