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This study was conducted with the intention of establishing a technology that
contributes to the practical implementation of a desiccant air-conditioning system;
this is achieved by improving the efficiency of a desiccant air-conditioning system by
using natural energy, primarily solar heat, in an efficient manner. To improve the
system efficiency, desiccant air-conditioning system that incorporate a heat pump in
addition to solar heat were proposed, and performance evaluation were conducted on
prototype system. Moreover, the adsorption heat processing method that uses solar
heat and geothermal heat is considered.

In chapter 1, “Introduction,” we clarified the objective of this study based on our
research background and existing studies, and described the specific research
development items.

In chapter 2, “Desiccant Air-Conditioning System with a Solar Air Heater Unit,” we
described the results of laboratory measurements on the performance of the heating,
ventilation and air conditioning (HVAC) system powered by solar air heater, solar
cell and wind generator. The experimental results show that 30-90 % of thermal
energy to regenerate the desiccant in this system and 20-65 % of the energy to power
the system was supplied by natural energy in summer. In addition, the coefficient of
performance (COP) of 1.55 was achieved when outdoor air was introduced for one
person, and the COP of 1.71 was achieved without outdoor air.

In chapter 3, “Desiccant Air-Conditioning System Consisting of Heat Pump and
Solar Heat Collector,” a desiccant outdoor air-conditioning system that uses
high-temperature chilled water (approximately 20 °C) and low-temperature hot
water (approximately 55 °C) produced by a high-efficiency heat pump, and hot air
produced by solar heat collectors, was proposed. We constructed a prototype of this
system and evaluated the COP of the entire desiccant air-conditioning system by
using the measured values of electric energy consumption and treated enthalpy
between the outdoor air and supply air. In high-load conditions, the system COP was
2.91-3.27 without solar heat and 3.84 with solar heat. In addition, we estimated the
period energy consumption during summer. The energy consumption during the
summer season was effectively reduced by 13.6 % with the use of solar heat.




In chapter 4, “Examination of Treatment Method for Adsorption Heat Using Solar
Heat and Latent Heat of Evaporation,” we considered a desiccant air-conditioning
system with an evaporation cooling tower that produced even chilled water by
introducing some air at low wet-bulb temperature. This air passed through the rotor
and the chilled water coil of the desiccant air-conditioner into the cooling tower, thus
encouraging the evaporation of water in the cooling tower. The parameters were set
over a wide range of conditions to determine the optimum parameters. Furthermore,
we used these results to design the real scale equipment, and evaluated the results
of the cooling effects. It was confirmed that the high-temperature air (41.6 °C), after
passing through the rotor, can be cooled down to 31.8 °C by using a real scale
desiccant air-conditioning system with an evaporation cooling tower, which covered
approximately 66% of the cooling heat when air is supplied at 27 °C. In a desiccant
air-conditioning system with a real scale evaporation cooling tower, approximately
70 % of the amount of heating and cooling heat required to operate the system could
be produced by solar air heater units and an evaporation cooling tower.

In chapter 5, “Examination of Treatment Method for Adsorption Heat using
Geothermal Heat,” we described the results of the confirmed cooling effects of
geothermal heat when high-temperature air, after passing through the desiccant
rotor, was directly introduced to a geothermal heat pipe. During intermittent
operation at an air flow of 450 m3/h, there was a decrease of approximately 10-12 °C
in temperature. During continuous operation at an air flow of 450 m3/h, there was a
decrease of approximately 8-10 °C in temperature. It was confirmed that the
high-temperature air (approximately 52 °C), after passing through the rotor, can be
cooled down to approximately 40 °C by using a geothermal heat pipe, which covered
approximately 48% of the cooling heat when air is supplied at 27 °C. Furthermore,
one week later, the cooling capacity decreased 3.2-6.0 % with intermittent operation,
and 19.3-26.3 % with continuous operation. This indicated that the cooling capacity
during continuous operation one week later decreased much more than that of the
intermittent operation.

In chapter 6, “Conclusion,” we summarized our research results obtained in each
chapter, and described our future outlook and challenges.
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