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ABSTRACT KEYWORD

Purpose: Vacuum glazing offers very low U-values with relatively high solar heat gain, which is beneficial for 33 252
Low-E ZEl

. . . . . . . Energyplus A|Z2{0| M4
how different Low-E coating configurations of vacuum double glazing affect annual heating and cooling loadsina 7{%’1&; ‘lz.gaﬂ l
- OO T

medium-sized office building. Method: A full-scale mock-up with three identical test rooms was built at
H-University in Daejeon, and an initial test with identical double glazing was conducted to confirm comparable =~ Vacuum Insulating Glazing
thermal behavior among the rooms. Three glazing types (a proposed dual-Low-E double vacuum glazing, a ~ Low-E Coating Arrangement
. . . . . . Energyplus Simulation

dual-Low-E triple glazing, and a commercial single-Low-E double vacuum glazing) were then installed and A . .

. A i R nnual Heating and Cooling Loads
monitored. U-values and SHGCs derived from WINDOW 7.8 were applied to an EnergyPlus model calibrated to
measured indoor air and window surface temperatures in accordance with ASHRAE Guideline 14, and the A CCEPTANCE INFO
calibrated glazing models were implemented in the ASHRAE Medium Office prototype (Daejeon TMY3) to  Received Nov. 27, 2025
evaluate annual loads of the second-floor north and south perimeter zones. Result: Compared with conventional ~ Final revision received Dec. 5, 2025
double glazing, the high-performance glazing systems achieved approximately 10 to 20% annual load reductionin ~ Accepted Dec. 11, 2025
the north zone and up to about 30% reduction in the south zone, indicating that a balanced design of U-value and
SHGC through appropriate Low-E coating configurations is essential when applying vacuum glazing to
cooling-sensitive office buildings.

heating-dominated dwellings but may increase cooling loads in office buildings. This study therefore examines
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CASE_1 : Double Vacuum Glazing with dual Low-E coatings

Fig. 1. Glazing configurations and detailed specifications of the three test rooms (case A, B, and C)
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Table 1. Comparison of thermal and
systems by room

optical properties of window

Rel. Ht.
U-value . . Keff
Window ) SC SHGC Gain Tvis
[Wm™K] 5 [Wm-K]
[Wm']
1 0.515 0.400 | 0.348 257 0.551 0.0154
2 0.939 0.421 | 0.366 273 0.551 0.0438
3 0.590 0.488 | 0.425 313 0.625 | 0.0178
Ref. 2.716 0.827 | 0.720 544 0.79 0.1098
‘ Step-1 Full-scale Mock-up Experimental Measurement |
*  Measurement and collection of surface and air temperature data
v *  Meteorological data measurement and collection
‘ Step-2 Development of Unit Space Simulation Model and Performance Input Procedure
* Modeling and simulation using window property data from WINDOW V7.8
v « Simulation model development based on experimental site information
‘ Step-3 Calibration and Validation of the Full-Scale Mock-Up Simulation Model ‘
*  Model calibration and validation based on measured data
* Reliability assessment based on ASHRAE Guideline 14

- Annual Heating and Cooling Analysis of a Medium-Sized Office Building ‘

*  Evaluation of annual heating and cooling load variations using ASHRAE 90.1 Medium
Office model

Fig. 2. Flowchart of the research procedure
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(a) Perspective View of Full Scale-Mockup (b) Meteorological measurement equipment (©) Monitoring server & dashboard () Sensor point

Exterior Elevation

1. Glazing Exterior Center Surface
(+ Heat Flux Meter)
2. Glazing Exterior Edge Center Surface
3. Frame Exterior Center Surface
4. Wall Exterior Surface

Interior Elevation r

]EE_

Sectional Side Vlew

5. Glazing Interior Center Surface

6. Glazing Interior Edge Center Surface
7. Frame Interior Center Surface

8. Wall Interior Surface
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=
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b ,

[" 9. Ceiling Center Surface
10. Zone Center Air
11. Floor Center Surface

12. Inside Heatpump Inlet Air
L 13. Inside Heatpump Outlet Air

(e) Interior Space of the Full Scale-Mockup (f) Floor Plan of the Full Scale-Mockup

Fig. 3. Full-scale mock-up facility, monitoring system, and sensor layout
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Fig. 4. Hourly indoor air temperature of each chamber (initial
condition — thermal environment)
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Fig. 5. Seasonal variation of outdoor and room air temperatures during the measurement period
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Table 2. Building model parameters for the medium office simulation

Mean Bias Error) &
B AEd &2 HE
o 95| A& Hrt,

Algdeld

ol CV (RMSE)(Coefficient of

(Eq. 1)

Building model parameter Characteristics
Building type Commercial
Zone conditioned floor area 207.34m’
Floor-to-ceiling height 2.8m
Location Daejeon, South Korea
Envelope Window-to-wall ratio (WWR) 33%
Roof 2.03W/m*K
Exterior wall 0.31W/m* K
Building U-value Reference exterior window 2.70W/m* K (SHGC:0.72)
Floor 1.89W/m*-K
Zone thermostat Cooling 26°C
. Heating 20°C
setpoint temperature -
. Period Annual
Zone condition -
People density 18.58 persons
Internal gains Light 6.89W/m’
Electric equipment 8.07W/m’

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved.
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Table 3. CV (RMSE) and NMBE of indoor air and surface
temperatures for model calibration
Room Parameter CV (RMSE) NMBE
N Air 3.02% 1.13%
Surface 3.41% 0.94%
Initial B Air 4.41% 4.02%
condition Surface 3.14% 1.90%
. Air 2.81% 0.40%
Surface 4.30% 1.19%
N Air 7.29% -4.93%
Surface 6.60% -2.81%
Air 5.19% -1.62%
Test 1 B
Surface 6.53% 0.24%
. Air 7.68% -5.42%
Surface 6.53% -1.39%
N Air 0.11% -0.06%
Surface 10.84% 3.24%
Air 0.09% -0.01%
Test 4,5 B
Surface 11.09% -2.36%
. Air 13.18% -7.97%
Surface 13.62% 1.82%
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Fig. 8. Comparison of annual heating and cooling thermal loads in
the north zone for different window types
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Fig. 9. Comparison of annual heating and cooling thermal loads
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Table 4. Heat gain and loss through windows in north and south zones by T out-T in and time of day

North
T out > T in T out < T in
Day Night Day Night
Heat Window ‘Window Window Window
(kWh) Ref 1 2 3 Ref 1 2 3 Ref 1 2 3 Ref 1 2 3
Gain  |4070.73|2048.40|2148.58 |2494.47| 1.91 1.45 1.37 1.33  |6634.34|4594.05|4017.50|5670.84| 18.64 | 13.20 | 11.34 | 16.37
Loss 0.00 0.00 0.00 0.00 | 23.16 | 249 6.65 3.31 |2001.63 | 254.63 | 662.80 | 28.83 |7446.08|1756.32|3083.06(2013.91
South
T out > T in T out < T in
Day Night Day Night
Heat Window Window Window Window
(kWh) Ref 1 2 3 Ref 1 2 3 Ref 1 2 3 Ref 1 2 3
. 3031 1655 1643 | 2040
Gain | 6466.16|3223.60 |3386.52|3937.60| 10.55 7.6 6.94 7.81 )85 295 185 2.56 0.00 0.00 0.00 0.00
Loss 0.00 0.00 0.00 0.00 | 26.56 | 2.64 7.33 3.59 |1218.70| 168.02 | 404.48 | 190.49 |6825.37|1620.63|2835.91|1858.53
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