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Building Energy Code Resource Guide:

\i;

PREPARED BY
Building Energy Codes

DOE’s Building Energy Codes Program (BECP) is an information resource on
national energy codes, BECP works with othaer government agencies, state and local
jurisdictions, national code organizations, and industry to promote stronger building
energy codes and help states adopt, implement, and enforce those codes,
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This report was prepared as an account of work sponsored by an agency of the United States Governiment,
Neither the United States Government nor any agency thereof, nor Battelle Memorial Institute, nor any of
their emplovees, makas any warranty, express or implied, or assumes any legati liability or responsibility for
the accuracy, completensss, or usafulness of any information, apparatus, product, or proceass disciosed, or
represents that its use would noet infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or ctherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any
agency thereof, or Battelle Memorial Institute. The views and opinions of authors exprassed herein do not
necessarily state or reflect those of the United States Government or any agency thereof.
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INTRODUCTION:
Basics of Air Leakage

Air leakage contro! is an important but commonly misunderstood component of the
energy efficient house. Tightening the structure with caulking and sealants has several
positive impacts.

Air leakage is sometimes called infiltration, which is the unintentional or accidental
introduction of outside air inte a building, typically through ¢racks in the building envelope
and through use of doors for passage. In the summer, infiltration can bring humid outdoor
air into the building. Whenever there is infiltration, there is corresponding exfiltration
elsewhere in the building. in the winter, this can result in warm, moist indoor air moving into
cold envelope cavities. In either case, condensation can occur in the structure, resulting in
mold or rot. Infiltration is caused by wind, stack effect, and mechanical equipment in the
building (see Figure 1).

Wind creates a positive pressure on the windward face and negative pressure on the
non-windward (leeward) facing walls, which pulls the air out of the building. Wind causes
infiltration on one side of a building and exfiltration on the other. Wind effects can vary by
surrounding terrain, shrubs, and trees.
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The “stack effect” is when warm air moves upward in a building. This happens in summer and winter, but

is most pronounced in the winter because indoor-cutdoor temperature differences are the greatest. Warm
air rises because it’s lighter than cold air, So when indoor alr is warmer than the outdoor air, it escapes out
of the upper levels of the building, through open windows, ventilation openings, or penetrations and cracks
in the building envelope. The rising warm air reduces the pressure in the base of the building, forcing cold
air to infiltrate through open doors, windows, or other openings. The stack effect basically causes air
infiltration on the lower portion of a building and exfiltration on the upper part.

Mechanical equipment such as fans and blowers causes the movement of air within buildings and through
enclosures, which can generate pressure differences, If more air is exhausted from a building than is supplied,
a net negative pressure is generated, which can induce unwanted airflow through the building envelope.

Pathroom exhaust fans, clothes dryers, built-in vacuum cleaners, dust collection systems, and range hoods
all exhaust air from a building. This creates a negative pressure inside the building. If the enclosure is
airtight or the exhaust flow rate high, large negative pressures can be generated.

Wind Effect ' Stack Effect Combustion and
Ventilation

Figure 1: Examples of infiltration. image courtesy: Building Science Corporation, www.buildingscience.com
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CODES:
New Code Air Leakadge Requirements

The 2012 IECC has several new
requirements for verification of air sealing
in new construction and additions,

These new requirements apply to new
construction, additions, and alterations
where adopted by states and local
jurisdictions. Furthermore, additional
language was added to clarify that where
there are conflicts or differences between provisions of the IECC and referenced codes,
the IECC provisions must apply (Section R106, 2012 [ECC).

R106.1.2 Provisions in Referenced Codes and Standards

Where the extent of the reference to a referenced code or standard includes subject
matter that is within the scope of this code, the provisions of this code, as applicable,
shall take precedence over the provisions in the referenced code or standard.

Sealing the building thermal envelope has been required by the energy code for many years
(editions of the IECC). However, in years past the provisions were somewhat vague and only
required that areas of potentizal air leakage such as joints, seams, and utility penetrations be
sealed with a durable material such as caulking, gasketing, or weather stripping. The 2009
IECC required verification of air sealing by either a visual inspection against a detailed checklist
or a whole-house pressure test. The 2012 I[ECC NOW requires all new construction and
additions be both visually inspected and pressure tested as mandatory requirements. Thera
have been some slight changes to the visual inspection checklist and ratcheting down of the
testing parameters, requiring houses to be much tighter than the previous edition of the code
(see Figure 2 and Table 1).
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All of Alaska In Zone 7
except for the following buroughs in Zone 8:

Zone finciudes:

* Bethel + Northwest Arctic

= Dellingham * Southeast Fairbanks * Hawaii

» Fairbanks N.Star « Wade Hampton + Buam

+ Noma + Yukon-Koyukuk + Puerto Rica

* North Slope + Virgin Islands

Figura 2: Climate zones (by county) for the 2012 IECC

Takle 1: 2002 vs, 2012 {ECC Comparisons

R402.4 Air leakage (Mandatory)

The building thermal envelope shall be constructed to
limit air leakage in accordance with the requirements of
Sections R402.4.1 through R402.4.4,
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PLANNING:
Air Sealing Measures and Checklists

The 2012 [ECC provides a comprehensive list of components that must be sealed and inspected.
However, unlass the components are installed properly, passing the inspection and meeting the
tested air leakage rate reguirements may not be achievable without rebuilding some construction
assemblies (such as gypsum board) that were previously installed. A good exampie is the air
barrier between the ceiling (unconditioned attic) and conditioned space {living area). Since

air leakage paths are driven by the fact that warm air rises, the attic is the largest area (square
footage) of potential heat loss. Areas in the ceiling that might not have been sealed properly
could include recessed cans, wires, pipes, attic access panels, drop down stair or knee watl doors
and more. Figure 3 is a picture taken with an infrared camera illustrating where the temperature
difference is and potential heat loss. The reds and purples indicate higher heat loss areas.

Recessed Cen

Figure 3: Alr Leakage Test Results Ceiling Plane
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R402.4.1.1 Installation

The components of the building thermal envelope as
listed in Table R402.4.1.7 shall be installed in accordance
with the manufacturer’s instructions and the criteria
listed in Table R402.4.1.1, as appficable té'g the method
of construction. Where required by the code official an
approved third party shall inspect alf cofﬁponents and
verify compliance. ‘

The IECC's checklist covers not only air barriers but proper
installaticn of insulation and other elements. In Table
402.4.1.1, items that are directly related to air leakage and
proper air barriers are highlighted in vellow.

Even though the IECC checklist lists 14 specific components
that are directly related to air barriers, more attention must
be focused on all areas that have potential for air leakage.

A good understanding of building science can facilitate
proper air sealing. For example, Building America research
identifies 19 key areas where air sealing can improve a home’'s
energy efficiency, comfort, and building durability,

Common air sealing {rouble spots are shown in Figure 4

on page 8 and listed in the following table. Severai of these
trouble spots are described in more detail as highlighted in
the Building America Air Sealing Checklist.

Builders, contractors, and/or designers should develop an air sealing strategy beginning with reviewing the
building plans and identifying potential areas of air leakage. Thase checklists can be used to help identify
the areas. The strategy also needs to include the types of materials that will be used to create

an air barrier and seal the building envelope. The IECC does not identify specific products that must be
used to create air barriers and seal the building envelope, but does require that the materials allow for
expansion and contraction. .
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Table R402,4.1,1 (2012 1ECC), Air Barrier and Insulation Instaflation?®

Crawl spac

*In addition, inspection of log walls shalil be in accordance with the provisions of ICC-400.

RESN
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Ajr Sealing Troubkle Spots

Al Barriér and Thermal
Barrker Alignment

¥ Allic Alr Sealing

Altle Kneewalls

Shalt tar Piplng or Ducts
Dropprad Caliing/Sefnt
Staircase Framing at Exterior Wail
i Porch Roof

Flue or Chimney Shatt
Attie Aresss

Receysed Liphting

Pucts

Whole-House an

Exledior Wail Pensirations
Flroplace Wall

i Garage/Living Space Walls
! -Cantlleverad Floor

Rirt Jolsts, SH Piate, Foumdation, Floor

{18; Windows & Doors

£19; Common Walls Between
7 Abtached Dwelltng Units

Figure 4: Building America—air sealing trouble spots
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Table 2. Building America Air Sealing Checklist

compicte living.
-through dooris weather:stripped.
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Alr Barrier and Thermal Barrier Alighment

Envelope Air Sealing

e ) “«k ) Pt g
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Source: Building Science Corporation
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gaskated 10 o0 plate

- Exterior sheathing caudied,

glued or gackeled by top plats
Cladding

- Taped or sealed ioinls in

exlerior sheathing

» Extestor shusihing caulked,
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Extorior sheathing taulked,
aiued or gosketed fo top plate
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- Silf plate installed over & gaskal

Noto: shaded somponoms dogignale
i fiow ratprdor sysiem




Attic Kneewalls

Air barrier is installed at the
insulated boundary (kneewall
transition or roof, as appropriate)

Kneewéils, the sidewalls of finished
rooms in attics, are often leaky and
uninsuiated. A contractor can insulate
and air seal these walls in one step
by covering them from the attic side
with sealed rigid foam insulation. A
contractor can plug the open cavities
between joists beneath the kneewall
with plastic bags filled with insulation
or with pieces of rigid foam. Anocther
option is to apply rigid foam to the
underside of the rafters along the

sloped roof line and air seal at the top of
the kneewall and the top of the sidewall,

which provides the benefit of both
insulating the kneewall and providing
insulated attic storage space,

Doors cut into kneewalls should also be

insulated and air sealed by attaching
rigid foam to the attic side of the door,
and using a latch that pulls the door
tightly to a weather-stripped frame.
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Dasired
ventifation

Seal alr barrler at edges

Insulatad Hox

Figure 5. Insulate and air seal the
kneewall itself, as shown, or along the
roof line (Source: DOE 2000a).

Figure 6. Air seal floor joist cavities
under kneewalls by fifling cavities
with fibergiass batts that are rolled
and stuffed in plastic bags {as shown
irere) or usa rigid foam, Oriented
Strand Board (05B), or ather air
barrier board cut to fit and sealed at
the adges with caulk.

Figure 7. Build an alrtight insulated
box around any drawers or closets
bullt into attic kneewalis that exiend
into utinsulated attic space. Insulate
along air barrier {(shown in yellow
on drawing) or along roof line with
rigid foam (Saurce: lowa Energy
Canter 20083,
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Dropped Celllng/ Soffit Seatant on gypsurs and top plate

Ailr barriar is fully aligned with

insulation; all gaps are fully sealed 347 closurs board (0S8, piywoed,

aypsunt basrd, rgid ingulationy

Soffits {(dropped ceilings) found over
kitchen cabinets or sometimes running
along hallways or rocom ceilings as duct
or piping chases are often culprits for air
leakage. A contractor will push aside the
attic insulation to see if an air barrier is
in place over the dropped area. If hone
exists, the contractor will cover the area

Figura 8, Place & solid air barrier over soffits as follows: pull back existing

with a piece of rigid foam board, sheet insulation; cover area with air barrier material (gypsum, plywood, OSB, rigid
goods, or reflective foil insulation that foam, ete); seal edges with caulk; cover with insulation (Lstiburek 2010).

Contimous bead of aghesive
around permeter of closure board

is glued in place and sealed along all

edges with caulk or spray foam, then covered with attic insulation. If the soffit is on an exterior wall, sheet
goods or rigid foam board should be sealed along the exterior wall as well. If the soffit contains recessed
can lights, they should be rated for insulation contact and airtight or a dam should be built arcund them to
prevent insulation contact.

Staircase Framing at Exterior Wall/Attic

Afr barrier is fully aligned with insulation; all gaps
are fully sealed

|, Gypsum if the area under the stairs is accessible, look to see if

beard the inside wall is finished. If not, have your contractor
insuiate it, if needed, and cover it with a solid sheet

structual product like drywall, plywood, OSB, or rigid foam

“ sheathing insulation. Then, your contractor can caulk the edges

' and tape the seams to form an air-tight barrier. Stairs

should be caulked where they meet the wall.

Figure ©. Instali an alr barrier and air sealing on exterior walls
bebind stairs, If the area behind the stairs Is Inacceassible, cauil
stairs where they meet the wall, Use caulk if the area is already
painted; use tape and ioint compound if area will be painted.




AIR LEAKAGE GUIDE | BUILDING TECHNOLOGIES PROGRAM

Porch Roof

Alr barrier is installed at the intersection of the
porch roof and exterior wall

If a test-in inspection identifies air leakage at the

wall separating the porch from the living space, the
contractor will investigate to see if the wall board is
missing or unsealed. If this i"s the case, the contractor
will install some type of wall sheathing (oriented strand
board, plywood, rigid foam board} cut to fit and sealed
at the edges with spray foam. A contractor will also
make sure this wall separating the attic from the porch
is fully insulated.

Figure 10. When researchers pulied back the porch ceiling, they found
the wall board was missing so nothing was covering the insulation on
this axterior wall. An air barrier of rigid fosm board was put in place
with spray feam (Image; Moriarta 2008).
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Cantilevered Floor

Cantilevered floors are alr sealed and insulated at
perimeter or joist transitions

t

Cantilevered floors, second-story bump-outs. anhd bay windows
Baseplattle sealed are another area in the home that often lacks proper air sealing.
to subifloor The floor cavity must be filled with insulation with good
‘ aglignment (i.e, that is completely touching) the underside of
the floor. The interior and exterior sheathihg needs to be sealed
at the framing edges. Blocking between floor joists should form
& consistent air barrier between the cantilever and the rest
of the house. Continuous sheathing, such as insulating foam
sheathing, should cover the underside of the cantilever and be
air sealed at the edges with caulk.

locking between jolsts,
segled at perimeter

Figure 11, Block and air seal both the floor-fo-upper wall junction and the flcor-
to-lowar wall junction.

R402.4.1 Building thermal envelope
The building thermal envelope shall comply with Sections R402.4.1.1 and R402.4.1.2. The sealing
methods between dissimilar materials shalf alfow for differential expansion and contraction.

The most commeon products for creating an airtight barrier are tapes, gaskets, caulks, and spray
foam materials,

Tapes

To limit air leakage, builders use tapes to seal the seams of a variety of
membranes and buildings products, including housewrap, polyethylene,
0SB, and plywood. Tapes are alsc used to seal duct seams; seal leaks
around penetrations through air barriers, for exampte, around plumbing
vents, and sheet goods to a variety of materials, including concrete. No
single tape works well in all of these applications, so builders, general
contractors and trades need to familiarize themselves with the range of
products and what will work best {time tested) and include these materials

in the overall air barrier strategy. image: GreenBuildingAdvisor.com
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Gaskets can be Better than Caulk

When builders first learn about air sealing, they often depend heavily on cauik. After inspecting a home
for leaks during a blower-door test, however, they learn that caulk has a few downsides. That's when they
usually graduate to gaskets,

Typical locations for gaskets include between the:

« Top of the foundation and the mudsill;
+ Subfloor and the bottom plate;

+ Window frame and the rough opening;
+ Bottom plate and the drywail; and

+ Top plate and the drywall.

Spray Focams

Spray foams are available in a variety of different forms, from small cans to
larger industrial gallon sizes. Special care needs to be taken when using these
products, as some expand more than others and some can exert significant
pressure on the surrounding structure during expansion. image: Sprayfoam.com

Who is Responsible for Air Sealing?

The IECC does not specify who is responsible for air sealing; it states that the building envelope shall
be sealed ih accordance with manufacturers’ instructions and the provisions (checklist) of the IECC.
The construction documents for permitting to begin construction are typically submitted by the person
in charge of the project and responsible for making sure all measures are installed properly and meet
the provisions of the code. The inspector is responsible for making sure those measures meet code by
verifying through on-site inspections.

Since so many different areas of the building envelope must be sealed, the responsibility will not always
be on one person, installer, or trade. For example, the mechanical contractor who installs the heating and
cooling equipment most likely will not be installing an air barrier between the attic and conditioned space,
as that is usually the responsibility of the insulation contracior.

Howaeaver, general contractors typically assume that the insulation and air sealing contractors seal and
fill the holes, including filling any unintended holes that other subs leave behind. An air sealing strategy
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can inciude identifving who is responsible for sealing which building components, including unintended
cracks or holes in the building thermal envelope.

The following tabie is an example of building components to be sealed and who might be responsible for
sealing those components.

Table 3. Building components to be sealed and who might be respanzible for sealing those components

kneewalls, attic access, recessed fighting,
i nd servic
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TESTING:
Reqguirements

The specific test requirements are based on the flow rate of air produced by a blower door
at a specified pressure {50 pascals or 0.2 inches of water) when exterior doors are closed,
dampers are closed but not otherwise sealed, exterior openings for continuous ventilation
systems and heat recovery ventilators are closed but not sealed, HVAC systems are turned
off, and duct supply and return registers are not covered or sealed.

The infiltration rate is the volumetric flow rate of outside air into a building, typically in
cubic feet per minute (CFM) or liters per second (LPS). The air exchange rate, (1), is the
number of interior volume air changes that occur per hour, and has units of 1/h. The air
exchange rate is also known as air changes per hour (ACH).

ACH can be calculated by multiptying the building’'s CFM by 60, then dividing by the
building volume in cubic feet. (CFM x 60)/volume. The requirement is expressed in ACH,
which takes account of the overall size {(volume) of the homae:

Total air leakage < 3-5 ACH (air changes per hour)

What is a blower door? it is a powerful fan that attaches and seals to a door (typically
the entrance door to the home) and blows air into or out of the house to pressurize or
depressurize the home, The inside-outside pressure difference will cause air to force its
way through any cracks in the building thermal envelope. Measuring the flow rate at the
specified test pressure indicates the leakiness of the envelope.

o
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Who Performs the Test and is Certification Required?

The IECC does not specifically address who should perform the test.
Builders, contractors, tradesmen, or code officials can perform the test.
Code officials can also request the test be performed by an independent
third party. The IECC does nhot require the person performing the test to be
certified. However, it is recommended that the person be knowledgeable
and have experience in usi'hg the equipment.

R402.4.1.2 Testing

The buifding or awelling unit shall be tested and verified as having

an air leakage rate not exceeding 5 air changes per hour in Climate
Zones T and 2, and 3 air changes per hour in Climate Zones 3 through
&. Testing shall be conducted with a blower door at a pressure of 0.2
inches w.g. (50 pascals). Where required by the code official, testing
Figure 12. Blower door shall be conducted by an approved third party. A writien report of the
results of the test shall be signed by the parly conducting the test and
provided to the code official, Testing shall be performed at any time
after creation of all penetrations of the building thermal envelope.

During testing:
1.  Exterior windows and doors, fireplace and stove doors shall be closed, but not sealed, beyond
the intended weatherstripping or other infiltration controf measures;

2. Dampers including exhaust, intake, makeup ailr, backdraft and flue dampers shall be closed,
but not sealed beyond intended infiltration control measures;

3. Interior doors, if instafled at the time of the test, shall be open;

4, Exterior doors for continuous ventilation systems and heat recovery ventilators shall be closed
and sealed;

5. Heating and cooling systems, if installed at the time of the test, shall be turned off; and
6. Supply and return registers, if installed at the time of the test, shall be fully open.
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TESTING:
Presenting Results

A permanently affixed certificate posted on or near the electrical panel is not a new
requirement in the IECC. Howaever, the information required on the certificate NOW includes
results of duct and whole-house pressure tests in addition to the predominant R-values of
insulation installed in or on ceiling/roof,
walls, foundations, and ducts outside
conditioned spaces; fenestration U-factors
and solar heat gain coefficients (SHGCs);
and efficiencies of heating, cooling, and

service water heating equipment. 2012 [ECC Energy
C_I Efficiency Certificate

As a recommendation for verification of : 1:'5'35 < Babia:

testing, whomever performs the testing : Wy

should also submit the test results to the o fsoionsd s

Ity b Doy ating 1

building official and/or general contractor,
confirming the air leakage levels have

HIBAING 1 Chotkig | Gispraeiy
been met, Heating Systesm
Tooling Systen,
s Water steatat:
R401.2 Certificate (Mandatory) e e
. Bucts funzonditioned spacas):
A permanent certificate shall be
completed and posted on or in Hame:

Lombients:

the electrical distribution panel by
the huilder or registered design
professional. The cerlificate shall list
the resuits from any required duct
system and building envelope air
leakage testing done on the building.

anerayeodes,
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VENTILATION:
Requirements

Many puilding scientists pelieved mechanical ventilation should have been part of the
building design even prior to the 2012 JECC. However, there are disagreements as to the
level of envelope tightness at which mechanical ventilation is necessary due to health and
safety concerns. This is no fonder a question given the new air leakage requirements of the
2012 IECC and other provisions in the International Residential Code (IRC) and International
Mechanical Code (IMC). The 2012 IECC does not specifically address the reguirements for
whole-house mechanical ventilation, but it references the ventilation requirements of the
{RC or IMC as a mandatory provision.

IECC, R403.5 Mechanical Ventilation (Mandatory)

The building shall be provided with ventilation that meets the requirements of the
International Residential Code or international Mechanical Code, as applicable, or
with other approved means of ventilation. Outdoor air intakes and exhausts shall have
automatic or gravity dampers that close when the ventilation sysfem is not operating.

Both the 2012 IRC and IMC require mechanical ventilation when the air infiltration rate
of the dwelling unit is < 5 ACH when tested with a blower door in accordance with the
2012 IECC provisions.

IRC, Section R303.4 Mechanical Ventilation

Where the air infiltration rate of a dweliing unit is less than 5 air changes per hour
when tested with a blower door at a pressure of 0.2 inch w.c. (50 Pa) in accordance
with Section NT1102.4.1.2, the dwelling unit shall be provided with whole-house
ventifation in accordance with Section M1507.3.

Section N1102.4.1.2 is the extraction of the air leakage requirements in the IECC,
Section R402.4. ICC duplicated the language from the IECC residential provisions in the
[RC, Chapter 11, Energy Efficiency.
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IMC, Section 401.2 Ventilation Required

Where the air infiltration rate in a dwelling unit is less than 5 air changes per hour when tested
with hlower door at a pressure of 0.2-inch water column (to Pa) in accordance with Section
402.4.1.2 of the International Energy Conservation Code, the dwelling unit shail be ventilated by
mechanical means in according with Section 403,

IECC, Section R403.5.1 Wholie-House Mechanical Ventilation System Fan Efficacy
Meachanical ventilation system fans shalf meet the efficacy requirements of Table 403.5.1.

Exception: Where mechanical ventilation system fans are integral to tested and listed HVAC
equipmertt, they shall be powered by an electronically commutated motor.

Table 4. 2012 {ECC Table R403.5.1, Mechanical Ventilation System Fan Efficacy

In addition, ASHRAE Standard 62.2 provides guidance on the appropriate ventilation for acceptable
indoor air quality in low-rise residential buildings. The standard specifies that forced ventilation s required
in houses with a natural infiltration rate less than 0.35 ACH. This is typically accomplished with heat
recovery ventilation or exhaust fans running constantly or periodically. The standard offers guidance for
incorporating whole-house systems into a home. This standard is not referanced in the IECC, though some
jurisdictions and states adopt this standard as part of their requirements.
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Ventilation Systems

There are several options for mechanical ventilation systems. Spot ventilation, using exhaust-only fans in
the kitchen and bathroom, removes water vapor and pollutants from specific locations in the home, but
does not distribute fresh air. Balanced ventilation systems, such as air-to-air exchangers, heat-recovery
ventilators, and energy recovery ventilators, both supply and exhaust air. }

Table 5 Pros and Cons of Yarious Machanical Ventilation Systems
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Heat and Energy Recovery Ventilation Systems

‘Heat recovery ventilators (HRVs) and energy recovery (or enthalpy recovery) ventilators (ERVs) both
provide a controiled way of ventilating a home while minimizing energy toss by using conditioned exhaust
air to warm or cool fresh incoming air. There are some small wall or window-mounted models, but the
ﬁnajority are central, whole-house ventilation systems that share the furnace duct system or have their
own duct system. The main difference between an HRV and an ERV is the way the heat exchanger
works. With an ERV, the heat exchanger transfers water vapor along with heat energy, while an HRV only
transfers heat. The ERV heips keep indoor humidity more constant. However, in very humid conditions,
the ERV should be turned off when the air conditioner is not running. Air-to-air heat exchangers or HRVs
are recommended for cold ¢climates and dry climates. ERVs are recommended for humid climates, Most
ERV systems can recover about 70%-80% of the energy in the exiting air. They are most cost effective in
climates with extreme winters or summers, and where fuel costs are high. ERV systems in cold climates
must have devices to help prevent freezing and frost formation.
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Figure 13. Heat and energy recovery ventilators bring in fresh Figure 14, Semi-balanced ventilation systems provide fresh
air, exhaust stale sir, and save energy by transferring heat into air and exhaust stale alr but flow rates may not be balanced
incoming air through a heat exchanger {Ruud 2011). {Ruud 2011
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HVAC SIZING:
Requirements

Reducing infiltration can reduce the foads on the building, which in turn can reduce the
required sizes of the heating and cooling equipment. The 2012 IECC contains a mandatory
requirement that equipment be sized according to Air Conditioning Contractors of America
(ACCA) Manual G, based on loads calculated in accardance with ACCA Manual J (or other
approved means of calculating the loads and eguipment sizing). Many jurisdictions allow the
use of other heating system sizing calculators. Builders/contractors should check with the
governing jurisdiction to see what they accept. The bullder or contractor will also need to make
an assumption when calculating the loads based upon the tested air leakage rate (changes
per hour at 50 pascals) of the home. Since the IECC requires £3 ACH for climate zones 3-8 or
<5 ACH for climate zones 1-2, at a 50 pascals pressure test, the infiltration rate assumption will
need to be at the applicable ACH when running the load caiculations.

R403.6 Equipment Sizing (Mandatory)
Heating and cooling equipment shail be sized in accordance with ACCA Manual J or

other approved heating and cooling calculation methodologies.
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CASE STUDIES:
Alternative Methods of Construction

Some builders are currently building energy efficient homes in the cold and very cold
climates that achieve the low air leakage rates specified in the 2012 IECC (£ 3 ACH in climate
zones 3-8). The following case studies showcase five cold climate builders who worked with
Building America research teams. The builders used a variety of energy efficiency measures,
including such things as insulated concrete forms (ICFs) and wood-framed walls with studs
on 24-inch centers. The energy efficiency measures and testing results are summatrized in
Table 6 and the tested air leakage rates are highlighted in yellow.
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Table 8. Summary of Energy Efficiency Measures incorporated in Case Study Homes in the Cold Climats

Devoted Builders Nelson Construction
Kennewick, WA Farmington, CT

¢ oned. overe
with:spray foam and blown cellulose

AC = air conditioner; ACH = air changes per hour; AFUE = annual fual utilization efficiency; CFL = compact flucrescent lights;
Ef = anergy factor; HERS = Home Energy Rating System; HSPF = Heating Seasonal Performance Factor; ICF = insulated concrete form;
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Table 6. Summary of £nargy Efficiency Measures Incorporated in Case Study Homes in the Cold Climate (continuad)

Ru%alDevelapment,lnc. A S&A Homes . I Shaw Construction .
Turner Falls, MA S i Grand Junction, CO

33 fiberglass-frame

100% CFLs; refrigerator, dishwasher 100%.C d-ENERGY STAR- 90% CFL; ENERGY:STAR refri
: ind ¢ ‘dishwashers, clothes was

‘Al HERS rated. All Builders, Challenge certified:

o.c. = an center waad framed walls; Pa = pascals; PV = photovoltaic; SEER = Seasonal Energy Efficiency Ratlo, SHGC = solar heat gain
coeafficient; XPS = extruded polystryene
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CASE STUDIES/SUMMARY

A

Devoted Buiiders, LLC

http://appsl.eere.energy.gov/buildings/publications/pdfs/building_america/
ba_bp_devoted_cold.pdf

Nelson Construction

http://appsl.eere.energy.gov/buildings/publications/pdfs/building_america/
ba_bp_nelson_cold.pdf

Rural Development, Inc.

http://appst.eere.energy.gov/buildings/publications/pdfs/building_america/
ba_bp_ruraldevelopment_cold.pdf

S&A Home

http://appsl.eere.energy.gov/buildings/pubfications/pdfs/building_america/
ba_bp_sahomes_cold.pdf

Shaw Construction

http://appsl.eere.energy.gov/buildings/publications/pdfs/building_america/
ba_bp_shaw_cold.pdf
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