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Thermal Energy Recycling and Upgrading ('Graduate School of Engineering, Nagoya
University) ONoriyuki Kobayashi'

Thermal energy has a lower energy density than other forms of energy, making its use
more costly. To promote the use of thermal energy in the future, it is important to develop
technologies to recycle or upgrade the quality of heat according to the form of thermal energy,
such as compounds, hot water, and hot air, and it is also essential to develop materials with the
capabilities to support these technologies. It is also important to design technologies that can
use thermal energy in different ways when it is stored and then dissipated. In recent years, there
has been a focus on thermal storage not only for energy saving in industrial processes, but also
for electric vehicles. Furthermore, large-capacity storage is also attracting attention as a method
for leveling the demand for electricity from renewable energy sources. The important
performance indicators for any application are heat storage density, heat charge/discharge rate,
and upgradability (temperature rise and temperature fall), but these performances are often
competitive. Thus, the design must take into account the heat transfer rate, mass transfer rate,
and chemical reaction rate, as well as material selection.

In this presentation, the concept of these technologies, recent trends, and examples of the
speakers' efforts will be discussed.

Keywords : heat, thermal energy, technology, thermal energy storage, upgrading
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Heat utilization system using low-temperature regenerated clay adsorbent (‘National Institute
of Advanced Industrial Science and Technology) OMasaya Suzuki', Hidetaka Miyahara',
Kazuko Mampuku'

We conducted a demonstration test of an offline heat transport system using
HASClay, a clay-based adsorbent that can be dried at temperatures below 100 degrees
Celsius, with separate heat recovery locations and heat utilization locations. At the
heat recovery site, waste heat of approximately 100 degrees Celsius generated by the
gas engine cogeneration system equipment in the factory was used to dry the
adsorbent by introducing it into a tank filled with 5.5 tons of Hasclay. Heat utilization
was carried out at a swimming center 2 km away, and a tank filled with Hasclay was
transported on a large trailer. At the swimming center, the high-temperature air
generated by supplying high-humidity air from the heated pool to a tank filled with
Hasclay was used as a heat source to heat the 25-meter pool and supply hot water for
the bathrooms. Dry air at room temperature after being used for heating was used not
only to ventilate the pool ceiling and heat the pool interior, but also to prevent
condensation. In this offline heat transport demonstration test, 50 round-trip
operations were conducted and a heat storage efficiency of over 90% was confirmed.
The swimming center is still utilizing heat, and its running costs are in the black.
Keywords : Heat transport; clay-based adsorbent; waste heat;, low temperature drying,
HASClay
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Advances in Thermal Engineering and Challenge to Carbon
Neutrality

(School of Engineering, Tokyo Institute of Technology) O Katsunori Hanamura
Keywords: Thermal Contact Resistance; Heat Flux; Energy Conversion Efficiency; Phonon
Engineering; Molecular Dynamics

For protection of global warming, many challenging researches for reduction of emission
of carbon dioxide are conducting in thermal engineering from macroscopic and microscopic
aspects though not directly as a DAC (Direct Air Capture). They are focusing on decrease in
thermal resistance, increase in heat flux and energy conversion efficiency using phonon or
photon engineering and molecular dynamics associated with nanoscale technologies and
measurement skills.

Heat transfer is based on transport of vibrational motion waves (Phonons) with a various
frequency. Using a nanoscale hall array (phononic crystal) in Fig.1(a), the frequency and the
direction of Phonons, i.e., the heat flux can be controlled in a thin substrate. In an atomic scale,
a superlattice structure made alternatively by two atomic GaN layers and two atomic AIN layers
at the interface between a GaN semiconductor and a diamond heat spreader produces a
spontaneous piezo-electric coherent wave transport to increase the heat flux to remove the hot
spot generated around an area close to the Drain in the HEMT (High Electron Mobility
Transistor) device as shown in Fig.1(b). In molecular and polymer scales, Triptycene-OH
structure made on an Au surface provides a low thermal contact resistance since the water
molecules intercalate into the clearance of the structure of the SAMs (Self Assembly Materials)
to increase a chance of energy transport as shown in Fig.1(c). The measurement of molecular-
level thermal properties of the SAMs is developed successfully with a high resolution through
near-field radiation effect depending strongly on the distance between the top surface of
molecules and a sharp probe edge as shown in Fig.1(d). Using a TWA (Thermal Wave Analysis)
method, the thermal diffusivity of the sample with only a sub-millimeter size can be measured
as shown in Fig.1(e). In Fig.1(e), the thermal diffusivities of an Erythritol-COF (Covalent
Organic Framework) and a Mannitol-COF could be measured for thermal storage materials
with a high heat transfer framework structure. In addition, a 13-Phage virus will become a
candidate for high thermal diffusivity electric-insulators by an arrangement of orientation and
a choice of decorating molecules as shown in Fig.1(f). For generation of electricity, a solar TPV
(Thermo-Photo-Voltaic) system provides a high impact for the carbon neutrality. In this system,
a tungsten emitter temperature rises by a concentrated solar energy, then the thermal radiation
emitted from the tungsten emitter surface is converted into electricity, depending on bandgaps
of the top and the bottom semiconductors as shown in Fig.1(g). On the other hand, thermal
radiation with a long wavelength is almost reflected by the surface of Au-mirrorlike back
electrode. Relating to this system, spectral control of near-field radiation by a pillar array
structured surface is conducting as shown in Fig.1(h). Using the spectral control of radiation, a
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temperature of a thin film made of silica beads in a transparent plastic matrix on an Ag layer
becomes lower than the atmospheric one even in day-time as shown in Fig.1(i).

Many researches for carbon neutrality are successfully developed in a range of laboratory-
scale. However, it is not easy to install those ideas into practical systems as a quantitative
contribution for reduction of emission of carbon dioxide.
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Fig.1 Various challenges to carbon neutrality from thermal engineering aspects
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