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U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

The U.S. Energy Big Picture...

U.S. Primary Energy Consumption
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73% of U.S. Electricity Consumption
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55% of U.S. Natural Gas Consumption

Electric Industrial Natural Gas Residential
Power Customers Vehicles & Commercial
Plants Customers
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Gas Processing Compressor

Natural Gas Wells Plants Gas Pipelines Stations Local Gas Companies




Building Consumption — Envelope

Relationship

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Other

12%

Computers
2%

Appliances
12%

Electronics
7%

Water Heating
10%

18%

Lighting [e

Has Impact on
57% of Loads

Heating
23%

Cooling
13%

1/7 US Economy
133 Billion $/yr
13.9% US Energy
» 3.5% Global Energy
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Buildings Energy Efficiency: Large .. ocwweror | Energy Eficioncy &

% of CO, Savings Potential ENERGY | renewabie Eneray
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] DOE Nuclearrccs [l EERE Transport

Cost
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. U.S. DEPARTMENT OF E Eﬂ: . &
Window Pathway ENERGY |2isiess

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 (Sl U value 1.0)
SHGC 0.04 — 0.34)

Low cost unsealed center lite

6| eere.energy.gov



Commercialization of Highly

Energy Efficiency &

Insulating ENERGY Renewable Energy
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South facing large residntial home in MN — Courtesy Sag'e Elc_troc-hromics
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Window Installation Energy Efficiency &

Renewable Energy

« 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

8 | Program Name or Ancillary Text eere.energy.gov



Product Design and Building Impact .. ccumevor [ £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

e = ~, Optics
== . k‘ R/véqgggg e

= == i Frame
| (Specular )
. E=Es Glass Data '

=1 Source) l /

v

NFRC
CGDB _ £
‘ 3| (Complex > (WL’%@R}%) — | Ratings |
~| Glazing _ and Labels| =i
Data Base)
m‘ L] E B EEEER }. [ | \
m Y A u
Design / . ¢ COMFEN * RESFEN " A
Simulation Tools | = #5H (Whole Building. LU (Whole Building f:ff}l ’m
) n Commercial) = WMial | Residential) '_\
DOE-2, EnergyP! " - .
Radigir\:gey ° ' EEEEEEEEEEEEEEEEEEEEERN ..
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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
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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

11 eere.energy.gov




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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Air Barriers at Syracuse University

eere.energy.gov




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 —_ Sloped 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

5000 £

s 45000 £
= E
o
gE’ 40000 :
o2 35000 F
-_— o
= [
< % 30000 £
=" C
§E 25000 ¢
R w E
S < 20000 ¢
ol :
5 el O | e
g 1 | 1 ‘l ‘l
i Bl

.|
| 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

eere.energy.gov



Moisture Research

e DOE-supported moisture

 Continue WUFI cooperative
development with Fraunhofer

engineering led to passage of

ASHRAE Standard 160

New foundation research

Warme Und Feuchte
Instationar (WUFI)

Advanced Hygrothermal

Modeling

Hygrothermal Model

Indoor
Conditions .
Moisture
‘;- ’]: -v-(o,v9+5,96 p,,)
Hygrothermal
Material | Enegy §.4
Properties [‘W A v VT ) Y- 6,96 5..)

dT dt

Climate

d

Construction
Type & Details

U.S. DEPARTMENT OF

i 0 2000, Arvirican Socty of Heatrg, rel pwrilig @ d Ar Condtire g E-gran. 1C [www inris.crg). For pareoral uss cny

MISrOCUCEoN, JArbution. of ITINETES 0N N Ber DOIT 07 AGEN fOrT 8 M0t DAY w0t ASHIRAL 5 DO wrien conm sson

ANSI/ASHRAE Standard 160-2009

ASHRAE STANDARD

Criteria for
Moisture-Control
Design Analysis in
Buildings

Approeed by he ASHRAE Standards Conmizes o0 Jasuary 24, 200% by 9 ASHRAE Board of Disectors on
Jenuary 28, 2009; and by the American Natsonsl Standards instiute on Jancary 29, 2009

This $UN0AY 5 nder COTINUOUS Maintenaros by 3 Standng Standand Project Commities (SSPC) for which
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-
wice), ot 1ol hee 1-800-527-472) (for ondess in US a+d Carada)

© Copyright 2008 American Sociely of Hesting, Reffgerating a=d Ar-Conditorisg Engineers, Inc.
f'— “\ ISSN 1041-22%8

American Society of Heating, Refrigerating

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

s e
o o P 135X

Energy Efficiency &

ENERGY Renewable Energy

eere.energy.gov



Exterior Insulation Finishing Systems .. cowmewor | 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



Air Barriers for Residential and us. ozearrwent o | Eneray Efficiency &

CommerC|a| Bu”d'ngs ENERGY | renewable Energy

* QObjectives
— 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
— ldentify major sources of air leakage

— Evaluate sealing mechanisms

= '

applied  Mechanically Non-insulating; Insulating Sealers w/ Self-adhered Fluid-applied
foam fastened board stock board stock  backup structure non-foaming

18 | Program Name or Ancillary Text eere.energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

Reseal’Ch PartnerS ENERGY Renewable Energy

m_ =to

HEE TREMCO
CARLISLE PAcTIV “
Coatings & Water, proofing M H e n r gﬂ

air barrier

ahaa

an

association of

amE"Ea - & W, R. MEADOWS,
Certairiged @D w  ‘sprat

*ﬁq\aWE £

nyserda New York State
energy moverion.sociens. - ENE@rgY Research and Development Authority

Syracuse University

eere.energy.gov
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U.S. DEPARTMENT OF Energy Efficiency &

Matenal CharaCterizatiOn ENERGY Renewable Energy

* Air permeance (ASTM E 2178 — 03)
« Water vapor permeance (ASTM E 96 — 10)
« Sorption isotherms (ASTM C 1498 — 04a)

« Liquid uptake

20 | Program Name or Ancillary Text eere.energy.gov



Phase 1 at Syracuse Natural s | Hey S

Exposure Testing Facility ENERGY | rencwabie Energy

« Test facility
— Conditioned indoor environment
— Weather station
— Pressurization setup for building and panels

Stud/plate interface Exterior sheathing joint Unsealed perimeter of penetrations

[’: ‘.'_- '.
Detached membrane Void in spray foam Unsealed electrical outlet Spray foam pullout

21 | Program Name or Ancillary Text eere.energy.gov



Phase 2 at Syracuse Natural

Energy Efficiency &

Exposure Testing Facility ENERGY | renewabie Energy

y-applied foam

Mechaniclly Nllon-inlating :
fastened board stock

-
Insulating board Sealers w/ backup Self-adhered Fluid-applied non-
stock structure foaming

22 | Program Name or Ancillary Text eere.energy.gov



Phase 2 at Syracuse Natural u.s oevasuewt or | Energy Efficiency &

EXpOSU['e TeSt|ng FaC|||ty ENERGY | renewable Energy

« 3 panels per air barrier type Simulated imperfection
7 OSB joint at stud

(4)1/47¢ holes\(16) 1/4’¢ holes

| | 1|

— Level 1 <0.02 L/(s.m?) (material)

— Level 2 ~ 0.2 L/(s.m?) (assembly) | AP=75Pa

— Level 3 ~ 1 L/(s.m?) (enclosures)

-

0 0 0

» Simulated imperfections — — —

Level 1 Level 2 Level 3

23 | Program Name or Ancillary Text eere.energy.gov



Phase 2: Preliminary Results at s 1=

AP = 126 Pa ENERGY | renewable Energy

November 3, 2011

(4) 140 holes~, (16) 1/4"¢ holes

8 i i i [T T
Q]
E ¢
g’. s I T~ |
3 2
= 0
0 1 2 3 4 5 6 7 8
O O O
20 il il i i i il il i
‘% 15 1 Level 1 Level 2 Level 3
<10 |
n_§ 5
0
0 1 2 3 4 5 6 7 8
— 0 Air Leakage [L/(s.m?)]  Avg Heat Flux
1] e
s 2 — at AP =12.6 Pa (W/im2)
™ - | evel 1 <0.02 1.7
g 6 \/
T . — Level 2 ~0.08 2.0
0 1 2 3 4 5 6 7 8
— Level 3 ~0.23 -4.6
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Phase 2. Preliminary Results at

Energy Efficiency &

AP f— 21 3 Pa ENERGY Renewable Energy

November 6, 2011

(4) 140 holes~, (16) 1/4"¢ holes

8 i T i [T T
:-,_ 4
T 2
£
°3 4 5 6 7 8
O O O
40 'ﬁ i i i i 'ﬂ i i
9‘% Level 1 Level 2 Level 3
20 A
°3 4 5 6 7 8
= 0 Air Leakage [L/(s.m?)]  Avg Heat Flux
S . R at AP =21.3 Pa (W/m?)
£ — Level 1 <0.02 32
£ . — Level 2 ~0.11 4.2
3 4 6 7 8
T — Level 3 ~0.33 0
our
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U.S. DEPARTMENT OF Energy Efficiency &

Phase 2: Preliminary Monthly Results ENERGY | renewable Energy

Quantify energy benefits from air barriers with field data
November 2011 December 2011

»
8
»
8

— mLevel 2 - Level 1 —_ mLevel 2 - Level 1
% 500 | @Level 3 -Level 1 % 500 1 @Level 3 - Level 1 .
=3 =
> 400 - S 400 -
=] =
T T
= 300 - = 300 -
[-*] ¢
T T
<71 200 - <] 200 -
= =
= =
e 100 A e 100 -
N ] 3
0 _—l 0 1
5-10 10- 15 15 - 20 > 20 All 0-5 5-10 10-15 15-20 >20 Al
AP (Pa) AP (Pa)
Reference Tests
Level 1 <0.02 L/(s.m?) Level 2 ~ 0.21 L/(s.m?) Level 3 ~0.72 L/(s.m?) at AP =75Pa
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U.S. DEPARTMENT OF Energy Efficiency &

Phase 2: Predict Air Barrier Benefits ENERGY |Rrenewable Energy

Material properties

Bl
e D

Field data Validate simulation tools

- ~ =
@ Ver. 5.1 ORNL

Moisture design tool
for architects and engineers

\

~ Fraunhofer
1BP

27 | Program Name or Ancillary Text eere.energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

Future Assessments ENERGY | renewable Energy

« Characterize typical air leakage paths in walls
— Based on literature and input from manufacturers

 |dentify major sources of air leakage
« Evaluate methods to seal significant sources of leakage

Multi-Functional
Envelope Lab
\ Chamber

Top plates and Penetrations for
sheathing joints conduits

D

Bottom plate interface Electrical
to studs, sheathing outlets ind .
and foundation ndoor room

28 | Program Name or Ancillary Text eere.energy.gov



Can we Develop New Solutions to Reduce

U.S. DEPARTMENT OF Energy Efficiency &

Labor, Increase Rate of Implementations ENERGY | renewable Energy

29 | Program Name or Ancillary Text eere.energy.gov




U.S. DEPARTMENT OF Energy Efficiency &

NeW GL“de“neS W|th DOE Support ENERGY Renewable Energy

AT Ene

ENERGY |l o BUILDING TECHNOLOGIES PROGRAM

Measure Guideline: Sealing

and Insulating Ducts in
GUIDE TO ATTIC AIR SEALING Existing Homes

IDENTIFYING AND BLOCKING AIR LEAKAGE PATHWAYS R_ Aldrich and S. Puttagunta

FROVIBING ABTIEHTCLOSURE Consorfium for Advanced Residential
Buiidings {CARB)

Aftics should be air sealed prior to adding insulation. Adding insulation alene does not save
much energy and can lead to health and durability problems. The intent of this guide is to provide
information for the preparation work necessary prior to adding attic insulation.

December 2011

Inspect the House Inspect the work area, check for combustion appliances,
controlled ventilation, and required attic ventilation. Develop the
work plan. See page 3 and Appendix A

Do Not Proceed If: = The house attic has active knob and tube wiring

= The house attic has vermiculite insulation

= The house attic has bathroom fans vented into the attic

= The house has a leaking roof

= The house has an unvented kerosene heater or gas fireplace S

fi ****

U.S. Department ol Energy

1. Combustion Safety Combustion air is required. If you have gas or oil-fired furnaces
or gas or oil-fired water heaters or boilers that have natural draft
chimneys combustion air supplied directly from the outside is
required. Test for backdrafting. The best approach is fo replace
natural draft appliances with sealed combustion, induced draft or
power-vented furnaces, boilers and water heaters. Install carbon
monoxide detectors. See page 5.

B“'Id"IgAir Seal the Attic Follow the details provided in this Guide. See page 15.

Science

5. Then Insulate Install according to manufacturer’s instructions, including all

corporatlon safety, performance and quality assurance requirements

30 | Program Name or Ancillary Text eere.energy.gov



IECC: Airtightness in Commercial s | Hey S

Buildings — Future for Testing ENERGY | reneuabie Eneray

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.

INTERNATIONAL
ENERGY CONSERVATION . . . . . . . "o
coE C402.4.1.2 Air barrier compliance options. A continuous air barrier for the opaque building

™ 4 envelope shall comply with C402.4.2.1, C402.4.2.2 or C402.4.2.3.
IE;; « (C402.4.2.1 Materials. Materials with an air permeability no greater than 0.02L/s.m? 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.m? 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.m? at 75 Pa.

31 | Program Name or Ancillary Text eere.energy.gov



Energy Impact of Infiltration ENERGY | roncrenio trny

* 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

32 | Program Name or Ancillary Text eere.energy.gov



Residential Cost Effectiveness — NREL  .coeommenror [ £nergy Efficiency &

Database (Cost/Each % Improvement) ENERGY |reneuatic tneroy

Air Sealing Cost/Improvement

m Cost/% Improvement

$96.67

25 Percent 40 Percent 50 Percent 60 Percent

33 | Program Name or Ancillary Text eere.energy.gov



U.S. DEPARTMENT OF

Final Remarks ENERGY | renovabo trovey

* 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

34 eere.energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

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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