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FY2017
Commissioned Program to Prepare the Plan to Promote

the Recycling Model Projects using Cellulose Nanofiber

1. Purpose of the program

Cellulose nanofiber (CNF), which isaraw material derived from carbon neutral plants such as
timbers, has the features of light weight, high strength, and high flexibility for its high surface
specific area and porosity properties. Because of those features, CNF is expected to be used for
various basic materials and therefore, the intense development program is being promoted. In
particular, its use in high strength materials (such as auto parts and cases for home appliances) and
high performance materials (such as building materials and interior materials) leads to the reduction
of energy consumption through weight reduction, high efficiency, and thermal insulation. In this way,
CNF presents an expectation of a significant contribution to the global warming countermeasures.

As aresult of the accumulation of the technological developments by both the public and private
sectors, CNF has entered into the practical application stage as a material. While application
development by using the properties of CNF is energetically promoted, examples of examination of
issues and solutions for CNF recycling following an expansion of the CNF market are not readily
available. These issues need to be examined through various verification model projects.

In this project, a CNF recycling project plan has been established for an early introduction of CNF
into the society in terms of the global warming countermeasures. This program also addresses the
clarification of the reguired performances and criteria to be resolved including the effects on CO-
reduction by the CNF recycling, recyclability, and recycling technology effects.

2. Work flow

Figure 1 shows the work flow
* The numbers in the diagram are different from the section numbers in this report.

N . e o N
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— situation of the CNF-products in overseas rends Ministry of the 4.2 Extraction v:lizggg
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-e ( of CNF (aggregate of the ‘ clarification of LS
criteria and methods [ — CNF related common Model

projects) project issues project
subcontract

0

2.2 Investigation on the achievement
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| 5. Summary of the program in FY2017 and future challenges |
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Fig. 1 Work flow
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3. Establishment of a plan for promoting the CNF recycling model project
(1) Setting targets

CNF recycling targets (suggestion) for 2020 and 2030 were set based on the prediction of the
popularization of CNF-based products in 2020 and 2030 as well as the examination of the feasibility
of recycling of CNF-based products at the current stage.

(2) Clarification of criteria and methods

Criteria and evaluation methods to allow recycled products and materials to function effectively
were clarified in the JIS Standards. The CO; reduction evaluation methods by recycling CNF
products were examined to estimate the amount of CO; reduction when the CNF recycling
technology isintroduced into the society.

(3) Extraction of technological, legal, and social issues

After clarifying the necessities for CNF recycling, the concept of CNF recycling, the technology of
CNF recycling, and the recycling process, the technological, economical, and social, and legal issues
in CNF recycling were extracted and strategies were summarized for each recycling process and the
necessity for verification.

(4) Establishment of a model project promotion plan

A CNF recycling project promotion policy was examined and specific strategies for the new model
projects for CNF recycling were proposed. The cost-benefit performance and feasibility of these
model projects were evaluated and a model project promotion plan was established.

4. Investigation on the development and commercialization statuses of CNF-based
products

(1) Evaluation of the actual situation of the CNF-based projects in the Ministry of the
Environment

The model projects that were implemented by the Ministry of the Environment were examined by
conducting review of literatures such as reports and questionnaire survey to the subcontractors of the
model projects to evaluate the products, materials, and technologies that are verified by each project.

(2) Investigation on the achievement status for the implementation plan of each project

Based on the result of the investigation described in (1), evaluation was conducted for “achievement
status relating to the key verification items/verification technology”, * achievement status regarding
each issue (human resources, facilities, raw materials, and verification method)”, and “achievement

targets and criteria’ . Based on the investigation, issues and improvement measures were presented.

S6



(3) Verification and evaluation of CO, reduction effects

Based on the results of the investigation indicated in (1), issues on the CO; reduction effect
evaluation method/verification method of each program and estimation of CO; reduction effects at
the LCA level was clarified and a corrective plan was presented.

(4) Investigation on the technical ranking

The technical ranking of each model project was assessed by conducting a questionnaire survey
based on the technical ranking assessment (TRA) and an improvement proposal based on the
assessment result were presented.

5. Investigation on the latest CNF trends
(1) Clarification of the latest domestic and overseas trends of CNF

Domestic and overseas policies/project trends, standardization trends, patent movements, and
production statuses/production systems of CNF raw materials and so on were investigated mainly
through documents and these trends were clarified. Questionnaire surveys were conducted on
overseas (Europe) trends of policies and projects.

(2) Investigation on the issues that require a new approach towards the early
introduction of CNF into the society

Based on the results of the investigation described in (1), issues and measures for the early
introduction of CNF into the society were examined.

The measures for the issues towards popularization were presented including discussions on the
direction for standardization, sharing of the project results among the Ministries, elaboration of the
prices of future products, examination of standardization details, coordination between the private
and public sectors, and supply of raw materials of the products.

6. Examination of the vision for promotion of the CNF projects from FY2018

(1) Evaluation as the project of the Ministry of the Environment (aggregate of the CNF
related projects)

The results of “3. Investigation on the development and commercialization status of CNF-based
products’ were examined based on the qualitative and quantitative evaluation axes. The general
evaluation was conducted based on these evaluation axes.
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(2) Extraction and clarification of common issues on the projects

Common issues in the CNF project by the Ministry of the Environment were extracted and sorted
based on the investigation results that have been obtained up to the present to establish the overall
roadmap of the CNF related project by the Ministry of the Environment. Solution and improvement
measures were presented.

(3) Examination of the vision for promotion of the CNF programs from FY2018

Asthe vision for promotion of the CNF programs from FY 2018, the direction for the creation of a
space for sharing and coordinating information was proposed. An overall roadmap of the CNF
related project by the Ministry of the Environment was established for realization of the FY 2030
targets that were set by the Ministry of the Environment.

7. Effective public relations

Public relations were used in “Eco Life Fair 2017” and “EcoPro 2017” for the recognition and
education of the usefulness of CNF to the wider society to promote early introduction of CNF into
the society. For the promotion, materials for public relations were prepared and distributed at the
venues.

8. Project management
(1) Establishment and management of the Project Validation Committee

The Project Validation Committee was established consisting of seven experts and others (including
an observer). The committee is aimed at gaining expert insights concerning the establishment of a
plan for promoting the CNF recycling model project and examination of the vision for promotion of
the CNF projects from FY 2018.This committee met three timesin FY 2017.

(2) Model project subcontractor exchange meeting

A model project subcontractor exchange meeting was held for all the subcontractors that are engaged
in the model projects implemented by the Ministry of the Environment. The purpose of the exchange
meeting isto improve the achievements of each model project by providing useful information with
the model project subcontractors such as the common issues that were identified through interviews
and the promotion of vigorous exchange of opinions.

9. Summary of the program in FY2017 and future challenges

Key outcomes of this fiscal year’s program were reviewed and future challenges and draft
countermeasures were sorted out.
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& 3-3 FEHERSTELE (20% - 30% - 40%) 12&1+5 2030 FDERFEDHET

< CNF# B HR5E L 5. : 20304F20% D15 E > =20304FKRDCNFEE B & (X11.43%
EE BifEth & | ONF! | BENERS | FEOEE | 20204 | 20214 | 20224 | 20234 | 2024% | 20254 | 20264 | 20274 | 20284F | 20294 | 20304
20204 10% 1.0%|CNFE 0.10% 0.10% 0.10%) 0.10%) 0.10% 0.10% 0.10% 0.10% 0.10% 0.10% 0.10% 0.10%)
3FCNFE 9.90% 9.90% 9.90% 9.90% 9.90% 9.90% 9.90% 9.90% 9.90% 9.90% 9.90% 9.90%
20214 10% 2.9%|CNFE 0.29% 0.29%) 0.29%) 0.29% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29% 0.29%)
JECNFE 971%  10.00% 9.71% 9.71% 9.71% 9.71% 9.71% 9.71% 971% 971% 971% 9.71%
20224 10% 4.8%|CNFE 0.48% 0.48%) 0.48% 0.48% 0.48% 0.48% 0.48% 0.48% 0.48% 0.48%)
3FCNFE 952%]  10.00%]  10.00% 9.52% 9.52% 9.52% 9.52% 9.52% 9.52% 9.52% 9.52% 9.52%
20234 10% 6.7%|CNFE 0.67% 0.67% 0.67% 0.67% 0.67% 0.67% 0.67% 0.67% 0.67%)
JECNFE 9.33%]  10.00% 10.00%|  10.00% 9.33% 9.33% 9.33% 9.33% 9.33% 9.33% 9.33% 9.33%
20244 10% 8.6%CNFES 0.86% 0.86% 0.86% 0.86% 0.86% 0.86% 0.86% 0.86%
3FCNFE 9.14%  10.00%| 10.00%  10.00%]  10.00% 9.14% 9.14% 9.14% 9.14% 9.14% 9.14% 9.14%
20255 10% 10.5%|CNFE 1.05% 1.05% 1.05% 1.05% 1.05% 1.05% 1.05%
JECNFE 8.95%  10.00%|  10.00%]  10.00%|  10.00%  10.00% 8.95% 8.95% 8.95% 8.95% 8.95% 8.95%
20264 10% 12.4%|CNFES 1.24% 1.24% 1.24% 1.24% 1.24% 1.24%
3FCNFE 8.76%  10.00%  10.00%] 10.00%| 10.00%  10.00%]  10.00% 8.76% 8.76% 8.76% 8.76% 8.76%
20274 10% 14.3%|CNFE 1.43% 1.43% 1.43% 1.43% 1.43%
JECNFE 8.57%  10.00%|  10.00%]  10.00%|  10.00%  10.00%]  10.00%  10.00% 8.57% 8.57% 8.57% 8.57%)
20284 10% 16.2%|CNFES 1.62% 1.62% 1.62% 1.62%
JFCNFE 838% 10.00% 10.00%]  10.00%] 10.00%  10.00%] 10.00%] 10.00%]  10.00% 8.38% 8.38% 8.38%)
20294 10%) 18.1%|CNFEE 1.81% 1.81% 1.81%
3FCNFE 8.19%  10.00%  10.00%]  10.00%| 10.00%  10.00%] 10.00%| 10.00%]  10.00%] 10.00% 8.19% 8.19%)
20304 10% 20.0%|CNFES 2.00% 2.00%)
JECNFE 800%| 10.00%|  10.00%|  10.00%|  10.00%  10.00%| 10.00%|  10.00%|  10.00%|  10.00%|  10.00% 8.00%)
100.00%| 100.00%] 100.00%| 100.00%| 100.00%] 100.00%| 100.00%] 100.00%| 100.00%| 100.00%] 100.00%
CNFE 0.10% 0.38%) 0.86% 1.52%) 2.38% 3.43% 4.67% 6.10% 7.71% 952%|  11.43%)
JECNFE 99.90%] 99.62% 99.14%[ 9848% 97.62%| 96.57%] 95.33% 93.90%[ 92.29%| 90.48%| 88.57%
< CNFHEEBRELL 5 : 2030304 DIHA > =2030FRDEREL17.14%
-3 4 B | ONFHER | AHERS | FTEOEIS | 20204 | 20214 | 20224 | 20234 | 2024% | 2025% | 20264 | 20274 | 2028% | 20294 | 20304
20204 10% 1.4%|CNFE 0.14% 0.14% 0.14%) 0.14%) 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14%)
3FCNFE 9.86% 9.86% 9.86% 9.86% 9.86% 9.86% 9.86% 9.86% 9.86% 9.86% 9.86% 9.86%
20214 10% 4.3%|CNFE 0.43% 0.43%) 0.43%) 0.43% 0.43% 0.43% 0.43% 0.43% 0.43% 0.43% 0.43%)
JECNFE 957%  10.00% 9.57% 9.57% 9.57% 9.57% 9.57% 9.57% 957% 957% 957% 9.57%
20224 10% 7.1%|CNFE 0.71% 0.71%) 0.71% 0.71% 0.71% 0.71% 0.71% 0.71% 0.71% 0.71%)
3FCNFE 9.29%  10.00%]  10.00% 9.29% 9.29% 9.29% 9.29% 9.29% 9.20% 9.20% 9.20% 9.29%
20234 10% 10.0%|CNFES 1.00% 1.00%) 1.00%) 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
JECNFE 9.00%|  10.00% 10.00%|  10.00% 9.00% 9.00% 9.00% 9.00% 9.00% 9.00% 9.00% 9.00%
20244 10% 12.9%|CNFE 1.29% 1.20% 1.20% 1.20% 1.29% 1.29% 1.29% 1.29%
JFCNFE 871% 10.00%  10.00%  10.00%|  10.00% 8.71% 8.71% 8.71% 8.71% 8.71% 8.71% 8.71%)
20254 10% 15.7%|CNFEL 157% 1.57% 1.57% 1.57% 1.57% 1.57% 1.57%
JECNFE 843% 10.00%  10.00%] 10.00%|  10.00%  10.00% 8.43% 8.43% 8.43% 8.43% 8.43% 8.43%)
20264 10% 18.6%|CNFE 1.86% 1.86% 1.86% 1.86% 1.86% 1.86%
3FCNFE 814%  10.00% 10.00%] 10.00%| 10.00% 10.00%] 10.00% 8.14% 8.14% 8.14% 8.14% 8.14%)
20274 10% 21.4%|CNFE 2.14% 2.14% 2.14% 2.14% 2.14%)
JECNFE 7.86%  10.00%|  10.00%|  10.00%]  10.00%|  10.00%]  10.00%|  10.00% 7.86% 7.86% 7.86% 7.86%
20284 10% 24.3%|CNFE 2.43% 2.43% 243% 2.43%)
3FCNFE 757%  10.00%] 10.00%  10.00%] 10.00%| 10.00%]  10.00%] 10.00%]  10.00% 757% 757% 7.57%
20294 10%) 27.1%|CNFE 2.71% 2.71% 2.71%
JECNFE 7.29%  10.00%]  10.00%  10.00%]  10.00%|  10.00%|  10.00%] 10.00%|  10.00%] _ 10.00% 7.29% 7.29%
20304 10% 30.0%CNFES 3.00% 3.00%
3FCNFE 7.00%]  10.00%]  10.00%  10.00%] 10.00%| 10.00%  10.00%] 10.00%  10.00%] 10.00%|  10.00% 7.00%
100.00%| 100.00%] 100.00% 100.00%| 100.00%] 100.00%| 100.00%] 100.00%| 100.00%| 100.00%] 100.00%
CNFE 0.14% 0.57%) 1.29% 2.29% 3.57% 5.14% 7.00% 9.14%  11.57%] 14.20% 17.14%
3FCNFE 90.86%] 99.43% 98714 97.71% 96.43%] 94.86%] 93.00%] 00.86%[ 8843%] 85.71%] 82.86Y%)
<CNF#EEARFELLEE : 20304F40%DIHE > =2030FRDE K H(%22.86%
EE B | ONFHER | AHERS | FEOEIS | 20204 | 20214 | 20224 | 20234 | 2024% | 2025%F | 20264 | 20274 | 2028%F | 20294 | 20304
20205 10% 1.9%|CNFE 0.19% 0.19% 0.19%) 0.19%) 0.19% 0.19% 0.19% 0.19% 0.19% 0.19% 0.19% 0.19%)
JECNFE 9.81% 9.81% 9.81% 9.81% 9.81% 9.81% 9.81% 9.81% 9.81% 9.81% 9.81% 9.81%
20214 10% 5.7%|/CNFES 0.57% 0.57%) 0.57%) 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57%)
3FCNFE 9.43%  10.00% 9.43% 9.43% 9.43% 9.43% 9.43% 9.43% 9.43% 9.43% 9.43% 9.43%
20224 10% 9.5% CNFE 0.95% 0.95%) 0.95% 0.95% 0.95% 0.95% 0.95% 0.95% 0.95% 0.95%)
JECNFE 9.05%]  10.00%]  10.00% 9.05% 9.05% 9.05% 9.05% 9.05% 9.05% 9.05% 9.05% 9.05%
20234 10% 13.3%|CNFES 1.33% 1.33%) 1.33%) 1.33% 1.33% 1.33% 1.33% 1.33% 1.33%
JECNFE 867% 10.00%  10.00%  10.00% 8.67% 8.67% 8.67% 8.67% 8.67% 8.67% 8.67% 8.67%
202445 10% 17.1%|CNFE 1.71% 1.71% 1.71% 1.71% 1.71% 1.71% 1.71% 1.71%
JFCNFE 8.29% 10.00%  10.00%  10.00%|  10.00% 8.29% 8.29% 8.29% 8.29% 8.29% 8.29% 8.29%)
20254 10% 21.0%|CNFEE 2.10% 2.10% 2.10% 2.10% 2.10% 2.10% 2.10%)
JECNFE 7.90%]  10.00%| 10.00%|  10.00%] 10.00%|  10.00% 7.90% 7.90% 7.90% 7.90% 7.90% 7.90%
20264 10% 24.8%|CNFE 2.48% 2.48% 2.48% 2.48% 2.48% 2.48Y%)
3FCNFE 752%]  10.00%]  10.00%  10.00% 10.00%| 10.00%]  10.00% 7.52% 7.52% 7.52% 7.52% 7.52%
20274 10% 28.6%|CNFEL 2.86% 2.86% 2.86% 2.86% 2.86%)
JECNFE 7.14%]  10.00%| 10.00%|  10.00%] 10.00%|  10.00%] 10.00%]  10.00% 7.14% 7.14% 7.14% 7.14%
20284 10% 32.4%|CNFE 3.24% 3.24% 3.24% 3.24%)
3FCNFE 6.76%  10.00%| 10.00%  10.00%] 10.00%| 10.00%] 10.00%] 10.00%]  10.00% 6.76% 6.76% 6.76%
20294 10% 36.2%|CNFEL 3.62% 3.62% 3.62%
JECNFE 6.38% 10.00%| 10.00%  10.00%] 10.00%| 10.00%| 10.00%] 10.00%| 10.00% _ 10.00% 6.38% 6.38%
20304 10% 40.0%|CNFES 4.00% 4.00%)
3FCNFE 6.00% 10.00%] 10.00%  10.00%] 10.00%| 10.00%|  10.00%] 10.00% 10.00%] 10.00%|  10.00% 6.00%
100.00%| 100.00%] 100.00% 100.00%| 100.00%| 100.00%| 100.00%] 100.00%| 100.00%| 100.00%| 100.00%
CNFE 0.19% 0.76% 1.71% 3.05% 4.76% 6.86% 9.33% 12.19% 1543%]  19.05% 22.86%
3FCNFE 90.81%] 99.24%] 098.20%[ 96954 9524%] 93.14%] 9067% 87.81%[ 84.57% 80.95%] 77.14%)
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(3) CNFZERLEAEHROERINTDEE
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HE L,
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LHE LT,
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(6) CNFZERLIEBEYY SOBERKED
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EE %)
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B 57
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(7) CNFEHREGOERKEDFAHER (F&H)
R (1) ~ (6) OMEHERZEE 2 7-. CN F GRG0 KR Lo Tl 54 % 3-
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FHUS AT AREAL TN NG, 22 TiExgsre L,

2030 FEDFREFFHEOAREHT 44 T F o L p ot T, 2015 B IZ BT ABES 5 AT
v 7 O¥PEHE (9156 5 b —iREHEN 777 2F v ZHEBRFIAHETH) O 4.8%I2

R EE
%36 CNFEFHERKOERIKREOFRAKRELD
L } 2030 Z£0
o | e o | fEC | emsR | N 2030 > | 2000 T
DR e | R | NE# | R | SRR | 0 E | e |
wo| R (ke) O R T g | RO & (h
M ) (kg/f) (fiE) )
;:2;;;?j?:;: 260. 7 E;A?J F 57. Tt 110.2 | 17.2% 688,000 | 75,833
35 50.0
f;;i;;jiif (%) i;AéJ F 57. 7% 21.1 | 17.2% 688, 000 14,517
8 Ny K7 30 f;A?J F 57. 7% 12.6 | 17.2% 638, 000 8, 669
B :
i; X N—T 5.6 i;AéJ F ?Z%;f 2.36 | 17.2% 638, 000 1, 624
N x\\ l/
;i;f}Qﬁj;; f 7.1 i;A?J F 29. 4% 5.0 17.2% 638, 000 3,449
+
B4 ¥ 32.0 §Eiq1? 20. 0% 25.6 | 17.2% 688, 000 17, 613
BH T A - |- - - - - -
e CNF
MR | e 14.0 PP 57. 7% 5.9 | 40.0% 2, 000, 000 11, 844
iz VR | Svke—4 4.0 i;PPJ F 50. 0% 2.0 | 40.0% 2, 800, 000 5, 600
SN
o = D 7
y/jP %%ﬁ*%% s 3.0 i;PPJ F 0. 0% 3.0 | 40.0% | 3,800,000 11, 400
. P
2, 340, 621 52, 372
£y | o by o| CNF | 20.0% oo |_30%
v %= 7| +pve %3 : V7 4—h
|7 (H) 0%3) )1g;/ 13,350,211 | 238,971
iz - — °
WrElks | Sy L S - - - - - - -
At 441, 891

¥l: F7 VA, T—ALRAMBEALHE
2 RERRATEL O RS TRV R OB RS REER 720, A A VR T ¢ 5 & RO E 25
¥3 : PVC—>C N F+PVC O E b= 1T, H28 FEMEZTHE L2, CNFUIINC L 258 E2hR (i

DOWERAL - —EBEBOEI) ZEEE X, 20%RBE LERE L,
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3.1.2 BHEAMDCNFERHERZD) YA U IILOEIErTREMFHRET
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