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Development of an integrated simulation model by combining environment control with
plant growth in a modern greenhouse

Goto, Eiji
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To predict greenhouse environments under given weather conditions, we developed
an integrated model for greenhouse climates by using the transient system simulation program (TRNSYS).
TRNSYS includes many of the components for thermal and electrical ener?y systems. We modified and added
components that modeled ventilation, shading, heating, evaporation cooling, and evapotranspiration, and
calculated the heat energy balance necessary for predicting inside air temp. and humidity. We evaluated
the developed model by using an greenhouse and applied the model to greenhouses under various climatic
conditions in different countries. We estimated the energy required for heating and/or cooling and CO2
and water in order to control the internal environmental conditions at the targeted values under given
weather conditions. The study indicates that the model is an effective tool for making strategic
decisions in the installation of greenhouses from the viewpoint of energy and resource application.
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The outside of the greenhouse

3-D geometry model of the greenhouse
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Simulation conditions
# Greenhouse
Area: 160 m?
U value of roof and wall: 5.7 W m2K*
# Vegetation
LAL: 2.0
# Ventilation
Natural ventilation using top and side
ventilators (open area ratio; 25%)
# Set-point in summer
Daytime for fog cooling
Air temp. : 28 °C
RH.:90%
Nighttime for heat pump cooling
Air temp. : 25 °C
# Set-point in winter
Air temp. for heating: 15 °C
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Month Ambient weather condition Estimated Estimated
inside requirement of energy and resources
condition
Solar radiation Air temp.R.H. Wind speed Air temp. R.H. Cooling load  Water required
(ki/m2/month)  (°C) (%) (m/s) (°C) (%) Heatingload in nighttime for fogging
(ki/Month)  (ki/month)  (kg/month)
1 223646 20 67 22 16.8 31 3.44E:07  0.00E+00 )
2 22.6+6 28 68 25 171 32 2756:07  0.00E+00 0
3 28.96+6 61 69 26 17.8 36 1.98E:07  0.00E+00 0
4 29.4E+6 118 75 28 192 50 6.76E+06  0.00E+00 3
5 33.46+6 166 77 26 215 57 133E+06  7.91E+04 115
6 27.8+6 197 83 25 232 67 9.24E:04  3.81E+05 343
7 29.26+6 236 83 22 251 76  2.76E+03  167E+06 5,306
8 31.4E+6 52 8 25 259 80 0.00E+00  2.62E+06 8,301
9 23.6E+6 211 83 23 239 71 3.10E:04  6.226+05 1,304
10 21.5E+6 152 80 21 200 61 251E+06  0.00E+00 0
11 18.5+6 95 78 20 17.9 50 1.25E:07  0.00E+00 0
12 19.26+6 41 73 20 16.8 38 2.80E:07  0.00E+00 [
Total 1.33E+08 536E+6 15,369
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Location Heating Cooling Cooling
in nighttime in daytime
Electric Heavy oil LPG Woody Electric Water
heat pump (bunker A)  (m3) pellet heat pump  supplied
(kwh) (L) (ke) (kwh) (ke)
Tsukuba 12,297 3,774 1,458 8,680 497 15,369
Brussels 18,494 5,676 2,193 13,055 303 1,330
Riyadh 1,770 359 139 826 6,271 362,380
Chiang Mai 108 33 13 76 4290 132,939
Bangkok 0 0 0 0 5,869 168,590
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