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Prediction and Verification of the Energy Saving
of HVAC Systems Brought by Tree-planting
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Abstract

Environmental and energy issues are very important and serious now and even in future. So this research focuses on
improving the environment of buildings and reducing building energy consumption using the trees and other plants
around a building to reduce the cooling load and improve the energy efficiency of air-conditioners. The mechanism of
how plants transpiration and solar-shading influencing air-conditioners’ energy efficiency is analyzed and a method is
developed to predict the energy saving brought by plants transpiration and solar-shading. Then an experimental system
was set up through combining a roof planting of hydroponic-cultivated sweat potato with an air-conditioner to verify the
accuracy of the energy saving prediction method. The transpiration rate and air-cooling effect caused by the
solar-shading and transpiration of roof planting were measured. The daily transpiration is 6.3kg/m* in average and
8.3kg/m? at the maximum, which is 1.8 times of well-sprinkled roof planting of Sedum, a commonly used roof planting
type. The air temperature differences cooled down by the roof plant are 1.3 °C in average for clear day, and 3.0°C in
average by sprinkling water. After the energy saving prediction method accuracy is verified, it is used to check how
much an air-conditioner’s energy efficiency can be improved at four areas with different weather conditions of Sapporo,
Tokyo, Osaka, and Naha. The energy saving ratios at four different areas are similar, which are 8%, 6% and 1%
respectively for the air-conditioners with high, middle and low efficiency improvement rate accompanying to the

decrease of outdoor air temperature.
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Table.1 Energy saving estimation for four cities from August 1st to September 30th
Group 1 Group 2 Group 3
Manufactuer
A E C D
Energy related || Energy consumption Energy Energy consumption Energy Energy consumption Energy Energy consumption Energy
to use or not [kwWh] saving [kwWh] saving [kWh] saving [kWh] saving
use roof plant Use Not Use rate Use Not Use rate Use Not Use rate Use Not Use rate
Sapporo 32396.30 [32449.91 | 0.2% ||26876.48 [28371.19 [ 5.3% (24250.59 |26250.85 | 7.6% |24733.34 |126492.37 | 6.6%
Tokyo 6353.16 | 6430.23 1.2% 5396.26 | 5726.88 5.8% 5252.81 | 5690.67 | 7.7% 4970.74 | 5355.23| 7.2%
Osaka 10314.08 |10438.78 1.2% 9595.27 |110211.44 | 6.0% 8669.72 | 9465.12| 8.4% 9089.36 | 9880.86 | 8.0%
Naha 12675.15 |12801.64| 1.0% [|12050.77 |12845.89 6.2% ||10430.95|11445.15| 8.9% [11388.72[12430.08 | 8.4%
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