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ABSTRACT KEYWORD

Purpose: This study analyzed building heating, cooling, and lighting energy performance and power generation ~ S2tAFO[L|Z|
SIS B S
. . . . . . HS LA HEN A2
Method: American climate areas, them being tropical, desert, maritime, and microthermal, have been selected and 20j147|
40%~80% window wall ratio (WWR) has been established in relation to five Solar Signage Semi-transparent — 7|=c}
windows. Designbuilder, building energy analyzation software, was used to model office building and simulate.
Result: Total energy consumption presented Phoenix was highest, followed by Miami, Ann Arbor, with San 2013? Signage Wind
Francisco being the lowest. The smaller the WWR the higher the heating energy consumption at San Francisco and emi-transparent Window
) X ) > o . Building Integrated Photovoltaic
Ann Arbor appeared with G1 window confirmed to be the highest. Cooling energy consumption in all four climate  Byilding Energy
zones increased as WWR increased due to increase in amount of solar gain. Lighting energy consumption in all four ~ Climate Zone
climate zones decreased as WWR increased, with G5 showing smaller consumption than G1 due to VLT’s
influence. Climate zone with the amount of energy savings on account of power generation being largest turned out
to be San Francisco. Especially, possibility of zero energy building achievement in case of G1, G2 window being ~ Received Mar. 28, 2022
. . K . .. Final revision received Apr. 7, 2022
applied when WWR was 80% was confirmed. With the result of this particular research, to expand applicability as cepted Apr. 12, 2022
building exterior materials, products improved upon traits such as colour, insulation, and strength should be under
continuous performance evaluation study across various foreign and domestic climate zones.
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performance under various climate zones in accordance with Solar Signage Semi-transparent window application.
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Table 1. Reference Regions by Climate Zones

Climate Zones Reference City CDD (50°F) | HDD (65°F)
2B Phoenix-Arizona (AZ) 8425 1350
(Hot-Dry)
1A Miami-Florida (FL) 9474 200
(Hot-Moist)
3¢ San Francisco-California (CA) 2883 3016
(Marine)
SA Ann Arbor-Michigan (MI) 2707 6791
(Moist) &

Table 2. Climate zones Temperature Information

Climate| Hottest Average Coldest Average
Zones | Month |Maximum/Minimum| Month | Maximum/Minimum
2B July 41°C/29°C December 19°C/8°C
1A August 32°C126°C January 24°C/17°C
3C | September 22°C/14°C January 14°C/9°C
5A July 28°C/17°C January 0°C/-7°C
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Table 3. Simulation Model Information
Item Building Information
Total Floor Area 640m’
Building Information Number of Floors 4F
Floor Heights 3.5m
Lighting Office-10.2 W/n??, Core-2 W/m?
People 0.161 person/m?

Occupied load

Office Equipment

11.8 Wm?

Dimming Control

Office-400lux, Core-200lux

Detail Variables by Climate zone

Phoenix, Arizona (AZ)

Roof 0.048 W/m?K
2
Building Envelope Constructions (U-value) g:;ir;l(?l]:\f;ﬂz giéi gjﬁzﬁ
Window 0.750 W/m?K
Heating/Cooling system type Fan Coil Unit (4-Pipe)
System Heating/Cooling Setpoint Temperature -/24°C
Heating/Cooling Setback Temperature -/27.4°C
Schedule Heating period -

Cooling period

January 01-December 31

Miami, Florida (FL)

Roof 0.063 W/m?K
2
Building Envelope Constructions (U-value) g:;i;nglFﬁ;iz g;gg gﬁﬁzi
Window 1.200 W/m?K
Heating/Cooling system type Fan Coil Unit (4-Pipe)
System Heating/Cooling Setpoint Temperature -/24°C
Heating/Cooling Setback Temperature -/27.4°C
Schedule Heating period -

Cooling period

January 01-December 31

San Francisco, California (CA)

Building Envelope Constructions (U-value)

Roof 0.048 W/m*K
External walls 0.084 W/m*K
Ground Floors 0.107 W/m*K

Window 0.650 W/m?K

Heating/Cooling system type

Fan Coil Unit (4-Pipe)

System Heating/Cooling Setpoint Temperature 21.5°C/24°C
Heating/Cooling Setback Temperature 17°C/27.4°C
Schedule Heating period January 01-February 28, December 01-December 31

Cooling period

March 01-November 30

Ann Arbor, Michigan (MI)

Building Envelope Constructions (U-value)

Roof 0.048 W/m?K
External walls 0.064 W/m*K
Ground Floors 0.074 W/m*K

Window 0.550 W/m?K

Heating/Cooling system type

Fan Coil Unit (4-Pipe)

System Heating/Cooling Setpoint Temperature 21.5°C/24°C
Heating/Cooling Setback Temperature 17°C/27.4°C
Schedule Heating period January 01-April 30, October 01-December 31

Cooling period

May 01-September 30
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Fig. 2. Solar Signage 100mm x 100mm PV cell
Table 4. Specifications of LED gray PV cell
Item Gl G2 G3 G4 G5
Visible reflectance [%] 49 9.9 14.7 20.2 26.6
Inside/Outside
Visible reflectance [%] 6.2/19.4(7.1/18.7|7.7/18.2 | 8.9/18.1 10.3/19.3
Solar transmittance [%] 4.6 8.9 13.2 17.9 234
Inside/Outside 6.9/18.3(7.5/17.3| 7.9/16.6 | 8.9/16.6 [10.0/17.4
Solar transmittance [%]
Infrared transmittance [%4 43 8.2 119. 16.0 20.7
Inside/Outside
transmittance %] 9.1/17.419.0/16.1|9.3/15.3 {10.6/15.3|11.5/15.8
U-value [W/m’K] 560 | 560 | 559 | 560 | 559
SHGC 0.78 0.78 0.78 0.78 0.78
SC 0.90 0.90 0.90 0.90 0.90
Emissivity [%)] 0.84 0.84 0.84 0.84 0.84
*SHGC: Solar heat gain coefficient, SC: Shading coefficient
Table 5. Window layer and Parameters
Window Glazmg% layer U-Value sHGC | sc VLT | Geff
type [No. Thickness] [WmZK] [%%] [%%]
Clr3+Air12+LED
Gl Film3+Gray PV7) 0.896 033 | 038 | 405 | 10
+Air12+CIr3
Clr3+Air12+(LED
G2 Film3+Gray PV7) 0.890 0.35 | 040 | 820 | 8.89
+Air12+CIr3
Clr3+Air12+(LED
G3 Film3+Gray PV7) 0.889 0.38 | 0.44 | 12.10| 7.60
+Air12+CIr3
Clr3+Air12+(LED
G4 Film3+Gray PV7) 0.896 0.40 | 046 | 16.70| 6.67
+Air12+CIr3
Clr3+Air12+(LED
GS Film3+Gray PV7) 0.904 042 | 048 |22.00| 5.56
+Air12+CIr3

*VLT: Visible transmittance, Geff: Generating efficiency
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Table 6. South WWR setting

40% 6.4m x 1.75m
50% 6.4m x 2.19m
60% 6.4m x 2.63m
70% 6.4m x 3.06m
80% 6.4m x 3.50m
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Table 7. Simulation Scenario
Item No.Case Contents
* Phoenix, Arizona (AZ)
* Miami, Florida (FL)
 San Francisco, California (CA)
* Ann Arbor, Michigan (MI)

Climate Zones 4

Window Types 5 Gl, G2, G3, G4, G5

WWR 5 * 40%, 50%, 60%, 70%, 80%
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