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This presentation is protected by U.S. and
international copyright laws.

Reproduction, distribution, display and use of the
presentation without written permission of the
speaker Is prohibited.
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This program is registered with the AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to constitute approval, sponsorship or endorsement by AlA of
any method, product, service, enterprise or organization.

The statements expressed by speakers, panelists, and other participants
reflect their own views and do not necessarily reflect the views or
positions of The American Institute of Architects, or of AIA components, or
those of their respective officers, directors, members, employees, or
other organizations, groups or individuals associated with them.

Questions related to specific products and services may be addressed at
the conclusion of this presentation.
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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
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Average Global Temperature Increase
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GHG in the USA
Green House Gas Sources
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LEED: Leadership in Energy & Environmental Design

BD+C ID+C Oo+M ND HOMES
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LEED BD+C : Credit Categories
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Total US Energy Consumption
(in quadrillion BTUs, since WWII)
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Building Energy Intensity Since 1975
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+80% of US building Energy Intensity \m

100

improvement since 1975 due to advancements ,
in window technology: N
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* Adoption of insulated dual pane glazing (IG: insulated glass)
e Sputtered coatings on glass (silver molecules, etc.)
* Enhanced air-tight-ness and “thermally broken” window designs

* Newer, stronger, healthier, more lasting window material adoption
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HERS:
Home Energy Rating System

Conventional Building

Local Code

EnergyStar & LEED HOMES minimum

LEED BD+C (with maximum energy points)

PHIUS+ Passive House Institute US
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Net positive
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When do buildings u¥e the most energy?

Total Consumption by End-Use Sector, Monthly
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Learning Objective
Two

Learn how to measure the
thermal and solar wellness of
windows.
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Thermal Bridges
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Thermal Bridges
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Thermal Bridges
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U Value =|BTU / hour / square foot (°F)

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

BTU = British Thermal Unit
= energy of a 4” match
burnt top to bottom

.
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0.36 U Value
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Testing U Factor:

Heat FI%
0° F 70° F




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
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Sputtered Low E (emissivity) Coatings
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Sputtered Low E (emissivity) Coatings
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SHGC: Solar Heat Gain Coefficient

Double Pane (none) 78 =78%
Double Pane |oF 180 .64 =64%

Double Pane |oF 272 41 =41%
Double Pane | oFE 340 18 =18%

Double Pane |oFE 366 27 =27%

Glass Type SHGC

Triple Pane LoE2 &1 .56 =56%
Triple Pane LoE2 &2 .36 =36%
Triple Pane LoE2 &3 .24 =24%



EnergyStar and EPA Map
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IECC Climate Zones
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Sun Path & SHGC Risks

Summer

South
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Sun Path & SHGC Risks

16 December 2016, Minneapolis
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Learning Objective
Three

Evaluate the capabilities and
longevity of various fenestration
materials




Expansion & Contraction of Window Materials
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Thermal & Airtightness Retention

7/8” 1,, 1'.511
Dual Pane Tripane Tripane
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Composite Window Material Performance

Tensile Strength Chart
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Composite Window Material Performance

Impact Resistance Chart
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Composite Window Material Performance

Flexular Modulus Chart
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Composite Window Material Performance

Diminishing
Returns
?

Expansion
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) Learning Objective
! Four

Understand indoor
environmental quality and the
human factor.




LEED IEQ Prerequisite:
Minimum Acoustic Performance (schools)

HVAC equipment ____

Exterior noise Reverberation

Sound
Transmittance

Class

Sound transmission
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LEED IEQ Credit: Acoustic Performance

100 decibels = STC 20 = 80decibels



WELL Building Standard



Natural Light & Nourishment




Natural Light & Nourishment
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LEED IEQ Credit: Daylight

' i'\r'lﬁgiﬂcewxma” 280 lux | 630 lux | 1,200 lux | 2,000 lux

e (Qctober also needed

240 lux | 540 lux | 930 lux |1,800 lux
* Option:
Prove 300-3000 lux in 200 lux

75%+ of occupied \ 500 lux | 900 lux |1,600 lux

spaces

12’




Visible Light v. Thermal Comfort

3% 52%

P
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LEED Credits & WELL Optimizations:
Low-Emitting Materials
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Thermoplastic v. Thermoset
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Vinyl (PVC) Fiberglass (pultruded)
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Learning Objective
ve

Analyze the environmental costs of various
fenestration materials.




Embodied Energy: 4" x 4 Window

3000 MJ = 2,844,000 BTUs

Aluminum Vinyl Aluminum Wood Fiberglass
Clad Wood

1 Megaloule = 948 BTUs (British Thermal Units)
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Silica Sand Mining Environmental Effects

PHOTO CREDIT: BellPlainHerald.com
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PVC Environmental Effects of PVC

A918 AIA Conference on Architecture 2018
June 21-23, New York City



Vinyl Windows’ Chemical Makeup

Vinyl >PVC = PolyVinyl Chloride
* 51% Chlorine by weight

* 49% hydrogen + carbon
that is derived from
* QOil, Petroleum
 Natural Gas
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Vinyl Windows’ Manufacturing
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The Kaya ldentity:

=P xAXT
(8%)

Human |mpact = Population x Affluence x Technology
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The Kaya Identity

o X GDP Per Capita X

1

=

1
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Fenestrations’ GHG & Energy Impact
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