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ABSTRACT Smart windows are capable of varying their visible light transmittance (VLT) in response to changing environmental
conditions. The VLT variability of architectural windows is highly valuable because it enables indoor lighting and energy environments
to align with external changes. However, challenges such as high installation costs and assurance of glass visibility have prompted the
exploration of alternative solutions, including models incorporating partially applied smart windows., Prior research focused on useful
daylight illuminance (UDI) analysis for south-facing office buildings, pointing out suitable areas for smart-window implementation to
enhance lighting control. In this study, we broadened this scope by determining optimal smart-window application zones under
changing building orientation. Furthermore, we studied the correlation between building orientation and smart-window deployment areas.

Key words Smart window(A0FE 91%=-$), Visible Light Transmittance(7}A] 3341 = 11-8), Useful daylight illuminance(--8& 3%
Z%X=), Building orientation(A& ®9]), Electrochromic(7& 7] ¥ A4 A2}

Subscript 1. M8

VLT : Visible Light Transmittance
SHGC : Solar Heat Gain Coefficient
DF  : Daylight Factor

Z|Z Artificial Intelligence, Internet of Things 5
42} 7|0l WA 488t HaL itk 5 2ofollA
= 947101, HAA o 7IES g e s WgAse) Uy
ofiux] He] Al’l AntEE 5o AH|2of 47} 7]ES
Agstar qlom, AlzAYA| she-AE FHsh] fiRt B
U, 54 Axgloan skgEm gk ol2gt 43}
7S AUA|HE] ZofollA 510~1,0809 22 2] A4
a9 71 Aoz BAsla 9ot 22 Visible Light
Transmittance(VLT) 40| 753t F-2]of thsh 40|

STkt glom, o5 X% 2R E8ohs AntE A=

sDA  : Spatial Daylight Autonomy
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(a) 988 West Broadway

(b) Boston Science Museum

Fig. 1. Case of smart window installation method
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Fig. 2. Variable setting according to orientation
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(a) Smart window coverage 0% model

(b) Smart window coverage (c) Smart window coverage
25% model 50% model

(d) Smart window coverage (e) Smart window coverage
75% model 100% model

Fig. 3. Variable setting according to smart window applied
area
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Table 1. Smart window application area and UDI achieved
area (East)

SW SW's SW's
Ori(_en— Appli— Best %el-jslt Best BUeDslt ubl
tation | cation VLT VLT at Result
Rate at 9 a9 15 B
0% — 6.8% - 6.8% | 6.8%
. 25% 13% | 15.0% | 13% | 32.3% | 15.0%
10° 50% 13% | 46.0% | 13% | 61.2% | 46.0%
5% | 23%| | 65.0% | 23% | | 78.3% | 65.0%
100% 13% | 76.8% | 23% | 78.3% | 76.8%
0% — 2.5% - 41.8% | 2.5%
25% 13% 5.2% 13% | 60.1% | 5.2%
Z(E)o 50% 13% | 201% | 13% | 85.3% | 20.1%
75% 13% | 57.5% | 33%| | 85.5% | 57.5%
100% | 23% | 57.5% | 33% | 85.5% | 57.5%
0% - 0.5% - 72.0% | 0.5%
25% 13% 1.8% 13% | 89.7% | 1.8%
E 50% 13% 7.0% | 33%| | 92.8% | 7.0%
30° 75% 13% | 45.3% | 13% | 95.1% | 45.3%
100% | 23% | | 49.3% 33%, 92.8% | 49.3%
43%
0% - 0,0% - 92.5% | 0.0%
. 25% 13% 0,4% | 43%| | 99.8% | 0.4%
10° 50% 13% 3.2% | 43%| | 100% | 3.2%
75% 13% | 29.6% | 33%1 | 100% | 29.6%
100% 13% | 41.3% | 43%1 | 100% | 41.3%
0% - 0.0% - 99.8% | 0.0%
. 25% 13% 0.0% | 53%| | 100% | 0.0%
50° 50% 13% 1.2% | 13%1 | 100% | 1.2%
75% 13% | 18.0% | 33%1 | 100% | 18.0%
100% 13% | 32.9% | 43%1 | 100% | 32.9%
0% - 0,0% - 100% | 0.0%
25% 13% 0.0% | 13%1 | 100% | 0.0%
620 50% 13% 0.5% | 13%1 | 100% | 0.5%
75% 13% | 12.4% | 33% 1 | 100% | 12.4%
100% 13% | 31.6% | 43%1 | 100% | 31.6%
0% - 0,0% - 100% | 0.0%
- 25% 13% 0.0% | 13%1 | 100% | 0.0%
70° 50% 13% 0.2% | 13%1 100% | 0.2%
75% 13% | 11.2% | 33%1 | 100% | 11,2%
100% 13% | 30.8% | 43%1 | 100% | 30.8%
0% — 0,0% - 100% | 0.0%
25% 13% 0,0% 13% 100% | 0.0%
Eo 50% 13% 0.5% 13% 100% | 0.5%
80 75% 13% | 15.2% | 33%1 | 100% | 15.2%
100% 13% | 32.3% | 43%1 | 100% | 32.3%
0% - 0,0% - 100% | 0.0%
. 25% 13% 0.2% | 13%1 | 100% | 0.2%
90° 50% 13% 1.9% | 13%1 100% | 1.9%
75% 13% | 24.5% | 33%1 | 100% | 24.5%
100% 13% | 40.7% | 43%1 | 100% | 40.7%

* Round to second decimal place

* The best VLT was established through comparison,

#1: or more, | : or less

* Values for which LEED Daylight points can be achieved are
shaded,
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Table 2. Smart window application area and UDI achieved
area (West)

SwW SW's SW's
Orign— Appli— Best %eDslt Best %%Slt uDlI
tation | cation VLT VLT at Result
Rate at 9 atd 15 £ 1
0% - 68.7% - 0.7% | 0.7%
25% 13% | 85.5% | 13% 3.9% | 3.9%
;gfo 50% 13% | 89.3% | 13% | 22.4% | 22.4%
75% 13% | 94.6% | 13% | 60.7% | 60.7%
100% 43% | 86.2% | 23% | 70.3% | 70.8%
0% - 99.8% - 0.2% | 0.2%
25% 13% 100% 13% 1.2% 1.2%
;gfo 50% zgz I 100% 13% 9.6% | 9.6%
5% | 43%1 | 100% 13% | 46.2% | 46.2%
100% | 43%1 | 100% 13% | 62.8% | 62.8%
0% - 100% - 0.0% | 0.0%
W 25% 13% 100% 13% 0.4% | 0.4%
30° 50% | 23%1 | 100% 13% 5.4% | 5.4%
5% | 43% 1 100% 13% 37.4% | 37.4%
100% | 43%1 | 100% 13% | 62.4% | 62.4%
0% - 100% - 0.0% | 0.0%
W 25% | 13%1 | 100% 13% 0.2% | 0.2%
0° 50% | 23%1 | 100% 13% 3.3% | 3.3%
5% | 43%1 | 100% 13% | 31.3% | 31.3%
100% | 43%1 | 100% 13% | 61.9% | 61,9%
0% - 100% - 0.0% | 0.0%
- 25% | 13%1 | 100% 13% 0.0% | 0.0%
50° 50% | 23%1 100% 13% 2.8% | 2.8%
75% | 43%1 | 100% 13% | 29.7% | 29.7%
100% | 43%1 | 100% 13% | 61.5% | 61,5%
0% - 100% - 0.0% | 0.0%
25% | 13%1 | 100% 13% 0.2% | 0.2%
gg, 50% | 23%1 100% 13% 3.7% | 3.1%
75% | 43%1 | 100% 13% | 31.6% | 31.6%
100% | 43%1 | 100% 13% | 61.9% | 61.9%
0% - 100% - 0.0% | 0.0%
25% | 13%1 | 100% 13% 0.5% | 0.5%
;gi, 50% | 23%1 | 100% 13% 5.2% | 5.2%
75% | 43%1 | 100% 13% | 37.1% | 37.1%
100% | 53%1 | 100% 13% | 62.4% | 62.4%
0% - 100% - 0.2% | 0.2%
W 25% | 13%1 | 100% | 23%| | 1.2% 1.2%
80° 50% | 23%1 | 100% 13% 9.8% | 9.8%
5% | 43%1 | 100% 13% | 46.3% | 46.3%
100% | 43%1 | 100% 13% | 62.8% | 62.8%
0% - 100% - 0.7% | 0.7%
25% 13% 100% 13% 3.5% | 3.5%
ngfo 50% | 23%1 | 100% 13% | 23.1% | 23.1%
5% | 43%1 | 100% 13% | 62.1% | 62,1%
100% | 43%1 | 100% 23% | 70.3% | 70.3%

* Round to second decimal place

* The best VLT was established through comparison,

#1: or more, | : or less

* Values for which LEED Daylight points can be achieved are
shaded,
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Table 3. Smart window application area and UDI achieved
area (South)

Sw SW's SW's

Orien— | Appli— | Best %‘Eﬁt Best EEJ%SI‘ uDI
tation | cation VLT at 9 VLT at at 15 Result
Rate at 9 15
0% — 9w | - | 0% | 0%
9%5% | 13% | 48.6% | 13% | 10.0% | 10.0%
5’0 50% | 13% | 72.6% | 13% | 38.1% | 38.1%

75% 13% 79.6% 13% 71.8% | 71.8%
100% 13% 74.7% 23% 78.0% | 74.7%

* Round to second decimal place

* The best VLT was established through comparison,

* 1 or more, |: orless

* Values for which LEED Daylight points can be achieved are
shaded,
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