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Benefits of Energy Codes

v'Saves energy - Buildings consume 40% of energy in
U.S.; energy codes increase energy security, reduce air
pollution, lower need or new power plants.

v'Saves money - energy costs continue to rise and
energy codes help keep money within local economy

v'Additional benefits:

v'Increases comfort, health and durability of homes
v'Increases home values in local community

v'Reduces liability for builder and subcontractors
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Energy Code Compliance Pathways

Scope

Insulation & Window
Requirements

Prescriptive
Pathway

UA Analysis Trade-off
(REScheck)

only IECC Section 405

(annual performance simulation)

| Mandatory Requirements |




Building Science Fundamentals

e Heat e Ventilation
— Conduction — Exhaust
— Convection — Balanced
— Radiation — Positive
o Air e Comfort
— Wind — Temperature
— Surfaces
— Stack Effect -
— Humidity
— Mechanical Fans _ Airflow
* Moisture e Performance / Diagnostic Tools
— Bulk — Blower Door
— Capillarity — Duct Tester
— Diffusion — Flow Hood
— Infiltration
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A House Is a System

of dynamic, interacting systems...

Thermal Envelope System <= Air Barrier System
HVAC System@ Moisture Control System
Plumbing System <—)> Electrical System
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How Heat Flows

Radiation

 Movement of radiant energy
across empty space from O
warmer to cooler objects.

« Examples:

— Sunshine (solar heat) heats roof
deck and brick veneer.

— Hot roof deck radiates to attic
floor; brick veneer to wall.

— Solar and radiant heat from
pavement passes through clear
glass, heats floor.

h&ﬁm; louse



How Heat Flows

Conduction

* The transfer of heat
through solid objects.

 Insulation, layers of glass
with air space in windows,
slows conduction.




How Heat Flows

Convection

 Flow of heat by currents of
air.

/7~ "\
7R

Air leakage

 As air warms, it rises: as it cools,
it gets heavier and sinks.

« Air flow into a home is infiltration:;
 Qutward flow is called exfiltration.

« Air leakage is both.

h&ﬁm; louse



Air Flow

Low
pressure
Conditions for Air Infiltration
(both must be present at the same time)
e Pathways for air movement
(hole)
e Pressure difference (driving 0O =@ 100 cfm
force)

Quantity of air out
= quantity of air in 100 cim
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Natural Driving Forces for Infiltration

\

Wind

L &

:
E

i
-

Stack Effect
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‘David Keefe
Vermont Energy
Investment Corp.

Positive pressure

(with reference to
outside)

|
Neutral pressure FE
plane M

'- .EI

i

Negative pressure
(with reference to

outside)




Typical Envelope Leaks

mostly to and from attic and crawl space!

' ‘Sea! and
|
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A Continuous Air Barrier

Why so important?

e Saves energy

— insulation effectiveness
« Saves money

— low utility bills
* Increases comfort

— No cold drafts, hot spots

« Controls air quality

— Reduce pollutants & dust from attic,

crawl space, wall cavities, garage

e Reduces moisture into
building cavities

— Prevent hidden mold and decay

o S lose
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Moisture Transport Over One Heating Season
(outdoor design temperature -13°F)
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Transportation via diffusion
through @ square feat
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| ___— 30 Us quarts

Transportation via alr leckoge
through 1square inch
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FANS! - Driving Forces for Infiltration

Device CFM
Bath 50
Range hood
150
Downdraft
hood 500
“Emeril”
Dryer 200
Air Handler 400
/ ton

=

—

Leaky return Pt:ggfgc:iﬁﬁid
ducts @ @
Supply Return Supply

Tight supply =
ducts

1 L B —

Air

@ handling | @
. unitH
Depressurized S
basement
—1
b ch

A bigger deal (than wind or stack) in southern homes!

AeCene LN

14



“Natural Ventilation” via leaky house & ducts

Is this good or bad “ventilation”??

| ] = -
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“Natural Ventilation” via leaky house & ducts

Is this good or bad “ventilation”?

Duct systems leaks in both supply and return can
cause air leakage rates to increase up to 300%!

MMHW S 16



2009 IRC chapter 11- Section 1102.1

e One prescriptive “answer” for how to build in each
climate zone (CZ: 2 and 3, warm-humid)

¢ Includes lots of footnotes

Warm-Hurmsd
Below YWhite Line

;uz[fmu m}ffﬂzﬁf "_'.'.:__'

17



Building Thermal Envelope Definition

Bu i Id i ng Th ermal Enve|0pe — The basement walls, exterior walls, floor, roof, and any other building

element that enclose conditioned space. This boundary also includes the boundary between conditioned space and any exempt or
unconditioned space. —2009 [ECC

The building thermal envelope is the barrier that separates the conditioned space from the outside or unconditioned spaces. The building
envelope consists of two parts - an air barrier and a thermal barrier that must be both continuous and contiguous (touching each other).

In a typical residence, the building envelope consists of the roof, walls, windows, doors, and foundation. Examples of unconditioned spaces
include attics, vented crawlspaces, garages, and basements with ceiling insulation and no HVAC supply registers.

...the barrier that separates

the conditioned space from o
the outside or 4
unconditioned space. Unconditioned Space

300 & - —
Outdoors BB 1|l 72° e

Conditio&ued
Space

Unconditioned Space

-
—1
n
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Determining the Building Thermal Envelope

Example 1 Example 2 Example 3
Indirectly-conditioned
space e
*
Kneewall “,o Y
Attic % Conditioned N
space N
< < KN
FRELILIIILI I I T]™ : H h 4
H = . Vaulted H .
E Gonditioned u E conditioned E Conditioned u
- space H u space s space H
- : ; : :
LITTITTTT] ENEEY :_ IuspssannansEwg fEEEEEEEEEEEE L3 =
H [] [] [] [
- - = H =
E Conditioned & = Conditioned = Conditioned =
(3arage =  space E Garage E space (arage E space
P— = g : -
~|= Basement 2 - -
BaSETiijntf f, E (conditioned or E & Indirectly= 3
cr;men::se ace Importantair —\& el & & conditioned =
n sealing location |4 ,eesssssss s crawlspace 2
Inppssssnnnnl

e Although these 3 homes look identical from outside,
each has a different building thermal envelope

*This results in significantly different conditioned volumes
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Generic Prescriptive Code: 2009 IRC

Insulation & Fenestration by Climate Zone

Table 1102.1
Insulation and Fenestration Requirements by Component?

CLIMATE | FENESTRATION | SKYLIGHT GLAZED CEILING WOOoD MASS | FLOOR | BASEMENT® | SLAB® | CRAWL
ZONE | U-FACTOR® | U-FACTOR | FENESTRATION®® | R.VALUE | FRAMEWALL| WALL | R- WALL R-VALUE | SPACE’
SHGC RVALUE | R-VALUE' | VALUE | R.VALUE | &DEPTH | WALL
R-VALUE
1 1.20 0.75 0.30 30 13 3/4 13 0 0 0
2 0.65 0.75 0.30 30 13 416 13 0 0 0
3 0.50 0.65 0.30 30 13 5/8 19 5/13 0 5/13
4 except 0.35 0.60 NR 38 13 5/10 19 10/13 10, 2ft | 10/13
Marine
5and 0.35 0.60 NR 38 | 200r13+5"| 13/17 | 30° 10/13 | 10,2ft | 10/13
Marine 4
6 0.35 0.60 NR 49 | 190r13+5"| 15/19 | 30° 15/19 | 10,41t | 10/13
7and 8 0.35 0.60 NR 49 21 19/21 | 38° 15/19 | 10,41t | 10/13

2 R-values are minimums, U-factors and SHGC are maximums, R-19 batts compressed into a nominal 2 x 6 framing cavity such that the R-value is reduced by R-1 or more shall
be marked with the compressed batt R-value in addition to the full thickness R-value.

b The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration.

¢ “15/19” means R-15 continuous insulated sheathing on the interior or exterior of the home or R-19 cavity insulation at the interior of the basement wall. “15/19” shall be
permitted to be met with R-13 cavity insulation on the interior of the basement wall plus R-5 continuous insulated sheathing on the interior or exterior of the home. “10/13”
means R-10 continuous insulated sheathing on the interior or exterior of the home or R-13 cavity insulation at the interior of the basement wall.

d-R-5 shall be added to the required slab edge R-values for heated slabs. Insulation depth shall be the depth of the footing or 2 feet, whichever is less in Zones 1 through 3 for
heated slabs.

& There are no SHGC requirements in the Marine Zone.

. Basement wall insulation is not required in warm-humid locations as defined by Figure 301.1 and Table 301.1.

9 Or insulation sufficient to fill the framing cavity, R-19 minimum.

h-“13+5” means R-13 cavity insulation plus R-5 insulated sheathing. If structural sheathing covers 25 percent or less of the exterior, insulating sheathing is not required where
structural sheathing is used. If structural sheathing covers more than 25 percent of exterior, structural sheathing shall be supplemented with insulated sheathing of at least R-2.
i- The second R-value applies when more than half the insulation is on the interior of the mass wall.

I For impact rated fenestration complying with Section R301.2.1.2 of the /RC or Section 1608.1.2 of the /BC, maximum U-factor shall be 0.75 in Zone 2 and 0.65 in Zone 3.

L
oSS0 FHouse
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Where is the thermal boundary of conditioned space?

=

o

A

N

Thermal
Boundary

o S

i

W)

)

%

)

The thermal (insulation) and
air barrier boundaries must
be in direct contact.

Air
Barrier
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Energy Code Compliance Pathways

Scope

Insulation & Window
‘ Requirements
I
Prescriptive UA Trade-off IECC Section 405

Pathway Approach (annual simulation)
I I

I Mandatory Requirements I




2009 IRC Section N1101.9

Mandatory Requirement
Certificate - “Nutritional Label” o

main electrical panel showing: o By By Einiiions
e e Ene Efficiency Certificate
¢ R-values — ceiling, walls, ducts
i B B
* Glazing U-factor, SHGC Lo R
o th'r'!'mhiln — e
e HVAC and DWH equipment ] Ry o Ry
e o ° Fenesiration Hatlng SFRO U-Factor |
efficiency ratings Vi o2 T
Opaigue door m Mz . A
.  Skylinh i 0.55 .40
e Optional features: i O 8 N
Coaling system Central AC 5| SEER
— Envelope Testing Results .L:ﬁmummehr;Wmﬁ:mMm;Lj &
| electnic fumace _ p—ﬁ:tmw;dmrmr || hmsehoand elecsric heaser
— Duct Testing Results o ] ovaons

— Load calculation For sale from shop.iccsafe.orq
Search “energy certificate stickers”

IO S Flovse 23




Wood burning fireplaces N1102.4.3

La Amended - Fireplaces: New wood-burning fireplaces shall

have outdoor combustion air.

IRC requirement for gasketed door on masonry fireplaces was removed in amendment,
yet is a recommended best practice for indoor air quality (health) and energy savings

Recommended Required

WO SP Flovse 24



Recessed Lighting N1102.4.5

Standard Can Light

IO S Flovse

Air-tight and IC-Rated
(ICAT)

402.4.5 Recessed lighting. Recessed luminaires installed in
the building thermal envelope shall be sealed to limit air
leakage between conditioned and unconditioned spaces. All
recessed luminaires shall be IC-rated and /abeled as meet-
ing ASTM E 283 when tested at 1.57 psf (75 Pa) pressure
differential with no more than 2.0 cfm (0.944 L/s) of air
movement from the conditioned space to the ceiling cavity.
All recessed luminaires shall be sealed with a gasket or
caulk between the housing and the interior wall or ceiling
covering.

25



1102.4.2 Building Envelope Air Leakage

402.4.1 Building thermal envelope. The building thermal

M an d ato ry Req u i rement emelope shall be durably sealed to limit infiltration. The

sealing methods between dissimilar materials shall allow

. o for differential expansion and contraction. The following
D ura bl e Alr Sealln g shall be caulked, gasketed, weatherstripped or otherwise

. . . . . . sealed with an air barrier material, suitable film or solid
e Detailed air barrier & insulation list .1

e Fireplace: outside combustion air 1.
e Fenestration (windows, doors) 2.
e Recessed lighting: ICAT and sealed 3.

Details of methods online @ :
: - : b.

Building America Solution Center [ e _

:_..__,_.'... _ Pty PRERET X1 =

i Ve 8

o S lose

. Attic access openings.
. Rim joist junction.
. Other sources of infiltration.

All joints, seams and penetrations.

Site-built windows, doors and skylights.

Openings between window and door assemblies and
their respective jambs and framing.

Utility penetrations.

Dropped ceilings or chases adjacent to the thermal
envelope.

Knee walls.

Walls and ceilings separating a garage from condi-
tioned spaces.

. Behind tubs and showers on exterior walls.
9. Common walls between dwelling units.




2009 IRC Section 1102.4.2

TWO options to prove building air tightness:

1. Testing of house leakage by

certified verifier (RESNET, BPI or DET) ACH,, = CEM50 x 60

Volume

-Blower door result must be < 7 ACHq,

2. Or, visual inspection by code official = ==

-Code Checklist: Air Barrier and
Insulation Inspection (thermal bypass)
-Requires multiple inspections
1. Framing stage

2. Pre-drywall — post-insulation

3. Final

Exceptions: Renovations that do not touch entire
building envelope and/or air distribution system

M%Hﬂfﬂ : 27




2009 IRC Section 1103.2.2 Duct Sealing

* Ducts, air handlers, filter boxes and building
cavities used as ducts shall be sealed.

* Joints and seams shall comply with M1601.4.

* Duct tightness shall be verified.

Exception: Duct tightness test
is not required if the air handler B
and all ducts are located '
within conditioned space.

mmﬂﬂwﬂ T
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Diagnostic/Verification Tools

Blower Door Duct Blower or

Duct Leakage Tester
R AP Howse (Duct Blaster®)
enterfad LT 1117 ST

29



Duct and Envelope Tightness (DET) Verifier

DET Verifier designation was created by Southface
in 2010 to train individuals to perform mandated testing of energy code (IRC/IECC 2009).

Certified DET code verifier can be either:

e C(Certified as:
RESNET

— RESNET HERS Rater s et WO

— BPI Building Analyst or IDL | % Southface
e Or, pass a Southface DET Verifier course

— 2-day class: Discuss air flow principles and testing protocol; explain and practice
calculations for ACH., and % duct leakage.

— Complete and pass Field Exam on equipment (setup and use blower door and duct
tester; calculate and fill in results form)

— Pass Concepts Exam — 25 Questions (1 hour) — min. score 76%

e In La., equipment manufacturer certification is allowable ONLY for duct testing
(limited to total duct leakage test method; cannot use leakage to outside option )

M%! {ouse : 30




Generic Test
Results Form

Blower Door
Test Result

Visual Inspection
Checklist results:

Louisiana Residential Energy Code - Duct and Envelope Testing Results®

Address: 1234 Sample House Lane
Builder/Designer: Bill D. Home Phone: 222-333-4444
Envelope Summary: Building Envelope Tightness (BET)
BET test conducted by: _ Joe Tester Phone;  222-555-G666
Fan Flow at 50 Pascals = 1,844 CFM., Total Conditioned Volume = 22,600 fe
ACHcy = CFMg, x 60 [ Volume= 4.9 BCH.y (mast be less than 7 ACH. )
Visual Inspection Option (may be conducted by an approved third-perty inst=ad of the BET test)
Visual Inspedtion Conductad by: Phone:

AR BARRER AND INSUILATION INSPECTION
s | COMPORENT CRITERTS

Mo barrier and tEwomal rrior

Extectar tharmal onvelope msuition for framed walls s bstaliod in esteantal montao ol condooces
albgriaal WAL Drallding &id & ope 81 arier.

Biieaks o foleds 1o fhe ot tarmes ans (llel o regaied

Adg-perme alile insulolon S ool used 35 3 sealing mavetal

Crllbng/aliic Alr barrier inany dropped cedling'seffl is ssfmianilally allgned with iesalaiion and any gaps are s=led
ALIC BOCESS (oDl unsenied JmIC], ke will Joor, o det down SKl 5 seded,
Walks Camers acd headers are inzalmed

Jemict oo of foumsdaiion and il phite k= sealed

‘Winduws and doors

Space beraeen Wikdowdoor jambs dod lramang s sealad.

Him |nists

Hlm_lryslt- are insizladrd and (o lade an pée Barrior.

Flowses (b ahove gargs
and canlfeveged Qoors)

Bisaslstine b mmsialbend b meltniaby permseen comtact wiil undeesiie of subfloor decking
At barrier 15 i aled 0 sy scpased edige of Noos

Lrawispae walls

Insslation is permanently afachod o wakls
Exposed tanh in unvested cravlspaces B covered witls Class 1 vapor setnrdes witl ovelaping jolnis
Eapedl

Shafis, paaeiraiions

Chect shafts, uriliny pennirstions, knen wills aed Bue shafls opering o 20erior or inoonditionad spaos
arn sealaid

Narnow canilies

Bals i1 narnow casiiles are ool i J5L OF naimow caveles are [Eled by spravefiown nsalation.

Garagn seqarmtion

Air szaling |5 provided berween the gaege and conditioned spaces.

Hecpsse Hhring

Recrssai Hoh fixtares ane abmight, [C rated and saaled o dnavall
Exgeption—Ilixiures in comuibuned spoce,

PMumnhirg and wirisg

Inzilation s placed boreaon pueside and pipes, Ban isulanson is oo to fie anond wiring and plumbing.
or sprayed Blmwm nsulalian extends hehind plpng and wiring

Showwerub an exterlor wall

Shiweers and tubs om exserior walls have issulation amd an atr barer separnting them from the extern

Fdectrical {phone box an exterine
warall

Al barrior exionds bebind oxes or afr saaliad Gypo boaes a insadlod,

Common wall

Adr barmier s tiviallsd o comimon wall beraeen dwelling ums

HWAC regisinr hooss

HVAC regestor hioes ket penstmie butlding onvelope ane smbed s subfloer or doywall

Fireplare

Hrmlnl'r wills inglude an air farier

Mechanical Summary:
DTV Test Conducted by:

Duct Tightness Verification (DTV)
Jane Tester Phone: J77-888-9995

Tool usad to conduct the duct tightness test: duct blower (DB, blower door subtraction method (BDS), or flow hood (FH).
Unless all ducts are located within conditioned space, must verify gne of the following:

+  Post-construction duct leal o outdocrs (PODY) & < 8%,

»  Post-constuction tota] duct e (PCT) is < 12%

«  Roughiin total duct leskage [RIT) with sir handler installed is < 6%

+  Rough-in total duct leakage with no air handler installed (RITnzh) is < 4%
% Duct Leakage Result = CFMy. x 100 [ Conditioned floor area served

System | Tool (DB, BOS, FH) | Test (PCO, PCT, RIT, RITnsh) M Area served () | Result (%)
1 Main DB PCO 165 2,300 7.2%
2
3

*Mote; This document to be posted on or in the elechrical distribution panal.
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Table 1102.4.2 Air Barrier and Insulation Inspection

NUMBER | COMPOMNENT CRITERIA
1 Ajr barrer and themmal barmier Extenor tharmal ervalope insulation for framead walls i instaliad in
substantial contact and continuous abgnment with buikdang envelope air
harriar
Breaks or pants in the air barmer are Niled o repaired
Air-permeable msulalion s nol used as a sealing malenal
Adr-parmeable nsulation 15 insidse of an ar barmer
2 Cailing aftic Aar barrier i any dropped ceiling/soffit is substanbtally aligmed with
instiation and any gaps ans sealed
Altic access (excepl unvented athic), knee wall door, of drop down stair
i5 saaled
3 Walls Comears and headars are insuiated
Junction of foundation and sill plate is sealed
Windows and doors Space batwean window'door jambs and framing | sealad
5 Rim poists Rim joists ane insulated and includae an air bamer
G Floors Insutation is installed to maintain permanent contact with underside of
{including above-garage and subfloor decking. Air bamier is installed at any exposed edge of
cantilevered fioors) inesLiEtion.
) Crawi space walls Insutaticn s permanently attached to walls.
Exposed earth in unvented crawi spaces is covered with Class | vapor
retarder with overlapping joints taped.
i Shafts, penetrations Duct shafts, wtility penetrations, knee walls and five shafis opening o
extarior or uncondiioned space are sealed.
9 Mamow cavilias Batls in narmow cavitias are cul 1o il ar namow cavilies are filed by
sprayed’blown insulaton
10 Garage separation Aar saahng s provided betweean the garage and conditioned spaces
11 Recassed lighting Recessad ight fixtures are air tight, IC rated, and sasalad to drywall
Exception—ixtures in conditioned space
12 Plumbing and winmng Insulaticn s placed batwesan outside and pipas
Batt msulation 15 cut to it around winrg and. plumbena, or
spranyed Blown insulation exfends betind pipng and winng
13 Showierub on exterior wall Showsars and tubs on extenor walls have insulation and an air bamier
sgparating them from the axtenor wall
14 Elecinical/phone box on extenor | Aar bamier extends behind boxes or air sealed-type boxes are installed.
walls
13 Common wall Air bamier is instalked m common wall batween dwailing units
16 HYAC register boots HWVAC register boots that penetrate busding envelope are sealad to
subfloor or drywall
Ir Fireplace Fireplace walls include an air barier

Visual Inspection
Option

Official inspection of
2009 IRC checklist may
be used instead of a

blower door test.

But must meet ALL
criteria to pass code.

Here’s how...
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(1) Air barrier, thermal barrier:
Insulation in full contact with air barrier. Joints

in air barrier are sealed. Air-permeable
insulation not used as air barrier.

[y

TR

(2) Ceiling/attic: Air barrier in dropped ceiling
aligned with insulation. Vented attic access sealed.
33
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Find the Flaw

Knee Walls

L~

Wood studs provide more insulating
value than poorly installed insulation
with no air barrier on attic side

WO SP Flovse

Kneea wall
to attic
space

Partition
wall to

anather
heated
space

Images Courtesy: U.S. EPA
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Knee Wall Options, Cantilevers

e T

to seal joist cavities

Deslred
ventllation

Use rigid foam or sheet goods

DRYWALL —=

INSULATION IN PERMANENT. e
CONTACT WITH SUBFLOOR E@E?I&?NRG

é

A T~— BASEPLATE SEALED
TO SUBFLOOR

DRYWALL——~

\ BLOCKING BETWEEN \ SOLID MATERIAL

JOI5TS, SEALED AIR SEALED AT

AT PERIMETER PERIMETER
S~ EXTERIOR

SHEATHING

Image Courtesy: Building America
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Best Practice: Insulating Attic Access

Attic scuttle

Insulation dams
prevant loose-fill  Hatch lid pushes up and
inzulation from out of the way for access

faiiing through
BOCESE
Rigid imsulation plus batt (recommanded),
1 minimum R-valus equivalent to surmounding

ceiling R-valus

Attic pull-down stairs

Aigid inzulation box forms lid Sor pull-down attic staircase Bowed enclosure for
(recommended) staircase has rigid hingad
lid with insudation on top

Insulasion dams prevent Cower box pushes up
loosa-fill insulation from a'.domofﬁtewayfur
talling mm SCOBES

Minimum R-value

/— equivalant to surrounding
ceiling R-walue

Neathersripping s batween frama

Panel  ong rough opening with
caulk, backar rod, or ioam

Weatherstripping

36




Advanced Framing Details

(3) Walls: Corners, headers
insulated. Sill sealed to foundation.

Insulated headers

Double
fop plate

" foam sheathing
cut 1o fill void

2° ol foam sheathing
% of liberglass Datt

%'5 19"+ He s 19" = 30"

Foam sheathing

2x6 SINGLE TOP PLATE
¥ / SINGLE HEADER
r (DOUBLE HEADER -AS REQD)
I
g INSULATED CAVITY
<+ D HEAD PLATE
» 2 nailer added to
ROUGH OPENING N Ehgsgfgﬁgf ;IfUSh o
window opening o
provide naili
J—l surface for siding
and window trim

Two-stud corner Ladder “T"-wall

Fosilion cip
suppot ko

¥ Pzt bt d s
Chal it does rol
It few e i Bl

fypem boad

é/////

Laddest Tomall ass
lrs= wood ard
s for
naulaliaon

o ef ey bstinid
paftion wals

57 =
Thee Bist dyrwall et is
st apeinsd mirks wilth i
o bache
Sheathing
'.I ; ." "'\--"';---.ll—(--—‘F'--.—_I -
NS
al I_l'.Jl:a_I L,
=) “Drywall clip 1o hold
== drywall in place
{_—:;;% - P
1| “Dirywsall 1 ‘

TE

Three-stud corner

Sill gasket under
bottom plate.
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(4) Windows, doors: Jambs
sealed to framing.

(5) Rim joists

insulated, with air barrier.




Best Practices
Airtight Windows & Rim Joists; Attic Insulation Baffles

Window rough opening

Use backar rod or spray foam

batweon windowidoos and rough

{appropriate for windows) o fill gops

| Windows, skylights and doors < !
10.3 cfmis f., :
I Swmglng doors < 0.5cfm/s.f. |
l Exceptlon site built :

,-u:if:.m %Hﬂmﬁ e

Wall cross-section

Attic
ventilation

Wind wash baffle and dam for
air-permeable insulation

See Insulation Details
for Ceilings with
Atfic Spaces.

JJJJJJ

Glue drywall to
top and bottom plates
(recommended)

Caulk bottom plate
to subfloor

D
Caulk band joist
to subfloor and plates

Glue drywall to top plate 4—6

(recommended) Tape or caulk exterior
sheathing seams
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(6) Floors: Insulation in permanent contact with “subfloor decking” (air

barrier). Air barrier at edge.
L R :

-‘
_d:
_-q
1
i
.-—-'_"

-_l__:_ll_I .........
+__ —ll
=
_ f-g-"—'l .........
‘ Bart msulation
ingutation (fire-rated
taped and sealed joints)

(6. per 10 L}

40
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(6) Best Practice in Hot, Humid Climate

e to prevent wet subflooring — causing
R——— S buckled floors, decay, mold, $$3$$ loss
cl: OSEB-CELL .s:ﬂz..»r BEATE TREATID
'P:'IEI:::E'L?NE i :;:ﬁcl::mr_ P o s LY o : B
ERs s ’. ',;;, i .
i "': 'f. i =
Source: U.S. Environmental < T 3‘."}[
Protection Agency's "Indoorair PLUS" ﬂ\ g s
new homes labeling program B R, e
www.epa.gov/indoorairplus [ , \\.__.—v
5
FLOOR SLOPES - r;“':}: -
5 TS FLOOE vEMTS S ,
GRADE IH CRAWL SRACE .;"3. ‘__"":' =i ERAWL SPACE/FLODE Z.ONE! FOAM BOARD-{MSHLATED FLODR BECK
SR T g | |
Note: Wording of code seems to disallow
above. Fill with batts if code official uses
ERAWL SPACE/FLOOD ZONE: VENTED CRAWL SPACE WITH *FLOGD VENTS' literal interpretation.
/ @ (7) Crawlspace
(N
A N walls (unvented,
: _.ﬂ"l"a- : f.h » L -
- KR | conditioned): Ground cover
b & + permanent wall
T m— insulation. Note: Not
EELAL SPACEPLOON EORE. ASDELE HATOH BENEATH T recommended if fIOOd riSk;
mém? House risky in south La. 41



http://www.epa.gov/indoorairplus

(8) Shafts, penetrations: Duct & flue shafts, utility holes, knee wall
openings sealed.

Cap top of chase
with nold i barvier
ond nsulags abows

Chases and common by-passes
denpped saffl

s i i (1) 000 Ty LT, K] [ Instal air basiet
"'-—#‘F—# [ LK Ny 4 o on inderior of all
e : e - I - e - TR a

5] LN . |\
+
]
{ I'

N WALL

slosircal s
and fiwbures 1o

dryaall

=

K Er— =¥l in cormmen wall
|

TTERILH WALL

MULTIFAMILY

- =
| Soal sloctical 7,
ponatmbons - T i

Snal ph.n'r.l:unql'l-l—_ -
panatmifions |

WO SP Flovse



First Rule of Air Sealing: No BIG Holes!

s " VB E 1 == T A =T I.I-'.'. e

o : :
s o

Cover with plywood/sheet
material, air seal, and
insulate. Follow required
clearance between ‘
combustibles and flue pipe.

mm” Jouse e 43




The Big Chimney Hole

gﬁ:-q.}—.?',-, ar, e A:ﬂ -L}Si-;
Big square hole around
round chimney

Seal with metal collar, high temp.
caulk. Add metal insulation dam

WO SP Flovse



Best Practices

WO B Flonse

Combustion chase

penetrations
Seal around

e chimney flues
b with shasl
. mataf cap

Aigid foam opfion Irtarmal aif barmar

[recommend covering { P o)
with ignition barrier for
fira prolaction)
= [ —
=
—
=
=
==
Hiocking sbove I-"‘-\ I'\\

|
suportingwall for — »f % a4
canlilverad loar | .
{raquinnd)

Underfloor insulaton must boe

pate E‘W nstalled in parmanend comtact
SUpporting ] with subfloor (air bamior
vandl requirad st any axposed adge

of insulation)

Exterior penetrations

Canli exierior wall penstrations for
rafrigaration lings. condangate ins, ate

Combustion closet

Comibushon air inlats
as prr machamcal andior fuel gas code

fi
Flua slack

Door closes
apeinst 08d threshold

Seal gas and
prluriing

panatralions
through walls

Insulatsd

walls {nod required
unlegs walls are
part of building
tharmal amelopal

Insulated
water heater
{not raquired)

Baotiom plats
sl

[ = = = = = = = == = = = = = ==y

I Prefabricated fireplaces must |

' have outdoor combustion air

——1



Install blocking and rafier bafle to
prevent wind-washing if vented, insuisted
roofiine (reguirsd)

Air Sealing Kneewalls

. 8 Sealed attic-side air bamer (requiredj—

Cavity 0SB, insulzted sheathing, etc.
Insulason

II . . .

) Bilocking - fit in joist cavity,

Inspector reaching under kneewall to D oo o foamed

take photo below of inter-story space

open to attic air. List the problems! _ )

- _ : _ _ Attic knee-walls Two-level attic

‘_e Caulk and seal . . ‘ Caulk
rough opening Air h!amer j
requinsd . f
{rigid insulafion

Conditioned Spacs

= He— Blocking

—_—‘_‘__‘——_
Rigid insulation Weather-strip door
(recommended) opening and
Minimum R-value threshold
equivalent to surmounding
wall insulation fh::.r_...- SN

O SP Howse =
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(9) Narrow cavities: filled with sprayed,
blown or batts cut to fit.

(10) Garage separation: air sealing from
conditioned space. Advise continuous, rigid air barrier.

Feogrmsd fulweina
denlid 210

L ™ (11) Recessed lighting: ICAT rated and sealed
WO S Flouse 10 drvwall. Exception: fixtures in conditioned space. p447




Turbocharged Leakage!

L eSS,

Each un-insulated recessed light
= 2 sq.ft. thermal hole to attic

Bulb gets hot, creates draft,
pulls conditioned air out of house

View from the attic —
cold air leaking into
attic from the house

Image courtesy of Energy Services Group
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(12) Plumbing and wiring:
Insulation between outside & pipes.
Piping, wiring within insulation: sprayed,
blown or batts cut to fit around.

(13) Shower/tub on exterior wall:
Insulation and inside air barrier installed
before installing tub:

A. Install insulation (no voids).

B. Back with rigid air barrier (paperless).

C. Seal seams, gaps, holes.

WO SP Flovse

e



Solid sheet behind tubs & showers on insulated walls

(cement board, paperless gypsum, thin structural sheathing)

Install insulation and sealed air
barrier behind tub (required)

Call back waiting to ocgu
Call back prevention

IO S Flovse



MNarrow stud
cavity batts
are cut to fit

Seal gap between

electrical box and \* ;

drywall

-
—

Electrical panel box,
recommend install on
interior (non-insulated) wall.
If installed on exterior wall,
air barrier shall extend

8 Seal wiring and behind box or air-sealed
plumbing penetrations box shall be installed.

/L

(14) Electrical/phone box: Air barrier
behind boxes on exterior walls or airtight type box.

(15) Common wall:
Air barrier between
dwelling units.

(16) HVAC register

Gap in common wall boots: Sealed to drywall
or subfloor.

WO SP Flovse



Fireplace on Exterior Wall

(17) Fireplace walls include (fireproof)

air barrier.

Sequence:
1 Insulate exterior wall,

Install rigid, fireproof air barrier
and seal

::,
ﬁ-—-. % 3. Install fireplace (with outside

' | p— | = combustion air duct)
WO SSUP Flose 52




Blower Door Test Option

Blower Duzrur Crepressunization: Test

Elower Olaar:
- Daor Panet

A Drawn

Air pulled out of house at 50 Pa is replaced by air pulled in through
building envelope, so = sum of all leaks.

L
mﬁm! {ouse

53



Blower Door Testing

e Measures air infiltration rate when house undergoes a pressure
difference of 50 Pascals with reference to (WRT) the outside

e One tested home can be compared to another

e Helps identify leak paths

e Can show pressure imbalance problems
& locate duct leaks (pressure pan)

WO SP Flovse




What is a Pascal?

A Pascal is the unit of pressure in the International System of
Units. It is named after French scientist Blaise Pascal (1623-
1662) and is abbreviated Pa.

Blaise Pascal Flap of wing = 1 Pa 1 Pa = weight of 1 Post-It

MMHW S 55



Pascal & Inches of Water Column

50 Pascals is similar to a 20 mph wind blowing on all 6 surfaces of a house

0.35

0.30 .

0.25

0.20

0.15

0.10

0.05 I
0.0 —= .

10 25 50

1 75  Pascals

Inches of water column at sea level

1 inch of water column = 248 Pascals
IO S Flose 56



How a Blower Door Works

,-u:if:.m %Hﬂmﬁ e

Air flow across a sensor in the fan causes a
pressure difference with reference to (WRT)
the inlet side of the fan

A manometer measures fan pressure difference

compared to the fan inlet side (the house when
depressurizing)

Fan pressure difference is used to look up flow
(CFM) on a chart OR gauge may convert fan
pressure difference to flow rate (CFM)

( Direction of Air Flow
(when depressurizing)

57



Blower Door Depressurization

To 50 Pascals Cubic Feet

M (“milk crates”)
kr y 1y

=2 per Minute!
-0

B OO 'EI':EI :.--I—IE
Ela 1 -

’ Fﬁ‘% E%‘%_ o o

moves up to 1000 cfm)

Open Fan . B
eaky House i
(big blower door k"_f ¥ /?" .’ ’

moves 6000+ cfm) Al Pa B = e
i

Use ring when possible @ Fﬁ_l—#é:ﬂe

| T E'l p -
for greater accuracy.

Ring A E ®

(little blower door

NS P Fionsse moves up to 2500 ¢fm) Tight House p. 58




Determining ACH,,

T
First, run blower door to "
determine CFMc, T o
Then, Calculate ACH., ' o

Formula for ACH.,, requires volume of conditioned space

ACH., = Final Fan Flow (CFM.,) X 60

Volume




Blower Door - Sample House

«— 30—

1t Floor: 30x50x12 = 18,000 c.f.
2" Floor: 30x50x10 = 15,000 c.f.

Total Volume: 33,000 c.f.

=

l /50’

Measured Blower Door result
was 6,755 CFM @ 50 Pascals

AeCenen L

ACH., = Final Fan Flow (CFM,) X 60

Volume

ACH,,=6755x60 = 12.3
33,000

Does it Pass or Fail?
FAIL!

2009 Energy Code requires
ACH,, < 7

60



Blower Door DET Practice Exercises

Report the leakage rates from Examples 1, 2, & 3

e CFM, 754 760 2,200

e \/olume 9,600 12,000 21,000

e ACH:, 4.7 3.8 6.3

e Pass Code?| YES YES YES
> O > £ >
g2 g 8 22



Preparing the House

Il

1. Walk through house
Close all windows

3. Close all exterior doors & attic or
crawlspace
hatches connected to conditioned
space

Close exterior crawlspace doors

v

Set combustion appliances to “pilot” (if
connected to building envelope)

Turn off all thermostats / air handlers
Open all interior doors

Make sure cover is on AHU

o 0 N

Close fireplace damper

10. Ensure fireplace ashes will not be
pulled into room

See RESNET Standards
Chapter 8 and
Appendix A-26-27
www.resnet.us

11. Turn off everything that moves air
12. Tape over or pour water into traps
13. Close pet doors (existing homes)

MMHWM g 63



Preparing the House

The biggest preparation
issues are those that could:

« Affect accuracy of the test %

e Damage the home

e Cause a safety hazard in
the home

WO SP Flovse 64


http://farm3.static.flickr.com/2063/2500473402_4abb833f00.jpg?v=0

What if Blower Door test fails?

If a house fails the blower door test, diagnostic
methods can find the problems. A DET verifier may:

1. Check equipment and house setup to make sure m—— .

all windows and closures are indeed closed
(kneewall doors, flue dampers, etc.).

2. Try closing interior doors to isolate rooms or zones (one at a time)
to find biggest problem area. Feel airflow as door is closed and also
note impact on CFM.,. For example, if closing the MBR door shows a
drop of 1800 cfm., this area likely contains significant leaks.

3. Use a smoke pencil or fog stick to find leaks. May increase house
pressure beyond 50 Pa. Consider pressurizing so positive pressure
will push the smoke out at any leak paths.

4. When available, run blower door in conjunction with an IR-camera
inspection identify leaks and other bypasses. (Most effective on hot
or cold days.)

Apply zone pressure testing to identify problem areas.

mm.ﬁﬂfﬁc Ty 65



A Blower Door can answer more... BD*

e Determine where is the air barrier
(pressure boundary) so you can focus air
sealing efforts (blower door guided air
sealing)

e Does the pressure boundary and insulation
(thermal boundary) properly lined up?

e Are zones with poor air quality, such as
garages or crawlspaces, connected to the
indoors?

e Which duct runs are leaky (pressure pan)?

I S s 66



HVAC Systems

All Mandatory Requirements

Load
Calculations e
Ductwork 7
A= N = =
Heating N )
d Coolin —_— NDuct Sealing, Testing,
:?f' ) & Installation and Insulation
iciency
T mo
/ FURNACE T
A/C UNIT\ Temperature &
Humidity Controls
[— /lf
N Pipe Insulation

67



HVAC Controls

Mandatory Requirement:
e Programmable thermostat required for furnace

e Heat Pump requires lockout capability to prevent
unnecessary strip heat

Mﬁm;m = 68



Code: HVAC Piping, Mechanical Vents

e Pipe Insulation

—R-3: mechanical systems —
fluids > 105 For<55F

—R-2: for plumbing circulating systems (plus controls)
—R-4 for suction line-set as per M1411.5

e Mechanical Vents
— require dampers (gravity/barometric or motorized)

WO SP Flovse 70



Equipment Sizing

&

Right-a8 Warkshont | imtenm |

Biwsmant =

— Lapectnd vl L7E.0 1 19,0 &

Load Calcs & Sizing
—Per Mechanical section of IRC

—ACCA Manual J or approved
equivalent, i.e., ASHRAE
Fundamentals

—302.1: Interior desigh temp
(72°F heating, 75°F cooling)

—MUST BE ACCURATE

IO S Flose

— 5 E
Uil 10,0 A 1,0 E
’t:'ch Finm (hffmeiasis
MANLIAL J& Foom med LP9L. 6 RIT T .

1] B | W7 Ao 1T Lo
(Fui e e Pt o il (Bl

valis (¥
il 1 i - M i || Groes RS

e T, AN L. TEN 1 i ] (1] ] I
nit j_jl]_'.lli’e_ 533 Ay [LEL 2y 3 14 His
s« [LHE0 . TER [ o 1 [ a I
e (SRR [ AR 793 il w o fsdin
= [T, AGI N T5F i 5 |
e [13,07 B BFE ] k3 567 M3 BB F4 133
= (AR PLTER 133 % snn LSA . 20w 11 ] 138
e [NL0N (S AR 0 1LE 171 2 o sl R
e il 30101 il LLEA 141 LB | n 1154 10

1,598 L. TTH [ 1
HETUN b 330 13 ms0 ¥ : =350
SIH0A MO0B 3411 118 pauy ) a3l 3am am

SECTION M1401
GEMNERAL

M1401.1 Installation. Heating and cooling equipment and
applionees shall be installed in accordance with the manufac-
wrer’s installation instrections and the requirements of this
L'I.H]l:.

MI401.2- Aceess. TTeating and cooling equipment shall be
located with respect Lo building constrnction and other equip-
et WO pernmit maintenance, servicing aod replacement, Clear
ances shall be maintained 1o permit cleaning of heating and
cooling surfaces; replacement of filters, blowers, motors, con
lrols and vent connections: lubrication of moving parts; and
adjustmepts

1401.3 Sizing, Heating and cooling equipment shall he size
bused on building loads calculated in accordanes with ACCA
Manual T or other approved heating and cooling calculation

dhodologies.

MI401.4 Exterior mslallations. Coguipment installed oot
toors shall be Hsted and labeled for outdoor installation. Sup-
ports and foundations shall prevent excessive vibration,
seitlement or movement of the eauipment, Suenorts and foun-



Ducts

Mandatory Requirements:

e |nsulation required for ducts
outside of envelope. In Louisiana:

— R-6 -- for supply ducts in vented attic

— R-6 -- all other ducts in unconditioned
space

— No Insulation required if ducts inside
building thermal envelope (R-4
advised to prevent sweating)

e Sealing required with
mastic or UL 181 tape

e May NOT use building
cavities as supply ducts
IO S Flovse




IRC Reference — Duct Sealing

M1601.4.1 Joints and seams. Joints of
duct systems shall be made substantially

airtight by means of tapes, mastics, liquid
sealants, gasketing or other approved closure
systems. Closure systems used with rigid fibrous
glass ducts shall comply with UL181A and shall be
marked 181A-P for pressure-sensitive tape, 181A-M
for mastic or 181A-H for heat-sensitive tape.
Closure systems used with flexible air ducts and
flexible air connectors shall comply with UL 181B
and shall be marked 181B-FX for pressure-sensitive

tape or 181B-M for mastic. All metal to metal
connections shall be mechanically
fastened. All duct connections shall

be sealed. Mechanical fasteners for use with
flexible nonmetallic air ducts shall comply with
UL181B and shall be marked 181B-C. Crimp joints
for round metal ducts shall have a contact lap of at
least 11/2 inches (38 mm) and shall be mechanically
fastened by means of at least three sheet-metal
screws or rivets equally spaced around the joint.
Closure systems used to seal metal ductwork shall
be installed in accordance with the manufacturer’s
installation instructions.

M%fﬂw g 73




Testing Duct Leaks

[

Don’t use duct tape
on ducts!

74



Code Required: Duct Tightness Testing

Duct systems MUST be leak tested™ and verified by
certified tester (RESNET, BPI, DET, national duct leak test

equipment co.) or code official. Four options:
— When tested at rough-in:

* 4% Total leakage w/ no AHU installed (RITnah)

* 6% Total leakage w/ AHU (RIT) =

— When tested at final (post-construction) @ / S __

e 12% Total Leakage (PCT) &

* 8% Leakage to Outside (PCO)

*Exception: Duct tightness test is not required if the air

handler and all ducts are located within conditioned space.
IO S Flose 75




Duct Blower Test

Duct pressure test finds leaks and estimates air flow in cfm

Pressurizing the system; Depressurizing the system;
connected at the largest return connected at the air handling unit

WO B Floyse 76




Duct Testing Basics

Pressure gauge —
Duct testing fan\
Fan control switch

g

Registers sealed
with tape

Allow the air to flow freely from
the fan to the duct system

TANET VWAL TOTSE e 77



Duct Test — “Total Leakage”

Note: May be performed at rough-in (RIT) stage OR at final (PCT)

1. Open a door so
house = outside ]

pressure. / / |
2. Use duct tester to L—J L

pressurize duct

system to +25 Pa
WRT outside. 2> Po
3. Record fan flow A B

(channel B) in CFM,¢

(when programming gauge, set
MODE as “PR/FL@25" .
Ring 2, Fan Press = 86 Pa

_ Flow is 147 cfm,.
M%Hﬂfﬂ : 78



Duct Test — “Leakage to Outside”

Note: This test can only be performed at final (PCO)

1. Use blower door to
pressurize house (and
ducts) to +25 Pa WRT

outside.

2. Use duct tester to
pressurize duct system
to 0.0 Pa WRT house
(+25 Pa WRT outside)

3. Record fan flow
(channel B) in CFM,¢

(when programming gauge, make
sure MODE is “PR/FL” not
“PR/FL@25"

AeCene LN

Aan

0.0 Pa

s B

— -
—
%

—

114

Ring 3, Fan Press=287 Pa

Flow is 107 cfm,c

79



Duct Leakage Test Example

One-story house with flat ceiling and
unconditioned attic — air handler and

duct system is located in attic

Duct Leakage Test Results

Duct pressure: 25 Pa WRT outside

Total Leakage (at final, PCT):

Duct blaster flow: 149

CFM,¢

Floor area served: _

s.f.

Percent duct leakage:

Pass Code?

mm;mgw

______________________________

flat ceiling / uncond attic /

1
1
1
1
1
1
U
1

— g0 ——

e

/

30

Duct pressure: 0 Pa WRT house

Leakage to Outside (at final, PCO):

Duct blaster flow:

92

CFM,¢

Floor area served:

s.f.

Percent duct leakage:

Pass Code?

80



Example Report

DET Verifier fills in passing
duct tightness test results

At final, Duct Blower used to
measure “Total Leakage” (PCT) =
149 CFM,,

* % Duct Leakage (149/1,200 s.f. x
100) = 12.4% (FAILS)

* At final, Blower Door + Duct Blower
used to measure “Duct Leakage to
Outside” (PCO) = 92 CFM,,

* % Duct Leakage (92/1,200 s.f. x
100) = 7.7% (PASSES)

* Record only one passing result
per system

A L

Georgia Residential Energy Code Compliance Certificate®
address: 111 Example House Drive  permit #:

Builder/Design Prof.: Bob D. Builder Phone: _ 555-555-5555
Emw Sanm -
*  List the R-Value for the following componsnis:
Hat ceiling,roof: Sloped fwault ceiling:
Exterior wall: Bbove grade mass wall:
Atic kneswall: Attic kneewall sheathing:
Basement stud wall: Basement continuous:
Crawdspace shud wall: Crawlspace conmbinuous:
Foundation slab: Floors over unconditioned spece:
Cantilevered Floors Crther insulaton:
* Fenesirabbon Components:
Window U-factor: Window SHGC:
Shylight U-facion Skylight SHEC:
Glazed Door U-factor: Opague Door U-fachor:
{=50% glazed)
*  Building Envelope Tighitness {BET
BET test conducted by: Phone:
Fan Flow at 50 Pascals= CPAMsy  Talal Conditioned Volume = it
ACHg, = CFMy x 60 f Volume= BCH, (s e leas than 7 ACHg, )

Low Rise Multifamily Visual Inspection Opton
[The viss nspection apbon mdy be conductesd by & thind-paety sbsad of e BET begd for B-2 bofdings anby. )

Visual inspection conducted by: Fhone:

Mechanical Summiary:

Water Heater Energy Factor: Ef Fud type: [ Gas [ Blechic [ Other
Mumber of Heating and Cooling Systems:

Healting System Type:

[ Gas: AFUE [ Air-Sourcs Heat Pump: HSPF

[ Tthers, Bffidency:
Cooling System Type [Standard DX, Heat Pump, Geothermal, =tc.):
Cooling System Efficiency: [J SEER. [] EER [] Cither
Heating,/Cooling Load Calculations Performed by Phone:
Total Heating Load (Besed an ACCA Man. 1 or ather approves methedakogy)s Bhu/h
Total Cooling Load juawsd on Acca Man 1 or sther spomved mesttodsiogy ]! Btu/h
Cooling Sensible Load: Bhuyh  Cooling Latent Load : Biuh
Total sir Handler CAM (based on design caboulations): M
Duct Tighiness Test Conducted by: Phone:

Tool used to conduct the duct tghtniess test: duct Blowsr (D), blawer door subtraction method (BDS), o Aow haod (FHY.
Unless all dudks and air handler are located within condfioned space, must verify one of the following:
- Pt ronstruction duct keakage o outdoors [PCD) is < 8%,
Pt -consiruction total doct leskegs (PCT) 8 = 12%
. Fough-n totel duct leskege (RIT) with air handler installed s = 6%
%5 Duck Leakage Result = [CPM,. [ Conditioned floor area served) x 100

Sy=temn Tool (oe, B0, FH) | Test (RO, PCT, RIT) ChM= Area senved (R Result (%)

= L e L

MNote: This permenent certificate shall be posted on or in the eledyical digtribubion panel or air
handier. Certificate shall be completed b'g.r the buildar or registered design prufaam.a! Where there is

e g el g g e o b e e B L e b =




What if Duct Tightness test fails? e

If the duct system fails the Duct Tightness test, DET verifier can: = w.d N

1.

Check equipment setup and make sure all registers are sealed
(check walk-in closets and look for toe kick registers, etc.).

Make sure all zone dampers are open on multi-zoned systems. Make
sure no balancing dampers are completely closed off.

Inspect the air handling unit while the ducts are being pressurized - employ a
smoke pencil or fog stick. Look for mastic or other sealants at duct’s
pressure barrier. Listen for whistling and investigate for blockage or

disconnects. Count supply and return duct runs and identify associated
registers. Check to make sure boots are sealed to drywall or subfloor.

While pressurizing the ducts, use a fog machine to inject fog into the duct
system and observe leakage points.

Determine dominant duct leakage. With no tape on registers, measure

change in house pressure when air handler is turned on
(positive = return leaks dominate, negative = supply leaks dominate).

Use Blower Door and pressure pan to identify leakiest duct runs.

mm:' louse 82



Seal with mastic, connect and hang properly!

Flex Duct Use wide straps to support flex duct
spaced at 5 foot intervals

Strap inner liner and

outer insulation ~

Mashc Mashc hefnr.e RU“ |i|"IES E!rﬂighl Uﬁiﬁg

boot seams  attaching Hex duct metal elbows
at bends and corners

Never puncture inner liner. If relpclir is needed;
install a coupling and seal properly

M%Hﬂw S 83



Use A Duct Blower to do more... DBt

e |n small, tight dwelling units, the duct blower can be used in a
window as a small blower door

e Can use as a flow hood for supplies & returns
e Measure actual HVAC system air flow (via Pressure Matching)

— Measure Static Pressure in supply plenum
— Block return & install Duct Blower at AHU blower access panel

— Measure air flow through Duct Blower in CFM

Pros Cons

e Same device as
needed for duct
leakage testing

 Some time required
to attach and seal

e Can only measure

~1600 CFM (but can
extrapolate to 2000 CFM)

* High accuracy

IO S lose
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La. Amended Mechanical Ventilation

Section M1507.4 Minimum Required Local Exhaust. Local
exhaust systems shall be designed to have the capacity to
exhaust the minimum air flow rate as follows.

(a) Kitchen: 100 cfm intermittent or 25 cfm continuous (a
balanced ventilation system is required for continuous exhaust).

(b) Bathrooms: 50 cfm intermittent or 20 cfm continuous (a
balanced ventilation system is required for continuous exhaust).

Best Practices in Hot, Humid Climate:

* Intermittent spot exhausts (NO continuous exhaust)
« Bathroom: timer or humidity sensor controls, quiet fans
« Kitchen: large hood with 100-400 cfm exhaust, quiet fans

* Plus whole house supply ventilation system with motorized
damper and smart control

mﬁ?fhf {ouse 85



Best Practice: Effective spot exhaust systems

Quiet fans + proper duct
installation = effective exhaust

2-3ft straight run before ebow,

-"-I"

ﬁfff ~
= Large High Performance Hood
« < .3 sones at normal speed
50-80 CFM low-noise exhaust * Extends over all burners
fan with auto motion sensor e 100-400 cfm

WO SR House - 86


http://www2.panasonic.com/consumer-electronics/shop/Building-Products/Ventilation-Systems/Ceiling-Insert-Fans/model.FV-08VKM1

Best Practices to ||
Prevent Combusﬂgnjiollutmn_ .

If within conditioned space, install
direct vent, sealed combustion

— Fireplace

— Gas furnace & water heater

Heated

Quiet exhaust hood over gas _—
range F;-'J_';!E:;:'E E:EE:;:E: ; '::!ll'l"ll."';'l.lit an
Prevent backdrafting (negative Conl- sl a s

RBoom Air

pressure)
— Sealed or no ducts in vented attic

— Make-up air for dryer, range hood?

Air seal garage-house wall

— Ventilate garage or detach

Duct Leaks and Megative Pressure
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What if blower door test result is less than 5 ACH.,?

NOW: R303.4 Mechanical Ventilation. When a blower door test is performed, and the

air infiltration rate of the dwelling unit is less than 5 air changes per hour when tested
in accordance with the 2009 IRC Section N1102.4.2.1, the dwelling unit shall be provided with

whole-house mechanical ventilation in accordance with Section M1507.3.

COMING SOON: Code Council amended to “...less than 3 ACHs,..."

What does the La. Amended mechanical code say?

« Section M1507.3.1 System Design. The whole-house ventilation system shall consist
of a combination of supply and exhaust fans, and associated ducts

and controls. Local exhaust and supply fans are permitted to serve as such a system.
Outdoor air ducts connected to the return side of an air handler shall be considered to
provide supply ventilation.

« Section M1507.3.2 System Controls. The whole-house mechanical ventilation system
shall be provided with controls that enable manual override and a method
of air-flow adjustment.

« Section M1507.3.3 Mechanical Ventilation Rate. The whole-house mechanical
ventilation system shall be able to provide outdoor air at a continuous rate of at least that

determined in accordance with Table M1507.3.3(1).
h&ﬁm; {ouse 88



Ventilation in Hot, Humid Climate

P AN
§fk I

GOOD: Positive pressure in La. BAD: Negative pressure in La.
house helps keep building dry. house sucks in humid air; can cause
moisture problems. hidden mold.
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How much ventilation?

The old (current), the new (2013), and the alternative
Ventilation Standards

7.5 cfm/person (# BRs + 1)

plus
1-3 ¢fm/100 sq. ft. of conditioned area

Example: 2000 sq. ft. 3 BR house = 50-90 cfm
depending upon....

For healthy indoor air and to avoid mold in La....
size for code cfm but run at 50-60%.
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Ventilation Solutions for Hot, Humid Climate

$ Good: Fresh air to return of AH with auto flow controller

$9 Better spring/fall RH: Fresh air to return of
AH with auto flow controller + dehumidifier

----- st ot
rr- '

$$% Best RH, IAQ & Comfort:
; Fresh air & indoor air to
~rHoe A 5 S ventilating dehumidifier

QOutside
*= Air
range hood T~ Filter

r
/

Ventilating dehumidifier

L £o
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For High-Performance Home in Hot, Humid Climate

v If HVAC in unvented attic:

v" Heat pump or sealed combustion gas ONLY

lztiod for [hadd, -
27 ek Sl

Comditioned Attio

v" Semi-condition attic

v Right sized A/C

v" Manual J sizing + Manual D duct design

v Controlled, clean fresh air
v" Inlet at clean air location

Fdanial darrear ho
1 ol Thow raie)

Wi riand o e
b o i e i)

A e
" EnduTidries
r
5 mN_L

Crabie ind Wal

Cosiral Ratom o
pmmmee

L

v’ Filter in convenient location
v Smart flow control damper
v' Design to code ,BUT set to 50-60% cfm

v Dehumidification options, if needed:
v' Good: Two A/C units, divide load

v' Better: 2-speed A/C + portable Energy Star
dehumidifier w/ drain

v' Better: Variable capacity compressor A/C

v' Best: Whole house high-efficiency
dehumidifier or ventilating dehumidifier

RSP s

. Ripmotn dehumidisst on wall
iPmide =01me [desonnecl Living Space
dheh Uit on unE)




Resources

« B C AP
Building Codes Assistance Projecl

USTAINABLE CITIES
NSTITUTE

5
|

Energy Hotline: 1-800-270-CODE

www.southface.org basc.pnnl.gov
www.energycodes.gov www.bcap-energy.org
www.dsireusa.org www.bpi.org
www.resnet.us www.iccsafe.org
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(Energy-efficiency + Moisture, Durability, Case Studies, Research...)

IO S Flose

Building America Solution Center

Em ||-'F
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www.BuildingScience.com
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LaHouse Resource Center

Hours of Oparation

Localion & Direchons

—— College ol ——
Agriculture

TOPICS
Lavm & Gardan

Family & Hoame
Crops
Lavestock

Money 4 Bunness

L oamamuniy

|
Food & Healkh
Emvironment & Click here to contact the LaHouse team
Hatis ol Resbuices Eind Cerifieg
Kids, Teens & 4-H . !
A LaHouse Resomce Cemnd DET amnd HVAC certified verifiers "
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Free Online Training Center
Via partnerships with BMI, BSC and IBHS
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RESIDENTIAL Welcome to the LaHouse Online Training Center
HON-RESIDENTIAL - Video Library

LaHouse Regourcs Cenher and the Louisiana Stale Unhersity
AgCanier wammily walcome vou o our Onling Tralning Cenlar LaHouse
iz committed lo ba 3 key resouncs for contraclors, design

T vienw mullirmadia matas

professionals, code officials and homeowners in shaping the fowwre of Al iils S8 aa. Lea rn fro m fo re m OSt

: Wiindows Media player
this region with sustainable. high performance homes. To that end, we

have begun and will continue fo build upon this Gnline Training Cenber B Fm e expe rts ava i Ia b Ie 24/7

fo assisithe Lowisiana and gull region constrochon infrastructure with
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NEW LaHouse Courses

1and sh of sol

Science-based information, training,

Guif Region. Leam more at

HVAC for Home Performance

Tight ducts and tight buildings, good for dlients and for you.
What could go wrong?
Course Information:

As the energy-efficiency bar rises, the margin for error shrinks.
The more efficient the home and HVAC equipment, the more
important and challenging it is to get the HVAC right — 1o prevent
costly call-backs, achieve the rated efficiency, and mest customers’
high expectations. Home performance [comfort and indoor air
quality with low utility bills} depends upon the relationships
between HVAC and the building envelope. The interactions are
even greater in our hot, humid climate.

In this 3-day workshop, you'll gain expertise in building science
concepts that are key to prevent, diagnose and solve problems.
You'll learn best practice methods and options; how energy-
efficient homes impact Manual J, D and S or H HVAC design; and
crucial air sealing technigues to achieve the 2009 IRC energy code air tightness and duct testing provisions.

This course also includes Duct and Envelope Tightness (DET) verifier training and certification (optional).
Upon successful completion of this course and DET exams, you will be Southface Energy Institute certified as a
DET verifier, qualified to perform the testing required for new homes by the 2009 residential energy codes.
LaHouse Resource Center is an authorized provider of the Southface training, exam and certification.

NOTE! DET certification provides duct leakage code compliance options that are not possible for those who
are certified OMNLY in duct leakage testing. This can increase your compliance rate, saving time and monay!

Through this interactive dass, you will learn, observe, discuss and practice:

+  Controlling building air flow, thermal (heat) flow, and moisture flow
Measurement and Implications of differential pressures
Troubleshooting zir flow and zone pressure diagnostics
Indoor air quality factors and options to provide outdoor air
Make-up air for kitchen hood and fireplaces
Insulation installation grading; labeled vs. actual whole-wall R-value
How high efficiency eguipment impacts high humidity levels
Equipment sizing and design in tight building envelopes
Effective HVAC ductwork, equipment and building air sealing methods
2009 IRC Chapter 11 building envelope and duct leakage requirements
Code compliance options
Protocols for blower door and duct leakage testing and reporting
Exhaust fan flow measurement
Testing eguipment set-up, orientation, and problem solving
How to calculate CFMBE0, ACHS0, percent duct leakage, NACH, EgLA, building pressures
How to evaluate and report testing results for the 2009 IRC energy code
Tips for successfully completing the DET Verifier certification exams

m}fﬂlﬁf

for high performance homes in the

www L SUAgCenter.comf aHouss

| . Somerace: barsesd mfonmation. imerang,
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Duct and Envelope Testing (DET) Verifier

certification class

La. has adopted the 2005 C energy chapter
Certified verifiers are needed statewide.

Course information:

Whks POy COUNTSE I designiad oo Introduce The Skifl AEDsTany 1o bE00me 8 Soushface Enargy InETitune
cerivhed Dunt and Eavelope Tigheness (DET] Verdffer qualified 1o perform the disgnoste testrg reguired
For new hormes by the 2009 and 2017 residential ensrgy todes. Latouss Ressurcs Cemer it &n
aunnariped provider of the Southmace Training. exam and cemimcation

Afer narreschd completion of the course, you will be sbie to 1=t
The air leakage of & butlding ervelope and dull symem, ard svaluate
The FELITE BF MEaELIned 3gming the 09 intemiationsl Residentis
Cpde (IRC) enendy CRapier TeOuiremants

COUFRE CONGENT iUk

= Hamic buiiding stience conospts of air fiow, = preszune and
Biditing perfarmands

* The relstionship betweeen duct and inaiding tightness

& Reguatesmeits of the 2000 IR0 energy chigbes

= Protooohi for ower door and dudl leakage TRSTING and
reporting

& Caloulanions for ACHSD and percent ducT [eakags

®  Tips fior pucoecsfully compieting the wetten and in-field DET
Vesifier peification xams

This DET Vermer TTaining pragram and e class fee incude

® 15 days af e, imtersctive instruchon snd hends-on
PrECEIcE (phrs hatl day DET e}

= DT training handbook

& Orline Sutorials

= ‘Writtem DET Verifier axpen

* n-field DET Verifier esam

= DET Verifier Carnificae (wiath passing score on Borh exams)

®  [Certdicai= of Afendsnce [for CEL hours)
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outhface/LaHouse Certified DET Verifiers

DET HVAC
% ¥

X X LaGraEngE Fad

X Macombsar, Shaam

X Madrid Envique

A MoGaa, Ryle

Westavag
Vestwago, La

TR A-C and Home
Mamananca L1l

- www.LSUAgCenter.com/LaHouse
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