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Strategic International Collaborative Research Program (SICORP)

EIG CONCERT-Japan Joint Research Program

Executive Summary of Final Report

1. Project title : 'Module-Aware Modeling and Assessment of Performance of Interconnected
AC/MTDC Power Grids] (MODULATOR)

2. Research period : 04/2018 ~ 03/2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl SUSUKI Associate | Osaka Prefecture Conceptualization,
Yoshihiko Professor | University investigation, and
project
management
Co-PI ISHIGAME Professor | Osaka Prefecture Advice
Atsushi University
Co-PI FUNAKI Professor | Osaka University Advice
Tsuyoshi
Collaborator | OHASHI Yusuke | Graduate | Osaka Prefecture Investigation
Student University
Collaborator | KAWAMOTO Graduate | Osaka Prefecture Investigation
Naoki Student University
Collaborator | TAKAMICHI Graduate | Osaka Prefecture Investigation
Kenji Student University

Total number of participants throughout the research period: 7

Partner-side

Name Title Affiliation Role in the
research project
Pl D’ARCO Senior SINTEF Energy Conceptualization
Salvatore Research Research and investigation
Scientist (Norway)
Pl STOCK Research Fraunhofer IEE Conceptualization
Sebastian Scientist (Germany)
Co-PI BERRERA Research SINTEF Energy Investigation
-CARDENAS Scientist Research
Rene (Norway)
Co-PI MENDE Denis Research Fraunhofer IEE Investigation
Scientist (Germany)
Collaborator | BOLSTAD Senior SINTEF Energy Project
Hans Project Research management
Manager (Norway)
Collaborator | HARMS Yannic | Research Fraunhofer IEE Investigation
Scientist (Germany)

Total number of participants throughout the research period: 10

4. Summary of the international joint research

This joint project aimed at the development of modeling and analysis techniques for
performance evaluation of electric power systems with a hybrid structure of Alternating
Current (AC) and Multi-Terminal Direct Current (MTDC) transmissions. Specifically, a new
technology to represent and evaluate dynamics emerging in AC-MTDC systems in a
bottom-up manner by aggregating basic units of the systems’ configuration, called modules,
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and verified its effectiveness by sharing research resources among the three
countries---Norway, Germany, and Japan. In addition, a model for Japan-led international
joint research on power system engineering was pursued through the implementation of
mutual exchange of researchers including students and regular meetings with face-to-face
and online formats.

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

This joint research achieves main three scientific outputs. First, in collaboration with
Japan and Norway, a new module-based technique for modeling and analysis of AC-MTDC
systems with large-signal dynamics, in which the systems’ dynamics evolve apart from a
steady-state operating condition, was developed. Second, the control performance of the
AC-MTDC systems with large-signal dynamics was revealed through the first point
mentioned above and a joint work in the three countries. Third, a new module-based
technique for evaluating the performance and optimizing the control of AC-MTDC systems
with small-signal dynamics, in which the systems’ dynamics evolve near the steady-state
operation, was developed as a joint work between Norway and Germany.

5-2 Synergistic effects of the joint research

The three scientific outputs listed in 5-1 were first achieved through the synergistic effects
of this international joint research. Regarding the first point in 5-1, by combining the
Japan-side experience on modeling and analysis for AC systems with large-signal dynamics
with the Norway-side on module-based modeling of MTDC systems, it was possible to
perform the stability analysis of AC-MTDC systems with large-signal dynamics in a module
or bottom-up manner, which had not yet been explored. For the second point, in addition to
the synergistic effect of the first point, the German-side experience on benchmarking of
electric power systems was effectively utilized to clarify the control performance of
AC-MTDC systems. The third point was achieved through the synergy between the
Norwegian experience on MTDC systems and the German in system optimization. As
described above, the synergistic effects of this international joint research were
indispensable for the scientific outputs.

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

The scientific outputs are related to the fundamental technology of hybrid AC-MTDC
systems, which is attracting worldwide attention as a key technology of the next-generation
power system. Through the international joint research, we were able to propose a generic
technique, in the sense that it is not specific to circumstances of one country, and to verify its
effectiveness. The outputs are expected to have a large impact on the design of
next-generation power systems. Also, in this joint research, one PhD student in Japan
stayed in the partner country (Norway) and had experience of doing research in a different
environment. The student successfully obtained a doctoral degree in engineering and is
currently working for a private company in Japan. The training of young engineers based on
such international experience can serve as a prototype for future education of power
systems engineering in Japan.

There are two major future prospects for this international joint research. The first is,
through continuing the joint research (mainly between two countries in this joint project), to
conduct verification of the developed techniques on various configurations and to enhance
the AC-MTDC system as a general and acceptable technology. The second is to make a
plan of international joint research, partly utilizing Japan's experience in the operation of DC
transmissions, and to expand the research from basic technologies mainly related to
planning (design stage), such as modeling and analysis, to those related to control (that is,
operation stage).
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