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Study of improving and recyeling of biomass by Soft-Hydrothermal-Process
Abstract

Recently, considerable effort has been directed to establishing a sustainable society that utilizes waste recycling,
and a zero-emission non-CO2 gas production system. [n order to establish a sustainable society, with practical
material recycling, it is appropriate to focus on the character and application of Soft-Hydrothermal-Process.

The use of biomass is expected to spread as an energy resource to contribute to reduce the greenhouse gas
emission because biomass does not increase the amount of carbon dioxide generated in the energy-using process.
And biomass is also expected to be valuable resources for products, chemicals, food and feedstock.

Biomass is generally defined as “a large volume of material originated from plants to be renewable and biomass is
evenly distributed in the world”.

As Japan is a nation poor in resource, it imports about 80% of the total energy supply. In accordance with the
agreement of COP3 (Third Conference of Parties to the U.N. Framework Convention on Climate Change) held in
Dec. 1997, Japan has committed internationally to reduce greenhouse gas emission such as carbon dioxide, etc. by
6% of the 1990 level from 2008 to 2012.

Under such Circumstances, “Special Measures to Promote the Use of New Energy” was established in 1997 to
positively introduce and promote the use of new energy from the viewpoints of stable securing energy and dealing
with environmental problems, and in Jan. 2001 “biomass” was added as a new energy source.

The Biomass Nippon Strategy was decided by the Japanese government at a cabinet meeting held in December,
2002. It is Japan's {irst national strategy to utilize biomass as a valuable resource, and is comprehensive because it
takes on viewpoints of the varied areas of technology, social and economic systems. This means that Japan has
declared its decision to stop the devastation of resources. There are four basic reasons for adoption this strategy:
Climate change prevention; Development of a recycling-oriented society; Incubation of new industries; and the
activation of rural areas. Three types of goals have been set (technical, regional and national) with specific action
plans for production, collection and transportation, cotiversion technologies, and stimulation of demand for energy
or material uses. Through cooperation between several ministries, the implementation of the Strategy has been
going on for the past one year, however there remain many challenges to be tackled including the high costs of
using biomass and stimulating the demand for biomass products. Despite these hurdles, however, the utilization of
biomass will continue to be an important policy issued in Japan.

The technologies for biomass utilization are grouped in two major areas: one is for energy and the other is for
products.

Recently, certain technologies, to which the manufacture of raw materials for functional foods or chemical
products from fishery waste or inedible portions of farming crops can be expected to emerge. For example,
technologies of the extraction of DHA, EPA, y-amino butyric acid, and dietary fiber, which are used as raw



materials for functional foods; chitosan, which is produced from crustaceans and used as raw material for
anti-bacterial fiber, collagen, which is used as raw material for cosmetics; all have been turned to actual use.
Development for the purposes of production of various substances, which can be utilized as raw materials
equipped by diverse range of functionality in order to produce new medicines or materials that is already
advanced. Thus, is far from the stage of verification, or is in the course of basic research.

Thus, a technology for disposal and recycling of waste biomass and unused biomass is desired.
Soft-Hydrothermal-Process could be useful to accomplish this purpose. And Soft-Hydrothermal-Process is one of
the advanced technologies for biomass and wastes, which have high moisture content, because it does not require
a drying process.

Soft-Hydrothermal-Process is a high-enthalpy, low-density water vapor process, which has no coexisting liquids
and, therefore, is removed from the boiling-point depth. relationship -- i.e. below saturated vapor pressure, but
relatively high pressure. And Soft-Hydrothermal-Process has petential for promoting organic reactions, such as
“selective separation” and “extraction” at ‘so-called’ soft hydrothermal conditions which can utilize the rejection
heat. )

But Soft-Hydrothermal-Process has been studied never, so a few is known about Soft-Hydrothermal-Process.

The objective of this study is to clarify the mechanism of “drying” and “extraction” in Soft-Hydrothermal-Process.
Furthermore, improving and recycling waste biomass and unused biomass under Soft-Hydrothermal-Process was
investigated. Laboratory animal bedding was chosen as a test material to represent refractory waste biomass.
Harmful organic components were extracted from ordinary wood-chip bedding by Soft-Hydrothermal process,
and the treated beddings were possible to use for maintaining of mice. On the other hand, Soft-Hydrothermal
process decomposed and eliminated harmful organic components, excrement and ammontia from used wood-chip
bedding. As a result, 85% of used beddings were possible to recycle. We also report the results of raising
examination of mice using Soft-Hydrothermal process treated beddings. And micro-environment of room and
cage was improved using wood-chip beddings treated by Soft-Hydrothermal process.

In Chapter 1, first of all, I have described the current status of biomass utilization in Japan, and the problem of
global warming, which is one of the most critical environmental issues. So, biomass can be utilized as energy and
as a basis for products, in the same way as fossil fuels, thus covering a wide range of applications across the entire
range of daily human life. Consequently, the technology used for converting biomass into products, it is expected
to put into practice the diversification of the products obtained through conversion, as well as endowing them with
high added value. Besides, properties of Soft-Hydrothermal -Process with respect to drying and extraction have
been discussed. Soft-Hydrothermal —Process technology could be useful to accomplish this purpose. Based on
these descriptions, the aim and research method of this study have been presented.

In Chapter 2, in order to clarify mechanisms of drying and extract reaction of water for
Soft-Hydrothermal-process, we examined drying characteristics by flow type reactor and exiraction characteristics
by batch type autoclave. Wood-chips, which are representative biomass material, were used in drying experiments.
And several model organic compounds, which are derived from biomass, were used in extraction experiments.
We can see from drying experiments that drying rate was increased at the increase of vapor density. It was
suggested that monomolecular H2O of vapor phase draw out “bound water” from wood-substance due to
monomolecular H20 weaken hydrogen bound of “bound water” and wood-substance, and then bind newly
hydrogen bound with  “bound water” . Besides, we can see from exiraction experiments that the possibility of
the selective extraction by controlling of reaction conditions, such as reaction time, pressure, and temperature of
Soft-Hydrothermal-Process was investigated.

In Chapter 3, based on research above, we developed Soft-Hydrothermal-Process apparatus for improving and
recycling the biomass. And we elucidated drying and extraction properties of the apparatus. On the base of
experimental results, we proposed an optimum process to obtaining useful resources from the biomass by
Soft-Hydrothermal-Process apparatus.

In Chapter 4, the feasibility of improving and recycling of waste biomass and unused biomass in
Soft-Hydrothermal-Process was investigated by the apparatus as discussed in Chapter 3. Laboratory animal
beddings were chosen as a test material to represent refractory waste biomass. Beddings for laboratory animals in
their cages are an environmental factor that can influence on experimental data and well-being of animal, and
contain volatile and harmful components, such as terpenes and aromatic compounds. In addition, a large amount
of waste disposal beddings containing excrements are produced as an industrial waste from animal facilities of life



science institutes or breeding companies. Harmful organic components were extracted from ordinary wood-chip
bedding by Soft-Hydrothermal-Process and were decomposed and eliminated harmful organic components,
excrement and ammonia from waste disposal bedding by this process. Moreover, Soft-Hydrothermal-Process may
improve harmful component-rich ordinary bedding and make waste disposal beddings possible to recycle for
maintaining laboratory animals.

In Chapter 5, based on conclusions resulted from Chapter 4, we conducted raising examination of mice using this
Soft-Hydrothermal process for treatment of beddings at the Tohoku University, Graduate School of Medicine,
Institute for Animal Experimentation. Firstly, we evaluated the influence of Soft-Hydrothermal process on
treatment of beddings by raise of mice. These examinations led to some conclusions as follows: (1) No significant
differences existed in body weight (g) versus age of ICR mice, which were tested between ordinary bedding and
Soft-Hydrothermal-Process treated beddings. (2) Similar results were found in data obtained at “Litter size of one
female” and “Offspring weaned from female”. The results indicated that there were not different influences,
harmful effect and/or adverse effect to use Soft-Hydrothermal-Process treated beddings. And 85% of waste
disposal bedding was possible to recycle as bedding. In other words, the Soft-Hydrothermal-Process treated
bedding is utilized as ordinary bedding. Secondly, raising experiments of mice using Soft-iHydrothermal process
treated beddings were carried out, and airborne dust particles and ammonia concentration were measured in an
animal room and above mice cages. It was indicated that micro-environment of room and cages were improved
using wood-chip bedding, which was treated by Soft-Hydrothermal process. Thus, Soft-Hydrothermal-Process
treated beddings were not only to reuse again, but also their quality as bedding was improved distinctly.

In Chapter 6, the conclusions based on experiment data and results of discussions were presented. Our study

clearly demonstrates that Soft-Hydrothermal-Process is a promising method for improving and recycling of
biomass.
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