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Hybrid Cooling Techniques
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Abstract

This research aims to design and construct an energy-saving greenhouse for beetroot seedling
cultivation in a tropical climate and to investigate the performance of a hybrid environmental control
system. The system consists of an evaporative cooling system, a mist spray system, and a shading
system, utilizing a solar photovoltaic (PV) system with an installed capacity of 1,500 W. A comparative
experiment was conducted between the controlled greenhouse and a conventional greenhouse in
Phetchaburi Province. The results revealed that the hybrid environmental control system could reduce
the internal temperature to be 3-5°C lower on average than that of the conventional greenhouse,
achieving a cooling efficiency of 89.51%. This controlled environment resulted in a germination period
that was 3 days faster and an average seedling height that was 1.5 cm greater compared to the
conventional greenhouse. These findings demonstrate that the application of the hybrid cooling system
significantly outperforms the conventional greenhouse in terms of both environmental control

performance and the effectiveness of beetroot seedling growth.

Keywords: Energy-saving greenhouse / Evaporative cooling system/ Beetroot / Hybrid control system
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