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Analysis of Heating Load Characteristics for Greenhouses Constructed in Reclaimed Lands
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Abstract

The purpose of this study was to provide basic data for development of environmental design technology for greenhouses constructed in reclaimed lands.
We analyzed the climatic conditions around seven major reclaimed land areas in Korea, which have a plan to install advanced horticultural complexes.
The characteristics of heating load through the thermal environment measurement of the greenhouse in Saemangeum were analyzed. The part to be
applied to the environmental design of the greenhouses in reclaimed lands were reviewed. The overall heat transfer coefficient of the experimental
greenhouse with the aluminum screen and multi-layer thermal curtain averaged 3.79 Wim°C. 1t represents a 44 % heat savings rate compared with plastic
greenhouses with a single covering, which was significantly lower than that of the common greenhouses with 2-layer thermal curtains. This is because
the experimental greenhouse was installed on reclaimed land and wind was stronger than the inland area. Among the total heating load, the transmission
heat loss accounted for 96.4~99.9 %, and the infiltration loss and the ground heat exchange were low. Therefore, it is necessary to take countermeasures
to minimize the transmission heat loss for greenhouses constructed in reclaimed lands. As the reclaimed land is located on the seaside, the wind is
stronger than the inland area, and the fog is frequent. Especially, Saemangeum area has 2.6 times stronger wind speed and 3.4 times longer fog duration
than the inland area. In designing the heating systems for greenhouses in reclaimed lands, it is considered that the maximum heating load should be
calculated by applying the wind coefficient larger than the inland area. It is reasonable to estimate the operation cost of the heating system by applying
the adjustment factor 10 % larger than the average in calculating the seasonal heating load.
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Fig. 1 Size of the experimental greenhouse and location of the sensors
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Table 1 Specifications of the experimental greenhouse and measuring instruments

Iltem Component Specifications
Area (m?) 1,008
Length (m) 48,0
Width (m) 7.0
Greenhouse Number of spans (ea) 3
Eaves height (m) 45
Ridge height (m) 6.5
Covering film (mm) PO 0.10
Thermohygrometer MicroLogPro Il (Fourtec)
Pyranometer LP02/L119 (Hukeseflux)
Measuring Anemometer CTV100 (Kimo instrument)
instruments Flow meter GSA-500 (Kometer)
Heat flux MF-81 (EKO)
Temperature T—-type thermocouple (Komets)
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Table 2 Reclaimed land being studied and the nearest weather

stations
Weather station

Reclaimed land
Seaside Inland
Sihwa, Hwaong Incheon Suwon
Seokmun, Iwon Seosan Cheonan
Saemangeum Gunsan Jeonju
Youngsangang, Goheung Mokpo Gwangiju
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Fig. 2 The tendency of the soil temperature measured in the
experimental greenhouse
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Table 3 Measured infiltration rates for the experimental greenhouse

Infiltration Average Difference between
No. rate wind speed indoor and outdoor
(volume/h) (m/s) temperature (°C)
1 0.103 0.2 9.8
2 0.168 3.1 1.5
3 0.130 1.1 1.8
Average 0.134 15 1.0
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Table 4 Component ratio of total heating load for the experimental
greenhouse by At group

Heat loss (%)
At (°C)

Transmission | Infiltration Floor Sum
99.9 1.9 -1.8 100
99.7 1.9 -1.56 100
10 99.3 1.9 -1.1 100
1 99.0 1.7 -0.7 100
12 98.6 1.8 -0.4 100
13 98.4 1.8 -0.2 100
14 97.9 2.0 0.1 100
15 97.6 22 0.3 100
16 97.3 22 0.5 100
17 97.2 22 0.6 100
18 96.8 2.3 0.9 100
19 96.7 23 1.0 100
20 96.9 2.1 1.0 100
21 96.6 2.2 1.2 100
22 96.8 20 1.2 100
23 96.4 22 1.4 100
24 96.5 2.1 1.4 100
Average 97.7 2.1 0.2 100
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Table 5 Comparison of average wind speed between seaside and inland region near the reclaimed land during winter season

Average wind speed (m/s) seaside
Reclaimed land Region -
Nov. Dec. Jan. Feb. Mar, Total inland
Seaside 3.0 3.3 3.2 35 3.7 3.3
Sihwa, Hwaong 1.94
Inland 1.5 1.5 1.5 1.8 20 1.7
Seaside 2.2 2.2 2.2 2.4 2.8 2.4
Seokmun, lwon 1.50
Inland 15 15 15 17 2.0 1.6
Seaside 3.7 3.6 3.8 41 45 3.9
Saemangeum 2.60
Inland 14 14 14 1.6 1.8 15
Youngsangang, Seaside 4.1 42 46 48 45 4.4 10
Goheung Inland 1.8 1.9 2.1 2.2 2.3 2.1 )

Table 6 Comparison of fog duration hours between seaside and inland region near the reclaimed land during winter season

I - Fog duration (h) seaside

eclaimed lan egion -
o Nov. Dec. Jan. Feb. Mar, Total inland
Seaside 14.2 1.3 14.2 19.7 214 80.8

Sihwa, Hwaong 125
Inland 19.3 9.3 9.4 12.9 13.5 64.4
Seaside 16.2 8.1 6.0 9.1 13.6 529

Seokmun, Iwon 1.39
Inland 17.8 47 6.8 4.0 47 38.1
Seaside 221 6.4 1.8 14.4 19.9 745

Saemangeum 3.43
Inland 34 2.7 35 6.6 55 217

Youngsangang, Seaside 8.3 5.0 3.4 9.5 6.4 32,7 149

Goheung Inland 8.7 43 2.3 35 3.1 22.0 '
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