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The U.S. Energy Big Picture…

28%

32%

22%

18%

40%

Total U.S. Energy Consumption

73% of U.S. Electricity Consumption 55% of U.S. Natural Gas Consumption
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Heating
23%

Cooling
13%

Lighting
18%

Ventilation
3%

Water Heating
10%

Electronics
7%

Appliances
12%

Computers
2%

Other
12%

Building Consumption – Envelope 
Relationship

Has Impact on 
57% of Loads

• 133 Billion $/yr
• 13.9% US Energy
• 3.5% Global Energy

1/7 US Economy
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Buildings Energy Efficiency:     Large 
% of CO2 Savings Potential
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Energy  efficiency 
measures represent most 

of the no-cost options

BTP believes opportunities 
for Buildings are even 
greater than predicted 
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Window Pathway

Price Point Premiums
2010 (actual with VP)

Highly Insulating (R5) <$4/ft2

Dynamic ~ $50/ft2

2020 (goal) R10 $3/ft2

Dynamic $5-$10/ft2
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Next Generation of Windows

• Highly Insulating
– Goal U value 0.10 (SI U value 0.56)
Vacuum glazing have the greatest potential for high light 
transmission

• Dynamic solar control
– Passive heating and dramatic peak cooling 

reduction, SHGC 0.53 – 0.09
Market ready, prices will drop with more investment
– Many new projects underway, competitive market 

in 2012 - 2014

Prototype – Concept Window 
(Highly Insulating and Dynamic

U Value 0.18 (SI U value 1.0)
SHGC 0.04 – 0.34)

Low cost unsealed center lite
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Commercialization of Highly 
Insulating Dynamic Window in 2010

South facing large residential home in MN – Courtesy Sage Electrochromics
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• ASTM 2112 establishes standards for proper installation
• Major companies pursuing Installation Masters 

certification
• New proposed ENERGY STAR criteria will require 

guidance on installation
• Significant infiltration reduction can be realized from 

window replacement but currently not considered in 
policy formulation or by programs to determine window 
cost effectiveness

• DOE is interested in working with industry to pursue a 
way to properly assess benefits – high variability will be 
a challenge for adoption by promotional programs

Window Installation
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Product Design and Building Impact 
Tools – Used by 80% of Industry

http://windows.lbl.gov/software

• Design tools for advanced products to optimize energy efficiency and cost
• ISO 15099 Compliant
• Basis for certified NFRC product ratings
• Performance tools used to design façade e.g. eliminate perimeter heating

Design /
Simulation Tools

DOE-2, EnergyPlus
Radiance

THERM
(Window

Frame)

Optics
(Window

Glass)

WINDOW(Whole Window)

IGDB
(Specular 
Glass Data 
Source)

CGDB
(Complex 
Glazing 
Data Base)

calculationcalculationcalculation

RESFEN
(Whole Building

Residential)

COMFEN
(Whole Building

Commercial)

NFRC 
Ratings 

and Labels
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Façade Design Tool

http://www.commercialwindows.org
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www.efficientwindows.org

www.nfrc.org

Knowledge Base for Stakeholders

www.commercialwindows.org/

Windows for High Performance 
Commercial Buildings

www.windowattachments.org/
Window Attachments

www.windowsvolumepurchase.org

High Performance Volume 
Purchase Program

www.eereblogs.energy.gov/buildingenvelope
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High Quality Performance Impacts 
of Innovative Products

Measurement of Interior and Exterior Blinds at LBNL NY Times Building Automatic Blinds and Lighting 

Exterior Insulation Finishing Systems (EIFS) Air Barriers at Syracuse University
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• Next Generation of 
Attic/Roof System to save 
50 Percent Energy

• Advanced walls to reach 
R20 (U = 0.28 SI) in 3.5” 
(9cm) cavity, exterior 
insulation systems, R30   
(U = 0.19 SI) total wall 
exterior insulation systems

• New Material Development
– 100 R&D Award in 2009 

for phase change 
insulation

– Higher performing foams 
and aerogels

– Dynamic membranes
– Advanced cool roofs

Thermal Envelope R&D
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• Demonstrated 90 percent peak loading reduction
• > 35% cost effective energy savings
• Working with 3M and other partners to improve marketability
• Mostly residential, ~ 20 percent commercial market share

Next Generation of Attic/Roof 
Systems – Sloped Roofs
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Dow CRADA Develops Improved 
Commercial Cool Roofs

CRADA Goals:
– Improve aged solar 

reflectance (SR) to 75%  
– Develop a accelerated 

aging protocol
– Develop self-cleaning 

materials 
– Evaluate de-soiling and 

anti-soiling 
additives/functionalities

http://www1.eere.energy.gov/femp/pdfs/coolroofguide.pdf
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Moisture Research

• DOE-supported moisture 
engineering led to passage of 
ASHRAE Standard 160

• Continue WUFI cooperative 
development with Fraunhofer

• New foundation research

Advanced Hygrothermal 
Modeling

Wärme Und Feuchte
Instationär (WUFI)
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Exterior Insulation Finishing Systems 
(EIFS)

• Joint industry/DOE study – R30 Wall Solutions
• Experimental data used to validate advanced hygrothermal models

and simulation tools – validation expanded to other climates
• Completed comprehensive studies to verify moisture-tolerant and

energy-efficient EIFS drainage plane wall systems
Data Acquisition

Test Walls

Facility
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Air Barriers for Residential and 
Commercial Buildings

Goals

• Objectives
– Quantify energy benefits from air barriers with field data

– Study the effect of air barriers on material durability 

– Characterize properties of air barriers

– Use field data and material properties to benchmark simulation tools 

– Identify major sources of air leakage

– Evaluate sealing mechanisms

Interior Spray-applied 
foam

Mechanically 
fastened

Non-insulating 
board stock

Insulating 
board stock

Sealers w/ 
backup structure

Fluid-applied 
non-foaming

Self-adhered
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Research Partners

New York State 
Energy Research and Development Authority

Syracuse University
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Material Characterization

• Air permeance (ASTM E 2178 – 03)

• Water vapor permeance (ASTM E 96 – 10)

• Sorption isotherms (ASTM C 1498 – 04a)

• Liquid uptake
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Phase 1 at Syracuse Natural 
Exposure Testing Facility

• Test facility
– Conditioned indoor environment
– Weather station
– Pressurization setup for building and panels

• Identified air leakage paths and installation problems

Spray foam pulloutDetached membrane Void in spray foam

Stud/plate interface

Unsealed electrical outlet

Exterior sheathing joint Unsealed perimeter of penetrations
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Phase 2 at Syracuse Natural 
Exposure Testing Facility

Interior Spray-applied foam Mechanically 
fastened

Non-insulating 
board stock

Insulating board 
stock

Sealers w/ backup 
structure

Fluid-applied non-
foaming

Self-adhered

Evaluation of 8 air barrier types 
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Phase 2 at Syracuse Natural 
Exposure Testing Facility

• 3 panels per air barrier type
– Level 1 < 0.02 L/(s.m2) (material)

– Level 2 ~ 0.2 L/(s.m2) (assembly)

– Level 3 ~ 1 L/(s.m2) (enclosures)

• Simulated imperfections

∆P = 75 Pa
(16) 1/4” holes(4) 1/4” holes

Level 1 Level 2 Level 3

Simulated imperfection  
OSB joint at stud
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Phase 2:  Preliminary Results at 
∆P = 12.6 Pa

November 3, 2011
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Phase 2:  Preliminary Results at 
∆P = 21.3 Pa

November 6, 2011
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Phase 2:  Preliminary Monthly Results

November 2011 December 2011

Reference Tests
Level 1 < 0.02 L/(s.m2) Level 2 ~ 0.21 L/(s.m2) Level 3 ~ 0.72 L/(s.m2) at ∆P = 75 Pa

Quantify energy benefits from air barriers with field data
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Phase 2:  Predict Air Barrier Benefits

Material properties Field data Validate simulation tools
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Future Assessments

• Characterize typical air leakage paths in walls
– Based on literature and input from manufacturers

• Identify major sources of air leakage
• Evaluate methods to seal significant sources of leakage

Top plates and 
sheathing joints

Bottom plate interface 
to studs, sheathing 

and foundation

x

x

Electrical 
outlets

Penetrations for 
conduits

Specimen

Outdoor room

Indoor room

Multi-Functional 
Envelope Lab 
Chamber
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Can we Develop New Solutions to Reduce 
Labor, Increase Rate of Implementations
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New Guidelines with DOE Support
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IECC:  Airtightness in Commercial 
Buildings – Future for Testing

502.4.3  Sealing of building envelope. Openings and penetrations in the building envelope 
shall be sealed with caulking materials or closed with gasketing systems compatible with the 
construction materials and location.

C402.4.1  Air barriers.  A continuous air barrier shall be provided throughout the building thermal 
envelope.  Exception:  Not required in Climate Zones 1, 2 and 3.

C402.4.1.2  Air barrier compliance options. A continuous air barrier for the opaque building 
envelope shall comply with C402.4.2.1, C402.4.2.2 or C402.4.2.3.

• C402.4.2.1  Materials.  Materials with an air permeability no greater than 0.02L/s.m2 at 75 Pa 
when tested in accordance with ASTM E 2178 shall comply with this section.

• C402.4.2.2  Assemblies.  Assemblies of materials and components with an average air 
leakage not to exceed 0.2 L/s.m2 at 75 Pa when tested in accordance with ASTM E 2357, 
ASTM E 1677 or ASTM E283 shall comply with this section.

• C402.4.2.3 Building test. The completed building shall be tested and the air leakage rate of 
the building envelope shall not exceed 2.0 L/s.m2 at 75 Pa. 
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• Rough estimate for infiltration impact
– Residential approximately 2.2 quads
– Commercial approximately 0.60 quads

• Ventilation impact in commercial buildings 
approximately 2.2 quads

• Large opportunity for commercial is optimization of 
infiltration and ventilation control

Energy Impact of Infiltration
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Residential Cost Effectiveness – NREL 
Database (Cost/Each % Improvement)

$33.60

$60.00

$92.00
$96.67

25 Percent 40 Percent 50 Percent 60 Percent

Air Sealing Cost/Improvement 
Cost/% Improvement
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• Reduced infiltration is a major area for energy efficiency
• Solutions exist but greater effort is needed to implement
• Can technological solutions reduce labor cost and 

increase market adoption
• How can we move from research and advanced housing 

to mainstream implementation
• Is industry interested in working with DOE to properly 

assess reduced infiltration attributed to window 
replacements

Final Remarks
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Contact Information

P Marc LaFrance, CEM

Technology Development Manager
Building Technologies Program
Office of Energy Efficiency and Renewable Energy
US Department of Energy
marc.lafrance@ee.doe.gov
1-202-586-9142
Fax 1-202-586-4617
www.eere.doe.gov

www.eereblogs.energy.gov/buildingenvelope


