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Abstract. Domestic facility agriculture grows rapidly, such as modernization and large-scale. And the production
scale increases significantly compared to the area, accounting for about 60% of the total agricultural production.
Greenhouses require energy input to create an appropriate environment for stable mass production throughout the year,
but the energy load per unit area is large because of low insulation properties. Through the rooftop greenhouse, one of
the types of urban agriculture, energy that is not discarded or utilized in the building can be used in the rooftop
greenhouse. And the cooling and heating load of the building can be reduced through optimal greenhouse operation.
Dynamic energy analysis for various environmental conditions should be preceded for efficient operation of rooftop
greenhouses, and about 40% of the solar energy introduced in the greenhouse is energy exchange for crops, so it should
be considered essential. A major analysis is needed for each sensible heat and latent heat load by leaf surface tempe-
rature and evapotranspiration, dominant in energy flow. Therefore, an experiment was conducted in a rooftop
greenhouse located at the Korea Institute of Machinery and Materials to analyze the energy exchange according to the
growth stage of crops. A micro-meteorological and nutrient solution environment and growth survey were conducted
around the crops. Finally, a regression model of leaf temperature and evapotranspiration according to the growth stage
of leafy vegetables was developed, and using this, the dynamic energy model of the rooftop greenhouse considering
heat transfer between crops and the surrounding air can be analyzed.

Additional key words : bok choy, evapotranspiration, heat transfer, rooftop greenhouse energy, urban agriculture
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Fig. 1. Target rooftop greenhouse at the Korea Institute of Machinery and Materials (36°23'N, 127°21'E).
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Table 1. Sensor type and resolution used in the experiment.

Sensor type Measurement factor Resolution
UX100-003 Temperature, Humidity T: 0.024°C, RH: 0.07% at 25°C
SP-510-SS Solar radiation 0.045 mV per W/n’
Anemometer Model 570 Wind velocity 0.01 m/s at range of 0 to 9.99 m/s
Nutrient solution sensor EC, pH EC: 0.1 dS/m, pH: 0.1
PT100 Water temperature 0.1°C
CBI1-50K Weight of bed 1.5 mV/V = 1%
Thermal-couple Temperature at leaf 0.1°C
SPAD-502plus Chlorophyll content 0.1 SPAD
LI-3100c Leaf area 1 mm’

"'\.\‘_\H.x:

Bed weights Leaf temperature
(a) Environmental factors measured every minute

Leaf width/length Amount of photosynthesis Fresh/dry weight Leaf area
(b) Plants growth factors of destructive measurement

Fig. 3. Devices measuring variables in greenhouse and plants.
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Fig. 4. Greenhouse climate factors and measured actual average daily evapotranspiration.

Table 2. Correlation analysis of climate factors with evapotrans-
piration (ET).

ET Radiation Air temperature Relative humidity

ET 1 0.91 0.53 -0.67
Radiation 1 0.58 -0.75
Tair 1 0.83
RH 1

Table 3. Monitoring of air environment in and out greenhouse (Jul. 17.
2021 — Aug. 3. 2021, KIMM).

Classification Avg Max  Min Dev
Internal temperature (°C) 28.5 399 216 42
External temperature (°C) 28.7 374 221 2.9
Internal relative humidity (%) 64.8 96.0 36.0 10.8
External relative humidity (%)  68.3 940 380 151
Internal solar radiation (W/m?)  147.7 8680 - -
External solar radiation (W/m?) 3194 1453.1 - -
Leaf temperature (°C) 25.8 344 193 5.7

252

Kok oFe] AR S 71X 1L 9l AL BRIE 4 9)
(R2=0.54). 248 37) welo] 4840 e 0.95g/hr2)
©A}2 BT}, B3k O 57 B9g o] gajo] 24 H7
o] LT} A2t o 0] ARHIAR) = 0.92 -
3k opo] ATAZ A H(R? = 0.96), S45] e A5t
0] ) 270l gt Hat gk 0.7°C 2 LEpdry.

=)
o
o0
fu
o

ET, =—54.625+5.6527+0.271H—2.851T; +0.524R (6)
ET,=—32.525+0.758 T+ 0.325 H—0.169 7, +0.201R (7)
ET; =26.248+3.8217+0.514H—1.257T; +0.248R

®)

T, =4.348+0.783T+0.016 H—0.007R )

Journal of Bio-Environment Control, Vol. 31, No. 3, 2022



S AFd AT AeollvA wek md A

70
5 ~ 60
g < s
k2] ol
g g
™ 40
: s £
o 5
- E 20
1 10
0 0
DATI DATS DATIO DATIS DAT20 DAT2S DAT1 DATS DATI0 DAT15 DAT20 DATIS
(a) Leaf area index (b) LAI growth rate of bok choy
20 70 5
—_ —o—Leaf length o g | ——Shootfreshueight | B
B 16 | —sLeatwiatn | E - Root frech weight 48
£ 3 @ i
1 E 40 3 g’
b
i 8 _E 30 ) &
% £ 20 g
T 4 i 1B
g _§ 10 E
- 0 ] 0
DAT! DATS DATI0 DATIS DAT20 DAT25 DAT! DATS DATI0 DATIS DAT20 DATS
(c) Width and length of leaf (d) Fresh weight of shoot and root
Fig. 5. Changes in factors according to the growth of bok choy.
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