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Strategic International Collaborative Research Program (SICORP)
Japan—China Joint Research Program
Executive Summary of Final Report

1. Project title : lInnovative wastewater treatment technology coupling with efficient
energy recovery based on integrated membrane system |
2. Research period : Aug. 2016 ~ Mar. 2019
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Katsuki Kimura | Professor Hokkaido Project leader
University
Collaborator | So Komie Graduate Hokkaido Operation of
Student University AnMBR
Collaborator | Hiroki Uchida | Graduate Hokkaido Development of
Student University new cleaning
methods
Collaborator | Yuki Undergraduate | Hokkaido Operation of
Yonezawa Student University AnMBR

Total number of participants throughout the research period: 7

China-side
Name Title Affiliation Role in the
research
project
Pl Xia Huang Professor School of Project Leader
Environment,
Tsinghua University
Co-PI Yuansong Wei | Professor | Research Center for Co-Project
Eco-Environmental leader
Sciences, Chinese
Academy of Sciences
Co-PI Futai Chen Senior GO HIGHER Co-Project
Engineer Environment Co., Leader
LTD
Collaborator Ziwei Liu PhD School of Scientific
Candidate Environment, Researcher
Tsinghua University
Collaborator Hui Xu PhD School of Scientific
Candidate Environment, Researcher
Tsinghua University
Collaborator Shuo Zhang PhD School of Scientific
Candidate Environment, Researcher
Tsinghua University
Total number of participants throughout the research period: 16

4. Summary of the international joint research

Municipal wastewater contains a large amount of organic matter, and has large potential
as a new source of energy generation. However, low concentration of organic matter in
wastewater has prevented direct energy recovery from being practiced. Anaerobic
membrane bioreactor (AnMBR) that combines anaerobic treatment and membrane
separation has a possibility to solve the above-mentioned problem, but severe decline in
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membrane permeability (membrane fouling) becomes a major obstacle to practical
application. In this collaborative study, we tried to establish effective membrane cleaning
methods and operating conditions for AnMBRs, which enable us to address the problems
associated with membrane fouling, based on detailed understanding of mixed liquor
suspensions in the reactor and fouled membranes. We applied advanced analytical methods
developed by both research groups. Continuous operations of AnMBRs treating real
municipal wastewater were carried out by both research groups. Novel polymeric hollow-fiber
membranes were used by the Chinese group, whereas flat-sheet ceramic membranes were
used by the Japanese group. This study was aimed to demonstrate the feasibility of AnMBR
for municipal wastewater treatment, leading to transformation of wastewater treatment
plants: large energy consumption points can become local energy production bases, which
contributes greatly to the construction of a sustainable society.

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

The Chinese side using organic hollow fiber membranes found that sparging with
circulated methane gas was effective for control of membrane fouling, and its effectiveness
was confirmed in the pilot-scale test treating real municipal wastewater. In the pilot-scale test,
anaerobic MBR exhibited ample removal of organic matter even at low water temperature.
The Japanese side adopted ceramic flat-sheet membranes and investigated the effect of
mechanical scouring with granular carriers for control of membrane fouling, which can be
carried out with low energy consumption as compared with biogas circulation. This cleaning
method, which can be used only with ceramic flat-sheet membranes, was found to be highly
effective for control of membrane fouling in AnMBRs. It was demonstrated that treatment of
municipal wastewater using AnMBR can achieve advanced treatment and energy recovery
at the same time.

5-2 Synergistic effects of the joint research

Principle investigators of both research group serve as managing committees in a
specialist group of an international organization, and related international conference was
utilized for meeting for this project. Also, joint workshops held at both sides worked effectively
for mutual understanding of research progress. We shared the results obtained by both sides
and exchanged opinions for subsequent experiments, leading to identification of distinctive
research topics. The effectiveness of AnMBR was demonstrated in the series of experiments
using real Chinese and Japanese wastewater with different characteristics. Thus, the results
obtained by this research are thought to apply to a wide range of wastewater.

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

Anaerobic MBRs have been used only for industrial wastewater with high-loading and
high-temperature. In this study, in contrast, we tried to use AnMBRs for treatment of municipal
wastewater with low loading and low temperature wastewater. Severe membrane fouling was
likely to occur, and therefore needed to be effectively controlled. It was confirmed that mixed
liquor suspension established in an AnMBR was difficult to be filtered. However, we
demonstrated that membrane fouling in AnNMBRs treating municipal wastewater could be
controlled with low energy consumption. Anaerobic MBRs is regarded as a promising option
for municipal wastewater treatment, which can achieve advanced treatment and energy
production at the same time. This research can be an important step for re-definition of
municipal wastewater treatment plants as energy recovery and energy production bases in
cities.
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1. Y. Gao, Z. Fang, P. Liang, X. Zhang, Y. Qiu, K. Kimura, X. Huang, Anaerobic digestion
performance of concentrated municipal sewage by forward osmosis membrane: Focus on
the impact of salt and ammonia nitrogen, Bioresource Technology., 2019, 276, 204-210
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1. K. Kimura, H. Uchida, Intensive membrane cleaning for MBRs equipped with flat-
sheet ceramic membranes: Controlling negative effects of chemical reagents used for
membrane cleaning, Water Research., 2019, 150, 21-28
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