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The End in Mind
> The Size of Things...

> Scale and implications of fenestration performance

> Trends in Fenestration Performance
» Technological innovation and change

> Implications for Deep Energy Retrofit Success
> Energy
» Power
» Comfort
> Safety
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Perspective...
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“The Size of
Things...”




Buildings Matter: US Energy Use

Buildings

Transportation
31%

ommercia

Residential

28%

Industry

Source: USEIA - 2012
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U.S. Energy Consumption
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Utility Concerns

> The “Timing” of our Demand
» Cooling Driven
> Lighting Driven
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! The Energy Megatrend

> Increasing demand
> Supply challenges
> Peak power

> Energy security

> Economic security

13



US Commercial Buildings

74% was
built

before
1989!

L Before 1989

= 1990 to 1999

74%
2000 to 2003

93% of our commercial

building stock was built
before 2003!




U.S. Residential Buildings

/1%

= New

Existing

99%

Source: USEIA — 2009 RECS



Age of U.S. Homes...

30% Built
1989 -2009

70%
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Half with
crappy windows...
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What If We Replaced Windows?

-—— -.\.;-
) ‘\‘ G
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Homes Have Changed

New Single Family Homes with Air Conditioning

91%

Window solar gain is
the single largest
contributor to cooling
loads

08/15/2016



Homes with AC - 1973 vs. 2012

100%

9%
90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
Northeast Midwest South US Total
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Heat Loss (winter) Heat Gain (summer)

AR ETare Solar Heat Gain
Ly _—1.20 14 0.90
— 0.8 +
0.9 —/_ A
0-6 - 0.4 v~
03 1~ 02
o 1« o J«H
Existing = New Existing ™ New

Use the “Worst” Code-Compliant Window
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What Would We Save?

> 1 to 3 Tons of Air Conditioning per house
> Depending on size, location, leakiness, etc.

> 1 ton = 12,000 Btu/hr
> 13 ¢

g2 60 million kW?

> ~120 million existing homes
> About half have lousy windows

> ~60 million * 1 ton * 1 kW/ton = 60 million kW

08/15/2016 Page 25












Over 300 coal-fired

power plants....
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THIS is the DER Perspective

> Understand and quantify the impacts of the

individual elements
> Windows, Insulation, Equipment, Etc.

> Understand the life cycle of each element
» Some last a long time...

> Understand the combinatorial impacts!
> Energy
> Peak Power
» Carbon
» Comfort
> Productivity

08/15/2016
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QREqORY

It5 not high-definition anything. Its a window.”

08/15/2016



Review
Fenestration Performance Basics



“Relationship” Issues

> Too cold in winter
> Too hot in summer
> Too much air leakage

> High energy costs

> Heating
> Cooling

> Loss of comfort
> Acoustics

> Other performance
issues

08/15/2016
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How Do We Pick a Window?

> Aesthetics

» Cost

> Heat Loss

> Heat Gain

> Air Leakage

> Water Penetration

> Wind Load Resistance
> Sound Transmission

> Fabric Fading Potential

> Condensation
Resistance

08/15/2016

> Visible Light
Transmission

> Daylighting
> Ventilation Efficiency

> Operating
Characteristics

> Maintenance &
Durability

> Code Compliance

» Warranty
Considerations

> Other Issues...

37



Design Pressure Elements

Unit Size Mean Roof Height

Six basic elements are

used to calculate design
1 pressure requirements:

Exposure Importance factor Location in Wall
08/15/2016 38




Know Your Local Wind Speed!

A
f?'nﬁ- 2040}
WY 100445
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Know Where & What Size

Zone 5 |

Within four ﬁ h

feet of a <® \?L
e 3

corner
Q/ Zone 4
@ Interior

wall area

08/15/2016



Know Your Exposure

i

L[ LI

Exposure B Exposure C

Areas with scattered
obstructions such as a coast
line or open land

Areas with numerous
closely spaced obstructions
such as trees and houses

08/15/2016

41



08/15/2016

Review
Recent Innovations in
Fenestration Performance

42



Windows Have Changed

08/15/2016



Switchable Glazings
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¥ Electrochromics

* Switchable
transmission

 Range of solar control

 Major implications for
utilities and peak
loads

e Commercial
applications first

46



EC IGU - clear state

EC coating
on surface 4

L

Sealed
air space ‘ sUNL\G“T

60% light
transmission

0.42 solar heat
gain coefficient

i

Surface 6
Surface 5
Surface 4
Surface |

Surface 3 —J[—

EC IGU- tinted state

Surface 2 with low-e

EC coating
on surface 4

L

Sealed

air space SUN\-\GH‘
2% light
transmission

0.09 solar heat
gain coefficient

Surface 6
Surface 5
Surface 4

Surface

08/15/2016 L

Surface 3— Surface 2 with low-e
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Aerogels

*  “Foamed glass”

* Highly insulative
 Over R-20 per inch
* Fragility is current

challenge.

e Many advancements
in this area.

* Lots of research
underway.

 Alreadyinusein
piping insulation.

48



Layers versus Weight...
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Improved Thermal Breaks




High R-value Frame Innovations

08/15/2016
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Improved Frames

08/15/2016
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Other Window/Glass Considerations

> Privacy
> Acoustics

> Safety Glazing Needs
> Hurricane, Blast, Impact Protection

> Limitations
> Temperature, Altitude, Comfort

> Durability/Longevity
> Shapes

> Cost

08/15/2016 Page 54
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Energy Performance Fundamentals

> U-factor
> Solar Heat Gain Coefficient
> Visible Transmittance

> Air Leakage

But before we go TOO far...

08/15/2016 Page 59



Chris’s Rule # 1

“Specify and Compare
WHOLE PRODUCT

Performance Values”

08/15/2016



ing Performance

Compar

Whole Product vs. Center of Glass Performance
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Different Materials:

08/15/2016

e\Wood
e\inyl

e Aluminum
eGlass
oSteel
eSealants
e(Gases

e Laminates
e Coatings
eetc.

Frame area

Center-of-glass
area

Edge-of-glass area

62



Specification Basics: Energy

_ *Project specific
Four Energy Basics eHigh rise? Low-rise?
> U-factor eResidential? Industrial?
eOffice? School?
eClimate specific
eHot? Cold? Mixed?

> Solar Heat Gain
Coefficient

eDry? Humid?
eSandy? Snowy?

> Air Leakage *Altitude? .
eMicroclimate specific

eQOrientation
eEnd Use

> Visible Transmittance

08/15/2016 Page 63



Primary Window Performance Elements

)

4

e
U-factor ‘ ‘;\" v Solar Heat Gain
measures the heat : s " Coefficient
::9m I.NSI“DE'a(ogr;j‘ L ~ \ ’ g. measures the amount
'at can escape. The > of OUTDOOR heat that

lower the number the
lower the potential for
wasted heating
expenses

Visible
Transmittance
measures how

much natural light
can come info a room
-- @ HIGH number
means more natural
light

can enter a room, The
lower the number, the
lower the potential for
wasted cooling
expenses

Air Leakage

measures how much

air will enter a room
through the product. The
lower the number, the
lower the potential for
draft through the
product

08/15/2016



Example U-factor Range: Aluminum Frames

1.25 7.00
Source: ASHRAE Handbook of
Fundamentals, 2009 6.00
1.00
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— 075 .
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Heat Loss Comparison

0.75

L)
o
—
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(&)
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Y
=

o
ul
o
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Thermal Transmisslon Compartson » Common aluminum-

| framed, single glazed
windows lose 3 to 4 times
more heat in winter than
today’s most basic energy
efficient technologies

> Cold glass surfaces with
recurring condensation

> BIG impact on comfort

> BIG impact on heating
costs

AL, Single, Clear Typical US Code

66



“U-Factor”

> Amount of heat transmitted through the
window due to a temperature difference

between inside and out.
> Includes Conduction, Convection and Radiation heat
transfer through the unit

> The lower the value, the less heat is lost
through the window in the winter

> Simple Rule for heating climates:
> Look for products with a U-factor < 0.30

> Severe heating climates: U < 0.24
> (Will be likely triple glazed with today’s technology)

08/15/2016 Page 67
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Now, let’s talk about
heat gain...



Heat Gain Comparison

. > Air conditioning energy is
Solar Heat Gain very expensive

> New window technologies

1 - are over three times more
— efficient at blockin
0.8 - 2
unwanted heat gain than
0.6 +~ common aluminum-framed,
single glazed windows
0.4 1 : :
' > Windows generally drive the
02 1 air conditioning load
(residential)
5 o

> Windows generally
determine the perimeter
load (commercial)

08/15/2016 69
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“Solar Heat Gain Coefficient”

> The fraction of the incident solar radiation that
is actually transmitted through the window in
the form of heat gain

> The lower the value, the less solar heat gain into
the space

> Simple rule for cooling climates:
» Look for SHGC values < 0.25

> Severe cooling climates: SHGC < 0.20
> (But will have visible color and loss of optical transmission)

08/15/2016 Page 70






Two “Low-E” Windows

Message.:
They may LOOK the same - but can perform very differently.

08/15/2016
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Two Solar Control Options

Message:
They may LOOK different - but can perform the same!

08/15/2016
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Chris’s Rule # 2
Don’t Trust Your Eyes!

>Can look the same, but perform
differently;

>Can look different, but perform
the same.

08/15/2016 . Page 74



Clear Glass

Med Solar | High Solar
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High solar gain low-E is hot in sunlight

- 2 B 3 ThEheEY:
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If entire house was glazed with HSLE, cooling thermostat would
have to be lowered by 4-5°F for equal comfort
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EEY,
Glass Performance Fundamentals

08/15/2016
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The Solar Spectrum

Transmission

80%

70%

60%

50%

40%

30%

20%

10%

0%

300
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Transmission

Clear Double Pane Glass SHGC ~ 0.75

80%
70%
60%

50%

40%
30%
20%

e Clear

10%

O%J

300 380 780 2500

uv Visible Near Infrared




Transmission

Tinted Double Pane Glass SHGC 0.65 — 0.55

80%

70%

60%

50%

40%

30%

20%

10%

0%

300

e Clear

emmw ResTint

e ComTint

380 780
uv Visible

Near Infrared

250




Today’s Options for Solar Control

Tinted Glass
> Adds color to “body” of glass
> Absorbs sunlight and re-radiates to exterior

Reflective Glass
> Mirror appearance
> Reflects sunlight out

Spectrally Selective (~1990)

> Clear glass appearance with solar control
> Reflects solar infrared (invisible to human eye)

08/15/2016 83



“Clear” Low-E Solar Options

High Solar Gain (HSLE)
> VT ~ 80%
> Glass SHGC ~ 0.65

> This was the 1% generation low-E introduced in
the early 1980s. (heating energy savings focus)

> Even though it was promoted as a “northern”
glazing and backed up by energy simulations
that credit passive solar gain, the consumer

response was extremely negative due to year-
round overheat.

08/15/2016
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Transmission

High Solar Gain Low-E: Glass SHGC ~ 0.65

80%
70%
60%
50%
40%
30%
e Clear

20%

10%
HSLE

0%
300 380 780

uv Visible Near Infrared

2500



~ Medium Solar Gain Low-E: Glass SHGC ~ 0.40

80%
70%
60%
c 50%
0
k%
=
2 40%
o
}_
30%
e Clear
20%
HSLE
10%
e |VSLE
0%
300 380 780 2500

uv Visible Near Infrared
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Low Solar Gain Low-E: Glass SHGC ~ 0.25

80%
70%
60%
c 50%
ke
wv
0
=
2 40%
o
|_
30%
esmm(Clear
20%
’ HSLE
e |VISLE
10%
emms| SLE
0%
300 380 780 2500
uv Visible Near Infrared
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Full Spectrum Width

Transmission
g

g

s 1P Clr

\ 2P Clr

s 2P HSLE
2P MSLE
\ S 2P LSLE

B

500 700 oS00 1100 1300 1500 1700 1500 2100 2300 2500
Wavelength, nm




25

20

15

10

Overcoat

Anti-Reflecto

Anti-Reflecto

Single Silver

80% VT

SHGC 0.65

\

Low-E Coating Structure

Barrier

S—

Double Silver

70% VT

SHGC 0.40

Triple Silver

65% VT

SHGC 0.25




Transmission
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70%

60%

50%

40%

30%

20%

10%
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"Clear" LowE Options: High, Medium, Low Solar Gain

uv
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Fraction of Total Solar
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Transmission

80%

70%

60%

50% -

40% -

30% -

20% -

10% -

0%

What Flavor is Your Glass? Read the Label!

=== Clear
=——=Tinted
—==Pyro E
=—=HSLE [
=== MSLE
===LSLE |

uv
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Is the Performance Certified & Labeled?

> Does it have...

» Low-E coatings?
> Which one?

> Gas fills? Which one?
» Low-conductivity spacers?

> Does it meet...

> Local codes?
> Performance expectations?
> Comfort expectations?

» Known Impact on HVAC
Sizing Calculations?
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Certification Matters?

World's Best
Window Co.
Millennium 2000t

Na‘g‘“ Fenesiralion Vinyl-Clad Wood Frame
__fialing Councl® Double Glazing * Argon Fill * Low E

Product Type: Vertical Slider

ENERGY PERFORMANCE RATINGS

U-Factor (U.S./I-P) Solar Heat Gain Coefficient

0.30 0.25

Visible Transmittance Air Leakage (U.S./I-P)

0.51 0.2

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for determining whole

product performance. NFRC ratings are determined for a fixed set of environmental conditions and a

specific product size. Consult manufacturer's literature for other product performance information.
www.nfrc.org

08/15/2016
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Chris’s Rule #3

> If the properties are not certified, don’t buy it.
» No way to know critical properties by visual

08/15/2016

Inspection
> Air
> Water
> Structural
> Impact
> U-factor
> SHGC
> Visible Transmittance

World's Best
Window Co.
Millennium 2000+

National Fenestration
Rating Council® Vinyl-Clad Wood Frame

—_ Double Glazing * Argon Fill « Low E

CERTIFIED Product Type: Vertical Slider

ENERGY PERFORMANCE RATINGS

Solar Heat Gain Coefficient
0.30 0.25

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S./I-P)

0.51 0.2

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for determining whole

product performance. NFRC ratings are determined for a fixed set of environmental conditions and a

specific product size. Consult manufacturer’s literature for other product performance information.
voww.nfrc.org
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Energy Certification in Europe: Critica

Window Energy Performance (WEP)

Window Energy Performance Rating for this window Is: A

MOST EFFICIENT

10.33 kKWh/m*/yr

THE THERMAL TRANSMITTANCE (U window)
IS a measure of the insulation properties of the wincow

assembly and allows

the consumer to compare how

effective each window assembly is at containing and
tt

conserving heat within a building in winter. The lower

the U-value, the greater the thermal performance of

the window

THE AIR LEAKAGE (L factor)
IS a measure of the airtightness of a specific window
assembly. Good-quality windows tested to the appropriate

standards should have no air leakage. The lower t

ENERGY INDEX (KWh/m?/fear): 10.33 leakage value, the greater the airtightness of the assembly
. \ Ieish standard

e aur

at 50 pa

dex certified by NSAI Agre standard

al energy consump

o the buliding. the local clribte aad the IndcJF IR THE SOLAR FACTOR (g window)

or Solar Heat Gain Coefficient (SHG C) measures how

cu TE ZONE well a product blocks heat caused by sunlight. Heat

gain can be beneficial in winter months but can also

present consumers with additional cooling loads in

EW PERFORMANCE CRITERIA

TrermajTransmittance wecow = 303 W/m? K number between 0 and 1. A lower Solar Factor means

oo r »t b ) n
less heat gain

summer months. The Solar Factor is expressed as a

Effective Air Leakage toe 00 W/m? K

Solar Factor

ADDITIONAL PERFORMANCE CRITERIA

Condensation Resistance CR = NA
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Installation and Integration

> The DER Annex contains important guidance
concerning proper replacement window

installation, including information on:

> Proper integration with the wall’s water management
system

> Air leakage minimization and control

» Anchoring and loads

> Etc.

> Investments in energy efficient fenestration can

be lost without proper installation
> We want performance that lasts!
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The End in Mind
> The Size of Things...

> Scale and implications of fenestration performance

> Trends in Fenestration Performance
» Technological innovation and change

> Implications for Deep Energy Retrofit Success
> Energy
» Power
» Comfort
> Safety
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Some of the
messages are
pretty simple...




Thank You!

R. Christopher Mathis

President — Mathis Consulting Company

Asheville, NC, USA
chris@mathisconsulting.com
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