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Fenestration Impacts onFenestration Impacts on 

Building End Use Energy ConsumptionBuilding End Use Energy Consumption
 

Buildings consume 39% of total U.S. energy 
• 71% of electricity and 54% of natural gas 
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U. S.U. S. EnergyEnergy Use for WindowsUse for Windows
 

Total U.S. Energy Use = 98.3 Quads 
Total Building Energy Use = 38.8 Quads 
• Residential buildings = 21.3 Quads 
• Commercial buildings = 17.5 Quads 

Total Window Energy Use = 4.0 Quads 
• Residential heating = 2.0 Quads 
• Residential cooling = 0.9 Quads 
• Commercial heating = 0.5 Quads 
• 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 WindowsEfficient Windows 
CollaborativeCollaborative 

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 CollaborativeEfficient Windows Collaborative
 

Residential Tools and Information
 

•	 3rd edition of book: “Residential 
Windows: A Guide to New Technology
and Energy Performance” 

• EWC
 w

eb
 s

ite: 
www.efficientwindows.org 

•	 Fact sheets for 100 cities 
•	 Education and training materials 
•	 Product database for EWC members 

(NFRC and ENERGY STAR participants) 
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What MakesWhat Makes an Energy-Efficientan Energy-Efficient WWiindow?ndow?
 
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.
 
Higher temperatures in winter on the interior glass surface contribute to 

• Gas fillgreater comfort and less condensation.
 
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.
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Glazing TGlazing Tyypespes
 

Single Clear Single with Double Clear Double with 
Bronze/Gray Tint Bronze/Gray Tint 

Double with Double Triple 
Selective Tint With Low-E With Low-e 
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Glazing ComparisonGlazing Comparison
 

Annual energy performance for a 2000-
square-foot house with different glazing 
types using a wood or vinyl frame in 
two U.S. climates. 
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Residential: Selecting the RightResidential: Selecting the Right WWiindowndow
 
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. 

Building America Meeting 
Denver CO—August 2011 9 



 
 

Residential: Selecting the RightResidential: Selecting the Right WWiindowndow
 

Impact of shading on annual energy use for a typical house 
in Phoenix, Arizona. The better performance of the 
window — the less of an impact of shading devices. 
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Frame TypesFrame Types 

Aluminum Wood 

Clad 

Vinyl 

FiberglassHybrid/Composite 



 
 

Frame TFrame Tyypespes
 

Annual energy performance for a 2000-
square-foot house with different frame 
types using identical low-E glass in four 
U.S. climates 
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Selecting the Right WindowSelecting 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 
The key window properties are U-factor, Solar Heat Gain Coefficient (SHGC), and Visible 
Transmittance (VT). The NFRC label provides the only reliable way to determine the window 
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. 
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The NFRC LabelThe 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. 
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RESFENRESFEN 
forfor CalculatingCalculating the Heatingthe Heating and Coolingand Cooling Energy Use of Windows inEnergy Use of Windows in 

Residential BuildingsResidential 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.html 
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State Fact SheetsState Fact Sheets 
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Code Fact Sheets�Code Fact Sheets� 
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Other Fact Sheets�Other Fact Sheets� 
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High-performance Windows andHigh-performance Windows and Low-E StormLow-E Storm 

Windows Volume Purchase ProgramWindows Volume Purchase Program
 

For those interested in maximizing heating energy 
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. 

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. 
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Zero Energy Windows: Technologies of the FutureZero Energy Windows: Technologies of the Future
 

Highly insulating windows
 
• Aerogel 
• Vacuum 
• Multi-layer gas-filled low-E
 

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

Integrated facades 
• Daylight redirection 
• Automatically dimming lights
 
• Multi-layer gas-filled low-E 
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Highly InsulatingHighly Insulating WindowsWindows
 

Three panes of glass or suspended film between two panes of glass
 

Image source: Southwall Technologies 
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Low-conductance Frame Heat TransferLow-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 

•	 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.lbl.gov/adv_Sys/NTNU-LBNL-EuropeanFramesReport.pdf 
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Non-structural Center LayerNon-structural Center Layer
 

Current technology 
• Glass is heavy 
• Thin film products expensive 
• Multiple spacers lead to gas leakage 

Non-structural center layer 
• IR thermography shows equal performance 

with non-structural “loose” layers 
• Research on novel center layer designs and 

materials (rigid plastics and thin glass) in 
progress 

low-
e 

2 sealed gas gaps at 
different temperatures 
and pressures 

with standard glass, unit 
is thicker and heavier 

only 2 paths for gas 
loss 

low-
e 

thin glass or plastic 
held by spacer 

spacer 
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Clear state Dark state 

Emerging Technologies
Electrochromics

Emerging Technologies 
Electrochromics 



 
 

Building America Meeting 
Denver CO—August 2011 33 

Emerging Technologies
Electrochromics

Emerging Technologies 
Electrochromics 



 
 

Performance ComparisonPerformance Comparison 
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Electrochromic TechnologyElectrochromic Technology 



 
 

Advanced Window Technology PrototypeAdvanced 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 

• R-10 windows may be 
possible in the future with 
vacuum glazings 
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Efficient Windows CollaborativeEfficient Windows Collaborative
 

Commercial Tools and Information
 

•Book: “Window Systems for High
Performance Buildings” 
•Web site 
www.commercialwindows.org 
•Education and training materials 
•COMFEN 
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Façade Design ToolFaçade Design Tool 
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Façade Design ToolFaçade Design Tool 
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Façade Design ToolFaçade Design Tool 
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Façade Design ToolFaçade Design Tool 
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Façade Design ToolFaçade Design Tool 
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Redesign Coming SoonRedesign Coming Soon 
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Redesign Coming SoonRedesign Coming Soon 
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Optics
(Window

Glass)

WINDOW
(Whole Window)

COMFEN
(Whole Building

Commercial)
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Tools to Determine Window Performance
Developed by: Lawrence Berkeley National Lab

Tools to Determine Window Performance 
Developed by: Lawrence Berkeley National Lab 

CGDB 
(Complex 
Glazing 
Data Base) 

Design / 
Simulation Tools 

DOE-2, EnergyPlus 
Radiance 

IGDB 
(Specular 
Glass Data 
Source) 

RESFEN 
(Whole Building 

Residential) 

THERM 
(Window 

Frame) 

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 
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 
thermal comfort 



 
 

     

     
   

         

   

COMFEN: 
Commercial Fenestration/Façade Design 

Tool 

Windows & Daylighting Group 
Building Technologies Department 

Ernest Orlando Lawrence Berkeley National Laboratory 

Download from 
http://windows.lbl.gov/software 
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COMFEN 3 – Getting  Started 

• Can  start with predefined perimeters/facades 
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COMFEN 3 – Getting  Started 

• Can  start by ‘drag + drop’ predefined perimeters/facades 
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Sources andSources and LinksLinks
 

Alliance to Save Energy 
www.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 

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

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

US Department of Energy 
Energy Efficiency and Renewable Energy 
www.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 InformationEWC Contact Information
 

Nils Petermann
 
Alliance to Save Energy
 

(202) 530-2254
 
npetermann@ase.org
 

Steve Selkowitz
 
LBNL
 

seselkowitz@lbl.gov
 

John Carmody
 
University of Minnesota
 

(612) 624-1351
 
carmo001@umn.edu
 

Kerry Haglund
 
University of Minnesota
 

(612) 626-9478
 
khaglund@umn.edu
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