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Learning Objectives
Explore history of US building efficiency and impact of fenestration technology

Learn how to measure and compare thermal, airtight, and solar wellness of windows

Understand fenestration’s potential influence on Indoor Environmental Quality & human health

Evaluate the capabilities and longevity potential of various fenestration materials

Analyze the environmental costs of fenestration manufacturing and lifespan

Share emerging window technologies and optimistic solutions 



Average Global Temperature Increase



GHG in the USA   
Green House Gas Sources



LEED: Leadership in Energy & Environmental Design

BD+C ID+C O+M ND HOMES



LEED BD+C : Credit Categories 

Integrative 
Process
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Materials and 
Resources 

Water 
Efficiency 

Points ≤ 10

+2 prerequisites
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Sustainable 
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+2 prerequisites

Indoor 
Environment 

Innovation
Regional 
Priority



U.S. Energy Information Administration, Energy Review November 2016

Tipping Point?

Total US Energy Consumption  
(in quadrillion BTUs, since WWII)



U.S. Energy Information Administration, Energy Review, November 2016

Building Energy Intensity Since 1975

BTU/square foot =  
The “MPG” of Buildings
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+-40% of improvement 

due to advancements in 
window technology



• Adoption of insulated dual pane glazing (IG: insulated glass)

• Sputtered coatings on glass (silver molecules, etc.)

• Enhanced air-tight-ness and “thermally broken” window designs 

• Newer, stronger, healthier, more lasting window material adoption

+-40% of US building Energy Intensity 
improvement since 1975 due to advancements 
in window technology:



HERS

Conventional Building

Local Code

EnergyStar  &  LEED HOMES minimum

LEED BD+C (with maximum energy points)

PHIUS+ Passive House Institute US

HERS: 
Home Energy Rating System

Net positive



When do buildings use the most energy? X



130 HERS

120 HERS

18 HERS

ZolaWindows.com



Learning Objective 
Two 

Learn how to measure the 
thermal and solar wellness of 

windows.



Thermal Bridges



Thermal Bridges



Thermal Bridges



U Value = BTU / hour / square foot (°F)

BTU = British Thermal Unit



U Value = BTU / hour / square foot (°F)

BTU = British Thermal Unit
= energy of a 4” match 

burnt top to bottom



0.38 U Value

0.36 U Value

0.12 U Value

Zola™

https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwjz_v_dxvbQAhVOnsAKHZogCEEYABAA&ohost=www.google.com&cid=CAESIeD2Od6vIHGH9tcu3S0KKltx6PotnoIjT61iGv3XEzpIcg&sig=AOD64_1ir2S28qZtUlnp_SXmFN00XEyBsg&q=&ved=0ahUKEwiW1frdxvbQAhUKwlQKHWpbDCQQ0QwIGg&adurl=


Testing U Factor:



U Value (test size, NFRC label) = 0.19 BTU.hr.sf.F

U Value (actual size, installed) = 0.13 BTU.hr.sf.F

Testing U Factor:



Sputtered Low E (emissivity) Coatings



Sputtered Low E (emissivity) Coatings

90°
82°

83°

89°
= 230 BTU

/Hr/SF



SHGC:  Solar Heat Gain Coefficient

SHGC



SHGC:  Solar Heat Gain Coefficient
Glass Type Coating SHGC

Double Pane (none) .78  = 78% 

Double Pane LoE 180 .64  = 64%

Double Pane LoE 272 .41  = 41%

Double Pane LoE 340 .18  = 18%

Double Pane LoE 366 .27  = 27%

Glass Type Coating SHGC

Triple Pane LoE 2 & 1 .56  = 56%

Triple Pane LoE 2 & 2 .36  = 36% 

Triple Pane LoE 2 & 3 .24  = 24% 



EnergyStar and EPA Map



IECC Climate Zones 



Sun Path & SHGC Risks

South 

North 

Summer



16 December 2016, Minneapolis 

Sun Path & SHGC Risks



Learning Objective 
Three

Evaluate the capabilities and 
longevity of various fenestration 

materials



Expansion & Contraction of Window Materials 





Thermal  &  Airtightness Retention

1.5”
Tripane

1”
Tripane

7/8”
Dual Pane



Composite Window Material Performance

Tensile Strength Chart



Impact Resistance Chart

Composite Window Material Performance



Flexular Modulus Chart

Composite Window Material Performance



Diminishing 
Returns 

? 

Composite Window Material Performance

Expansion



Learning Objective 
Four 

Understand indoor 
environmental quality and the 

human factor.



LEED IEQ Prerequisite: 
Minimum Acoustic Performance (schools)

Sound
Transmittance
Class



LEED IEQ Credit:  Acoustic Performance

100 decibels - STC 20 = 80decibels



WELL Building Standard



Natural Light & Nourishment



Natural Light & Nourishment



LEED IEQ Credit: Daylight 

280 lux 630 lux 1,200 lux 2,000 lux

240 lux 540 lux 930 lux 1,800 lux

200 lux
500 lux 900 lux 1,600 lux

12’

8’

• NYC office LUX plan 
in June

• October also needed 

• Option:
Prove 300-3000 lux in 
75%+ of occupied 
spaces 



45% 52%3%

Visible Light   v.  Thermal Comfort





LEED Credits & WELL Optimizations:                   
Low-Emitting Materials 



Thermoplastic   v.    Thermoset 

Vinyl (PVC) Fiberglass (pultruded) 



Mmmm…
‘New Car 

Smell’



Learning Objective 
Five 

Analyze the environmental costs of various 
fenestration materials. 



Embodied Energy: 4’ x 4’ Window 

3000 MJ = 2,844,000 BTUs

1 MegaJoule = 948 BTUs (British Thermal Units) 

Aluminum Vinyl Aluminum 
Clad Wood

Wood Fiberglass



Silica Sand Mining Environmental Effects

PHOTO CREDIT: BellPlainHerald.com



PVC Environmental Effects of PVC 



Vinyl Windows’ Chemical Makeup

Vinyl PVC  PolyVinyl Chloride 
• 51% Chlorine by weight 
• 49% hydrogen + carbon 

that is derived from 
• Oil, Petroleum 
• Natural Gas 



Vinyl Windows’ Manufacturing



Learning Objective 
Six

Share optimistic solutions and 
emerging technologies 



The Kaya Identity: 

I = P × A × T

Human Impact = Population × Affluence × Technology

(8%)



The Kaya Identity

× × × =Population GDP Per Capita Energy Intensity Carbon Intensity Carbon Emissions



Fenestrations’ GHG & Energy Impact
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