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Strategic International Collaborative Research Program (SICORP)
Japan-Thailand-Philippines-Indonesia Joint Research Program
Executive Summary of Final Report

1. Project title : [Development of Algal Bioenergy Systems for Green and Sustainable
ASEAN Region |
2. Research period : April 2019 ~ March 2023

3. Main participants :
Japan-side
Name Title Affiliation Role in the research
project
Pl Armando T. | Professor Kumamoto Microwave/Supercritical
Quitain University Fluid Technology
Development
Co-PI Tetsuya Professor Kumamoto Catalyst development
Kida University
Collaborator | Mitsuru Associate | Kumamoto Supercritical fluid
Sasaki Professor University technology
development

Total number of participants throughout the research period:

34 (including students)

Thai-side
Name Title Affiliation Role in the research
project
Pl Suttichai Professor | Chulalongkorn | Biomass Conversion
Assabumrungrat University Development
(Ultrasound, etc.)
Co-PI Worapon Associate | Silpakorn Biodiesel production
Kiatkittipong Professor | University technology
development
Co-PI Artiwan Professor | Chulalongkorn | Biomass conversion
Shotipruk University to biochemicals

Total number of participants throughout the research period:

10 (including students)

Indonesia-side

Name Title Affiliation Role in the research
project
Pl Siti Zullaikah Associate | Institut Biomass conversion
Professor | Teknologi technology
Sepuluh development
Nopember (hydrothermal, etc.)
(ITS)
Collaborator Mahfud Professor | Institut Biomass conversion
Teknologi technology
Sepuluh development
Nopember
(TS),

Total number of participants throughout the research period:

16 (including students)
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Philippine-side
Name Title Affiliation Role in the research
project
Pl Raymond TAN Professor | De La Salle Process systems
University engineering and
analysis
Co-PI Kathleen AVISO | Professor | De La Salle Process systems
University engineering and
analysis
Co-PI Joseph Professor | De La Salle Biomass conversion
AURESENIA University technology
development
Total number of participants throughout the research period: 7 (including students)

4. Summary of the international joint research

This collaborative research has successfully developed a system to convert algal biomass
into bioenergy and biochemicals applicable to the ASEAN region by linking unique
technologies that make use of the strengths of each country using low environmental load
technologies such as microwave, ultrasonic, supercritical fluid and bifunctional catalyst, to
contribute to the sustainable development of the ASEAN region.

5. Outcomes of the international joint research

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

Japan: The Japan team had successfully applied the synergy of graphene oxide (GO) and
microwave (MW) irradiation, and subcritical water with supercritical carbon dioxide for
conversion of microalgae into useful chemicals and fuels. In-situ transesterification of
microalgae was possible with the synergy of GO and microwave irradiation, obtaining yield
as high as 97%. Conversion of fructose to 5-HMF was also possible with the synergy. Results
also indicated that addition of carbon dioxide has significant effect on in-situ deamination of
biooil obtained from microalgae by hydrothermal method, thus eliminating the costly
hydrogenation step.

Thailand: The Thai team had successfully developed catalysts and multifunctional reactors
(such as hybrid reactive distillation, ultrasound) for production of biodiesel and green diesel.
CaO pellets was developed, and this was found to be effective for continuous biodiesel
production process. The effect of water present in oil feedstock on the kinetics of
transesterification using CaO catalyst to produce biodiesel was investigated. The initial rate
of transesterification was increased with increasing amount of water (0-5 wt%). On the
contrary, the initial rate was significantly reduced for the water concentration of 8—-15 wt%. It
was also found that La,Os/CaO obtained from physical mixing with the La content of 5%mol
gave the maximum FAME yield (92.3%) due to the synergistic effect indicated by dual
Brdnsted and Lewis basic sites with the highest basicity and surface area.

Indonesia: The Indonesia team has successfully screened possible candidates for microalgal
feedstocks from various species available in Southeast Asia. Results indicated that Chlorella
vulgaris species was the most suitable one considering its lipid contents and relative ease in
cultivation. The Malaysian team helped in the production of Chlorella vulgaris species of
microalgae, which was used in the experiments performed in Japan. The Indonesian team
also worked on the application of hydrothermal treatment coupled with supercritical carbon
dioxide for conversion of other biomass feedstocks to fuels and chemicals.

Philippines: The Philippine team has successfully worked on process systems engineering
in analyzing several factors such as raw materials, conversion technology, and environmental
impact decisions on cost-effective energy production. The Philippine team developed a fuzzy
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multi-objective programming model, which was successfully implemented in studies on
biomass supply chain, integrated biorefinery, and environmental mitigation. This approach
allows for the simultaneous maximization of profit and minimization of the environmental
footprint with due consideration to demand uncertainty. By using a parameter known as the
robustness index, the effect of various product streams in a complex network of processes
can be evaluated and the system can be optimized towards a certain target. In a study on
the production of algal biofuels, the Philippine team considered a biorefinery composed of
five process units: (1) integrated microalgae-to biodiesel production, (2) methanol production,
(3) biochar production, (4) anaerobic digester, and (5) combined heat & power generation.
The complex network consisted of various product streams (e.g., biodiesel, power and
methanol) and environmental footprints (e.g., carbon dioxide, water, land). Different
scenarios where one or two process units were removed from the overall process were
assessed. By examining each scenario, plant managers, engineers can evaluate how a
certain combination of processes performs against a set target such as high profit or low
environmental impact. In this project, the same type of calculations was performed in
assessing the hydrothermal treatment of algal biomass as the central processing unit in the
production of biofuel.

5-2 Synergistic effects of the joint research
Workshops, seminars and student exchanges were jointly organized every year in Japan,
Thailand, and Indonesia. For example:

In Japan: 1) e-ASIA International Symposium on Biomass Utilization and Functional
Materials] 2019, July 10, 2019. (Kumamoto, Japan). 2) e-ASIA International Symposium on
Green Chemistry and Engineering for SDGs (Multidisciplinary and Multicultural Exchanges)
2021, January 20, 2021. (Kumamoto, Japan), also on November 17, 2021. (Kumamoto,
Japan) and January 18, 2023 (Kumamoto, Japan).

In Thailand: 1) e-Asia Kick-Off Meeting and Joint Symposium on Biorefinery, April 28~29,
2019, Bangkok, Thailand. 2) Chula - Sheffield- Kumamoto algal network, research and
applications toward BCG economy, January 23~25, 2023, Bangkok, Thailand

In Indonesia: 1) e-ASIA Workshop: ITS-Kumamoto-Chula Research Output Dissemination
and Future Research Collaboration on Bioenergy and Bio-Products Toward Bio-Circular-
Green Economy (hybrid), March 15~17, 2023 at ITS, Surabaya, Indonesia

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

The synergy of carbon-based catalysts with microwave irradiation and the use of
subcritical water with supercritical carbon dioxide offer tremendous opportunities as green
technologies to support SDGs and realization of carbon neutral society. The utilization of the
synergy of these technologies leads to the creation of unique process systems for conversion
of algal biomass to value-added chemicals especially in the ASEAN region.

We had very active research and student exchanges among the participating research
teams. The Japan team sent students to the Indonesia side as exchange students for 1
month and sent a total of more than 20 students to participate in co-organized workshops
and seminars that were held in Thailand and Indonesia. The Japan team accepted 3 students
from the Philippine team and 2 students from the Malaysian team as exchange students,
who studied in Japan for 6 to 12 months. They largely contributed to the advancement of the
collaborative research project. Through this project, a stronger network linking Japan to
Southeast Asia was established. Even after the project has been completed, the research
exchanges will continue, and will be extended to include researchers from other countries
especially in the Southeast Asian region. In this perspective, our collaboration would greatly
contribute to the realization of an expanded biomass-based society in the region.
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