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Energy Balance of a Commercial Scale Closed Transplant Production System
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Abstract

The energy balance of a commercial scale closed transplant production system was inves-
tigated to estimate the energy consumed by the system and to find the optimal strategies of
environmental control of the system. The system consisted of a transportation/irrigation
machine, four basic modules and thermal insulation wall. The basic module consisted of
shelves, lamps, air conditioners, fans and a humidifier. Sweetpotato (Ipomoea batatas (L.)
Lam. cv. Beniazuma) transplants were grown for 15 days under conditions of 140/200/320 zmol
m~2s! (1-5/6-11/12-15 days after planting, respectively) photosynthetic photon flux with 16 h
d~! photoperiod, 28°C air temperature, 749% relative humidity and 990 gmol mol~! CO, concen-
tration in the system. The total electric energy consumed by the system during 15 days when
four basic modules operated was 764 MJ m=2 The system’s lamps, air conditioners, fans,
humidifiers and transportation/irrigation machine consumed 78. 49, 10. 6%, 7.1%, 0. 7% and 3.
29 of the total electric energy consumed by the system, respectively. The electric energy cost
per transplant, depending on the seasonal electric energy charge, was 2. 5-2.6 Yen. The ratio
of net chemical energy fixed by transplants to the total electric energy consumed by the system
was estimated at 0. 006 when the transplants grew normally. The coefficient of performance
of the system was 8.0 and about 2 times higher than that described in the catalog of the air
conditioner. The maximum percentage of heat energy transported by ventilation and penetra-
ted through walls and floor to the cooling load of the system was estimated at 0. 1894 in summer
and -25% in winter.
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Table 1 Environmental condition in the closed trans-
plant production system.

Air temperature 28+1°C

Relative humidity 74+69%

PPF* 140/200/320 gmol m~?s~!
(1-5/6-11/12-15 days after plant-
ing, respectively)

Photoperiod 16 hd™*

CO, concentration 994 £35mol mol~!

*Photosynthetic photon flux on the tray surface.
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Fig.1 Schematic diagram of the commercial scale
closed transplant production system that has a
transportation/irrigation machine and four
basic modules consisting of shelves, lamps, air
conditioners, fans and humidfiers. The air vol-
ume of the system was 112.5m? No.of air
exchanges of the system was 0. 1h™%.
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Fig. 2 Conceptual diagram of the energy balance of
the commercial scale closed transplant produc-
tion system. Striped, black, white and gray
arrows indicate electric energy, sensible heat
and latent heat energy and net radiation, respec-
tively. The energy consumed outside of the
system (W,-Og,) is not included in this energy
balance.

Table 2 Variables and their symbols used in the conceptual diagram of the energy balance (Fig. 2).

Symbol Variable name

Wr Total electric energy consumption
WL  Electric energy consumption of lamps

Wc¢  Electric energy consumption of air conditioners

Wr  Electric energy consumption of fans

Wu  Electric energy consumption of humidifiers

Wi Electric energy consumption of transportation/irrigation machine

QsL Sensible heat transported between lamps and air inside the system

NR Net radiation on the transplants

Qp Net chemical energy fixed by transplants

Qsp Sensible heat transported between transplants and air inside the system

Qrp Latent heat transported between transplants and air inside the system

Qsc Sensible heat transported to outside of the system by air conditioner

Qrc Latent heat transported to outside of the system by air conditioner

QsF Sensible heat transported between fans and air inside the system

QsH Sensible heat transported between humidifier and air inside the system

Quu Sensible heat exchanged for latent heat by humidification

Qs1 Sensible heat transported between transportation/irrigation equipment and air inside the system
Qst Sensible heat penetrated through walls and floor

Qsv Sensible heat transported by ventilation between inside and outside of the system
QLv Latent heat transported by ventilation between inside and outside of the system
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Table 3 Electric energy charges used in the present cost estimation (cited from an electric energy

charge list of Tokyo Electric Power Co.).

Demand charge
Electric energy charge
Peak time
Day time
Summer season
Other seasons
Night time

1,175.00 (Yen kW~! per month)
15.15 (Yen kWh™!)
14.05 (Yen kWh™!)

12.90 (Yen kWh™')
6.10 (Yen kWh™')

Peak time : From 1 p.m. to 4 p. m. in summer season, Day time : From 8 a.m. to 10 p. m., Summer
season - From July to September, Other seasons : From October to June, Night time : From 10 p. m. to

8 a.m.
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b) Four basic modules operated

Fig.3 Energy balance of the commercial scale closed
transplant production system.
a) One basic module operated. b) Four basic
modules operated.
Striped, black, white and gray arrows indicate
electric energy, sensible heat and latent heat
energy and net radiation, respectively. Unit of
each value is MJ] m™2.
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