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ABSTRACT KEYWORD

Purpose: While the supply of fuel cells for buildings is spreading, smart farms are being proposed as one of the Ui 20LEH
methods to remove carbon dioxide emitted during the hydrogen reforming process. In order to prove the gg'ﬂ i‘_:i Alg]
effectiveness of the smart farm system linked to the fuel cells in the building, it is necessary to check whether ,'é ~ iﬂ
growing edible crops under high concentrations of carbon dioxide compared to the general environment promotes
the photosynthesis of crops, helps them grow, and reduces the captured carbon dioxide concentration. Method: In ~ Indoor Smart Farm
this study, an experimental facility for growing crops was produced, and leafy vegetables and fruits were divided ~ Carbon Dioxide Fertilization
into a control group and an experimental group and cultivated under high-concentration carbon dioxide conditions. lgﬁéfjga ture
In addition, a smart farm that can be applied as a system to a building was designed and manufactured as a modular P
unit, and the effect of reducing carbon dioxide was to be evaluated through leafy cultivation. Result: In the  ACCEPTANCE INFO
high-concentration carbon dioxide experiment, the growth promotion effect was confirmed in weight and size for ~ Received Oct. 31, 2024
4 out of 6 leafy vegetables (about 95-322% increase in weight), and in the case of strawbetries, about 27% increase  Final revision received Nov. 21, 2024
in weight and 18% increase in sugar content was confirmed. In addition, as a result of the unit-type smart farm pilot ~ Accepted Nov. 27, 2024
experiment, the effect of reducing carbon dioxide by about 1.25g per hour was confirmed. Therefore, both the
effectiveness of crop growth and reducing carbon dioxide were confirmed.
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—| Assessing the impact of carbon dioxide on crop growth

Construction of experimental facilities

Experimentally evaluating impacts on carbon
dioxide by growing six types of leafy vegetables

r— Evaluating the carbon dioxide utilization in the VSFU

Developing the prototype of
the vertical smart farm unit (VSFU)

Operating the smart farm linked
with the carbon dioxide collector

Monitoring and anlyzing internal and external
environments of the VSFU

Fig. 1. Process of the research
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Fig. 2. Experiment facilities
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Fig. 3. Plans for experimental facilities
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Table 1. Experiment overview

Category Values
Cuore, Teide, Charles,
Type . .
Red mustard, Pak choi, Spinach
Period 2022.08.24.~2022.11.11.

Leafy Nutrient solution pH : 5.5~6.5
vegetables | Environment Temp. : 22+2.0°C, Humi. : 70+5%
(Fig. 4(2)) LED : 12h/day (350umol/m’s)

Measured .Plant height (cm), Fresh and dry
values weight of plant (g), Number of leaves
(ea), Thickness of leaves and rib (mm)
Type Strawberry (Fragariaxananaasa/sulhyang)
Period 2022.11.16.~2023.06.16.
) Nutrient solution pH : 5.5~6.5

.FI'UIIS Environment Nutrient solution Temp. : 2042.5°C
(Fig. 4(b)) LED : 12Wday (350pmol/m’s)

Measured Frult. wel.ght (g), Fruit length (mm),
values Fruit width (mm), Sugar contents
(Brix%)

(b) Strawberry

Fig. 4. Plants in the test facilities
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Table 2. Results of the experiment for leafy vegetables

Type €O, Control Height of plant | Fresh weight of | Dry weight of Number of Thickness (mm)
(cm) plant (g) plant (g) leaves Leaves Rib
Not controlled 28.6+0.7 47.749.0 16.3£0.6 0.31+0.06 3.00+0.47
Cuore 1,500ppm 28.7+1.3 106.0£22.5 25.3+2.9 0.35+0.03 3.68+0.28
s Not controlled 27.7+1.2 122.7+13.7 o data 22.0+1.7 0.36+0.04 3.04+0.67
1,500ppm 27.0£1.6 115.7+14.8 22.3+3.1 0.36+0.01 3.66+0.42
Not controlled 22.8+1.7 92.3+24.6 31.3+4.2 0.374+0.08 3.59+0.19
Charles 1,500ppm 22.3+2.1 180.3+6.8 43.3+£1.5 0.62+0.03 4.09+0.04
el W] Not controlled 18.6£0.9 10.0£1.2 0.76+0.10 5.7£0.6 0.27+0.02 1.64+0.04
1,500ppm 24.3+2.0 42.248.0 2.76+0.46 7.7£0.6 0.43+0.07 4.47+0.41
) Not controlled 15.8+1.9 52.8+13.0 2.75+0.61 11.3+1.2 0.59+0.12 5.17+0.09
Pal Choi 1,500ppm 18.7+0.8 128.4+19.0 5.39+0.27 13.3+0.6 0.59:+0.02 5.68+0.26
) Not controlled 23.1£1.5 72.0£12.4 5.50+1.00 84.7+4.7 0.26+0.04 2.29+0.16
Spinach 1,500ppm 21.244.1 72.5+14.2 5.20+0.60 95.34+6.7 0.22+0.02 2.55+0.17
Table 3. Results of the experiment for a strawberry
CO; Control Fruit weight (g) Fruit length (mm) Fruit width (mm) Sugar contents (Brix%o)
Not controlled (400~500ppm) 13.65 3523 29.73 9.31
1,000~1,500ppm 17.27 37.16 32.98 11.01
EA__0A

CO; not controlled CO; 1,000-1,500ppm
(a) Chales

CO; not controlled CO; 1,000-1,500ppm
(b) Pak Choi

Fig. 5. Comparison between control and experimental vegetables
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Fig. 6. VSFU (Vertical Smart Farm Unit) concept diagram
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Fig. 7. VSFU (Vertical Smart Farm Unit) Pilot system

Table 4. Experiment condition

Category Test condition
Target crop Lactuca sativa var. capitata
Crop bed 6EA x 9beds = S4EA
Chamber size 1,420 x 780 x 1,720mm
Chamber temperature 20-35 °C
Ambient temperature 22-26 °C
Zone humidity 70-95 %
pH 75
EC (Electrical Conductivity) 1.00
LED 164W
. Case A 24/07/18, 9:00-17:00
Period
Case B 24/07/19, 9:00-17:00
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Fig. 10. Experiment result of carbon dioxide reduction in smart farm unit (case B)

Table 5. Average rate of CO, concentration decrease

Time Case A (ppm/min) Case B (ppm/min)
9:00~10:00 -10.05 2.12
10:00~11:00 -2.57 -11.93
11:00~12:00 -10.4 -0.95
12:00~13:00 +0.05 -10.12
13:00~14:00 -0.63 -2.52
14:00~15:00 -8.93 3.48
15:00~16:00 -9.97 -13.95
16:00~17:00 -2.27 -3.62
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