
Organization of R/D Initiative: Jun Matsushita, Professor and Chief Researcher 
Saburo Matsui (Prof. Emeritus of Kyoto Univ.), Norio Sugiura (Prof. of MJIIT), Masahiro Murakami and Seigo Nasu 
(Kochi University of Technology), Tomonao Miyashiro and Akihiko Nunomura  (Prof. of R/D Initiative, Chuo Univ.) 
Masao Utsumi (Associate Prof. of University of Tsukuba), Naoko Nakagawa (Associate Prof. of Rikkyo Univ.) 

Medical compounds 
(Anti-aging Material, etc..)

Functional Food& Oil, 
FineChemical

Functional 
Compounds

Functional Organic Resources
Material Recycling (Functional Compost)

Thermal Recycling (High Methane Ferment.)

Ordinary Organic Resources
(Feed, Compostetc.)

SCW Reactor: 
Processing by Pressurized 
Saturated Steam

Palm Oil Mill Residue
Oil-accompanied Water
Coffee/Tea Residue 

SCW Processing

Costԇ$30/batch

(2 m3 Vessel)

Various Kinds of Biomass

Extraction

Super Hydrolysis

1. Eco-oriented Business Model based on SCW Technology  

Multiple Biowaste Recycling
linked with Organic Farming

Biowaste

R/D & Entrepreneurship

2. Scope for Application  
    of SCW Technology    

1. Principle of SCW Technology    
Critical Water Reaction 

  It is known that water wields the  
    excellently strong degradation  
    power under the critical water  
    conditions with the properties of  
    both liquid and vapor. 
 However, practical use is difficult, 
   since platinum-made reactors are  
   needed to contain the power. 

Subcritical Water Reaction 
  Under the subcritical water  
    conditions, stainless steel-made  
    reactors of batch system could be  
    fully available.   
  In case of the physico-chemical  
    hydrolysis processing of biomass,  
    the in-tank temp. and atmospheric  
    pressure is as high as 100-200ϴ  
    and 1-2 MPa, respectively. 

3 Principle of SCW Technology
Hot Water Extraction to Super-hydrolysis Processing  

100 200 300 400 500

5

10

15

20

25

30

35

In
-R

e
a

c
to

r 
P

re
s
s
u

re
(M

P
a)

In-Reactor Temperature (C)
0

Critical Water
Conditions

(374 C, 22.4 MPa)

The SCW Technologyis:
ǿƻǊƪŀōƭŜ ŦƻǊ ŜŦŦŜŎǘƛǾŜ ΨIƻǘ ²ŀǘŜǊ 9ȄǘǊŀŎǘƛƻƴΩ ǘƻ Ψ{ǳǇŜǊ-ƘȅŘǊƻƭȅǎƛǎ tǊƻŎŜǎǎƛƴƎΩ
applicable to dissolving various organic wastes into  lower molecule compound,   
nutritious to good bacteria as such methane bacteria, actinomycetousgrope. etc.       

Hot Water 
Extraction

Saturated Steam Pressure Curve

Cha coal Extraction

Oil Extraction

Gasification

Physico-chemical  
Hydrolysis Processing

Structure of Eco-Business Model 
  The SCW Tech. is quite functional in  
    prompt processing of various kinds of  
    biomass and transforming them into  
    useful organic compounds. 
 In accordance with the value of the  
   compounds, the eco-business model  
   is classified into two gropes as shown  
   in the figure (right). 

Lower Structure/Upper Structure   
 The lower structure falls on the  
   conventional material/thermal recycle  
   system for various kinds of biowaste.  
 We are aiming at R/D on the system 
   integration of the production/sales of 
 functional compounds, e.g. probiotic pesticide-free compost, linked to value-added organic farming. 
The upper structure falls on the eco-business frontier to utilize biowaste/biomass through effective 

  extraction of highly-valued functional compounds effectively and speedily by the SCW Tech. 

Subcritical Water Conditions 
(100-373ϴ 0.1-22.3 MPa) 

http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Japan.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Malaysia.svg


Basic Merits of the SCW Processing: 
(1) No Incineration Process, therefore No Harmful Gas Emission from the Plant  
(2) Complete Disinfection of Bad Bacteria and Viruses in the Biowaste 
(3) Degradation of Biowaste into Lower Molecule and Valuable Organic Compounds 

2. International Patent 
 Patent HolderG8 International Trading Ltd. g8inter.co.jp/index.php?   
 

Capacity of the Reactor: 2-10 m3/Unit (Stainless steel made) 

Plant Size W 7.55m D 2.0m H 3.7m 2 m3 type  Weight 8,000Kg  2 m3 type  

1. Innovative Subcritical Water Reactor Capacity: 2-10 m3  

Patent Issue Ccountry Invention Patent No. Date of Issue

Japan No.4864884 November 18, 2011

China No.ZL200580049929.2 May 12, 2010

Hongkong No.1115836 September 24, 2010

The United States No.8512573 August 20, 2013

South Korea No.10-1313438 September 24, 2013

Malaysia No.PI20072112 June 13, 2014

Application Country Number Aassigned to the Application Date of Application

India No.4602/KOLNP/2007 November 28, 2007

Europe No.EP05743794.9 December 19, 2007

Patent Issue Country 

Capacity of the SCW Reactor: 2-10 m3/Unit (made of stainless steel, 30 mm thick) 
Plant Size: (W) 7.55 m (D) 2.0 m (H) 3.7 m, Weight: 8,000 kg, each for 2 m3 type 

Boiler 

Reactor 
(Batch System) 

Outlet 

Inlet 

Agitator 

Automated  
Controller Panel 

Picture: SCW Reactor of 2 m3 Type 

Full-scale SubCritical Water Reactor 
 (Multiple Recycle Machine (MRM))   



Multiple Biowaste Recycle System Model linked with Value-added Agricultural Production  

1. Biowaste Processing by SCW Tech. (MRM Multiple Recycle Machine) 

2. Creation of Multiple Biowaste    
    Recycle System (MBRS) Model  

Reference: Matsushita J, Miyashiro T. et al. (2014): Technical and Socio-economic Aspects of Multiple Biowaste Recycling linked with 
Value-added Organic Agricultural Production, Paper for IWA AGRO 2014 International Conference, Kochi, JAPAN 

Fehong Ltd. , Yielan, Taiwan Win Galore Ltd., Jiangsu, China) 

Supremacy in Biowaste Processing 
 The SCW reactor is quite simplified, composed  
   of only the pressurized tank and the boiler. It  
   is because it has no incineration process at all.  
 It is applicable to wide-range of biomass/ 
   biowaste as shown in the Figure (left). 
 Operation time is only 10-60 min a batch. 
 Therefore, both initial and running cost is  
   greatly small, if compared to the incineration. 

Merits of the Processed Compounds 
  The physico-chemical processing by SCW  
    Tech. is functional enough in killing vicious  
    bacteria/virus and in dissolving of hazardous  
    materials, such as dioxin and PCB.   
 It degrades biowaste into smaller useful  
   molecule compounds. (proteinҦamino acid, 
   lipidҦlower grade lipid acid, celluloseҦsugar)  
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Ground Zero: Creation of Multiple 
Biowaste Recycle System

Raw Garbage (Separation)

Necessity of MBRS Model Creation 
 One-way system widely adopted so far in our  
   our society could no longer be sustainable.   
 Resources become sharply limited in the world, 
   whole population explodes fast so as to  
   destabilize our civilized society. 
 We should act to establish the multiple biowaste 
   recycle system as shown in the Figure (right). 

Commercialized Models in Asia 
 The pictures below introduce the precedent     
   ƳƻŘŜƭǎ ƛƴ ¢ŀƛǿŀƴ ŀƴŘ /ƘƛƴŀΦ tŜƻǇƭŜΩǎ ŎƻƴŎŜǊƴ ǘƻ 
   food safety drives those projects forward.   
     

Hopper (Inlet)

SCW Technologyapplicable to Multiple Biowaste Recycle Link

Operational Conditions of 
Subcritical Water Reactor

(Batch System)

Input of Saturated Steam (by Boiler)
In-vessel Temperature: 100-200 C
In-vessel Atmospheric Pressure:

1 2Mpa
Reaction Time: 10 min. 60 min.
Agitation for Homogeneous Reaction

Merits of Final Products
Value-added Lower-molecule Biomass 
Easy Handling (Moisture Rate<20%)
No Bacteria, Antibiotics, Dioxin free
Small Energy Consumption, Lower Cost

M
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Reactor: 2-10 m3

Plastic-mixed Waste

Multiple Recycle Machine
Super Hydrolysis Reaction
Productionof Functional &
Useful Biomass 
(such as Probiotic Compost) Fish-bone-mixed Waste

Applicability to Various Kinds of Biowaste
Domestic Waste (Raw Garbage), Sewage Sludge
Food Residue, Fish Residue, Animal Excreta 
WoodChips,Plastics, Medical Waste, Oil Residue
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Objectives of Okhotsk Project in Hokkaido, JAPAN 
Promotion of Deliciousness plus Safety and Healthiness of Food 
Uplifting of Self-sufficiency in Local Animal Husbandry and Vitalization of Forestry  

                                                           Coordinator: Ace Clean Ltd.,  www.eco-bwts.jp/MRM.html 

1. Current trend of Feed Market and Issues   

2. Merits of SCW Tech. Application  

Broadleaf Tree Forest 
In Okhotsk Region 

3. Our Challenge toward Next Stage  

Ill-Maintained 
Bamboo Forest  

Oxen Feed Production Model from Broadleaf Trees 

Scarcity of Coarse Feed for Oxen in the Region 
 An ox is a domestic animal which needs coarse feed such as rice  
   straws. However, local production of coarse feed becomes shrunk. 
 It is worried that imported coarse feed might be polluted by harmful 
   ŎƘŜƳƛŎŀƭǎ ǎǳŎƘ ŀǎ ƘŜǊōƛŎƛŘŜΦ wŜŎŜƴǘ ŘŜǾŀƭǳŀǘƛƻƴ ƻŦ WtbΩǎ ŎǳǊǊŜƴŎȅ  
   is hitting the financial situations of local animal husbandry. 

Application of SCW Tech. to Woody Coarse Feed Production  
 It is verified by our pilot plant test that broadleaf wood chips can be 
   speedily converted into coarse feed suitable for oxen. 
 We are aiming at commercialization to meet the market price. 

Production of Coarse Feed for Oxen by the SCW Tech. 
 Stable supply of wood chips form local broadleaf trees can be easily  
   realized in the region. 
 Lignin in the chips is dissolved and the remaining cellulose, some  
   60% in the weight, is converted into softened fibers and sugars. 
 The test feeding by veterinaries reveals tentatively that those  
   softened fibers and sugars are good nutrients enough to stimulate  
   appetite of the black hair oxen and foster them in a good manner 

Utilization of Really Valuable Bamboo Resources in Japan 
 .ŀƳōƻƻ Ƙŀǎ ōŜŜƴ ŀ ŘƛǎǇŜƴǎŀōƭŜ ǊŜǎƻǳǊŎŜǎ ǘƻ ǎǳǇǇƻǊǘ WŀǇŀƴΩǎ ǘǊŀŘƛǘƛƻƴŀƭ  
   ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǇŜƻǇƭŜΩǎ ƭƛŦŜ ǎǘȅƭŜ ǎƻ ŦŀǊΦ 
 However, the bamboo materials are replaced widely by plastics and metals. 
   Thus, bamboo forest become ill maintained everywhere nation wide. 
 We are aiming at further application of SCW Tech. processing to utilize  
   those bamboo resources for additional oxen feed or probiotic compounds. 
    

Outline of Feeding Test 
Test Period: 2014. 08 2015.07 
Comparative Test: 

  12 Oxen for Processed Feed 
  5 Oxen for Ordinary Feed 
Testing Items: 

  Healthiness in Their Fatting 
  Indexes by Blood Compounds 
  Cost/Benefit Analysis 
 (Comprehensive Evaluation) 

Processed Feed 
from Wood Chips 

(Conditions) 
180ϴ@1.2 Mpa 

15 min. 

Feeding Test to Black Hair Oxen 



1. Promotion of Methane FermentationSuper Hydrolysis Effect 

2. Application to Shrimp Cultivation 

3. Another Potentials of SCW Tech. Application 

SCW Processing Experiment to Extract 
Nutrients from Fish Residues 

Potential of SCW Tech. for Recycle-oriented Business Model Expansion 

Increase of Biogas Generation by SCW Tech. 
 Biogas power generation contributes to uplifting  
   self-sustenance in energy of our country. 
 A technical means is desired to increase biogas  
   generation for utilization of animal excreta and  
   sewage sludge, of which potential is not enough  
   bigger. 
 It is clarified by our 
   experiment that   
   biogas generation 
   potential becomes  
   as much as 50%  
   uplifted in case of the 
   SCW processing of  
   sewage sludge.    

Fish Meal Production by SCW Tech. 
 Fish meal could be produced by the SCW Tech.     
   from fish residues. Therefore, uplifting of self- 
   sustenance in fishery become possible combined  
   with probiotic technic to manage in-pond water  
   quality in an appropriate manner. 

Left: A bettered system model is highly needed to solve growing domestic garbage problems in Asia.  
Right: Uplifting of agricultural productivity might be expected with application of the SCW Tech. 

SCW Processing of  
  Plastics-mixed Biowaste 
    in the Metropolis 

How It Works to Solve 
     Growing Garbage Wars. 

Experiment in Shanghai Aqua Cultivation Test 


