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Evaluation of Heating Performance and Analysis of Heating Loads
in Single Span Plastic Greenhouses with an Electrical or Hot-Air
Heating
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Abstract

A series of experiments were carried out in winter to investigate the indoor thermal
environment in greenhouses with different kinds of heating systems, and characterize
the energy consumption, heat transport and thermal energy efficiency of each system.
By the quantitative calculation of heat losses which transmit through the covers of
greenhouse, the fundamental data of energy-saving of the particular heating system
were obtained. And from the analysis of air temperature differences between indoor
and outside, it was possible to select more effective energy-saving and comfortable
heating system in greenhouses. The electric heater was more stable in thermal
environment and cheaper in cost, since it could be used during the surplus time of
electric power from 10:00 PM. to 800 AM. But the low air temperature in
greenhouses besides these times resulted in a chilling problem of the crops. The
heating system by hot air had the advantage to show nearly uniform temperature
difference by the height above the ground. But the system had the disadvantage to

require more energy consumption than the electric heating system.
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Table 1. Results of heating load in plastic greenhouse B

Time 1 13 4 15 16
{h] ~3 | ~4 ] <15 ~I6 ] ~17

17 18 19 2 2 2 VA]
~8 | ~9 ]~ | ~2A| 2 ~B| ~A4

YEPC [kWh] | © 0 0 0 0

0 0 0 0 0 | 180 | 16.0

XISR [M]] 115 | 152 | 107 | 100 | 62

52 0 0 0 0 0 0

YIAT [T] 174 | 186 | 181 | 167 | 151

128 { 108 | 96 | 89 | 84 | 11.8 | 127

VOAT [T 27 | 25 1 22 | 21| 17

1311040941010} 10} 10

VAHG [M]] 115 | 152 |} 107 | 100 | 62

52 0 0 0 0 65 58

TAHLW [MJ)| 39 | 43 | 43 | 33 | 36

31 26 23 21 20 29 31

SAHLR [MJ] | 40 | 44 | 43 | 40 | 37

31 27 24 22 20 30 32

Rappi M | 23 | 25 | 24 | 22 | 21 | 18 | 15| 13 {12 | 11 | 17 | 18
Time %o | e | 8| o) w6 |06 0] 8] ®] w01
(1] ~01 | ~2 | ~8| ~M|~6]|~06]|~7|~8|~09]~10]|-~1]-~2
YEPC [kWh] | 140 | 130 | 140 | 130 | 140 [ 130 | 1301 120 0O 0 0 0
*ISR [M]] 0 0 0 0 0 0 0 0 | 77 | 149 | 189 | 223
“IAT [TC] 1290|130 | 129 | 129 | 120 | 130 | 130 | 132 | 124 | 176 | 236 | 270

VOAT [C] 13§ 14 | 14 ] 13| 11

12 | 13 16 | 21 | 31 | 45 [ 56

VAHG [M]] 50 | 47 | 80 | 47 | B0

47 47 43 77 | 149 | 189 | 223

TAHLW [MJ1| 31 | 31 | 31 | 31 | 32

31 31 31 28 39 51 57

SAHLR IMJ1 | 32 | 32 | 31 | 32 | 32

32 32 32 28 40 53 59

RAHLI [MJ] 18 181 18] 18] 18

18 18 17 16 22 30 33

12~13 : 12:00~13:00

XISR : Indoor solar radiation.

YOAT : Outdoor air temp..

TAHLW : Amount of heat loss through wall.
"AHLI : Amount of heat loss by infiltration.
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YEPC : Electric power consumption.

YIAT : Indoor average temp. at 0.8m height.
YAHG : Amount of heat gain.

SAHLR : Amount of heat loss through roof.
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Table 2. Results of heating load in plastic greenhouse C

Time 12 13 14 15 16 17 18 19 20 2 2 3
[h] ~3| ~u4| ~15] ~16| ~17}{~8} ~19|~0{~2A|-~2|~B] Y

Yoc [ ¢ 0 0 0 0 | 231231232323 |23}23]|23

ISR [M]] 115 | 152 | 107 | 100 | 62 52 0 0 0 0 0 0

YIAT [T] 1731 187 | 177 | 161 | 155 | 157 | 168 | 168 | 165 | 17.1 | 162 | 170

YOAT [C] 27 125222t }1 17131009 {1010/ 10 10

YAHG [M]] 115 | 152 | 107 | 100 | 151 | 141 | 8 | 89 | 8 | 8 | 8 | 89

&

TAHLW [MJ1| 39 43 41 37 37 38 42 42 42 43 41

SAHLR [M]] | 40 44 42 38 38 39 43 43 43 44 42 44

RAHLI (M]] 23 25 24 22 21 22 24 24 24 25 23 2

Time A 01 ® 3 | ® 06| 0] 8] ©O 10 11
[h] ~0 | ~@|~®] ~mu|~6]~6]-~00|~®8] 00| ~10]~11]|-~12
Yoc [¢] 2323|2323 ] 23|23 |23 23|23} 0 0 0
XISR [M]] 0 0 0 0 0 0 0 0 77 | 149 | 189 | 223

"IAT [TC] 164|167 | 170 | 165 | 171 | 165 | 159 | 160 | 160 | 175 | 227 | 26.3

YOAT [C] 1314|1413 |11 1211316 21(|31]45] 56
YAHG [M]] 89 | 8 | 89 | 89 | 89 | 89 | 8 | 89 | 166 | 149 | 189 | 223
TAHLW [MJ1| 40 | 41 | 42 | 41 | 43 | 41 | 39 | 38 | 37 | 39 | 49 | 55

SAHLR [M]] | 41 42 42 42 4 42 40 39 38 40 50 57

RAHLI [M]] 23 23 24 23 25 24 23 22 21 22 28 32

219~13 : 12:00~13:00 Yoc : oil consumption.
’fISR : Indoor solar radiation. “IAT : Indoor average temp. at 0.8m height.
VOAT : Outdoor air temp.. YAHG : Amount of heat gain.

TAHLW : Amount of heat loss through wall. SAHLR : Amount of heat loss through roof.
RAHLI : Amount of heat loss by infiltration.
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