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  It has been two years since April 2011, when the GSCN (which was 
originally established as a private organization in March 2000) was 
transferred under the jurisdiction of the then newly founded Japan 
Association for Chemical Innovation (JACI) and commenced its operations as 
a JACI member. Currently, the GSCN consists of 31 academic societies and 
operates with the cooperation of government entities such as the Ministry 
of Economy, Trade and Industry. As an example of the GSCN-related 
activities outside Japan, the Green Chemistry Institute (GCI), originally 
established under the auspices of the U.S. Environmental Protection Agency 
(EPA), is now pursuing its agenda mainly in the academic field as an affiliate 
of the American Chemical Society (ACS).  
   Meanwhile, in Europe the industry has taken the initiative to evolve chemistry for sustainable growth, 

with SusChem (the European Technology Platform for Sustainable Chemistry) as the basis of operation. 
Japan, however, has seen collaboration between the academic world, which is responsible for the 
sustainable development of chemistry, and the industrial world, which is in charge of making full use of 
the power of chemistry for the sustainable progress of society, since the beginning of the twenty-first 
century. They have advocated the concept of GSC (Green & Sustainable Chemistry), in which both the 
academic and industrial sectors contribute to the realization of "health and safety for the people and 
environment" through innovations in chemical technology. The GSCN was founded under the auspices of 
the JACI in order to fulfill the concept of GSC, and with so many academic societies participating it has 
grown into an institution that provides various opportunities for interdisciplinary collaboration. 
  The GSCN is engaged in diverse activities, including cooperation in JACI/GSC symposiums, the selection 
of GSC-related awardees, collaborations with member societies, education in and dissemination of GSC, 
and international collaborative efforts to sponsor GSC-related international conferences and the Asia-
Oceania Network (GSC-AON). It goes without saying that a dedicated, vigorous contribution by each and 
every one of you, our cherished partners, is essential for the continued vitality of such activities. We 
sincerely hope to have your guidance and cooperation in the new GSCN activities. 
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The 11th International Conference on Greenhouse Gas Control Technologies (GHGT-11), the largest international conference 
focusing on CCS (CO2 Capture and Storage) was held in Kyoto from November 18 to 22, 2012. During the conference, the 
participants discussed the development of CCS-constituent technologies (such as for capture and storage), the results of 
validation studies, CCS-related policies and other subjects. Throughout this period the conference consistently emphasized 
the importance of efforts to overcome difficulties facing CCS projects and the need for strong leadership by each government. 

In 12 of these sessions, presentations were made on post-
combustion capture technology. Accordingly, more than half of 
the sessions took notice of this latest but rather matured 
capture technology and examined it extensively. 
  The participants, in addressing the subject of CO2 storage, 
considered wide assortments of themes pertaining to geologic 
storage technology. They discussed various relevant issues 
such as the estimates of CO2 storage capacity, site evaluation, 
the handling of uncertainties in modeling and numeric 
simulation, pressure control (including the installation of 
production wells) and impact assessment of the marine 
environment. 
  On the policy side of the argument, the Clean Development 
Mechanism (CDM) for the CCS project was officially recognized 
in the United Nations Framework Convention on Climate 
Change (UNFCCC). Various other matters of discussion included 
modalities and procedures of CDM, the relationship between 
the carbon market and CCS, the effects of the European Union 
Emission Trading Scheme (EUETS) on CCS projects and the 
need of another future pathway to facilitate CCS projects in 
connection with the drop in the carbon price. 
The technology for CCS has become quite sophisticated in 
recent years, but in the future it will be further verified through 
demonstrations across the world. By accumulating knowledge 
and expertise in this manner, it is hoped that the technology 
will advance by leaps and bounds until it ultimately becomes 
suitable for practical application. However, the project so far 
has not received sufficient policy support to achieve this goal. 
This is why emphasis was placed over and over again 
throughout the conference on the importance of the strong 
leadership of each government as well as steady efforts to 
overcome the difficulties facing the CCS project. 

 Opening Sessions  

  The 11th International Conference on Greenhouse Gas 
Control Technologies (GHGT-11) was held in Kyoto from 
November 18 to 22, 2012. It was the largest international 
conference focusing on CCS (CO2 Capture and Storage) and 
encompassing all viable greenhouse-gas reduction 
technologies. The conference was sponsored by the 
International Energy Agency’s Greenhouse Gas R&D (IEAGHG) 
program, with the Research Institute of Innovative Technology 
for the Earth (RITE) serving as the Japanese representative. 
The participants comprised 1,293 people from 48 countries: 
346 from Japan, 172 from the United States, 118 from Norway, 
97 from the United Kingdom, 72 from Australia, 61 from China, 
60 from South Korea, and 57 from Canada, respectively, in the 
order of delegation size. 
  Given the theme of "CCS: Ready to Move Forward," the 
conference pushed the envelope even further in comparison 
to the previous theme, “From Research to Reality.” The 
significance of CCS as a technology to mitigate climate change 
was first pointed out at the Toyako G8 Summit in 2008, which 
in turn led to the governments making a commitment to 
promote the CCS project. However, due to the 2008 financial 
crisis and the ensuing currency crisis in Europe, the price for 
emissions trading plummeted below 10 euros. Amid such 
circumstances, the CCS project has not proceeded as 
scheduled. Thus it is crucial to send out this message: “The 
time is ripe for CCS. Let’s get moving!” 
  The research results were introduced to the conference 
participants through approximately 300 oral presentations and 
600 posters. The oral-presentation section was divided into 77 
sessions, of which 21 concerned capture technology and 23 
concerned storage technology, including other storage options. 
These two fields therefore comprised more than half of all the 
sessions. Only five sessions addressed policy-related matters 
(including CCS policies, regulatory legislation and social 
acceptance). Another five sessions were assigned in order to 
discuss validation studies, and in one of those sessions the 
Japanese delegates introduced “Large-Scale Validation Study 
in Tomakomai” in regard to the topic of storage.  
  The sessions on the subject of CO2 capture were classified 
according to the following three technologies: post-
combustion capture, pre-combustion capture, and oxygen 
combustion. 



Recovery of Resources in Water and Purification of Solid Surface with Fine Bubble Technology 
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Efforts are being made to develop technologies for the treatment and recovery of useful resources from wastewater, taking advantage of the 
unique properties of fine bubbles. For example, such technologies are being successfully employed to enhance the performance of aerobic 
activated sludge treatment processes, to recover metallic particles and emulsions suspended in wastewater, and to collect polyphenols 
dissolved in natural plant oil extracts. Moreover, water containing ultrafine bubbles has been shown to promote the separation and washing 
of inorganic substances adhered to solid surfaces. This manuscript therefore introduces the basis and applications of fine bubble technology. 
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Figure 1. Behavior of fine bubbles 

Microbubbles, as opposed to ordinary bubbles, possess a significantly 
lower flotation rate, larger specific surface area, and higher dissolution 
rate. Ultrafine bubbles are derived from microbubbles and remain in the 
water for several months. 

Fine Bubble Mediated Recovery of Useful Resources from Aqueous Phases 
Industrial effluent contains components that should not be released into the 
environment, but in the majority of cases it also contains useful materials 
such as rare metals. For that reason, attention has been drawn to the 
flotation separation technology that uses fine bubbles. In order to condense 
suspended particles or solutes in water with fine bubbles and salvage them 
at the water's surface, the following minimum requirements must be met: 
(1) Adjust the condition so that either electrical attraction or hydrophobic 
affinity is generated between the fine bubbles and the materials to be 
recovered so as to facilitate absorption. 
(2) Absorption occurs on the surface of each bubble. Under the same 
underwater gas volume, therefore, the larger the specific surface area (i.e. 
smaller the diameter) of the fine bubble is, the higher the absorption will be 
promoted. 
(3) To prevent the separation of the absorbed recovered materials due to 
the shear stress caused from the flotation of the fine bubbles, and to 
prevent the precipitation of the fine bubbles completely covered with the 
recovered materials, optimize the flotation rate by adjusting the buoyancy 
(volume). In other words, microbubbles are more suitable for flotation 
separation than ultrafine bubbles. 
There have been reports of successful attempts at the fine bubble mediated 
flotation separation of suspended carbon and ferric oxide microparticles, 
edible oils in the water phase and dissolved hydrophobic polyphenols in the 
water phase. 
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Figure 2. Microbubble-Mediated Flotation Separation 

Fundamentals of Fine Bubble Technology 
Microbubbles and ultrafine bubbles are collectively called fine bubbles. 
Generally, microbubbles measure 1 to 60 μm in diameter, whereas 
ultrafine bubbles have a diameter of 1 μm or smaller (the mode diameter 
is 120μm) and were ever called "nano bubbles." The latter, being smaller 
than the diffraction limit of visible light, cannot be observed 
macroscopically. 
 

Fine Bubble Washing 
Ultrafine bubbles are already being applied on a trial basis to washing 
various environments and articles, including restrooms at expressway 
service areas, bridge structures prone to salt adhesion, and processed 
resin products. Water containing ultrafine bubbles is highly permeable to 
the interface between a solid surface and the adhered substance, so it 
facilitates more separation than does water containing no ultrafine 
bubbles. 
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Figure 3. UFB Washing of Adhered Substances 
International Standardization and Certification of the Fine Bubble 
Technology 
The fine bubble technology originated in Japan. To nurture and 
cultivate a healthy industry and market with this technology, a 
certification system will be necessary. Currently, the Fine Bubble 
Industries Association (FBIA) and the National Institute of Advanced 
Industrial Science and Technology (AIST) are endeavoring to obtain an 
ISO certificate in cooperation with the Ministry of Economy, Trade and 
Industry. If you are interested in our activities, please see 
http://www.fbia.or.jp. 

http://www.fbia.or.jp/

