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Experimental Development of a Hybrid Solar/Wind System for Energy-saving Management
in a Greenhouse

Daisuke YASUTAKE', Kiyoshi MivaucHT', Masaharu KrTano®, Shinzo YAMANE', Yoshinori YAMAMOTO',
Akiyuki WATANABE!, Kyosuke YokovaMa® and Masao HIrar®

IFaculty of Agriculture, Kochi University; “Faculty of Agriculture, Kyushu University; *Watanabe Pipe Co., Lid.

Abstract: A hybrid solar/wind system for energy-saving management in a greenhouse was newly de-
veloped and installed in an agricultural field belonging to the Education and Research Center for Subtro-
pical Field Science, Faculty of Agriculture, Kochi University. This system consists of two main parts:
an underground water pipe system and a solar/wind generator system. The pipe system is used for
controlling greenhouse air temperature through the exchange of sensible and latent heats between the
greenhouse and the water-filled pipe. The solar/wind generation system is used for supplying electrical
energy to the pipe system. The performance of the subsystems was assessed by measuring diurnal
changes in the rates of heat exchange and generation of electrical energy. During the daytime, both the
latent heat and sensible heat of the greenhouse air were stored in the water-filled pipe; during the
nighttime, these heats were supplied to the greenhouse. Electrical energy was generated depending on
solar radiation and wind speed. These capacities of heat exchange and electrical generation, however,
were insufficient for energy-saving management in the greenhouse. From the assessment results, some
problems affecting the performance of the system were identified and discussed.
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Fig.1 Schematic diagram of the newly developed hybrid solar/wind system for energy-saving
management in a greenhouse. This system is composed of two parts: an underground
water pipe system and a solar/wind generation system. The pipe system is used for
controlling greenhouse air temperature through the exchange of sensible and latent
heats between the water-filled pipe and the greenhouse. The solar/wind generation
system is used for supplying electrical energy to the pipe system.
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Fig.2 Plane figure of the hybrid solar/wind energy-saving system (underground water pipe
system, solar energy collector, photovoltaic module, and wind power generator) instal-

led in the greenhouse.
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Fig.3 Photograph of the solar/wind generator (a) and block diagram of the electric flow (b).
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Table 1 Instruments used for evaluating the energy balance of the greenhouse after the in-
stallation of the energy-saving system.

Variable

Instrument

Outside the greenhouse

Solar radiation

Air temperature & humidity
Wind speed & direction
Soil temperature

Net radiation

Solar radiation

Air temperature & humidity
Soil heat flux

CPR-PCM-01, Climatec
CVS-HMP45A, VAISALA
CYG-3002, Climatec
Type T thermocouple

CPR-NR-LITE, Climatec
CPR-PCM-01, Climatec
CVS-HMP45A, VAISALA
CPR-PHF-01, Climatec

Air temperature & humidity at the inlet and
outlet of the water-filled pipe

Water temperature

Electric energy consumption of the air
blower

Electric current NR-TH08, KEYENCE
Electric pressure NR-TH08, KEYENCE

Heater Oil consumption RN-LSN39, OVAL

RS-12, ESPEC MIC
Type T thermocouple
NR-1000, KEYENCE

Underground water pipe
system

H = CP ‘OQD TA out — TA m[l
AE = AQ0 Wy — Wil
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Fig.4 Diurnal changes in solar radiation (Rg), air temperature (T,), air relative humidity (RH),
and wind speed (u) outside the greenhouse during the experimental period (from 0600
on March 11 to 0600 on March 13, 2007). Open and closed bars in the upper part of
the Rg graph indicate the daytime and nighttime periods, respectively.
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Diurnal changes in air temperatures (Ta in and Ta o) @nd water vapor densities (W,
and W,y at the inlet and outlet of the water-filled pipe during the experimental period
(from 0600 on March 11 to 0600 on March 13, 2007). Water temperature (Ty) in the
pipe is also shown. Open and closed bars in the upper part of the temperature graph
indicate the daytime and nighttime periods, respectively.
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Diurnal changes in rates of exchange of sensible (H) and latent (AE) heats between
the underground water pipe system and the greenhouse during the experimental
period (from 0600 on March 11 to 0600 on March 13, 2007). Open and closed bars in
the upper part of the graph indicate the daytime and nighttime periods, respectively.
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Fig.7 Diurnal changes in electrical energy produced by the solarind generator during the
experimental period (from 0600 on March 11 to 0600 on March 13, 2007). Open and
closed bars in the upper part of the graph indicate the daytime and nighttime periods,
respectively.
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Fig.8 Diurnal changes in electrical generation and electrical consumption by blower and
pump during the experimental period (from 0600 on March 11 to 0600 on March 13,
2007). Open and closed bars in the upper part of the graph indicate the daytime and
nighttime periods, respectively.
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