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Sensitivity analysis of building HVAC load in early design:
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Abstract: The diversity of urban environment and design parameters makes the shopping center’s heating
and cooling loads have multiple uncertainties. Through the sensitivity analysis of three typical shopping
centers in two urban environments, this paper aims to determine the key design parameters in cold
region. Latin Hypercube Sampling was used to obtain 200 design combinations. Based on uncertainty and
sensitivity analysis, the cooling and heating load fluctuations of the shopping center and the sensitivity
ranking of 16 design parameters were obtained. Uncertainty analysis shows that the design parameters
cause the HVAC (heating, ventilation and air conditioning) load to fluctuate up to 62.3% , and the change

in heating load is 5 times of that in cooling load. Sensitivity analysis shows that the entrance wind speed,
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the ratio of skylight area to roof area, and roof U-value are three important design parameters that affect
the building HVAC load of shopping centers in cold region. The urban environmental impact shows that the
demand for cooling load in the high-density area is lower than that in the low-density of the city.
Meanwhile, the sensitivity of the window solar heat gain coefficient is significantly higher in the open areas
than in the high-density built areas.
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Fig. 1 Environment models of three shopping centers
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Table 1 Building parameters

WA A i e Al AR A FE Hfig
1-3 ) 2 0~360 )

2- A E R it 0.2~2.6% m/s
3-FRM WWR FE SR 0~70 %
4-P5 Ml WWR b 0~70 %
5-p Il WWR V& 0~70 %
6-JL M WWR L 0~70 %
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7- R R TUE R 8 0~20 %
8-Fh i 1L PR KL it 0.1~0.6" W/m’K
9-J= W15 P R 4 0.1~0.55" W/m*K
10-4h 6 15 $ R 5L L 0.8~3.0" W/m’K
1-REERRE 5% 0.8~2.4" W/m’K

12-4Mi SHGC L 0.15~0.8"

13-K % SHGC U 0.15~0.44"

14-4h g7 < gk 1.0~4.5" m*/m*h

15- R & E M HEEE 1.0~4.5" m®/m*h
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Fig. 2 Probability distribution of heating loads of three models in high-density/ low-density built areas
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Fig. 3 Probability distribution of cooling loads of three models in high-density/ low-density built areas
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Fig. 4 Probability distribution of HVAC loads of three models in high-density/low-density built areas
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Fig. 5 Heating sensitivity analysis of three models in high-density/ low-density built areas
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Fig. 6 Cooling sensitivity analysis of three models in high-density/ low-density built areas
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Fig. 8 Building loads sensitivity ranking of three models in high-density/ low-density built areas
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