Protected Horticulture and Plant Factory, Vol. 26, No. 4:258-267, October (2017)
DOI https://doi.org/10.12791/KSBEC.2017.26.4.258

BESZ 0

Estimation on Heating and Cooling Loads for a Multi-Span Greenhouse and

Performance Analysis of PV System using Building Energy Simulation

Minhyung Lee, In-Bok Lee*, Tae-Hwan Ha, Rack-Woo Kim, Uk-Hyeon Yeo, Sang-Yeon Lee,
Gwanyong Park, and Jun-Gyu Kim

Department of Rural Systems Engineering, Seoul National University, Seoul 08826, Korea

Abstract. The price competitiveness of photovoltaic system (PV system) has risen recently due to the growth of
industries, however, it is rarely applied to the greenhouse compared to other renewable energy. In order to evaluate
the application of PV system in the greenhouse, power generation and optimal installation area of PV panels should
be analyzed. For this purpose, the prediction of the heating and cooling loads of the greenhouse is necessary at first.
Therefore, periodic and maximum energy loads of a multi-span greenhouse were estimated using Building Energy
Simulation(BES) and optimal installation area of PV panels was derived in this study. 5 parameter equivalent circuit
model was applied to analyzed power generation of PV system under different installation angle and the optimal
installation condition of the PV system was derived. As a result of the energy simulation, the average cooling load
and heating load of the greenhouse were 627,516MJ and 1,652,050M1J respectively when the ventilation rate was
60AE-hr". The highest electric power production of the PV system was generated when the installation angle was set
to 30°. Also, adjustable PV system produced about 6% more electric power than the fixed PV system. Optimal instal-
lation area of the PV panels was derived with consideration of the estimated energy loads. As a result, optimal instal-
lation area of PV panels for fixed PV system and adjustable PV system were 521m? and 494m? respectively.
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Fig. 1. Schematic diagram of targeted venlo-type greenhouse.
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2. Building Energy Simulation (BES)
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Table 1. Frame, floor and thermal curtain properties of targeted greenhouse.

Materials Density Specific heat Heat conductivity Thickness
(kg'm™) (kIkg"'K™") (kJ-hr'-m™"-K" (m)
Frame Galvanized pipes 7865 0.47 11.94 0.10
Floor Gravel 1400 1.00 4.07 0.20
Thermal Multi layer 29 2.30 0.15 0.05
curtain
5005014 AAE 2E5S HECF  Five-parameter Table 2. Specification of PV module.
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Parameter Specification
Rated Power in STC 275 W
Short-circuit current 931 A
Open-circuit voltage 387V
Current at max power point 8.79 A
Voltage at max power point 313V
Number of cells wired in series 60

Dimensions 1670 x 1000 x 32 mm
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Table 3. Electric power for cooling and heating loads by ventilation rate.

Ventilation rate

Electric power for cooling

Electric power for heating Total electric power

(AEhr) Year (kWh) (kWh) (kWh)

2012 234,855 490,232 725,087

2013 259,777 456,848 716,625

0 2014 206,091 416,441 622,532

2015 166,992 478,724 645,716

2016 273,013 428,732 701,744

Average 228,146 454,195 682,341

2012 188,353 491,550 679,903

2013 216,250 458,553 674,802

30 2014 150,956 418,074 569,029

2015 113,830 480,013 593,843

2016 226,064 430,052 656,116

Average 179,090 455,648 634,739

2012 183,780 494,918 678,699

2013 213,079 463,287 676,366

60 2014 146,013 421,268 567,281

2015 107,778 482,473 590,251

2016 220,899 432,569 653,468

Average 174,310 458,903 633,213
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Table 4. Maximum heating loads and occurrence by ventilation rate.

e - iz

Maximum heating loads

Ventilation rate (AE-hr") Year
Loads (kJ-hr'") Occurrence Air temperature (°C) Solar radiation (kJ-hr'")
2012 990,272 01.24.07:00 -7.4 0
2013 1,002,587 02.09. 06:00 -7.9 0
0, 30, 60 2014 917,183 01.10. 07:00 -6.5 0
2015 967,141 02.09. 06:00 -8.8 0
2016 1,103,508 01.24. 07:00 -9.7 0
Average 996,138 -

Table 5. Maximum cooling loads and occurrence by ventilation rate.

Maximum cooling loads

Ventilation rate (AE-hr™") Year
Loads (kJ-hr'") Occurrence Air temperature (°C) Solar radiation (kJ-hr'!)

2012 1,304,379 07.28. 14:00 33.9 2,950
2013 1,203,322 08.16. 14:00 34.5 2,970
0 2014 1,077,444 05.30. 14:00 32.1 3,190
2015 858,286 08.07. 12:00 32.7 1,900
2016 1,261,035 07.31. 13:00 33.9 3,420

Average 1,140,893 -
2012 1,304,379 07.28. 14:00 33.9 2,950
2013 1,203,322 08.16. 14:00 345 2,970
30 2014 1,076,720 05.30. 14:00 32.1 3,190
2015 858,065 08.07. 12:00 32.7 1,900
2016 1,261,035 07.31. 13:00 33.9 3,420

Average 1,140,704 -
2012 1,304,379 07.28. 14:00 33.9 2,950
2013 1,203,322 08.16. 14:00 34.5 2,970
60 2014 1,076,594 05.30. 14:00 32.1 3,190
2015 858,037 08.07. 12:00 32.7 1,900
2016 1,261,035 07.31. 13:00 33.9 3,420

Average 1,140,673 -
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Fig. 3. Annual power generation by installation angle of PV system.
Table 6. Optimal installation angle of PV system.
Optimal installation angle (°)
Month
2012 2013 2014 2015 2016
1 60 60 60 60 60
2 50 50 50 50 50
3 35 40 35 40 35
4 20 20 20 20 20
5 10 10 10 10 10
6 5 0 0 0 0
7 5 5 5 5 5
8 15 15 10 10 15
9 30 30 30 30 30
10 45 45 45 45 45
11 55 55 55 55 55
12 65 60 60 60 60
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Table 7. Power generation of PV system by type of PV system.

Power Generation (kWh)
PV system
2012 2013 2014 2015 2016 Total
Fixed 55360 27720 26,598 28,045 29.109 136,835
PV system
Adjustable ¢ 5y7 59983 28215 29,624 30,829 144,679
PV system
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