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

1. Project title : Hydrogen fuel generation via photoelectrochemical and photovoltaic
driven water splitting
2. Research period : May 2018 ~ March 2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Masakazu Professor | The University of WP1,2,4,5
Sugiyama Tokyo
Co-PI Tsutomu Minegishi | Project The University of WP 1,245
Associate | Tokyo
professor
Co-PI Masahiro Sato Assistant | The University of WP 1,245
Professor | Tokyo
Collaborator | Yuki Imazeki Graduate | The University of WP 1,245
Student Tokyo
Collaborator | Hiroaki Maruyama | Graduate | The University of WP 1,245
Student Tokyo
Collaborator | Supawan Graduate | The University of WP 1,245
NGAMPRAPAWAT | Student Tokyo
Collaborator | Soraya Shizumi Graduate | The University of WP 1,245
Student Tokyo

Total number of participants throughout the research period: 7

Partner-side
Name Title Affiliation Role in the
research
project
Pl Shaik Senior Ecole Supervise
Zakeeruddin Scientist | polytechnique
fédérale de
Lausanne (EPFL)
Co-PI Michael Professor | Ecole Supervise
Graetzel polytechnique
fédérale de
Lausanne (EPFL)
Co-PI Dan Ren Postdoc Ecole Co-supervise
polytechnique
fédérale de
Lausanne (EPFL)
Collaborator | Thomas PhD Ecole Fabricate
Baumeler candidate | polytechnique efficient PSC
fédérale de
Lausanne (EPFL)
Collaborator | Meng Xia PhD Ecole Novel
candidate | polytechnique protection
fédérale de layer for
Lausanne (EPFL) | Cu.O
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| Total number of participants throughout the research period: 5 |

4. Summary of the international joint research

We aimed to realize a semiconductor photocathode composed of materials without
elemental constraints and a solar cell-driven water electrolysis hydrogen production that
maximizes the energy conversion efficiency from sunlight to the heat of combustion of
hydrogen (STH efficiency). For the former, we succeeded in fabricating Cu2O film with few
crystalline defects, and further formed a SnO; surface protective layer to realize a highly
efficient and durable photocathode. At the same time, the guiding principle for improving the
efficiency of semiconductor photoelectrodes including these materials was investigated from
the viewpoint of Fermi-level pinning of defect levels by detailed observation of the photo-
induced electrode potential shift. As for the latter, STH efficiencies of 18.7% and over 25%
were achieved in solar cell-driven water electrolysis using perovskite/silicon 2-junction solar
cells and Ill-V compound semiconductor multi-junction solar cells, respectively. Combining
the Swiss side's expertise in film formation technologies such as electrochemical deposition
and vapor-phase atomic layer deposition and electrochemical analysis technologies related
to photo-driven water electrolysis, and the Japanese side's expertise in analyzing defect
levels at the interface between the semiconductor photoelectrode and the electrolyte, not
only the realization of high efficiency in the photoelectrode but also the guiding principle
behind the high efficiency photoelectrode was clarified. In addition, the direction of
development for future social implementation of water electrolysis driven by solar cells was
discussed by comparing perovskite hybrid multi-junction, in which the Swiss side excels, and
[1I-V compound semiconductor multi-junction, in which the Japanese side excels.

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

A highly efficient photocathode was realized by forming a SnO; surface protection layer
by ALD on a low defect Cu2O photoelectrode fabricated by electrochemical deposition, and
a STH efficiency of 4.55% was achieved in a system combining a voltage boost with a
perovskite solar cell. At the same time, detailed observation of the photo-induced electrode
potential shift provided a guideline for improving the efficiency of photoelectrodes. The
world's highest STH efficiency was achieved by water electrolysis driven by solar cell-driven
double-junction perovskite/silicon solar cells and IlI-V compound semiconductor multi-
junction solar cells.

5-2 Synergistic effects of the joint research

Complementary discussions and collaboration between the Swiss side, which has
overwhelming strengths in electrochemistry and perovskite solar cells, and the Japanese
side, which is skilled in semiconductor physical chemistry and has extensive experience in
[1I-V compound semiconductor multi-junction solar cells, were successfully established.

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

For the photoelectrode, we will further develop a simple configuration that does not require
solar cell assistance by achieving higher electromotive force. For solar cell-driven water
electrolysis, it is necessary to reduce the cost of IlI-V compound semiconductor solar cells in
particular. By overcoming these issues, we hope to achieve full-scale implementation in
society as a mass production technology for green hydrogen that contributes to the
realization of carbon neutrality.
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