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Effects of Energy Saving and the Reduction of Carbon
Dioxide Emissions with a Hybrid-Heating System Using
an Air-to-Air Heat Pump for Greenhouse Heating

Hiroki Kawashima, Masuyuki Takaichi, Masaru Baba,
Kiyoto Yasui and Yuka Nakano

Summary

A hybrid-heating system using an air-to-air heat pump (HP) and an oil-fired hot air heater (AH) for
greenhouse heating was developed. Operating characteristics of this system were tested in a plastic greenhouse.
The effects of energy saving and the reduction of carbon dioxide by the new system were estimated at Morioka,
Nagoya and Miyazaki, which had different heating loads. The hybrid-heating system was controlled by a newly
developed controller for a HP and an AH. The HP was primarily operated at the set point between =1.0°C. After
that, when the inside temperature decreased by 2.0°C from the set point, the hybrid operation mode was started
using both the HP and the AH. Nighttime temperatures in the greenhouse were well maintained at about the set
point with the hybrid-heating system. The heating load of the HP was almost 100% above the outside
temperature which was about 8°C. When the heating load increased (when the outside temperature decreased
below 8°C), the ratio of the energy supplied by the HP (Q.,Q) decreased. The ratio of the energy supplied by
the HP (2 Q. 2 Q) was estimated to be larger in the order of Miyazaki > Nagoya >Morioka. The input energy
saving with the hybrid-heating system was estimated to be from 30.6 to 58.6% compared with a conventional
AH system. The hybrid-heating system could decrease the amount of oil consumption and the heating cost
compared to a conventional AH system. The hybrid-heating system also decreased carbon dioxide emissions.
The ratios of the reduction of the input energy, heating cost and carbon dioxide emissions of the hybrid-heating
system to a conventional AH system were estimated to be larger in the order of Miyazaki>Nagoya >Morioka,

but the amounts of the reduction of those were in the order of Morioka>Nagoya>Miyazaki.
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