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Thermal Technology to Accelerate the Achievement of a Carbon-Neutral Society
(‘Global Zreo Emission Research Center(GZR), National Institute of Advanced Industrial
Science and Technology(AIST)

To address climate change, 155 countries and regions have announced their intention to become
carbon neutral (CN). As the situation differs from country to country and region to region, the
strategies and paths towards CN are left to each country. Still, the common denominator is the
massive introduction of clean electricity from renewable energy, nuclear power and other
sources, the promotion of electrification and, in parallel, the further deepening of energy
conservation. In the industrial sector, high-temperature heat from the combustion of fossil fuels
must be electrified or converted to fuels with lower carbon intensity, and more advanced
cascade use of heat is required. The technological development of CCUs, which are considered
to be a core part of the circular economy, is also expected to progress in the future. However,
the key to their feasibility will be how efficiently they can be used for heat transfer in the
various chemical processes in plants. The above-mentioned heat-related technologies required
for carbon neutrality are reviewed, and future prospects are discussed.

Keywords : renewable heat; waste heat, carbon neutral; CCUS; heat pump
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Explorations in Data-Driven Research on Thermal Management Materials (National Institute
for Materials Science) Yibin Xu

In this presentation, two examples of data-driven studies on the thermal conductivity of
different materials are introduced to demonstrate the utility of this approach. In the first
example, interfacial thermal resistance was predicted using machine learning with carefully
selected physical and chemical descriptors. This knowledge was then utilized to design high-
performance thermal insulation materials by leveraging interfacial thermal resistance. In the
second example, the structural features of Ge amorphous materials with varying thermal
conductivities were captured through topological data analysis of TEM images. These
structural features were subsequently used to explain differences in thermal conductivity. Key
aspects of data-driven research, including the required data and strategies for data curation, will
be discussed, highlighting challenges and future prospects for this method.

Keywords : Data-Driven Material Design; Topological Data Analysis, Thermal Conductivity,
Interface, Amorphous
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1) Electrically Conductive Thermally Insulating Bi—Si Nanocomposites by Interface Design for
Thermal Management. Y. J. Wu, M. Sasaki, M. Goto, L. Fang, Y. Xu, ACS Appl. Nano Mater. 2018,
1,7,3355.

2) Topological data analysis of TEM-based structural features affecting the thermal conductivity of
amorphous Ge. Y. J. Wu, K. Akagi, M. Goto, Y. Xu, International Journal of Heat and Mass Transfer
2024,221, 125012.
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Efforts to realize ultimate thermal efficiency and carbon neutrality in automotive internal
combustion engines ('Nissan Motor Co., Ltd.) Manabu Hasegawa,! O

Internal combustion engines (ICE) have been used for automotive energy conversion
machines. Automotive ICEs have evolved dramatically so far taking full advantage of the liquid
fuels as their energy carrier. However, thermal efficiency is still only about 40%, which is a
major issue. In recent years, due to the global warming, greenhouse gases reduction is needed.

Since the invention of the heat engine of about 300 years ago, thermal efficiency has been
continuously improved, also sharp hike at the timing of technological innovation. Future
direction of the thermal efficiency improvement, considering the technology trends, would be
higher theoretical thermal efficiency by higher compression ratio and specific heat ratio and
lower heat loss by the combustion chamber insulation. These measures might cause higher
exhaust losses, but those could be compensated by the waste heat recoveries.

It could be possible to realize the carbon neutrality in ICE by combination between the
thermal efficiency improvements and the use of decarbonized or carbon-neutral fuels.

Keywords : Internal Combustion Engines, Carbon Neutrality, Thermal Efficiency
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