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Energy Performance Analysis of Horizontal Solar Cell integrated Windows in
Office Building
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Abstract
Recently, window-integrated building-integrated photovoltaics (BIPV) have garnered increasing attention as a
strategy for realizing zero energy buildings (ZEB). However, conventional window-integrated BIPV systems often
employ dark-colored solar cells to enhance power generation efficiency, which in turn reduces solar heat gain and
increases overall energy consumption. To address this issue, horizontal solar cell-integrated windows (HSC_W) have
been developed. HSC_W is a novel window-integrated BIPV system in which solar cells are cut to specific dimensions
and arranged horizontally within the window cavity. This study aims to analyze the building energy performance of
HSC_W?balancing both visibility and electricity generation?and to evaluate its applicability as an exterior building
material. Low-emissivity (low-e) glass was used as the baseline model, and simulations were conducted using
DesignBuilder and EnergyPlus to assess heating/cooling loads, lighting energy demand, and power generation. The
results showed that while total energy consumption increased by approximately 3.4% compared to the baseline
model, the high power generation efficiency led to an annual energy surplus of 4,070 kWh. These findings suggest
that HSC_W can make a meaningful contribution to achieving ZEB goals as an effective building envelope component.
This study provides foundational data for enhancing HSC_W performance and expanding its practical application.

Keywords: Zero Energy Building, Building Integrated Photovoltaic, Building Energy Consumption, Power
Generation, Surplus Energy
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Fig. 1. Simulation Model Image
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Table 1. Simulation Model Information

Item Values
Location Korea, Seoul
Building Type Office
Total Floor Area 1,485 m?
Number of Floors 3F
Floor to Floor 5m
Floors Heights 4m
WWR 44%
Window Area 481.95 m’
Office: 400 W/ m?
Lighting Power Density P
Core: 200 W/ m
Occupancy Density 0.111 person/ m?

08:00 to 17:00
Occupancy Hour ©

(Weekdays only)
Equipment Density 11.77 W/ m?
Airtightness 1.5 ACH
Roof 0.150 W/m?K
External 0.240 W/m?K
Walls
U-value Ground
2
Floors 0.290 W/m°K
Window 1.500 W/m’K
Heating / . , .
Cooling System Type Fan Coil Unit (4-Pipe)
Heating / Cooling Fuel Electricity for grid
Heating / Cooling COP 4.0/4.2
Heatlng / Cooling 20.0°C / 26.0°C
Setpoint Temp.
Heating / Cooling
15.5°C / 29.4°
Setback Temp. 557/ 29-4°C
. . January to April
H P
eating Period October to December
Cooling Period May to September
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Table 3. Composition and Physical Properties of Windows

Table 2. Thermal and Optical Properties of HSC

Specimens
Type Values
Thickness [mm] 24.0
U-Value [W/m?K] 3.83
Visible Transmittance [%)] 90.0

Inside/Outside Visible Transmittance [%] 8.0/7.9

Solar Transmittance [%)] 73.3
Inside/Outside Solar Reflectance [%] 7.1/7.0
Infrared Transmittance [%)] 56.9
Inside/Outside Infrared Reflectance [%] 6.2/6.1
Solar Heat Gain Coefficient 0.80
Shading Coefficient 091
Emissivity [%] 0.84
Efficiency Value [%)] 20.52
T Low-e 6mm E HSC 24mm
L4 Arg 13mm i Arg 13mm
®—— Clr 6mm g +—— Clr 3mm
Outside — Inside Outside = Inside
(a) Low-e (b) HSC.W

Fig. 2. Low-e and HSC_W Detailed Sections

Glass dataZ 0]-8-5}o] SHGC, VLT, U-value AF&5}
I tH(Table 3).

HSC_W2] 2= 17]2] Module 2] 155mmx
10mm =72 A PV Cell 10717} 4 0 & Hj 2]
Jof = FeoltH(Fig. 2). whebA] A A Hot g2

. Glazing Layer U-Value VLT** Eff***
w T HGC*
indow Type [No. Thickness] [W/m?K] SHGC [%] [%]
Base Low-e 6+Arg 13+CIr 6 1.493 0.568 74.5 -
HSC_W HSC 24+Arg 13+CIr 3 1.542 0.732 81.4 20.52

Note: * Solar Heat Gain Coefficient, ** Visible Transmittance, and *** PV Generation Efficiency.
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Table 4. Installation Area Details When Applying

HSC W

Number of Window PV Cell
Orientation windows Area Area
(EA) (m?) (m?)
South 14 192.8 195.3
East 6 82.6 83.7
West 6 82.6 83.7
North 9 123.9 125.6
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Fig. 4. Building Energy Consumption by Heating,

Cooling and Lighting
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(Unit: kWh)

Heating Energy Consumption Cooling Energy Consumption Lighting Energy Consumption

Month
Low-e HSC_W Low-e HSC_W Low-e HSC_W
Jan 4,635.8 4,038.4 0.0 0.0 843.4 835.0
Feb 2916.1 2,439.7 0.0 0.0 622.3 612.0
Mar 1,126.9 847.7 0.0 0.0 495.3 490.6
Apr 532.4 377.9 0.0 0.0 561.7 551.8
May 0.0 0.0 966.0 1,478.3 556.1 550.2
Jun 0.0 0.0 2,577.6 3,297.1 455.1 453.3
Jul 0.0 0.0 4,102.5 4,876.4 562.4 555.5
Aug 0.0 0.0 5,288.5 6,046.9 554.3 544.4
Sep 0.0 0.0 2,209.1 3,022.5 517.1 509.9
Oct 28.6 18.7 0.0 0.0 728.5 718.5
Nov 955.7 769.4 0.0 0.0 745.3 735.3
Dec 3,976.1 3,431.8 0.0 0.0 846.7 838.2
Table 6. Detailed Information on Power Generation by Direction When HSC_W Is Applied
Number of Window Number of  Power Generation per Generation
Orientation Windows Area* Modules Module**
(EA) (m?) (EA) (KWh/m?) (kWh/yr)
South 14 192.8 12,600 1,865.2 26,113.3
East 6 82.6 5,400 1,151.1 6,906.4
West 6 82.6 5,400 1,049.8 6,298.5
North 9 123.9 8,100 310.2 2,791.6

Note: ¥*4.50 mx3.06 m, **180 mmx85 mm
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