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Building Consumption — Envelope

Relationship
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Advanced Windows Can Become Energy Producers
(US Mixed and Northern Climates)
2010 (actual with VP)

U - BTU/hr-Ft2 -°F
Highly Insulating (R5) <$4/ft?

Single Glaze: U =1 (5.68) Dynamic ~ $50/ft?
2020 (goal) R10 $3/ft?
Dynamic $5-$10/ft?

Double Glaze: U = 0.5 (2.84)

Price Point Premiums

Low “e” U = .35 (1.99) ENERGY STAR

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

: : R10 Window U = 0.10 (0.57)
-Loss : (Dynamic Wide Spread):

1973 1980 1990 2000 2010 2020



Next Generation of Windows ENERGY | 5o Effciency &

Renewable Energy

* Highly Insulating
— Goal U value 0.10 (Sl 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

6| eere.energy.gov



Dynamic Windows — Cost Neutral  .socmmevor | Energy Efficiency &
by 2020 (NO b||nds < HVAC) ENERGY | renewable Energy

DeHority Hall, Ball State University Muncie, IN
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Commercialization of Highly
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South facing large residntial home in MN — Courtesy Sag'e Elc_troc-hromics
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High Structural RS Highly Insulating
Commercial Windows - ARRA

U-Factor of 0.17- 0.22 (~R5) and Architectural
structural rating (AW)

- 30% better thermal performance compared to
current high-structural windows

- 1st Aluminum window to achieve R5 thermal
performance

- Exceptional condensation resistance (CR>72,
CRF>78)
Cost efficient product design and
manufacturing engineering

- Reduce the cost of R5 windows —> increase
market penetration

- High volume-automated IGU line; R10 capable

Phase | — Casement/Projected —>
commercialized in Q4-2011

Phase Il & |l — Sliding windows —> planned
for Q3-2012

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

A DIVISION OF KAWNEER ALCDA
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Automated Tri-Lite Assembly System (ATLAS) ssgeasmenor | Energy Efficiency &

ENERGY Renewable Energy

Produces Triple IGUs in Unprecedented 20 Second Cycle Times

High-Volume, Low Material and Labor
Cost Effective Automated System that
Results in a High Performance R-5
Highly Insulated Window systems

e L - ARRA partner, first system being installed with
major glass partner, 15t qtr 2012

| « Enables industry to provide homeowners with
= | affordable, highly efficient residential windows at a
ATLAS's ‘no-touch’ Bernoulli technology glass lifting minimal cost
system ensures contamination-free placement and

alignment of triple IGUs. « Adaptive to unique insulated glass (IG) unit
combinations (both duals and triples.) g qual 1G
units/minute or 3 triple 1G units/minute In any
combination

» Machine-controlled consistency ensures uniform,
high-quality IG units at higher production rate.
Simplifies IG assembly through GED’s WIN 1G-5
software and the “no touch” Vortex vacuum lift
technologies

« Vacuum lift mechanisms lift and suspend the lite
GED in mid-air without contact to the lite surface;
® : Touchless assembly minimizes chance of glass
Integrated Solutions breakage, damage and worker injuries

10 eere.energy.gov
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Window Films - ARRA ENERGY | renewanle Energy

« EnerLogic 35*

— 42% improvement in single-pane glass
insulating performance

— Improves “annual-average U-value” of single- :
pane to that of dual-pane (dual -> triple) ] -

— Payback 2.75 years (Large Office Bldgs,
National Average) e ||

— Year-round energy savings 2-3x that of same
VLT, non-low-e films

« EnerLogic 70*
— 41% improvement in single-pane glass
insulating performance

— Industry’s ONLY high-VLT, spectrally-selective, =
low-e window film

— Residential installations:

» 3x the year-round energy savings of high-
VLT, non-low-e films

« Up to $3,500 in energy savings over life of
the film

+ Save up to 10% on heating bills
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lejos o3 ybin
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Single Clear Glass

* Annual savings equal to replacing all lights : :
in a home with CFLs With EnerLogic 35

« 10-30% greater cooling savings over other RUHGR T Kol [{ohrd")
high-VLT, non-low-e films

* CP Films analysis, significant thermal improvement, possible greater condensation in colder climates_

11 eere.energy.gov




Commercial Low-E Storm ENERGY | oo Shciency &

Window Retrofit System
Ongoing case study in Philadelphia 12 story office building —

retrofit 18,000 ft* glazing

* ARRA partner, field evaluation w/ 50% cost share
*Converts existing single glazing to triple low-e glazing
*12 month energy consumption comparison

*Detailed monitoring in two pairs of side-by side
offices (north, east)

INSIDE A4 @UTSIDE

12" ARGON-FILLED AIR SPACE

o IS
SUNGATE 500 —— S~ EXISTING GLASS
LOW-E COATING ;e 316"
- -
SOLARBAN 60 ——4ll |
LOW-E COATING y 0 0 EDGETECH, LG,
. " . SUPER SPACER
COMPRESSION - TRISEAL™

ASSEMBLY l

EXISTING )
ALUMINUM 34
SILL |

J.E. Berkowitz, Quanta Technologies, NAHB Research Center
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SAG E E I eCtrOCh rom i CS ENERGY Renewable Energy

In production, revenue stream

New factory to open early 2013

Large scale, 500’ sputtering
coater process

* First EC company to pass ASTM
durability standards

 ARRA and CRADA partner

Siemens 5000 ft2 Curtain Wall

eere.energy.gov
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Soladigm Dynamic Glass ggrey |smosk] s
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Dynamic Glass

» Electronically tintable glass
based on electrochromic
technology

« Surpasses ASTM 2141 durability
* Unobstructed glare control

* Increased natural daylighting
 HVAC energy savings

 ARRA and CRADA partner

High Volume Production

« State-of-the-art manufacturing
facility

« Up to 5x10 foot Insulating Glass
Units

* Production starting in Summer
2012

eere.energy.gov



Product Design and Building Impact .. ccucmevor | £nergy Efficioncy &

TOOIS _ Used by 80% Of Industry ENERGY Renewable Energy

- Design tools for advanced products to optimize energy efficiency and cost

« 1S0O 15099 Compliant

- Basis for certified NFRC product ratings

- Performance tools used to design facade e.g. eliminate perimeter heating
THERM
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http://windows.lbl.gov/software

Facade Design Tool ENERGY |59 tiicency &

Renewable Energy

and Commercial Windows —

| ==

Hemi | F.u:--u D -Jgn 'I'nul | Owvarview | f‘.u. 31u1‘|l“| | T ple & thnu:'-:-tl | Gontast Infarmation
Facade Design Tool: Compara Performance Options in Boston, Massachusetts

Define Design Conditions to Compare

Bcenario Orientation ‘Window Area Daylight Interior Shades Exterior Shades WA o
1 | South &) 15% 8] | Mo Conurols 2] [ wo 8 | mone 2] [ Double Low-E Clear |
z T EL ﬂ | Mo Controls :] | ves I] | mone E::fg:;r
i E - i - i - i - | Db Bromze Tank
3 South :I 45% :i Mo Controls q Hao Deep Oreerhang q i ik PPl cthose TIFE
2 [ South B8] 6 18] | Mo Contrals [y | Mo b [ Shallow Grwerhang |8 | Double Low-E Bronze Tim

Double Low-L Green Tint

Triple Low-E Clear
uiad Leaw=E Clear

Soenario 1 Soenario 4

( Run Comparison )

How to Perform a Comparison

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

2. 1If you need more information regarding the design conditions, click here.

3, Click the Compare Design Conditions button to see the results for annual energy, peak demand, carbon, daylight lluminance,
glare, and tharmal comror,

4, Once the resulls are displayed, you can moadilfy the design conditions 1o view oLher Comparnisons,

=~

A
rrereenr |||||
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U.S. DEPARTMENT OF Energy Efficiency &

Knowledge Base for Stakeholders ENERGY | renewable Energy

!-.-Efﬁcient Windows Co/laborative

www.efficientwindows.org

National Fenestration www.commercialwindows.org/
Rating Council
www.nfrc.org ngh Performance Volume

Purchase Program

www.windowsvolumepurchase.org

www.windowattachments.org/

www.eereblogs.energy.gov/buildingenvelope

17 eere.energy.gov



www.eereblogs.energy.gov/buildingenvelope
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High Quality Performance Impacts

Energy Efficiency &

of Innovative Products ENERGY | rencwabie Energy

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

3 | J.;um.,
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e

Air Barriers at Syracuse University
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Thermal Envelope R&D ENERGY |Ererey Eficiency &

Renewable Energy

* Next Generation of
Attic/Roof System to save
50 Percent Energy

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

 New Material Development o sove

— 100 R&D Award in 2009
for phase change
insulation

— Higher performing foams
and aerogels

— Dynamic membranes
— Advanced cool roofs

eere.energy.gov



Next Generation of Attic/Roof I

Systems —_ S|Oped Roofs ENERGY Renewable Energy

 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

B Dark Shingle roof where attic contains leaky ducts and the attic floor is not sealed

mMNew Roof Design Retrofit onto leaky ducts and poorly sealed attic floor

@ Dark Shingle but with attic floor sealed and ducts with 4% leakage and wrapped with R-8
O MNew Roof Design Retrofit with sealed attic floor and sealed ducts

m Dark Shingle but with attic floor sealed and ducts removed from attic

O Dark Shingle with New Roof Design, ducts in conditioned space
50000 —

Austin, TX
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-_— o
= [
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R w E
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5 el O | e
g 1 | 1 ‘l ‘l
i Bl
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| ILAT RN |

6 10 15 19 25 30 38 45 50 60
Attic Floor (R5-Value)
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Dow CRADA Develops Improved

Commercial Cool Roofs

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

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

Addinonal rechnical sipport providad by

Authors: Bryvan Urban and Kurt Roch, Ph.D.

DE-ACO05-000R22725

Guidelines for
Selecting Cool Roofs

Prepared by the Fraunhafer Cenrer for
Sustainable Energy Systems for the LTS
Daparment gf Evergy and Qak Ridge National
Laboratory under conmract DE-ACOS-000RIIT2S. $

Lawrence Berkelay Natenal Laboratary and the
Faderal Energy Management Program,

U5, Department of Energy
7/ Energy Efficiency
and Renewable Energy

Bringing you a prosperous. fulure where ene
i clean, abundant, refable, and affordable

http://www1.eere.enerqy.gov/femp/pdfs/coolroofquide.pdf

21
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http://www1.eere.energy.gov/femp/pdfs/coolroofguide.pdf

Moisture Research

 Continue WUFI cooperative
development with Fraunhofer

DOE-supported moisture

engineering led to passage of

ASHRAE Standard 160

New foundation research

Warme Und Feuchte
Instationar (WUFI)

Advanced Hygrothermal
Modeling

Hygrothermal Model

L Climate

Material “l 3

Properties H; : ']: =V h Y6, V6 p,.)

Conditions . .
Moisture
'3;', ": -v-(p,vp+5 v p..))
Hygrothermal } Energy | Construction

Type & Details

U.S. DEPARTMENT OF

ENERGY Renewable

0 D2000, American Sooaty of Heatrg, ret poratiog ad Ar-Condtiore g Ergraen. 1C (wwa i rie.crg). For pereonal uss oy
Y MISrOCUCEoN, JArbution. of ITINETES 0N N Ber DOIT 07 AGEN fOrT 8 M0t DAY w0t ASHIRAL 5 DO wrien conm sson

Criteria for
Moisture-Control
Design Analysis in
Buildings

Jenuary 28, 2009; and by the American Natsonsl Standards instiute on Jancary 29, 2009

This SN0AYT i§ NTEr COTINUDUS MEITtR"a"0s Iy 3 Standng Standard Proyect Committes (SSPC) for

wice), ot 1l bee 1-800-58274720 (for ondess in US avd Casada)

© Copyright 2008 American Sociely of Hesting, Reffgerating a=d Ar-Conditorisg Engineers, Inc.

@

[ep——
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o o P 135X

Energy Efficiency &
Energy

ANSI/ASHRAE Standard 160-2009

ASHRAE STANDARD

Approeed by he ASHRAE Standards Conmizes o0 Jasuary 24, 200% by 9 ASHRAE Board of Disectors on

when

e Stindards Commitee has eshitishos 3 docunented program for repuiar pubiication of asdenca or revi-
sors, including procedures for Smely. cocumented, consersus acton on requests for charge to any part of
™o gtandand. The change submttal fomm, Ratrucions, and Ceadings May B0 02aINEd in aksctronis Hrm from
He ASHAAE Wed sie, izriiwww.istrae 003 o it pape form fom the Masager of Standards. The latest ed-
Son of an ASHRAE Standasd =gy be purchased fron ASHRAE Costomer Senice, 1791 Tulle Circle, NE
Atarta, GA 30029-2305. E-malt oroders @ astrae org Fax 404-321-5478. Telephone: 404-636-8400 (worid-

e Notan, ISSN 1041-233%

American Society of Heating, Refrigerating

and Air-Conditioning Engineers, Inc.
1791 Tullie Circle NE, Atlanta, GA 30329

Org

eere.energy.gov




DOE/ORNL Conducting In-depth Air I

Barrier ResearCh ENERGY Renewable Energy

« Sophisticated energy performance
measurements

« Supports real world performance and
code activity

« 20 wall panels with 13 manufacturing
supplier partners and Syracuse Univ.

* Needed to support higher code levels
leading to low energy buildings

eere.energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

Air Barrier Research Plan ENERGY | rencwable Energy

Number of Specimens

Material Tests Assembly Tests
Laboratory Field
Air Barrier Type New Weathered Laboratory BEST Facility
ASTM | ASTM | Liquid | ASTM | ASTM | ASTM Phase 1 | Phase 2
E96 C1498 | Uptake | E2178 | E2178 | E2357
Fluid applied non-foaming liquid 8 8 8 8 7 7 3
Insulative boardstock 1 1 1 1 1 3
Non-insulative boardstock 2 2 2 2 2 2 3
Interior air barrier - - - - - 2 3
Mechanically fastened membrane 4 4 4 4 4 4 3
Self-adhered membrane 2 2 2 2 2 1 3
Spray-applied foam 4 4 4 4 - 4 3
Controls - - - - - 4 1
TOTAL 21 21 21 21 16 25 22
Material Level I To be determined
ASTM E 96: Water vapor transmission 7 Tentative

ASTM C 1498: Hygroscopic sorption isotherms
ASTM E 2178: Air permeance

Assembly Level
ASTM E 2357 Determining air leakage of air barrier assemblies

24 eere.energy.gov



Exterior Insulation Finishing Systems .. cowmevor | Energy Efficioncy &

(E I FS) ENERGY Renewable Energy

* 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

ata Acuiion Facility

eere.energy.gov



Final Remarks

26

Energy Efficiency &

Renewable Energy

With increasing Executive Order directives, agency
funding, and ESCO financing, opportunities for
Innovative measures should be greater

Advanced cutting edge technology being developed

New lower cost products (low e storms and low e
window film)

Support tools available to help assess envelope and
facade opportunities

Possible increased demonstrations with agencies and
DOE

eere.energy.gov
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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.qov/buildingenvelope
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