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Strategic International Collaborative Research Program (SICORP)
EIG CONCERT-Japan Joint Research Program
Executive Summary of Final Report

1. Project title : [ Functional Porous cementitious nanocomposites for heat storage in
buildings using Phase Change Materials |

2. Research period : 04/2019 ~ 03/2023
3. Main participants :

Japan-side
Name Title Affiliation Role in the research
project
Pl Tetsuya Professor The University of | Overall supervision,
Ishida Tokyo mesoscale analysis
model construction
Co-PI Koichi Center National Institute | Head of
Tsuchiya director for Materials microstructural
Science analysis of PCM
composites
Co-PI Kei-ichi Professor Tokyo University | Durability and lifetime
Imamoto of Science evaluation of PCM
composites
Collaborator | Yuya Associate The University of | Modeling the behavior
Takahashi Professor Tokyo of PCM materials for
mesoscale analysis
Collaborator | Kotaro Doi | Researcher | National Institute | Analysis of PCM
for Materials composite materials
Science
Collaborator | Chizuru Contract Tokyo University | Evaluation of mass
Kiyohara Research of Science transfer in PCM
Associate composites
Total number of participants throughout the research period: 10
Partner-side
Name Title Affiliation Role in the research
project
Pl Eduardus Professor | Technical Coordination and
Koenders University of overall supervision
Darmstadt
Co-PI Christoph Associate | Technical Mix design, Thermal
Mankel Professor | University of properties and PCM
Darmstadt design
Co-PI Jorge Head of Materials Thermal properties
Dolado Materials Physics Center, | and nano materials
Center CsIC design
Co-PI Frank Roser | CEO Roser Demo wall and
Ingenieurbeton Upscaling of PoroPCM
foam to industrial
application
Co-PI Jan CEO Cervenka FEM analysis of of
Cervenka Consultancy Demo wall and
Seismic analysis
Collaborator | Ignacio Postdoc Technical Modelling thermal
Peralta University of properties and heat
Darmstadt transfer at meso scale

Total number of participants throughout the research period: 8
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4. Summary of the international joint research

The aim of the research was to develop a porous cementitious composite material,
PoroPCM, which has heat storage performance using polymer phase change material (PCM).
The collaboration was conducted between Japanese researchers with expertise in
multiphysics-type analytical models, characterization analysis, and material performance
evaluation, and European researchers with expertise in spatial design, material synthesis
technology, and building structure analysis. The researchers used high-resolution 3D X-ray
computed tomography and other analytical techniques to clarify the microscopic structure of
the composite of PCM, cement paste and foam. We also applied the lattice Boltzmann
method to evaluate the average properties of the composite and developed an analysis
system capable of evaluating meso-scale thermal performance. In addition, various
mechanical properties and durability tests were conducted to quantitatively demonstrate the
possibilities and problems for practical application. It was shown that by using the developed
material, it is possible to maintain a comfortable indoor environment without using air
conditioning. This is expected to contribute to the reduction of CO, emissions. Despite being
under the influence of COVID-19 throughout the research period, several face-to-face joint
meetings and workshops were held to promote exchanges on research and technology. We
will continue our collaborative research relationship through the compilation of international
co-authored papers and the evaluation of other construction materials using the integrated
material performance evaluation method established in this study.

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

After establishing a stable fabrication process for PoroPCM materials, we used X-ray CT
and other techniques to show differences in the three-dimensional microscopic structure of
specimens under different compounding conditions. Through the application of microscopic
heat capacity and thermal conductivity measurements and the lattice Boltzmann method, the
appropriate averaging process for the thermal properties of composite materials was
investigated, and a model was developed that can account for the thermal performance of
PoroPCM. The developed model was implemented in a FEM system that can evaluate the
performance of construction materials, and it is also shown analytically that a stable indoor
temperature environment can be obtained when PoroPCM is used as part of a wall member.
On the other hand, experimental data was accumulated on various performance
characteristics such as strength and durability, which have been lacking so far, and it is
suggested that we have to pay attention to cracks caused by volume changes.

5-2 Synergistic effects of the joint research

In the first year, three on-site joint meetings were held in both Europe and Japan, and
close exchanges were conducted, including the development of the experimental
environment. In 2022 and 2023, workshops were held in person in Europe and Japan,
respectively, to exchange information on related research, both within and outside the project.
Research synergies were also generated, such as the sharing of analytical results from
Japan to Europe and guidance on experimental and analytical techniques from Europe to
Japan.

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

Through this research project, a total of six students (including one prospective student),
including a doctoral student, conducted research and obtained dissertations in Japanese
side. The project contributed to the development of many research personnel, including those
who participated in the research. In addition, the materials developed in this research will
contribute to the development of a stable living environment without energy consumption,
and will contribute to the achievement of SDG Goal 7 and Goal 11. We believe that the
practical application in society can be further promoted by continuing the cooperative
relationship with domestic private companies (procurement of phase-change materials and
fabrication of foam concrete) obtained through research and development.
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