Guidelines for Energy Efficient Windows
In New Construction
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Fenestration Impacts on
Building End Use Energy Consumption

Buildings consume 39% of total U.S. energy
» 71% of electricity and 54% of natural gas

"F Computers 1%
B Cooking 5%
B Electronics 5%
I Wash 5%
21% Residential - B Refrigeration 9%
I Cooling 10%
I | ights 12%
I Water Heat 13%
I Heating 32%
LI Other 4%

[ ='ooking 2%
. Computers 3%

Transggoﬂatmn B Refrigeration 4%

% 18% Commercial - B Office Equipment 7%
I Ventilation 7%
I Water Heat 7%
I Cooling 13%
I Heating 16%
N Lights 28%
I Other 10%
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U. S. Energy Use for Windows

Total U.S. Energy Use = 98.3 Quads

Total Building Energy Use = 38.8 Quads
» Residential buildings = 21.3 Quads
o Commercial buildings = 17.5 Quads

Total Window Energy Use = 4.0 Quads

» Residential heating = 2.0 Quads
» Residential cooling = 0.9 Quads
o Commercial heating = 0.5 Quads
o Commercial cooling = 0.6 Quads

Savings Potential by Daylighting = 1.0 Quad

Economic impact
« Annual energy cost = $40 billion
 Annual window sales = $20 billion

Based on DOE BT 2005 Core Data Book
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Efficient Windows

| Efficient Windows
Collaborative

Collaborative

The Efficient Windows Collaborative (EWC) is a coalition of window,
door, skylight, and component manufacturers, federal, state and local
government agencies, research institutions, and others who partner to
expand the market for energy efficient window products.

Lead Organizations
— Alliance to Save Energy

— Center for Sustainable Building Research, University of Minnesota
— Lawrence Berkeley National Labs

— 159 Active industry members and affiliates
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Efficient Windows Collaborative

RESIDENTIAL WINDOWS

Residential Tools and Information

 3rd edition of book: ““Residential
Windows: A Guide to New Technology
andvl\;neléqy Performance”

« EWC eb ite:
www.efficientwindows.org

\ T 5
e Efficient Windows Co/laborative

» Fact sheets for 100 cities
» Education and training materials

* Product database for EWC members
(NFRC and ENERGY STAR participants)
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http:www.efficientwindows.org

What Makes an Energy-Efficient Window?

Characteristics of Low-E Coatings

Long-wave radiant heat is reflected, giving an improved U-factor and
reduced winter heat loss.

Higher temperatures on the interior glass surface contribute to greater
comfort and less condensation in winter.

Visible transmittance is only slightly affected.
With high-solar-gain coatings, solar heat is transmitted.
With low-solar-gain coatings, solar radiation is reflected back toward the
exterior.
Characteristics of Gas Fills

Thermal resistance is increased with argon and krypton gas fills,
reducing winter heat loss and summer heat gain through conduction.

 Low-E coating

Higher temperatures in winter on the interior glass surface contribute to

greater comfort and less condensation. * Gas fill
Visible transmittance is not affected. * Warm-edge spacers
Characteristics of Thermally Improved Spacers
Overall U-factor is improved because heat loss at the glass edges is reduced.
Higher temperatures on the glass edges produce less condensation.
US DEPARTHENTOF | Eneray Efficiency & Buiédin UNIVERSITY OF MINNESOTA Building America Meeting
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Double with Double Triple
Selective Tint With Low-E With Low-e
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Glazing Comparison

$200

Annual Energy Costs

$400 $600 $8600 $1000 $1200 $1400

Minneapolis, Minnesota

C—IT QMmO W >
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. Heating Cost

. Cooling Cost
|

ENERGY

Annual energy performance for a 2000-
square-foot house with different glazing
types using a wood or vinyl frame in
two U.S. climates.

Window Glazing U-factor SHGC VT
A single, clear 0.84 0.64 0.65
B single, tint 0.84 054 049
G double, clear 049 056 0.59
D double, tint 0.49 0.47 0.44
E double, high-performance tint 0.49 0.39 0.50
F double, high-solar-gain low-E 0.37 053 054
G double, moderate-solar-gain low-E 035 044 056
H double, low-solar-gain low-E 034 030 0.51
| triple, moderate-solar-gain low-E 029 038 047
J triple, low-solar-gain low-E 028 0.25 0.40

Energy Efficiency & Buifing ReRe3 w UNIVERSITY OF MINNESOTA Building America Meeting
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Residential: Selecting the Right Window

Impact of window glazing area on annual energy use for a typical
house in Minneapolis, Minnesota. The better performance of the
window — the less of an impact of the glazing area.

Annual Energy Costs T b

%0 S500 $ 1000 $1500 $ 2000 -
300 sq ft of glazing (15% of floor area) \lé SHGL=062
= g

. Heating Cost
DCco'rg Cost )
600 sa ft of glazing (30% of floor area) e

[ Window C
Doutie Glazirg
- i Low-E (high sciar aan
e

900 sq ft of glazing (45% of fioor area)
[
[ ]
[ |
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Annual Energy Coste
$ 300 $600 $900

Ne snsding

Vindow B
Dowpe GHazing
\ Bronze/Gray Tint
| Absmrum Frame witmesk
| U-Factor=062
SHGE=052
VT-D48

Window A

Double Glazirg

Qear

Aluriinue Frame wilbrask
U-Factor=063
SHOC=0.62
Vi=062

Wirdow C

Doutie (Harna
Claar

Wood iyl Frame
U-Factor-C.49
SHGC=0 56
VT=059

Window D

Double Glazing
Low-E {low solsr gain)
WoodViryl Frame
U-Factor=0%4
SHOC-C.50

YT=0 51
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Frame Types

Aluminum Vinyl

Hybrid/Composite Fiberglass
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Annual Energy Costs
$0 $300 $600 $900 $1200 $1500

Minneapolis, Minnesota

A
B
C
D
E
A
=
c [l Hesting Cost
D
E Bl cooling Cost
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Window Glazing Frame U-factorSHGC VT

A double, low- aluminum 059 0.37 0.59
solar-gain low-E

B double, low- aluminum w/break  0.47 0.33 0.55
solar-gain low-E

C double, low- wood/wood clad 0.34 030 051
solar-gain low-E

D double, low- vinyl 0.34 030 0.51
solar-gain low-E

E double, low- insulated fiberglass  0.26  0.31 0.55
solar-gain low-E

NorthernSTA

Building America Meeting
Denver CO—August 2011
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Selecting the Right Window

1. Look for the ENERGY STAR

Look for a product that qualifies for the Energy Star in your area.

2. Look for Energy Efficient Window Properties on the NFRC Label

rwusan | v G The key window properties are U-factor, Solar Heat Gain Coefficient (SHGC), and Visible

035M032 Transmittance (VT). The NFRC label provides the only reliable way to determine the window

Visible Transmittance Air Leakage (US/I-P)

properties and to compare products.

3. Compare Annual Energy Costs for a Typical House

The annual energy use from computer simulations for a typical 2000-square-foot house in your
region can be compared for different window options.

4. Estimate and Compare Annual Energy Costs for Your House

Using a computer program such as RESFEN to compare window options is the only method of
obtaining reasonable estimates of the heating and cooling costs for your climate, house design, and
utility rates.

us. oEeARTMENT OF | Enaroy Efficiency &  Bietedin % UNIVERSITY OF MINNESOTA Building America Meeting
ENERGY Renewable Energy UASM‘E,BJ@ﬁE”, Driven to Discover Northern STAR Denver CO—August 2011
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y NHD

National Fenestration

Rating Counci

World's Best
Window Co.
Millennium 2000+

Naborsl Fanestarion Vinyl-Clad Wood Frame
Fating Double Glazing * Argon Fill  Low E
CERTIFIED Product Type: Vertical Slider

ENERGY PERFORMANCE RATINGS
U-Factor (US/1-P) Solar Heat Gain Coefficient

035 0.32

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

0.51 0.2

Condensation Resistance

51 —

Manytchume: stigotyies fat thess rafings cotiorm to apgiicatie NFRC procedsres for determining wicle

product performarce. NFRE riegs are determingd Yor 3 foad set of endronmertal condtions and 3

speciie prodact sice. NFRC does st receermend aty product and does not wammare ihe subabiity of avy

proguct 1or 3y specc uee. Consyt manufacurer's iboratuns for other product performarce information
www b o

U.S. DEPARTMENT OF Energy Efﬁciency & Bulldin, %
ENERGY Renewable Energy UASMEBJ@ﬁE”,

UNIVERSITY OF MINNESOTA Building America Meetin
Driven to D‘iscover Northern STAR DenvergCO—AugUSt 201?

The NFRC Label

NFRC has established a voluntary national
energy performance rating and labeling
system for fenestration products.

The NFRC label rates:
« U-factor, or how well a window keeps heat inside a building.

* Solar heat gain, or a window’s ability to block warming caused by
sunlight.

* Visible light transmittance, or how much light gets through a
product.

* Air leakage, heat loss and gain occur by infiltration through cracks
in the window assembly.

 Condensation resistance, the ability of a product to resist the
formation of condensation on the interior surface of that product.

14



ook for the ENERGY STAR® Label

onert 7

Windows

ENERGY STAR B e e e

=0.31 * 035 Equivalent
Energy
=032 * 040 Performance

North- 1 0.32 1 0.40
1 0.35 1 0.30

' BumftF
? Fraction of incident solar radiation

U5 DEPARTNENT OF | Enarqy Efficiency & Bullding B R3 ‘ U M
ENERGY Ceoiiesrt Fiieyiliomann oo Northermn STAR

U.S. Department of Energy

Glazing Level

Climate Zone

Doors
U-Factor'
1021

1027

1032

Skylights
U-Factor’
1055
1055

1 0.57

1 0.70

North-
Central

South-
Central

SHGC?
No Rating
1 0.30

! 0.30

SHGC?
Any

1 0.40
1030

! 0.30

Building America Meeting
Denver CO—August 2011
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RESFEN

for Calculating the Heating and Cooling Energy Use of Windows in

Residential Buildings

RESFEN can be used to run performance comparisons
of different window and skylight options and to
calculate annual energy use, peak heating and cooling

loads, and costs.

Calculates the heating and
cooling energy use of a building:

—for a specific house

—in a specific location

—with specific window products
Compares different window options
Helps select energy-efficient windows

windows.lbl.gov/software/resfen/resfen.htmi

Bulldin, ﬂ
AMERICA
U.S. Department of Energy

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

|5 Resfen - House Library (C:\Program Files\LBNL\RESFENS\RESFENS.mdb) =]
Ele Edit Record Lbraries Wiew Window Options Help
= bl W] | (]| 2|7 [
Window Data il
fiea  Ufactor  SHGC Aileskage Solar Gain
‘Window Type 2 Blu/hi2F cfm/M2 Reduction
Notth [User defined =] »| [E] 043 0.85 2 [Typical ~
East [ =] > a0 049 0.85 2 pica =
South 2|l o [ oaa[ oss Z z
West =] »] aa, 043 0.85 2 : v
Skyight [User defined =] »| 0. 0 0 0 [None -
[V East, South and West windows are the same type az North

Floor Area | 2500, ft2

Envelope Package

Exist03 (W) -

Foundation Type

Wisconsin >
0.085 $/Kwh

Gas Cost

'Wisconsin e
0.928 $/Theim

Desciiption

Example #1 - Case & -

Total Window Area {240 ft2  9.6% of floor area

Whole House:
Heatiry 0 Cooling Total (source)
AnnualEncrgy Totaks | 1547 MBuw [ 1138 kwh [ 1672 MBw
Annusl Energy per 2 | 61.9 kB2 | 045 kwhat2 | 669 kBlu/i2
Peak | 1007 kBtwhr 445 Kw
Cost 8 143592 $[ 9859 [ 153251

For Help, press F1

UNIVERSITY OF MINNESOTA
Driven to Discover

NorthernSTAR

Building America Meeting
Denver CO—August 2011
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W iicient Windows CoZlaborative

YOUR GATEWAY TO INFORMATION ON HOW TO CHOOSE ENERGY-EFFICIENT WINDOWS

Home

Guidance | Resources | Fact Sheets |Energy Codes| Publications | Membership | ContactUs | Search

WINDOW SELECTION TOOL WINDOW TECHNOLOGIES BENEFITS

Efficient Windows Collaborative (EWC) bers have de a itment to facture
and promote energy-efficient windows. This site provides unbiased information on the
benefits of energy-efficient windows, descriptions of how they work, and recommendations
for their selection and use. Take a look to learn more!

LOOKING FOR GUIDANCE?

Improving or replacing Selecting windows for new
windows in existing homes homes

Replacement Guidance» = Design Guidance»
Tax Credit» = Energy Codes»
Weatherization Assistance»

More»

Designing commercial window  Window standards,
systems programs and research

Design Guidance» = High Performance

Commercial Windows Windows and Low-E

Website» Storm Windows Volume
Purchase Program>»

Standards & Policies»

Research & Development»
Public & Affordable
Housing»

State fact sheets reflecting the new 2010 ENERGY STAR requirements
are now available. View now>»

The spring edition of the EWC newsletter, Word on Windows, is now
available. View now»

Visit the Alliance to Save Energy's_ E-Newsletter Sign Up page to sign
up to receive Word on Windows.

Steve Selkowitz, head of the Building Technologies Department at
Lawrence Berkeley National Laboratory speaks on "Energy-Saving
Windows A Legacy Of '70s Oil Crisis" on National Public Radio (NPR).
Listen now»

This site is sponsored by the EWC with support from the U.S. Department of Energy's Windows and Glazings Program
and the participation of industry members,

Copyright © 1998-2011
Regents of the University of Minnesota, Twin Cities Campus, College of Design, Center for Sustainable Bullding Research
All rights reserved.

rch, Alllai to

wrence Berk National Lal

This site was developed fointly by the
Alliance to Save Energy, and La

Disclaimer

uS DEPARTMENTO® | Energy Efficiency & Paling Ratked

ENERGY roerioercn ANERICh SRR o vomem oo NorthernSTAR

Building America Meeting
Denver CO—August 2011
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U.S. DEPARTMENT OF

ENERGY -

B (ficient Windows CoZlaborative

Membership Publications Toolkits

Home » Window Selection

WINDOW SELECTION TOOL WINDOW TECHNOLOGIES

Window Selection Tool

Compare how different window or skylight types affect annual energy cost simulated for a
typical house in your location. This tool also links to products from specific manufacturers
that correspond to the listed window or skylight types.

Select a condition:
(®) New Construction
() Existing Construction

Select a type:

@) Windows
O Skylights

Select a city:
| AK Anchorage =

( Compare Energy Costs )

When selecting windows or skylights:
= Look for properties on the NFRC Label.
= Look for the ENERGY STAR™.

» Perform simultations using RESFEN.

Design Variations:
= Glazing Area

» Shading

= Orientation

Multiple Benefits Fact Sheet:
This fact sheet combines several measurable

attributes (annual energy cost, peak demand,
winter and summer thermal comfort, and

condensation) to assist in the selection process.

American Architectural Manufacturers Association (AAMA): Window & Door Manufacturers Association (WDHA)

AAMA is the premier source for performance standards, product WDMA is a trade association representing

certification and educational programs. AAMA's over 250 approximately 145 U.S. and Canadian

members represent both the residential and commercial window, manufacturers and suppliers of windows and W D M A
door and skylight industry. The AAMA online Certified Products doors for the domestic and export

Directory is the best resource available for locating products to markets. WDMA members manufacture high performance preducts designed
achieve air, water, structural and forced entry resistance coede compliance. and built to performance-based standards.

Copyright © 1998-2010

Regents of the University of Minnesota, Twin Cities Campus, College of Design, Center for Sustainable Bullding Research

All rights reserved.

This site was developed jointly by the Center for Sustainable Bullding Research, Alliance to Save Energy, and Lawrence Berkeley National Laboratory.

Disclaimer

Bu
o e nert RHERICh SR vomem oo NorthernSTAR

U.S. Department of Energy

Building America Meeting
Denver CO—August 2011
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®®Efficient Windows Co/laborative

Home

Membership

Codes Resources | Publications Toolkits

Home » Window Selection » Minneapolis,
MN

WINDOW SELECTION TOOL

WINDOW TECHNOLOGIES

Minneapolis, Minnesota

Energy Costs
Natural Gas: §0.991/therm
Electricity: $0.097/kWh

Minnesota Factsheet

State Code Information

Window Types

Window28
Triple-glazed,
High-solar-gain Low-E
Glass, Argon/Krypton
Gas

Non-metal, Thermally
Improved

Window29
Triple-glazed,
Low-Solar-Gain Low-E
Glass, Argon/Krypton
Gas

Non-metal, Thermally
Improved

Window23
Triple-glazed,
High-solar-gain Low-E
Glass, Argon/Krypton
Gas

Non-metal

Window24
Triple-glazed,
Low-Solar-Gain Low-E
Glass, Argon/Krypton
Gas

Non-metal

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency & 2
Renewable Energy

AR

U.S. Department of Energy =

Window Search

Select Glass: f [All glass types]

Select Frame: [ (Al frame types)

ENERGY STAR®:  Yes [
Construction Type: New ®  Existing ()
Product Type: Windows ®  Skylights O
Search for Windows
Manufacturer ENERGY STAR®
Properties Annual Energy Use Information Qualified
U= <0
SHGC = D 26-0.40 Products yes
VT = 0.41-0.50
$600 $900 $1200
= £0.20
SHGC = £0.25 Products yes
= £0.40
$600 $900 $1200

U = 0.21-0.25
SHGC = 0.26-0.40 Products yes
VT = 0.41-0.50

ssuo 4900 §1200
U = 0.21-0.25
SHGC = £0.25 Products yes
VT = <0.40

sson $300 $1200

UNIVERSITY OF MINNESOTA
Driven to Discover*

NorthernSTAR

Building America Meeting

Denver CO—August 2011 19



U.S. DEPARTMENT OF

ENERGY

®®Efficient Windows Co/laborative

Membership

Publications

Home » Window Selection » Minneapolis,
MN

WINDOW SELECTION TOOL

Minneapolis, Minnesota

Window28

Triple-glazed, High-solar-gain Low-E Glass
Argon/Krypton Gas

Non-metal, Thermally Improved

WINDOW TECHNOLOGIES

U = <0.20
SHGC = 0.26-0.40
VT = 0.41-0.50

Manufacturer

View Products

Accurate Dorwin

Products Available»

Alside/Gentek/Revere from Associated Materials Inc,

Products Available»

Comfort Line Fiberframe

Products Available»

Fibertec Window & Door Mfg.

Products Available»

Gorell Windows and Doors

Products Available»

Great Lakes Window

Products Available»

Mercury Excelum

Products Available»

Paradigm Window Solutiens

Products Available»

Ply Gem Windows

Products Available»

Seaway Manufacturing

Products Available»

Serious Materials

Products Available»

Soft-Lite Windows

Products Available»

Unlimited

Products Available»

Wasco Windows

Products Available»

Energy Efficiency & Btedin
Renewable Energy AMﬁlﬁﬁ

Disclaimer: Manufacturers have agreed that products listed here meet the energy performance requirements of the Efficient Windows Collaborative and have been

tested and certified according to NFRC standards.

The Efficient Windows Collaborative does not provide any guarantees of service or useability for products or services purchased from these merchants.

Copyright © 1998-2010

Regents of the University of Minnesota, Twin Cities Campus, College of Design, Center for Sustainable Bullding Research

All rights reserved.

This site was developed jointly by the Center for Sustainable Bullding Research, Alllance to Save Energy, and Lawrence Berkeley National Laboratory.

U.S. Department of Energy

UNIVERSITY OF MINNESOTA
Driven to Discover*

NorthernSTAR

Building America Meeting
Denver CO—August 2011



®®Efficient Windows Co/laborative

Home » Window Selection » Minneapolis, MN

WINDOW SELECTION TOOL WINDOW TECHNOLOGIES

Minneapolis, Minnesota

]

Window 28

P z 3 U = 20.20
Z?ﬂt:laud,:lgh—sol;'mm Low-E SHGC = 0.26-0.40
2 o on LAy VT = 0.41-0.50

Non-metal Frame, Thermally Im ed

«Back to Manufacturers List

Manufacturer Product Line

U-factor

vr

Marvin Windows and Doors

ko e Clad Ukimate Double Hung Picture - tri-pane, low-E 179, argon/krypton

0.20

0.43

0.52

Wood Magnum Tilt-Turn - tri-pane, low-E 179, krypton/argon

0.20

0.38

0.46

Wood Ultimate Awning - tri-pane, low-E 179, krypton/argon

0.20

0.37

0.45

tested and certified according to NFRC standards.

Copyright © 1998-2011

Disclaimer: Manufacturers have agreed that products listed here meet the energy performance requirements of the Efficient Windows Collaborative and have been

The Efficient Windows Collaborative does not provide any guarantees of service or useability for products or services purchased from these merchants.

Regents of the University of Minnesota, Twin Citles Campus, College of Design, Center for Sustainable Bullding Research

All rights reserved.

This site was developed jointly by the
Center for Sustainable Bullding Research, Alllance to Save Energy, and Lawrence Berkeley National Laboratory.

Disclaimer

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency & 2 TR

Renewable Energy U.S. Department of

UNIVERSITY OF MINNESOTA
Driven to Discover*

NorthernSTA

Building America Meeting
Denver CO—August 2011

21



U.S. DEPARTMENT OF

New Homes: Selecting Energy
= Kificient Windows in Minnesota

icientwindows.org

Collaborative

Minesota s mainly 3
heating dominated cimute

ENERGY STAR* Zones

Zone (heating & cooling)
Il Southom Climate Zone (mostly cooling)

January 2011

1. Meet the Energy Code and Look for the ENERGY STAR®

Windows must meet the locally h
applicable energy code requirements.

Windows that are ENERGY STAR ﬁ
qualified typically meet or exceed energy W
code requirements. To verify if specific

window energy properties comply with
the local code requirements, go to Step 2.

2. Look for Efficient Properties on the NFRC Label

“The National Fenestration Rating Council o
(NFRC) label is needed for verification e

of energy code compliance (www.nfrc.
org). The NFRC label displays whole-
window energy properties and appears
on all fenestration products which are
part of the ENERGY STAR program.
For typical cost savings from cfficient [Z==

d in a specific location, go to

=

— i

Heating and Cooling Season Savings

Low-E coatings, gas-fills, and insulating spacers and frames result
in a lower U-factor, meaning less winter heat loss. Many low-E
coatings also reduce solar heat gain.

Improved Daylight and View

Many low-E coatings can reduce solar heat gain significantly with
a minimal loss of visible light (compared 10 older tints and films),
Improved Comfort

With a low U-factor, window temperatures are more moderate and
there are fewer cold drafts. With a lower solar heat gain coefficient
(SHGC), there is less discomfort from the summer sun.

Less Condensation

Frame, spacer and glazing materials that resist heat conduclmn do
not become as cold and this results in less cond

Step 3.
3. Compare Annual Energy Costs for a Typical House

Ustcanpmttsimulalimslbrm)pical

2250 square-foot house to compare
|hc annual energy performance of
different window types. A comparison
of the energy performance of a set of
windows for this climate begins on Page 3.

4. Customize Energy Use for a Specific House

A computer simulation program, suchas =
RESFEN (windows.lbl.gov!sonwarel.
lets you pare window perfc

Reduced Fading
Coatings on glass or plastic films within the window assembly can
reduce the ultraviolet (UV) and other solar radiation

which causes fading of fabrics and furnishings.

Lower Mechanical Equipment Costs

Using windows that reduce solar heat gain (low SHGC) may allow
for smaller, less expensive cooling equipment. Windows with a very
low U-factor may ensure winter comfort even without the need for
heat registers near the windows.

Energy Efficiency &

ENERGY

Renewable Energy  §'s. Bepartment of Energy

1 ng perfomum:c

Y
based on utility rates for your climate,
house design options, and window ~
design options.

5. Ensure Proper Installation

Proper installation is necessary for r

optimal window performance, to -
ensure an airtight fit and avoid water ‘
leakage. Always follow manufacturers !
installation guidelines and use trained

professionals for window installation.

®
* ok UNIVERSITY OF MINNESOTA
Driven to Discover*

Existing Homes: Selecting Energy
| | Eﬂll:lent Windows in Minnesota

Collaborative

Minnesota ks mainly a
heating dominated chinmate

& cooling)
lmmmmm;mm)

Heating and Cooling Season Savings

Low-E coatings, gas-fills, and insulating spacers and frames result
in a lower U-factor, meaning less winter heat loss. Many low-E
coatings also reduce solar heat gain,

Improved Daylight and View

Many low-E coatings can reduce solar heat gain significantly with
aminimal loss of visible light (compared to older tints and films).
Improved Comfort

With a low U-factor, window temperatures are more moderate and
there are fewer cold drafts. With a lower solar heat gain cocfficient
(SHGC), there is less discomfort from the summer sun.

Less Condensation

Frame, spacer and glazing materials that resist heat conduction d

January 2011

1. Meet the Energy Code and Look for the ENERGY STAR®

Windows must meet the locally

applicable energy code requirements.

Windows that are ENERGY STAR fE
qualified typically meet or exceed energy _W
code requirements. To verify if specific

window energy properties comply with

the local code requirements, goto Step 2.

2. Look for Efficient Properties on the NFRC Label

The National Fenestration Rating Council
(NFRC) label is needed for verification
of energy code compliance (www.nfrc.
org). The NFRC label displays whole-
window energy properties and appears
on all fenestration products which are
part of the ENERGY STAR program.
For typical cost savings from efficient
windows in a specific location, go to
Step 3.

3. Compare Annual Energy Costs for a Typical House

Use computer simulations for a typical
2150 square-foot house 1o compare the
annual energy performance of different
window types. A comparison of the
energy performance of a set of windows
for this climate begins on Page 3.

4.“!”““&"'.%“

suchas ==
RE?FEN (windows. Ibl. gow‘soﬂwanc),

not become as cold and this results in less condensation.
Reduced Fading

Coatings on glass or plastic films within the window assembly can
significantly reduce the ultraviolet (UV) and other solar radiation
which causes fading of fabrics and fumishings.

Lower Mechanical Equipment Costs

Using windows that rcducc snhr ht:lpm(lm\ Sl!(i( ) may allow
for smaller, | P withavery

low U-I'aﬂormlycnmemnlcr comfort even without the need for
heat registers near the windows.,

NorthernSTAR

lets you pare window perf
options by calculating performance
based on utility rates for your climate,
house design options, and window ~
design options.

§. Ensure Proper Installation

Proper installation is necessary for
optimal window performance, to
ensure an airtight fit and avoid water
leakage. Always follow manufacturers
installation guidelines and use trained |
professionals for window installation.

Building America Meeting
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Look for Efficient Window Properties on the NFRC Label

For superior insulation, winoows
with & U-tackor of 0.2 of less are
avatabl.

U-factor SHGC
‘Windows: Us0.32 Windows: SHGC0.40
‘Skylights: Us0.55 :
more
Important a low U-tackor becomes. | costs o1 summar overheating
ingulation, problems, ook for of

0.30 or less. Whi windows with
lowor SHGC vakies reduce summer
cooling demand, thay also roduce
free winter solar heat gan

Recommendations in the South Central Zone (heating & cooling)

with low SHGC values

Windows: Us0.35 Windows: SHGC=0.30
Thelarger yourheating bill themore | Windows
impontant a low U-{actor becomes. | reduce

summer cooling and
also

180uCo winder Solat heat gain

Recommendations in the Southern Zone (mostly cooling)

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy  {'s.

U-Fi

The rate of heat loss is indicated in
terms of the U-factor (U-value). This
ratc of non-solar heat loss or gain
through a whole window assembly is
measured in Biwhr-sf-°F, The lower
the U-factor, the greater a window's
resistance to heat flow and the better
its insulating value.

Solar Heat Gain (SHC

New Homes: Selecting Energy Efficient Windows in Minnesota

The SHGC is the fraction of incide
solar radiation admitted through a
window. SHGC is expressed as a
number between 0 and 1. The lowe
window's solar heat gain coefficier
the less solar heat it transmits.
‘Whether a higher or lower SHGC
is desirable depends on the climate
orientation, shading conditions, an¢
other factors.

Visible Transmittance (VT)

The VT is an optical property that
indicates the amount of visible ligh
transmitted. VT is a whole window
rating and includes the impact of th
frame which does not transmit any
visible light. While VT theoreticall
varies between 0 and 1, most value
are between 0.3 and 0.7. The highe
the VT, the more light is transmine

Air Leakage (AL)

AL is expressed in cubic feet of air
passing through a square foot of
window area (cfim/sf). The lower th
AL, the less air will pass through
cracks in the assembly. AL is very
important, but not as imporant as
U-factor and SHGC, AL is an optic
rating on the NFRC label.

Condensation Resistance (CR)
CR measures how well a window
resists the formation of condensatic
on the inside surface. CR is expres:
as a number between 1 and 100. T?
higher the number, the better a pros
is able to resist condensation. CR i
meant 1o compare products and the
potential for condensation formatic
CR is an optional rating on the NFI
label.

W

ent of Energy

Uraversity of Mirnesota. Twn

Al rghts reserved.

Comparing Window Performance in Duluth, Minnesota

The annual energy performance figures shown here assume a typical new 2250 sq.
ft. house with 15% wind floor area. The windows are equally distributed on all
four sides of the house and include typical shading (interior shades, overhangs, trees
and neighboring buildings).

Properties Annual Energy Use

CASE1

double glazing U=056-0.70 | Ce Minnescta Conter Research Jaraay 2011
cloar glass SHGC > 0.60 AR e
‘metal frame with thermal break
0 se00  s400  s600  seco s Comparing Window Performance in Minneapolis, Minnesota
CASE 2 The annual energy performance figures shown here assume a typical new 2250 sq.
&?mmwm] g;&‘,‘:zs_om fi. house with 15% wind floor area. The windows are equally distributed on all
argon gas "m four sides of the house and include typical shading (interior shades, overhangs, trees
T4l £:6ma Wy Iaemal sal: S0 s200 $400  $600 8800 §' and neighboring buildings).
CASE3
double glazing U=041-055 Case Studies Properties Annual Energy Use
clear glass SHGG = 0.41-0.60 cASE1
non-métal frame glazing U= 056-070
" S0 S200  SH00 600  Se0  § cloar glass SHGC > 0.60
metal frame with thermal break
CASE4 0 $200  $400  SE00 800 §1000
double glazing U=026-030
i . — oy .
ogon ges W double glazing U=041-085
, thacmasy mproved 0 S200  $400  $600  $800 § low-E coating (high solar gain) SHGC = 0.41-0.60
argon gas hi
CASES SO e W) o) ek S0 S200  $400  $600  $800  §1000
double glazing U =026-0.30
low-E coating (moderate solar gain) SHGC = 0.26-0.40 CASE3
mmgufl"m s0 $200  S400  $600  $800 § ass Mc""'"-o‘“
M oo s o
- CASE® . 0 $200  $400  $800  $800  $§1000
ipte gl U=020
low-E coating (high solar gain) SHGC = 0.26-0.40 J_ .
argon gas double glazing U=026-030
non-matal frame $0 $200  S400  $600 $800 § low-E coaling (high solar gain) SHGE = 0.41-0.60
thermally argon gas fill
non-métal irme S0 S200  $400  $600 5800  §1000
l:mumm [E] Annwai Cooting Cost sty lpned
CASES
— pryen e ol double glazing U=026-030
\ L C are for It § o wEmcw(mmw] SHGC = 0.26-0.40
! " apytans ok argon
== i D mven =l L
el g et pece dot by b Emergy heamiog - thermally improved
e 3010 3030, Fe 10 00 i peald 2009 el g
prdan o by
g e casee =
low-E coating (high solar gain) SHGC =0.26-0.40
m‘ﬁ"m
50 5200 SE00  $800  §1000
thermally improved o

®

UNIVERSITY OF MINNESOTA
Driven to Discover*

NorthernSTA

Iimmmcan [B Anuat Gooting Cost
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Nk The e esmergy

=
Rewsies ey »eypicad sew 2130 g i e with 196 wambr 40 e sres. The winkmar o four sider
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i seascms of 2102020
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Energy Code Compliance Guide to Window Selection

in Minnesota
Code: 2009 International Energy Conservation Code

IECC Prescriptive Window Energy Efficiency Requirements
Code: 2009 International Encrg) Conservation Code

This table of window, door and iyh@lmmmﬂmﬁmhzwmccwdoamwym&uh
LTS - 5 version of the [ECC that hmhemaw the state or any state-specific amendments. These
This guide is designed to help select windows, m.nzuy & by -4 fhose used i e residences, i

doors and skylights that will meet the
requirements of the 2009 IECC for residential
buildings as it relates to Minnesota. The
requirements in the 2009 IECC are the same for
windows used in new buildings, remodeling &

additions to existing buildings, and as
replacements of existing windows.

Step-by-Step Instructions

1. Using the climate zone map or table. match
the jurisdiction to the appropriate [ECC
climate zone. Use the “IECC Prescriptive
Window Energy Efficiency Requirements™
(on the back of this sheet) to determine the
window performance requirements associated
with the climate zone.

2. Construct the home with windows that have
area weighted average U-factor and SHGC
values less than or equal to the values for the
climate zone and meet the code maximum air
leakage requirements.

TheIEOCLs_ﬂ:enmmalmdelm:_hréfw

makes funds available to jurisdictions that

have committed to adopt and implement the
2009 IECC. Users of this guide are strongly
recommended to obtain a copy of the [ECC

training is also available from many sources.

To obtain a copy of the 2009 IECC, contact
the ICC or visit www.iccsafe.org.

apply dential buldings. including
Mmmdwreplwemsmm Fwadeﬁnmonof“mm see Note 2 below. The IECC
specifies additional requirements for other parts of the bulding envelope not listed here, such as insulation for
walls and ceilings.

Fenestration

U-Factor SHGC

“NK™:

NOTES:
1. T whl gyl o el Vlings 0 duimed i s [ECC for compliznce

ﬁ- l-.ulqa hpq-n _- _&l.

1 p——
Tt gy
hnlllti ipdl! ﬁ.nuc-mb-vnul. “Glazed Famsstration™

3 m-.-ﬁ-m\-—uumnmu-g
hh(‘ﬂﬁ#:ﬁ. Ah-u-hmh—up-
ﬂam*p&-wﬂw

4. SHGC. in CoufBicins, i 1

(keat)
mmmum-mmmdmmun
bestin e
. A.ll—l.
s m-uwuﬁ—-imcd——_m—&m
mﬂm#
S Upw1iummh Sroe the U-
mnmmmw“h P04
- caly. Carmins
mu;—u«um.*m:a—-u:-ﬂz Sptd.
ply

satisfy the

reccs
7. Window, be s
m—[mmtﬂdm:—’hlw o
= o8 [ECC. Ses Soras oo e NFRC

Tating fyten.

§ Wiadews, doors md dylghes : docmna s iy
‘oot the [ECC s ax inSliation requirements.
9. P Unfacar sad SHGC @ aaledanes
3 HVAC '. _mmx_.h

of:

World's Best
Window Co.

Millenniurm 2000%
st 5
Douie Gagng dogen - LowE

Froduct Troe Vertical

ENERGY PERFORMANCE RATINGS

UFactor (USAHP)

0.30 030

PERFORMANCE RATINGS
Visble Transmittance Nir Leakage [USA-P)

0.51 0.2

Candensation Resistance
51 -
5
=
Look for the NFRC Label!

The 2 most important values to look for are:
U-factor & Solar Heat Gain Coefficient (SHGC)

Efficient Windows

T— P

Collaborative
See the Efficient Windows Collaborative
(EWC) web site for more information.

Limitations
mlﬁu--pwb*oﬂﬁlﬁwm-

opticn of the 2009 IECC
nmmmu—m—hml 1 of that cods. Thi
eida cnly

bu-:::tm m;-‘tamﬁpnwmuw-l
hﬁl.puﬁq-nh-q-n--wnﬁ. For
addnezal denads

Mizoeson's anecxy code, inchuding bow 2 differ
froe the [ECC, u:-m,:wmﬁh‘pbaﬁu:.-,
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Energy Efficient Windows for Mid-
| | inll-l-ise Residential Buildings

Collaborative
nux}-clfx*lm| windows save heating and cooling

ey for whilcalk

for de i, "HVA(‘ i Hype

ling encrgy code on lhc

ENERGY STAR windows arc a good choice for saving
energy in single family and many multifamily buildings.

‘0de(IECC) Resid -
buildings hmh:nllm three stonies arc covered by the IE
commercial chapter, which references ASHRAE Star
901 . Both the [ECC and Star

Hmratf structural, safcty and

d-sad high-rise buildingsoften call .
\wldwsuhullnwpmol‘u\cENERGYSTARpmm
Whichever the casc, the simple guidelines presenicd here
can help you specify encrgy cfficient oplions from among
the different types of windows used in mid- and high-nisc
residential applications

U.S. DEPARTMENT OF

ENERGY

90.1 require that window energy ratings arc determin
accordance with NFRC standards. See “Window £
Ravings " on the next page.

% mnmm

Effiaent

Window Energy Efficiency Solutions
7= for Public and Affordable Housing

Collaborative

addressed with metal framing or metal ri X

, Improve

this may impact insulating propertics, cnergy codes us
allow some flexibility for window U-factors for residi
buildings higher than three stones. Nonctheless, advi
window designs can limit the conductivity nfmmt i

By u L
fic drod: d ion Although
mitial cost is ofien a barricer in low-mcome housing,
& |

gy efficiency v for financing

and incentive programs and may nllou for smaller, kess

HVAC

or boost the sirength of non-metal fr
specification of windows with bnmd-wmu mm]
propertics while mecting structural and safety requircn
See next page for U-factor specification recommenda
and for an overview of structural performance classes

3. Pay Particular Attention to Solar Heat Gain
Solar heat gain is a parlicular concern for mid- and higl
buildings where shading is difficult o provide and
units may have their windows only in a single, unfovo
oricntation. Building encrgy codes limit window sola
gain cocfficients (SHGC) in wamer climates. But
in colder climates, you may want to consider low-S
a4 il i hwest£

windows or large glass arcas. Control of windo solai

P Jor SHGC. i
4. it A Leakagn

roper

Tigher buildings v
w mdws are exposed to greater wind loads, Controllis
leakage requires not only that windows arc tested o co
with the encrgy code’s air leakage limit. but also that
are properly installed. Window installation is critical
airtight fit, 1o avoid thermal bridging. and to prevent 1
penetration around the window. Field testing in accorc
with ASTM E783 can evaluate both the window asse
and installation details for air leakage. Waler penctratio
be evaluated in accordance with ASTM E 1105,

Energy Efficiency &
Renewable Energy  {'s.

ent of En-rgy

loads. Also note that in buildings with lcad paint hazard,

window replacement can be the single most effective way 1o

climinate lesd dust. Where windows are in good condition

and without lead paint, storm windows and shading devices

arc also feasible encrgy clficicncy oplions,

This info sheet presents window energy efficicncy
i s e

housing.

UNIVERSITY OF MINNESOTA
Driven to Discover*

Specily for maximum energy Savings

Windows must meet local encrgy code requiremen
even higher encrgy performance, consider E‘NERGY
windows, which 1
are oflen suilable for mid-rise dwellings as well.

For window and storm window options with st
performance in cold climates. check out the U S. Depa
of Energy’s highly insulating windows purchasing pi
(56 next page)

Seize Opportunities to Reduce Cost
Govemment or ufility -mma and ﬁn-:mg n

ilablefi

e
www.dsircusa.org for np-mdm mformation on i
programs.

Wew ion often offers d pport
for window energy efficiency. For instance, buildin
be orientated and shaded 1o invile the low winter sut
minimizing solar heat gain in the summer. Where
window performance reduces heating and cooling
HVAC cquipment downsizing helps reduce initial co

T s " T ——

and shading, can boost energy cfficiency at a lowert
cost i ]
and durability should be considered in addition to fir

Ensurg Proper Implementation for Full Benafits

For optimal window performance, proper installa
nocessary Lo ensurc an airtight fit and avoid water ko
Always follow manufacturers” installation umklm

Efficient

The Efficient Windows Collaborative
" Multiple Benefits Fact Sheet

Collaberative

S elmmg a window or skylight involves many

such as app . energy
performance, human factor issues, laclnmc;l

p and cost. This fact she b
gy cost, peak demand

winter and summer thermal comfort, and

1o assist in the selection process.
Making purchasing decisions based on one attribute,
such as energy performance, may not always lead toa

completely balanced outcome. For example, two win-
1

dows that are similar in their effe use
may be very differentin their i i

in the comfort they provide at extreme temperatures.
a el §

ki bl
I's

atributes of windows, representing each of the four
ENERGY STAR climate zones, are shown on the fol-
Lo Th fios it Mi 1

gion, DC (north I).
Phoenix, Anzona (south/central), and Miami, Flonda
(southem). On each table, a rating of below average,

average, andab

usclmned for window Th
window installation is ASTM St

E2112

Tn older homes with lcad pamt, windows arc often the
source of lcad hazard. For window replaccment to
effective remedy and for worker protection, ensu
contractors are lead-safe wﬂ-fmd and perform their v

with the EF ainti

NorthernSTA

ual energy ity peak, sum-
mer comfort, and condensation resistance. There are 34

£ ypes
with four frame types—shown for each climate. It is
important 10 note that not all of the attributes have the
same prionty and this vanes by region. For example,
winter comfort and condensation are less important in
a southem climate zone

Annual energy costs and peak demand are simulated
using the computer program, RESFEN. The range of
results for a given city are divided into three groups
d SRRy age, dab ag
Similarly, results of the Winter and Summer Thermal
Comfort Index developedat the University of California,
Berkeley, andthe Mmmnl Fenestration Rating Councal's
(NF‘R(‘ di 11 t{‘D divided 1 th
groups as well
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Denver CO—August 2011

25



High-performance Windows and Low-E Storm
Windows Volume Purchase Program

For those interested in maximizing heating energy
e savings through window energy efficiency, the U.S.
Department of Energy (DOE) started the Highly
Insulating (R-5) Windows and Low-E Storm
Windows Volume Purchase Program in 2010. This
program connects potential buyers with vendors of
highly insulating windows and low-E storm
windows by allowing buyers to check out available
product options and price ranges at
www.windowsvolumepurchase.org.

i for Wn s Welcome to the Windows Volume Purchase Products Website

Submit Search
E

While DOE does not offer any incentives for
purchases through this program, the web platform
encourages competitive pricing among the
participating vendors, and the program's
qualification criteria ensure that the listed windows
and storm windows offer superior insulating
performance.

US DEPARTRENCE - | Energy Efficiency & Baieala UNIVERS MINNESO Building America Meetin
ENERGY  rencuatie Energy UASMERJ@ﬁE% " Driven o Discaver NorthernSTAR DenvergCO—August 201?
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http:www.windowsvolumepurchase.org

ano Window Attachments « What should | do with my windows? =)

G)E)- @ @ ( @, hutp://www.windowattachments.org/ SBirv)
= [ ] jie i L .. ||| S

WINDOW ATTACHME H IS

FACT SHEETS PRODUCTS CONTACTUS FORUMS ABOUT

What Should | Do With My Windows? [ NAVGATION

Applied films, awnings, blinds, cellular shades, quilts, shades, shutters, storm windows—it’s a long list. ?::T:heets
But regardless of whether you call these attachments or retrofits or treatments, we spend a lot of time and Overview
money modifying the performance of our windows not too long after we move in and even after we have Exterior Attachments

Interior Attachments
Other
Privacy, glare, thermal performance, shading, security, egress...another long list! Products

been in our homes awhile.

Which of these aspects of window performance do you want your attachment to address? This website is Contact Us
. . 2 2 F
designed to help you sort out all the options, features, and functions of a full spectrum of window ;:::;:“

attachments. We think the best place to start is with the Overview, but feel free to browse all the
information or start with posing a question in our Q&A forum.

B BuildingGreen @ ENERGY ;

US DEPARTRENCE - | Energy Efficiency & Baieala w UNIVERSITY OF MINNESOTA Building America Meeting
ENERGY Renewable Energy AMH“&E Driven to Discover” Northern S TAR Denver CO—August 2011
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Zero Energy Windows: Technologies of the Future

Highly insulating windows

o Aerogel

e Vacuum

o Multi-layer gas-filled low-E

Dynamic Glazings
 Glazing with intrinsic optical control
* Add-on shading systems

Integrated facades
 Daylight redirection

« Automatically dimming lights
o Multi-layer gas-filled low-E

us. oEeARTMENT OF | Enaroy Efficiency &  Bietedin % UNIVERSITY OF MINNESOTA Building America Meeting
ENERGY Renewable Energy 9@5&'@@ ,,,,,,, Driven to Discover Northern S TAR Denver CO—August 2011
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Heat
Mirror
Film

Interior
of Building

Image source: Southwall Technologies

U.S. DEPARTMENT OF

Energy Efficiency & * X %’ UNIVERSITY OF MINNESOTA Building America Meeting
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Low-conductance Frame Heat Transfer

 Frame often 25% of area and thus a
critical element of a high R window

« Little US experience with high R frames;
European products of interest

e Ongoing research:

— Identifying frame features (thermal
breaks, cavity sizes, cavity
emissivities) which are most
significant in reducing heat transfer

— Upgrading test and computational
procedures for low-conductance
products

Report at: http://windows.Ibl.gov/adv_Sys/INTNU-LBNL-EuropeanFramesReport.pdf
U5 DEPARTNENTIOF. . || Efficiency & Breiedin NIVERSITY OF MINNESOTA ildi i i
ENERGY Rgi;gxablecl;&:gréy Mﬂfﬂlﬁmw i Driven to Di:f ===== " NorthernSTAR [B)E:SLTQJC%TXEZLTQS gg;g
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Non-structural Center Layer

low-

PEIRN
Current technology | |
e Glass is heavy | [ iffrent tomperatires
« Thin film products expensive ] e
- | |
« Multiple spacers lead to gas leakage A D N
| | is thicker and heavier
| |
| a
|\ | |\ |

Non-structural center layer =

IR thermography shows equal performance :: > o
with non-structural “loose” layers — ¥ -
- | |
» Research on novel center layer designs and | | I
. - . . . . I —T | held by spacer
materials (rigid plastics and thin glass) in | |
progress i oh J\ spacer
1|
_\ 2 paths for/_
loss
us. DEPARTMENTOF ' Energy Effici Bulidin NIVERSITY OF MINNESOTA ildi i i
ENERGY rivese ey AMERIIRmgm 001" NOrthernSTAR Dod™mgmens o,



EEEEEEEEEE OF

Emerging Technologies
Electrochromics

Clear state Dark state

E Eff & Bulldin
ENERGY rercroe by fifaiRmmy  wymmowson NorthermnSTAR

.....................
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Emerging Technologies
Electrochromics

US DEPARTHENTOF | Eneray Efficiency & Buiédin w UNIVERSITY OF MINNESO Building America Meeti
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Performance Comparison

0.60 ®
Tinte ’

0.50 =

040 »

0.30 &

0.20 =

0.10

0.00 =
0 10 20

Solar Heat Gain Coefficient

Visible Light Transmission

US DEPARTMENOF | Energy Efficiency & 2 Lofed %X UNIVERSITY OF MINNESOTA Building America Meeting
ENERGY Renewable Energy Ammgn.,'y Driven to Discover- NorthernSTAR Denver CO—August 2011

34



CLEAR DARK

Gi

suntight

interior

Ceeelde 96

Glass

Electrochromic
layers

(Layer thicknesses not shown to scale. Electrochromic layers <1/50th thickness
of a human hair. Powered by low voltage DC.)

us DEPARTMENT OF | Energy Efficiency & * X w UNIVERSITY OF MINNESOTA Building America Meeting
EN ERGY Renewable Energy mmg,.,,,, Driven to Discover* NOﬂ'hem STA Denver CO—August 2011
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Advanced Window Technology Prototype

 LBNL is developing
fundamental new window
technologies in the laboratory
with private industry

* The next generation window
Is both highly insulating and

- dynamic
Prototype — Concept Window
(Highly Insulating and Dynamic -
R 5.6, SHGC 0.04 - 0.34) * R-10 windows may be
Low cost unsealed center lite pOSSible in the future Wlth

vacuum glazings

ue eaREnT Ly | Energy Efficiency & Batedts % UNIVERSITY OF MINNESOTA Building America Meeting
ENERGY Renewable Energy UASM‘E,Rldm ....... Driven to Discover Northern S TAR Denver CO—August 2011
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Next Generation Windows Can Become Energy
Producers (US Mixed and Northern Climates)

Single Glaze: U =1 (5.68)

Double Glaze: U = 0.5 (2.84)
Low “e” U =.35 (1.99) ENERGY STAR

R6 Window U = 0.17 (0.97)(Dynamic Niche)

R10 Window U = 0.10 (0,57)
: (Dynamic Wide Spread):

1973 1980 1990 2000 2010 2020

us. DEPARTMENT OF ' Energy Efficiency & ing Rofel w UNIVERSITY OF MINNESOTA Building America Meeting
ENERGY Renewable Energy Mﬁ!@mmw Driven to Discover” NOI’fhem STAR Denver CO—August 2011



Efficient Windows Collaborative

Commercial Tools and Information

*Book: “Window Systems for High
Performance Buildings™

*\Web site
www.commercialwindows.org

'erformance Commercial

== M| S N i1 O i R

Homa | Facads Das

sEducation and training materials
*COMFEN

US DEPARTRENCE - | Energy Efficiency & Baieala w UNIVERSITY OF MINNESOTA Building America Meeting
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www.commercialwindows.org

U.S. DEPARTMENT OF

ENERGY

www.commercialwindows.org

®00 Commercial Windows =]
WIndows for High Performance Commerclal Buildings

Homn | Fuclde Dulgn Tunl | Ovarvlow | c.u Studles | Tools & Rnourcu ] Contlct Informatlon

Windows Systems for High-Performance Buildings

A sustainable design process is intended to produce high-performance buildings that are
energy-efficient, healthy, economical in the long run, and use resources wisely to minimize
the impact on the environment. Properly designed windows play an important role in
achieving these energy and environmental goals and contribute to the comfort,
satisfaction, and productivity of building occupants as well,

The challenge in designing facades and selecting windows in commercial buildings is
balancing many issues and criteria. This web site provides critical information and
performance data on the energy efficiency, interior environment, and technical
considerations that drive window design decisions.

This web site is sponsored by the U.S. Department of Energy's Windows and Glazings
Program.

Go To
FACADE
DESIGN

TooL

©2004-2008 Center for Sustainable Building Research
College of Design - University of Minnesota
All rights reserved.
This site was developed jointly by the University of Minnesota and Lawrence Berkeley National Laboratory.
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®00 Commercial Windows (a=]
WIndows for High Performance Commerclal Buildings

il 1

i’unl | Dva-rvlow | Case Studies | Tools & Rulourc“ |} Gontlct Informltlon

Welcome to the Facade Design Tool

The Facade Design Tool lets you choose the design conditions of a window
and rank and compare the performance data in terms of annual energy, peak
demand, carbon, daylight illuminance, glare, and thermal comfort.

1. First select a location.

2. Then select a building type.

3. After a location and type have been selected, you have the choice to Rank or Compare
the performance data of window design options that you define in terms of

orientation, window area, daylight controls, interior shades, exterior shades, and
window type. If you need more information regarding the design conditions, click
here.

Location: | MABoston

4||

Building office 14
Type: =

Set design conditions and see a ranking of
Rank i s
performance information in Boston, MA.

Set design conditions and compare
Compare | performance information between four
options in Boston, MA.

©2004-2008 Center for Sustainable Building Research
College of Design - University of Minnesota
All rights reserved.
This site was developed jointly by the University of Minnesota and Lawrence Berkeley National Laboratory.

U.S. Department of Energy
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Homo | Flcld! Design Toul | Overview | c.u Studles | Tools & Rnourcu |} Contlct Information

Facade Design Tool: Ranking Performance in Phoenix, Arizona

Define Design Condition to Rank

Orientation Window Area Daylight Controls Interior Shades Exterior Shades window

South &) 60% o All ) Al L4 All 4 Double Clear [

2 Al
Single Clear

("Rank Design Condition

Double Bronze Tint

How to Perform a Design Ranking Double Reflective Tint
Double Low-E Bronze Tint

Double Low-E Green Tint
1. Choose the design attributes to define the condition(s) you want to see ranked. You must choose a specific orientat Double Low-E Clear
e M < o Triple Low-E Clear
The other attributes can be set to "All" or specifically defined. Quad Low-E Clear
2. If you need more information regarding the design conditions, click here.
3. Click the Rank Design Condition button to see the results for annual energy, peak demand, carbon, daylight illuminance, glare, and thermal comfort.

4. Once the results are displayed, you can modify the design condition to view other results.

©2004-2008 Center for Sustainable Building Research
College of Design - University of Minnesota
All rights reserved
This site was developed jointly by the University of Minnesota and Lawrence Berkeley National Laboratory.
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Facade Design Tool: Ranking Performance in Boston, Massachusetts

Define Design Condition to Rank

Energy Efficiency &
Renewable Energy

Orientation Window Area Daylight Controls Interior Shades Exterior Shades Window
South 4] 60% 19 Al ) Al Al el Double Clear +
( Rank Design Condition )
Energy Peak Carbon Daylight Gare “Thermal Comfort
T Daylight Interior _ Exterior R

Scenario Window Orient WWR Controls Shading Shading Data Petlorman:e -

Lower Limit ‘G;t o“ é‘ @ &

112,54 W :

740 Clesr (2) Seuth 050  Yes Yes Overhang + Fins z = | [ | [ |  12askestye © @ © O O O
683 Scuth 0.60  Yes Yes Overhang 2 E | 13155kB/styr O O O O O ©
624 (2) Scuth 060  Yes Yes  Overhang 1 [—— | | | ]  17esEwsye O O O O O O
558 ) Seutn 0.60  ves No Overhang + Fins | | T [ I ] eocsneysyy O © O © O O
522 ) South 0.60  No Yes Overhang + Fins =|_’_|_’_| 1agaka/styr O O O © O O
s08 ) South 0.60  ‘Yes Yes  Vertical Fins [— | [ | [ | sy O O O O OO
500 Clear (2) Seuth 060  Yes Yes Setoack |———— | | [ ] ssnetystyr O O © O O ©
483 Clear (2) Seuth 060  Yes Yes None [ —— ] sssskestyr O O O O @ O
433 ) South 0.60 Yes  Yes None e I I I ]  1s07mkew 0O0C0O0OO0O0O
428 South 0.60  Yes No Overhang 2 ﬁ_!_l_!_l 152.73ketustyr O O O O O ©
417 Seuth 0.60  No ves Overnang 2 [ [ | | | isseskasiye © O O O O O
407 Clear (2) South 0.60  Yes Yes None E | 155.81kBty/sfyr © © O O O ©
375 ) South 0.60  No Yes Overhang 1 W’_I_’_l 161.62ket/styr @ O O O O ©
367 Clear (2) South 0.60  No No  Overhang + Fins & | 1618985ty © O O O O O
333 Clear (2) South 0.60  Yes No Overnang 1 — 1 | | | isconswsiyy © O O O @ O
264 ) Seuth 0.60  No Yes  Vertical Fins [——— ] | I ] oanswsy © © © O O O
245 Clear (2) Seuth 060  Ne Yes Setvack | | [ | 10ssketsiye © © O O O O
238 ) Seuth 0.60  No Yes None s———— | | I ] 1omewsye © O O O @ O
190 ) South 0.60  No Yes None . : ; : [ | [ | 173sokesiyy @ © O O O O
189 Clear (2) Seuth 0.60  No No Overhang 2 [ | [ |  s2kewsyy @ O O O O O

0 S0 100 150 200 250 300 35C e e

1234 NEXT 10»
Total Matching Records: 32
©2004-2008 Center for Sustainable Building Research
College of Design - University of Minnesota
All rights reserved.
This site was developed jointly by the University of Minnesota and Lawrence Berkeley National Laboratory.
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Facade Design Tool: Compare Performance Options in Boston, Massachusetts

Define Design Conditions to Compare

Scenario Orientation Window Area Daylight Controls Interior Shades Exterior Shades Window

1 South T] No Controls T] No Tl Nene T) Double Low-E Clear ?]

x Y ( Y r Single Clear
2 South & ] No Controls v ] Yes Iy ] None v ) Double Clear
Double Bronze Tint
South % No Control v Ll v D Overh; v
) = ;] o zontreE ;] = ;I cep Dverhang ;] Double Reflective Tint
4 South 4] No Controls 4 No & Shallow Overhang '&] | Double Low-E Bronze Tint

Double Low-E Green Tint

Triple Low-E Clear
Quad Low-E Clear

Scenario 1 Scenario 2 Scenario 3 Scenario 4

( Run Comparison )

How to Perform a Comparison

1. Choose the design conditions for each of the 4 scenarios in which to compare.

2. If you need more information regarding the design conditions, click here.

3. Click the Compare Design Conditicns button to see the results for annual energy, peak demand, carbon, daylight illuminance,
glare, and thermal comfort.

4. Once the results are displayed, you can modify the design conditions to view other comparisons.

©2004-2008 Center for Sustainable Building Research
College of Design - University of Minnesota
All rights reserved.
This site was developed jointly by the University of Minnesota and Lawrence Berkeley National Laboratory,
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Homo | Fucldu Design Toul | Overview | Case Studles | Tools & Rnourcu | Contact Informntlon

Energy Efficiency &
Renewable Energy

AMER

U.S. Department of Energy

Facade Design Tool: Compare Performance Options in Boston, Massachusetts
Define Design Conditions to Compare
Scenario Orientation Window Area Daylight Controls Interior Shades Exterior Shades Window

1 North 3] 30% 4 No Controls 7o) No ﬂ None [T Double Low-E Clear 5]

2 East 14 30% 4] No Controls H No 4] None D Double Low-E Clear H

3 South 4] 30% 14 No Controls + No 4] None + Double Low-E Clear H

4 west 4] [ 30% 3] No Controls 23] No 4 None 4] [ Double Low-E Clear %)

("Run Comparison )
Annual Energy (kBtu/sf-yr) Peak (W/sf) Carbon (Ib/sf-yr)
Lower Limit Upper Limit Lower Limit Upper Limit Lower Limit Upper Limit

h 4 v v h 4 b4 h. 4
1 — [ 1 [ [T 1 ] I | | ] | —— I | I ]
2 | | | | | | 2 | | | | | 2 | | |
e | | | | | = | | | ] 3 —— | | ]
N | | 1 | | 4 |— | | | | 4 | — |

o 50 100 150 200 o 300 250 0 4 8 12 % 20 g 10 20 30 40 S50
BHeating  mCooling oFan OLighting
Daylight llluminance (footcandles) Glare Thermal Comfort (PPD)
Lower Limit Upper Limit pe ptible Ac Acceplable Unacceptable
h. 4
1| I 1 1T [ T 1] ! I | | | - === | | I ]
|eeseme——" | | | | | 2 ; | | | | : p—— | I | |
3 L [ [ 1 1T T T 1 3 | | | 3 — | I ]
ommenmen| | || | | | s | ; ; | | ] ¢ —— [ | |
0 S0 100 150 200 250 300 350 400 450 0 10 15 20 25 0 10 20 30 40 El
©2004-2008 Center for Sustainable Building Research
College of Design + University of Minnesota
All rights reserved.
This site was developed jointly by the University of Minnesota and Lawrence Berkeley National Laboratory,
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for high-performance commercial buildings

Facade Design Tool

Performance Design

Case Studies Tools & Resources

Window Technologies

ING TYPE

=3

Location

Select Location
[T

Building Type
000

Select a location, building type, and zone orientation from the drop-down lists below. My city isn't listed»

Zone Orientation [ select Zone Orientation &

Climate Zones

1A very hot—humid
2A hot—humid
2B hot—dry
3A warm—humid
3B warm—dry

3C warm—marine

4A mixed—humid
4B mixed—dry
4C mixed—marine
5A cool—humid
5B cool—dry

6A cold—humid
6B cold—dry

7
8 Subarctic

very cold

R

Energy Efficiency & RoR.

U.S. DEPARTMENT OF
Renewable Energy  'S' Bopartment of

ENERGY
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UNIVERSITY OF MINNESOTA
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Facade Design Tool

Performance Design Window Technologies Case Studies Tools & Resources

There are two given conditions in any design—the climate and the building type (or space types within a building). Once these
are established, questions about window orientation, daylight controls, window size, shading systems, and window type can be
addressed.

These design affect decision-making at several scales in the building design process. The larger scale issues of
placement on the site, building configuration, and overall layout come first. Even in the early design phase, the orientation, size,
and shape of individual spaces and whether they have windows are being L The of spaces and
systems follows, which involves window size and shape as well as the use of shading devices and daylight control systems.
Finally, glazing and frame type are specified with the desired properties.

DESIGN
PARAMETERS

PPPE e

Orientation

Energy Use Peak Demand
Cl
Window Area ‘l ﬂ'ﬁ: “
Carbon D

»7. : ‘D-yllumCrmral- Sesicn E
B

Glare Comfort
Interior & Exterior Shlding @
= S N View Costs
=N “-\\

P 9

Glass & Frame Type

Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dalor
in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, sunt
in culpa qui officia deserunt mollit anim id est laborum.
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Tools to Determine Window Performance

Developed by: Lawrence Berkeley National Lab

Optics
Analyze glazing optical properties

IGDB (International Glazing Database)
Database of glazing materials

CGDB (Complex Glazing Database)

Database of complex glazing materials

THERM
Analyze two-dimensional heat transfer through building
products

{ WINDOW

Analyze window thermal and optical performance

RESFEN

Design /

Simulation To
DOE-2, EnergyPIl

Calculate the heating and cooling energy use of windows in
residential buildings

COMFEN
Calculate the heating and cooling energy use of windows in
commercial buildings, as well as evaluating daylighting and

THERM

(Window
Frame)

RESFEN

(Whole Building
Residential)

Radiance | thermal comfort
. [T
US DEPARTHENTOF | Eneray Efficiency & Buiédin ﬁ UNIVERSITY OF MINNESOTA Building America Meetin
ENERGY Renewable Energy UASMEB‘!QMM e < o Driven to Discover Northern STAR ¢ 7

Denver CO—August 2011 47



Windows & Daylighting Group
Building Technologies Department
Ernest Orlando Lawrence Berkeley National Laboratory

Download from
http://windows.lbl.gov/software

U.S. DEPARTMENT OF
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http://windows.lbl.gov/software

COMEFEN 3 - Getting Started

e (Can start with predefined perimeters/facades

i COMFEN3.1
COMFEN Project Scenarios Libraries Help

Create Recent BsBjects...

An . oplication for comparing
the p« formance of fenestration
and fai ade systems.

d New Project urtain Wall Example
5 New Window South Facade Example
New Glazing System Ext Venetian Blind Example Not sure where to start?

West Shading Example

& New Shading System @ Getti ig started tutorial

Orientation Example

US DEPARTRENCE - | Energy Efficiency & Baieala % UNIVERSITY OF MINNESOTA Building America Meeting
ENERGY AMERIdm Driven to Discover Northern STAR Denver CO_August 2011
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COMEFEN 3 - Getting Started

e Can start by ‘drag + drop’ predefined perimeters/facades

i COMFEN3.1
COMFEN Project Scenarios Libraries Help

F o w ¥ st & @

Project: West Shading Example Location :  USA AZ Phoenix

1D
10
12

13

Double Low-E Ext VE n

Overview Climate Comparison

13. Top Clear, Bottom LoSHG... 12. Double Low-E OH / Fins 3. Dbl Clr Low-E Between VB 45
LET Y O WWR
Double Low-E W 0.57 (mu P ! ViR
w

Double LowEOH / | 0.57 (mu

0.57 4
o |

Top Clear, Bottom L W (mu

Overview Energy Facade Window

Annual Scenario Energy Use ( per Total Floor Area )
100 100

Monthly Avg. Window Heat Gain ( per Total Floor Area ) W

100

- B Heatin & !

g 80 80 9 :E — W 10. Double L.
o i =

=l = B B Cooling Z w0 B 13. Top Clea...

o | 2 B Fans & a0 [ 12. Double L...

~ 40/ 40 % ) 5

g ! ] O Lighting 3 B 14. Double L...
a

i 204 £0 B Peak Energy 0°

0 0 JAN MAR MAY JUL SEP NOV
10 13 12 14 FEB APR JUN AUG ocT DEC
Davliahtin Annual Average Thermal Comfort
yhg g LJan v||1 ¥ | | 9AM v||®

T *_F, . ‘_F - *{_4 - {_F_ : % W 10. Double L...
g - - - ? W 13, Top Clea...
% 40 12. Double L...
, ta No dat 8 W 14. Double L...
0
8 10 12 14 16 18

Time of Day ( hour )

U.S. Department of Energy
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COMFEN 3 - Scenario Comparison Summary

{i. COMFEN3_1
COMFEN Project Scenarios Libraries Help

F ¢ » ¥ 1P

Project: Curtain Wall Example on MN Min

Climate

Overview

2. Double Cl... 5. Dbl CIr LowE Interior ... 3. Dbl Cir Low-E Between... 4. Dbl Cir LowrE Exterior ...
ID Name O W... | # | Glazing Sys.

DT O KT a o «

Double Clear Low-E 0.98 4 Double LowE Argon

Dbl Cir Low~E Between VB 45 0.98 4 Double Low-E Argon

Dbl Clr Low-E Exterior VB 45 0.98 4 Double Low-E Argon
4

Dbl Cir Low-E Interior VB 45 0.98 Double LowE Argon

& -
Energy
Annual Scenario Energy Use ( per Total Floor Area ) = Monthly Avg. Window Heat Gain ( per Total Floor Area ) W=
220 ‘ 7
200 | lie W Heating | W 2.Dou
|
180! | = M Cooling <A = 5.Dbl
= 160 | | ;sn B Fans _ 5: @ 3.Dbl
1 § |
140 | | - ] Ligh £ |
B j | [l et 3 4 m 4.Dbl
é 120 | | 5 B Peak Ener{" 2 :
I o s {
=100/ l30 % 32
80 | I o i
';E' i ok 2|
5 60| {2 |
40 | [ !I
20 | r ol | | '
L .Ll JAN MAR MAY JuL SEP NOV
L] e | L ] >
- Annual Average Thermal Comfort
Daylighting | Mar v || 3PM <

100
2. Double Clea

2 4}:—%

M 5. Dbl Clr Low-

i 3. Dbl Cir Low-
§ W 4. Dbl Cir Low-
&
3
2
8
o

8 10 12 14 18 18
Time of Day ( hour )
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Sources and Links

Alliance to Save Energy
WWWw.ase.org

Building Codes Assistance Project
www.bcap-energy.org

Center for the Built Environment
www.cbe.berkeley.edu

Center for Sustainable Building Research
www.csbr.umn.edu

Efficient Windows Collaborative (EWC)
www.efficientwindows.org

Energy Star
WWW.energystar.gov

National Fenestration Rating Council (NFRC)

www.nfrc.org

U.S. Department of Energy

UNIVERSITY OF MINNESOTA Building America Meetin
Driven to Discover Northern STAR DenvergCO_August 201?

RESFEN
windows.lIbl.gov/software/resfen/resfen.html

Responsible Energy Codes Alliance (RECA)
Www.reca-codes.org

US Department of Energy
Energy Efficiency and Renewable Energy
WWWw.eere.energy.gov

Window Installation
Water Management Guide by Joseph W. Lstiburek
www.eeba.org

Windows and Daylighting

Lawrence Berkeley National Laboratory
windows.lbl.gov
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EWC Contact Information

Nils Petermann John Carmody
Alliance to Save Energy University of Minnesota
(202) 530-2254 (612) 624-1351
npetermann@ase.org carmo001l@umn.edu

Kerry Haglund

Steve Selkowitz University of Minnesota
LBNL (612) 626-9478
seselkowitz@lbl.gov khaglund@umn.edu
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