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Housekeeping

« Aftendees are muted upon enftry
o Questionse Enter them in the chat box

« Webinar is being recorded - slides and recording will be sent to
attendees

« CEU’s will be available upon request (ICC and AlA)
» Information at end of presentation

. « Email: jgossman@mwalliance.org with questions
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Midwest Energy Efficiency Alliance

The Midwest Energy Efficiency Alliance (MEEA) is @
collaborative network, promoting energy efficiency to
opftimize energy generation, reduce consumption,
create jobs and decrease carbon emissions in all
Midwest communities.

MEEA is a non-profit membership organization with
150+ members, including:
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Energy se.rvice S’ro’lre & local Academic & Electric &
companies & governments research insfitutions gas utilities

contractors



About the Nebraska Training
Program

« Goal: prepare the Nebraska workforce for upcoming
changes in construction best practices
« Residential and Commercial Energy Code
 Building Science
« Practical Solutions

» Focused on providing training 1o builders, code officials,
design professionals, public oftficials and students

« For more information, visit:
hitps:.// www.mwadlliance.org/nebraska-energy-codes-
raining-program
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Overview DET

« Defining the Building Envelope Commercial/Residential

» Applied Building Science to Envelope Performance
(Leakage, Air transfer)

« Energy Code Requirements
« Air Barrier

« Compliance Paths

 ASHRAE 90.1 as Referenced by IECC
» Testing/Compliance

* Existing Buildings
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Defining the building
Envelope

NEBRASKA
CODE OFFICIALS

ASSOCIATION

‘MEEA NEBRASKA

MIDWEST ENERGY EFFICIENCY ALLIANCE Good Life. Great Resources.

INTERNATIONAL
DEPT. OF ENVIRONMENT AND ENERGY CODE COUNCIL




Building Envelope

The building envelope is what separates the
Inside from the outside

t Is defined as any building element assembly that
encloses conditioned space or provides a
poundary between conditioned space and exempt
or non-conditioned space

The building envelope includes: below grade
(basement) walls, exterior walls, windows, doors,
floors, ceilings, roofs, etc.

NEBRASKA
CODE OFFICIALS
ASSOCIATION

NEBRASKA

Good Life. Great Resources.

~— "
INTERNATIONAL
NNNNNNNNNNNNNNNNNNNNNNNNN CODE COUNCIL




Building Envelope

The building envelope must serve four
functions:

1. Keep bulk moisture out.

2. Handle moisture as vapor.
3. Contain air movement.

4, Contain heat.
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Building Envelope

The building envelope must serve four
functions:

1. Keep bulk moisture out.

2. Handle moisture as vapor.
3. Contain air movement.

4, Contain heat.

NEBRASKA

Good Life. Great Resources.

INTERNATIONAL
CODE COUNCIE

EEEEEEEEEEEEEEEEEEEEEEEEEEE




Building Envelope: Control Layers

Exterior finish

Water control layer | U
Air control layer e
Thermal control layer =

Vapor control layer

Structure — B
Service — %)
Interior finish - -[
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Building Envelope: Many WaII Types

Steel Stud / Exterior Sheathing

-

Cavity Wall < > ]

OCI \l IO\

A . . .
‘ g bC1|I com; google.com; BU|Id|ng£\lEBP WSKA Stick-Built Curtain W :
Desigh+sonsteuction; metalconstructionnews:Esm=<Buitdgp c¢6m ==
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Vapor Diffusion vs. Air Leakage

r - VAPOR DIFFUSION r AIR LEAKAGE

V3 QUART OF
WATER OVER A
PERIOD OF ONE
MONTH

30 QUARTS OF WATER
OVER A PERIOD OF
ONE MONTH

VAPOR DIFFUSION VS. AIR LEAKAGE scePa

INTERIOR TEMPERATURE = 70" F
RELATIVE HUMIDITY = 40%




AIR LEAKAGE

- Alirflow is measured in cubic feet per minute, also
written as ft3/min, or CFM.
« TCFMout=1CFMin
- Airflow takes the path of least resistance. 1%
« Air moves from high o low pressure areas.
- Warm air rises, cool air sinks. S

Ift=12m.
1 Cubic foot
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AIR LEAKAGE

Volume

Original or Existing Additiorn
26° _—
= =
— al - .-FP’HHFP_
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This Building has an addition,
what is the total volume of the

entire Building?

Volume, is = _3,744 ft?

Volume, is = _2,145 i

Total Volume is = 5,889 ft?
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ENVELOPE LEAKAGE
RATIO @ 75 PA
“ELR75"

— A BETTER METRIC

« Leakage occurs
through shell of
building (not through
volume)

 Normalizing leakage at
/5Pa (0.3 inw.c.)
based on shell area is
most common for
commercial buildings

MEEA

MIDWEST ENERGY EFFICIENCY ALLIANCE

¢

CFMys.
What is the Envelope Leakage Ratio at 75 Pa?

Building Thermal Envelope

The building thermal envelope is the portion of the building
envelope that is comprised of the continuous air barrier and
insulation and separates conditioned space from

unconditioned space.

Example Calculation

A 7,600 square foot building (First floor: 3,600 square feet
and second floor: 4,000 square feet) has a shell area of 13,920 square feet. The blower door test measures a flow of 3,340

ELRys is calculated by dividing the measured CFM75 by the total shell area of the envelope.

Shell Area = 4000ft? + 4000t + 5920ft* = 13,920f¢

2

BD Fan Flow Measurement = 3,340 CFM 5

B 7 CFM;
75 7 Shell Area
FLR. - 3340 CFM:c
57 13920 sf
ELR75 = 0.24
Envelope passes program requirement and earns additional point

{ puli
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Applied Buildin
Science to the Building
Envelope
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(Not so) Advanced Physics in
Building Science:

Heat

Hot -> Cold
Moisture

Wet - Dry

NEBRASKA
Good Life. Great Resources

EEEEEEEEEEEEEEEEEEEEEEEEEEE




Moisture Flows Four Ways

#1 — Bulk water
#2 — Capillary water
#3 — Air-fransported moisture

#4 — Diffusive moisture movement
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Moisture Flows Four Ways

Air Transported Moisture — Priority #3
AIR BARRIER

« Air movement leads to both energy loss
and moisture transmission.

* The air barrier prevents air movement
through all parts of the envelope and
must be continuous.

* Primary air barrier:

« Exterior sheathing (e.g. Zip System,
etc.)

« Building wrap (e.g. Tyvek, etc.)
« Seam sealing
* Interior drywall

Image: westerlyalberta.com

« Penetrations in the primary air barrier

& ME Aﬁir leaks and must bé&BRAFeHKy
gearet:
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Moisture Flows Four Ways
Alr Transported Moisture — Priority #3

« Uncontrolled / unknown holes that allow air into or out of a building
. have a negative impact on the building and its occupants.

« 1/3 quart of water through solid gypsum board but 30 quarts through 1 in? holel!

. « Minimizing envelope air leakage must be a primary goal of the building
. envelope.

. . Energy efficient buildings have a low leakage rate.

. « Controlled ventilation / fresh air intake from a known source improves
iIndoor air quality and conftributes to occupant health.
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Building Envelope Code
Requirements
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General Reqguirements
Section C402.1

.. » Specific insulation requirements of Section C402.2

.. * Thermal requirements of either:
. « U-, C-, and F-factor-based method of Section C402.1.4 OR
. « Component performance alternative of Section C402.1.5
* Fenestration in building envelope assemblies

« R-value-based method of Section C402.1.3
.. » Air Leakage of building envelope assemblies

NEBRASKA

Good Life. Great Resources.
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|JECC and IMC

* Whole-house mechanical
ventilation required by
energy code

* Ventilation rate and
equipment requirements
In the International
Mechanical Code (IMC)

NEBRASKA
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Mandatory Requirements

« Air Leakage
. - Air barriers
* Fenestration air leakage

.. « Rooms Containing Fuel-burning Appliances
. « Air infakes, exhaust openings, stairways and shafts

* Loading dock weatherseals

. « Vestibules
. « Recessed lighting

NEBRASKA
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Air Leakage
Section C402.5 (Mandatory)

. Envelope air sealing requirements must be met by:

« Testing (blower door) in accordance with ASTM E 779 at

. pressure differenfial of 0.3 inch water gauge or an equivalent
method approved by code official when tested air leakage

. rate < 0.40 cfm/ft?
- OR

.. « Compliance with Sections C402.5.1 through 5.8

NEBRASKA
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Air Barrier Construction
Section C402.5.1.1 (Mandatory)

« Alr barrier placement

allowed:
* Inside of building envelope
« QOutside of building envelope : \
i““"—-.-‘
« Located within envelope assemblia
¥
OR

* Any combination thereof

* Must be continuous for all
assemblies and joints that
are part of the envelope

Image: wrmeadows.com
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Vestibules
Section C402.5.7 (Mandatory)

« Required to reduce infiltration into Self Closing Doors
spaces I
« Required for doors leading into Vestibule
spaces = 3,000 ft2 - -
 Doors must have self-closing /
devices Exterior Doors
« Exceptions: :
- . . Conditioned
. Buildings in Climate Zones 1 and 2 Space = 3000 FT2
« Doors from a sleeping unit or
dwelling unit

« Revolving doors (adjacent swing Image: U.S. Dept of Energy
doors are not exempted)

 Doors that have an air curtain
meeting requirements
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Additional Efficiency Package Options
Section C406

 Buildings shall comply with one or more of the following:
. * More efficient HVAC performance

. - Reduced lighting power

Enhanced lighting controls

On-site renewable energy

Dedicated outdoor air system

High efficiency water heating

Enhanced envelope performance

Reduced air infiltfration

‘MEEA NEBRASKA
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. Additional Efficiency Package Options
. Section C406

« Reduced AIr Infiltfration

« Whole building pressurization testing (ASTM EZ779 or ASTM
E1827) by independent third party

« Measured leakage rate of <£0.25 cfm/ft? (code minimum is <

.. 0.40 cfm/ft2)

.  Buildings over 250,000 square feet of conditioned floor area
.. may conduct representative area testing

* Test not less than 25% of conditioned floor area

‘MEEA NEBRASKA
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. ASHRAE 90.1 2016 Section 5: Building
.. Envelope Overview

« ASHRAE 90.1 is an optional compliance path
allowed in the 2018 IECC (Section C401.2).

« Applies to:
* New, and new portions of, buildings and their

systems S

oy . . e o ge Energy Sta.nd‘ard

* Additions and alterations to existing buildings L L

« New systems and equipment in existing buildings R

« Does not apply to: o % B

» Single-family houses, low-rise mulfi-family < 3 —
stories above grade, manufactured houses Image: ASHRAL.0r9
(mobile or modular)

» Buildings that use neither electricity nor fossil fuel

- Does notf circumvent any safety, health, or -
environmental requirements SRR
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Structure of Standard 90.1-2016

I. Purpose 7. Service Water Heating

2. Scope 8. Power

3. Definitions, 9. Lighting
Abbreviations, and 10.0ther Equipment
Acronyms 11.Energy Cost Budget

4. Administration and Method
Enforcement 12.Normative References

©. Bullding Envelope Normative Appendices A-H

6. Heating, Ventilating, Appendix G — is a new
and Air Conditioning compliance path!

NEBRASKA
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Performance Testing
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Air Leakage & Continuous Air Barrier Testing

Section C402.5

« Continuous Air Barrier
Required

* Two Compliance Options

*« ASTM E 779 (blower door
test)

« Compliant assemblies
« C402.5.1 through C402.5.8

NEBP’\SK, \
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Residential DET
Energy Code Requirements

The 2018 [IECC-R
IRC Chapter 11
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. Air Seadling, Testing & Ventilation | R402.4

« 2009 IECC Requirement: 7 ACHS0 (testing
optional)
 Mechanical Ventilation not required

« 2015 IECC Requirement: 5§ ACHS0 (testing
Required)

« 2018 IECC Reqguirement: 3 ACHS0 (testing
required)
 Mechanical ventilation required and is critical!

« Exhaust, Supply or Balanced Ventilation
« As simple as a continuous bath fan

v' 2021 IECC Requirement: 3 ACHS0 (No Real Change)

NEBRASKA
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0

COMPLIANCE PATHS FOR INSULATION & WINDOWS

I Scope I

Insulation & Window
Requirements

2018 IECC UA Trade-off Section 405 ‘15, a8, ‘21 IECC
(prescriptive chart) (RESCheck) (annual simulation) “HERS/ERI"”
| 1
I
! Mandatory Requirements I _____ I

e The Energy Rating Index (ERI) path gives the most design
flexibility (e.g., credit for mechanical equipment efficiency)
e ltcreditsitems not covered by the code (e.g., appliance efficiencies)

e In'211ECC, can back off air leakage to < 5 ACH5o

M E EA NEBRASKA
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Importance of Air Sealing

* YOU can not control the indoor
environment if you let the
outside In

« Continuous air barrier and
thermal barrier are essential

* They will define the HVAC
system requirements

* The only way to know
envelope fightness is a blower
door test

NEBRASKA
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. Air Barrier

. * Primary air barrier:
 Exterior sheathing
..  House wrap

« Seam sealing
. * Interior drywall
» Peneftrations in the primary air

barrier create air leaks.

. « 2018 [ECC requires blower door test
« Maximum leakage:

3 A C H 5 0 Image: huberwood.com

. - Average Air Leakage Rate in NE:
. 2.8 ACH50
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Air Barrier - Sirategies

plates
« Lapped and taped joints

and doors

* Drywall glued to the studs and

» Close alignment with insulation
« Sealed air permeable insulation
« Taped or caulked sheathing seams

 Caulked or foam-sealed outlets,
penetrations, sill plates, windows

NEBRASK A

Good Life. Great Resources.
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Top Plate

Sill Plate

h,
: ‘ :
HOE =
: “ -
f = =
. o
(]
S Dryer Vent
— _=° =2 ||| || Outdoor Faucet
Ol
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Air Barrier - Strategies (cont.)

» Sealed joist bays

» Sealed HVAC supply and return
. outlets

.. e Sealed soffits and chases &

» Sealing around the backside of ———

. fubs, knee walls and garages ~< ST | o
..  Sealed off garages ﬂ = nl=2

. « Sealed recessed lighting cans =

Image: epa.gov

NEBRASKA
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Review - Air Barrier Strategies

COMMUN AIR LEAKS

« Sealed joist bays

» Sealed HVAC supply and
return outlets

e Sealed soffits and chases

» Sealing around the
backside of tubs, knee walls
and garages

« Sealed off garages
- Sealed recessed lighting

[
4 4 0 W g .\
0 5 g BN ¥ iS4 [ TG
X = 7 | R
. cans e ,.
R /
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Natural Driving Forces
for Infiltration

N

N

:
E

e/

Stack
NEBRASKA Effect
e | 43

OOOOOOOOOOOOOOOOOOOOO

EEEEEEEEEEEEEEEEEEEEEEEEEEE




Fans—Driving Forces for Infiliration

Device

CFM

Bath

Range hood

Downdraft
hood

“Commercial

Hood

Dryer

Air Handler

/ ton

—
Pressurized
laﬁi{;y Sl @ bedrooms @
Supply Return Supply
RN
Tight supply N
ducts
1 [ : —
Air
©  rendigl, ©
Depressurized unitre
basement
b "
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Ventilation and Air Sealing

Both natural and mechanical ventilation
provide fresh air that can dilute and remove
indoor pollutant levels

Per the IMC/IRC, mechanical ventilation is
required when homes are <6 ACH 50

 Need to do a blower door test to
determine leakage rate

- Liability concerns when not performed

A blower door test measures a building’s
existing air leakage

Can not design a code compliant system
without knowing air leakage

NEBRASKA

Good Life. Great Resources.
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Ventilation and Air Sealing

* Blower door test result can be in CFM.

« Converting to ACH determines building’s need for mechanical ventilation
(<5 ACH50%

Blower Door Math
To calculate air changes per hour at 50 Pascals

House Volume

House volume is cubic feel enclosed by the

thermal envelope including exterior walls

NEBRASKA
CODE OFFICIALS
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Ventilation — Pressure Differential

AulAcltool

117

Expansion of Conditioned Space

NEBRASKA

Good Life. Great Resources.
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HVAC systems, temperature, wind,
and stack effect all cause pressure
differentials between inside and
outside

HVAC systems pressurize the home
and conditioned space
boundaries movm? towards
exterior surfaces of building

Garage isolated from house by air
barrier/pressure boundary

Gorag:%e ventilated and
condifioned independently of rest
of conditioned spaces

INTERNATIONAL
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Considering HVAC Design and Loads

Today’s homes risk health problems from inadequate
ventilation

New construction materials and techniques result in tighter
homes

« Sometimes <1 ACH50

In some jurisdictions blower door tests are nof required so
builders are unaware of the need for ventilation

Average from NE Residential Baseline Study is a new home air
leakage of 2.8 ACHS50

More chemicals and products are used in and around ¢
house

« Concentration levels can be 2 to 100 times higher than mage: condiionedafsolufons.com
oufside.
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Balanced Ventilation

e

i —
- <

* Blows air info and out of the
== house

2TH? . ERV/HRV makes this cost
effective by reclaiming energy
g'* from exhaust and supply airflows

(607-80%!)

« Balances exhaust and supply
flows

"3 - Maintains the Minimum
Ventilation Guidelines
automatically with proper set-up

NEBRASKA
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Balanced Ventilation - HRV

A heat recovery ventilator (HRV)
uses a heat exchanger fo
condifion iIncoming fresh air:

* |t consists of a cube-shaped |
transfer unit made from special
conductive materials.

 Airflows pass through different
sides of the cube (but are not
mixed).

« Conditioned exhaust air raises or
lowers the incoming fresh air FEHAR
-I-e m p e rO TU re o Image: popularmechanics.com

« Air passes through an HVAC air

handler or direcily to roomes.
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.. An energy recovery ventilator (ERV)
.. exchanges heat and moisture between

the two air streams:

* [t transfers moisture by a desiccant
wheel.

.. « |t allows the exchange of moisture to

. control humidity.

* |t preconditions the incoming flow with
return air ducts before it exits.

.. * |t passes air through an HVAC air

handler or directly to roomes.

NEBRASKA

Good Life. Great Resources.
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Balanced Ventilation - ERV

Image: fotalcomfortma.com
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_ Effect on house
Duct Leakqge pressure due o duct

Driver for Infiltration leakage
N
=T Assume 2.5 ton
/ NklOOO cfm)
ettt e e e I — }
I : I :
1 1 I [
1 1 I [
1 1 I [
' = : :
: : 1| Supply Return  Supply :
ISupply Supply| | I ) | L
i Reiurn |¢ : T e
| |
11¥ - = and ' 300
- +1OO Hglr:d — Unit
Unit
100 CFM of supply leakage 300 CFM of leakage into re;fiumfs

‘M EE A Supply leaks causéNEBRASKA Return leaks causesias
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE house tO Good Life. Great Resources. house tof l'N'IETTNXHU-_NAL

EEEEEEEEEEEEEEEEEEEEEEEEEEE CODE COUNCIL




Duct Lea kclge— Effect on house

o ° o pressure due to duct
Driver for Infiltration eakage

o)
. 6%\)‘(\6y \
Dominant P

Duct Leakage s -

What is the net
effect on House

Pressure to Qutside L]?L"__T_[.._....L.E

————<:—————

due to: vand ‘.
100 cfm of supply & -~ o =300
300 cfm of return — [

100 CFM of leaks in supply &
NEB%QQVCFI\/I of leaks in return §X

Good Life. Great Res
53 INIERNAHUNAL
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Duct Leakage— Effect on house
° o °® d .I. d _I_
Driver for Infiltration pressure due 1o duc

leakage
N
. 5@
Equivalent P"”"‘“\@V
\(\\3
Duct Leakage " === 2
What is th t i i 2OIO CkFIVI o
at is the ne ! . eaks in
I |
effect on House y | supply Return Supply| supply &
Pressure to Outside B — et 200 CFM of
due to: % Eenby leaks in return
200 cfm of supply & — 1200 |wanal | -200
200 cfm of return =
]

duct leakage?

NEBRASKA
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AIR SEALING &
INSULATION

IECC

N

MEEA

MIDWEST ENERGY EFFICIENCY ALLIANCE

TABLE R402.4.1.1 AIR BARRIER, AIR SEALING AND INSULATION INSTALLATION®

COMPONENT

AlR BARRIER CRITERIA

INSULATION INSTALLATION CRITERIA

General requirements

A confinuols air pamer shall b installed in the buikding envelope

Breaks or joints in the air bamer shall be seaked.

Air-permeabie insulation shall nat be used as a sealing matenal

The air barries in any dropped oeiling or SofR shall be 2
nsulation and any gaps in the air bamsr shall be sealed

ned with the

Ceding/attic The insulation in any dropped cedling/soffit shall be aligned with the: air bamier.
ACCESS DPENINGs, Orop GoWn SIEINS oF knee wall doors 10 uncenditioned
attic spaces shall be sealed
The juncticn of the foundation and sill piate shall be sealed . . .
Cavities wilhin Corners and heacers of frame walls shall be insulated by completely g the cavity
. . with 8 material having & thermal resistance. R-value, of not IEss than R per inch. Exterior thermg
Walls The junction of the top plate and the top of exterior walls shall be sealed -

Knee

Is shall be sealed

envelope insulation for framed walls shall be installed in substantial contact and continuous
alignmant with the air barries,

Windows, skylights and
doors

The space between framing and skylights, and the jamds of windows and
doors, shall be sealed

Rim |oisis

Rim joists shall include an axterior air barrier.

The junctions of the rim beard to the sill plate and the rim beard and the
subficor shall be ar sealed

R joists shall be insulated $o
Boand b

Lihe ingaulation maintaing permanent contact with the exienar rim

Floors, inchuding
cantlevered floors and
floors above garages

The air barrier shall be installed at any exposad edge of iInsulation

Floor framing cavity insulation $hall be inslalied o mainam permanent contact with the ungersice of
subfloor decking. Altematively, ficor framing casity Insuabion shall be In Contact with the 1op side of
sheathing, or conlinuous insulation inslatied on the underside of foor framing and extendng from the
mottam 1o the top of all parimeter fioor framing members.

Basement crand space and
slaly founcations

posed Sanh in Wvered craa $paces shall be covered with a Class |
wapor retarden'air bamier in acocordance with Saction R402.2.10

Penetrations through concrete foundation walls and slabs shall be air
sealed

Class 1 vapor retarders shall not be used as an ar bamer on below-grade
wialls and shall De instalied in accondance wilh Section RTOZ. 7 of the
Infematonal Residential Code

Crawl space insulation. wheres pr
wilh Section R402.2.10

ded instead of fiaor insulation. shall be installed in accordance

Condtioned basement foundation wall insulation shall be instalied in accordance with Sechion '
R40Z 281

Slat-on-grade Noor insulation shall be installed in accordance with Section R402.2.10

Shalts, penelrations

Douet and flue shams to exterior ar uncondilioned space shall be sealed

Wtility penetrations of (he air barmer shall be caulked. gaskessd af
amervise sealed and shall aliow for expansion, contraction of ma
and mechanical vibralion

Insulation shall be fited tighlly around ullities passing through shafts and penetrations in the: building
thermal envelape 1o maintain required Rwvalue

Marrenw cavities

Marmew cavities of 1 inch or less thal are not
air sealed.

e 10 be insulaled shall be

Bafs to be installed in nanmow cavities shall be cul to Nl or namow cavilies shall be filed with
Insuiation that on installation readily conforms to the asallable cavity space

Garage separation

Air sealing shall be provided between the garage and condtioned spaces

Insulated portions of the garage separation assembly shall be insialled in accordance with Sections
R303 and R402.2.T

Reoessed bghting

Recessed Ighl fixures inss,
air sealed In accordance w

alled in ihe buding ihermal envelope shall be
h Section R402.4.5

Recessed hight fixtures installed in the buikding thermal envelope shall be airtight and IC rated, and
Shall be buned or Surounded with insulation

Plumbing, wiring or other
ocbstructions

All holes Crealed by wining, plumbing or other obsiructions m the air
barner assembdy shall be air sealed

Insulation shall be nstalied 1o il the avasiable space and sUMoUNd winng, plumding. or othar
absifsctions, unless the required R-value can be mel by installing nsulation and air bamier systems
compiately to the exienor side of the cbstruciions,

SNCoWerIuD on extenon wall

The air barrier mstalled at extenor walls ad@acent to showers and tubs
shall separale the wall Trcam the Shower of b

Extenion walls acicent to showers and tubs shall be ingulated

Electricaliphong bax on
extenar walls

The air barrier shall be installed behind electrical and communication
baxes. Alematively, air-sealed boxes shall be installed

HVAC register boats

HWAC supply and return register boots that peneirate building thesmal
envelope shall be sealed to the subfloce, wall covering or ceiling
penetrated by the boot.

Concaaled sprinkiers

Where required 1o be sealed. concealed fire sprinkiers shall only be
sealed in @ manner Mat is recommended by the manulacturer, Caulking
or other adhese sealants shall not be used 1o fill woids between fine
Sprinkler cover plates and walls of ceilings

NEBRASKA
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Performance Testing
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Diagnostic/Verification Tools

Blower Door

NEBRASKA

Good Life. Great Resources.
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Duct Leakage

Tester
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How a Blower Door Works

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

« The manometer measures the fan
Pressure difference compared to
he fan inlet side o
(the house when depressurizing, the
outside when pressurizing)

* The fan pressure difference is
recorded and the flow (CFM) is
looked up from a chart OR the

< gauge can be programmed to

| convert the fan pressure difference
. ) to a flow (CFM)

Direction of Alr

Flow

(W h e n NEBRASKA

d e r e S S U I’i Zi n ASSOCIATION
P NEBéﬁSKA
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Blower door envelope

testing

 Required by IECC 2012
onward
e Homes mustbe <3 or<5

ACHSO CFMg, x 60

. ACHso = Volume
 Quantifies the Amount of

Leakage Across the Home's
Thermal Boundary

« Test Performed by @
Certified Professional (DET
Verifier)

« Reported to Builder and
Code Official via Certificate

MEEA NEBRASK/
MIDWEST ENERGY EFFICIENCY ALLIANCE GOOd Llfe Great ReSOUrCeS,
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Prescriptive envelope
BD testing thresholds

* Prescriptively, the home in
Climate Zones 3-8 must be
<3 ACHg,

CFMg x 60
Volume

ACH:, =

Alternately, small Homes <

1500 s.f. and attached MF

homes may comply with

ELR:, < 0.30 LR, = CFMso
Shell Area

Exception: When testing individual dwelling units, an air leakage rate not exceeding 0.30 cubic feet per minute per square foot [0.008 m3¥(s x m?2)] of the dwelling unit
enclosure area, tested in accordance with ANSI/RESNET/ICC 380, ASTM E779 or ASTM E1827 and reported at a pressure of 0.2 inch w.g. (50 Pa), shall be permitted in
all climate zones for:

. Attached single and multiple-family building dwelling units.
2 Bwldmgs or dweﬁmg units that are 1,500 square feet (139 4 m2} or smaller.
L—LIITN7 \JI N/ \ [ 1\ 3\
MEEA AEnY |
Good Life. Great Resources. .
INTERNATIONAL
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MULTIFAMILY BLOWER DOOR SAMPLING OPTION

« T unitin (up to) 4 per floor is tested — if it passes, remaining (up to
3) units pass
« |f sampled unit fails, it must be sealed and retested and remaining

[iim A 2A) Linite mMiict kA =Y

Breezewa

Y
separates

= mirror -»
S B imgge of H

1 other five
crawlspace ': unifs ; crawlspace

miv= in

For example, units #6, 8 and 5 are tested
 |f 6 passes, so does 1

« If 8 passes, sodo 7, 2and 3

 If 5 passes, so do 4, 9 and 10

62



Blower Door Testing

- Can be performed at final .
iINnspection or earlier in construction
process

» Depressurizes the home to identify
areas of leakage

» Leakage calculated in ACHS0

» Indicates how many times the volume
of air that is inside the building
changes with the outside air under
test conditions

« 3 ACHS0 or lower required by model
code

NEBRASKA

Good Life. Great Resources.
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Diagnostic Tools

Testing the airtightness of a home using a special fan
called a blower door can help to ensure that air sealing
work is effective. Often, energy efficiency incentive
programs, such as the DOES EPA EMERGY 5TAR Program,
require a blower door test {usually performed in less than
an hour) to confirm the tightness of the house,

Exterior
door frame

[ Temporary covering

,.-ﬂ“'f7‘ Adjustable frame

AN
e

Air pressure gauge

-+ Fan

Image: U.S. DOE
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Benefits of Blower Door Teshng

 Documents and quantifies home’s air
leakage

 Third party verification (some areaqs;
performed by Inspectors)

« Not required in Lincoln’s Energy Code (but
still a really good ideal)

» Provides data needed for understanding
ventilation needs, final equipment adjustment
and energy use/cost forecast

« Great liability protection for all involved
* Improved Home Performance

NEBP’\SK/ \

Good Life. Great Res
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Image: Green Building Ad visor
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Approximate Leakage Area

Approximate hole size is a great  Divide CFMg, by 7.495

way to describe what CFMg, . For example:
really means 25" R '
- " 4,247 CFMg, / 7.495
=567 sq. in.

237 ¢ Divide by 144 to get ~4 s f.

NEBRASKA

Good Life. Great Resources. 65
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Testing Duct Leaks

. Don’t use tape
. on ducts!

~-
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CODE COUNCIL



Duct Seadling

Appancx RA Appancx RA
2015 1ECC (2019 Georgla Enargy Code) 2015 IECC (2019 Georgla Enargy Code)
Duct Sealing key points Air Handler Sealing key points

Scal gass
Datwoar Dot
o drywal

. . —RASKA

Good Life. Great Resources.
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Duct Testing Requirements 2009-2018

« Duct systems must be leak tested
 When tested at rough-in

« 4% Total leakage no AHU installed

(RlTnah Rough-in Total Leakage, no air hondler)
(not permifted in GA)
« 6% Total leakage w/ AHU
(RlT Rough-in Total Leokcge)
 When tested at final
« 12% Total Leakage

(PCT Post-Construction Total Leokoge)

« 8% Leakage to Outside
(PCO Post-Construction Leakage to Ou’rside)

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

NEBRASKA
CODE OFFICIALS

NEBRASKA
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What's different about 2012/15/18 IECC?

« Duct testing Is required*
 When tested at rough-in
3% Total leakage no AHU installed

(RlTnCIh Rough-In Total Leakage, no air Dondler)

« 4% Total leakage w/ AHU

(RlT Rough-In Total Leokoge)
 When tested at final
« 4% Total Leakage

(PCT Post-Construction Total Leokoge)

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

k NEBRASKA
LUIH— Hl FICIAL ‘-
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. Biggest Changes in IECC 2021

Redrawn Climate Zones (No Change in NE)
Improved Window U-factors & Wall and Ceiling R-values
Attic pull-down stairs — R-13 okay for CZ1-4

Floor insulation — 3 options

Basement option details

Sunrooms and heated garage separation

Ducts Testing on all systems

Ducts inside, < 8% Total Leakage

Ducts outside, < 4% Total Leakage

Verified fan (kitchen, bath, whole house) airflow
All efficient lighting and controls (100%)

Must choose your Additional Efficiency Package

NEBP’\SK, \
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g What's different about 2021 IECC?

. « Duct testing is required for all systems
 When tested at rough-in

. « 4% Total leakage*®
. (RIT Rough-In Total Leokage) (*3% without air handler, RIanh)

. « When ftested at final — ducts outside envelope
° 4% Total Lea kgge Note: Blower Door

and Duct Leakage
(PCT Post-Construction Total Leckoge) test results must be

..  When ducts are inside envelope™* displayed on

. - 8% Total Leakage - erificate:

. (PCT Post-Construction Total Leakage)
. **Duct tightness test is now required even if the air handler and
all ducts are located within conditioned space!llll i
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Duct pressure test finds leaks and estimates air flow in cfm

Depressurizing the system;
connected at the air handling
UniT NEBRASKA

CODE OFFICIALS
ASSOCIATION

Pressurizing the system;
connected at the largest return

NEBRASKA
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Duct Testing Basics

|
Pressure gauge

Fan control switch

- qair to flow
freely
from the
fan fo the
duct
system

Registers sealed
with tape

M : : A Good Life. Great Resources.

MIDWEST ENERGY EFFICIENCY ALLIANCE
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Duct Test—"Total Leakage”
Note: This test could be performed at rough-in (RIT) stage OR at

final (PCT)

1. Open a door
SO house = L
outside /aimt | % —
pressure L Lk

2. Use duct tester J
fo pressurize o ‘
duct system to o o
+25 Pa WRT A B *
outside -

3. Record fan =1 ]
flow (channel Ring 2, Fan Press=90
B) in CFM,: PO e

\ )(l[

(when programming .
gauge, set MODE as NEBPASKI E Flow is 150 CmeS
P R/FL@25 e e 74 INTERNAHONAL
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Discuss issue of Residential Ventilation

« In 2012 IECC: Single Family must be <5 ACH;,
to pass Energy Code in all CZ’s

« 2012 IRC: If <5 ACHz,, must provide whole-

house mechanical ventilation system ,

+ In 2021 IECC: Allhomes must be <5 ACHg and must — \ll
provide whole-house mechanical ven’rilcflon system /
to satisfy IRC &

« Testing of ventilation system to verify airflow is
required

For a ventilation white paper with more
information on residential ventilation, visit
www.southface.org /resources/georgia-energy-code-resources/

NEBRASKA
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http://www.southface.org/
https://www.southface.org/resources/georgia-energy-code-resources/

DET Verifier Resources

« Refresher videos about blower door testing (~10 minutes each) '
10-minute YouTube BD video: Search “Southface Blower” >‘,'|< Southface
https://www.youtube.com/watch?v=0brAHxe2 FLk&t=293s

http://wxtvonline.org (blower door basics)

10-minute YouTube DB video: Search “Southface Duct”

https://www.youtube.com/watch?v=FS1P1kfPMYY

Three companies that sell equipment (ask about discounts)
Energy Conservatory

*Refrotec

Infiltec

NEBRASKA
CODE OFFICIALS
ASSOCIATION

NEBRASKA
MEEA N

MIDWEST ENERGY EFFICIENCY ALLIANCE Good Life. Great Resources.

~— "
INTERNATIONAL

DEPT. OF ENVIRONMENT AND ENERGY CODE COUNCIL

¢



https://www.youtube.com/watch?v=ObrAHxe2FLk&t=293s
http://wxtvonline.org/
https://www.youtube.com/watch?v=FS1P1kfPMYY

Questions?

MEEA

MIDWEST ENERGY EFFICIENCY ALLIANCE
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2024 National Energy Standard:

* More focus on Electrification
.. . Tables for Envelope and Fenestrations (402/403)updated
. * More reliance of high performance

.. * More infent to move appendices items forward
. INn 2027 & 2030 versions

* More focus on testing/verification
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Upcoming Events:

May
5/21/24: Nebraska Collaborative Meeting — NDEE Lincoln

June
6/5/24. ResCheck Training

July
//17/24: ComCheck Training
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Than you! VERDATEK

SOLUTIONS

Matt Belcher, Verdatek Solutions

mMatt@verda-solutions.com
Cell: (314) 749-4189

John Gossman, MEEA
lgossman@mwalliance.org
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