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ABSTRACT

Located in a subtropical climate zone, agricultural workers in Taiwan face severe heat stress
risks in greenhouses due to high temperatures accompanied by high humidity during summer. While
traditional active cooling systems are effective, their widespread adoption is limited by high
installation costs and energy consumption. This study aims to evaluate the field efficacy of using
Unmanned Aerial Vehicle (UAV) to spray functional climate control coatings for improving
greenhouse microclimates and mitigating workers' heat exposure. Two experimental sites were
selected, greenhouse 1 (Mizuna/multi-span greenhouse) and greenhouse 2(Muskmelon/standalone
greenhouse), treated with ReduHeat (heat-reflecting) and ReduFuse IR (heat-reflecting and
diffusing) coatings, respectively. An IoT monitoring system was employed to continuously record
environmental data before and after application. The results demonstrated that coating technology
is an effective passive cooling strategy. During daylight hours, the average indoor temperatures at
the greenhouse 1 and 2 decreased by 1.4°C and 2.9°C, respectively, with a maximum temperature
difference of up to 4.3°C during peak hours. Regarding occupational health, the application reduced
the indoor Wet Bulb Globe Temperature (WBGT) by 2.2°C to 3.7°C during core working hours
(10:00-14:00), successfully downgrading the environmental risk level from "Extreme Danger" to
"Alert/Danger" and significantly extending the allowable continuous work duration for laborers.
Cost-benefit analysis indicated that adopting a "half-yearly re-spraying" strategy to adapt to
Taiwan's typhoon-prone climate resulted in an annual unit cost of approximately 111.5 TWD/m? for

the large-scale site, which is significantly lower than traditional active cooling systems. This study



confirms that UAV-applied functional coatings provide both agronomic benefits and occupational
safety protection, offering a cost-effective engineering control solution for facility agriculture in hot
and humid environments.
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W (How) [WFAIZR (Ave) | BAAMIEE W) [ EERTE Mg | BERTA o) [ BREK
6 23.71 1.11 23.34 0.82 0.37
7 27.22 0.93 26.76 1.22 0.46
8 33.47 2.65 29.51 0.82 3.96
9 33.67 2.32 32.65 0.87 1.02
10 3431 1.59 33.17 0.84 1.14
11 34.67 1.63 33.59 1.56 1.08
12 3591 1.58 3471 0.79 1.2
13 34.41 2.05 33.1 0.93 1.31
14 3491 1.51 32.8 1.39 2.11
15 32.73 1.6 30.89 1.36 1.84
16 30.01 3.11 28.58 1.42 1.43
17 28.32 2.2 26.48 0.34 1.84




*2 ZEERFAREE 2 ATEZRAEZCBBLLER
FFf (Hour) ELRRTZER (Ave) | BEERTZECR (Std) | IR RZER (Ave) | IEZRRZEMR (Std) [ee R RS
6 26.08 1.22 25.67 0.90 0.41
7 28.58 0.98 28.10 1.28 0.48
8 36.82 3.12 33.46 0.90 3.36
9 37.04 2.55 35.92 0.96 1.12
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12 40.15 1.82 35.80 0.91 435
13 39.92 2.38 37.40 1.08 2.52
14 39.45 1.71 37.06 1.57 2.38
15 35.42 1.68 32.43 1.43 2.98
16 32.56 3.27 30.01 1.49 2.55
17 29.74 2.31 27.30 0.36 1.93

Greenhouse 1 (Vegetable): Indoor Temp Variation

Greenhouse 2 (Muskmelon): Indoor Temp Variation
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* 4 ZBEEFAEEE 1 A WBGT (LS LR
I (Hour) | '%:RT WBGT (Avg) | %A1 WBGT (Std) | %1% WBGT (Avg) | 'E%1% WBGT (Std) | FERIEMA
6 24.07 0.98 232 0.66 0.87
7 26.82 1.04 25.39 0.84 1.43
8 29.13 2.11 26.9 0.63 2.23
9 29.87 1.47 28.33 0.37 1.54
10 30.11 1.01 28.28 0.42 1.83
11 30.57 0.76 28.28 0.64 2.29
12 31.57 0.68 29.37 0.53 2.2
13 31.94 0.94 29.61 0.44 2.33
14 30.26 0.61 28.2 0.68 2.06
15 29.24 0.86 27.21 0.74 2.03
16 28.27 1.66 26.3 0.58 1.97
17 26.72 1.56 25.38 0.31 1.34
x5 ZEEMRFIZEE 2 A5 WBGT £{CiBS LR
ik§f] (Hour) | MEZEAT WBGT (Avg) | HEZHT WBGT (Std) | A& WBGT (Avg) | IE%1& WBGT (Std) I i
6 26.48 1.08 25.52 0.73 0.96
7 28.16 1.09 26.66 0.88 1.50
8 32.04 4.51 29.59 0.69 2.45
9 32.86 1.62 31.16 0.41 1.69
10 34.63 1.16 31.53 0.45 3.09
11 34.54 0.86 31.25 0.68 3.29
12 35.31 0.78 31.80 0.56 3.50
13 35.05 1.09 31.32 0.50 3.73
14 34.19 0.69 31.87 0.77 2.33
15 30.70 0.90 28.57 0.78 2.13
16 29.68 1.74 27.62 0.61 2.07
17 28.06 1.64 26.65 0.33 1.41
Greenhouse 1 (Vegetable): WBGT Variation Greenhouse 2 (Muskmelon): WBGT Variation
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