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

Project title : Selective CO2 conversion in renewable methanol through innovative
heterogeneous catalyst systems optimized for advanced hydrogenation technologies

Research period : May 2021 to March 2025
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4. Summary of international joint research

The goal of this research was to develop an innovative hydrogenation catalyst process for
the highly efficient synthesis of methanol, a promising alternative renewable fuel, from
carbon dioxide and renewable hydrogen. To achieve this goal, a collaborative effort between
Europe and Japan was conducted to: (1) clarify the requirements for catalyst materials that
contribute to non-thermal reaction enhancement, such as those induced by plasma,
magnetic fields, and microwaves; and (2) develop catalyst materials capable of enabling
such reaction enhancement. Specifically, various parameters of catalysts expected to
contribute to non-thermal reaction enhancement were investigated. These parameters
included: support structure (micro-, meso-, and macro-porous structures, elemental




distribution, and encapsulation structure), composition (catalyst metal composition and
support constituent elements), and physical properties (hydrophilicity/hydrophobicity,
spectroscopic characteristics, magnetic properties, and thermal stability).

The European team was mainly responsible for designing and developing the reactors,
while the Japanese team focused on catalyst material design. In particular, by comparing
the results of thermal catalytic reactions conducted in Japan with the non-thermal catalytic
reactions performed in Europe, we were able to identify key structural, compositional, and
physicochemical design elements that are effective for promoting non-thermal reactions.
These insights significantly contributed to the development of advanced hydrogenation
catalysts. Furthermore, this comparative study deepened our understanding of the different
reaction mechanisms and driving principles between thermal and non-thermal systems.
Through close collaboration with European researchers, the Japanese team was able to
acquire state-of-the-art techniques and expertise in reaction control, which holds substantial
significance for the advancement of catalysis and materials chemistry in Japan.

5. Outcomes of international joint research

5-1 Scientific outputs and implemented activities of joint research

In this project, Japan and Europe jointly worked on the development of an innovative
catalytic process for methanol synthesis via CO2 hydrogenation, utilizing not only
conventional thermal energy but also new energy sources such as plasma, magnetic fields,
and microwaves. On the Japanese side, catalyst development was conducted to optimize
performance for each energy source, focusing on both support structure and active metal
species. On the European side, the development of CO2 hydrogenation processes using
these novel energy sources was pursued from a chemical engineering perspective,
including reactor design. Additionally, the European team conducted economic and life cycle
assessments (LCA) for each energy source.

5-2 Synergistic effects of joint research

By collaborating with EU researchers who specialize in the development of
external-field-induced CO2 transformation processes using novel powers including magnetic,
microwaves and plasma, the Japanese researchers who are experts in catalyst preparation
were able to accumulate cutting-edge technologies and know-how in reaction control. This
collaboration has had a significant impact on the fields of catalytic chemistry and materials
chemistry in both Japan and EU.

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

This study aimed to develop an innovative process for the efficient synthesis of methanol
from CO2 and renewable hydrogen through collaboration between Japanese and EU
researchers. During the project period, seminars and exchanges among young researchers
were conducted, strengthening both academic and human resource networks. The project
attracted strong interest from various industries, including chemical, energy, and steel
sectors. Moving forward, further developments are expected in process scale-up, enhanced
collaboration among academia, industry, and government, and the continued establishment
of international research networks. Even after the project's conclusion, continuing
cooperation is expected, along with new international research initiatives and efforts toward
real-world applications.
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