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Report on 2015 Commissioned Feasibility Study of Low-Carbon Cellulose Nanofiber Application
Development in Regional Japan

Summary
As part of this project, aimed at promoting the utilization of cellulose nanofiber (CNF), which is a
plant-derived carbon-neutral eco material, we carried out resource mining in Mie Prefecture and
conducted a survey on the development of applications to help shape a low-carbon society.

Mie Prefecture extends over a large distance from north to south, enjoys a relatively warm climate,
and has thriving agriculture, forestry, and fisheries industries. The prefecture is also a major industrial
center. In terms of the shipment value of industrial products, it ranks as one of Japan’s leading
prefectures. Along its northern coast, centered around a petrochemical complex, there are industries
producing many kinds of parts and materials, while inland areas feature major centers of mass
production of finished products such as automobiles and electronic equipment by large companies.
There is also a wide variety of small and medium-sized enterprises (SMES) supporting the bigger
industries.

Thus, in addition to examining policies to promote the utilization of this wealth of agricultural,
forestry, and fisheries resources as raw materials for CNF, we explored the potential for the
development of CNF applications, by investigating fields in which the R&D capabilities of large
companies and the manufacturing prowess of SMEs can make use of CNF for technologically
advanced parts and materials.

Through the regional resource survey, the study of regional models, and the establishment of a
region-wide network, we examined the potential for widespread use of CNF in the Mie region, in the
form of mechanically processed CNF, which is suitable for producing resins, or TEMPO-oxidized
cellulose nanofiber (TOCN), which is suitable for the manufacture of advanced parts and materials.

The survey on application development focused on applications for the TOCN developed by the
Isogai Group at The University of Tokyo. TOCN can be produced by TEMPO-catalyzed oxidization
of wood-based cellulose in a high-temperature, high-pressure aqueous medium, which results in a
high yield of highly crystalline, high-aspect-ratio nanofibers with a uniform width of approximately
4 nm. It can potentially be used for high-performance films and high-technology parts and materials,
e.g., for electronic devices. In light of this, the project focused largely on TOCN.

Pulp from conifers is widely used as a raw material for CNF, but since Mie Prefecture is blessed
with a wealth of agriculture, forestry, and fisheries resources, we conducted a survey of the potential
of woody biomass such as forestry offcuts, timber from forest thinning, and bamboo; biomass from
agricultural residues such as rice straw and rice husks; grassy biomass such as bamboo grass and
Japanese pampas grass; and seaweed biomass such as brown algae, as raw materials for CNF and for
the establishment of a CNF supply chain in Mie Prefecture.
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We conducted the survey based on guidelines such as “Estimating Reserves and Quantities of
Effectively Usable Biomass” by the New Energy and Industrial Technology Development
Organization (NEDO), and on the basis of the results we estimated the potential of these resources as
raw materials for CNF.

Specifically, for different resources we evaluated reserves, usable quantity, distribution, cost, and
stability, and also made an overall assessment. To get an idea of the scale of CNF production, the
current level of production is 50 tons, but this is expected to grow to between 600 and 900 tons by
2020. For reserves and usable quantity, each type of biomass was judged to be a potential CNF raw
material if 1% of the maximum annual production of CNF from the biomass exceeded 1,000 tons.
The distribution of biomass resources was evaluated from the distribution conditions for each
municipality within Mie Prefecture, while the cost was evaluated from the results of a study on the
costs of yarding and processing the raw material, as well as other associated costs. Stability was
assessed from the viewpoint of industrial raw material use by manufacturers, in terms of variation in
quality due to season (as a natural resource) and area of production, and variation in yield.

The survey results showed that bamboo, rice straw, and Japanese pampas grass, all of which are
readily available as natural resources in Mie Prefecture, offer good biomass reserves. In terms of
usable quantity, Japanese pampas grass is particularly good. However, since these resources require
the development of a means of yarding and processing technology, they cannot be considered
superior to paper pulp in terms of cost.

On the other hand, for timber offcuts and timber from forest thinning, which are being used
increasingly for producing bioethanol, reserves are expected to remain steady, but the effectively
usable quantity is low, at just 6% of reserves. The rate for lumber waste, approximately 5%, is
similarly low. Although the potential is small in terms of quantity, the systems and technology for
yarding, processing, and use are already in place, and this represents an important cost advantage. So
in the short term these biomass resources are well suited for use in CNF production.

For seaweed resources, Mie is blessed with a long marine coastline, and seaweed is distributed over a
wide area. There is also a flourishing seaweed cultivation industry. Green algae, which is easy to
harvest, is particularly abundant, so it could be used as a resource. As a characteristic resource of the
region, it would be a desirable option. Seaweed-derived cellulose tends to have a large crystal width,
but if applications that can make use of it are developed, along with suitable industrial production
technology, seaweed has the potential to become a high value-added resource.

The survey of application development focused on high-technology parts and materials made of
TOCN. More specifically, the survey targeted the fields of thermal-insulation materials, fuel cells, air
filters, and high-performance films.

In the field of thermal insulation materials, aerogels made from TOCN were studied as a possible
substitute for the porous materials that are currently used as highly insulating materials. The results
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verified that TOCN aerogels are better insulators than current urethane foam and styrofoam products.
However, while the market for insulating materials for housing and other uses is very large, cost
competition with other materials is severe. Thus, before aerogels can be used for this kind of
industrial application, it will be necessary to reduce their cost, by simplifying the aerogel production
process.

In the field of fuel cells, we examined the application of TOCN to hydrogen permeable
membranes for high-efficiency hydrogen production systems to promote a low-carbon society. The
results showed that hydrogen permeable films do not offer a performance superior to conventional
noble metal films. However, since gas permeability has been identified as one of TOCN’s key
features, TOCN can potentially be used as a material for the development of various new
applications.

In the field of air filters, we examined the use of TOCN in high-performance filters made of fiber
assemblies such as nonwoven fabrics and yarns. The results confirmed that TOCN can be used to
produce electrospun nonwoven fabrics and filament yarns. We also discovered that it can be
combined with a substrate to make high-performance products such as high-efficiency particulate air
(HEPA) filters.

In the field of high-performance films, we examined the use of CNF for transparent films and
films for catalyst support of nanoparticles (metal oxides) and rare earth elements. We found that
CNF can potentially be used for transparent, flexible wavelength-conversion films, to serve as
catalyst supports for metal oxides in promising applications such as in vegetable factories.

As a network for collaboration between industries in Mie Prefecture, we established the Mie
Cellulose Nanofiber Council. A total of 71 organizations, both inside and outside of Mie Prefecture,
have joined the group, thereby forming a wide-area network. The group will also pursue
collaborations with universities, and with the participation of 11 institutions, a platform has been
established for industry-academia-government joint projects.

This ongoing effort to promote the implementation and commercialization of CNF in the Mie
region is set to continue.
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