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Strategic International Collaborative Research Program (SICORP)
EIG CONCERT-Japan Joint Research Program
Executive Summary of Final Report

1. Project title : TRemoval of obstacles in widespread application of membrane technology:
toward smart water management in future cities |
2. Research period : April 2020 ~ September 2023
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Katsuki Kimura Professor | Hokkaido University | Fouling caused
by
biopolymers,
control of
fouling in
MBRs
Collaborator | Akira Hafuka Assistant | Hokkaido University | Fouling caused
professor by biopolymers
Collaborator | Takayuki Kakuda | PhD Hokkaido University | Control of
student fouling in
MBRs
Total number of participants throughout the research period: 3
Partner-side
Name Title Affiliation Role in the
research
project
Pl Andrea lIris Professor | Karlsruhe Institute of | Removal of
Schéfer Technology micro-organic
pollutants by
functionalized
membranes
Co-PI Benoit Teychene | Associate | University of Poitiers | Computation
Professor for design of
novel
membranes,
prediction of
MBR fouling
Co-PI Ismail Koyuncu Professor | Istanbul Technical Fabrication of
University novel
membranes
Collaborator Hanya Lin PhD Karlsruhe Institute of | Removal of
student Technology micro-organic
pollutants by
functionalized
membranes
Collaborator Borte Kose Mutlu | Assistant | Istanbul Technical Fabrication of
Professor | University novel
membranes
Total number of participants throughout the research period: 5
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4. Summary of the international joint research

Application of membrane technology, which has been believed to be promising, is still
hindered by various problems. This joint research was planned to address those problems
by bring together the unique knowledge that each research group in this project had
obtained. Materials and methods were shared by the research groups to generalize the
knowledge in this study. Also, fabrication of novel membranes was attempted. We could
demonstrate that biopolymers in water were important in evolution of membrane fouling on
the basis of the test using samples collected from different countries, and could show that a
tool developed by the French group successfully predicted TMP jumps in a pilot-scale MBR
in Japan. Also, the newly fabricated membranes exhibited excellent performances in terms
of rejection of organic micro-pollutants and control of fouling in MBRs. Active mutual
communications among the research groups and organization of the final workshop
certainly strengthened the research network.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

Widespread application of membrane technology to water/wastewater treatment is
mainly hindered by deterioration of membrane permeability (membrane fouling). The
Japanese group in this project has identified biopolymers as key players in evolution of
membrane fouling, and demonstrated that fouling potentials of biopolymers were
significantly high. This knowledge is, however, obtained on the basis of analysis of samples
collected in Japan. In this study, it was demonstrated that fouling potentials of biopolymers
collected from European samples were also high. Thus, it could be generalized that
biopolymers were key players in evolution of membrane fouling.

In MBRs, occurrence of sudden increases in TMP (TMP jumps) makes the operation and
maintenance of MBRs difficult. The French group had developed a tool that could predict
TMP jumps in MBRs. However, examples of the application of the tool were limited. In this
project, intensive datasets obtained with a pilot-scale MBR, which was operated by the
Japanese group, were used with the tool to improve the prediction performance. Accuracy of
the tool could be substantially improved.

Membrane processes can remove a wide range of impurities, but express difficulties in
rejection of organic micro-pollutants with molecular weights of <300 Da. To overcome this
problem, the German group invented a novel membrane functionalized with nano-materials.
For the design of the novel membrane, the knowledge and techniques of the Turkish group
were utilized. The French group also contributed to design and selection of the
nano-materials. The novel membrane exhibited excellent removal of steroid hormones.

The Turkish group had developed an anti-fouling membrane for MBRs, which had
BisBAL chelates on the membrane surface. The anti-fouling membrane exhibited excellent
control of fouling in the MBRs installed at an existing WWTP in Japan, demonstrating the
wide applicability of the anti-fouling membrane. Detailed analysis of the fouling by the
Japanese group revealed that the control of the fouling was associated with reduction of
polysaccharides in the fouling layer.

5-2 Synergistic effects of the joint research

By sharing samples and methods among multiple laboratories, it became possible to
demonstrate that the outcomes originally produced from each laboratory had significant
generalities. This cannot be achieved by activities of a single laboratory. Activities facilitated
by the joint research improved the quality of investigation and expanded research interests
in each group.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The outputs of the joint research could demonstrate that the unique knowledge obtained
by each group had significant generalities and applicability. Mutual compensation of
research area among the research groups could generate high-quality outputs. Outputs
from this joint project can be readily and widely in the related industry, which eventually
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contributes to achievement of SDGs. Implementation of this project certainly enhanced the
mutual understanding among the groups. This would lead to design of a new joint project at
a higher level, and to formation of a larger research consortium.
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