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Discover + Deploy
the most effective solutions for a healthy, low-carbon economy
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* Energy Benefits

Large fraction of energy use for heating and cooling
A 48% in residential
A 35% in commercial
Reducing envelope leakage could reduce HVAC
energy use by 30%

Envelope tightness standards only recently required in
codes

Cost-effective approaches to sealing envelope leakage
would improve adherence to code
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« IECC Codes Around U.S.

More stringent codes are forcing buildets change the way they builthomes

Residential Buildings
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» Single Family Air Tightness
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 Health Benefits

Reduced infiltration of outdoor air and outdoor
pollutants: particulates (PM, ) and Ozone

Improves effectiveness of mechanical ventilation
AHRV or ERV and filters- bring filtered air into house

A Putting HRV/ERV on leaky building creates over ventilation i
and moisture problems?

Reduce pollutant transfer between units in multifamily
buildings
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* Multifamily Noise Transfer

Minnesota code requirement
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* Benefits for Large Buildings

A tighter envelope makes it possible to pressurize
buildings using HVAC system i reduce infiltration

Better and more efficient air flow control in sensitive
spaces

Elimination of outdoor chemical infiltration

Contagious disease spaces

Clean rooms

Laboratories

Schools in non-compliance areas (have current CEC project on
HVAC and IAQ in schools)

To To To Do o
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* How Does It Work?

Blower Door creates and maintains positive
pressure

Spray fnfogo of seal ant

Particles carried to leaks by escaping air flow

Process is tracked and displayed in real time
and documented electronically

Finds and seals leaks missed or inaccessible
by manual trial-and-error methods
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How does it do that?

No, really?

(animation video here)

Sealant is a synthetic acryfaypically rolled or sprayed on for monolithic
exterior air barrier. Diluted for aerosol application.

Sealant is low VOC: GREEMrd GoldCertified for use in California school
and health care facilities.



e Automated AeroBarrier Sealing

pump + aerosol
sealant sprayer
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Development Timeline

First single-family _ y \ First non-residential
homes sealed iy ‘ j \ building retrofit

. AERUSEAL.

Proof-of-concept S First multifamily
in laboratory = sealed

First commercial
installation by
Aeroseal

First single-family
retrofit
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-» Demonstrations with Habitat for Humanity

A First demonstration in real building
/A Determined need for multiple injection point
Alt worked!
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- Honda Smart Home

Implemented temp/humidity control
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New York Apartments

Buildin
A Sealed multiple apartments in a day UAMERI@E

A Sideby-side applicatiorhumidity [N
analysis

A Better seal quality with highe
RH

A Measured sound transmission
reduction

A Determined no prep required

@
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. Minnesota Multifamily Sealing Results:
18 New Construction Units

= Pre Bldg Pre ACH50 PostACH50 Reduction

A 3.22 0.72 78% (7%)

Post B 239 0.45 81% (9%)

8 C 7.75 116 85% (3%)

All 3.86 0.69 81%(8%)
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* Leakage ReduceBd_ldOvBer Injection Period
uilding

d New construction
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* Sealing Rate
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. Minnesota Multifamily Sealing Results:
9 Existing Units
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®Pre Bldg Pre ACH50 PostACH50 Reduction
D 134 4.07 71% (17%)
18 Post E 13.7 146 89%
F 18.8 9.67 48% (13%)
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* Leakage Reduced Over Injection Period
Building D¢ Affordable Housing
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Pre-Sheetrock Sealed leaks
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Seal formed between gap in foam



Post-Sheetrock Sealed Leaks
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Seal formed between gap in foam



, Aerosol Envelope Air Sealing
Technology for New Homes

How to integrate AeroBarrier envelope g
sealing into home building process: &

Determine appropriate time during
construction for application

Measure performance relative to
conventional methods

Determine existing sealing efforts
that could be avoided

Determine cost-effectiveness
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. Why Aerosol Envelope Air Sealing
for New Homes

Reliably achieve tightness level

A Maintain or slightly improve current acceptable
performance

A New tightness requirement

Reduce need for trained workers and QC
of their work

Measured tightness when work Is
complete

Reduce cost of current sealing that is
eliminated or lower cost than competing
strategy

Reduced/more reliable HVAC sizing

®
. Building BR s
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* Project Team
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Building America Project Approach

-~
House wReview existing sealing practices
Leakage . .
wAerosol sealing demonstration
Assessment
N\
Develop Two wMeet with builder to go over options
Sealing wPick two promising approaches
Options
Y
Perform wSeal at least two homes under each option
Aerosol : ) )
) wEvaluate impact relative to baseline
Sealing
Refine
Sealing wRefine most promising option
Options |
f ™~
Perform
Aerosol wSeal 24 homes
) under refined option
Sealing
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Ailr Sealing Assessment

cee

Category Component Who does sealing? Material used for sealing? Can AeroBarrief Quality of
Replace? seal work
Attic access panels Gasketed Door No Excellent
Drop down stairs N/A N/A
Ceiling/Attic Whole-house fans N/A N/A
Recessed lighting fixtures N/A Gasketed fixture Yes Excellent
Drop ceiling/soffit Insulation Contractor Closed Cell Spray Foam |Yes Excellent
Exterior Walls Insulation Contractor Gasket/OSB N/A Excellent
Sill Plate Carpentry Contractor Gasket/OSB Yes Acceptablg]
Top Plate Insulation Contracor Gasket Yes Acceptabl e
Walls Drywall to top plate Insulation Contracor Gasket Yes Excellent
Carpentry Contractor/Insulatior]
Interior partition wall to exterior wall|Contractor Solid Blocking/Can Foam |Yes Excellent
Knee walls Carpentry Contractor OosB Excellent
Windows, skylights and
doors Rough openings Window Installation Contractor|Can Foam Yes Excellent
Rim joists Insulation Contractor Open Cell Spray Foam Yes Excellent
Can Foam/Open Cell Sprayf
Ducts Insulation Contractor Foam No Excellent
Can Foam/Open Cell Spray
Flues Insulation Contractor Foam No Excellent
Can Foam/Open Cell Spra
Shafts Insulation Contractor Foam No Excellent
. Can Foam/Open Cell Spray
Shafts, penetrations to Plumbing Insulation Contractor Foam Yes Excellent
unconditioned spaces Can Foam/Open Cell Spra
Piping Insulation Contractor Foam Yes Excellent
Can Foam/Open Cell Spray
Wiring Insulation Contractor Foam Yes Excellent
Can Foam/Open Cell Spray
Exhaust fans Insulation Contractor Foam Yes Excellent
Other N/A
Floor cavities aligned with garage |Carpentry Contractor/Insulatior]Blocking/Open Cell Spray
Garage separation walls |separation walls Contractor Foam No Excellent
Carpentry Contractor/Insulatior]
Shower/tub on exterior wall Contractor OSB/Open Cell Spray FoamYes Excellent
Stair stringer on exterior wall None Yes N/A
Fireplace on exterior wall N/A N/A N/A N/A
Other Electrial/low voltage boxes on
exterior walls None Yes N/A
HVAC register boots that
penetrate building thermal
envelope N/A Yes N/A

Center for Energy and Environment
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* Building America Interim Results

California Builder #1
Homes designed with sealed attics
Using open-cell spray foam

A Under roof deck

A At rim joist and other mechanical penetrations

Fiberglass in wall cavity
HRYV integrated into central air handler
Target leakage of 800 CFM50 (2.1-2.4 ACH50)
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* Conventional Sealing

Can foam at seams
where wood is joined
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» Sealing Options

Sealing options
A Option 1: Seal home after open-cell spray foam insulation
A Option 2: Seal home before spray foam insulation

Advantage of sealing before drywall
A Addresses outer wall surface

A Seals less prone to damage in wall cavity
A Better aerosol distribution
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* Option 1

Foam at roof deck

cee” Foam at rim JOlst
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Option 1 Results

Pre-Seal PostSeal
Floor Area Volume
Stage/Option Lot Plan  (ft?) (ft3) CFM50 ACH50 CFM50 ACH50 % Reductiol
After Foam 7 3 256¢ 23121 169C 4.3¢ 429 1.11 75%
After Foam 8 1 2032 2221F 128¢ 3.47 351 0.9& 73%
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.Option 1 Example Seals

N

Sealsformed under trusses
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Seal formed at corner of

wall assembly
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* Option 2

|

Exposedroo{aeck

cee” Rim joist penetrations
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* Option 2 Pre sealing work

Large penetrations needed to be sealed prior to
aerosol sealing

Time/materials for pre-sealing was tracked

Center for Energy and Environment




Prepare for unexpected!
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* Pre-Sealing Time/Materials

_ Sealing Penetrations Sealing Gap at Eaves

Time for Manual Sealinn  Cans of  Time for Manual Sealinc Cans of
Stage/Option X} (personrthours) Foam Used (personrthours) Foam Used
23 15 3 15 4

*Note: Presealing work performed by inexperienced staff
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Option 2 Results

PreSeal PostSeal After Foam
Floor Area Volume %
Stage/OptionLot Plan (ft?) (ft3) CFM50 ACH50 CFM50 ACH50% ReductiolCFM50ACHS5(Reduction
Before Foam 23 3 256 23121 583€ 15.14 828 2.1t 86% 483 1.2t 42%
Before Foam 24 2 2222 20007 300t 9.01 477  1.43 84% 352 1.0€ 26%
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* Option 2 Example Seals
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ACH50

e Summary Results

79% €)73%

Average leakage Tighter than
reduction baseline homes
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e California Builders - Path Forward

Final leakage tests when homes are complete

Work with Builder #2 high performance (sealed) attics
A Owens Corning box netting attic insulation
A AeroBarrier produce tighter houses than current sealing?

Work with Builder #1 vented attic houses
A Before drywall in place

Work with builder to estimate cost savings from
eliminated sealing

Develop guidelines for future installations
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* Minnesota Builders

Minnesota Builder #1

Homes designed with ventilated attics
Closed-cell spray foam at rim joist
Interior poly wrap

Fiberglass/mineral wool in wall cavity
ERV integrated into central air handler
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Conventional Sealing . _

Caulk at seams
where wood is joined

cee” Caulkat sill plate
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. Proposed Sealing Options

Option 1.
A Seal home after spray foam at rim joist
A Reinforced poly at ceiling-attic interface
A Maintain conventional sealing

Option 2 (Ultimately not implemented):
A Seal home after spray foam at rim joist
A Reinforced poly at ceiling-attic interface

A Do not install:
A Airtight electrical boxes
A Interior poly
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.Sealing Results
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Reinforced Poly Fallure
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« MN Builder #1 Results
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Seals

Sealsformed at wire penetrations

Seals formed

Sealformed between studs
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Sealformed at
electrical box

at plumbing
penetrations
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