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Finding the Optimal Window Design for a School in Phoenix, Arizona

Using the Facade Design Tool, it is possible to find the window 
design with the lowest energy use for an School Perimeter Zone 
in Phoenix, Arizona. Finding the optimal design is a process and 
there is not one clear answer. It depends on the fixed conditions 
of the design and other assumptions made by the design team. 
The following steps illustrate how the Facade Design Tool can 
be used to find the best option for a given set of conditions and 
then explore other questions.

STEP 1: 	
Select the location, building type and zone orientation. 

In this case, the location is Phoenix, Arizona, the building type is 
School, and the zone orientation is South.

This is where the designer determines which variables are fixed and which are open to exploration. For 
example, the window-to-wall ratio (WWR) may be fixed at 30%, there may be a desire for no exterior 
shading devices, and a decision to use lighting controls in the space has been made. In this case, the main 
variable to be explored is glazing type. Select Get Results to go to the next screen.

STEP 2: 	
Select the design variables 
to be explored. 

CHOOSE LOCATION & BUILDING TYPE

Select a location, building type, and

zone orientation from the drop-down

lists below. My city isn't listed»

"Refine & Explore" first lets you

choose the availbable design

parameters then you can refine and

explore the ranked results. Use this

exporatory method if parametrics are

unknown or to determine the optimal

design from various scenarios.

"Compare 5 Scenarios" lists the

design parameters for 5 scenarios for a

quick comparison. Use this comparison

method if many of the design

parametrics are previously determined.

Location 2B: AZ Phoenix

Building Type School

Zone Orientation South

Refine & Explore     -OR-    Compare 5 Scenarios

REFINE & EXPLORE: DEFINE ZONE DESIGN PARAMETERS Facade Design Tool Home | Phoenix, Arizona | School | South

Set the design parameters from the choices below to compare design options and performance. At least one item from each parameter must be selected. Multiple items from

each parameter can be selected.

THE BUILDING

Window Area  

 10%

 

 20%

 

 30%

 

 40%

 

 50%

 

 60%

Building Projections  

None

 

 2' Overhang

 

 4' Overhang

LIGHT & SHADE

Lighting Controls  

None

 

 Continuous Dimming

Shading  

None

 

 Interior Blinds

 

 Exterior Blinds

GLAZING SYSTEM

Window Panes/Layers
Single

Double

Triple

Select All

Glass
Clear

Low-E

Tint

Reflective

Film

Select All

Solar Heat Gain
Low

Moderate

High

Select All

Visible Transmittance
Low

Moderate

High

Select All

 

«Previous       Get Results»
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This is a list of all the window design scenarios in the database that meet the conditions specified (30% 
WWR, no shading, continuous lighting controls). There are twelve options on the list representing different 
glazing types. The circles on the right side show a ranking of each window design option for six performance 
indicators (energy, peak demand, carbon, daylight, glare and thermal comfort). A red circle indicates poor 
performance and should be avoided.

In the Energy tab, the energy use results are listed in rank order from best to worst for the window design 
scenarios in this set. Glazing J has the lowest energy use at 110.84 kBtu/sf-yr. Glazing H is within 3% of 
the lowest energy use and would be an excellent choice as well. At this point, the designer may be finished 
and can make a decision based on cost and other parameters, however, this analysis only optimizes within a 
narrow set of assumptions. The designer may wish to explore other variables as well to make sure the lowest 
energy use is being achieved.

STEP 3: 	
Review results on the 
Summary tab. 

STEP 4: 	
Select the Energy tab to see 
the energy use results. 

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse

Window Area

 10%

 20%

 30%

 40%

 50%

 60%

Projections

 None

 2' Overhang

 4' Overhang

Lighting Controls

 None

 Continuous Dimming

Shading

 None

 Interior Blinds

 Exterior Blinds

Glass Panes

 1

 2

 3

Glass

 Clear

 Low-E

 Tint

 Reflective

 Film

SHGC

 Low

 Moderate

 High

VT

 Low

 Moderate

 High

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse

Window Area

 10%

 20%

 30%

 40%

 50%

 60%

Projections

 None

 2' Overhang

 4' Overhang

Lighting Controls

REFINE & EXPLORE ZONE RESULTS Facade Design Tool Home | Phoenix, Arizona | School | South

The Building Glazing System Light & Shade Performance

WWR
Building

Projections Glass Panes Features U-factor SHGC VT Lighting Controls Shades

30 None 3 Low-E, low VT, low SHGC, argon 0.12 0.21 0.34 Continuous None

30 None 2 Lowe-E, high VT, low SHGC, argon 0.24 0.27 0.64 Continuous None

30 None 2 Low-E, low VT, low SHGC, argon 0.25 0.24 0.37 Continuous None

30 None 3 Low-E, high VT, moderate SHGC, argon 0.13 0.32 0.6 Continuous None

30 None 2 Low-E tint, moderate VT, moderate SHGC, argon 0.24 0.29 0.52 Continuous None

30 None 2 Low-E, high VT, moderate SHGC, argon 0.24 0.38 0.7 Continuous None

30 None 2 Reflective, low VT, low SHGC 0.44 0.18 0.1 Continuous None

30 None 2 Tint, moderate VT, moderate SHGC 0.47 0.5 0.48 Continuous None

30 None 2 Clear, applied film 0.47 0.55 0.54 Continuous None

30 None 1 Clear, applied film 0.99 0.48 0.6 Continuous None

30 None 2 Clear, high VT, high SHGC 0.47 0.7 0.79 Continuous None

30 None 1 Clear, high VT, high SHGC 1.03 0.82 0.88 Continuous None

Pages (25 results per page): 1 

Total Matching Records: 12

Summary Energy Peak Carbon Daylight Glare Comfort

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse

Window Area

 10%

 20%

 30%

 40%

 50%

 60%

Projections

 None

 2' Overhang

 4' Overhang

REFINE & EXPLORE ZONE RESULTS Facade Design Tool Home | Phoenix, Arizona | School | South

The Building Glazing System Light & Shade Annual Energy Use (kBtu/sf-yr)

WWR
Building

Projections Glass Panes U-factor SHGC VT Lighting Controls Shades kBtu/sf-yr

30 None 3 0.12 0.21 0.34 Continuous None 110.84

30 None 2 0.24 0.27 0.64 Continuous None 113.32

30 None 2 0.25 0.24 0.37 Continuous None 116.25

30 None 3 0.13 0.32 0.6 Continuous None 116.42

30 None 2 0.24 0.29 0.52 Continuous None 116.88

30 None 2 0.24 0.38 0.7 Continuous None 124.67

30 None 2 0.44 0.18 0.1 Continuous None 135.17

30 None 2 0.47 0.5 0.48 Continuous None 142.32

30 None 2 0.47 0.55 0.54 Continuous None 147.72

30 None 1 0.99 0.48 0.6 Continuous None 149.03

30 None 2 0.47 0.7 0.79 Continuous None 159.61

30 None 1 1.03 0.82 0.88 Continuous None 181.93

Pages (25 results per page): 1 

Total Matching Records: 12

Summary Energy Peak Carbon Daylight Glare Comfort
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The designer can use the Explore & Refine Dashboard at the left side of the Facade Design Tool to change the 
parameters of the analysis. Previously, only scenarios with no shading were included in the analysis. In this 
example, the question is whether exterior shading devices improve energy use. The Projection option 4-foot 
Overhang is checked, the results are updated, and a new set of scenarios is listed in rank order that includes 
all glazings with and without the overhang. Two overhang scenarios outperform the best case without an 
overhang which is 3% greater than the best case with an overhang. The designer must decide if adding over-
hangs is worth the investment.

Previously, only scenarios with continuous dimming light controls were included in the analysis. In this 
example, the question is to determine the impact of these light controls on energy use. 4-foot Overhang for 
Projections is unchecked from the previous example. Lighting Controls option None is checked, the results 
are updated, and a new set of scenarios is listed in rank order that includes all glazings with and without the 
lighting controls. The eight lowest energy use options all include light controls. The best option without light 
controls uses 145.64 kBtu/sf-yr compared to 110.84 kBtu/sf-yr for the best option using light controls (a 31% 
increase). It is apparent from the analysis that light controls make a significant difference in energy use.

STEP 5: 	
Explore impact of exterior 
shading devices.

STEP 6: 	
Explore impact of lighting 
controls.

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse

Window Area

 10%

 20%

 30%

 40%

 50%

 60%

Projections

 None

 2' Overhang

 4' Overhang

Lighting Controls

 None

 Continuous Dimming

Shading

 None

 Interior Blinds

 Exterior Blinds

Glass Panes

 1

 2

 3

Glass

 Clear

 Low-E

 Tint

 Reflective

 Film

SHGC

 Low

 Moderate

 High

VT

 Low

 Moderate

 High

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse

Window Area

 10%

 20%

 30%

 40%

 50%

 60%

Projections

 None

 2' Overhang

 4' Overhang

Lighting Controls

 None

 Continuous Dimming

Shading

 None

 Interior Blinds

 Exterior Blinds

Glass Panes

 1

 2

 3

Glass

 Clear

 Low-E

 Tint

 Reflective

 Film

SHGC

 Low

 Moderate

 High

VT

 Low

 Moderate

 High

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse

Window Area

 10%

 20%

 30%

 40%

 50%

 60%

Projections

 None

 2' Overhang

 4' Overhang

Lighting Controls

 None

 Continuous Dimming

Shading

 None

 Interior Blinds

 Exterior Blinds

Glass Panes

 1

 2

 3

Glass

 Clear

 Low-E

 Tint

 Reflective

 Film

SHGC

 Low

 Moderate

 High

VT

 Low

 Moderate

 High

REFINE & EXPLORE ZONE RESULTS Facade Design Tool Home | Phoenix, Arizona | School | South

The Building Glazing System Light & Shade Annual Energy Use (kBtu/sf-yr)

WWR
Building

Projections Glass Panes U-factor SHGC VT Lighting Controls Shades kBtu/sf-yr

30 4' Overhang 2 0.24 0.27 0.64 Continuous None 107.73

30 4' Overhang 3 0.13 0.32 0.6 Continuous None 109.91

30 None 3 0.12 0.21 0.34 Continuous None 110.84

30 4' Overhang 2 0.24 0.38 0.7 Continuous None 111.53

30 None 2 0.24 0.27 0.64 Continuous None 113.32

30 4' Overhang 2 0.24 0.29 0.52 Continuous None 113.34

30 4' Overhang 3 0.12 0.21 0.34 Continuous None 114.47

30 None 2 0.25 0.24 0.37 Continuous None 116.25

30 None 3 0.13 0.32 0.6 Continuous None 116.42

30 None 2 0.24 0.29 0.52 Continuous None 116.88

30 4' Overhang 2 0.25 0.24 0.37 Continuous None 117.23

30 None 2 0.24 0.38 0.7 Continuous None 124.67

30 4' Overhang 2 0.47 0.7 0.79 Continuous None 129.48

30 4' Overhang 2 0.47 0.5 0.48 Continuous None 129.63

30 4' Overhang 2 0.47 0.55 0.54 Continuous None 130.22

30 4' Overhang 1 0.99 0.48 0.6 Continuous None 133.04

30 4' Overhang 2 0.44 0.18 0.1 Continuous None 133.66

30 None 2 0.44 0.18 0.1 Continuous None 135.17

30 4' Overhang 1 1.03 0.82 0.88 Continuous None 140.56

30 None 2 0.47 0.5 0.48 Continuous None 142.32

30 None 2 0.47 0.55 0.54 Continuous None 147.72

30 None 1 0.99 0.48 0.6 Continuous None 149.03

30 None 2 0.47 0.7 0.79 Continuous None 159.61

30 None 1 1.03 0.82 0.88 Continuous None 181.93

Pages (25 results per page): 1 

Total Matching Records: 24

Summary Energy Peak Carbon Daylight Glare Comfort

REFINE &
EXPLORE

Modify design
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RESULTS
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scenarios for
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Update Results

Expand Collapse
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Projections
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Lighting Controls
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REFINE & EXPLORE ZONE RESULTS Facade Design Tool Home | Phoenix, Arizona | School | South

The Building Glazing System Light & Shade Annual Energy Use (kBtu/sf-yr)

WWR
Building

Projections Glass Panes U-factor SHGC VT Lighting Controls Shades kBtu/sf-yr

30 None 3 0.12 0.21 0.34 Continuous None 110.84

30 None 2 0.24 0.27 0.64 Continuous None 113.32

30 None 2 0.25 0.24 0.37 Continuous None 116.25

30 None 3 0.13 0.32 0.6 Continuous None 116.42

30 None 2 0.24 0.29 0.52 Continuous None 116.88

30 None 2 0.24 0.38 0.7 Continuous None 124.67

30 None 2 0.44 0.18 0.1 Continuous None 135.17

30 None 2 0.47 0.5 0.48 Continuous None 142.32

30 None 3 0.12 0.21 0.34 None None 145.64

30 None 2 0.47 0.55 0.54 Continuous None 147.72

30 None 1 0.99 0.48 0.6 Continuous None 149.03

30 None 2 0.44 0.18 0.1 None None 149.69

30 None 2 0.25 0.24 0.37 None None 152.75

30 None 2 0.24 0.27 0.64 None None 156.50

30 None 2 0.24 0.29 0.52 None None 158.33

30 None 3 0.13 0.32 0.6 None None 159.49

30 None 2 0.47 0.7 0.79 Continuous None 159.61

30 None 2 0.24 0.38 0.7 None None 168.58

30 None 1 1.03 0.82 0.88 Continuous None 181.93

30 None 2 0.47 0.5 0.48 None None 181.95

30 None 2 0.47 0.55 0.54 None None 188.64

30 None 1 0.99 0.48 0.6 None None 189.77

30 None 2 0.47 0.7 0.79 None None 202.97

30 None 1 1.03 0.82 0.88 None None 225.04

Pages (25 results per page): 1 

Total Matching Records: 24

Summary Energy Peak Carbon Daylight Glare Comfort
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Previously, only scenarios with 30% window-to-wall ratios (WWR) were included in the analysis. In this 
example, the question is what is the impact of increasing the WWR on energy use. None for Lighting Con-
trols is unchecked from the previous example. The 40% Window Area option is checked and a new set of 
scenarios is listed in rank order that includes all glazings with both 30% and 40% WWR. The five lowest 
energy use options have 30% WWR. The best option with 40% WWR is Glazing J which uses 117.64 kBtu/
sf-yr compared to 110.84 kBtu/sf-yr for the best option with 30% WWR (a 6% increase). The designer must 
decide if other benefits of larger window area outweigh the additional energy use increase.

The Facade Design Tool can be used to answer the question, what is the best combination of window area, 
shading device and glazing type to save energy? The table above shows the best cases for a south-facing 
School Perimeter Zone assuming all design options are possibilities. It also shows however, that there are a 
number of very good choices if options are constrained by cost or other design considerations. For example, 
the best case uses Glazing H with 20% WWR and a 2-foot overhang. However, with no shading devices, 
the lowest energy use can be achieved with Glazing H with 10% WWR (about 5% more). The design team 
must decide the costs and benefits of these options. The table below shows the option with the lowest overall 
energy use for each orientation in Phoenix.

Cases with Lowest Energy Use for South-Facing Schools in Phoenix, Arizona

Cases with Lowest Overall Energy Use for All Orientations—Schools in Phoenix, Arizona

STEP 7: 	
Explore impact of increasing 
window area.

SUMMARY

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse

Window Area

 10%

 20%

 30%

 40%

 50%

 60%

Projections

 None

 2' Overhang

 4' Overhang

Lighting Controls

 None

 Continuous Dimming

Shading

 None

 Interior Blinds

 Exterior Blinds

Glass Panes

 1

 2

 3

Glass

 Clear

 Low-E

 Tint

 Reflective

 Film

SHGC

 Low

 Moderate

 High

VT

 Low

 Moderate

 High

South No Shading 2-ft Overhang 4-ft Overhang
WWR Best Case kBtu/sf-yr Best Case kBtu/sf-yr Best Case kBtu/sf-yr
10% H 99.06 H 95.35 G 108.19
20% H 100.83 H 94.57 H 105.74
30% J 110.84 H 101.89 H 107.73
40% J 117.64 J 109.23 H 111.90
50% J 118.90 J 113.38 J 109.36
60% J 126.72 J 119.92 J 115.20

Orientation WWR Exterior Shading Light Controls Window Case kBtu/sf-yr
North 30% 2-ft overhang Cont. dimming H 97.06
East 10% 2-ft overhang Cont. dimming H 100.09

South 20% 2-ft overhang Cont. dimming H 94.57
West 10% 2-ft overhang Cont. dimming H 102.56

REFINE &
EXPLORE

Modify design

parameters &

explore the

results.

COMPARE
RESULTS

Select up to 5

scenarios for

detailed

comparison.

Update Results

Expand Collapse
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Shading
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REFINE & EXPLORE ZONE RESULTS Facade Design Tool Home | Phoenix, Arizona | School | South

The Building Glazing System Light & Shade Annual Energy Use (kBtu/sf-yr)

WWR
Building

Projections Glass Panes U-factor SHGC VT Lighting Controls Shades kBtu/sf-yr

30 None 3 0.12 0.21 0.34 Continuous None 110.84

30 None 2 0.24 0.27 0.64 Continuous None 113.32

30 None 2 0.25 0.24 0.37 Continuous None 116.25

30 None 3 0.13 0.32 0.6 Continuous None 116.42

30 None 2 0.24 0.29 0.52 Continuous None 116.88

40 None 3 0.12 0.21 0.34 Continuous None 117.64

30 None 2 0.24 0.38 0.7 Continuous None 124.67

40 None 2 0.24 0.27 0.64 Continuous None 124.93

40 None 2 0.25 0.24 0.37 Continuous None 125.29

40 None 2 0.24 0.29 0.52 Continuous None 128.95

40 None 3 0.13 0.32 0.6 Continuous None 129.22

30 None 2 0.44 0.18 0.1 Continuous None 135.17

40 None 2 0.24 0.38 0.7 Continuous None 140.67

30 None 2 0.47 0.5 0.48 Continuous None 142.32

40 None 2 0.44 0.18 0.1 Continuous None 142.79

30 None 2 0.47 0.55 0.54 Continuous None 147.72

30 None 1 0.99 0.48 0.6 Continuous None 149.03

30 None 2 0.47 0.7 0.79 Continuous None 159.61

40 None 2 0.47 0.5 0.48 Continuous None 161.31

40 None 2 0.47 0.55 0.54 Continuous None 169.41

40 None 1 0.99 0.48 0.6 Continuous None 170.68

30 None 1 1.03 0.82 0.88 Continuous None 181.93

40 None 2 0.47 0.7 0.79 Continuous None 186.39

40 None 1 1.03 0.82 0.88 Continuous None 215.15

Pages (25 results per page): 1 

Total Matching Records: 24

Summary Energy Peak Carbon Daylight Glare Comfort
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