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Why Do we Weatherize? ENERGY | 5o Effciency &

Renewable Energy

INTRODUCTION TO WEATHERIZATION FOR AUDITORS

» Save energy and money for the
client.

* Improve indoor air quality.
* Promote building durabillity.
* Increase comfort.
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Save Ene rgy Eﬁ'”‘E““'RE"TG"FY Energy Efficiency &

Renewable Energy

INTRODUCTION TO WEATHERIZATION FOR AUDITORS

Buildings —

* Almost 40% of energy used Residential

In the US goes to power
commercial and residential

buildings. _
Transportation
« Half of that (20% US b s
energy) is for space ', CENEICES,
heating and cooling. \
33% S
- Half of that (heating and ) Industry

cooling energy) is wasted.

Chart Courtesy of 2008
Buildings Energy Data
Book.

A 5 Quad savings opportunity!
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Houses Are Systems! ENERGY | réncwatio Eneray

Building

Envelope
House as
a System

Mechanical

Systems K /

Occupants
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House as a System ENERGY | oo oo ey 3

Renewable Energy

HOUSE AS ASYSTEM

A house is a system of interdependent parts.
* The operation of one part affects many others.

« When they all work together, the house is comfortable,
safe, efficient, and durable.

A house will experience problems when its house
parts don’t work together properly.

« Some obvious, some invisible.

« Some now, some years down the road.
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H O U S E AS a SYST E M Eﬁ”‘E““RE"TG"FY Energy Efficiency &

Renewable Energy
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The Building Envelope ENERGY | Sreroy Effiency &

Renewable Energy

PRESSURE & THERMAL BOUNDARIES

The building envelope is made up of
thermal and air barriers.

For maximum efficiency and comfort,

the thermal and air barriers must be
continuous and in contact with each other.

Air
Barrier

Thermal
Boundary
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The Thermal Boundary

ALIGNING PRESSURE & THERMAL BOUNDARIES

The Thermal Boundary:

Limits heat flow between inside and outside.
Easy to identify by presence of insulation.

The location of insulation in relation to other building
components is critical to its effectiveness.

Even small areas of
missing insulation are
very important.

Voids of 7% can BThe(rjmal
reduce effective R-value Qupaany
by almost 50%.

U.S. DEPARTMENT OF EFIEFQ}" Efﬁciency &

EN ERGY Renewable Energy
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Thermal Boundary is Obvious ENERGY | 5o Effciency &

Renewable Energy
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Gap in Thermal Barrier ENERGY | ooy Effciency &

Renewable Energy

ALIGNING PRESSURE & THERMAL BOUNDARIES

An uninsulated attic
hatch is a gap in the
attic’s thermal barrier.

B Air Barrier

Thermal Barrier
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The Air Barrier ENERGY | £ Effciency &

Renewable Energy

ALIGNING PRESSURE & THERMAL BOUNDARIES

The Air Barrier:

« Limits air flow between inside and outside.
« More difficult to identify.

* Not always where you think it is.

 Blower door is used to
locate air barrier.

L -: Air
@ @ Barrier
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Ailr Barrier Where? ENERGY | £ Effiency &

Renewable Energy

Cellulose insulation i

Dropped ceiling- bare

Walls below ceiling
filled with cellulose 4

¢
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G ap I n Ai r B arri er U.S. DEPARTMENT OF Energy EfﬁCiEI"IC}f &

EN ERGY Renewable Energy

ALIGNING PRESSURE & THERMAL BOUNDARIES

A mechanical chase
containing ducts can
break the attic’'s

alr barrier.

B Air Barrier

Thermal Barrier

T
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Examples - House as a System  ENERGY | G Effciency &

Renewable Energy

HOUSE AS ASYSTEM

An uninsulated attic ... Makes the heating
and cooling system work
harder than necessary.
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Examples — House as a System  ENERGY | o ficeney &

Renewable Energy

HOUSE AS ASYSTEM

Photos courtesy of The US Department of Energy

Leaky recessed Increases heat loss/gain,
lighting fixtures... and can cause ice dams.
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Examples — House as a System  ENERGY | G Effeiency &

Renewable Energy

HOUSE AS ASYSTEM

This bathroom exhaust The moisture condenses
fan does not exhaust to on the roof deck and
outdoors — just to the soffit. trusses causing damage.
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Ventilation & Air Change ENERGY | £ Effiency &

Renewable Energy

HOUSE AS ASYSTEM

Why seal
the leaks at all?
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In the Attic... ENERGY | £ Effiency &

Renewable Energy

HOUSE AS ASYSTEM

« 2" X 6" rafters
with plywood
decking.

White “dots”

are frost on
nail points.

o

Photo courtesy of The US Department of Energy
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Plumbing pipe and dirty
Insulation are clues . .

. that an attic bypass Is
allowing air flow through i
the insulation. :

.;‘

- ._ “" ' > . ?‘,‘-‘ y : .'..‘» "
v : e 4.‘ ‘: s ol : "':,'.-'. \ '. Y,&ﬂ n’j’-f p_?
& ! ‘ ! = “ ' O gt ) . Ads‘ e US ‘l | ‘ :4.1"
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Chimney Chases ENERGY | £ Effiency &

Renewable Energy

HOUSE AS ASYSTEM

Department of Enengy
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U.S. DEPARTMENT OF Energy Efficiency &

Sealed Chimney Bypass ENERGY | renewable Energy

with insulation

barrier.
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In the Basement ENERGY | Enerey Effciency &

Renewable Energy

HOUSE AS A SYSTEM

Minor mold on
floor stringers.

>
&

SRR i B
Mold on
cement blocks.

"3

HE

High standing water.

Spauling on ’
cement blocks/ [

e @ ﬁ A
- Phc g Oc f l ]
>
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Plumbing and Wire Opening ENERGY | ooy Biciency &

Renewable Energy

E—

—

w\“\f‘u -

-

Department of Energy
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U.5. DEPARTMENT OF Ene EﬁiCiE n &
Under the Tub ENERGY | rononaslo Enoray

HOUSE AS A SYSTEM

Photos courtesy of The US Department of Energy
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More In the Basement ENERGY | £ Effiency &

Renewable Energy
HOUSE AS A SYSTEM ]

Danger!

Wy

' Grille cut into return

| plenum S_UCk5 on Thermocouples shut off
|| barometric damper. | . flame when backdrafting

.
4

C Ao ¢ occurs, but real culprit is
* leaky return ductwork on
furnace (not shown).

g ::_-':_ A%,
Photos courtesy of The USIDeparti

25 | WEATHERIZATION ASSISTANCE PROGRAM STANDARDIZED CURRICULUM  August 2010 eere.energy.gov



In the Garage ENERGY | Enerey Effciency &

Renewable Energy

HOUSE AS A SYSTEM

Photo courtesy of The US Department of Energy
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U.S. DEPARTMENT OF EI'IEI'Q}I" Ef-ﬁ(;ien[;',r &

In the Kitchen and Bathroom ENERGY | rononaio Enorgy

HOUSE AS A SYSTEM
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In the Living Room

HOUSE AS ASYSTEM

Fireplaces “net
cool” all but the

smallest spaces.
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EN ERGY Renewable Energy

Photos courtesy of The US Department of Energy

eere.energy.gov



Unvented Space Heaters ENERGY | 5o Effciency &

Renewable Energy

HOUSE AS ASYSTEM

And then there are
' VENT FREE fireplaces!

& kerosene heaters

& homemade stuff.

Photo courtesy of The US Department of Energy
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http://www.homedepot.com/webapp/wcs/stores/servlet/ProductDisplay?storeId=10051&productId=100593885&langId=-1&catalogId=10053

U.5. DEPARTMENT OF EFIETQY Ef—ﬁ['_:i.er‘|c‘j,|r &

Mechanical Ventilation ENERGY | renowable Energy

HOUSE AS ASYSTEM

All exhaust appliances “suck” on the house.

Photos courtesy of The US Department of Energy
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Something to Think About ENERGY | oo Effciency &

Renewable Energy

HOUSE AS ASYSTEM

Houses:
« Are tighter.

 Have more exhaust
appliances.

« Have “weaker” natural
draft combustion
appliances.

* Have less drying
potential.
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Today’s Houses Are Tighter ENERGY | Erer9 Effciency &

Renewable Energy

HOUSE AS ASYSTEM

OLD
mﬁu ' Boarded exterior I;IIEW .
| | with lath & plaster ywoo

interior walls. & drywall.
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TOday,S H Ouses H ave More U.5. DEPARTMENT OF Energy E'r'ﬁCiEI'IC)I" &
and BI g g er Fans ENERGY | renewable Energy
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Today’s Houses Have Weaker s erasrusvror | Epor Eficiancy &
I ENERGY Renewable Ener
Draft Appliances 9

HOUSE AS ASYSTEM

The weaker the draft (i.e., the higher the efficiency), the less air
moves through the heating system & therefore the house.

Air Tight:\Wood Stove
Kuma Stoves kumastoves.com

[ {y

System 2000™ 90+% | Jic 3 cOn\/mom b.oile"r.'_é“fé6

Photos courtesy of The US Department of Energy
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TOd ay,S Houses H ave LeSS U.5. DEPARTMENT OF Ener Efﬁcienc &
EN ERGY Renegwyable Eneggy

Drying Potential

HOUSE AS ASYSTEM

The old house got wet in the summer The new house gets just as wet but can’t dry;
(humid) & dried in the winter (low humidity). therefore poor IAQ and mold/mildew.

Photos courtesy of The US Department of Energy

Older Home: Newer Home:

« Balloon-framed two-story home * Low (little stack effect).

(lots of stack effect). +  Plywood & drywall.

»  Boards, plaster & lathe. «  Construction style and materials inherently

* No insulation. tighter than older home.

« Construction style and materials
inherently leaky.

35 | WEATHERIZATION ASSISTANCE PROGRAM STANDARDIZED CURRICULUM  August 2010 eere.energy.gov



U.S. DEPARTMENT OF EFIEFQ}" EfﬁCiEF’IC}‘ &
Summary ENERGY

Renewable Energy

HOUSE AS ASYSTEM

* We build very differently than we did as little as
40 years ago.

« Economic pressure is driving the move to tighter
houses with smaller margins of safety.

« The tighter a house is, the more influence individual
components have on the others.

 All pollutants inside the pressure boundary will
eventually be dispersed over the entire area.

 Altering a building or its mechanicals can have
unexpected consequences.
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U.5. DEPARTMENT OF Energy. EfﬁC|enCF &

EN ERGY Renewable Energy

e

4 WEATHERIZATION ENERGY AUDITOR SINGLE FAMILY

Audit Process
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U.S. DEPARTMENT OF EFIEFQ}" Efﬁciency &

C | I e nt I nte rVI eW #1 ENERGY Renewable Energy

« Assessment begins with
meeting and interviewing the
client.

* Follow the ground rules of
showing respect, honesty,
and understanding.

« Making the client part of the
auditing process often yields
very important clues about:

- Health and Safety

- Comfort

- Energy Efficiency
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Client Interview #2 ENERGY | 5o Effciency &

Renewable Energy

« Use the interview process to learn more about
how the home works.

 Ask the client about issues related to health and
safety.

* Explain the audit process and discuss retrofit
options
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Exterior Walk Around Process ENERGY | 9 oeney &

Renewable Energy
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Exterior Visual Assessment -

Review

U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Note and include detail on:

Building type and framing

Foundation type and percent
above grade

Additions, porches, attached or
tuck-under garages, cantilevers

Numbers, types, condition, and
orientation of windows and doors

Cardinal direction & orientation

Roof type, covering, and
condition

Water management issues
(downspouts, flashing, grade,
etc.)

Draw a sketch of the building
footprint and sides, note
dimensions.

« Remember to note comfort,

Siding type and condition

Chimneys, exhaust vents, and
possible safety problems

health and safety, and any other
Issues discovered in client
Interview process.
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Visual Assessment — Exterior #1 ENERGY | oo Sroeney &

Renewable Energy

s /E /2
§ No gutters /" &

— Chimneys meet code L Clapboard S|d|ng -
height requirements in good condition

All windows are
double-pane

— indow below ground
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Note condition of chimneys ENERGY | noraie toer

« Height of the venting system.

« Capacity of the venting
system.

« Restrictions in the venting
system.

See a problem here?
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Visual Assessment — Exterior #3 ENERGY | ner) cency &

V_-_‘f{;-& ‘ Il 3\ ‘: -'. 4 - - _— - - ' ..’ .ald 2
. --,:::.. H1% - e : . g = " 3 Ll . - t‘ ’ 4 ") !

MR

Abundance of peeling
= paint could indicate a high
I moisture load. Investigate.

on Training Center
.

n
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The Footprint Sketch ENERGY | 5 Eficiency &

Renewable Energy

Open Porch

7

= heated . = no heat

o 7’ cellar under main house.

» Den & kitchen floor = 1’ clearance to ground.

Second Floor
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Visual Assessment — Conditioned us oeeartuenToF | Energy Efficiency &

S pace EN ERGY Renewable Energy

Note and include detail on:

 Area and volume of the  Un-vented fossil fuel heaters.

conditioned space « Identify large air leaks such as

* Pressure and thermal broken glass, missing
boundaries hatchway covers, large
. Lead based paint penetrations, b_roken ceilings
and wall coverings.

* Mechanical ventilation « Electrical or other hazards to

« Evidence and sources of occupants and weatherization
moisture or indoor air quality workers
problems

« Remember to note comfort, health and safety, and any other
Issues discovered in client interview process.
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Visual Assessment — U.5. DEPARTMENT OF Energy EfﬁCiEF‘IC}‘ &

Cond|t|oned Space ENERGY | renewable Energy

Note the presence, location
and condition of:

 Wall insulation
 Windows and doors

* With the blower door
running, check for leakage
around outlets and fixtures.

* Thermostat

* Fireplace

* AIr Reqisters

* Window A/C unit.

* Recessed light fixtures

e Stored chemicals that
might effect IAQ
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Visual Assessment — Moisture ENERGY | e Efficiency &

Renewable Energy

Auditors should determine underlying causes
of moisture damage.

Photos courtesy of U.S. Department ofEnergy

Damaged ceilings may Mold on walls indicates serious moisture
iIndicate moisture issues. Issues in the home. Determine underlying
causes and mitigate before any air sealing.
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Visual Assessment — Dropped us oceasruent o | Energy Efficiency &

C e | | | N g S ENERGY | renewable Energy

Look above tiles for hidden air leaks.
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Visual Assessment — Access Doors gNERGY | Srere Efficiency &

Renewable Energy

Check access doors, closets and cabinets
for interior leakage paths.

« This opening
within the
plumbing wall was
discovered behind
an access door.

« The opening is a
major source of
air leakage.

Photo courtesy of U.S. Department of Energy
;
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Visual Assessment = Space U.5. DEPARTMENT OF

Energy Efficiency &

H e ate rs EN ERGY Renewable Energy

WPN 11-6: Space Heater Policy

* No Weatherization work allowed where
unvented gas or liquid fuel space heater
IS primary heat source

« Strongly encourages removal and
replacement of such heaters with vented,
code-compliant heating systems prior to
weatherization

« Secondary unvented heat sources may
be left only if they are ANSI compliant.

« WAP funds may only replace primary heating system, e.g., unvented with
vented, code-compliant system. May not replace unvented space heaters left
in home as secondary units with code-compliant unvented units.

 Mobile home: must be vented outside
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Visual Assessment — Walls ENERGY | £ Effciency &

Renewable Energy

« Determine framing type (balloon, platform, plank, etc.).

« Determine presence of wall insulation and thickness by one or more of
the following methods in multiple locations:

- Infrared scan.
- Drill and probe with a non conductive probe or borescope.
- Remove small sections of siding.

* Inspect interior wall cladding for damage or weakness.

* Look for areas where insulation may spill (pocket doors, suspended
ceilings, cabinets, closet spaces, etc).

» Determine practicality of exterior or interior insulation installation.

« Calculate the gross wall area (perimeter X height).

52 | WEATHERIZATION ASSISTANCE PROGRAM STANDARDIZED CURRICULUM  August 2010 eere.energy.gov



U.5. DEPARTMEMT OF EFIETQ}" Ef'f'||[;i|er‘|c",|r &

Visual Assessment — Framing Type ENERGY |rocr i Energy

Determine Type of Wall Framing

 From the attic,
framing style is
often evident.

o cavities are a sure sign
* Top plates indicate = of balloon framing.
platform framing.

es tUS Department of Energy
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U.S. DEPARTMENT OF EFIEFQ}" Efﬁciency &

Visual Assessment — Insulation ENERGY | rencatie tnomy

Probe exterior walls to determine:

 If insulation is
present, what kind
and how much?

* Depth of the
wall cavity

Do this In several
locations.

A non-conductive crochet
hook is handy for pulling out a
sample of existing insulation.
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U.S. DEPARTMENT OF EFIEFQF Efﬁcienc}-’ &

Visual Assessment - Foundation ENERGY

Renewable Energy

Note and include detail on the following:

* Framing type (slab on grade, « Major air bypasses and direct
pier and beam, full basement, penetrations to outside

crawlspace or combination) . Ceiling, wall and band joist

* Is basement or crawl space Insulation levels

conditioned or un-conditioned? .
« Tuck under garages, coal bins,

* Locate and identify etc.
components of the thermal n . :
boundary.  Condition and insulation levels

of duct system
« Combustion appliances and hot

water tank * Dryer venting

Electrical or other hazards
to occupants and
weatherization worker

* Moisture problems, bulk water
Intrusion and other IAQ issues
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Visual Assessment - Foundation  gNERGY | e Efficency &

Renewable Energy
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U U.5. DEPARTMENT OF Energy Efﬁcienc}; &
M OIStu re? ENERGY Renewable Energy
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U.5. DEPARTMENT OF Energy EfﬁCiEﬂC}" &
M O I d ? EN ERGY Renewable Energy
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Visual Assessment — Foundation #3 ENERGY | 5o Eficency &

Renewable Energy

* Note major air
leakage sites
on sketch.

Plumbing
and wiring

penetrations
are common air
leakage sites.

Photo c@ ent of Energy
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Visual Assessment - Perimeter ENERGY | 519 Effciency &

Renewable Energy

* Note ceiling, wall
and band joist
Insulation levels.

Band Joist

This box sill
IS a common

perimeter
leakage site In
basements.

Photo courtesy of U.S. Department of Energy
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Visual Assessment - Floor ENERGY | 5o Effciency &

Renewable Energy

Note type and condition
of basement or crawl
space floor.

Radon issues?

« Vapor retarder?

o
=¥

Dirt floor in
basement
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Visual Assessment — Foundation #4 ENERGY | renossblo Enorgy

Renewable Energy

Situations like this can hinder weatherization work.

« Workers cannot
access ducts,
floor cavity.

* Impacts the
occupants’
health and
safety.
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U.S. DEPARTMENT OF EI'IEI'g'j" Ef-ﬁciency &
Renewable Energy

Visual Assessment — Attic Spaces #1 ENERGY

Dark, hot, unpleasant attics
are where some of the most
Important auditing and
Installation work takes place.

/

s °
.‘»"“‘
.““ - g ‘

B 7 e
R N 3
'f . o l‘! ‘, ‘S‘
) ) o & ’:I " 4

b
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Visual Assessment — Attic

Energy Efficiency &

S paces H#H2 ENERGY | renewable Energy

Note and include detail on:

« Components of the « Evidence of condensation based
thermal boundary moisture problems or roof leaks
* Physical features « Attic ventilation

(floored, un-floored, condition of
ceiling, occupants belongings,
attic hatch type)

* Whether mechanical and plumbing
terminations are vented to outside

. Existing insulation levels * Knob-and-tube wiring or other
electrical hazards

 Major air bypasses il
J yp « Other hazards such as vermiculite,

« Condition and insulation level vermin droppings, etc
of duct systems if present

If interior access is not available, attempt to access through an
existing exterior vent or with permission create an interior
access through a closet celling if possible.
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Visual Assessment — Attic Spaces #3 ENERGY | oo Effcency &

Renewable Energy

Gable vent
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Knob & Tube (K&T) wiring ENERGY | Ereroy Effcency &
enewable Energy

vl e T,
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Visual Assessment — Attic Spaces #5 ENERGY | 5o Effeency &

Renewable Energy

Attic bypasses: The interior wall cavity acts as
a chimney that robs the house

n wall caviti " -
Open wall cavities of heat and conditioned air.

o N y N\
" Photoicouriésy of NRCERT
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Visual Assessment — Attic Ducts  gNERGY | Ereo Efficiency &

Renewable Energy

Note the location = e
and condition of This dryer duct, exhausting into the

exhaust vents: attic space, is causing moisture
' issues on the roof deck.

« Are they vented
directly outside?

e Smooth, metal

vent pipe?
* Moisture damage i
around roof
1 . —— e
penetration? i

Photo courtesy of PA Weatherization Training Center
R . .
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Ap p I | ances ENERGY | renewable Energy

What do we test on combustion appliances?
* Fuel leaks.

e Fuel input rate.
. Sufficient combustion air.
« Worst case draft.
« Carbon monoxide.

« Combustion efficiency.
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Fuel Leak Testing ENERGY | reroy Effciency &

Renewable Energy

Photos Courtesy of NRCERT

Gas leak detector for Visual inspection and the
gas and propane. personal sniff test for fuel oil.
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Selected Testing Equipment ENERGY | Erer9 Effciency &

Renewable Energy

—

Smoke Tester (for Oil)

_ Digital Probe
Thermometer

Combustion Analyzer

== -

Inspection Mirror
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TEStI ng Eq u I pment ENERGY Renewable Energy

BACHAE ACH, IMNC
PCA 25
=D BOQ100Y

TIME 05:44:12 pm
DATE 03/16/99

FUEL

CIL N, 2
=T A CE-TEMFP 305°F
ANE . -TEMP 75.0°F
02 6.5%
202 108 %
Z0 2Hppim
0% COE CO 41ppm
EFFICIENCTY 87 7%
EX. ATR 332
CONMENTS:

Photo Courtesy of NRCERT

If you’re not testing, you're guessing!
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Cook Stove Testing ENERGY | Enerey Effciency &

Renewable Energy

Why Test Gas Cook Stoves?

 Elevated Levels of CO
are Common.

« People often use them
as a heat source.

* COKills.

O Courtesy of NRCERT
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Stove To p ENERGY | renewable Energy

Photos Courtesy of NRCERT

Test each range top burner for CO. A portable flue section concentrates
Hold probe 6” above flame and combustion byproducts for an
measure the CO content in accurate CO measurement.

ambient air.
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Gas Cook Stove Testing - Oven  ENERGY | ooy Shcency &

Renewable Energy

Prepare the oven for a test by removing Insert the probe of the analyzer into
stored items, aluminum foil, etc. the oven vent and read the CO
content after the oven has warmed.
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Combustion Appliance 4. DEpARTUENT OF Energy Efficiency &

one (CAZ) Test ENERGY | renewable Energy

* Find the worst case depressurization in the CAZ.
« Under worst case conditions conduct:

- Spillage Test

- Draft Test

- CO Test

 Perform at the time of the audit and at the end of each
work day.

« Deactivate appliances until hazard is fixed

Conduct these tests for vented systems only!
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Diagnostics — Air Leakage sa.erarueror | Enercy Effciency &

TEStl N g ENERGY | renewable Energy

Air Leakage Testing

« Blower Door

« Ventilation Requirements

« Zonal Pressure Diagnostics

* Infrared Scanning
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Measuring Building Air Leakage  ENERGY |res) ficeney &

Natural driving forces Exaggerates pressure
Pressure differences too = differences so they can be
small to measure reliably. = measured reliably and the

results are repeatable.

Blower door

Exaggerated air leakage measured with the blower door
gives us an idea of the amount of air leakage that would
occur under natural conditions.
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Measuring Building Air Leakage  ENERGY |ned ticene &

Renewable Energy

« Air leakage, measured by the blower
door, is proportional to the size of the
holes in the house between inside and
outside.

 We can conduct blower tests before
and after air sealing work to determine
the effectiveness of the work.

 We can use blower door testing to tell
us which houses have the most
potential for energy savings through
air sealing.

e
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Measuring Pressure & Air Flow ENERGY | 519 Effciency &

Renewable Energy

 We don’t measure total pressure, but the pressure
difference between one space and another.

« Always one pressure with reference to (WRT) another.

¢ Sometimes we measure pressures under controlled,
artificial conditions, sometimes under normal
operating conditions.
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Measuring Pressure Difference ENERGY | noraie toer

Pascal (metric standard)
« 1 Pascal = weight of one Post-It note

e 249 Pascals = 1 inch water column 47
(American standard)

 1” water column =
pressure required to suck
1” of water up a straw
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Units for Measuring Air Flow ENERGY | noraie toer

Cubic Feet per Minute (CFM)

 Rate of air flow

« Based on the size of a home and the number of
occupants, a home should have a certain amount of fresh
air when the home is closed up

CFM50 (standard for blower door)

 Blower door measures the rate of air flow in CFM when
the pressure difference between the inside of the house
with reference to outside is -50 Pascals
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Approximate Leakage Area ENERGY | i it ®

* Divide CFM, by 10

* For example:

5000 CFM., /10
= 500 sq. In.
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Air Sealing Target ENERGY | £ Effciency &

Renewable Energy

Usually somewhere between pre-weatherization
blower door reading and MVR.

Different program determine air sealing target differently.

Some programs require a reduction in CFM, of:
* 40% for leaky houses
» 20% for somewnhat tighter houses

* 0% for substantially tight houses

Apply ventilation standard ASHRAE 62.2 — 2010
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Zonal Pressure Diagnostics #1 ENERGY | noraie toer

Conduct zonal pressure
diagnostics and interpret
results to determine:

* Location and effectiveness
of the air barrier

« Alignment of air barrier and
thermal boundary

* |f the pressure of the main
house WRT garage
Indicates serious leaks
between the two zones
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Zone Pressure Diagnostics #2 ENERGY | Renonable Energy

Pressure difference of
attic with reference to
the house should be
close to -50 Pa.

AP = -50 Pa

Blower Door
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Zone Pressure Diagnostics #3 ENERGY | Renonable Enoray

Pressure difference of

Interior wall with reference
to the house should be
close to O Pa.

Blower Door
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Zonal Pressure Diagnostics #4 ENERGY | Rononsbie Enoy

Unsealed/Uninsulated

Two-story balloon-framed
house with one-story addition
and unheated porch over
unconditioned basement
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Infrared SCanmng #2 ENERGY Renewable Energy

urtesy of PA Weatherization Training Center

A knee-wall and window An infrared scan of the same area

dormer detail. with the blower door running shows
air leakage at the intersection of the
knee-wall and rafter cavity.
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Infrared Scanning #3 ENERGY | Renewable Energy

Y e

'inos courtesy of PA Weatherization Training Center

A visible image of a ceiling detalil An infrared scan of the same

between the first and second story. area with the blower door running
shows air leakage in the ceiling
joist cavities.
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Leakag e/Performan ce ENERGY | renewable Energy

* Pressure Pan Testing or Duct Blower
* Finding Duct Leakage

 Duct Induced Pressure Differences
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P ressure F) an Eﬁ“E““‘RE"TG"FY Energy Efficiency &

Renewable Energy

Test the duct system with
a pressure pan and blower
door to identify:

Pressure

an testin
« Leakage to outdoors when drfjct Syster?]_

ducts are located outside the
thermal boundary

« Leakage pathways from
duct-containing building
cavities to outdoors (e.g.,
floor-joist cavities adjacent to
porch roofs, cantilevers)

A B
) | Photo courtesy 6f NRCERT
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Duct Induced Pressure Differences ENERGY

Renewable Energy

Measure Room Pressure Imbalance

Room pressure imbalances over 4 Pascals should be
remedied by addina supply or return air, then retested.

Photo courtesy of
PA Weatherization Training Center
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Electrical Assessment - Testing

Voltage Drop Testing

* Reads the percentage of
voltage drop on a circuit.

c.. O > E
. o J/iring Indicator v
- Adifference above 5% may 0 i, O
indicate an unsafe condition. @ "
6mh
61-151 ST-1pPw

« A qualified technician should
Investigate potential
wiring problems.
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WIRING INDICATIONS

Energy Efficiency &
Renewable Energy

eere.energy.gov



Electrical Assessment - Light Fixtures gNERGY | 5o Efeency &

Renewable Energy

Photos courtesy of
PA Weatherization Training Center

Provide 3" of air space between A fabricated airtight drywall box
recessed lights and insulation or meets electrical code requirements
other flammables. and provides a good seal.
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Base Load Considerations ENERGY Energy Efficiency &

Renewable Energy

Base Load Measures
» Refrigerator replacement

« Water heater wrap or
replacement

« Lighting upgrade
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Audit Software Tool - Input

U.S. DEPARTMENT OF EFIEFQ}" Efﬁciency &

EN ERGY Renewable Energy

Window Size

No.of  Fome  Glazmg % __(NChSS)  pemnr Adal
Typs  TVP9 Leakingss Shagsd WA Heght Opuons — Cost Comment
ider
Mt

Singie Fane  Medum k] & Evalualz Al

WIBTAZ  WNALL Slider Singie Fane  Medum 43 L] Ewnluaiz Al
W Mt
|Dt:-t:-rs
Oprional
Door  Wall  No.of Ara  Storm Door  DIMENSNS gnj
Code Code Do Door Typa {sqf) Condmon  Width Height Comment
DOORE  WALLE 1 ‘Bold Core Wood B2 More
DoORM WALLN Bodd Core Wood Mone
| Unfinished Attics
Exisung Insulanion Added Insulzon

JoisT Max.
Amic Amc  Spacing  Area Depth Moasure Depeh  Adal.
Code Type {iny) s Type {m) Na Typa ()  Cost  Comment

ATTH Linfioored 24 4000 Rockwool 4

| Finished Attics
No data were entered for this auwdit

| Foundations |

Addl. Cosis
Fourd, Calng Parlm. Perim wal  Wa¥ Wl
Faund Foumd Insuf. Arsa R angih Exp.  Meas Haight Exp R Floor  Waill
Conde Thpe Oplions  (sqfy Value 1) ™ No 1) %) Value sel  Insul e
FOUN Mon o0 30 30 1 400 o
~ Conditoned
| Heating Systems |

All the information from the
site audit is entered into a
DOE-approved audit software
tool. Requirements:

*Measure interaction
Climate specific
«Cost inputs

[ ISts measures in order of
decreasing SIR
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Audit Software Tool - Results ENERGY Energy Efficiency &

Renewable Energy

NEAT Recommended Measures

Audit software lists
measures with
allowable SIR.

Agency [Dar's Audt Rura ] State P5_] Run On [E331010962A] RunlD [E552_|
Gt 19 [ l Version B0 ] AudidD ]
. Audit Name [Uth Sxample Augt ] Aundit Date
Auditor creates work Client Name] . Auditor D |

Weather File [EALTLALT. WX | Setmp Library Name [Uh Curent Prices ]

order for the home. e

Annual Energy and Cost Savings

Index Recommended Components Heating Cooling BaseLoad Total
Measure (MMB) (5) (kWh)  (3) (kKWh) (5) (MMBwm)
1 niiration Redacn 35 pad 24 2 o (1] s
2 Wal nsuxsan WALLE WALLN WALL 172 132 22s n o o 182
S,WALLW
3 Retngerator Rpermt oo o o o 714 =8 24
4 LowE Windows WINNZ,WINE2 WINW2 103 34 199 1€ o o 15

E nergy Saving Measure Economics

Index Recommended Components Measure Measure Measure Cumulative Cumulative
Measure Savings (34r) Cost (3) SIR Cost (3) SIR
Infiration Radcin 3 100 25 100 25

2 Wl insulstion WALLE WALLN, 155 835 23 36 23
WALLE WALLW

3 Refigerstor Rplamnt E] s13 13 1455 23

4 LowEWindows mwzmwuaw 100 1518 1.0 =7 17
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S u m m ary EN ERGY Renewable Energy

BUILDING ASSESSMENT

« A successful weatherization project begins with a systematic
approach of visual and diagnostic evaluation.

« Good building assessments begin with a thorough client interview.

« A successful audit relies on the application of accurate visual
assessment and diagnostic procedures.

« A successful building assessment incorporates all of the
knowledge of building systems and the interaction of their
components.

« Auditors must document moisture, electrical, and health and safety
problems.

* Understanding the components of the thermal boundary will help
the auditor determine the most cost effective retrofit strategies.
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U.5. DEPARTMENT OF
ENERGY Renewable Energy

Typical Weatherization Measures

In no particular order




Primary Air Infiltration Sites ENERGY | 5reroy Effciency &

Renewable Energy

5% Fans & Vents

Windows
Floors, walls, and Ceilings

36%

13% Doors

Electric Outlets 2% 15%

Plumbing Penetrations
Fireplace 16%

Data courtesy of the California Energy Commission
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Finding Air Leaks ENERGY | reroy Effciency &

Renewable Energy

Check typical hot-spots:
Flues and plumbing vents.
Wire pathways.

Recessed fixtures
(lights and fans).

® C h I m n ey p e n etratl O n S . Photos courtesy of the US Department of Energy

Signals:

 Blower door, smoke.

» Dirty or discolored Insulation.
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General Guidelines ENERGY | 5o Effciency &

Renewable Energy

GAPS =1/4” GAPS 1/4” - 3” OTHER
Caulk Spray foam Foam board,
fiberglass in
plastic bags, etc.
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D rywal l R € p al r EN ERGY Renewable Energy

Sometimes sealing air
leaks requires repairing

damaged drywall. |
Y

Photos courtesy of the US Department of Energy
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High Temperature Issues ENERGY | o) aceney &

Renewable Energy

Recessed Light Fixtures | Flues

Taxm

IC Rated Fixture

Non-IC Rated Fixture

Photos courtesy of the US Department of Energy
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U.5. DEPARTMENT OF
ENERGY Renewable Energy

Attic Insulation




Measuring Blown-In Insulation ENERGY | oo Effciency &

Renewable Energy

How much is in that Staple rulers every 15 feet
back corner? for even coverage.
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Properly Insulated Attic ENERGY | o Efficiency &

Renewable Energy

Flags indicate juncture
boxes, recessed lights

Even layer of s
approprlate depth b2

Dam maintains
clearance around flue

Photo courtesy of the US Department of Energy.
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U.5. DEPARTMENT OF
ENERGY Renewable Energy

Dense-Pack Sidewall Insulation




Remove Siding ENERGY | £ Effiency &

Renewable Energy

Asbestos

‘Photo courtesy of.the US Department of
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EN ERGY Renewable Energy

* Properly size bit to
accept fill tube and
movement.

« Drill at angle fill-tube
will enter.

« Address large cavities
first to get blower busy
before tackling details.

 Probe around hole.
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o Energy Efficiency &

U.5. DEPARTMENT
ENERGY Renewable Energy

* Probe cavities for blocks - request holes where needed.

 |f holes are drilled in the middle of the wall,
fill top then bottom.

* Feed hose to farthest point from hole, then pull back 12”.

 Cellulose-only blower: pull hose out 1" at a time
(Faster blower: pull out 2).

« Adjust air gate: 8 Cavity should fill in 2 - 4 minutes.
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F) ro p er D ens |ty Eﬁ‘“E““'RE"TG"FY Energy Efficiency &

Renewable Energy

 Check fill holes:
Shouldn’t be able to
stick your finger in.

 Check material-to-

Volume ratio:

One 30 Ib. bag should
almost fill 3 8’ cavities with
2x4 16" O.C. framing.
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Trouble-Shooting or Shooting us. oeeaxruenror | Eneray Efficiency &
Troublef) ENERGY Renewable Energy

If you've blown for over
four minutes without
reaching proper density,
find out where cellulose
IS going!

Photo courtesy ofhies értmentofEnergy
W]
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Replace and Repair ENERGY | 5o Effciency &

Renewable Energy

The job isn’t done =
until the house is put / Y

___. back together.

115 | WEATHERIZATION ASSISTANCE PROGRAM STANDARDIZED CURRICULUM  August 2010 eere.energy.gov



¥ Energy Efficiency &
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ENERGY Renewable Energy

Duct Sealing/Repair




. U.5. DEPARTMENT OF Energy Efﬁcienc}; &
Vl Su al C h ec kS EN ERGY Renewable Energy

Large holes

Photos courtesy of PA WTC
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Visual Checks ENERGY | £ Effiency &

Renewable Energy

Typical Air Leakage Locations

Register Boot

Furnace
Connection

2*# Nanch Duct
Duct Q D

Terminati’ :

{

<

Crossover Duct

118 | WEATHERIZATION ASSISTANCE PROGRAM STANDARDIZED CURRICULUM  August 2010 eere.energy.gov



Pressure Pan Testing ENERGY | neoroy Siiceney &

Renewable Energy

] : - = :
\M\‘.‘Ek?{}\.‘ﬂ_ . u.h‘\“':

emember * Depressurize the home
_ this number! : to 50 pascals

* Pressure pan each
register location

siabl

* Record pressure
differences

* Repair ducts and retest

The goal is to reduce

pressure pan readings at
'\ eachregister location to
» NS less than 1 pascal.

Ry
e

5 Photo SOUr;b&kaS Department of Ener
Bt LA R -
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Repalrlng & Seallng DUCtS ENERGY Renewable Energy

Make sure to clean
ducts before sealing
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Repairing & Sealing Ducts — Materials ENERGY Energy Efficiency &

Renewable Energy

Py v i i
o g e (V]

ent of Energ?_i

Image Source: http://www.rcdmastics.com/pd6.asp
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Sealing with Mastic ENERGY | ooy Effciency &

Renewable Energy

l

Use fiberglass mesh tape to Latex gloves are often
span gaps larger than i inch your mastic brush
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Repairing and Sealing Ducts ENERGY | e Efficiency &

Renewable Energy

Photo courtesy of WV GOEO

Seal the duct, Mechanically fasten and seal
then patch the belly board with butyl-backed aluminum
tape or mastic
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Renewable Energy

Photos courtesy of thel eparfment of Energy

Results!
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Basements and Crawl
Spaces




Conditioned or Unconditioned? ENERGY | Ereoy Efficiency &

Renewable Energy

Air Barrier
mmmm [ hermal Barrier

Yy 9 Y

Conditioned Conditioned
Main Level ABOVE Main Level
GRADE

5 1

: Conditioned =
l Basement |
_

Conditioned Unconditioned
Basement Basement
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Conditioned or Unconditioned? ENERGY | oo Effciency &

Renewable Energy

Guidelines

Conditioned . Unconditioned

* More than 50% below * Less than 50% below grade.
grade. :

.+ Leaky, vented, or severely
* Relatively tight or degraded foundation.

unvented foundation. .
« Not a living space.

* Aliving space. « No intentional or unintentional

* Intentional or unintentional space conditioning.
space conditioning. :
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Basement Retrofit Options ENERGY | noreratio rony

Unconditioned Basements

e Air seal all air pathways between the basement and house.
e Seal all return and supply ducts.

e Insulate all duct work to the recommended R-value.

e Insulate open floor joists to the recommended R-value with
fiberglass batt insulation. Be sure to fit insulation batts tightly
to the bottom of the sub-floor and attach them with wire
supports.

e Insulate enclosed floor cavities with dense-pack insulation.

e Pressure pan measurements on duct registers should read
close to O Pa.
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Photo courtesy of the US Department of Energy
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Sy of the US Department of Energy
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Basement Retrofit Options ENERGY | noreratio rony

Conditioned Basements

« Air seal perimeter mud sill, band joist and all air pathways
between the basement and the house.

« Seal return plenum and all return ducts for safety.

« Seal major leaks in supply ducts by mechanically
reconnecting boots to register transitions.

* Insulate band joist area to recommended R-Value.
« Consider insulating basement walls.

« Use ZPD to verify that the conditioned crawl space with
reference to the house is close to 0 Pa.
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Heat Loss by Soil Depth ENERGY

Energy Efficiency &
Renewable Energy

Manual J HTM (Btu/hr/sq ft)

. Butte, i Kokoma, | Tampa,
. Montana i Indiana : Florida

2fti 43.5 35.7 15.3
5 ft 10.6 8.7 3.7
>6 ft 7.4 6.1 2.6
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Foaming the Band Joist ENERGY | o2 Siciency &

Renewable Energy
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