This Thousand Home Challenge webinar series is brough
you by the Pacific Gas & Electric Company's Energy Train
Center & Affordable Comfort, Inc. (ACI).
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Dense Pack for Insulation &

Air Sealing of California Homes
Part 1: Nov. 14, 201111 a.m-12:30 p.m. Pacifidime

Presented by:
Jim FitzgeraldCenter for Energy and the Environment, MN
Facilitated by:Linda Wigington Affordable Comfort, Inc. ’\
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Slides out of Synch Today?

Or Slow Internet Connection???
ecoffman@affordablecomfort.org
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Subjectline: Dense Pack Webinar Question
lwigington@affordablecomfort.org
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v ADVAKCING HOME PERFORMANCE

Past Handouts & Upcoming AEVents

www.affordablecomfort.org
Colorado ENERGY STAR Summit Béhl&r CO Dec.6-7, 2011
ACINational Home Performance Conference 2akimore, MD Mar. 280, 2012

Information about the Thousand Hom€hallenge
www.ThousandHomeChallenge.org

A Introduction to the Thousand Home Challenyéebinar
A ThursdayDec. 8, 2011: 101:30a.m.Pacific Time

Contact: Linda Wigingtamwigington@affordablecomfort.org
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HighPerformance HowWater: On the Path to
Deep Energy Reductior{g-part) - Gary Klein

Analyzing Electricitysage: ACritical Step Toward
Deep Energyreductions Chris Hunt

Ductless Heat Pumps: Recent Research & Applications for Low
EnergyHomes(2-part) - Mark Jerome, Bob Davis,

& Marc Rosenbaum

Ducted & DuctlesMini-splits for CoolingExistingHomes- Danny
Parker & Dave Robinson
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Related to Deep Energy Reductions in Existing Homes
For a fall classcheduleyisit --www.pge.com/energyclasses

Deep Energy ReductiorisThe Thousand Hom€E€hallenge LindaWigington
EnergyWise Renovation of Foreclosed HomeBave Robinson

Go Ductless California, Try Mi§plits!- Dick Rome

Planning a Zero Energy New or Existing Hom€#a DannyParker

Air Sealing & Insulating Existintgomes- GavinHealy

Balanced Ventilation for High Performance HomeSan Perunko & Gavin Healy
Auditing Electricity Use in Existingomes- ChrisHunt

Retrofitting CaliforniaCrawlspaces RickCowperthwaite

ENERGY TRAINING CENTER

Pacific Gas and
. Electric Company®
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ENERGY TRAINING CENTER = ] Pacific Gas and _
D I S CI al m e r D Electric Company

Theinformation in this documentis believedto accuratelydescribethe technologies
addressedhereinand are meantto clarify andillustrate typical situations,which must

be appropriatelyadaptedto individualcircumstancesThesematerialswere prepared
to be usedin conjunctionwith a free educationalprogramand are not intendedto

providelegaladviceor establishlegalstandardsof reasonablébehavior Neither Pacific
Gasé& Electric(PG&Enor any of its employeesand agents (1) makesany written or

oralwarranty,expressedr implied, includingbut not limited to the merchantabilityor

fitnessfor a particularpurpose (2) assumesany legalliability or responsibilityfor the

accuracyor completenesof anyinformation, apparatus product, processmethod, or

policy containedherein; or (3) representsthat its usewould not infringe any privately
owned rights, including but not limited to patents, trademarks or copyrights

Furthermore, the information, statements, representations, graphs and data

presentedin this report are provided by PG&Eas a serviceto our customers PG&E
does not endorse products or manufacturers Mention of any particular product or

manufacturer in this course material should not be construed as an implied

endorsement

WWW.pge.com/stockton
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@‘ /0%+Deep Energy Reductions
¥23 The Thousand Home Challeng

Access & Integrate

(1 Efficiency

B Behavioral Choices
4 ' B Renewables
B Community Solutions
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Key Metric
Transparent & Direct
Include Occupants

Net Annual Household Site Energy
Credits/offsets: Solar & onsite renewables
Wood counts!

Each household has its unique threshold of
performance to meet or exceed.
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$6  Thousand Home Challenge
®_%  ThresholdDetermination

OPTION A

A 75% reduction in actual annual site energy use

OPTION B

A Climate(ZIP Code or best match weattstation)

A House size (FFA), converted to surface area (5 side

A Detached or attached

A Electricheatallowance = “ossilfuel or wood heat
allowance

A Numberof occupants (including partial occupancy)
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THC Option B Household Threshold
Comparing fossil/wood heat vs. electric heat)

(kWhlyr. all enduses)

12000
NOTE: 5,000 kWh = 17.2 MMBtu ,
VUV o ~170 therms of natural gas
8000
6000
4000 M Total kWh/Yr
Electric Heat
2000 M Total kwh/Yr
Fossil Heat
0
O O <
Q) @) O & @) D <
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AR A S S ¥ O o A
2 NN &
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OPTION B Inputs: detached; 3in  household; 2,000 ft? finished floor area (FFA)
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THC Option B Household Threshold
(KWhl/yr. by enduse)

8000

NOTE: 5,000 kWh = 17.2 MMBtu |,
7000 or ~170 therms of natural gas —
6000 —
5000
4000 —
All Else
3000 — I I T
N
2000 I I ot . ater
1000 :I I I I Cooling
0 I M Electric Heat
4
F S FE LGS (ES
SRS s
(o?“ @ 6& v(% <« QQ'V O V“O
TS
S
OPTION B Inputs: Detached; 3 in household;

2,000 ft 2 finished floor area (FFA); electric heat
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Slides Out of Synch Today?

Or Slow Internet Connection???
ecoffman@affordablecomfort.org

vdzSaoAzya F2N ¢Kdz

Subjectline: Dense Pack Webinar Question
lwigington@affordablecomfort.org
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Learning ODbjectives

By attending this twepart webinar, participants will be able to:

1.

ldentify house typesand commorfeatureswhereair leakage reductions
from dense pack insulation are likely to perticularly effective

Recognizéhe importance of and be able to describe the-site/on-the-
job procesgo ensure uniform insulation density

ldentify two ways teensurethat they have achievedomplete coverage
filling all cavities

Describe considerations faelecting points of accedsr closed wall
cavities

Be able to list features antbnditionswheredense paclshouldnot be
performed

Better differentiate between a jobwvell done & partially completework
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Webinar Outline Today
Linda Wigington
A Intro & Thousand Home Challenge

Jim Fitzgerald
A What is dense pack?
A What does it take to have a jokell done ?

Discussion/Questions

At 2ad O0O2YYSyida 9 ljdzSaaa
submit questions for Thursday
(lwigington@affordablecomfort.org)
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This Webinar Does Not Address

V Combustion safety (including unvented appliances,
venting system performance, potential for pressure
Inducedbackdrafting

V Source control of pollutants & adequate house
ventilation

V Adequacy of electric wiring, e.g., knob & tube wiring
V Flashing/rain & surface water management

V Disturbance of materials containing asbestos or lead
V Potential fire hazards (recessed light fixtures)

V Any other stop work conditions that require repair
prior to proceeding




Check It Out Great Resource!

a5 9 BPAGKSIDEWALL INSULATI®N 5 9 h €
developed by WECC & the Energy Center of

Wisconsin, funded by a US DOE weatherization
grant:

http://www.ecw.org/wxdensepackinsulation
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Jim Fitzgerald

Jim Fitzgerald is widely known throughout North
America for training weatherization contractors &
crews.He started his career as an insulation
contractor in Minneapolis, where he developed
techniques for dense padavity fillinsulation of
existing homes. With the help of Gary Nelson
(The Energy ConservatQ& the use ofnfrared

& blower door diagnosticslim developed a
comprehensivapproach to dense packingat
consistentlyyields insulation continuity &
significant air leakage reductions. Jim recently
helped develop BPI's criteria for Air Leakage
Control Installer certifications, & now a

member of BPI's working group to draft standards
for thermal insulation used as an air retarder. He
also provides field audits for ABAA (Air Barrier
Association of America) in new commercial work.
In the past,he has conducted hundreds of stucco
moisture investigations.
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Dense Pack in California

Part 1- Wall Cavities

ACI- Thousand Home Challenge -14-11
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Why Dense Pack?
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' 2 ,000 fe wood lap walls
.. ¥ DIYcellulose on a weekend

s Januarygas use dropped
: 2 5 From 310 therms to 160
e therms (MN - cold)

- Dropped more than expected,
j#&YrRS YS 62yRS

----------

O e S
- &-\-.

Quieter, more uniformn
temperature
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Harold the Homeownersked

G2 KIFG 2 Af f

2ShvEe’ |

2.000ft2 of walls

1,200ft2 of attic
R19to R 38

B Answer (predicted)

ACI- Thousand Home Challenge -14-11

460 therms of gas or
350 gallons obil/year
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It Saved 800 Gallonfhat Year!

A 500-gallon fuel oil tank
A Five fills in 2 years before (1,250 gallyr.)
A One tank lasted all year (<450 gal)

A Harold told his friends he saved doulsleo
call us!

A | could not forge600 gallons per year extra
A Reality did not fit the model

ACI- Thousand Home Challenge -14-11 22



It Is Not Just the Walls

It I1s all of the connections!!

And whatever else the IR
shows

||||||||||||||||||||||||||||||



How Measured?

Qubic feet per minute (CFM)
cfm50= airflow at 50pa pressure difference
as measured by a blower door
50pa = about 1 Ib/square foot



| StartedTaking CFM50 Pre/Post

Home Energy, vol. 7, No. 1, 1990 Jan/Feb
2,000 cfm50 average reductier82 MN houses

5~ _
7 4 houses had no accessible airsealing, only caviti
A ¥ to pack:
— 50% average reduction in ¢fm50 on just airflow

through cavities

Table 1. Infiltration Reduction from Sidewall Insulation

Pl EAlon reade surface volume pre-ins post-ins
s siding area* ft.” ft® cfm,, cfm,, % change cfm, saved
woodlap 3700 - -26,000 . 5325 2411 54.0 2,916
stucco 5,000 37,000 8836 5333 39.6 3,503
asbestos shake 5,300 39,200 8,500 4,462 48.0 4 038
asbestos shake 7,900 51,000 9,099 4.400 51.1 4,659
(multifamily)

* above ground
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What Does It Take to Get Both

Insulation & CFM50 Reduction?

ACI- Thousand Home Challenge -14-11
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Packed Fibers Resist Airflow
throughWall Cavities
A Cellulose: 3.5Ibg/ft 3 or higher (R 3.8.7/inch)

A Mineral wool: 3.5Ibg/ft 3 or mfg. requirement
(R 3.83.9/inch)

A High performance fiberglass woo2.2 Ibs/ft 3 or
mfg. required level (R 4-2.3/inch). Material
designed for air resistance, tested with results
provided to BPIThis Is not the same product as
high loft attic insulation.
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Dense Paclaterials
(in the directory of certified insulation materials)

A All cellulosein directory is also approved by BPI

A 4 fiberglass materialén directory are approved b
BPI use in reducing airflow

I JM SpiderRegCAT040 (CO)
I Knauf Perimeter PlugegCATO003
I CertainTeedinsulsafe& Optima:RegCAT024 (PA)

(For info:http://www.bpi.org/ or 518-899-2727)
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Alr Seal & Dense Pack
Combine to Wrap the Whol®&uilding

1. Seal accessible attics, exterior du&s;rawl

spacesmake continuous air barrier across t&p
bottom wherever possible

H®d 5SyasS LI Ol gttt @2f¢
I Reduce airflow through hollow cavities
I Block edges of chases

I Leave no escape routes for air we are trying to
keep inside
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Dense Pack:

Not Loosdnsulation
Lab trainingmockup

4 Ibg/ft 3 density
stays In place

Walls floors,
cantilevers

(4 Ibg/ft 2- Cellulose)
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High Performance Fiberglass into
Density Test Box

(same tube as cellulose)
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Dense Pack Cellulose

V Differentfrom loose

V Turnsinto ablock- too tight to fall out
V2 2yDSGGtwall Ay yQ
V Clogaup paths for cavityirflow

. dzi 2 RSyasS LI Ol Aa y2z2
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Resources: Air Barriers

A ABAA (Air Barrier Association of America)

www.alirbarrier.orq/

A Building AmericalyS DOE Initiative)

http://wwwl.eere.energy.gov/buildings/building america/

A Building Science Corp. (B®&®).buildingscience.com/

A www.GreenBuildingAdvisor.com

A Passive House California (PHCA)

http://passivehousecal.orqg/

A ThePassivhaunstitut (PHI)

http:// www.passivehouse.com/07 eng/index e.html

A Passive House Institute US (PHIUS)

http://www.passivehouse.us
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It Is Time for a Poll!
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Part 1 (continued)



Sacramento Job

(house type with significant air leakage reduction;
porch roof, open sheathing at wall tops)

Photos courtesy of Gamalbott, Sacramento, CA 2011
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Inside: Plaster Drill &Patch

ACI- Thousand Home Challenge -14-11
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Outside: Stucco Drill
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Insertion Tube Method
Inside with tube

+ Outsidewith siding
removed before foam
board installed

ACI- Thousand Home Challenge -14-11 ot
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Courtesy Bruce Torrey 2009

Wood Shakes, Vinyl Bz
LeadSafe Siding

-

N
Tl < i
“) S 7

Photos courtesy of Chris Clay Oppco org, Belllngham WA 201140



For Quality Assurance

Two Questions:

1. What is the density?

Get bag count to calculate Ibs. of material/wall
volume filled

2. Is coverage 100% with no air leaks?

An IR scan with a blower door at 50pa will
answer that

ACI- Thousand Home Challenge -14-11 41



Infrared Can Confirm Work

John Snell is an
iIndependent expert who
helped RESNET develop an
IR certification for these
specific tests

He trained many California
IR technicians in building
energy& air leakage
Inspection

‘9 www.thesnellgroup.com IR in background shows wall leakage
during winter, natural conditions
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IR #1Iinterior: NO V0|ds No A|r L eaks

T, Y .:4-, |

e L8 During heating

Quality basic jok season (cold outside)
I eat A o . =Y W

Sample to show &3 wall without voids or bypasses.

Note: No continuous exterior insulation; studs significant source of heat loss
once wall is insulated ACI- Thousand Home Challenge -14-11 43



IRExample #2: Voids & Air Leaks

yet to be deliverec
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Process After IR Find&/ork To Do

A Send contractor back
(IR image is a map of where to fix)

A Drill into parts colored gold, pack empty cavities

ACI- Thousand Home Challenge -14-11 45



Action If Density Is Low

A Reblowto prevent settling if >10% below

A Any fiber insulation cavity can beblownto
get proper density, fill, or consistency

Al aS FAEf 0dzoS S6A0K YI
2yt eég G2 SYUSNI OF OA (¢



Deliver Target Density
Uniform & Complete Coverage

Confirminsulationblower systemsO | y NB I OK

or 3 psi

Drill & probe side to side, u@& down to access every

cavity

Set machine& pack densityest boxto target

Insert tubeto both ends& pack F cavities, check

with smoke, compare bag coveragm density target

A Pack remainder &ompare totalmaterial coverage
to target

A Stop& check insiddfor openings if a cavity takes

longer to fill

o o T T
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Check Stati®’ressure
Full Air with Outlet Blocked, Feed Shut
(small airloclblowers)

= Il
| ACK- Thousand Home Challenge -14-11 48



Adjust Machine &
Blow Test Box to TargetDensity

Measure weight added,
adjust machine until target met

7 Ibs. added cellulose = 3Gt 3
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Adjust to 2.2Ibg/ft 3
Target with Approved Hberglass
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Process: Probe & Drill to Access Alll
Cavitie IN a GiveArea

N

ousand Home Challenge -14-11



Insert TubeUp & Down to Ends;
Fill a CaV|t
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Process During Installation
SmokeCheck with BlowerDoor On

Smoke drifts past
packed material

. . after
Smoke pulled into cavity before

ACI- Thousand Home Challenge -14-11
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Compare MaterialCoverage to Target
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During Work, Check Inside for
Surprises I{avity TakesLonger to Fill
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Best to CheclBefore We Start
& Avoid Cleanup

A Block all openinginside the house that may
allow blown insulation to enter

A Brace weak surfaces

A Findall non-IC recessed lightsefore blowing
& maintain clearance or replace

A Confirmall safety checks repairsbefore
work Is doneX site Is ready
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Non-IC LighHxture
(not found In time)
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High Performancdiberglass

A Goes in with-% the pressure of other materials &
provides good air resistance at lower density

A It may be better to use where interior finish
YFOGOSNRFf A& I NB sHertiockl & &

A 1t will not react with the lime in masonry or
corrode metals

A Can be installed in contact with heat sources like
chimneys

A Blowing equipmen& hose need to provide more
conditioning for material (check with
manufacturers)




High QualityCellulose

A Has boric acid as a flame retardant &
newsprint& other recyclable paper as its
primary components¢g2 Y a A RSNB R a

A Has shown a degree of fungal suppression
where slight wetting & drying cycles were
found

A Borates also restrict insect activities, but are
not a fumigant



Conditions to Avoid

(contact with wet materials, exposed soll,

flashing leaks)
Including:

A Brick, stucco& cultured stone exterior finishes installed
with no weather barrier or wall sheathing protecting
Interior components

Al ff o YFTUSNRIfaAa NB Y2Aal
up water during rair& mist and transfer moisture into
the wall assembly if the drainage space is not
maintained

A Brick cavity wall construction has shown efflorescence
when the central space is fille&, chemical reactions
with borate flame retardants



Examplel Stucco Wall w/o Sheathing
(no drainage after foam installed,;
cannot be repaired)

-
Y
Nt
-~

N

2/ 708NN 545530 e=0/96

IR Irregular:
voids & wet

Area in box > 20% moisture
in foam with 2 areas >30%
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Example 2 Brick Cavitywall Needs to
Maintain Drainage WherHlled
=> EIF®)ption

62



Solid Full: Efflorescence Outside
Moisture Weepsthrough Felt to Inside

Interior
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