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Strategic International Collaborative Research Program (SICORP)
Japan—Thailand, Indonesia, Laos Joint Research Program
Executive Summary of Final Report

1. Project title : Integrated biorefinery of sugarcane trash |
2. Research period : April 2019 ~ March 2023
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Takashi Professor | Research Institute for | WP1, WP2,
Watanabe Sustainable WP3, WP4
Humanosphere,
Kyoto University
Co-PI Hideaki Ohgaki Professor | Institute of Advanced | WP5
Energy, Kyoto
University
Co-PI Masato Katahira | Professor | Institute of Advanced | WP1, WP2,
Energy, Kyoto WP3
University
Collaborator | Takashi Nagata Associate | Institute of Advanced | WP1, WP2,
Professor | Energy, Kyoto WP3
University
Collaborator | Tsutomu Kodaki | Associate | Institute of Advanced | WP2, WP3
Professor | Energy, Kyoto
University
Collaborator Hiroshi Assistant | Research Institute for | WP1, WP4
Nishimura Professor | Sustainable
Humanosphere,
Kyoto University

Total number of participants throughout the research period: 11

Partner (Thailand,Indonesia,Laos) -side

Name Title Affiliation Role in the
research
project
Pl Verawat Research National Science and | WP1, WP2
Champreda Unit Director | Technology
Development Agency
Co-PI Euis Hermiati Researcher | National Research WP3, WP4,
and Innovation WP5
Agency (BRIN)
Co-PI Keonakhone Head of Faculty of WP2
Khounvilay Chemical Engineering, National
Engineering | University of Laos
Department
Collaborator | Widya Fatriasari | Researcher | National Research WP4
Professor and Innovation
Agency (BRIN)

Total number of participants throughout the research period: 41
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4. Summary of the international joint research

This study aims at contributing to sustainable development of local communities by
reconstructing existing sugar refinery industries into biorefinery plants by producing useful
chemicals and biofuels from sugarcane trash. To this end, precise structural analysis of
sugarcane waste, pretreatment, and conversion methods to useful substances were studied
by international collaboration of four countries, Japan, Thailand, Indonesia and Laos. Social
LCA analysis of the entire process was also conducted. The research includes pretreatment
methods, highly active polysaccharide-degrading enzymes optimized for sugar production
from the sugarcane trash, and yeast cell factory producing bioethanol and isobutanol using
synthetic biology. In addition, research on the synthesis of surfactants from lignin and
production of xylitol from xylan in sugarcane trash was conducted under the international
collaboration. In addition, social LCA analysis of the development process was carried out in
these ASEAN countries through field surveys including interviews.

Through joint research by the four country teams, it is expected that highly economical
biomass component separation technology, highly functional cell factories, and highly
efficient conversion processes to fuels and chemicals have been established.

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

In this study, precise structural analysis of sugarcane trash, pretreatments, and
conversion methods to useful chemicals and biofuels such as bioethanol, isobutanol, xylitol,
lactic acid and lignin-derived surfactants were conducted by international collaboration of
four countries, Japan, Thailand, Indonesia and Laos. Social LCA analysis of the entire
process was also conducted. As a result of the international collaboration, we published the
scientific achievements in top-class international journals in the field. It should be noted that
bioethanol, isobutanol, lactic acid and xylitol were produced in a high efficiency and
conversion yields from the sugarcane trash. We also elucidated structure and functions of
lytic polysaccharide monooxygenases (LPMO) which are the key enzyme in hydrolysis of
cellulosic biomass. Through scientist exchange and invitation of international students to
Kyoto University, we made a significant contribution to the development of young human
resources. We also strengthen the network with big sugar companies in Thailand and
Indonesia, Mit Phor and PTPN X. In addition, social LCA analysis of the developed process
in Thailand was carried out, giving the basis for the assessment of industrial implementation
in these ASEAN countries.

5-2 Synergistic effects of the joint research

With NSTDA in Thailand, we exchanged human resources, including international
students (graduate students), and published the results of biofuels and chemicals
production from sugarcane trash through pretreatments, enzymatic saccharification, and
fermentation processes in top-class international journals in the field, making a significant
contribution to the development of young human resources. Information was exchanged
with a Thai sugar company, Mit phor by inviting the stuff in an e-Asia workshop held in
Thailand, sharing the significance and content of this project. An agreement was made
between NSTDA and the company through the activity. Similarly, information was
exchanged with PTPN X, a major Indonesian sugar company, through LIPI in Indonesia, and
a stuff of PTPN X participated in the e-Asia workshop held in Thailand. The collaboration
with PTPN X led to an MOU between BRIN and PTPN X. Thus, an international network of
industry-academia collaboration was newly established.

Kyoto University, BIOTEC, LIPI, and National University of Laos studied the optimization
of processing conditions for effective pretreatment methods for sugarcane trash and found
efficient pretreatment methods. In enzymatic saccharification, research on LPMO was
conducted in Kyoto University and BIOTEC in Thailand and the research papers were
published in highly reputative journals in the field.
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Xylitol production from sugarcane harvesting waste was studied by LIPI of Indonesia,
and BIOTEC of Thailand. Researchers from LIPI in Indonesia were sent to BIOTEC in
Thailand to conduct substantial international collaborative experiments and found high
xylitol producing strains and optimized culture conditions.

The production of surfactants from lignin was conducted by LIPI Indonesia in
collaboration with Kyoto University. In addition, BIOTEC and Kyoto University established
the basis for molecular breeding of isobutanol- and ethanol-fermenting microorganisms.
Joint research was also conducted with researchers from Al-Azhar University in Egypt.

In social LCA analysis, we established a research network with researchers in Thailand,
Indonesia, and Laos. Thus, we build multilateral collaborative networks in various fields,
despite the impact of the COVID-19 pandemic.

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

There are a limited number of scientific reports on the production of chemicals and
biofuels by enzymatic and microbial conversion of sugarcane trash. This study sheds light
on the utilization of sugarcane trash as an unutilized biomass resource by integrating
advanced scientific and technological approaches such as microwave solvolysis, protein
engineering of polysaccharide degrading enzymes, cell factory developed through genome
editing and metabolic engineering and social LCA analysis. In Southeast Asia, sugarcane
trash has been burned on arable lands, causing smoke pollution. This research will change
the value of sugarcane trash from the unutilized wastes to renewable resources producing
the high value-added products, thereby contributing to the SDGs such as No. 7, 9, 1, 2, and
3.

Students who studied at Kyoto University through this research are still enrolled after the
completion of this project, and we expect them to become young leaders in the field of
biorefinery. Through this project, LIPI (BRIN) in Indonesia contracted an MOU with PTPN X,
the largest sugar company in Indonesia. Discussion on the utilization of sugarcane trash has
also been made with the Ilargest sugar company in Thailand. The
industry-government-academia collaborations established in his research will continue to
implement the process in the ASEAN region.
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