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Abstract

Electric energy consumption for cooling( W¢)and the coefficient of performance for cooling
(C)were investigated in a closed-type transplant production system(CTPS). C is defined as
the ratio of heat energy absorbed by the evaporator of the air conditioner to Wc. A Basic
Module Room with thermally insulated walls(5. 8m (W), 2. 7m(L), 5. 4m(H))in the Research
Unit for Closed Plant Production Systems at Chiba University was considered as a model
CTPS. Home-use air conditioners, fluorescent lamps, fans and humidifier were installed in the
CTPS. One hundred fifty-one data sets were collected for the analysis during the period from
1 May 2000 to 30 April 2001 when air temperatures inside the CTPS ( 7:») during photo-and dark
period were 29-31°C and 27-29°C, respectively. The chemical energy assimilated by the trans-
plants was considered to be negligible. In the preliminary study, the number of air exchanges
of the system was found to be 0h™!. Heat energy transmission through the walls was estimated
as the product of heat transmission coefficient (ceiling and side walls: 0. 3W m—2K~'; floor:
0.2W m= K~!) and the air temperature difference between inside and outside the CTPS.
Subsequently, C was estimated by dividing the heat energy generated inside the CTPS(Q)by
We.  We increased with increasing air temperature outside the CTPS( To4) and with increasing
Q. Most(72-86%) of the electric energy was consumed by lamps. The rest was consumed by
air conditioners (7-17%) and other equipments(5-15%). The average value of C was 7. 6 under
this experiment condition. The estimated values of C were 1.1-2.6 times greater in this
experiment condition than the catalog value measured in the standard condition( 7 : 27°C,
Tous : 35°C), because Toue was lower than Ty C increased with decreasing Tow: and with
increasing €. These results show that C of a recent model of home-use air conditioner is
relatively high, and its application is beneficial for reducing Wc in the CTPS.

Keywords : air temperature, coefficient of performance, electric energy consumption, fluores-
cent lamp, heat energy, number of air exchange, thermal insulation
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Fig.1 Floor plan of the Basic Module Room in the
Research Unit for Closed Plant Production

Systems at Chiba University (See also, Chun and
Kozai, 2000).
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Fig.2 Photograph of basic module inside the Research
Unit for Closed Plant Production Systems at
Chiba University. The module has an air condi-
tioning system, a lighting system, and seven
multi-shelves. Home-use air conditioners were
installed on the top of the module. Each shelf
has sixteen 32-W fluorescent lamps and three 16
-W fluorescent lamps. Details were reported by
Chun and Kozai(2000).
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Table 1 Frequency distribution of air
temperature outside the system
used in this analysis. The data
were selected for analysis among
observed air temperatures at
Abiko-city (N35° 47", E139° 54°),
Chiba, Japan, during 1 May 2000
to 30 April 2001.

Air temperature(°C) Frequency

—5-0 1

0-5 21

5-10 13
10-15 37
15-20 30
20-25 12
25-30 37
Total 151
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Fig.3 Daily amount of electric energy consumption
for air conditioning (W¢)as affected by a)air
temperature outside the building ( 7%x) and b)
daily amount of heat energy generated inside
the room (& in eq.(2)). The air temperatures
inside the room(7:)during photo- and dark
period were 29-31°C and 27-29°C, respectively.
The T,.. was observed at Abiko-city (N35° 47,
E139° 54’), Chiba, Japan.
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Fig.4 Coefficient of performance for cooling (C in eq.
(1)) as affected by a)air temperature outside the
building ( Toue) and b)daily amount of heat
energy generated inside the room (& in eq.(2)).
See legend of Fig. 1 for description of tempera-
tures.
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