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ABSTRACT

KEYWORD

Purpose: The objective of this study is to identify the optimal window types by comprehensively considering the ~ 2IL|AHF

relationship between daylighting performance and energy consumption to improve the indoor light environment of
office buildings and reduce building energy consumption. Method: A prototype was established using the average oA &

32y
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model of the south-facing floors of 82 buildings along Teheran-ro. The Climate Studio simulation program was
used to compare and analyze the daylighting performance of each window type using Daylight Factor, Spatial ~ Office Building
Daylight Autonomy, Annual Sunlight Exposure, and the total energy consumption for cooling, heating, and ~ Window Type

lighting. Result: The Vertical Right side window was identified as the optimal window type in the Window to Wall

Daylight Performance
Energy Consumption

Ratio 30%, and the Horizontal Mixing 7 separation window and the Vertical Right side window were identified as

the optimal window type in the Window to Wall Ratio 60%. It was found that window types meeting the daylighting A CCEPTANCE INFO
performance criteria may result in slightly higher energy consumption. Therefore, it is not advantageous to  Received Jul. 22, 2024

determine window types solely based on daylighting performance without considering the energy aspect, Final revision received Aug. 14,2024

highlighting the need to analyze both daylighting performance and energy consumption together.
(© 2024. KIEAE all rights reserved.
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Table 1. Literature review on daylighting and energy

Analysis item/Variable
Author (s) .
(Years) DF | sDA | ASE | UDI | E
1. Acosta et al. .
2015) Window @ ]
0. Asfour Courtyard,
(2020) Atrium d b b o

M. Mahdavinejad | High-performance

et al. (2024) design
K.B. Park et al. Remodeling,
(2022) Library d d o
H.J. Kim et al.
(2023) External shade e O o
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Table 2. Simulation and model condition

Classification Condition
Location Seoul WS 471080
Latitude 37.5714N
Longitude 126.9658E

Sensor Spacing 609.6

Sensor Inset Target ‘ 4572 ‘ Min ‘ 304.8

Workplace Offset

Floor Surface

Reflectance Floor: 30%, Wall: 55%, Ceiling: 80%
Weather Data Seoul
Building Type Office building
Building Orientation South
Total Floor Area 20,000m’
Height (Number of Floors) 75.60m (18)
Base Floor Area 1,100m?

Model Size (LxL) 33.33m x 33.33m (1:1)
Office ‘ 75% ‘ Core ‘ 25%

3.0m

Ratio
Ceiling Height (C)
WWR

30%, 60%
0.87W/(m*K)
51.2%
0.22
6W/nr’

U-Value
VT
SHGC

Window Construction

Power Density

Lighting

Dimming Type Continous

[ Model Settings ] L

Teheran-ro Office Building

Gangnam Station

Samsung Bridge

Core

A 4 L
25%

82 bldg. South-Facing
Average size

Total Floor Area : 20,000m*
Number of Floors : 18

¥ 4

Ceiling

Base Model

CH Wall
Area : 1,100m'
Size : 33.33m x 33.33m (1:1)

Ceiling Height (CH) : 3m

»

Floor

Fig. 1. Model plan and section
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Table 3. Avg. DF results by window type at WWR [%]
Window WWR 30% WWR 60% WWR
Type Avg* DF | Avg. | Avg. DF | Avg. ROC
271 6.13
S0 (-45.80) (22.60) 5579
2.95 6.12
S3 -51.80
HL (-41.00) 2.91 (22.40) 6.20
i 2.85 (-41.75) 6.17 (23.90) 381
(-43.00) (23.40) e
3.14 6.36
R (-37.20) (27.20) -50.63
2.88 6.14
S0 (-42.40) (22.80) -53.09
3.04 6.16
S3 -50.65
Y (-39.20) 3.01 (23.20) 6.16
i 2.93 (-39.75) 6.19 (23.20) 5267
(-41.40) (23.80) e
3.20 6.15
R (-36.00) (23.00) 227
222 5.50
S0 (-55.60) (10.00) 5964
1.76 4.89
S3 -64.01
HM (-64.80) 1.82 (-2.20) 4.69
< 0.83 (-63.55) 315 (-6.20) 22.65
(-83.40) (-37.00) =
2.48 522
R (-50.40) (4.40) 5249
3.01 5.99
S0 (-39.80) (19.80) 4975
2.82 5.67
S3 -50.26
v (-43.60) 2.82 (13.40) 5.75
-43.70 15.00
o 2.59 ( ) 5.55 (15.00) 5333
(-48.20) (11.00)
2.84 5.79
R (-43.20) (15.80) 5095

“Straight Underline: Maximum, Waves Underline: Minimum
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Table 4. sDA, ASE results by window type at WWR 30% [%] Table 5. sDA, ASE results by window type at WWR 60% [%]
Window WWR 30% Window WWR 60%
Type sDA Avg. ASE Avg. Type sDA Avg. ASE Avg.
5 99.54 16.46 o 100.00 62.91
(10.60) (64.60) 11.11) (529.1)
. 99.24 25.56 - 100.00 62.91
HL (10.27) 98.59 (155.60) 23.16 HL (11.11) 100.00 (529.1) 60.76
o 99.39 9.54) 20.12 (131.58) - 100.00 (11.11) 62.91 (507.63)
(10.43) (101.20) (11.11) (529.1)
R 96.19 30.49 R 100.00 5432
(6.88) (204.90) 11.11) (443.2)
5 99.64 31.45 o 100.00 54.22
(10.71) (214.50) 11.11) (442.2)
. 98.68 29.88 - 100.00 54.22
HY 9.64) 98.07 (198.80) 29.61 HY (11.11) 100.00 (442.2) 53.17
o 98.73 (8.96) 27.79 (196.10) - 100.00 (11.11) 5422 (431.65)
(9.70) (177.90) (11.11) (442.2)
R 95.22 29.32 R 100.00 50.00
(5.80) (193.20) 11.11) (400.0)
5 98.93 9.30 o 100.00 58.03
(9.92) (-7.00) 11.11) (480.3)
. 97.76 3.71 - 100.00 56.30
M (8.62) 87.98 (-62.90) 9.50 M (11.11) 100.00 (463.0) 47.16
o 61.79 (-2.24) 0.00 (-4.98) - 100.00 (11.11) 25.61 (371.55)
(-31.34) (-100.00) (11.11) (156.1)
R 93.45 25.00 R 100.00 48.68
(3.83) (150.00) 11.11) (386.8)
5 77.08 23.53 o 99.44 46.19
(-14.36) (135.30) (10.49) (361.9)
. 93.09 19.16 - 100.00 44.00
v (3.43) 85.14 (91.60) 20.85 v (11.11) 99.86 (340.0) 45.59
o 98.37 (-5.41) 20.38 (108.50) - 100.00 (10.96) 48.73 (355.93)
(9.30) (103.80) (11.11) (387.3)
R 72.00 20.33 R 100.00 43.45
(-20.00) (103.30) 11.11) (334.5)

"Dark Shade: Appropriate Standards
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Fig. 5. sDA, ASE results and ROC by window type at WWR 30%
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Fig. 6. sDA, ASE results and ROC by window type at WWR 60%
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Table 6. Energy consumption and typological rate of change [energy: kWh/m’, ROC: %]
Window WWR 30% WWR 60% WWR ROC
Type Cool" Heat’ Light' Total Cool’ Heat’ Light Total Cool’ Heat' Light Total
SO 29.40 66.64 12.42 156.42 31.07 62.97 7.44 149.43 5.68 -5.51 -40.12 -4.47
S3 29.49 66.40 12.05 155.89 31.04 63.04 7.45 149.48 5.28 -5.07 -38.20 -4.11
- S7 29.48 66.43 12.17 156.03 30.88 63.33 7.53 149.69 4.74 -4.66 -38.10 -4.07
R 29.58 66.16 11.91 155.61 31.17 62.67 7.39 149.19 5.37 -5.27 -37.97 -4.12
N 29.41 66.63 12.41 156.40 31.08 62.95 7.43 149.42 5.68 -5.51 -40.14 -4.47
S3 29.55 66.26 12.00 155.76 31.07 62.96 7.43 149.42 5.16 -4.98 -38.06 -4.07
v S7 29.53 66.31 12.12 155.91 31.07 62.96 7.43 149.42 5.24 -5.05 -38.69 -4.16
R 29.61 66.11 11.90 155.58 31.19 62.64 7.39 149.17 5.34 -5.25 -37.94 -4.12
N 29.12 67.60 13.40 158.07 30.65 64.07 7.81 150.49 5.25 -5.21 -41.71 -4.80
S3 28.90 68.86 14.05 159.76 30.30 65.10 8.26 151.62 4.85 -5.46 -41.18 -5.10
™| asss | mos | 1569 | dok2e | 2960 | 3367 | dids | 15867 | 267 | 5326 | 2696 | -39
R 29.41 66.91 12.52 156.79 30.55 64.38 7.91 150.79 3.86 -3.78 -36.77 -3.83
SO 29.76 65.82 11.62 155.15 31.56 62.01 7.25 148.77 6.05 -5.80 -37.56 -4.11
v S3 29.62 66.20 11.54 15531 31.29 62.54 7.30 149.09 5.66 -5.52 -36.75 -4.01
S7 29.38 66.83 12.23 156.39 30.91 63.47 7.45 149.79 5.19 -5.02 -39.05 -4.22
R 29.77 65.78 11.62 155.12 31.57 61.98 7.25 148.76 6.04 -5.78 -37.56 -4.10
"~ ing: ex) Cooling, Heating, Lighting
“Red (Dark) Shade: Top 20% Value, Blue (Bright) Shade: Bottom 20% Value
""Slope Value: Maximum and Minimum Values
Table 7. Average energy by window type and average rate of change of WWR [energy: kWh/m’, ROC: %]
. i VS:WR 30% i i VS:WR 60% i i WWI} Avg. R()(f
Cool Heat Light Total Cool Heat Light Total Cool Heat Light Total
HL 29.49 66.41 12.14 155.99 31.04 63.00 7.45 149.45 5.00 -5.40 -62.90 -4.38
HV 29.52 66.33 12.11 15591 31.10 62.88 7.42 149.36 5.08 -5.48 -63.19 -4.39
HM 29.00 68.85 13.91 159.72 30.28 56.81 8.86 152.89 4.22 -21.21 -57.01 -4.46
A% 29.63 66.16 11.75 155.50 31.33 62.50 7.31 149.10 542 -5.85 -60.64 -4.29
[@Cooling mHeating ezLighting —-Total
i66 15.04%9751%% 1551515531 165.12 15162 150, 708734900 14876
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Fig. 7. Energy consumption results by window type
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Table 8. Comprehensive analysis of daylighting performance and energy consumption
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