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Abstract

The most crucial point of reducing building energy is application of high performance envelope.
The amount of heat exchange through window is highest in comparison of other envelopes so
that heat exchange through window influence directly with building energy consumption. The
window energy performance can be define with thermal, leakage and optical performance. In
previous study we can confirmed that not only thermal performance but also optical performance
are considered, 11% to 15% of building energy consumption can be reduced. Smart window
system has potential of energy saving so that many industry field use smart window system
including architectural area and these aspect causes smart window market continuous growth
year by year. In this study, building energy consumption has been analyzed which consist of
smart window that dynamically control optical states. The consideration of standard commercial
building model for research, the reference medium size commercial building model of DOE
(Department Of Energy, USA) has been used. The building energy simulation result of 4 axis in
8 regions in Korea shows 8% to 22% reduction of building energy consumption by application
of smart window system.

Keywords: 71-5-°] ] ]| A H|Z¥(Building energy consumption), 7 7] ¥ A (Electrochromic), 2~
0} E 91 & 2(Smart window), U X4 2K(Energy saving), SHGC (Solar Heat Gain Coefficient)

SREE
SHGC: Solar Heat Gain Coefficient
ASHRAE : American Society of Heating, Refrigerating and A—C Engineers
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Fig. 1 Electrochromic window transmission spectrum
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Fig. 2 Simulation modeling and HVAC system diagram

Table 1 Input conditions of simulation model

Category Value
Building type Medium office building
Window to Wall Ratio (WWR) 0.33
People [m*/per] 18.58
Internal load Light [W/m’] 10.76
Equipment [W/m?] 10.76
) U-value [W/m? - K] 1.5
Window
SHGC 0.583
Roof 0.376
Building property Exterior 0.514
Wall Interior [W/m?*- K] 6.299
Floor 3.401
Ceiling 4.488
) Boiler 1680
Sy Chiller Wl 1680
cop 34
Efficiency Boiler 0.78
Fan Total 0.5 / Motor 0.9
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Fig. 4 Solar transmittance reduction by ECW (Winter Season) Fig. 5 Solar transmittance reduction by ECW (Summer Season)
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Table 2 Building energy saving rate by application of smart window system in different orientations

¥3.65%

Heating & cooling energy consumption [kWh/m?-y ]

o 0,

ecation Item ase ECW Model Saving Rate [% ]
Model South East North West South East North West
Cooling  21.20 19.09 19.47 20.28 19.33 9.95 8.16 4.34 8.82
Incheon  Heating 17.46 17.59 17.64 17.51 17.64 -0.74 -1.03 -0.29 -1.03
Total 38.66 36.69 37.11 37.80 36.97 5.10 4.01 2.22 4.37
Cooling  22.56 20.34 20.54 21.61 20.47 9.84 8.95 4.21 9.26
Seoul Heating  20.34 20.47 20.54 20.39 20.55 -0.64 -0.98 -0.25 -1.03
Total 42.90 40.81 41.08 42.01 41.02 4.87 4.24 2.07 4.38
Cooling  24.77 22.15 22.65 23.78 22.54 10.58 8.56 4.00 9.00
Gangneung Heating 11.00 11.10 11.14 11.05 11.15 -0.91 -1.27 -0.45 -1.36
Total 35.78 33.25 33.79 34.83 33.70 7.07 5.56 2.66 5.81
Cooling 19.71 18.71 19.15 19.15 18.99 5.07 2.84 2.84 3.65
Daejeon  Heating 17.02 17.03 17.02 17.02 17.03 -0.06 0.00 0.00 -0.06
Total 36.73 35.75 36.17 36.18 36.02 2.67 1.52 1.50 1.93
Cooling  21.54 20.46 20.95 20.95 20.80 5.01 2.74 2.74 3.44
Daegu  Heating 11.14 11.15 11.14 11.14 11.15 -0.09 0.00 0.00 -0.09
Total 32.68 31.62 32.10 32.10 31.95 3.24 1.77 1.77 2.23
Cooling 2548 2293 23.23 24.39 23.06 10.01 8.83 4.28 9.50
Gwangju  Heating 12.29 12.38 12.43 12.34 12.44 -0.73 -1.14 -0.41 -1.22
Total 37.78 35.31 35.67 36.73 35.50 6.54 5.58 2.78 6.03
Cooling  24.95 22.27 22.71 23.82 22.61 10.74 8.98 4.53 9.38
Ulsan Heating 10.92 11.01 11.05 10.97 11.07 -0.82 -1.19 -0.46 -1.37
Total 35.88 33.29 33.77 34.79 33.68 7.22 5.88 3.04 6.13
Cooling  21.66 20.69 21.11 21.09 20.99 4.48 2.54 2.63 3.09
Busan Heating 7.73 7.92 7.73 7.73 7.73 -2.46 0.00 0.00 0.00
Total 29.39 28.62 28.84 28.83 28.73 2.62 1.87 1.91 2.25
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Fig. 7 Surface window transmitted beam solar radiation energy

Table 3 Building energy saving rate by application of smart window system (kWh/m?-y)

Item Base ECW Saving rate [%o]

Location Cooling  Heating Total Cooling  Heating Total Cooling  Heating Total
Incheon 21.20 17.46 38.66 14.58 18.00 32.58 31.23 -3.09 15.73
Seoul 22.56 20.34 42.90 15.28 20.93 36.21 32.27 -2.89 15.60
Gangneung 24.77 11.00 35.78 16.81 11.43 28.25 32.11 -3.85 21.05
Dagjeon 19.71 17.02 36.73 16.87 17.05 33.92 14.43 -0.18 7.66
Daegu 21.14 12.16 33.30 18.13 12.19 30.33 14.20 -0.25 8.92
Gwangju 25.48 12.29 37.78 17.15 12.72 29.88 32.69 -3.54 20.90
Ulsan 24.95 10.92 35.88 16.55 11.34 27.90 33.67 -3.86 2224
Busan 21.20 8.50 29.71 18.41 8.51 26.93 13.18 -0.14 9.37
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