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ABSTRACT

This study examines the difference of the window simulation test between the Shading
Coefficient (SC) and the Window Library (WL) Methods on DOE 2.1E of the 2000 IECC
(International Energy Conservation Code) for single-family residences in Texas. The
window simulation tests are performed using single-pane, double-pane, and low-e glass on
two standard DOE 2.1E single-family house models: 1) the model which has the R-value
for wall, roof and floor according to 2000 IECC (Quick Wall), and 2) the model which has

the real wood frame wall and has the same R-value as the first one (Thermal Wall).

The analysis showed different results according to the types of the glass, simulation method
(Shading Coefficient or Window Library), and types of wall (quick wall and thermal wall).
The saving of daily peak heating (kBtu/day) from single-pane to low-e glass on thermal

mass and quick wall shows the most variation.

This report, with the attached CD-ROM, includes all DOE-2 input files that were used in

this study and documents that were used for this research.
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1 Base Case DOE-2e Model (IECC1105.inp)

The thermal properties construction materials such as wall, roof, window, and floor of the

base case model are based on the International Energy Conservation Code 2000 (IECC
2000). The inputs include assumptions about Chapters 4 and 5 of IECC 2000 to describe

the standard house.

Table 1. House dimension / heating and cooling controls of the base case house.

Parameter Value DrawBDL of input file
Length*Width*Height 50ft * 50ft * 8ft
Window Ratio of Wall 15%
Room Temp. 73 °F
Heating 68 °F
Cooling 78 °F
Set back / Set up 5°F ®@

* Room temperature is the average value of winter and summer set points that are taken from Table 402.1.3.5
of IECC 2000. Set back is adjusted in systems.
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Figure 1. Window simulation.

Table 2. Window size for simulation (15 % of wall area).

A

a+b+ - +x »

A

Glass Width

Glass Height (ft) for DOE input

Glass Width (ft) for DOE input

Equivalent Frame Width (ft) for DOE
input

11.53

4.53

0.2344

- Original Window size: 12ft * 5ft = 60 ft* (15 % of wall area), frame width: 0.125 ft.



2 Simulation Input Files

There are 12 input files for testing window simulation according to the kinds of windows

and wall properties.

Table 3. Name of simulation input files.

Single pane Double Pane Double Pane Low-e
Shading Coefficient Shading Coefficient Shading Coefficient
quick_sc_single.inp quick_sc_double.inp quick_sc_lowe.inp
Quick Wall
Window Library Window Library Window Library
quick_lib_single.inp quick_lib_double.inp quick_lib_lowe.inp
Shading Coefficient Shading Coefficient Shading Coefficient
thermal_sc_single.inp thermal_sc_double.inp thermal_sc_lowe.inp
Thermal Mass
Window Library Window Library Window Library
thermal_lib_single.inp thermal_lib_double.inp thermal_lib_lowe.inp




3  Summary of Results

Table 4. Summary of results.

Shading Coefficient Window Library Diff. (%) ((sc-
Glass Type Saving. (%) Saving. (%) (SC-WL) WS)llg’gC)
Annual BEPS (mBtu) -5.7 | Annual BEPS (mBtu) -6.0 0.3 -5.3
Hourly Peak Cooling (kBtu/hr) -8.9 | Hourly Peak Cooling (kBtu/hr) -10.3 1.4 -15.7
SP—DP | Daily Peak Cooling (kBtu/day) -7.6 | Daily Peak Cooling (kBtu/day) -8.3 0.7 9.2
Hourly Peak Heating (kBtu/hr) -15.9 | Hourly Peak Heating (kBtu/hr) -15.7 -0.2 1.3
Daily Peak Heating (kBtu/day) -19.7 | Daily Peak Heating (kBtu/day) -18.4 -1.3 6.6
Annual BEPS (mBtu) -12.3 | Annual BEPS (mBtu) -11.8 -0.5 4.1
Quick SP_s Hourly Peak Cooling (kBtu/hr) -30.7 | Hourly Peak Cooling (kBtu/hr) -29.7 -1.0 3.3
Daily Peak Cooling (kBtu/day) -26.7 || Daily Peak Cooling (kBtu/day) -25.4 -1.3 4.9
mode Low-e Hourly Peak Heating (kBtu/hr) -21.1 | Hourly Peak Heating (kBtu/hr) -21.2 0.1 0.5
Daily Peak Heating (kBtu/day) -7.3 | Daily Peak Heating (kBtu/day) -9.5 2.2 -30.14
Annual BEPS (mBtu) -6.9 | Annual BEPS (mBtu) -6.1 -0.8 11.6
DP—s Hourly Peak Cooling (kBtu/hr) -23.9 | Hourly Peak Cooling (kBtu/hr) -21.6 -2.3 9.6
Daily Peak Cooling (kBtu/day) -20.7 | Daily Peak Cooling (kBtu/day) -18.7 -2.0 9.7
Low-e Hourly Peak Heating (kBtu/hr) -6.2 | Hourly Peak Heating (kBtu/hr) -6.5 0.3 -4.8
Daily Peak Heating (kBtu/day) 15.47 | Daily Peak Heating (kBtu/day) 10.92 4.6 29.7
Annual BEPS (mBtu) -4.4 | Annual BEPS (mBtu) -4.6 0.2 -4.5
Hourly Peak Cooling (kBtu/hr) -8.7 | Hourly Peak Cooling (kBtu/hr) -8.0 -0.7 8.0
SP—DP | Daily Peak Cooling (kBtu/day) -6.0 | Daily Peak Cooling (kBtu/day) -6.5 0.5 -8.3
Hourly Peak Heating (kBtu/hr) -14.8 | Hourly Peak Heating (kBtu/hr) -14.3 -0.5 3.4
Daily Peak Heating (kBtu/day) -17.8 | Daily Peak Heating (kBtu/day) -16.7 -1.1 6.2
Annual BEPS -8.8 | Annual BEPS -8.4 0.4 4.5
Thermal SP_s Hourly Peak Cooling (kBtu/hr) -26.9 || Hourly Peak Cooling (kBtu/hr) 242 2.7 -10.0
mass Daily Peak Cooling (kBtu/day) -23.1 | Daily Peak Cooling (kBtu/day) -21.5 -1.6 6.9
mode Low-e  "Hourly Peak Heating (kBtu/hr) -16.3 || Hourly Peak Heating (kBtu/hr) -16.3 0.0 0.0
Daily Peak Heating (kBtu/day) -6.2 || Daily Peak Heating (kBtu/day) -8.3 2.1 -33.9
Annual BEPS (mBtu) -4.6 | Annual BEPS -4.0 0.6 -13.0
DP—s Hourly Peak Cooling (kBtu/hr) -19.9 | Hourly Peak Cooling (kBtu/hr) -17.6 2.3 -11.6
Daily Peak Cooling (kBtu/day) -18.1 || Daily Peak Cooling (kBtu/day) -16.0 -2.1 11.6
Low-e Hourly Peak Heating (kBtu/hr) -1.7 | Hourly Peak Heating (kBtu/hr) -2.4 -0.7 41.2
Daily Peak Heating (kBtu/day) 14.2 | Daily Peak Heating (kBtu/day) 10.1 4.1 28.9




Quick Wall
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The following are DOE input files of single-pane, double-pane and low-e glass with the
Shading Coefficient and Window Library Method on quick wall and the DOE output file

from those input files.

3.1 Single Pane Simulation

Input of Single Pane:
Shading Coefficient (quick_sc_single.inp)

W-1 = GLASS-TYPE
SHADING-COEF = 1
PANES = 1
GLASS-CONDUCTANCE
VIS-TRANS = .898
FRAME-CONDUCTANCE = 3.037
FRAME-ABS = 0.9

1.434

W-F-1 = WINDOW

WIDTH = 11.53

HEIGHT = 4.53

X = P-BUILDINGLENGTH TIMES 0.4

Y=1

SETBACK = 0.0

GLASS-TYPE = W-1

FRAME-WIDTH = .2344

SKY-FORM-FACTOR = 0.5

GND-FORM-FACTOR = 0.5
=1

SHADING-DIVISIONS 0

Window Library (quick_lib_single.inp)

W-1 = GLASS-TYPE
GLASS-TYPE-CODE = 1000
FRAME-CONDUCTANCE = 3.037
FRAME-ABS = 0.9

W-F-1 = WINDOW
WIDTH = 11.53
HEIGHT = 4.53
X = P-BUILDINGLENGTH TIMES 0.4
Y=1
SETBACK = 0.0
GLASS-TYPE = W-1
FRAME-WIDTH = .2344

SKY-FORM-FACTOR = 0.5
GND-FORM-FACTOR = 0.5
SHADING-DIVISIONS = 10

$(0 TO 1)

$MIN=1,MAX=3

$(BTU/HR.FT~2_F)

$DOE-2 DEFAULT = 0.9(0 TO 1)

$DOE-2 DEFAULT = 0.434(BTU/HR.FT~2_F)
$DOE-2 DEFAULT = 0.7(0 TO 1)

$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

$DOE-2 DEFAULT = 0.434(BTU/HR_FT"2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)
$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND



Table 5. Window Library for Single Pane.
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1D U-Si U-1P SC SHGC Tsol Rfsol Tvis Rfvis 1D

1000 6.31 1.118 1.00 .86 .84 .08 .90 .08 2

LAY1

WID

3.0

GAP1

GAS

WID

LAY2

WID

Uall = 1/(1/Ucenter - .197) = 1/(1/1.118 - .197) = 1.434




DOE Output for Glazing (Single Pane):

REPORT- LV-C

Shading Coefficient (quick_sc_single.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 1.120 0.898
W-R-1 1.0 52.25
4.53 1.120 0.898
W-B-1 1.0 52.25
4.53 1.120 0.898
W-L-1 1.0 52.25
4.53 1.120 0.898

Window Library (quick_lib_single.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 1.118 0.898
W-R-1 1.0 52.25
4.53 1.118 0.898
W-B-1 1.0 52.25
4.53 1.118 0.898
W-L-1 1.0 52.25
4.53 1.118 0.898

FILM)
GLASS NUMBER

SHADING OF

COEFF  PANES

1.00 1

1.00 1

1.00 1

1.00 1
FILM)

GLASS NUMBER

SHADING OF

COEFF PANES
1.00 1
1.00 1
1.00 1
1.00 1

GLASS

TYPE

CODE

GLASS

TYPE

CODE

1000

1000

1000

1000

SET-

BACK

(FT)

0.00
0.00
0.00

0.00

SET-

BACK

(FD

0.00

0.00

0.00

GLASS

WIDTH

(FT)

11.53
11.53
11.53

11.53

GLASS

WIDTH

(FD

11.53
11.53
11.53

11.53



LuE UULPUt 101 GldZing (sihgie Falic).

REPORT- LV-D

Shading Coefficient (quick_sc_single.out)

(U-VALUE INCLUDES OUTSIDE AIR FILM; WINDOW INCLUDES FRAME,

---WINDOWS - - -

-WALL+WINDOWS-

SURFACE SPACE U-VALUE
U-VALUE AREA  AZIMUTH
(BTU/HR-SQFT-F)

(BTU/HR-SQFT-F) (SQFT)

BACK-1 RM-1 1.221
0.247 400.00 NORTH

RIGHT-1 RM-1 1.221
0.247 400.00 EAST

FRONT-1 RM-1 1.221
0.247 400.00 SOUTH

LEFT-1 RM-1 1.221
0.382 224.00 WEST

Window Library (Window I1D:1000) (quick_lib_single.out)

AREA

(SQFTD

59.98

59.98

59.98

59.98

---WINDOWS - - -

-WALL+WINDOWS-

SURFACE SPACE U-VALUE
U-VALUE AREA  AZIMUTH
(BTU/HR-SQFT-F)

(BTU/HR-SQFT-F) (SQFT)

BACK-1 RM-1 1.220
0.246 400.00 NORTH

RIGHT-1 RM-1 1.220
0.246 400.00 EAST

FRONT-1 RM-1 1.220
0.246 400.00 SOUTH

LEFT-1 RM-1 1.220

0.381 224.00 WEST

AREA

(SQFD

59.98

59.98

59.98

59.98

IF DEFINED)

- - - -WALL-
U-VALUE

(BTU/HR-SQFT-F)

0.075

0.075

0.075

0.075

- - - -WALL-
U-VALUE

(BTU/HR-SQFT-F)

0.075

0.075

0.075

0.075

AREA

(SQFD

340.02

340.02

340.02

164.02

AREA

(SQFT

340.02

340.02

340.02

164.02



3.2 Double Pane Simulation

Input of Double Pane:

Shading Coefficient (quick_sc_double.inp)

W-1 = GLASS-TYPE

SHADING-COEF = .88 $(0 TO 1)

PANES = 2 $MIN=1,MAX=3
GLASS—CONDUCTANCE = .653 $(BTU/HR.FTA2_F)

VIS-TRANS = .812 $DOE-2 DEFAULT = 0.9(0 TO 1)
FRAME-CONDUCTANCE = 3.037 $DOE-2 DEFAULT

FRAME-ABS = 0.9

W-F-1 = WINDOW

$DOE-2 DEFAULT = 0.7(0 TO 1)
$END OF GLASS-TYPE COMMAND

0.434(BTU/HR.FT"2.F)

WIDTH = 11.53 $(FT)

HEIGHT = 4.53 $(FT)

X = P-BUILDINGLENGTH TIMES 0.4

Y=1 $COORDINATES

SETBACK = 0.0 $(FT)

GLASS-TYPE = W-1

FRAME-WIDTH = .2344 $EXPLANATION IN THE PARAMETER SECTION
SKY-FORM-FACTOR = P-VIEWFACTORF  $ARBITRARY VALUE(O TO 1)
GND-FORM-FACTOR = 0.5 $ARBITRARY VALUE(O TO 1)

SHADING-DIVISIONS = 10 $DOE-2 DEFAULT, (O TO 40)UNITS
$END OF WINDOW COMMAND
Window Library (quick_lib_double.inp)
W-1 = GLASS-TYPE
GLASS-TYPE-CODE = 2000
FRAME-CONDUCTANCE = 3.037

FRAME-ABS = 0.9

W-F-1 = WINDOW

$DOE-2 DEFAULT = 0.434(BTU/HR.FT~2.F)

$DOE-2 DEFAULT = 0.7(0 TO 1)
$END OF GLASS-TYPE COMMAND

WIDTH = 11.53 $(FT)

HEIGHT = 4.53 $(FT)

X = P-BUILDINGLENGTH TIMES 0.4

Y=1 $COORDINATES

SETBACK = 0.0 $(FT)

GLASS-TYPE = W-1

FRAME-WIDTH = .2344 $EXPLANATION IN THE PARAMETER SECTION

SKY-FORM-FACTOR = P-VIEWFACTORF  $ARBITRARY VALUE(O TO 1)
GND-FORM-FACTOR = 0.5 $ARBITRARY VALUE(O TO 1)
SHADING-DIVISIONS = 10 $DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

Table 6. Window Library for Double Pane.
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LAY1 GAP1 LAY2
1D U-siI U-IP sC SHGC Tsol Rfsol Tvis Rfvis 1ID WID GAS  WID 1D WID
2000 3.23 .579 .88 .76 .70 .13 .81 .15 2 3.0 Air 6.3 2 3.0
vall = 1/(1/Ucenter - .197) = 1/(1/.579 - .197) = .653




puE UULPUt 101 GlaZing (Douie Falic).

REPORT- LV-C

Shading Coefficient (quick_sc_double.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.23
4.53 0.579 0.812
W-R-1 1.0 52.23
4.53 0.579 0.812
W-B-1 1.0 52.23
4.53 0.579 0.812
W-L-1 1.0 52.23
4.53 0.579 0.812

Window Library (quick_lib_double.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
W INDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.23
4.53 0.579 0.812
W-R-1 1.0 52.23
4.53 0.579 0.812
W-B-1 1.0 52.23
4.53 0.579 0.812
W-L-1 1.0 52.23
4.53 0.579 0.812

FILM)
GLASS NUMBER

SHADING OF

COEFF  PANES
0.88 2
0.88 2
0.88 2
0.88 2
FILM)

GLASS NUMBER

SHADING OF

COEFF  PANES
0.88 2
0.88 2
0.88 2
0.88 2

GLASS

TYPE

CODE

GLASS

TYPE

CODE

2000

2000

2000

2000

SET-

BACK

(FD

0.00
0.00
0.00

0.00

SET-

BACK

(FT)

0.00
0.00

0.00

GLASS

WIDTH

(FD

11.53
11.53
11.53

11.53

GLASS

WIDTH

(FT)

11.53
11.53
11.53

11.53



puE UULPUt 101 GlaZing (Douie Falic).

REPORT- LV-D

Shading Coefficient (quick_sc_double.out)

---WINDOWS - - -

-WALL+WINDOWS-

SURFACE SPACE U-VALUE
U-VALUE AREA  AZIMUTH
(BTU/HR-SQFT-F)

(BTU/HR-SQFT-F) (SQFT)

BACK-1 RM-1 0.750
0.176 400.00 NORTH

RIGHT-1 RM-1 0.750
0.176 400.00 EAST

FRONT-1 RM-1 0.750
0.176 400.00 SOUTH

LEFT-1 RM-1 0.750
0.256 224.00 WEST

Window Library (quick_lib_double.out)

AREA

(SQFT)

59.98

59.98

59.98

59.98

---WINDOWS - - -

-WALL+WINDOWS-

SURFACE SPACE U-VALUE
U-VALUE AREA  AZIMUTH
(BTU/HR-SQFT-F)

(BTU/HR-SQFT-F) (SQFT)

BACK-1 RM-1 0.751
0.176 400.00 NORTH

RIGHT-1 RM-1 0.751
0.176 400.00 EAST

FRONT-1 RM-1 0.751
0.176 400.00 SOUTH

LEFT-1 RM-1 0.751

0.256 224.00 WEST

AREA

(SQFD

59.98

59.98

59.98

59.98

- - - -WALL-
U-VALUE

(BTU/HR-SQFT-F)

0.075

0.075

0.075

0.075

- - - -WALL-
U-VALUE

(BTU/HR-SQFT-F)

0.075

0.075

0.075

0.075

AREA

(SQFT)

340.02

340.02

340.02

164.02

AREA

(SQFT

340.02

340.02

340.02

164.02



3.3 Low-3 Double Pane

Input of Low-e Double Pane:

Shading Coefficient (quick_sc_lowe.inp)

W-1 = GLASS-TYPE
SHADING-COEF = .35
PANES = 2
GLASS-CONDUCTANCE
VIS-TRANS = .407
FRAME-CONDUCTANCE = 3.037
FRAME-ABS = 0.9

.4579

WIDTH = 11.53

HEIGHT = 4.53

X = P-BUILDINGLENGTH TIMES 0.4
Y=1

SETBACK = 0.0

GLASS-TYPE = W-1

FRAME-WIDTH = .2344
SKY-FORM-FACTOR = P-VIEWFACTORF
GND-FORM-FACTOR = 0.5
SHADING-DIVISIONS = 10

Window Library (quick_lib_lowe.inp)

W-1 = GLASS-TYPE
GLASS-TYPE-CODE =
FRAME-CONDUCTANCE
FRAME-ABS = 0.9

2666
= 3.037

W-F-1 = WINDOW
WIDTH = 11.53
HEIGHT = 4.53
X = P-BUILDINGLENGTH TIMES 0.4
Y=1
SETBACK = 0.0
GLASS-TYPE = W-1

FRAME-WIDTH = .2344
SKY-FORM-FACTOR = P-VIEWFACTORF
GND-FORM-FACTOR = 0.5
SHADING-DIVISIONS = 10

Table 7. Window Library for Low-e.

17

$(0 TO 1)

$MIN=1,MAX=3

$(BTU/HR.FTA2_F)

$DOE-2 DEFAULT = 0.9(0 TO 1)

$DOE-2 DEFAULT = 0.434(BTU/HR.FT*2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)

$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

$DOE-2 DEFAULT = 0.434(BTU/HR.FT~2_F)
$DOE-2 DEFAULT = 0.7(0 TO 1)
$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

U-1I1P SC SHGC Tsol Rfsol

2666 2.41 .42 .35 .31 .21 .14

Tvis

LAY1 GAP1 LAY2
Rfvis ID WID GAS WID ID WID
.41 .08 550 6.0 Air 6.3 3 6.0

Uall = 1/(1/Ucenter - .197) = 1/(1/.42 - .197) = .4579




LpuUE UULPUt 101 GldZing (LOw-€ DOUDIE Fallc).

REPORT- LV-C

Shading Coefficient (quick_sc_lowe.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.23
4.53 0.420 0.407
W-R-1 1.0 52.23
4.53 0.420 0.407
W-B-1 1.0 52.23
4.53 0.420 0.407
W-L-1 1.0 52.23
4.53 0.420 0.407

Window Library (quick_lib_lowe.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.23
4.53 0.420 0.407
W-R-1 1.0 52.23
4.53 0.420 0.407
W-B-1 1.0 52.23
4.53 0.420 0.407
W-L-1 1.0 52.23
4.53 0.420 0.407

FILM)
GLASS NUMBER

SHADING OF

COEFF  PANES
0.35 2
0.35 2
0.35 2
0.35 2
FILM)

GLASS NUMBER

SHADING OF

COEFF PANES
0.35 2
0.35 2
0.35 2
0.35 2

GLASS

TYPE

CODE

GLASS

TYPE

CODE

2666

2666

2666

2666

SET-

BACK

(FT

0.00

SET-

BACK

(FD

0.00
0.00
0.00

0.00

GLASS

WIDTH

(FT)

11.53
11.53
11.53

11.53

GLASS

WIDTH

(FD

11.53
11.53
11.53

11.53



LpuUE UULPUt 101 GldZing (LOw-€ DOUDIE Fallc).

REPORT- LV-D

Shading Coefficient (quick_sc_lowe.out)

---WINDOWS - - -

-WALL+WINDOWS-

SURFACE SPACE U-VALUE
U-VALUE AREA  AZIMUTH
(BTU/HR-SQFT-F)

(BTU/HR-SQFT-F) (SQFT)

BACK-1 RM-1 0.612
0.155 400.00 NORTH

RIGHT-1 RM-1 0.612
0.155 400.00 EAST

FRONT-1 RM-1 0.612
0.155 400.00 SOUTH

LEFT-1 RM-1 0.612
0.219 224.00 WEST

Window Library (quick_lib_lowe.out)

AREA

(SQFT)

59.98

59.98

59.98

59.98

---WINDOWS - - -

-WALL+WINDOWS-

SURFACE SPACE U-VALUE
U-VALUE AREA  AZIMUTH
(BTU/HR-SQFT-F)

(BTU/HR-SQFT-F) (SQFT)

BACK-1 RM-1 0.612
0.155 400.00 NORTH

RIGHT-1 RM-1 0.612
0.155 400.00 EAST

FRONT-1 RM-1 0.612
0.155 400.00 SOUTH

LEFT-1 RM-1 0.612

0.219 224.00 WEST

AREA

(SQFT

59.98

59.98

59.98

59.98

- - - -WALL-
U-VALUE

(BTU/HR-SQFT-F)

0.075

0.075

0.075

0.075

- - - -WALL-
U-VALUE

(BTU/HR-SQFT-F)

0.075

0.075

0.075

0.075

AREA

(SQFT)

340.02

340.02

340.02

164.02

AREA

(SQFT

340.02

340.02

340.02

164.02



BEPS Report

20

The results show all annual energy consumption (Shading Coefficient and Window Library
Method) on single-pane, double-pane and low-e glass of quick wall.

90.0

BEP S(Qucik Wall)

700 +
60.0 +
mBtu/year 50.0 -

400 +

800 & — — - — - —

200 4+ R —— [ R —— [ R —— - -
100 + R —— - - R —— - - R —— - -
0.0
SC (76.6) W.L.(76.5) SC (722) WL (719) SC (67.2) WL (67.5)
Single Pane Double Pane Low-e
ODOMHOT WATER 6.3 6.3 6.3 6.3 6.3 6.3
OVENT FANS 29 29 27 26 17 18
BPUMPS&MISC 0.2 02 0.2 0.2 0.2 0.2
OSPACECOOL 99 97 87 79 »2 »2
B SPACEHEAT 0.9 1o 79 85 0.4 106
BMISC EQUIPMT B2 B2 B2 B2 B2 B2
OAREALIGHTS 1.2 B2 B2 B2 B2 B2
Figure 2. Annual BEPS of Quick Wall.
Diff(%) between SC and Window Library of Quick Wall
60.00
40.00
2000 4 = = —
" 000 . |
=
2000 4 — m e
T o
-60.00
AREA MISC SPACE SPACE PUMPS & VENT DOMHOT TOTAL
LIGHTS EQUIPMT HEAT CoOoL MISC FANS WATER
O Single Pane 0.00 0.00 0.92 -101 0.00 0.00 0.00 -0.13
@ Double Pane 0.00 0.00 759 -4.28 0.00 -3.70 0.00 -0.42
B Low-e 0.00 0.00 192 0.00 0.00 5.88 0.00 045

Figure 3. Difference (%) between Shading Coefficient and Window Library.
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BEPS of Shading Coefficient Method (Quick Wall):

The plots show annual energy consumption of the Shading Coefficient Method of quick

wall according to the types of glass (single-pane, double-pane, and low-e glass).

BEPS of SC method
Quick Wall

90
80
70
60 ——_4
mBtu/year %0
40
30 g
20
10
0
Single Pane (76.6) Double Pane (72.2) Low-e (67.2)
B DOMHOT WATER 6.3 6.3 6.3
O VENT FANS 29 2.7 17
@ PUMPS &MISC 0.2 0.2 0.2
o SPACE COOL 9.9 8.7 2.2
@ SPACE HEAT 0.9 79 104
@ MISC EQUIPMT B2 3.2 3.2
O AREA LIGHTS B2 3.2 3.2

Figure 4. Annual BEPS of Shading Coefficient Method (Quick Wall).

Diff.(% of BEPS (SC Method)
Quick Wall

%

AREA MISC SPACE SPACE PUMPS & VENT DOMHOT TOTAL
LIGHTS EQUIPMT HEAT cooL MISC FANS WATER
O SP and DP Diff(% 0.0 0.0 -275 -6.0 0.0 -6.9 0.0 -5.7
@ SP and Low-e Diff(% 0.0 0.0 -4.6 -38.7 0.0 -414 0.0 -12.3
® DP and Low-e Diff(% 0.0 0.0 316 -34.8 0.0 -37.0 0.0 -6.9

‘ 0 SP and DP Diff(% @ SP and Low-e Diff(% @ DP and Low-e Diff(%) ‘

Figure 5. Difference (%) of BEPS (Shading Coefficient Method).
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BEPS of Window Library Method (Quick Wall):

The plots show annual energy consumption of the Window Library Method of quick wall

according to the types of glass (single-pane, double-pane, and low-e glass).

BEPS of Window Library method
Quick Wall

90

80

70

60

50

I 40

30

20f--—-—-  f-———————0
10
0
Single Pane (76.5) Double Pane (719) Low-e (67.5)

@ DOMHOT WATER 6.3 6.3 6.3
O VENT FANS 2.9 26 18
mPUMPS &MISC 0.2 0.2 0.2
O SPACE COOL 9.7 7.9 2.2
B SPACE HEAT u 85 0.6
B MISC EQUIPMT B2 B2 13.2
0O AREA LIGHTS B2 B2 13.2

Figure 6. BEPS of Window Library Method (Quick Wall).

Diff.(%9 of BEPS (Window Library M ethod)
Quick Wall

50

40

%

=0 AREA MISC SPACE SPACE PUMPS & VENT DOMHOT TOTAL
LIGHTS EQUIPMT HEAT CooL MISC FANS WATER
O SP and DP Diff(% 0.0 0.0 -22.7 -9.1 0.0 -10.3 0.0 -6.0
@ SP and Low-e Diff(%9 0.0 0.0 -3.6 -38.1 0.0 -37.9 0.0 -18
® DP and Low-e Diff(% 0.0 0.0 247 -318 0.0 -30.8 0.0 -6.1

Figure 7. Difference (%) of BEPS (Window Library Method) Quick Wall.
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Hourly Peak Cooling Load (kBtu/hr, Quick Wall):

The plots show the hourly peak cooling load of quick wall. The date of peak day is from
Aug 25, 3PM, which is the peak day of thermal mass wall with low-e glass.

Peak Cooling (Aug 26 3PM), Quick Wall
18.00
16.00
2 I BB iti
12.00
10.00
KBtw/hr
8.00
1 {1 — a1
WALL ROOF | WINDOW | WINDOW [ DOOR |INTERNAL| UNDERG | OCCUPA | |\ o [EQUIPME [ |\ o\ oo
CONDUC | CONDUC | GLASS+F | GLASS | CONDUC | SURFACE| ROUND | NTSTO | oo, = | NTTO TION
TION TION RM COND| SOLAR TION COND SURF SPACE SPACE
0 Single Pane SC (40.90) 3.06 3.71 6.41 1555 0.30 0.00 0.69 0.80 150 150 738
@ Single Pane Window Lib. (40.47) 3.06 3.71 6.84 14.70 0.30 0.00 0.69 0.80 150 150 738
@ Double Pane SC (37.25) 3.06 371 463 13.69 0.30 0.00 0.69 0.80 150 150 738
O Double Pane Window Lib. (36.30) | 3.06 3.71 6.03 134 0.30 0.00 0.69 0.80 150 150 738
O Low-e SC (28.33) 3.06 3.71 395 544 0.30 0.00 0.69 0.80 150 150 738
8 Low-e Window Lib. (28.44) 3.06 3.71 6.31 3.20 0.30 0.00 0.69 0.80 150 150 738
Diff.(% between SC and Window Library of Peak Cooling, Quick Wall
60.00

40.00 +

20.00 +

% 0.00 -

-20.00

-40.00

-60.00
WALL ROOF |WINDOW |WINDOW| DOOR [INTERNA|UNDERG|OCCUPA EQUIPME|
LIGHTTO INFILTRA

CONDUC |CONDUC| GLASS+ | GLASS |CONDUC L ROUND | NTSTO SPACE NTTO TION TOTAL

TION TION FRM SOLAR | TION |SURFAC| SURF | SPACE SPACE
O Single Pane 0.00 0.00 6.61 -5.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -105
@ Double Pane 0.00 0.00 30.27 -17.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -2.55
| Low-e 0.00 0.00 59.64 -4121 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41

Figure 9. Difference (%) between Shading Coefficient and Window Library of Peak
Cooling.
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Daily Peak Cooling Load (kBtu/day, Quick Wall):

Peak Cooling(Aug 20), Quick Wall

16000 - — — — — = =
BOO00 4 — — — —— —— —— —— — |
20004 — == ———————— | |@s -~ -
I e T —,—,—,_—————————————._-_ . A
I 80.00
60.00
40.00

20.00

e e e e e e g e e
TION RM SOLAR TION SURFAC SURF SPACE SPACE
0O Single Pane SC (470.60) X 34.36 6156 157.93 292 0.00 16.58 9.60 36.04 36.04 82.49
@ Single Pane Window Lib. (467.06) X 34.36 66.04 149.91 292 0.00 16.58 9.60 36.04 36.04 82.49
m Double Pane SC (434.98) X 34.36 4489 138.98 292 0.00 16.58 9.60 36.04 36.04 82.49
0 Double Pane Window Lib. (428.26) X 34.36 58.66 18.49 292 0.00 16.58 9.60 36.04 36.04 82.49
O Low-e SC (344.80) X 34.36 38.41 55.28 292 0.00 16.58 9.60 36.04 36.04 82.49
8 Low-e Window Lib.(348.41) X 34.36 63.52 33.78 292 0.00 16.58 9.60 36.04 36.04 82.49

Figure 10. Daily Peak Cooling of Quick Wall.

Diff.(% between SC and Window Library of Peak Cooling, Thermal Wall
70.00
50.00
30.00
% 10.00
-10.00
-30.00
-50.00
WALL | R
OOF | WINDOW| WINDOW/| DOOR |INTERNA |UNDERG|OCCUPA| |~ IEQUIPME| .
CONDUC |CONDUC | GLASS+| GLASS |CONDUC L ROUND | NTSTO SPACE NTTO TION TOTAL
TION TION FRM | SOLAR | TION |SURFAC| SURF | SPACE SPACE
O Single Pane 0.00 0.00 7.28 -5.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.75
@ Double Pane 0.00 0.00 30.67 -14.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -154
H Low-e 0.00 0.00 60.07 -40.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 115

Figure 11. Difference (%) between Shading Coefficient and Window Library of Peak
Cooling.
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Hourly Peak Heating Load (kBtu/hr, Quick Wall)

The plots show the hourly peak heating load of quick wall. The date of peak day is from

Jan 11, 4AM, which is the peak day of thermal mass wall with low-e glass.

Peak Heating (Jan 114AM), Quick Wall

4.00
KBtu/hr
WALL | ROOF |WINDOW [WINDOW | DOOR [INTERNA | UNDERG | OCCUPA [\ /oo [EQUIPME | o) oo
CONDUC | CONDUC | GLASS+F | GLASS |CONDUC L ROUND | NTSTO | "ol ™| NTTO | O
TION TION RM SOLAR | TION |[SURFACE| SURF | SPACE SPACE
O Single Pane SC (-27.76) -4.93 375 -12.76 0.07 -0.42 0.00 -2.35 0.80 150 150 -7.40
@ Single Pane Window Lib. (-28.18) -4.93 375 -13.18 0.06 -0.42 0.00 235 0.80 150 150 -7.40
m Double Pane SC (-28.35) -4.93 375 -8.35 0.06 -0.42 0.00 235 0.80 150 150 -7.40
0 Double Pane Window Lib. (-23.75) | -4.93 -3.75 -8.74 0.05 -0.42 0.00 235 0.80 150 150 -7.40
O Low-e SC (-2190) -4.93 375 -6.86 0.02 -0.42 0.00 235 0.80 150 150 -7.40
@ Low-e Window Lib. (-22.21) -4.93 375 7.7 0.01 042 0.00 235 0.80 150 150 -7.40

Figure 12. Hourly Peak Heating Load of Quick Wall.

Diff.(%9 between SC and Window Library of Peak Heating, Quick Wall

60.00

40.00

20.00

% 0.00 +

-20.00

-40.00

-60.00
WALL | ROOF |WINDOW|WINDOW| DOOR [INTERNA |UNDERG|OCCUPA| . - |EQUIPME| - o
CONDUC |CONDUC | GLASS+| GLASS |CONDUC| L ROUND [ NTSTO | "0 | NTTO [ (%) TOTAL
TION | TION FRM | SOLAR | TION |SURFAC| SURF | SPACE SPACE
OsinglePane | 0.00 0.00 329 | -462 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 152
@ DoublePane | 0.00 0.00 466 | -1228 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 170
B Low-e 0.00 0.00 444 | -3913 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 143

Figure 13. Difference (%) between Shading Coefficient and Window Library of Peak
Heating.



Daily Peak Heating Load (kBtu/day, Quick Wall):

Peak Heating(Jan 13), Quick Wall

150.00
100.00

50.00

I -50.00

-100.00
-150.00

-200.00

-250.00
CONDUC | CONDUG | GLASSHF | GLASS. [cONDUG | L | ROUND. | T To. | USHTTO | T weiLTa
TION TION RM SOLAR TION SURFAC SURF SPACE SPACE

o Single Pane SC (-345.05) -87.76 -6183 | -239.03 134.25 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
@ Single Pane Window Lib. (-356.47) -87.76 -6183 -244.02 12782 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
m Double Pane SC (-276.96) -87.76 -6183 -154.83 18.14 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
0 Double Pane Window Lib. (-290.78) -87.76 -6183 -153.50 102.99 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
O Low-e SC (-319.79) -87.76 -6183 -126.51 46.99 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
B8 Low-e Window Lib. (-322.54) -87.76 -6183 -11159 29.32 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08

Figure 14. Daily Peak Heating Load of Quick Wall.

Diff.(% between SC and Window Library of Peak Heating, Quick Wall
70.00
5000 +————————— - — - m ——
3000 == — = ——m
% 10.00
-10.00
-30.00
-50.00
WALL ROOF |WINDOW |[WINDOW | DOOR |INTERNA | UNDERG |OCCUPA LIGHTTO EQUIPME INFILTRA
CONDUC |CONDUC| GLASS+ | GLASS |CONDUC L ROUND | NTSTO | (o, | NTTO Tion | TOTAL
TION TION FRM | SOLAR | TION |SURFAC| SURF | SPACE SPACE
0O Single Pane 0.00 0.00 2.09 -4.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.31
B DoublePane | 0.00 0.00 3.38 -12.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.8
B Low-e 0.00 0.00 -11.79 -37.60 -0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.86

Figure 15. Difference (%) between Shading Coefficient and Window Library.
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Comparison of Single-pane, Double-pane and Low-e Glass (Shading Coefficient Method /
Quick Wall):

Hourly Peak Cooling (kBtu/hr):

Peak Cooling (Aug 26, 3PM)
Quick Wall

18.00

16.00
14.00
12.00
10.00
kBtu/hr
8.00
6.00 “1r---------"-"-"--“-“----------"---
4.00 I ®W--------"-“"-“"-"“"“"“-“ - -~ —=

2.00

0.00

WALL | ROOF |WINDO |WINDO| DOOR | INTER |UNDER]OCCUP| LIGHT EQUIP | INFILT
COND | COND w w COND | NAL | GROU | ANTS TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS | UCTIO |SURFA ND TO |SPACE| TO N

O Single Pane (40.90) 3.06 3.71 6.41 15.55 0.30 0.00 0.69 0.80 150 150 7.38
@ Double Pane (37.25) | 3.06 3.71 4.63 13.69 | 0.30 0.00 0.69 0.80 150 150 7.38
® Low-e (28.33) 3.06 3.71 3.95 5.44 0.30 0.00 0.69 0.80 150 150 7.38

Figure 16. Comparison of hourly peak cooling of Single-pane, Double-pane and Low-e
Glass (Shading Coefficient Method / Quick Wall).

Diff.(% of Peak Cooling (SC Method)
Quick Wall
0.0
0O+ -————-—-——— - L 7777777777777777777777777777777
-20.0
300 +-—-——-—————— - - - - - - - - - — - ]
%
-40.0
-50.0
600+ ---------- - - |'® __
-70.0
WALL | ROOF |WINDOW|WINDOW| DOOR [INTERNA |UNDERG|OCCUPA| |~ - |EQUIPME| . —o o
CONDUC |CONDUC | GLASS+| GLASS [CONDUC| L ROUND | NTSTO | (o, | NTTO | ) TOTAL
TION TION FRM | SOLAR| TION |SURFAC| SURF | SPACE SPACE
O SP and DP Diff (%) 0.0 0.0 -27.8 -12.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -8.9
B SP and Low-e Diff(%) 0.0 0.0 -38.4 | -65.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -30.7
B DP and Low-e Diff(%) 0.0 0.0 -14.6 | -60.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -23.9

Figure 17. Difference (%) of Peak Cooling (Shading Coefficient Method / Quick Wall).



28

Daily Peak Cooling (kBtu/day):

Daily Peak Cooling (Aug 26) Quick Wall
180.00
6000 f— — == === ===~ — — - e---__>—>-HE-H 'h
BOOO == mm e
701 T T [ | I T ———
VOO +------—---————{ W — -~ -
8000 -
6000 f+ ————————— - r-----------—————————-—-—-—-—-—-—-—————-
4000 - ———— = — — — — -4M®--------
20.00 - R - -4r------— = B B
0.00 |
WALL ROOF |WINDOW |WINDOW | DOOR |INTERNA|UNDERG |[OCCUPA LIGHT TO EQUIPM INEILTRA
CONDUC |CONDUC | GLASS+- | GLASS |[CONDUC L ROUND | NTSTO SPACE ENTTO TION
TION TION RM SOLAR TION SURFAC | SURF SPACE SPACE
O Single Pane (470.60) 33.08 34.36 6156 157.93 292 0.00 16.58 9.60 36.04 36.04 82.49
@ Double Pane (434.98) 33.08 34.36 44.89 138.98 292 0.00 16.58 9.60 36.04 36.04 82.49
@ Low-e (344.80) 33.08 34.36 38.41 55.28 292 0.00 16.58 9.60 36.04 36.04 82.49

Figure 18. Comparison of daily peak cooling of Single-pane, Double-pane and Low-e Glass
(Shading Coefficient Method / Quick Wall).

Diff.(%) of Daily Peak Cooling (SC method), Quick Wall
0.00
-10.00
-20.00
-30.00
-
-40.00
50.00
-60.00
-70.00
WALL ROOF |WINDOW | WINDOW | DOOR |INTERNA | UNDERG | OCCUPA LIGHT TO EQUIPME INFILTRA
CONDUC | CONDUC | GLASS+F | GLASS |CONDUC L ROUND | NTSTO SPACE NTTO TION TOTAL
TION TION RM SOLAR TION SURFAC SURF SPACE SPACE
O SP and DP Diff. (% 0.00 0.00 -27.08 -12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -7.57
@ SP and Low-e Diff. (% 0.00 0.00 -37.61 -65.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -26.73
® DP and Low-e Diff. (%) 0.00 0.00 -14.44 -60.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -20.73

Figure 19. Difference (%) of Daily Peak Cooling.
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Comparison of Single-pane, Double-pane and Low-e Glass (Shading Coefficient Method /
Quick Wall):

Hourly Peak Heating (kBtu/hr):

Peak Heating (Jan 114 AM)
Quick Wall

4.00

200 f o

kBtu/hr

800 f -~

1000 { — ——— ——— -

2004 — - -~

-14.00
WALL | ROOF |WINDO |WINDO | DOOR | INTER | UNDE | OCCU | LIGHT | EQUIP | INFILT

COND | COND W W COND | NAL | RGRO [PANTS| TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS | UCTIO |SURFA| UND TO |SPACE| TO N

150 -7.40

O Single Pane (-27.76) -493 | -3.75 | -12.76 | 0.07 | -0.42 0.00 -2.35 0.80 150
@ Double Pane (-23.35) | -4.93 | -3.75 | -8.35 | 0.06 | -0.42 0.00 -2.35 0.80 150 150 -7.40
B Low-e (-2190) -493 | -3.75 | -6.86 0.02 | -0.42 0.00 -2.35 0.80 150 150 -7.40

Figure 20. Comparison of hourly peak heating of Single-pane, Double-pane and Low-e
Glass (Shading Coefficient Method / Quick Wall).

Diff.(% of Peak Heating (SC M ethod)
Quick Wall

%

600 fF -
-70.0
WALL | ROOF |WINDO [WINDO| DOOR [ INTER | UNDE | OCCU | LIGHT | EQUIP | INFILT
COND |COND | W W |COND | NAL |RGRO |PANTS| TO |MENT |RATIO |TOTAL
UCTIO | UCTIO | GLASS | GLASS | UCTIO |SURFA| UND | TO |[SPACE| TO N
00 | 00 |-346 | -23 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | -159

0 SP and DP Diff(%)
B SP and Low-e Diff(%9 0.0 0.0 -46.2 | -64.6 0.0 0.0

| DP and Low-e Diff(% 0.0 0.0 -17.8 -59.6 0.0 0.0

0.0 0.0 0.0 0.0 0.0 -211
0.0 0.0 0.0 0.0 0.0 -6.2

Figure 21. Difference (%) of hourly peak heating.
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Daily Peak Heating (kBtu/day):

Peak Daily Heating (Jan 11), Quick Wall

200.00

150.00

100.00

50.00

0.00 1

I -50.00
-100.00

-150.00

-200.00

-250.00

-300.00
WALL ROOF WINDOW | WINDOW DOOR INTERNAL | UNDERGR | OCCUPAN LIGHT TO EQUIPMEN INFILTRATI

CONDUCTI | CONDUCTI | GLASS+R GLASS CONDUCTI| SURFACE OUND TSTO SPACE TTO ON
ON ON M COND SOLAR ON COND SURF SPACE SPACE

0SC (-34505) | -87.76 -6183 -239.03 134.25 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
@SC(-276.96) | -87.76 -6183 -154.83 18.14 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
mSC(-319.79) | -87.76 6183 -126.51 46.99 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08

Figure 22. Comparison of daily peak heating among Single-pane, Double-pane and Low-e
Glass (Shading Coefficient Method / Quick Wall).

Diff.(% of Daily Peak Heating (SC M ethod), Quick Wall
30.00
000 & — — — - - - —
10.00
-
-30.00
5000+ - - ——
-70.00
WALL ROOF |WINDOW | WINDOW | DOOR |INTERNA | UNDERG | OCCUPA LIGHT TO EQUIPME INFILTRA
CONDUC |CONDUC | GLASS+F | GLASS | CONDUC L ROUND | NTSTO SPACE NTTO TION TOTAL
TION TION RM SOLAR TION SURFAC SURF SPACE SPACE
o SP and DP Diff. (% 0.00 0.00 -35.23 -12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -19.73
@ SP and Low-e Diff. (% 0.00 0.00 -47.07 -65.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 -7.32
® DP and Low-e Diff. (% 0.00 0.00 -18.29 -60.23 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1547

Figure 23. Difference (%) of daily peak heating.
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Comparison of Single-pane, Double-pane and Low-e Glass (Window Library Method /
Quick Wall):

Hourly Peak Cooling (kBtu/hr):

Peak Cooling (Aug 26, 3PM)
Quick Wall

16.00

“oo+------------|4F-—"-—"-"-"-"-"—"—"—"—"—"—"—"—"—"—"—"—"—"—~"—~—"—"—~—"——— — -
12.00
10.00
kBtu/hr 8.00
6.00

400+ - - - ___ - rr-------——

2.00 1 - - I
0.00 J:|] p— T [T |_|_I |_|_I

WALL | ROOF |WINDO |WINDO | DOOR | INTER | UNDE | OCCU | LIGHT | EQUIP | INFILT
COND | COND w w COND | NAL | RGRO |PANTS| TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS | UCTIO |SURFA| UND TO |SPACE| TO N

O Single Pane (40.47) 3.06 3.71 6.84 14.70 0.30 0.00 0.69 0.80 150 150 7.38
@ Double Pane (36.30) | 3.06 3.71 6.03 134 0.30 0.00 0.69 0.80 150 150 7.38
m Low-e (28.44) 3.06 3.71 6.31 3.20 0.30 0.00 0.69 0.80 150 150 7.38

Figure 24 Comparison of hourly peak cooling of Single-pane, Double-pane and Low-e
Glass (Window Library Method / Quick Wall).

Diff.(% of Peak Cooling (Window Library M ethod)
Quick Wall
100
0.0 |
wot+--—-——----\F--!/1ftf------ - - - - - - -—— -« -« -~~~ -~~~ |
-20.0
-30.0
% 4004 - - - - - - |-
B e | B T ——
6004 - ——-————————~—-|'"'®— -~~~
-70.0
-80.0
900 WALL ROOF | WINDOW|WINDOW| DOOR |INTERNA |UNDERG|OCCUPA EQUIPME
CONDUC |CONDUC | GLASS+| GLASS |CONDUC L ROUND | NTSTO Llsi'fc-ll-ao ?\ITTO lN:Ig;A TOTAL
TION TION FRM SOLAR | TION |SURFAC| SURF | SPACE SPACE
0O SP and DP Diff (%) 0.0 0.0 -8 -22.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -10.3
B SP and Low-e Diff (%) 0.0 0.0 7.7 -78.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -29.7
B DP and Low-e Diff(%) 0.0 0.0 4.7 -718 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -216

Figure 25. Difference (%) of peak cooling.



Daily Peak Cooling (kBtu/day):

Daily Peak Cooling (Aug 26), Quick Wall
160.00
Moo +-------—--—-—-——-—-———-| - ———————— - == = — == = — == = — = = — = — = — = — — = — — — —
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I 80.00
6000 + ———————— — — -1rrFr-------—-—-—-—-"—-"—-"-—"-"-—"-—"—"—"—"—"—"— - - - - - — — - —
40.00
20.00
0.00 1 —
WALL ROOF WINDOW | WINDOW DOOR INTERNAL |UNDERGR |OCCUPAN LIGHT TO EQUIPME INFILTRAT
CONDUCT |CONDUCT |GLASS+FR GLASS |CONDUCT | SURFACE| OUND TSTO SPACE NTTO ION
ION ION M COND SOLAR ION COND SURF SPACE SPACE
0 Window Lib. (467.06) 33.08 34.36 66.04 149.91 292 0.00 16.58 9.60 36.04 36.04 82.49
@ Window Lib. (428.26) 33.08 34.36 58.66 118.49 2.92 0.00 16.58 9.60 36.04 36.04 82.49
@ Window Lib.(348.41) 33.08 34.36 63.52 33.78 2.92 0.00 16.58 9.60 36.04 36.04 82.49

Figure 26. Comparison of daily peak cooling of Single-pane, Double-pane and Low-e Glass
(Window Library Method / Quick Wall).

Diff.(% of Peak Cooling (Window Library M ethod), Quick Wall
20.00
D00 4 — = — = m
0.00
-10.00
-20.00
80004+ - - ——————————_—__|'W
-
-40.00
-50.00
-60.00
70004+ - - — - | - - - - -
8000 - — — — — — - — - T
-90.00
WALL ROOF |WINDOW | WINDOW | DOOR |INTERNA |[UNDERG | OCCUPA LIGHT TO EQUIPME INFILTRA
CONDUC | CONDUC | GLASS+ | GLASS |CONDUC L ROUND NTSTO SPACE NTTO TION TOTAL
TION TION RM SOLAR TION SURFAC SURF SPACE SPACE
0O SP and DP Diff. (%9 0.00 0.00 -1118 -20.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -8.31
@ SP and Low-e Diff. (%9 0.00 0.00 -3.82 -77.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -2540
® DP and Low-e Diff. (% 0.00 0.00 8.29 -7149 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -18.65

Figure 27. Difference (%) of peak cooling.
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Comparison of Single-pane, Double-pane and Low-e Glass (Window Library Method /
Quick Wall):

Hourly Peak Heating (kBtu/hr):

Peak Heating (Jan 114 AM)
Quick Wall

4.00
200 f - - - — m
0.00
-2.00 H - -t{r--------------nu,mw- - --—————————-
-4.00
kBtu/hr
-6.00
-8.00
-10.00
3
-14.00
WALL | ROOF |WINDO |WINDO | DOOR | INTER |UNDER|OCCUP| LIGHT | EQUIP | INFILT
COND | COND w w COND | NAL | GROU | ANTS TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS | UCTIO | SURFA ND TO SPACE| TO N
O Single Pane (-28.18) -493 | -3.75 | -13.18 | 0.06 -0.42 | 000 | -235 | 0.80 150 150 -7.40
@ Double Pane (-23.75) | -4.93 | -3.75 | -8.74 0.05 | -042 | 0.00 | -2.35 | 0.80 150 150 -7.40
| Low-e (-22.2]) -4.93 -3.75 -7.7 0.01 -0.42 0.00 -2.35 0.80 150 150 -7.40

Figure 28. Comparison of hourly peak heating of Single-pane, Double-pane and Low-e
Glass (Window Library Method / Quick Wall).

Diff.(%) of Peak Heating (Window Library M ethod)
Quick Wall
0.0
oo L uf
-20.0
-30.0 1
-40.0 4
%
500 +----— -
-60.0 4
700 + - - - -l - - - mmmmm e
-80.0 1
-90.0
WALL | ROOF |WINDOW|WINDOW| DOOR |INTERNA|UNDERG|OCCUPA |\~ [FQUIPME| .~
CONDUC [CONDUC | GLASS+| GLASS [CONDUC| L ROUND | NTSTO |\ | NTTO | " TOTAL
TION | TION FRM | SOLAR | TION |SURFAC| SURF | SPACE SPACE
O SP and DP Diff (%) 0.0 0.0 -33.7 | -194 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -15.7
@ SP and Low-e Diff (%) 0.0 0.0 456 | -774 0.0 0.0 0.0 0.0 0.0 0.0 0.0 212
B DP and Low-e Diff (%) 0.0 0.0 -180 | -72.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -6.5

Figure 29. Difference (%) of peak heating.
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Daily Peak Heating (kBtu/day):

Peak Daily Heating (Jan 11), Quick Wall
150.00
100.00
50.00
0.00
-50.00 + - -
-100.00
-150.00
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25000 - - ——- - — - - - — = T — = = — — — — — — — — — — — — — — — - - — —
-300.00
WALL ROOF WINDOW | WINDOW DOOR INTERNAL |[UNDERGR |OCCUPAN LIGHT TO EQUIPME INFILTRAT
CONDUCT |CONDUCT |GLASS+FR| GLASS |CONDUCT | SURFACE| OUND TSTO SPACE NTTO ION
ION ION M COND SOLAR ION COND SURF SPACE SPACE
0 Window Lib. (-356.47) -87.76 -6183 -244.02 12782 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
@ Window Lib. (-290.78) -87.76 -6183 -153.50 102.99 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08
@ Window Lib. (-322.54) -87.76 -6183 -111.59 29.32 -6.88 0.00 -56.40 9.60 36.04 36.04 -109.08

Figure 30. Comparison of daily peak heating of Single-pane, Double-pane and Low-e Glass
(Window Library Method / Quick Wall).

Diff.(%9 of Daily Peak Heating (Window Library M ethod), Quick Wall

20.00

0.00

-20.00

- -40.00

60004+ - - -
8000 f - - - —mmm T -
-100.00
WALL | ROOF [WINDOW [WINDOW| DOOR [INTERNA [UNDERG [OCCUPA [ o o TEQUIPME ||\ o\ o
CONDUC | CONDUC | GLASS+F | GLASS | CONDUC L ROUND | NTSTO | "ol | NTTO Tion | TOTAL
TION TION RM SOLAR | TION |SURFAC | SURF | SPACE SPACE
o SP and DP Diff. (% 0.00 0.00 -37.10 -19.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -18.43
B SPand Low-e Diff. (% | 0.00 0.00 5427 | -77.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 952
B DPand Low-e Diff. (% | 0.00 0.00 -27.30 7153 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.92

Figure 31. Difference (%) of daily peak heating.



Solar Gain of Quick Wall:
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- QSOLG + QABSG: Transmitted plus reconducted solar heat gain through window (glass plus frame)
- QCON + QCONFR: Conduction heat gain through window (glass plus frame)

Single Pane / Quick Wall:

8000

Aug 26, Houston TMY 2 - SC, Single Pane
Quick Wall

Solar Gain(Btu/hr)

7000 H
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5000 -
4000 -
3000 -
2000 -
1000 -

-1000

Time

Solar Gain Glass+ FRM - - - » - - - Conduction + FRM

Total ‘

Figure 32. Solar Gain of Single Pane / Shading Coefficient, Quick Wall.

8000

Aug 26, Houston TMY 2 - Window Lib., Single Pane
Quick Wall
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-1000

Time

Solar Gain Glass+ FRM - - - » - - - Conduction + FRM
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Figure 33. Solar Gain of Single Pane / Window Library, Quick Wall.
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Aug 26, Houston TMY 2 - Single Pane
Quick Wall
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Figure 34. Solar Gain of Single Pane / Shading Coefficient and Window Library, Quick
Wall.




Double Pane / Quick Wall:

Aug 26, Houston TMY 2 - SC, Double Pane
Quick Wall
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Figure 35. Solar Gain of Double Pane / Shading Coefficient, Quick Wall.

Total ‘

Aug 26, Houston TMY 2 - Window Lib., Double Pane
Quick Wall
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Figure 36. Solar Gain of Double Pane / Window Library, Quick Wall.
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Aug 26, Houston TMY 2 - Double Pane
Quick Wall
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Figure 37. Solar Gain of Double Pane / Shading Coefficient and Window Library, Quick
Wall.




Low-e / Quick Wall:

Aug 26, Houston TMY2 - SC, Low -e
Quick Wall
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Figure 38. Solar Gain of Low-e/ Shading Coefficient, Quick Wall.

Total ‘

Aug 26, Houston TMY 2 - Window Lib., Low -e
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Figure 39. Solar Gain of Low-e/ Window Library, Quick Wall.

Total ‘

39
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Aug 26, Houston TMY2 - Low -e
Quick Wall
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Figure 40. Solar Gain of Low-e Glass / Shading Coefficient and Window Library, Quick
Wall.
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Total Solar Gain of Quick Wall:

Total of Quick Wall - Aug 26, Houston TMY 2

Solar Gain (Btu/hr)

100011 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

Single Pane, SC =~ --.---. Single Pane, Window Library —a—— Double Pane, SC
- - - - .. Double Pane, Window Library

Low -e, SC ---a--.Low-e, Window Library

Figure 41. Total Solar Gain of Quick Wall Simulations.



4 Thermal Wall
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The following are DOE input files of single-pane, double-pane and low-e glass with
Shading Coefficient and Window Library Method on thermal wall and the DOE output file

from those input files.

4.1 Single Pane Simulation

Input of Single Pane:
Shading Coefficient (thermal_sc_single.inp)

W-1 = GLASS-TYPE
SHADING-COEF = 1
PANES = 1
GLASS-CONDUCTANCE = 1.434
VIS-TRANS = .898
FRAME-CONDUCTANCE = 3.037
FRAME-ABS = 0.9

W-F-1 = WINDOW
WIDTH = 11.53
HEIGHT = 4.53
X =20
Y=1
SETBACK = 0.0

GLASS-TYPE = W-1
FRAME-WIDTH = 0.2344
SKY-FORM-FACTOR = P-VIEWFACTORF
GND-FORM-FACTOR = 0.5
SHADING-DIVISIONS = 10

Window Library (thermal_lib_single.inp)

W-1 = GLASS-TYPE
GLASS-TYPE-CODE = 1000
FRAME-CONDUCTANCE = 3.037
FRAME-ABS = 0.9

W-F-1 = WINDOW
WIDTH = 11.53
HEIGHT = 4.53
X = 20
Y=1
SETBACK = 0.0
GLASS-TYPE = W-1
FRAME-WIDTH = 0.2344

SKY-FORM-FACTOR = P-VIEWFACTORF
GND-FORM-FACTOR = 0.5
SHADING-DIVISIONS = 10

$(0 TO 1)
$MIN=1,MAX=3
$(BTU/HR.FTA2_F)

$DOE-2 DEFAULT = 0.9(0 TO 1)
$DOE-2 DEFAULT = 0.434(BTU/HR.FT~2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)

$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

$DOE-2 DEFAULT = 0.434(BTU/HR_FT*2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)
$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND



Table 8. Window Library for Single Pane.
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1D U-Si U-1P SC SHGC Tsol Rfsol Tvis Rfvis

1000 6.31 1.118 1.00 .86 .84 .08 .90 .08

LAY1 GAP1 LAY2
1D WID  GAS ID g; u-1pP
2 3.0

Uall = 1/(1/Ucenter - .197) = 1/(1/1.118 - .197) = 1.434




DOE Output for Glazing (Single Pane):
REPORT- LV-C

Shading Coefficient (thermal_sc_single.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 1.120 0.898
W-R-1 1.0 52.25
4.53 1.120 0.898
W-B-1 1.0 52.25
4.53 1.120 0.898
W-L-1 1.0 52.25
4.53 1.120 0.898

Window Library (thermal_lib_single.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 1.118 0.898
W-R-1 1.0 52.25
4.53 1.118 0.898
W-B-1 1.0 52.25
4.53 1.118 0.898
W-L-1 1.0 52.25
4.53 1.118 0.898

FILM)
GLASS NUMBER

SHADING OF

COEFF  PANES
1.00 1
1.00 1
1.00 1
1.00 1
FILM)

GLASS NUMBER

SHADING OF

COEFF PANES
1.00 1
1.00 1
1.00 1
1.00 1

GLASS

TYPE

CODE

GLASS

TYPE

CODE

1000

1000

1000

1000

SET-

BACK

(FD

0.00

SET-

BACK

(FD

0.00

GLASS

WIDTH

(FD

11.53
11.53
11.53

11.53

GLASS

WIDTH

(FD

11.53
11.53
11.53

11.53



LuE UULPUt 101 GldZing (sihgie Falic).

REPORT- LV-D

Shading Coefficient (thermal_sc_single.out)

-WALL+WI
SURFACE
U-VALUE

(BTU/HR-SQFT-F)
BACK-1_1
0.258

BACK-1_2
0.139

RIGHT-1_2
0.139

RIGHT-1_1
0.258

FRONT-1_2
0.139

FRONT-1_1
0.258

LEFT-1_1
0.414

LEFT-1_2
0.139

NDOWS-
SPACE
AREA AZIMUTH

(SQFT)
RM-1
350.00 NORTH

RM-1
50.00 NORTH

RM-1
50.00 EAST

RM-1
350.00 EAST

RM-1
50.00 SOUTH

RM-1
350.00 SOUTH

RM-1
196.00 WEST

RM-1
28.00 WEST

---WINDOWS - - -

U-VALUE

(BTU/HR-SQFT-F)

1.221

0.000

0.000

1.221

0.000

1.221

1.221

0.000

Window Library (thermal_lib_single.out)

BACK-1_1
0.257

BACK-1_2
0.139

RIGHT-1_2
0.139

RIGHT-1_1
0.257

FRONT-1_2
0.139

FRONT-1_1
0.257

LEFT-1_1
0.414

LEFT-1_2
0.139

RM-1
350.00 NORTH

RM-1
50.00 NORTH

RM-1
50.00 EAST

RM-1
350.00 EAST

RM-1
50.00 SOUTH

RM-1
350.00 SOUTH

RM-1
196.00 WEST

RM-1
28.00 WEST

1.220

0.000

0.000

1.220

0.000

1.220

1.220

0.000

AREA

(SQFT)  (BTU/HR-SQFT-F)

60.

60.

60.

60.

60.

60.

60.

60.

00

.00

.00

00

.00

00

00

.00

00

.00

.00

00

.00

00

00

.00

- - - -WALL----

U-VALUE

0.058

0.139

0.139

0.058

0.139

0.058

0.058

0.139

0.058

0.139

0.139

0.058

0.139

0.058

0.058

0.139

AREA

(SQFT

290.

50.

50.

290.

50.

290.

136.

28.

290.

50.

50.

290.

50.

290.

136.

28.

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00



4.2 Double Pane Simulation

Input of Double Pane:
Shading Coefficient (thermal_sc_double.inp)

= GLASS-TYPE
SHADING-COEF = .88
PANES = 2
GLASS-CONDUCTANCE
VIS-TRANS = .812
FRAME-CONDUCTANCE =
FRAME-ABS = 0.9

.653

3.037

W-F-1 = WINDOW
WIDTH =
HEIGHT =
= 20
Y=1
SETBACK = 0.0
GLASS-TYPE = W-1
FRAME-WIDTH = O.
SKY-FORM-FACTOR
GND-FORM-FACTOR
SHADING-DIVISION

11.53
4.53

344

2344
= P-VIEWFACTORF
= 0.5
S =10

Window Library (thermal_lib_double.inp)

W-1 = GLASS-TYPE
GLASS-TYPE-CODE = 2000
FRAME-CONDUCTANCE = 3.037
FRAME-ABS = 0.9
W-F-1 = WINDOW
WIDTH = 11.53
HEIGHT = 4.53
X =20
Y=1
SETBACK = 0.0
GLASS-TYPE = W-1
FRAME-WIDTH = 0.2344

SKY-FORM-FACTOR = P-VIEWFACTORF
GND-FORM-FACTOR = 0.5
SHADING-DIVISIONS = 10

Table 9. Window Library for Double Pane.

$(0 TO 1)
$MIN=1,MAX=3
$(BTU/HR.FTA2_F)

$DOE-2 DEFAULT = 0.9(0 TO 1)
$DOE-2 DEFAULT = 0.434(BTU/HR.FT/2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)

$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

$DOE-2 DEFAULT = 0.434(BTU/HR_FT"2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)
$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND
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LAY1 GAP1 LAY2
ID U-SI U-IP SC SHGC Tsol Rfsol Tvis Rfvis ID WID GAS  WID ID WID
2000 3.23 .579 .88 .76 .70 .13 .81 .15 2 3.0 Air 6.3 2 3.0
Uall = 1/(1/Ucenter - .197) = 1/(1/.579 - .197) = .653




puE UULPUt 101 GlaZing (Douie Falic).
REPORT- LV-C

Shading Coefficient (thermal_sc_double.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 0.579 0.812
W-R-1 1.0 52.25
4.53 0.579 0.812
W-B-1 1.0 52.25
4.53 0.579 0.812
W-L-1 1.0 52.25
4.53 0.579 0.812

Window Library (thermal_lib_double.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 0.579 0.812
W-R-1 1.0 52.25
4.53 0.579 0.812
W-B-1 1.0 52.25
4.53 0.579 0.812
W-L-1 1.0 52.25
4.53 0.579 0.812

FILM)
GLASS NUMBER

SHADING OF

COEFF  PANES
0.88 2
0.88 2
0.88 2
0.88 2
FILM)

GLASS NUMBER

SHADING OF

COEFF PANES
0.88 2
0.88 2
0.88 2
0.88 2

GLASS

TYPE

CODE

GLASS

TYPE

CODE

2000

2000

2000

2000

SET-

BACK

(FT)

0.00
0.00
0.00

0.00

SET-

BACK

(FT)

GLASS

WIDTH

(FT)

11.53
11.53
11.53

11.53

GLASS

WIDTH

(FT)

11.53
11.53
11.53

11.53



puE UULPUt 101 GlaZing (Douie Falic).

REPORT- LV-D

Shading Coefficient (thermal_sc_double.out)

-WALL+WI
SURFACE
U-VALUE

(BTU/HR-SQFT-F)

BACK-1_1
0.177

BACK-1_2
0.139

RIGHT-1_2
0.139

RIGHT-1_1
0.177

FRONT-1_2
0.139

FRONT-1_1
0.177

LEFT-1_1
0.270

LEFT-1_2
0.139

NDOWS-
SPACE
AREA AZIMUTH

(SQFT)

RM-1
350.00 NORTH

RM-1
50.00 NORTH

RM-1
50.00 EAST

RM-1
350.00 EAST

RM-1
50.00 SOUTH

RM-1
350.00 SOUTH

RM-1
196.00 WEST

RM-1
28.00 WEST

---WINDOWS - - -

U-VALUE

(BTU/HR-SQFT-F)

0.750

0.000

0.000

0.750

0.000

0.750

0.750

0.000

Window Library (thermal_lib_double.out)

BACK-1_1
0.177

BACK-1_2
0.139

RIGHT-1_2
0.139

RIGHT-1_1
0.177

FRONT-1_2
0.139

FRONT-1_1
0.177

LEFT-1_1
0.270

LEFT-1_2
0.139

RM-1
350.00 NORTH

RM-1
50.00 NORTH

RM-1
50.00 EAST

RM-1
350.00 EAST

RM-1
50.00 SOUTH

RM-1
350.00 SOUTH

RM-1
196.00 WEST

RM-1
28.00 WEST

0.751

0.000

0.000

0.751

0.000

0.751

0.751

0.000

AREA

(SQFT)  (BTU/HR-SQFT-F)

60.

60.

60.

60.

60.

60.

60.

60.

00

.00

.00

00

.00

00

00

.00

00

.00

.00

00

.00

00

00

.00

- - - - WALL----

U-VALUE

0.058

0.139

0.139

0.058

0.139

0.058

0.058

0.139

0.058

0.139

0.139

0.058

0.139

0.058

0.058

0.139

AREA

(SQFT

290.

50.

50.

290.

50.

290.

136.

28.

290.

50.

50.

290.

50.

290.

136.

28.

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00



Low-e Double Pane Simulation

Input of Low-e Double Pane:

Shading Coefficient (thermal_sc_lowe.inp)

W-1 = GLASS-TYPE
SHADING-COEF =
PANES = 2
GLASS-CONDUCTANCE =
VIS-TRANS = .407
FRAME-CONDUCTANCE =
FRAME-ABS = 0.9

.35
.4579

3.037

W-F-1 = WINDOW
WIDTH = 11.53
HEIGHT = 4.53
X =20
Y=1
SETBACK = 0.0
GLASS-TYPE = W-1
FRAME-WIDTH = 0.2344
SKY-FORM-FACTOR = P-VIEWFACTORF
GND-FORM-FACTOR = 0.5
SHADING-DIVISIONS = 10

Window Library (thermal_lib_lowe.inp)

W-1 = GLASS-TYPE
GLASS-TYPE-CODE = 2666
FRAME-CONDUCTANCE = 3.037
FRAME-ABS = 0.9
W-F-1 = WINDOW
WIDTH = 11.53
HEIGHT = 4.53
X =20
Y=1

SETBACK = 0.0
GLASS-TYPE = W-1

FRAME-WIDTH = 0.2344
SKY-FORM-FACTOR = P-VIEWFACTORF
GND-FORM-FACTOR = 0.5

SHADING-DIVISIONS = 10

Table 10. Window Library for Low-e.
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$(0 TO 1)
$MIN=1,MAX=3
$(BTU/HR.FTA2_F)

$DOE-2 DEFAULT = 0.9(0 TO 1)
$DOE-2 DEFAULT = 0.434(BTU/HR.FT~2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)

$END OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

$DOE-2 DEFAULT = 0.434 (BTU/HR.FT"2.F)
$DOE-2 DEFAULT = 0.7(0 TO 1)
SEND OF GLASS-TYPE COMMAND

$(FT)
$(FT)

$COORDINATES
$(FT)

$EXPLANATION IN THE PARAMETER SECTION
$ARBITRARY VALUE(O TO 1)

$ARBITRARY VALUE(O TO 1)

$DOE-2 DEFAULT, (O TO 40)UNITS

$END OF WINDOW COMMAND

LAY1 GAP1 LAY2
ID U-SI  U-IP SC SHGC Tsol Rfsol Tvis Rfvis ID  WID GAS  WID ID  WID
2666 2.41 .42 .35 .31 .21 .14 .41 .08 550 6.0 Air 6.3 3 6.0
Uall = 1/(1/Ucenter - .197) = 1/(1/1.118 - .197) = 1.434




LpuUE UULPUt 101 GldZing (LOw-€ DOUDIE Fallc).

REPORT- LV-C

Shading Coefficient (thermal_sc_lowe.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 0.420 0.407
W-R-1 1.0 52.25
4.53 0.420 0.407
W-B-1 1.0 52.25
4.53 0.420 0.407
W-L-1 1.0 52.25
4.53 0.420 0.407

Window Library (thermal_lib_lowe.out)

EXTERIOR WINDOWS (U-VALUE INCLUDES OUTSIDE AIR
GLASS
GLASS CENTER-OF- GLASS
AREA
HEIGHT  GLASS U-VALUE  VISIBLE
WINDOW MULTIPLIER (SQFT)
(FT) (BTU/HR-SQFT-F) TRANS
W-F-1 1.0 52.25
4.53 0.420 0.407
W-R-1 1.0 52.25
4.53 0.420 0.407
W-B-1 1.0 52.25
4.53 0.420 0.407
W-L-1 1.0 52.25
4.53 0.420 0.407

FILM)
GLASS NUMBER

SHADING OF

COEFF  PANES

0.35 2

0.35 2

0.35 2

0.35 2
FILM)

GLASS NUMBER

SHADING OF

COEFF PANES
0.35 2
0.35 2
0.35 2
0.35 2

GLASS

TYPE

CODE

GLASS

TYPE

CODE

2666

2666

2666

2666

SET-

BACK

(FT)

0.00
0.00
0.00

0.00

SET-

BACK

(FT)

0.00

GLASS

WIDTH

(FT)

11.53
11.53
11.53

11.53

GLASS

WIDTH

(FD)

11.53
11.53
11.53

11.53



LpuUE UULPUt 101 GldZing (LOw-€ DOUDIE Fallc).

REPORT- LV-D

Shading Coefficient (thermal_sc_lowe.out)

-WALL+WINDOWS-

SURFACE
U-VALUE

(BTU/HR-SQFT-F)

BACK-1_1
0.153

BACK-1_2
0.139

RIGHT-1_2
0.139

RIGHT-1_1
0.153

FRONT-1_2
0.139

FRONT-1_1
0.153

LEFT-1_1
0.228

LEFT-1_2
0.139

Window Library (thermal_lib_lowe.out)

BACK-1_1
0.153

BACK-1_2
0.139

RIGHT-1_2
0.139

RIGHT-1_1
0.153

FRONT-1_2
0.139

FRONT-1_1
0.153

LEFT-1_1
0.228

LEFT-1_2
0.139

AREA

SPACE

(SQFT)

RM-1
350.00 NORTH

RM-1
50.00 NORTH

RM-1
50.00 EAST

RM-1
350.00 EAST

RM-1
50.00 SOUTH

RM-1
350.00 SOUTH

RM-1
196.00 WEST

RM-1
28.00 WEST

RM-1
350.00 NORTH

RM-1
50.00 NORTH

RM-1
50.00 EAST

RM-1
350.00 EAST

RM-1
50.00 SOUTH

RM-1
350.00 SOUTH

RM-1
196.00 WEST

RM-1
28.00 WEST

AZIMUTH

U-VALUE

(BTU/HR-SQFT-F)

.612

-000

.000

.612

-000

.612

.612

.000

.612

.000

-000

.612

.000

.612

.612

.000

- --WINDOWS - - -

AREA

60.

60.

60.

60.

60.

60.

60.

60.

00

.00

.00

00

.00

00

00

.00

00

.00

.00

00

.00

00

00

.00

U-VALUE

(SQFT) (BTU/HR-SQFT-F)

.058

-139

.139

.058

.139

.058

.058

.139

.058

.139

.139

.058

.139

.058

.058

.139

- - - -WALL----

AREA

(SQFD

290.

50.

50.

290.

50.

290.

136.

28.

290.

50.

50.

290.

50.

290.

136.

28.

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00



BEPS Report

52

The results show all annual energy consumption (Shading Coefficient and Window Library
Method) on single-pane, double-pane and low-e glass of thermal wall.

BEPS (Thermal M ass)

90.0
800 f - — - — - — - —
700 1 - e
s00+-4 |[-- - - 4  |---- 4  |--- -4  |}---4  |---
so0f+-—tl----—1----=------4 |----
mBtu/year
200+-4 1----4 |----4 |----4  }F-=--4 |J---A i
cor -
2004+-4 |---—-—4  |---—4 |--—-4+ )---4  |----
vot+-{ |----4 1----4 |----4 F---d |----4
0.0
SC (70.3) W.L(70.3) SC (67.2) W.L (67.1) SC (64.1) W.L. (64.4)
Single Pane Double Pane Low-e
o DOMHOT WATER 16.3 16.3 16.3 16.3 16.3 16.3
O VENT FANS 2.3 23 2.2 22 15 15
® PUMPS&MISC 0.2 0.2 0.2 0.2 0.2 0.2
O SPACE COOL 7o 6.8 6.2 1556 ni1 n3
@ SPACE HEAT 8.1 8.3 59 6.4 8.6 8.7
@ MISC EQUIPMT B2 B2 3.2 B2 13.2 3.2
0O AREA LIGHTS 3.2 B2 3.2 B.2 3.2 B2

Figure 42. Annual BEPS of Thermal Wall.
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60.00

40.00

20.00

% 0.00

-20.00

-40.00

-60.00

Diff(% between SC and Window Library

AREA LIGHTS EQ“t'Ii(’\:A ;| SPACEHEAT | SPACE COOL PUMMISS & | VENTFANS DVSL"T';T TOTAL
O Single Pane 0.00 0.00 247 -118 0.00 0.00 0.00 0.00
B Double Pane 0.00 0.00 8.47 -3.70 0.00 0.00 0.00 -0.15
m Low-e 0.00 0.00 116 180 0.00 0.00 0.00 0.47

Figure 43

. Difference (%) between Shading Coefficient and Window Library.
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BEPS of Shading Coefficient Method (Thermal Wall):

The plots show annual energy consumption of the Shading Coefficient Method of thermal

wall according to the types of glass (single-pane, double-pane, and low-e glass).

BEPS of SC method
Thermal Wall

80
70
60
50
mBtu/year 40
+-—--- - - - - - - - - -———-
20
10
0 Single Pane (70.3) Double Pane (67.2) Low-e (64.1)
B DOMHOT WATER 16.3 6.3 6.3
O VENT FANS 23 22 15
m PUMPS &MISC 0.2 0.2 0.2
0O SPACE COOL 7 6.2 11
B SPACE HEAT 8.1 59 8.6
B MISC EQUIPMT 132 .2 3.2
O AREA LIGHTS 3.2 3.2 3.2

Figure 44. Annual BEPS of Shading Coefficient Method (Thermal Wall).

Diff.(% of BEPS (SC M ethod)
Thermal Wall
50
40
30
20
10
% 0
-10
-20
-30
-40
0 AREA MISC SPACE SPACE PUMPS & VENT DOMHOT TOTAL
LIGHTS EQUIPMT HEAT CcooL MISC FANS WATER
O SP and DP Diff(% 0.0 0.0 -27.2 -4.7 0.0 -4.3 0.0 -4.4
B SP and Low-e Diff(% 0.0 0.0 6.2 -34.7 0.0 -34.8 0.0 -8.8
m DP and Low-e Diff(%) 0.0 0.0 458 -315 0.0 -318 0.0 -4.6
‘ O SP and DP Diff(%9 @ SP and Low-e Diff(% m DP and Low-e Diff(% ‘

Figure 45. Difference (%) of BEPS (Shading Coefficient Method, Thermal Wall).
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BEPS of Window Library Method (Thermal Wall):

The plots show annual energy consumption of the Window Library Method of thermal wall

according to the types of glass (single-pane, double-pane, and low-e glass).

BEPS of Window Library method
Thermal Wall

80
mBtu/year 40

30

20

10

0 -
Single Pane (70.3) Double Pane (67.1) Low-e (64.4)

B DOMHOT WATER 6.3 16.3 16.3
O VENT FANS 2.3 22 15
B PUMPS &MISC 0.2 0.2 0.2
O SPACE COOL 16.8 15.6 ns
B SPACE HEAT 8.3 6.4 8.7
B MISC EQUIPMT 3.2 3.2 3.2
O AREA LIGHTS 3.2 3.2 3.2

Figure 46. Annual BEPS of Window Library Method (Thermal Wall).

Diff.(% of BEPS (Window Library M ethod)
Thermal Wall

0 AREA MISC SPACE SPACE PUMPS & VENT DOMHOT TOTAL
LIGHTS EQUIPMT HEAT cooL MISC FANS WATER
O SP and DP Diff(% 0.0 0.0 -22.9 -7.1 0.0 -4.3 0.0 -4.6
O SP and Low-e Diff(% 0.0 0.0 4.8 -32.7 0.0 -34.8 0.0 -8.4
® DP and Low-e Diff(% 0.0 0.0 359 -27.6 0.0 -318 0.0 -4.0

Figure 47. Difference (%) of BEPS (Window Library).
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Hourly Peak Cooling Load (kBtu/hr, Thermal Wall)

The plots show the hourly peak cooling load of quick wall. The date of peak day is from

Aug 26, 3PM, which is the peak day of thermal mass walls with low-e glass.

Peak Cooling(Aug 20 3PM), Thermal Wall
18.00
BOO - — — — = = — m
14.00
ROOf — = = = = = — m
10.00
kBtu/hr
8004 — — - ———————— | — — — —
6004 ——————————— | @|[-— - - — - - - —
4004+ ———————AH{1HHIM|--- - - - - - - - ———————— - - - - - - -~
- E
| [N
WALL WINDOW | WINDOW | DOOR INTERNA | UNDERG | OCCUPA LIGHT TO EQUIPME INFILTRA
CONDUC | CONDUC | GLASS+ | GLASS | CONDUC L ROUND | NTSTO SPACE NTTO TION
TION TION RM SOLAR TION SURFACE SURF SPACE SPACE
0 Single Pane SC (33.09) 2.29 3.60 4.82 10.58 0.22 0.00 0.62 0.75 150 133 7.38
@ Single Pane Window Lib. (32.83) 229 3.60 514 10.00 0.22 0.00 0.62 0.75 150 133 7.38
@ Double Pane SC (30.73) 2.32 3.64 3.52 9.41 0.23 0.00 0.63 0.76 150 135 7.38
0 Double Pane Window Lib. (30.22) 2.32 3.64 458 7.83 0.23 0.00 0.63 0.76 150 135 7.38
O Low-e SC (24.61) 2.33 3.66 3.02 3.76 0.23 0.00 0.63 0.76 150 136 7.38
8 Low-e Window Lib.(24.90) 233 3.66 4.83 223 0.23 0.00 0.63 0.76 150 136 7.38

Figure 48. Hourly Peak Cooling Load (Thermal Wall).
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Diff.(% between SC and Window Library of Peak Cooling, Thermal Wall
60.00
40.00
20.00
% 0.00
-20.00
-40.00
-60.00
WALL | R
OOF | WINDOW| WINDOW/| DOOR |INTERNA |UNDERG|OCCUPA| | -~ IEQUIPME| .
CONDUC |CONDUC | GLASS+| GLASS |CONDUC L ROUND | NTSTO SPACE NTTO TION TOTAL
TION TION FRM | SOLAR | TION |SURFAC| SURF | SPACE SPACE
O Single Pane 0.00 0.00 6.68 -5.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.77
@ Double Pane 0.00 0.00 30.30 -16.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -166
H Low-e 0.00 0.00 60.07 -40.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 115

Figure 49. Difference (%) between Shading Coefficient and Window Library of Peak
Cooling.
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Hourly Peak Heating Load (kBtu/hr, Thermal Wall):

The plots show the hourly peak heating load of quick wall. The date of the peak day is from

Jan 11, 4AM, which is the peak day of the thermal mass wall with low-e glass.

Peak Heating(Jan 13 11PM), Thermal Wall

4.00
KBtwhr
2.00
WALL [ ROOF [WINDOW [WINDOW | DOOR [INTERNA [ UNDERG [ OCCUPA [ | TEQUIPME[, o o
CONDUC | CONDUC | GLASS#F | GLASS | CONDUC L ROUND | NTSTO | “pyc” | NTTO |0 (0
TION TION RM SOLAR | TION |SURFACE| SURF | SPACE SPACE
0 Single Pane SC (-2185) 331 358 -10.26 155 033 0.00 210 0.75 150 133 -7.40
 Single Pane Window Lib. (-22.20) | -3.31 -3.58 -10.53 148 033 0.00 210 0.75 150 133 -7.40
® Double Pane SC (-18.61) -3.35 363 -6.77 139 034 0.00 2.3 0.76 150 135 -7.40
O Double Pane Window Lib. (-19.02) | -3.35 -3.63 -7.00 122 -0.34 0.00 2.3 0.76 150 135 -7.40
O Low-e SC (-18.29) -337 -3.64 -5.58 0.56 -0.34 0.00 214 0.76 150 136 -7.40
8 Low-e Window Lib. (-18.57) -3.37 -3.64 -5.65 035 034 0.00 214 0.76 150 136 -7.40

Figure 50. Hourly Peak Heating Load (Thermal Wall).

Diff.(% between SC and Window Library of Peak Heating, Thermal Wall

60.00

40.00

2000 4 — = - —m

% 0.00 -

-20.00

-40.00

-60.00

WALL | ROOF |WINDOW |WINDOW | DOOR |INTERNA |UNDERG [OCCUPA| |~ IEQUIPME| o
CONDUC [CONDUC | GLASS+ | GLASS |CONDUC| L ROUND | NTSTO | 7| NTTO | ) TOTAL

TION | TION | FRM | SOLAR | TION |SURFAC| SURF |SPACE SPACE
O SinglePane | 0.00 000 | 266 | -471 | 000 | 0.0 0.00 000 | 0.0 0.00 000 | 158
O DoublePane | 0.00 000 | 338 | -1272 | 000 | 0.0 0.00 000 | 0.00 0.00 000 | 218
B Low-e 0.00 000 | 133 | -37.34 | 000 | 0.00 0.00 000 | 007 0.00 000 | 154

Figure 51. Difference (%) between Shading Coefficient and Window Library.



Daily Peak Heating Load (kBtu/day, Thermal Wall):

Daily Peak Cooling(Aug 20), Thermal Wall
B0O0 - — — — — — — — — -~ — —
B2 e —_—__,_,_,,_,____,",""",—--—-—-———i
2000+ ——————————— [ ———— - — - — - —
0000+ - ———————————[|'®@- - ——————— - — - — - —
kBtuwday
80.00
60.00
40.00
20.00
0.00
WINDOW | WINDOW INTERNA | UNDERG | OCCUPA ||\ oo [EQUIPME| |\ o oo o
CONDUC | CONDUC | GLASS#F | GLASS |CONDUC L ROUND | NTSTO | "o, " | NTTO TION
TION TION RM SOLAR TION | SURFAC | SURF | SPACE SPACE
O Single Pane SC (426.56) 3119 39.02 53.20 126.72 258 0.00 14.86 851 36.04 3195 82.49
@ Single Pane Window Lib. (423.95) 3119 39.02 57.06 120.25 258 0.00 14.86 851 36.04 3195 82.49
m Double Pane SC (400.79) 3162 39.55 39.38 12.94 262 0.00 1507 8.64 36.04 3244 82.49
O Double Pane Window Lib. (396.44) | 3162 39.55 5146 96.51 262 0.00 1507 8.64 36.04 32.44 82.49
O Low-e SC (328.10) 3177 39.74 33.86 4512 263 0.00 BY 8.69 36.04 32.62 82.49
B Low-e Window Lib.(332.96) 3177 39.74 56.11 27.73 263 0.00 514 8.69 36.04 32.62 82.49
Diff.(% between SC and Window Library of Peak Cooling, Thermal Wall
70.00
50.00
30.00
% 10.00
-10.00
-30.00
-50.00
WALL ROOF |WINDOW|WINDOW| DOOR |INTERNA |UNDERG |OCCUPA LIGHTTO EQUIPME INFILTRA
CONDUC |CONDUC | GLASS+| GLASS |CONDUC L ROUND | NTSTO SPACE NTTO TION
TION TION FRM SOLAR TION |SURFAC| SURF | SPACE SPACE
0O Single Pane 0.00 0.00 7.26 -5.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.61
B Double Pane 0.00 0.00 30.68 -14.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -109
H| Low-e 0.00 0.00 65.71 -38.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 148

Figure 53. Difference (%) between Shading Coefficient and Window Library.
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Comparison of single-pane, double-pane and low-e glass (Shading Coefficient Method /
Thermal Wall):

Hourly Peak Cooling (kBtu/hr):

Peak Cooling (Aug 26, 3PM)
Thermal Wall

8.00
kBtu/hr 6.00

N R

- J:|]
0.00 == | . I . | I | I
WALL | ROOF |WINDO |[WINDO | DOOR | INTER | UNDE | OCCU | LIGHT | EQUIP | INFILT

COND | COND W W COND | NAL | RGRO |PANTS| TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS |UCTIO |SURFA| UND TO |SPACE TO N

O Single Pane (32.83) 2.29 3.60 514 10.00 0.22 0.00 0.62 0.75 150 133 7.38
0 Double Pane (30.22) | 2.32 3.64 4.58 7.83 0.23 0.00 0.63 0.76 150 135 7.38
B Low-e (24.90) 2.33 3.66 4.83 2.23 0.23 0.00 0.63 0.76 150 136 7.38

Figure 54. Comparison of hourly peak cooling among Single-pane, Double-pane and Low-e
Glass (Shading Coefficient Method / Thermal Wall).
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Diff.(% of Peak Cooling (SC Method)
Thermal Wall

10.0
0.0
-10.0
-20.0
% -30.0
-40.0
-50.0
-60.0
-70.0
WALL ROOF | WINDOW|WINDOW| DOOR |INTERNA |UNDERG |OCCUPA LIGHTTO EQUIPME INFILTRA
CONDUC |CONDUC | GLASS+| GLASS |CONDUC L ROUND | NTSTO SPACE NTTO TION TOTAL
TION TION FRM SOLAR | TION |SURFAC| SURF | SPACE SPACE
0O SP and DP Diff (%) 12 11 -27.0 -11.0 13 0.0 13 0.8 0.0 15 0.0 -8.7
@ SP and Low-e Diff (%) 16 16 -37.3 -64.5 18 0.0 18 11 0.0 2.1 0.0 -26.9
B DP and Low-e Diff (%) 0.4 0.4 -14.2 -60.1 0.4 0.0 0.5 0.3 0.0 0.6 0.0 -19.9

Figure 55. Difference (%) of peak cooling (Shading Coefficient Method).
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Daily Peak Cooling (kBtu/day):

Daily Peak Cooling (Aug 26), Thermal Wall
4000
»0o+----—-—-—-"-"-"-"-"-"-—"-|fF--—"—"""“"“"“"“"“"-"-"-"—-"—"—-~—“"—~—“~—~ -~~~ —~—~—~——~—~—~—————
»0o+------—-——-——/f/F-------------------"-" -\ - -\ - - —-\—\—-—~—~——— -
I 800+~ | |- ]
60.00
4000 + - - - — = - - rk------------—-—-—"—"—" """ —"-"-"—\————-
20.00 + - -frv-----------—-———----- - -
000 1 WALL ROOF |WINDOW | WINDOW J%oI:orz- INTERNA | UNDERG | OCCUPA EQUIPME
LeHT O | EQ INFILTRA
CONDUC |CONDUC | GLASS+ | GLASS | CONDUC L ROUND | NTSTO | ", " | NTTO TION
TION TION RM SOLAR TION |SURFACE| SURF | SPACE SPACE
O Single Pane (426.56) 3119 39.02 53.20 126.72 258 0.00 14.86 8.51 36.04 3195 82.49
@ Double Pane (400.79) | 3162 39.55 39.38 12.94 262 0.00 15.07 8.64 36.04 32.44 82.49
m Low-e (328.10) 3177 39.74 33.86 4512 263 0.00 514 8.69 36.04 32.62 82.49

Figure 56. Comparison of daily peak cooling among Single-pane, Double-pane and Low-e
Glass (Shading Coefficient Method / Thermal Wall).

Diff.(%9 of Daily Peak Cooling (SC method), Thermal Wall

10.00
0.00 1
-10.00
-20.00
- -30.00
-40.00
-50.00
-60.00
7000 WALL | ROOF | WIND | WIND | DOOR |INTER | UNDE |OCCU | LIGHT |EQUIP | INFILT TOTA
COND|COND| OW OW |COND| NAL |RGRO|PANT | TO |MENT|RATIO L
UCTIO|UCTIO| GLAS | GLAS |UCTIO| SURF | UND | STO |SPAC| TO N
O SP and DP Diff. (% 138 | 136 |-2598|-10.87| 155 | 0.00 141 153 | 0.00 | 153 | 0.00 | -6.04
@ SP and Low-e Diff. (% | 186 185 |-36.35/-64.39| 194 | 0.00 | 188 | 2.12 | 0.00 | 2.10 | 0.00 |-23.08
m DP and Low-e Diff. (% | 0.47 | 0.48 |-14.02|-60.05| 0.38 | 0.00 | 0.46 | 058 | 0.00 | 0.55 | 0.00 | -18.14

Figure 57. Difference (%) of daily peak cooling (Shading Coefficient Method).
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Comparison among single-pane, double-pane and low-e glass (SHADING COEFFICIENT
Method / Thermal Wall):

Hourly Peak Heating (kBtu/hr):

Peak Heating (Jan 114 AM)
Thermal Wall

4.00
200 f ————— - — - - m———m—————————————————————— - - — - — o
0.00
kBtu/hr -4.00
-6.00
800 +----—---—-{ f-———— - mmmm—mmm——m - -
-1000 - - - - - - — - ----—— ]
-12.00
WALL | ROOF |WINDO |WINDO | DOOR | INTER |UNDER|OCCUP| LIGHT | EQUIP | INFILT
COND | COND w w COND | NAL GROU | ANTS TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS | UCTIO |SURFA | ND TO |SPACE| TO N
O Single Pane (-2185) -3.31 | -3.58 | -10.26 155 -0.33 | 0.00 -2.10 0.75 150 133 -7.40
@ Double Pane (-18.61) | -3.35 -3.63 -6.77 139 -0.34 0.00 -2.13 0.76 150 135 -7.40
B Low-e (-18.29) -3.37 | -364 | -558 056 | -0.34 | 0.00 -2.14 0.76 150 136 -7.40

Figure 58. Comparison of hourly peak heating among Single-pane, Double-pane and Low-e
Glass (Shading Coefficient Method / Thermal Wall).

Diff.(% of Peak Heating (SC M ethod)
Thermal Wall

%

WALL | ROOF |WINDO|WINDO| DOOR | INTER | UNDE | OCCU | LIGHT | EQUIP | INFILT

COND | COND | W W |COND | NAL |RGRO |[PANTS| TO | MENT |RATIO |TOTAL

UCTIO |UCTIO | GLASS | GLASS | UCTIO |SURFA| UND | TO |SPACE| TO N
0 SP and DP Diff(% 12 12 | -340 | -1 | 12 0.0 14 0.8 0.0 15 | 00 | -4.8
@ SP and Low-e Diff(%) | 16 16 | -456 | -640 | 15 0.0 19 11 01 | 21 | 00 |-13
m DP and Low-eDiff(% | 0.4 04 | -176 | -600 | 03 0.0 05 | 03 01 | 06 | 00 17

Figure 59. Difference (%) of peak heating (Shading Coefficient Method).
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Daily Peak Heating (kBtu/day):

Daily Peak Heating (Jan 11), Thermal Wall
150.00
D000 F——————————————| g —m — o m
50.00
0.00
I -50.00 - -
-100.00
-150.00
20000 - — = = = = — = — — — -
-250.00
WALL ROOF | WINDOW | WINDOW DOOR |INTERNAL| UNDERG | OCCUPA LIGHT TO EQUIPME INEILTRA
CONDUC | CONDUC | GLASS+F | GLASS | CONDUC | SURFACE| ROUND NTSTO SPACE NTTO TION
TION TION RM COND| SOLAR TION COND SURF SPACE SPACE
o Single Pane (-317.96) -67.07 -69.43 -205.69 113.20 -5.87 0.00 -50.52 8.51 36.04 3195 -109.08
@ Double Pane (-26131) -67.96 -70.36 -134.77 100.92 -5.95 0.00 -5123 8.64 36.04 32.44 -109.08
@ Low-e (-298.38) -68.27 -70.68 -110.56 40.32 -5.98 0.00 -5148 8.69 36.04 32.62 -109.08

Figure 60. Comparison of daily peak heating among Single-Pane, Double-pane and Low-e
Glass (Shading Coefficient Method / Thermal Wall).

Diff.(% of Peak Heating (SC method)

20.00
10.00 +
0.00 A
-10.00 A
-20.00 -
.
-30.00 -
-40.00 -
-50.00
-60.00 -
-70.00
WALL | ROOF | WIND |WIND | DOOR |INTER | UNDE |OCCU | LIGHT |[EQUIP | INFILT ToTA
COND|COND| OW OW |COND| NAL |RGRO|PANT | TO |MENT RATIO L
UCTIO|UCTIO| GLAS | GLAS |UCTIO| SURF | UND | STO |SPAC| TO N
0 SP and DP Diff. (% 133 | 134 |-34.48|-10.85| 136 | 0.00 141 153 | 0.00 | 153 | 0.00 | -17.82
O SP and Low-e Diff. (% 179 | 180 |-46.25/-64.38| 187 | 0.00 190 | 2.2 | 0.00 | 2.10 | 0.00 | -6.16
B DP and Low-e Diff. (% | 046 | 0.45 | -17.96 |-60.05| 0.50 | 0.00 | 0.49 | 0.58 | 0.00 | 0.55 | 0.00 | 14.19

Figure 61. Difference (%) of peak heating (Shading Coefficient Method).
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Comparison among single-pane, double-pane and low-e glass (Window Library / Thermal
Wall):

Hourly Peak Cooling (kBtu/hr):

Peak Cooling (Aug 26, 3PM)
Thermal Wall

8.00

KBt hr 6.00
400 ;L -~ T

2.00 J:I:I

0.00 e Tm [TH |_|_I |_|_I

WALL | ROOF |WINDO |WINDO | DOOR | INTER | UNDE | OCCU | LIGHT | EQUIP | INFILT

COND | COND W W COND | NAL | RGRO |PANTS| TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS |UCTIO |SURFA| UND TO |SPACE TO N

O Single Pane (32.83) 2.29 3.60 514 10.00 0.22 0.00 0.62 0.75 150 133 7.38
@ Double Pane (30.22) | 2.32 3.64 4.58 783 0.23 0.00 0.63 0.76 150 135 7.38
B Low-e (24.90) 2.33 3.66 4.83 2.23 0.23 0.00 0.63 0.76 150 136 7.38

Figure 62. Comparison hourly peak cooling among Single-pane, Double-pane and Low-e
Glass (Window Library / Thermal Wall).

Diff.(% of Peak Cooling (Window Library M ethod)
Thermal Wall

10.0
0.0
-10.0 4
-20.0
-30.0
% -40.0 1
-50.0 1
-60.0
-70.0 1
-80.0
900 WALL ROOF |WINDOW|WINDOW| DOOR |INTERNA |UNDERG |OCCUPA EQUIPME
CONDUC [CONDUC | GLASS+| GLASS |[CONDUC L ROUND | NTSTO LlsiHATCT; QNTTO IN?ILOT,\‘RA TOTAL
TION TION FRM SOLAR | TION |SURFAC| SURF | SPACE SPACE
0O SP and DP Diff (%) 12 11 -10.8 -217 13 0.0 13 0.8 0.0 15 0.0 -8.0
@ SP and Low-e Diff (%) 16 16 -6.0 -77.7 18 0.0 18 11 0.0 2.1 0.0 -24.2
B DP and Low-e Diff (%) 0.4 0.4 5.4 -716 0.4 0.0 0.5 0.3 0.0 0.6 0.0 -17.6

Figure 63. Difference (%) of peak cooling (Window Library Method).
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Daily Peak Cooling (kBtu/day):

Peak Cooling (Aug 26), Thermal Wall
140.00
120.00 —
100.00
8000 -~~~ P} ] 7
I 6000 +-—-—----------~| |} === == = === — = — = — — —
40.00
20.00
0.00 |
WALL ROOF | WINDOW | WINDOW DOOR |INTERNAL| UNDERG | OCCUPA LIGHT TO EQUIPME INFILTRA
CONDUC | CONDUC | GLASS+F | GLASS | CONDUC | SURFACE| ROUND NTSTO SPACE NTTO TION
TION TION RM COND| SOLAR TION COND SURF SPACE SPACE
0O Single Pane (423.95) 3119 39.02 57.06 120.25 2.58 0.00 14.86 8.51 36.04 3195 82.49
B Double Pane (396.44) 3162 39.55 5146 96.51 2.62 0.00 15.07 8.64 36.04 32.44 82.49
| Low-e (332.96) 3177 39.74 56.11 27.73 2.63 0.00 1514 8.69 36.04 32.62 82.49

Figure 64. Comparison of daily peak cooling among Single-pane, Double-pane and Low-e
Glass (Window Library / Thermal Wall).

Diff.(% of Daily Peak Cooling (Window Library M ethod)

20.00
10.00

0.00 +
-10.00
-20.00
-30.00
-40.00
-50.00
-60.00
-70.00
-80.00
-90.00

WALL | ROOF | WIND | WIND | DOOR [INTER | UNDE |OCCU | LIGHT |EQUIP | INFILT
COND|COND| OW OW |COND| NAL |RGRO|PANT | TO |MENT RATIO
UCTIO|UCTIO| GLAS | GLAS |UCTIO| SURF | UND | STO |SPAC| TO N

O SP and DP Diff. (% 138 | 136 | -9.81|-19.74| 155 | 0.00 141 153 | 0.00 | 153 | 0.00 | -6.49
@ SP and Low-e Diff. (% | 186 185 | -166 |-76.94| 194 | 0.00 | 188 | 212 | 0.00 | 210 | 0.00 |-2146
O DPand Low-e Diff. (% | 0.47 | 0.48 | 9.04 | -7127| 0.38 | 0.00 | 0.46 | 0.58 | 0.00 | 0.55 | 0.00 |-16.01

Figure 65. Difference (%) of daily peak cooling (Window Library Method).
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Comparison of single-pane, double-pane and low-e glass (Window Library / Thermal
Wall):

Hourly Peak Heating (kBtu/hr):

Peak Heating (Jan 114 AM)
Thermal Wall

4.00
200 f - - - — m
0.00
2o m_H] 777777777777777777777777777
kBtu/hr 404+----"7>™&AW-1|IM®---- - - - - - -~~~ - - - - - -~ ____
600 f---—-—--—-||F---"-"“"“"“"“"“"“"“"“"“ -~
800 f------—- |}
000 - - e
-12.00
WALL | ROOF |WINDO |WINDO | DOOR | INTER |UNDER|OCCUP| LIGHT | EQUIP | INFILT
COND | COND w w COND | NAL | GROU | ANTS TO MENT | RATIO
UCTIO | UCTIO | GLASS | GLASS | UCTIO | SURFA ND TO SPACE| TO N
O Single Pane (-22.20) | -3.31 | -358 | -10.53 | 148 -0.33 | 0.00 -2.10 0.75 150 133 -7.40
@ Double Pane (-19.02) | -3.35 | -3.63 | -7.00 122 -0.34 | 0.00 -2.13 0.76 150 135 | -740
| Low-e (-18.57) -3.37 -3.64 -5.65 0.35 -0.34 0.00 -2.14 0.76 150 136 -7.40

Figure 66. Comparison hourly peak heating among Single-pane, Double-pane and Low-e
Glass (Window Library / Thermal Wall).

Diff.(%) of Peak Heating (Window Library M ethod)
Thermal Wall

%

WALL ROOF | WINDOW|WINDOW| DOOR |INTERNA|UNDERG |OCCUPA LIGHTTO EQU'PMEINFILTRA
CONDUC |CONDUC | GLASS+| GLASS |CONDUC L ROUND | NTSTO SPACE NTTO TION TOTAL
TION TION FRM SOLAR | TION |SURFAC| SURF | SPACE SPACE
O SP and DP Diff(%) 12 12 -33.5 -17.7 12 0.0 14 0.8 0.0 15 0.0 -14.3
@ SP and Low-e Diff (%) 16 16 -46.3 -76.4 15 0.0 19 11 0.0 21 0.0 -16.3
B DP and Low-e Diff (%) 0.4 0.4 -19.2 -713 0.3 0.0 0.5 0.3 0.0 0.6 0.0 -2.4

Figure 67. Difference (%) of peak heating (Window Library Method).
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Daily Peak Heating (kBtu/day):

Daily Peak Heating (Jan 11)

150.00

100.00
50.00

0.00 1

I -50.00

-100.00

-150.00
20000+ ————————— A |- - - - - -
-250.00
WALL ROOF |WINDOW [WINDOW [ DOOR [INTERNA [ UNDERG [ OCCUPA |\~ TEQUIPME[, o o
CONDUC | CONDUC | GLASS+F | GLASS | CONDUC L ROUND | NTSTO | "ol oo” | NTTO | o0
TION TION RM SOLAR TION |SURFACE| SURF | SPACE SPACE
O Single Pane (-326.97) | -67.07 | -69.43 | -209.30 | 107.80 -5.87 0.00 -50.52 8.51 36.04 3195 | -109.08
o Double Pane (-272.46) | -67.96 7036 | -133.17 88.17 -5.95 0.00 -5123 8.64 36.04 3244 | -109.08
m Low-e(-299.86) 6827 | -7068 | -97.04 2532 -5.98 0.00 -5148 8.69 36.04 3262 | -109.08

Figure 68. Comparison of daily peak heating among Single-pane, Double-pane and Low-e
Glass (Window Library / Thermal Wall).

Diff.(% of Daily Peak Heating (Window Library M ethod), Thermal Wall

20.00
0.00 +
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WALL | ROOF | WIND | WIND | DOOR |INTER | UNDE |OCCU | LIGHT |EQUIP | INFILT TOTA
COND|COND| OW OW |COND| NAL |RGRO|PANT | TO |MENT|RATIO L
UCTIO|UCTIO| GLAS | GLAS |UCTIO| SURF | UND | STO |SPAC| TO N
O SP and DP Diff. (% 133 | 134 |-36.37|-18.21| 136 | 0.00 141 153 | 0.00 | 153 | 0.00 |-16.67
@ SP and Low-e Diff. (%9 179 | 180 |-53.64|-76.51| 187 | 0.00 | 190 | 2.12 | 0.00 | 2.10 | 0.00 | -8.29
m DP and Low-e Diff. (% | 0.46 | 045 | -27.13|-7128 | 0.50 | 0.00 | 0.49 | 0.58 | 0.00 | 0.55 | 0.00 | 10.06

Figure 69. Difference (%) of daily peak heating (Window Library Method).
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Solar Gain of Thermal Wall

- QSOLG + QABSG: Transmitted plus reconducted solar heat gain through window (glass plus frame)
- QCON + QCONFR: Conduction heat gain through window (glass plus frame)

Single Pane / Thermal Wall:

Aug 26, Houston TMY 2 - SC, Single Pane
Thermal Wall
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Figure 70. Solar gain of Single-pane / Shading Coefficient, Thermal Wall.

Total ‘




Aug 26, Houston TMY 2 - Window Lib., Single Pane
Thermal Wall
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Figure 71. Solar gain of Single-pane / Window Library, Thermal Wall.

Solar Gain Glass+ FRM - - - s - - - Conduction + FRM == Total ‘
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Aug 26, Houston TMY 2 - Single Pane
Thermal Wall
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—s— Window Library Conduction + FRM

Window Library Total

Figure 72. Solar gain of Single-pane / Shading Coefficient and Window Library, Thermal
Wall.




Double Pane / Thermal Wall:

Aug 26, Houston TMY 2 - SC, Double Pane
Thermal Wall

8000

7000 -~  « — oo
6000 -
5000 -
4000 -
3000 -
2000 -

Solar Gain(Btu/hr)

1000 -

0 -— T >, > \’ T T T T T T T T T T T T T T
— (42] o M~ o)) — (42} n M~ [e)] — ™
Time
‘ Solar Gain Glass+ FRM - - - » - - - Conduction + FRM Total ‘

Figure 73. Solar gain of Double Pane / Shading Coefficient, Thermal Wall.

Aug 26, Houston TMY 2 - Window Lib., Double Pane
Thermal Wall
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Figure 74. Solar gain of Double Pane / Window Library, Thermal Wall.
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Aug 26, Houston TMY 2 - Double Pane
Thermal Wall
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Figure 75. Solar gain of Double Pane / Shading Coefficient and Window Library, Thermal
Wall.



Low-e / Thermal Wall:

Aug 26, Houston TMY 2 - SC, Low -e
Thermal Wall
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Figure 76. Solar gain of Low-e / Shading Coefficient, Thermal Wall.
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Aug 26, Houston TMY 2 - Window Lib., Low -e
Thermal Wall
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Figure 77. Solar gain of Low-e / Window Library, Thermal Wall.
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Aug 26, Houston TMY2 - Low -e
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Figure 78. Solar gain of Low-e / Shading Coefficient and Window Library, Thermal Wall.
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Total Solar Gain of Quick Wall:

Total Solar gain of Thermal Wall - Aug 26, Houston TMY 2
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Figure 79. Solar gain of Low-e / Shading Coefficient and Window Library, Thermal Wall.



All Results:

7

7

BEPS

90
80 - -
70 ] ] - - — — - -
60 — — ]
mBtu/year = = N ] ] — —] f—
40
J-B-m-u-BEE R R
20 1+ 1 - — -1 -1 - - - - - - - F- - - - -
10,,_,,,_,,,_,,,_,,_,,_,,_ | ,_ _,,,_,,,_,,
SC (76.6) |W.L.(76.5) SC (72.2) |W.L.(71.9)|SC (67.2) |W.L.(67.5)|SC (70.3) |W.L.(70.3) SC (67.2) |[W.L.(67.1)|SC (64.]) |W.L.(64.4,
Single Pane Double Pane Low-e Single Pane Double Pane Low-e
Quick Thermal Wall
o DOMHOT WATER 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3
O VENT FANS 2.9 2.9 2.7 2.6 17 18 23 2.3 2.2 2.2 15 15
B PUMPS &MISC 0.2 0.2 02 02 0.2 02 02 0.2 0.2 0.2 02 02
O SPACE COOL 9.9 9.7 8.7 7.9 22 22 g 16.8 16.2 156 n1 n3
B SPACE HEAT 0.9 n 79 85 04 10.6 8.1 83 59 6.4 8.6 8.7
B MISC EQUIPMT 132 132 132 3.2 3.2 3.2 3.2 3.2 3.2 3.2 B2 3.2
O AREA LIGHTS 3.2 3.2 3.2 3.2 B2 1.2 B2 B2 B.2 3.2 3.2 3.2

Figure 80. All annual BEPS results.




All Peak Cooling:

Peak Cooling (Aug 26 3PM)
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200 A (M8 COTTOTH CRCCH Clt e (it bt -t (58Nl 8(E-—-——-—--------------- - - - - - - - - - - - - - - - - ————-
WALL ROOF WINDOW | WINDOW DOOR INTERNAL | UNDERGR | OCCUPAN LIGHT TO EQUIPMEN INFILTRATI
CONDUCTI | CONDUCTI | GLASS+FR GLASS CONDUCTI | SURFACE OUND TSTO SPACE TTO ON
ON ON M COND SOLAR ON COND SURF SPACE SPACE
O Quick Single Pane SC (40.90) 3.06 3.71 6.41 15.55 0.30 0.00 0.69 0.80 150 150 7.38
@ Quick Single Pane W.L. (40.47) 3.06 3.71 6.84 14.70 0.30 0.00 0.69 0.80 150 150 7.38
B Quick Double Pane SC (37.25) 3.06 3.71 4.63 13.69 0.30 0.00 0.69 0.80 150 150 7.38
O Quick Double Pane W.L. (36.30) 3.06 3.71 6.03 134 0.30 0.00 0.69 0.80 150 150 7.38
0 Quick Low-e SC (28.33) 3.06 3.71 3.95 544 0.30 0.00 0.69 0.80 150 150 7.38
@ Quick Low-e W.L. (28.44) 3.06 3.71 6.31 3.20 0.30 0.00 0.69 0.80 150 150 7.38
@ Thermal Wall Single Pane SC (33.65) 2.29 3.60 4.82 10.58 0.22 0.00 0.62 0.75 150 133 7.38
O Thermal Wall Single Pane W.L. (32.83) 229 3.60 514 10.00 0.22 0.00 0.62 0.75 150 133 7.38
o Thermal Wall Double Pane SC (30.73) 2.32 3.64 3.52 941 0.23 0.00 0.63 0.76 150 135 7.38
B Thermal Wall Double Pane W.L. (30.22) 232 3.64 4.58 7.83 0.23 0.00 0.63 0.76 150 135 7.38
O Thermal Wall Low-e SC (24.61) 2.33 3.66 3.02 3.76 0.23 0.00 0.63 0.76 150 136 7.38
0 Thermal Wall Low-e W.L. (24.90) 2.33 3.66 4.83 2.23 0.23 0.00 0.63 0.76 150 136 7.38

Figure 81. All hourly peak cooling results.



All Peak Heating:

79

Peak Heating (Jan 114PM)

4.00

2.00

0.00

-2.00

kBtu/hr -4.00
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-8.00

-10.00

-12.00

-14.00

WALL ROOF WINDOW | WINDOW DOOR INTERNAL | UNDERGR | OCCUPAN LIGHT TO EQUIPMEN INEILTRATI
CONDUCTI | CONDUCTI | GLASS+R GLASS CONDUCTI | SURFACE OUND TSTO SPACE TTO ON
ON ON M COND SOLAR ON COND SURF SPACE SPACE
O Quick Single Pane SC (-27.76) -4.93 -3.75 -12.76 0.07 -0.42 0.00 -2.35 0.80 150 150 -740
@ Quick Single Pane W.L. (-28.18) -4.93 -3.75 -13.18 0.06 -0.42 0.00 -2.35 0.80 150 150 -7.40
| Quick Double Pane SC (_23.35) -4.93 -3.75 -8.35 0.06 -0.42 0.00 -2.35 0.80 150 150 -7.40
0O Quick Double Pane W.L. (-23.75) -4.93 -3.75 -8.74 0.05 -0.42 0.00 -2.35 0.80 150 150 -7.40
O Quick Low-e SC (-2190) -4.93 -3.75 -6.86 0.02 -0.42 0.00 -2.35 0.80 150 150 -7.40
@ Quick Low-e W.L. (-22.21) -4.93 -3.75 =717 0.01 -0.42 0.00 -2.35 0.80 150 150 -7.40
@ Thermal Wall Single Pane SC (-2185) -3.31 -3.58 -10.26 155 -0.33 0.00 -2.10 0.75 150 133 -7.40
O Thermal Wall Single Pane W.L. (-22.20) -3.31 -3.58 -10.53 148 -0.33 0.00 -2.10 0.75 150 133 -7.40
@ Thermal Wall Double Pane SC (-18.61) -3.35 -3.63 -6.77 139 -0.34 0.00 -2.13 0.76 150 135 -7.40
B Thermal Wall Double Pane W.L. (-19.02) -3.35 -3.63 -7.00 122 -0.34 0.00 -2.13 0.76 150 135 -7.40
O Thermal Wall Low-e SC (-18.29) -3.37 -3.64 -5.58 0.56 -0.34 0.00 -2.14 0.76 150 136 -7.40
O Thermal Wall Low-e W.L. (-18.57) -3.37 -3.64 -5.65 0.35 -0.34 0.00 -2.14 0.76 150 136 -7.40
Figure 82. All hourly peak heating results.



