
Part lV-Energy Conservation

GHAPTER 11 [RE]

ENERGY EFFICIENCY

sEcTtoN Nl101
GENERAL

N1101.1 Scope. This chapter regulates the energy efficiency
for the design and consfruction of buildings regulated by this
code.

Note: The terú of the following Sections N1101.2 through
N1105 is extracted from the 2012 edition of the Intemational
Energy Conservation Code-Residential Provisions and has
been edüorially revised to conform to the scope and applicø-
tion of this code. The section numbers appearing in parenthe-
sis øfrer each section number are the section numbers of the
corresponding text in the lnternational Energy Conservation
Code-Residential Provisions.

N1101.2 (R101.3) Intent. This chapter shall regulate the
design and construction of buildings for the effective use and
conservation of energy over the useful life of each building.
This chapter is intended to provide flexibility to permit the
use of innovative approaches and techniques to achieve this
objective. This chapter is not intended to abridge safety,
health or environmental requirements contained in other
applicable codes or ordinances.

N1101.3 (R101.5.1) Compliance materials. The building
fficial shall be permitted to approve specific computer soft-
ware, worksheets, compliance manuals and other similar
materials that meet the intent of this code.

I N1101.4 (R102.1.1) Above code programs. The building
fficial or other authority having jurisdiction shall be permit-
ted to deem a national, state or local energy-efficiency pro-
gram to exceed the energy efficiency required by this code.
Buildings approved in writing by such an energy-efficiency
pro$am shall be considered in compliance with this code.
The requirements identified as "mandatory" in this chapter,
as applicable, shall be met.

I N1101.5 (R103.2) Inforrnation on construction docu-
ments. Construction documents shall be drawn to scale upon
suitable material. Electronic media documents are permitted
to be submitted when approvedby the building offictat. Con-
struction documents shall be of sufficient clarity to indicate
the location, nature and extent of the work proposed, and
show in sufficient detail pertinent data and features of the
building, systems and equipment as herein governed. Details
shall include, but are not limited to, as applicable:

1. Insulation materials and theirR-values.

2. Fenestration U-factors and SHGCs.

3. Area-weighted U-factor and SHGC calculations.

4. Mechanical system design criteria.

5. Mechanical and service water heating system and
equipment fires, sizes and efficiencies.

6. Equipment and system controls.

7. Duct sealing, duct and pipe insulation and location.

8. Air sealing details.

N1101.5.1 (R103.2.1) Thermal envelope depiction. The
building's thermal envelope shall be represented on the
construction drawings.

N1101.6 (R202) Defined terms. The following words and
terms shall, for the purposes of this chapter, have the mean-
ings shown herein.

ABOVE-GRADE \ryALL. A wall more than 50 percent above
grade and enclosing conditioned space. This includes
between-floor spandrels, peripheral edges of floors, roof and
basement knee walls, dormer walls, gable end walls, walls
enclosing a mansard roof and sþlight shafts.

ACCESSIBLE. Admitting close approach as a result of not
being guarded by locked doors, elevation or other effective
means (see "Readily accessible").

ADDITION. An extension or increase in the conditioned
space floor area or height of a building or structure.

AIR BARRIER. Maúerial(s) assembled and joined together to
provide a barrier to air leakage through the building envelope.
An air banier may be a single material or a combination of
materials.

ALTERATION. Any construction, retrofit or renovation to
an existing structure other than repair or addition that requires
a permit. Also, a change in a building, electrical, gas,

mechanical or plumbing system that involves an extension,
addition or change to the arrangement, type or purpose of the
original installation that requires a permit.

AUTOMATIC. Self-acting, operating by its own mechanism
when actuated by some impersonal influence, as, for exam-
ple, a change in current sfrength, pressure, temperature or
mechanical configuration (see "Manual").

BASEMENT WALL. A wall 50 percent or more below grade
and enclosing conditioned space.

BIIILDING. Any structure used or intended for supporting or
sheltering any use or occupancy, including any mechanical
systems, service water heating systems and electric power
and lighting systems located on the building site and support-
ing the building.

BTIILDING SITE. A continguous area of land that is under
the ownership or control of one entity.
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ENERGY EFFICIENCY

BUILDING TIüRMAL EIMLOPE. The basement walls,
exterior walls, floor, roof and any other building elements that
enclose conditioned spøce or provide a boundary between
conditioned spøce and exempt or unconditioned space.

C-FACTOR (THERMAL CONDUCTANCE). The coeffi-
cient ofheat transmission (surface to surface) through a build-
ing component or assembly, equal to the time rate of heat flow
per unit area and the unit temperature difference between the
warm side and cold side surfaces (Btu/h . ftt . 'f') [W(m'.
K)].

CIRCULATING HOT WATER SYSTEM. A specifically
designed water distribution system where one or more pumps
are operated in the service hot water piping to circulate
heated water from the water-heating equipment to fixtures
and back to the water-heating equipment.

CLIMATE ZONE. A geographical region based on climatic
criteria as specified in this code.

CONDIIONED FLOOR AREA. The horizontal projection
of the floors associated with the conditioned space.

CONDITIONED SPACE. An area, room or space that is
enclosed within the building thermal envelope and that is
directþ heated or cooled or indirectly heated or cooled.
Spaces are indirectly heated or cooled where they communi-
cate through openings with conditioned spaces, where they
are separated from conditioned spaces by uninsulated walls,
floors or ceilings, or where they contain uninsulated ducts,
piping or other sources of heating or cooling.

CONTINUOUS AIR BARRER. A combination of materi-
als and assemblies that restrict or prevent the passage of air
through the building thermal envelope.

CONTINUOUS INSULATION (ci). Insulating material
that is continuous across all structural members without ther-
mal bridges other than fasteners and service openings. It is
installed on the interior or exterior, or is integral to any
opaque surface, ofthe building envelope.

CRAWL SPACE WALL. The opaque portion of a wall that
encloses a crawl space and is partially or totally below grade.

CURTAIN WALL. Fenesüation products used to create an
external nonload-bearing wall that is designed to separate the
exterior and interior environments.

DEMAND RECIRCULATION WATER SYSTEM. A water
disribution system where pump(s) prime the service hot water
piping with heated water upon demand for hot water.

DUCT. A tube or conduit utilized for conveying air. The air
passages of self-contained systems are not to be construed as

air ducts.

DUCT SYSTEM. A continuous passageway for the fransmis-
sion of air that, in addition to ducts, includes duct fittings,
dampers, plenums, fans and accessory air-handling equipment
and appliances.

ENERGY ANALYSIS. A method for estimating the annual
energy use of the proposed design anó støndard reþrence
design based on estimates ofenergy use.

ENERGY COST. The total estimated annual cost for pur-
chased energy for the building functions regulated by this code,
including applicable demand charges.

ENERGY SIMULATION TOOL. An approved software
program or calculation-based methodology that projects the
annual energy use of a building.

ERI REFERENCE DESIGN. A version of the rated design
that meets the minimum requirements of the 2006 Interna-
tional Energy Conseryation Code.

EXÏERIOR \ryALL. \Valls including both above-grade walls
and basement walls.

FENESTRATION. Products classified as either verticalfen-
estration or sþlights.

FENESTRATION PRODUCT, SITE-BUILT. A fenesûa-
tion designed to be made up of field-glazed or field-assem-
bled units using specific factory cut or otherwise factory-
formed framing and glazing units. Examples of site-built
fenestration include storefront systems, curtain walls, and
atrium roof systems.

FENESTRATION, VERTICAL. Windows (fixed or move-
able), opaque doors, glazed doors, glazed block and combina-
tion opaque/glazed doors composed of glass or other
transparent or translucent glazing materials and installed at a
slope of a least 60 degrees (1.05 rad) from horizontal.

HEATED SLAB. Slab-on-grade construction in which the
heating elements, hydronic tubing, or hot air distibution sys-
tem is in contact with, or placed within or under, the slab.

HIGH-EFFICACY LAMPS. Compact fluorescent lamps,
T-8 or smaller diameter linear fluorescent lamps, or lamps
with a minimum efficacy of:

1. 60 lumens per watt for lamps over 40 watts;

2. 50 lumens per watt for lamps over 15 watts to 40 watts;
and

3. 40 lumens per watt for lamps 15 watts or less.

HISTORIC BUILDING. Buildings that are listed in or eligi-
ble for listing in the National Register of Historic Places, or
designated as historic under an appropriate state or local law.

IMfILTRATION. The unconüolled inward air leakage into a
building caused by the pressure effects of wind or the effect of
differences in the indoor and outdoor air density or both.

INSULATED SIDING. A type of continuous insulation with
manufacturer-installed insulating material as an integral part of
the cladding product having a minimum R-value of R-2.

INSULATING SHEATHING. An insulating board with a
core material having a minimum R-value of R-2.

LO\ry-VOLTAGE LIGHTING. Lighting equipment powered
through a transforrner such as a cable conductor, a rail conduc-
tor and fack lighting.

MAI\UAL. Capable of being operated by personal interven-
tion (see "Automatic").

PROPOSED DESIGN. A description of the proposed build-
ing used to estimate annual energy use for determining compli-
ance based on total building performance.

:
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RATED DESIGN. A description of the proposed building
used to determine the energy rating index.

READILY ACCESSIBLE. Capable of being reached quickly
for operation, renewal or inspection without requiring those to
whom ready access is requisite to climb over or remove obsta-
cles or to resort to portable ladders or access equipment (see

"Accessible").

REPAIR. The reconstruction or renewal of any part of an
existing building for the purpose of its maintenance or to cor-
rect damage. For definitions applicable in Chapter 11, see
Section N1101.9.

REROOFING. The process of recovering or replacing an
existing roof covering. See "Roof recover" and "Roof
teplacement."

RESIDENTIAL BIIILDING. For this chapter, includes
detached one- and two-family dwellings and multiple single-
family dwellings (townhouses) as well as Group R-2, R-3 and
R-4 buildings three stories or less in height above grade plane.

ROOF RECOVER. The process of installing an additional
roof covering over a prepared existing roof covering without
removing the existing roof covering.

ROOF REPAIR. Reconstruction or renewal of any part of
an existing roof for the purposes of its maintenance.

ROOF REPLACEMENT. The process of removing the
existing roof coveing, repairing any damaged substrate and
installing anevr roof covering.

R-VALIIE (THERMAL RESISTANCE). The inverse of the
time rate of heat flow through a body from one of its bounding
surfaces to the other surface for a unit temperature difference
between the two surfaces, under steady state conditions, per
unir area (h . ftz. oF/Btu) 

l(m'z . K)/!V].
SERVICE WATER IIEATING. Supply of hot water for pur-
poses other than comfort heating.

SKYLIGIIT. Glass or other üansparent or tanslucent glazng
material installed at a slope of less than 60 degrees (1.05 rad)
from horizontal. Glazing material in sþlights, including unit
sþlights, solariums, sumooms, roofs and sloped walls is
included in this definition.

SOLAR HEAT GAIN COEFTICIENT (SHGC). The ratio of
the solar heat gain entering the space through the fenestration
assembly to the incident solar radiation. Solar heat gain
includes directly transmitted solar heat and absorbed solar
radiation that is then reradiated, conducted or convected into
the space.

STANDARD REFERENCE DESIGN. A version of the pro-
posed design that meets the minimum requirements of this
code and is used to determine the maximum annual energy use
requirement for compliance based on total building perfor-
mance.

SUI\ROOM. A one-story structure attached to a dwelling with
a glaùng area in excess of 40 percent of the gross area of the
structure's exterior walls and roof.

ENERGY EFFICIENCY

TIIERMAL ISOLATION. Physical and space conditioning
separation ftom conditioned space(s). The conditioned
space(s) shall be conholled as separate zones for heating and
cooling or conditioned by separate equipment.

TIIERMOSTAT. An automatic confrol device used to main-
tain temperature at a fixed or adjustable set point.

U-FACTOR CIIIERMAL TRANSMITTANCE). The coeffi-
cient of heat tansmission (ah to air) through a buìlding compo-
nent or assembly, equal to the time rate of heat flow per unit
area and unit temperature difference between the warrn side
and cold side air films (Btu/h .ft2 . 'F) tw(m'? .K)1.

VENTILATION AIR. That portion of supply air that comes
from outside (outdoors) plus any recirculated air that has been
teated to maintain the desired quality of air wittrin a designated
space.

VISIBLE TRANSMITTANCE [VTl. The ratio of visible
light entering the space through the fenestration product
assembly to the incident visible light, Visible Transmittance,
includes the effects of glazing material and frame and is
expressed as a number between 0 and 1.

\ryHOLE HOUSE MECIIAMCAL YENTILATION SYS.
TEM. An exhaust system, supply system, or combination
thereof that is designed to mechanically exchange indoor air
with outdoor air when operating continuously or through a
prograrrmed interrnittent schedule to satisfy the whole house
ventilation rates.

ZONE. A space or group of spaces within a building with heat-
ing or cooling requirements that are sufficiently similar so that
desired conditions can be maintåined throughout using a single
controlling device.

N1101.7 (R301.1) Climate zones. Climate zones from Fig- I
ure Nl101.7 or Table Nl101.7 shall be used in determining
the applicable requirements in Sections N1101 through
Nl111. Locations not in Table Nl101.7 (outside the United
States) shall be assigned a climate zone based on Section
N101.10.2.

N1101.7.1 (R301.2) lVarm humid counties. W* I
humid counties are identified in Table N1101.7 by an
asterisk.

N1101.7.2 (R301.3) International climate zones. The I
climate zone for any location outside the United States
shall be determined by applying Table N1101 .7.2(l) and,
then Table Nl 101.7.2(2).

N1101.8 (R301.4) Tropical climate zone. The topical cli
mate zone shall be defined as:

1. Hawaii, Puerto Rico, Guam, American Samoa, US Vir-
gin Islands, Commonwealth of Northern Mariana
Islands; and

2. Islands in the area between the Tropic of Cancer and
the Tropic of Capricorn.
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7 Taylor
6A Trempealeau

6A Vemon

7 Vilas

6A Walworth
7 Washburn

6A \üashington

6A Waukesha

6A Waupaca

6A Waushara

6A Winnebago

6A Wood

WYOMING

68 Albany

6B Big Horn
68 Campbell

6B Carbon

6B Converse

6B Crook
6B Fremont

58 Goshen

68 Hot Springs
68 Johnson

68 Laramie

7 Lincoln
68 Natrona

68 Niobrara
6B Park

58 Platte

6B Sheridan

7 Sublette

68 Sweetwater

7 Teton

68 Uinta
68 Washakie

68 Weston

US TERRITORIES

AMERICAN
SAMOA

1A 1at9*

GUAM

1A 1aU¡*

ENERGY EFFICIENCY

NORTHERN
MARIANA
ISLANDS

1A 149*

PTTERTO RICO

1A 1at¡*

VIRGINISLANDS

1A (all)*

TABLE Nl T01.7 (R301.1þcontlnued
CLIMATE ZONES, MOISTURE REGIMES, AND WARM.HUMID

DESIGNATIONS BY STATE, COUNTY AND TERRITORY

6A Ozaukee

6A Pepin

6A Pierce

6A Polk
6A Portage

7 Price

6A Racine

6A Richland
6A Rock
6A Rusk

6A Sauk

7 Sawyer

6A Shawano

6A Sheboygan

6A St. Croix

TABLE Nl 10r.7.2(1) IR302.3(1)l
INTERNATIONAL CLIMATE ZONÊ DEFINITIONS

For SI: oC 
= ('Ð-321/1.8, I inch = 2.54 cm.

MAJOR CLIMATE TYPE DEFINITIONS

Marine (C) Definition-t ocations meeting all four criteria:

1. Mean temperature of coldest month between -3"C QT"F) and 18'C (65"Ð.

2. Vy'armest month mean <22"C (72"F).

3. At least four months with mean temperatures over 10"C (50'F).

4. Dty season in summer. The month with the heaviest precipitation in the cold season has at least ttree times as much precipitation as the

month with the least precipitation in the rest of the year. The cold season is October through March in the Northern Hemisphere and

April through September in the Southern Hemisphere.

DrV (B) Definition-Locations meeting the following criteria:

Not marine and P,n < 0.44 x (TF - 19.5) ÍP^<2.0 x (TC + 7) in SI unitsl
where:

P¿, = Annual precipitation in inches (cm)

T = Annual mean temperature in "F ('C)

Moist (A) Definition-Locations that are not marine and not dry.

Warm-humid Definition-Moist (A) locations where either of the following wet-bulb temperature conditions shall occur during the warmest
six consecutive months of the year:

t. 67"F (19.4'C) or higher for 3,000 or more hours; or

2. 73oF (22.8'C) or higher for 1,500 or more hours.
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TABLE Nl 101.7.2(2) IR301.3(2)l
INTERNATIONAL CLIMATE ZONE DEFINIT¡ONS

ZONE
NUMBER

THERMAL CRITERIA

lP Units Sl Unlts

1 9000 < CDD50'F 5000 < cDDl0'c
2 6300<CDD5O'F<9000 3500<CDDIO'C<5000

3A and 3B 4500 < CDD5O'F < 6300 AND HDD65"F < 5400 2500 < CDD10'C < 3500 AND HDD18'C < 3000

4A and48 CDD5O'F < 45OO AND HDD65'F < 54OO CDDIO"C < 25OO ANDHDDIS'C < 3OOO

3C HDD65"F < 3600 HDDl8'C < 2000

4C 3600<HDD65'F<5400 2000<HDDl8'C<3000

5400<I{DD65'F<7200 3000<HDDl8'C<4000
6 7200<HDD65'F<9000 4000<HDDl8'C<5000
7 9000 < HDD65'F <12600 5000<HDDl8'C<7000
8 12600 < HDD65"F 7000 < t{DDl8'c

Fo¡SI: oC 
= t("F)_321l1.9.

N1101.9 (R302.1) Interior design conditions. The interior
design temperatures used for heating and cooling load calcu-
lations shall be a maximum of 72"F (22"C) for heating and
minimum of 75'F (24'C) for cooling.

N1101.10 (R303.1) Identilication. Materials, systems and
equipment shall be identified in a manner that will allow a
determination of compliance with the applicable provisions
of this code.

N1101.10.1 (R303.1.1) Building thermal envelope insu-
Iation. An R-value identification mark shall be applied by
the manufacturer to each piece of building thermal enve-
lope inst:JLalion 12 inches (305 mm) or greater in width.
Alternately, the insulation installers shall provide a certifi-
cation listing the type, manufacturer and Ã-value of insula-
tion installed in each element of the building thermal
envelope. For blown or sprayed insulation (fiberglass and
cellulose), the initial installed thickness, settled thickness,
settled R-value, installed density, coverage area and num-
ber of bags installed shall be listed on the certification. For
insulated siding, the R-value shall be labeled on the prod-
uct's package and shall be listed on the certification. The
insulation installer shall sign, date and post the certifica-
tion in a conspicuous location on thejob site.

N1101.10.1.1 (R303.1.1.1) Blown or sprayed roof/
ceiling insulation. The thickness of blown-in or
sprayed roof/ceiling insulation (fiberglass or cellulose)
shall be written in inches (mm) on markers that are
installed at least one for every 300 square feet (28 m2)
throughout the attic space. The markers shall be affixed
to the trusses or jôists and marked with the minimum
initial installed thickness with numbers not less than I
inch (25 mm) in height. Each marker shall face the attic
access opening. Spray polyurethane foam thickness and
installed R-value shall be listed on certification pro-
vided by the insulation installer.

N1101.10.2 (R303.1.2) fnsulation mark installation.
Insulating materials shall be installed such that the manu-
facturer's R-value mark is readily observable upon inspec-
tion.

N1101.10.3 (R303.1.3) Fenestration product rating.
U-factors of fenestration products (windows, doors and
skylights) shall be determined in accordance with NFRC
100.

Exception: Where required, garage door U-factors shall
be determined in accordance with either NFRC 100 or
ANSI/DASMA 105.

U-factors shall be determined by an accredited, inde-
pendent laboratory, and labeled and certified by the manu-
facturer.

Products lacking such a labeled U-factor shall be
assigned a default U-factor from Table N1101.10.3(1) or
Nl101.10.3(2). The solarheat gain coefficient (SHGC) and
visible transmittance (VT) of glazed fenestration products
(windows, glazeddoors and sþlights) shall be determined
in accordance with NFRC 200 by an accredited, indepen-
dent laboratory, and labeled and certified by the manufac-
turer. Products lacking such a labeled SHGC or VT shall be
assigned a default SHGC or VT from Table Nl 101 .10.3(3).

TABLE N1 101.10.3(1) [R303.1.3(1)l
DEFAULT GLAZED FENESTRATION U.FACTORS

TABLE N1 1 0f .1 0.3(2) [R303.1.3(2)¡
DEFAULT DOOR I¡FACTORS

FRAMETYPE SINGLE
PANE

DOUBLE
PANE

SKYLIGHT

Singlê Doublê

Metal 1.20 0.80 2.00 1.30

Metal with Therrnal Break 1.10 0.65 1.90 r.10

Nonmetal or Metal Clad 0.95 0.55 t.75 1.05

Glazed Block 0.60

DOOR TYPE I¡FACTOR

Uninsulated Metal 1.20

Insulated Metal 0.60

IVood 0.50

Insulated, nonmetal edge, max 45Vo glazing,
any glazing double pane

0.35
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TABLE Nl 1 01.1 0.3(3) [R303.1.3(3)l
DEFAULT GLAZED FENESTRATION SHGC AND VT

SINGLE GLAZED DOUBLE GLAZED GLAZED
BLOCKClear Tinted Clear Tinted

SHGC 0.8 0.7 0.7 0.6 0.6

VT 0.6 0.3 0.6 0.3 0.6

N1101.10.4 (R303.1.4) Insulation product rating. The
thennal resistance (R-value) of insulation shall be deter-
mined in accordance with the U.S. Federal Trade Commis-
sion R-value rule (CFR Title 16, Part 460) in units of h x
ft2 x oF/Btu at a mean temperature of 75oF (24"C).

N11.01.10.4.1 (R303.1.4.1) Insulated siding. The ther-
mal resistance (R-value) of insulated siding shall be
determined in accordance with ASTM C 1363. Installa-
tion for testing shall be in accordance with the manu-
facturer's installation instructions.

N1101.11" (R303.2)'Instatlation. All materials, systems and
equipment shall be installed in accordance with the manufac-
turer's instructions and this code.

N1101.11.1 (R303.2.1) Protection of exposed founda-
tion insulation. Insulation applied to the exterior of base-
ment walls, crawlspace walls and the perimeter of slab-on-
grade floors shall have a rigid, opaque and weather-resis-
tant protective covering to prevent the degradation of the
insulation's thermal performance. The protective covering
shall cover the exposed exterior insulation and extend not
less than 6 inches (153 mm) below grade.

¡ N1101.12 (R303.3) Maintenance information. Maintenance
instructions shall be furnished for equipment and systems that
require preventive maintenance. Required regular mainte-
nance actions shall be clearly stated and incorporated on a
readily accessible label. The label shall include the title or
publication number for the operation and maintenance man-
ual for that particular model and type of product.

N1101.13 (R401.2) Compliance. Projects shall comply with
one of the following:

1. Sections N1 101.14 through Nl 104.

2. Section N1105 and the provisions of Sections
N1 101. 14 through Nl 104 labeled "Mandatory."

3. An energy rating index (ERf) approach in Section
N1106.

N1101.13.1 (R401.2.1) Tropical zone, Residential build-
ings in the tropical zone at elevations below 2,400 feet
(731.5 m) above sea level shall be deemed to comply with
this chapter where the following conditions are met:

1. Not more than one-half of the occupied space is air
conditioned.

2. The occupied space is not heated.

3. Solar, wind or other renewable energy source sup-
plies not less than 80 percent of the energy for ser-
vice water heating.

4. Glazingin conditioned spacehas a solar heat gain
cofficient of less than or equal to 0.40, or has an

ENERGY EFFICIENCY

overhang with a projection factor equal to or
greater than 0.30.

5. Permanently installed lighting is in accordance
with Section Nl104.

6. The exterior roof surface complies with one of the
options in Table C402.2.I.1. of the International
Energy Conservatíon Code, or the roof/ceiling has
insulation with an R-value of R-15 or greater. If
present, attics above the insulation are vented and
attics below the insulation are unvented.

7. Roof surfaces have a minimum slope of 1/o inch
(6.4 mm) per foot of run. The finished roof does
not have water accumulation areas.

8. Operable fenestration provides ventilation area
equal to not less than 14 percent ofthe floor area in
each room. Alternatively, equivalent ventilation is
provided by a ventilation fan.

9. Bedrooms with exterior walls facing two different
directions have operable fenestration or exterior
walls facing two directions.

10. Interior doors to bedrooms are capable of being
secured in the open position.

1 1. A ceiling fan or ceiling fan rough-in is provided for
bedrooms and the largest space that is not used as a
bedroom.

N1101.14 (R401.3) Certifïcate (Mandatory). A permanent
certificate shall be completed by the builder or registered
design professional and posted on a wall in the space where
the furnace is located, a utility room or an approved location
inside the building. Where located on an electrical panel, the
certificate shall not cover or obstruct the visibility of the cir-
cuit directory label, service disconnect label or other required
labels. The certificate shall list the predominant R-values of
insulation installed in or on ceiling/roof, walls, foundation
(slab, basement wall, crawl space wall and/or floor) and ducts
outside conditioned spaces; U-factors for fenestration and the
solar heat gain coefficient (SHGC) of fenestration, and the
results from any required duct system and building envelope
air leakage testing done on the building. Where there is more
than one value for each component, the certificate shall list
the value covering the largest area. The certificate shall list
the types and efficiencies of heating, cooling and service
water heating equipment. Where a gas-fired unvented room
heater, electric furnace, or baseboard electric heater is
installed in the residence, the certificate shall list "gas-fired
unvented room heater," "electric furnace" or "baseboard elec-
tric heater," as appropriate. An efficiency shall nor.be listed
for gas-fired unvented room heaters, electric fumaces or elec-
tric baseboard heaters.

sEcTroN N1102 (R402)
BUILD¡NG THERMAL ENVELOPE

N1102.1 (R402.1) General (Prescriptive). The building I
thermøl envelope shall meet the requirements of Sections
N1 102.1.1 through N1 102.1.4.
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Exception: The following low energy buildings, or por-
tions thereof, separated from the remainder of the building
by building thermal envelope assemblies complying with
this section shall be exempt from the building thermal
envelope provisions of Section Nl102.

1. Those with a peak design rate of energy usage less
than 3.4 Bru/h . ft? (10.7 W/m'?) or 1.0 watlft2 of
floor area for space conditioning purposes.

2. Those that do not contain conditioned space.

N1102.1.1 (R402.1.1) Vapor retarder. Wall assemblies
in the building thermal envelope shall comply with the
vapor retarder requirements of Section R702.7.

N1102.1.2 (R402.1.2) fnsulation and fenestration crite- |
ria. The buildíng thermal envelope shall meet the require-
ments of Table N1102.1.2 based on the climate zone
specified in Section Nl101.7.

N1102.1.3 (R402.1.3) R-value computation. Insulation
material used in layers, such as framing cavity insulation,
or continuous insulation shall be summed to compute the
corresponding component .R-value. The manufacturer's
settled R-value shall be used for blown insulation. Com-
puted R-values shall not include an R-value for other
building materials or air films. Where insulated siding is
used for úe purpose of complying with the continuous
insulation requirements of Table Nl102.1.2, the manufac-

TABLE N1 I 02.1.2 (R402.1.21
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT"

CLIMATE
ZONE

FENESTRATION
¿IFACTORb

SKYLIGHf
T.'-FACTOR

GLAZED
FENESTRATION

sHGCb,"

CEILING
F.VALUE

wooD
FRAME WALL

F.VALUE

MASS
WALL

R.VALUEI

FLOOR
F-VALUE

BASEMENT"
WALL

B.VALUE

SLABd
¡?-VALUE
& DEPTH

CRAIì'L
SPACE"
WALL

B-VALUE

1 NR 0.75 0.25 30 t3 3t4 t3 0 0 0

2 0.40 0.65 0.25 38 t3 4t6 13 0 0 0

3 0,35 0.55 0.25 38 20or13+5h 8n3 t9 5l13ï 0 5n3
4 except
Marine

0.35 0.55 0.40 49 20or13+5h 8/13 t9 r0 /13 10,2ft t0ft3

5 and
Marine4 0.32 0.55 NR 49 20or13+5h t3lt7 30c t5n9 t0,2 ft t5n9

6 0.32 0.55 NR 49 20+5or13+10h t5t20 30c 15/t9 r0,4 ft L5n9
7and8 0.32 0.s5 NR 49 2O+5or13+10h 19lzt 38c 15ftg 10,4 ft L5n9

For SI: 1 foot = 304.8 mm.
a. R-values are minimums. U-factors and SHGC are maximums. When insulation is installed in a cavity which is less than the label or design thickness of the

insulation, the installed R-value of the insulation shall not be less than the R-value specified in the table.

b. The fenesuation U-factor column excludes skylights. The SHGC column applies to all glazed fenestation.
Exception: Sþlights may be excluded f¡om glazed fenestration SHGC requirements in Climate Zones 1 through 3 where the SHGC for such skylights does
not exceed 0.30.

c. "l5ll9" means R-15 continuous insulation 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 insulation on the interior or exterior of the home.
"10/13" means R-10 continuous insulation 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 iR-values for heated slabs. Insulation depth shall be the depth of the footing or 2 feet, whichever is less in Zones I
through 3 for heated slabs.

e. There are no SHGC requirements in the Marine Zone.
f. Basementwallinsulationisnotrequiredinwarm-humidlocationsasdefinedbyFigureNll0l.l0andTableNll0l.l0.
g. Or insulation sufficient to fill the framing cavity, R-19 minimum.

I h. The first value is cavity insulation, the second value is continuous insulation, so "13+5" means R-13 cavity insulation plus R-5 continuous insulation.
i. The second R-value applies when more than half the insulation is on the interior of the mass wall.

TABLE Nl 102.1.4 (R402.1.4)
EOUIVALENT 

'¡FACTORS"
CLIMATE

ZONE
FENESTRATION

U.FACTOR
SKYLIGHT
U-FACTOR

CEILING
U.FACTOR

FRAME
WALL

U+ACTOR

MASS WALL
U-FACTORb

FLOOR
UfACTOR

BASEMENT
WALL

U+ACTOR

CRAWL
SPACE WALL

U.FACTOR

I 0.50 0.75 0.035 0.084 0.197 0.064 0.360 0.477

2 0.40 0.65 0.030 0.084 0.165 0.064 0.360 0.477

J 0.35 0.55 0.030 0.060 0.098 0.047 0.091" 0.t36
4 except Marine 0.35 0.55 0.026 0.060 0.098 0.047 0.059 0.065

5 and Marine 4 0.32 0.55 0.026 0.060 0.082 0.033 0.050 0.055

6 0.32 0.55 0.026 0.045 0.060 0.033 0.050 0.055

7and8 0.32 0.55 0.026 0.045 0.057 0.028 0.050 0.055

a. Nonfenestration U-factors shall be obtained f¡om measurement, calculation o¡ an approved source.

b. When more than half the insulation is on the interior, the mass wall U-factors shall be a maximum of 0.17 inZone 1,0.14 inZone 2,0.12 inZone 3, 0.087 in
Zone 4 except Marine, 0.065 inZone 5 and Marine 4, and 0.057 in Zones 6 through 8.

c. BasementwallU-factorof0.360inwarm-humidlocationsasdefinedbyFigureNll0l.l0(R301.1)andTableN1101.10G.301.1).
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turer's labeled R-Value for insulated siding shall be
reduced by R-0.6.

N1102.1.4 (R402.1.4) U-factor alternative. An assembly
with a U-factor equal to or less than that specified in Table
N1102.1.4 shall be permitted as an alternative to the R-
value in Table Nl102.1.2.

N1102.1.5 (R402.1.5) Total UA alternative. If the total
building thermal envelope UA (sum of U-factor times
assembly area) is less than or equal to the total UA result-
ing from using the U-factors in Table N1102.1.4 (multi-
plied by the same assembly area as in the proposed
building), the building shall be considered in compliance
with Table N1102.1.2. The UA calculation shall be done
using a method consistent with the ASHRAE Ëlandbook of
Fundamentals and shall include the thermal bridging
effects of framing materials. The SHGC requirements
shall be met in addition to UA compliance.

N1102.2 (R402.2) Specific insulation requirements (Pre-
scriptive). In addition to the requirements of Section
N1102.1, insulation shall meet the specific requirements of
Sections Nl 102.2. 1 through Nl 102.2.13.

N1102.2.1 (R402.2.1) Ceilings with attic spaces. Where
Section R1102.1.2 would require R-38 insulation in the
ceiling, installing R-30 over 100 percent of the ceiling area
requiring insulation shall be deemed to satisfy the require-
ment for R-38 wherever the full height of uncompressed
R-30 insulation extends over the wall top plate at the
eaves. Similarly, where Section Rl102.1.2 would require
R-49 insulation in the ceiling, installing R-38 over 100
percent of the ceiling area requiring insulation shall be
deemed to satisfy the requirement for R-49 insulation
wherever the full height of uncompressed R-38 insulation
extends over the wall top plate at the eaves. This reduction
shall not apply to the U-factor alternative approach in Sec-
tion R1102.1.4 and ttre total UA altemative in Section
Rlr02.1.5.

N1102.2.2 (R402.2.2) Ceilings without attic spaces.
'Where Section Nl102.1.2 would require insulation levels
above R-30 and the design of the roof/ceiling assembly
does not allow sufficient space for the required insulation,
the minimum required insulation for such roof/ceiling
assemblies shall be R-30. This reduction of insulation
from the requirements of Section Nl102.1.2 shall be lim-
ited to 500 square feet (46 m2) or 20 percent of the total
insulated ceiling area, whichever is less. This reduction
shall not apply to the U-factor alternative approach in Sec-
tion N1102.1.4 and the total UA alternative in Section
N1102.1.5.

N1102.2.3 (R402.2.3) Eave bafTle. For air-permeable
insulations in vented attics, a baffle shall be installed adja-
cent to soffit and eave vents. Baffles shall maintain an
opening equal or greater than the size of the vent. The
baffle shall extend over the top of the attic insulation. The
baffle shall be permitted to be any solid material.

ENERGY EFFICIENCY

N1102.2.4 (R402.2.4) Access hatches and doors. Access
doors from conditioned spaces to unconditioned spaces

such as attics and crawl spaces shall be weatherstripped
and insulated to a level equivalent to the insulation on the
surrounding surfaces. Access shall be provided to all
equipment that prevents damaging or compressing the
insulation. A wood-framed or equivalent baffle or retainer
is required to be provided when loose-fill insulation is
installed, the purpose of which is to prevent the loose-fill
insulation from spilling into the living space when the attic
access is opened, and to provide a permanent means of
maintaining the installed R-value of the loose-fill insula-
tion.

Exception: Vertical doors that provide access from
conditioned to unconditioned spaces shall be permitted
to meet the fenestration requirements of Table
Rl102.1.2 based on the applicable climate zone speci-
fied in Chapter 3.

N1102.2.5 (R402.2.5) Mass walls. Mass walls for the pur-
poses of this chapter shall be considered above-grade
walls of concrete block, concrete, insulated concrete form
(ICF), masonry cavity, brick (other than brick veneer),
earth (adobe, compressed earth block, rammed earth) and
solid timber/logs, or any other walls having a heat capacity
greater than or equal to 6 Btu/ffx "F (123 kJ/m2 x K),

N1102.2.6 (R402.2.6) Steel-frame ceilings, walls, and
floors. Steel-frame ceilings, walls, andfloors shall meetthe
insulation requirements of Table Nl102.2.6 or shall meet
the U-factor requirements of Table Nl102.1.4. The calcu-
lation of the U-factor for a steel-frame envelope assembly
shall use a series-parallel path calculation method.

N1102.2.7 (R402.2.7) Walls with partial structural
sheathing. Where Section F'll02.l.2 would require con-
tinuous insulation on exterior walls and structural sheath-
ing covers 40 percent or less of the gross area of all
exterior walls, the continuous insulation R-value shall be
permitted to be reduced by an amount necessary to result
in a consistent total sheathing thickness, but not more than
R-3, on areas of the walls covered by structural sheathing.
This reduction shall not apply to the U-factor altemative
approach in Section R1102.1.4 and the total UA altema-
tive in Section Rl102.1.5.

N1102.2.8 (R402.2.8) Floors. Floor framing-cavity insu-
lation shall be installed to maintain permanent contact
with the underside of the subfloor decking.

Exception: The floor framing-cavity insulation shall be
permitted to be in contact with the topside of sheathing or
continuous insulation installed on the bottom side of
floor framing where combined with insulation thatmeets
or exceeds the minimum wood frame wall R-value in
Table 1102.L2 and that extends from the bottom to the
top of all perimeter floor framing members.

N1102.2.9 (R402.2.9) Basement walls. Walls associated
with conditioned basements shall be insulated from the top
of the basement wqll down to 10 feet (3048 mm) below
grade or to the basement floor, whichever is less. Walls
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associated with unconditioned basements shall meet this
requirement unless the floor overhead is insulated in
accordance with Sections Nl 102. 1.2 and Nl 102.2.8.

TABLE N1102.2.6 (R402.2.6)
STEEL-FRAME CEILING, WALL AND FLOOR INSULATION

(F-VALUE)

a. Cavity insulation R-value is listed first, followed by continuous insulation
R-value.

b. Insulation exceeding the height of the framing shall cover the framing.

N1102.2.10 (R402.2.10) Slab-on-grade floors. Slab-on-
grade floors with a floor surface less than 12 inches (305
mm) below grade shall be insulated in accordance with
Table Nl102.1.2. The insulation shall extend downward
from the top of the slab on the outside or inside of the
foundation wall. Insulation located below grade shall be
extended the distance provided in Table Nl102.1.2 by any
combination of vertical insulation, insulation extending
under the slab or insulation extending out from the build-

ing. Insulation extending away from the building shall be
protected by pavement or by not less than 10 inches (254
mm) of soil. The top edge of the insulation installed
between rhe exterior wall and the edge of the interior slab
shall be permitted to be cut at a 45-degree (0.79 rad) angle
away from the exterior wqll. Slab-edge insulation is not
required in jurisdictions designated by the building fficial
as having a very heavy termite infestation.

N1102.2.11 (R402.2.11) Crawl space walls. As an alter-
native to insulating floors over crawl spaces, crawl space
walls shall be permiued to be insulated when the crawl
space is not vented to the cutside. Crawl space wall insula-
tion shall be permanently fastened to the wall and extend
downward from the floor to the finished grade level and
then vertically and./or horizontally for at least an additional
24 inches (610 mm). Exposed earth in unvented crawl
space foundations shall be covered with a continuous
Class I vapor retarder in accordance with this code. All
joints of the vapor retarder shall overlap by 6 inches (153
mm) and be sealed or taped. The edges of the vapor
retarder shall extend not less than 6 inches (153 mm) up
the stem wall and shall be attached to the stem wall.

N1102.2.12 (R402.2.12) Masonry veneer. Insulation
shall not be required on the horizontal portion of the foun-
dation that supports a masonry veneer.

N1102.2.13 (R402.2.13) Sunroom insulation. Sunrooms
enclosing conditioned spaces shall meet the insulation
requirements of this code.

Exception: For sunrooms with thermal isolation, and
enclosing conditioned spaces, the following exceptions
to the insulation requirem¿nls of this code shall apply:

1. The minimum ceiling insulation R-values shall be
R-19 in Zones I through 4 andR-24 in Zones 5
through 8.

2. The minimum wall R-value shall be R-13 in all
climate zones. W alls separating a sunroorn with a
thermal isolation fuom conditioned space shall
meet the building thermøl envelope requirements
of this code.

N1102.3 (R402.3) Fenestration (Prescriptive). In addition
to the requirements of Section Nl102, fenestration shall com-
ply with Sections Nl102.3.1 through Nl102.4.5.

N1102.3.1 (R402.3.1) U-factor. An area-weighted aver-
age of fenestration products shall be permitted to satisfy
the U-factor requirements.

N1102.3.2 (R402.3.2) Glazed fenestration SHGC. An
area-weighted average of fenestration products more than
5O-percent glazed shall be permitted to satisfy the SHGC
requirements.

þnamic glazing shall be permitted to satisfy the SHGC
requirements of Table Rll02.L2 provided the ratio of the
higher to lower labeled SHGC is greater than or equal to
2.4, andthe þnømic gl.azing is automatically controlled to
modulate the amount of solar gain into the space in multi-
ple steps. þnamic glazing shall be considered separately
from other fenestration, and area-weighted averaging with

WOOD FRAME
F-VALUE

REOUIREMENT

COLD-FORMED STEEL
EQUIVALENT R-VALUE"

Steel Truss Ceilingsb

R-30 R-38 or R-30 + 3 or R-26 + 5

R-38 R-49 or R-38 + 3

R-49 R-38 + 5

Steel Jolst Ceilingsb

R-30
R.38 in 2 x 4 or 2 x 6 or 2 x 8 R-49

in any framing

R-38 R-49 in 2x 4 ot2 x 6or2 x 8 or 2 x 10

Steel-Framed Wall, l6f'on center

R-13
R-13 + 4.2 or R-19 + 2.1 or R-21 + 2.8 or

R-0 + 9.3 or R-15 + 3.8 or R-21 + 3.1

R-13 + 3 R-0 + 11.2 or R-l3 + 6.1 or R-15 + 5.7 or
R-19 + 5.0 orR-21 + 4.7

R-20
R-0 + 14.0 or R-13 + 8.9 or R-15 + 8.5 or
R-19+7.8orR-19 +6.2or R-21 +7.5

R-20 + 5
R-L3 + 12.7 or R-15 + 12.3 or R-19 + 11.6 or

R-21 + 11.3 or R-25 + 10.9

R-21
R-0 + 14.6 or R-13 + 9.5 or R-15 + 9.1 or

R-19 + 8.4 or R-21 + 8.1 or R-25 + 7.7

Steel.Framed Wall,24" on center

R-13 R-0 + 9.3 or R-13 + 3.0 or R-15 + 2.4

R-13 + 3 R-0 + 11.2 orR-13 + 4.9 orR-15 + 4.3 or
R-19 + 3.5 or R-21 + 3.1

R-20 R-0 + 14.0 or R-13 + 7.7 or R-15 + 7.1 or
R-19 + 6.3 or R-21 + 5.9

R-20 + 5 R-13 + 11.5 or R-15 + 10.9 or R-19 + 10.1 or
R-21 + 9.7 or R-25 + 9.1

R-21
R-0 + 14.6 or R-13 + 8.3 or R-15 +7.7 or

R-19 + 6.9 or R-21 + 6.5 or R-25 + 5.9

Steel Joist Floor

R-13 R-19 in2 x 6, orR-19 + 6 in2x 8 or2 x l0
R-19 R-19 + 6in2 x 6, orR-19 + 12in2x 8 or2 x 10
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other fenestration that is not dynamic glazing shall not be
permitted.

Exception: þnamic glazing is not required to comply
with this section when both the lower and higher
labeled SHGC already comply with the requirements of
Table N1102.1.2.

N1102.3.3 (R402.3.3) Glazed fenestration exemption.
Up to 15 square feet (1.4 m2¡ of glazed fenestration per
dwelling unit shall be permitted to be exempt from U-fac-
tor and SHGC requirements in Section N1102.1.2. This
exemption shall not apply to the U-factor alternative
approach in Section Nl102.1.4 and the total UA alterna-
tive in Section Nl102.1.5.

N1102.3.4 (R402.3.4) Opaque doorexemption. One side-
hinged opaque door assembly up to 24 square feet (2.22
m2) in area is exempted from the U-factor requirement in
Section N1102.1.2. This exemption shall not apply to the
U-factor alternative approach in Section Nl 102.1 .4 and the
total UA alternative in Section Nl102.1.5.

N1102.3.5 (R402.3.5) Sunroom fenestration. Sunroorns
enclosing conditioned space shalil. meet the fenestration
requirements of this code.

Exception: For sunrooms with thermal isolation and
enclosing conditioned space in Climate Zones 2
through 8, the maximum fenestration U-factor shall be
0.45 and the maximum sþlight U-factor shall be 0.70.

New fenesúation separating the sururoorn with thermal
isolation flom conditioned space shall meet the building
thermal envelope requirements of this code.

N1102.4 (R402.4) Air leakage (Mandatory). The building
thennøl envelope shall be constructed to limit air leakage in
accordance with the requirements of Sections Rl 102.4.1
through R1102.4.4.

N1102.4.1 (R402.4.1) Building thermal envelope. The
building thermal envelope shall comply with Sections
N1102.4.1.1 and N1102.4.1.2. The sealing methods
between dissimilar materials shall allow for differential
expansion and contraction.

N1102.4.1.1 (R402.4.1.1) Installation. The compo-
nents of the building thermal envelope as listed in
Table Nl102.4.1.1 shall be installed in accordance with
the manufacturer's instructions and the criteria listed in
Table N1102.4.1.1, as applicable to the method of con-
struction. Where required by the building fficial, an
øpproved third party shall inspect all components and
verify compliance.

N1102.4.1.2 (R.402.4.1.2) Testing. The building or
dwelling unit shall be tested and verified as having an air
leakage rate of not exceeding five air changes per hour in
Climate Zones I and 2, and three air changes per hour in
Climate Zones 3 through 8. Testing shall be conducted
in accordance with ASTM E 779 or ASTM E 1827 and
reported at a pressure of 0.2 inches w.g. (50 Pascals).
Where required by the code official, testing shall be con-
ducted by an approved thtrd, party. A written report of
the results of the test shall be signed by the party con-
ducting the test andprovided to the code fficiø|. Testing
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shall be performed at any time after creation of all pen-
etrations of tJrre 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
control measures.

2. Dampers including exhaust, intake, makeup air,
backdraft and flue dampers shall be closed, but not
sealed beyond intended infiltration confrol mea-
sures.

3. Interior doors, if installed 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.

6. Supply and return registers, if installed at the
time of the test, shall be fully open.

N1102.4.2 (R402,4.2) Fireplaces. New wood-burning
freplaces shall have tight-fitting flue dampers or doors,
and outdoor combustion air. Where using tight-fitting
doors on factory-built fireplaces listed and labeled in
accordance with UL 127, the doors shall be tested and
listed for the fireplace. Where using tight-fitting doors on
masonry fireplaces, the doors shall be listed and labeled in
accordance with IJL 907.

N1102.4.3 (R402.4.3) Fenestration air leakage. Windows,
sþlights and sliding glass doors shall have an air infiltration
rate of no more than 0.3 cfm per square foot (1.5 L/s/m2), and
swinging doors no more than 0.5 cfm per square foot (2.6 L/
s/m2), when tested according to NFRC 400 or AAIVIA/
WDMA/CSA L0IÃ.5.2/A4/:0 by an accredited, indepen-
dent laboratory and listed and labeledby the manufacturer.

Exception: Site-built windows, skylights and doors.

N1102.4.4 (R.402.4,4) Rooms containing fuel-burning
appliances. In Climate Zones 3 through 8, where open
combustion air ducts provide combustion air to open com-
bustion fuel-burning appliances, the appliances and com-
bustion air opening shall be located outside the building
thermal envelope or enclosed in a room, isolated from
inside the thermal envelope. Such rooms shall be sealed
and insulated in accordance with the envelope require-
ments of Table N1102.1.2, where the walls, floors and
ceilings shall meet a minimum of the basement wall R-
value requirement. The door into the room shall be fully
gasketed and any water lines and ducts in the room insu-
lated in accordance with Section Nl103. The combustion
air duct shall be insulated where it passes through condi-
tioned space to a minimum of R-8.

Exceptions:

1. Direct vent appliances with both intake and
exhaust pipes installed continuous to the outside.

2. Fireplaces and stoves complying with Sec-
tions Nl102.4.2 and Rl006.
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COMPONENT AIR BARRIER CRITERIA INSULATION INSTALLATION CRITERIA

General requirements

A continuous air barrier shall be installed in the
building envelope.

The exterior thermal envelope contains a continuous
air barrier.

Breaks orjoints in the air ba¡rier shall be sealed.

Air-perrneable insulation shall not be used as a
sealing material.

Ceiling/attic

The air banier in any dropped ceiling/soffit shal be
aligned with the insulation and any gaps in the air
barrier sealed.

Access openings, drop down stairs orknee wall doors
to unconditioned attic spaces shall be sealed.

The insulation in any dropped ceiling/soffit shall
be aligned with the air barrier.

Walls

The junction of the foundation and sill plate shall be
sealed.

The junction of the top plate and the top of exterior
walls shAll þs ssalçd.

Knee walls shall be sealed.

Cavities within corners and headers of frame
walls shall be insulated by completely filling the
cavity with a material having a thermal
resistance of R-3 per inch minimum.
Exterior thermal envelope insulation for framed
walls shall be installed in substantial contact and
continuous alignment with the air barrier.

'Windows, sþlights and doors
The space between window/doorjambs and framing,
and sþlights and framing shall be sealed.

Rim joists Rim joists shall include the air barrier. Rim joists shall be insulated.

Floors (including above garage and
cantilevered floors)

The air barrier shall be installed at any exposed edge
of insulation.

Floor framing cavity insulation shall be installed
to maintain permanent contact with the underside
of subfloor decking, or floor framing cavity
insulation shall be permitted to be in contact with
the top side of sheathing, or continuous
insulation installed on the underside of floor
framing; and extends from the bottom to the top
of all perimeter floor framing members.

Crawl space walls
Exposed earth i¡ unvented crawl spaces shall be
covered with a Class I vapor retarder with
overlapping joints taped.

Where provided instead of floor insulation,
insulation shall be permanently attached to the
crawl space walls.

Shafts, peneûations
Duct shafts, utility penehations, and flue shafts
opening to exterior or unconditioned space shall be
sealed.

Narrow cavities

Batts in narow cavities shall be cut to fìt, or
narrow cavities shall be filled by insulation that
on installation readily conforms to the available
cavity space.

Garage separation Air sealing shall be provided between the garage and
conditioned spaces.

Recessed lighting Recessed light fixtures insølled in the building
thermal envelope shall be sealed to the drywall.

Recessed light fixtures installed in the building
thermal envelope shall be air tight and IC rated.

Plumbing and wiring

Batt insulation shall be cut neatly to fit around
wiring and plumbing in exterior walls, or
insulation that on installation readily conforms to
available space shall extend behind piping and
wrnng.

Shower/tub on exterior wall
The air barrier installed at exterior walls adjacent to
showers and tubs shall separate them from the
showers and tubs.

Exterior walls adjacent to showers and tubs shall
be insulated.

ElectricaUphone box on exterior walls
The air barrier shall be installed behind electrical or
communication boxes or air-sealed boxes shall be
installed.

HVAC register boots ffVAC register boots that penetrate building thennal
envelope shall be sealed to the subfloor or drywall.

Concealed sprinklers

When required to be sealed, concealed fire sprinklers
shall only be sealed in a manner that is recommended
by the manufacturer. Caulking or other adhesive
sealants shall not be used to fill voids between fire
sprinkler cover plates and walls or ceilings.

ENERGY EFFICIENCY

TABLE Nf 102.4.1.1 (402.4.1.1)
AIR BARRIER AND INSULATION INSTALLATION

a. In addition, inspection of log walls shall be in accordance with the provisions of ICC 400.
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N1102.4.5 (R402.4.5) Recessed lighting. Recessed lumi-
naires installed in the building thermal erwelope shall be
sealed to limit at leakage between conditioned and uncon-
ditioned spaces. All recessed luminaires shall be lC-rated
and labeled as having an air leakage rate not more than 2.0
cfm (0.944 L/s) when tested in accordance with ASTM E
283 at a 1.57 psf (75 Pa) pressure differential. All recessed
luminaires shall be sealed with a gasket or caulk between
the housing and the interior wall or ceiling covering.

N1102.5 (R402.5) Maximum fenestration U-factor and
SHGC (Mandatory). The area-weighted average maximum
fenestration U-factor permitted using tradeoffs from Section
N1102.1.5 or Nl105 shall be 0.48 in climate zones 4 and 5
and 0.40 in climate zones 6 through 8 for vertical fenestra-
tion, and 0.75 in climate zones 4 through 8 for skylights. The
area-weighted average maximum fenestration SHGC permit-
ted using tradeoffs from Section N1105 in climate zones 1

through 3 shall be 0.50.

sEcTroN Nl103 (R403)
SYSTEMS

N1103.1 (R403.1) Controls (Mandatory). At least one ther-
mostat shall be provided for each separate heating and cool-
ing system.

N1103.1.1 (R403.1.1) Programmable thermostat. The
thermostat controlling the primary heating or cooling sys-
tem of the dwelling unit shall be'capable of controlling the
heating and cooling system on a daily schedule to maintain
different temperature set points at different times of the day.
This thermostat shall include the capability to set back or
temporarily operate the system to maintain zone tempera-
tures down to 55'F (13'C) or up to 85'F (29'C). The ther-
mostat shall initially be programmed by the manufacturer
with a heating temperature set point no higher than 70oF
(21"C) and a cooling temperature set point no lower than
78'F (26'C).

N1103.1.2 (R403.1.2) Heat pump supplementary heat
(Mandatory). Heat pumps having supplementary electric-
resistance heat shall have controls that, except during
defrost, prevent supplemental heat operation when the
heat pump compressor can meet the heating load.

N11.03.2 (R403.2) Hot water boiler outdoor temperature
setback. Hot water boilers that supply heat to the building
through one- or two-pipe heating systems shall have an out-
door setback control that lowers the boiler water temperature
based on the outdoor temperature.

N11.03.3 (R403.3) Ducts. Ducts and air handlers shall be in
accordance with Sections N1103.3.1 through Nl103.3.5.

N1103.3.1 (R403.3.1) Insulation (Prescriptive). Supply
and return ducts in attics shall be insulated to a minimum
of R-8 where 3 inches (76.2 mm) in diameter and greater
and R-6 where less than 3 inches (76.2 mm) in diameter.
Supply and return ducts in other portions of the building
shall be insulated to a minimum of R-6 where 3 inches

ENERGY EFFICIENCY

(76.2 mm) in diameter or greater and R-4.2 where less
than 3 inches (76.2mm) in diameter.

Exception: Ducts or portions thereof located com-
pletely inside the building thermal envelope.

N1103.3.2 (R403.3.2) Sealing (Mandatory). Ducts, air I
handlers and filter boxes shall be sealed. Joints and seams

shall comply with either the International Mechanicql
Code or Section M1601.4.1 of this code, as applicable.

Exceptions:

1. Air-impermeable spray foam products shall be
permitted to be applied without additional joint
seals.

2. For ducts having a static pressure classification of
less than 2 inches of water column (500 Pa),
additional closure systems shall not be required
for continuously welded joints and seams, and
locking-type joints and seams of other than the
snap-lock and button-lock types.

N1103.3.2.1 (R403.3.2.1) Sealed air handler. Air han-
dlers shall have a manufacturer's designation for an air
leakage of no more than 2 percent of the design air flow
rate when tested in accordance with ASHRAE 193.

N1103.3.3 (R403.3.3) Duct testing (Mandatory). Ducts
shall be pressure tested to determine air leakage by one of
the following methods:

1. Rough-in test: Total leakage shall be measured with a
pressure differential of 0.1 inch w.g. (25 Pa) across
the system, including the manufacturer's air handler
enclosure if installed at the time of the test. All regis-
ters shall be taped or otherwise sealed during the test.

2. Postconstruction test: Total leakage shall be mea-
sured with a pressure differential of 0.1 inch w.g,
(25 Pa) across the entire system, including the man-
ufacturer's air handler enclosure. Registers shall be
taped or otherwise sealed during the test.

Exception: A duct air leakage test shall not be
required where the ducts and air handlers are
located entirely within the building thermal enve-
lope.

A written report of the results of the test shall be
signed by the party conducting the test and provided to
the code fficial.

N1103.3.4 (R403.3.4) Duct leakage (Prescriptive). The
total leakage of the ducts, where measured in accordance
with Section R403.3.3, shall be as follows:

1. Rough-in test: The total leakage shall be less than or
equal to 4 cubic feet per minute (113.3 L/min) per
100 square feet (9.29 m2¡ of conditioned floor area
where the air handler is installed at the time of the
test. Where the air handler is not installed at the time
of the test, the total leakage shall be less than or
equal to 3 cubic feet per minute (85 L/min) per 100
square feet (9.29 m2) of conditioned floor area.

I
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2. Postconstruction test: Total leakage shall be less
than or equal to 4 cubic feet per minute (113.3 Ll
min) per 100 square feet (9.29 m2¡ of conditioned
floor area.

N1103.3.5 (R403.3.5) Building cavities (Mandatory).
Building framing cavities shall not be used as ducts or ple-
nums.

N1103.4 (R403.4) Mechanical system piping insulation
(Mandatory). Mechanical system piping capable of carrying
fluids above 105'F (41"C) or below 55"F (13'C) shall be
insulated to a minimum of R-3.

N1f03.4.1 (R403.4.1) Protection of piping insulation.
Piping insulation exposed to weather shall be protected
from damage, including that caused by sunlight, moisture,
equipment maintenance and wind, and shall provide
shielding from solar radiation that can cause degradation
of the material. Adhesive tape shall not be permitted.

N1103.5 (R403.5) Service hot water systems. Energy con-
servation measures for service hot water systems shall be in
accordance with Sections N1103.5.1 and N1103.5.4.

N1103.5.1 (R403.5.1) Heated water circulation and tem-
perature maintenance systems (Mandatory). Heated
water circulation systems shall be in accordance with Sec-
tion Rl 103.5.1.1. Heat trace temperature maintenance sys-
tems shall be in accordance with Section R1103.5.1.2.
Automatic controls, temperature sensors and pumps shall
be accessible. Manual controls shall be readily accessible.

N1103.5.1.1 (R403.5.1.1) Circulation systems. Heated
water circulation systems shall be provided with a circu-
lation pump. The system retum pipe shall be a dedicated
return pipe or a cold water supply pipe. Gravity and
thermo-syphon circulation systems shall be prohibited.
Controls for circulating hot water system pumps shall
start the pump based on the identification of a demand
for hot water within the occupancy.The conkols shall
automatically turn off the pump when the water in the
circulation loop is at the desired temperature and when
there is no demand for hot water.

N1103.5.1.2 (R403.5.1.2) Heat trace systems. Electric
heat trace systems shall comply with IEEE 515.1 or UL
515. Conhols for such systems shall automatically
adjust the energy input to the heat tracing to maintain
the desired water temperature in the piping in accor-
dance with the times when heated water is used in the
occupancy.

N1103.5.2 (R403.5.2) Demand recirculation systems. A
water distribution system having one or more recirculation
pumps that pump water from a heated water supply pipe
back to the heated water source through a cold water supply
pipe shall be a demønd recirculøtion water system. Pumps
shall have controls that comply with both of the following:

1. The control shall start the pump upon receiving a
signal from the action of a user of a fixture or appli-

ance, sensing the presence of a user of a fixture or
sensing the flow of hot or tempered water to a fix-
ture fitting or appliance.

2. Tl"lre control shall limit the temperature of the water
entering the cold water piping to 104"F (40"C).

N1103.5.3 (R403.5.3) Hot water pipe insulation (Pre-
scriptive). Insulation for hot water pipe with a minimum
thermal resistance (R-value) of R-3 shall be applied to the
following:

1. Piping 3/o inch (19 mm) and larger in nominal diam-
eter.

2. Piping serving more than one dwelling unit.

3. Piping located outside the conditioned space.

4. Piping from the water heater to a distribution mani-
fold.

5. Piping located under a floor slab.

6. Buried in piping.

7. Supply and return piping il recirculation systems
other than demand recirculation systems.

N1103.5.4 (R403.5.4) Drain water heat recovery units.
Drain water heat recovery units shall comply with CSA
55.2. Drain water heat recovery units shall be tested in
accordance with CSA 55.1. Potable water-side pressure
loss of drain water heat recovery units shall be less than 3
psi (20J kPa) for individual units connected to one or two
showers, Potable water-side pressure loss of drain water
heat recovery units shall be less than 2 psi (13.8 kPa) for
individual units connected to three or more showers.

N1103.6 (R403.6) Mechanical ventilation (Mandatory).
The building shall be provided with ventilation that meets the
requirements of Section M1507 of this code or the Interna-
tional Mechqnícql 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 system is not operating.

N1103.6.1 (R403.6.1) Whole-house mechanical ventila-
tion system fan effTcacy. Mechanical ventilation system
fans shall meet the efficacy requirements of Table
N1103.6.1.

Exception: Where mechanical ventilation fans are inte-
gral to tested and listed HVAC equipment, they shall be
powered by an electronically commutated motor.

N1103.7 (R403.7) Equipment sizing and efficiency rating
(Mandatory). Heating and cooling equipment shall be sized
in accordance with ACCA Manual S based on building loads
calculated in accordance with ACCA Manual J or other
approved heating and cooling calculation methodologies.
New or replacement heating and cooling equipment shall
have an efficiency rating equal to or greater than the mini-
mum required by federal law for the geographic location
where the equipment is installed.
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TABLE N1 103.6.1 (R403.6.1)
MECHANICAL VENT¡LATION SYSTEM FAN EFFICACY

FAN LOCATION AIR FLOW RATE MINIMUM
(cFM)

MINIMUM EFFICACY
(CFM/WATT)

AIR FLOW RATE MAXIMUM
(cFM)

Range hoods Any 2.8 cfmJwatt Any
In-line fan Any 2.8 cfrn/watt Any

Bathroom, utility room l0 L.4 cfmlwatt <90
Bathroom, utility room 90 2.8 cfm/watt Any

For SI: I cubic foot per minute = 28.3 L/min.

N1103.8 (R403.8) Systems serving multiple dwelling units
(Mandatory). Systems serving multiple dwelling units shall
comply with Sections C403 and C404 of the IECC-Com-
mercial Provisions in lieu of Section Nl103.

N1103.9 (R403.9) Snow melt system controls (Manda-
tory). Snow- and ice-melting systems, supplied through
energy service to the building, shall include automatic con-
trols capable of shutting off the system when the pavement
temperature is above 50'F (10'C), and no precipitation is
falling and an automatic or manual control that will allow
shutoff when the outdoor temperature is above 40'F (4.8'C).

N1103.10 (R403.10) Pools and permanent spa energy con-
sumption (Mandatory). The energy consumption of pools
and permanent spas shall be in accordance with Sections
Nl 103.10.1 through Nl 103.10.

N1103.10.1 (R403.10.1) Residential pools and perma-
nent residential spas. Swimming pools and permanent
spas that are accessory to detached one- and two-family
dwellings and townhouses three stories or less in height
above grade plane and that are available only to the house-
hold and its guests shall be in accordance with APSP-145.

N1103.10.2 (R403.10.2) Heaters. The electric power to
heaters shall be controlled by a readily accessible on-off
switch that is an integral part of the heater mounted on the
exterior of the heater, or external to and within 3 feet (9t4
mm) of the heater. Operation of such switch shall not
change the setting of the heater thermostat. Such switches
shall be in addition to a circuit breaker for the power to the
heater. Gas-fired heaters shall not be equipped with con-
tinuously burning ignition pilots.

N403.10.3 (R403.10.3) Time switches. Time switches or
otler control methods that can automatically turn off and
on according to a preset schedule shall be installed for
heaters and pump motors. Heaters and pump motors that
have built-in time switches shall be in compliance with
this section.

Exceptions:

1. Where public health standards require 24-hoar
pump operation.

2. Pumps that operate solar- and waste-heat-recov-
ery pool heating systems.

N1103.10.4 (R403.10.4) Covers. Outdoor heated pools
and outdoor permanent spas shall be provided with a vapor-
retardant cover or ofher approvedvapor-retardant means.

Exception: Where more than 70 percent of the energy
for heating, computed over an operation season, is from
site-recovered energy, such as from a heat pump or

solar energy source, covers or other vapor-retardant
means shall not be required.

N1103.11 (R403.11) Portable spas (Mandatory). The
energy consumption of electric-powered portable spas shall
be controlled by the requirements of APSP-14.

N1103.12 (R403.12) Residential pools and permanent res-
idential spas. Residential swimming pools and permanent
residential spas that are accessory to detached one- and two-
family dwellings and townhouses 3 stories or less in height
above grade plane and that are available only to the house-
hold and its guests shall be in accordance with APSP-15.

sEcTroN N1104 (R404)
ELECTRICAL POWER AND LIGHTING SYSTEMS

(MANDATORY)
N1104.1 (R404.1) Lighting equipment (Mandatory). Not
less than 75 percent of the lamps in permanently installed
lighting fixtures shall be high-efficacy lamps or not less than
75 percent of the permanentþ installed lighting fixtures shall
contain only high-efficacy lamps.

Exception : Low-voltage lighting.

N1104.1.1 (R404.1.1) Lighting equipment (Manda-
tory). Fuel gas lighting systems shall not have continu-
ously burning pilot lights.

sEcTroN N1105 (R405)
SIMULATED PERFORMANCE ALTERNATIVE

(PERFORMANCE)

N1105.1 (R405.1) Scope. This section establishes criteria for
compliance using simulated energy performance analysis.
Such analysis shall include heating, cooling and service water
heating energy only.

N1105.2 (R405.2) Mandatory requirements. Compliance
with this section requires that the mandatory provisions iden-
tified in Section N1101.13 be met. All supply and return
ducts not completely inside the building thermal envelope
shall be insulated to a minimum of R-6.

N1105.3 (R405.3) Performance-based compliance. Com-
pliance based on simulated energy performance requires that
a proposed residence Qtroposed design) be shown to have an
annual energy cost that is less than or equal to the annual
energy cost of the standard reþrence design. Energy prices
shall be taken from a source approved by the building ffi-
cial, such as the Department of Energy, Energy Information
Administration's State Energy Price ønd Expenditure Report.
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Building fficials shall be permitted to require time-of-use
pricing in energy cost calculations.

Exception: The energy use based on source energy
expressed in Btu (J) or Btu per square foot (Jim2) of condi-
tioned floor ørea shall be permitted to be substituted for
the energy cost. The source energy multiplier for electric-
ity shall be 3.16. The source energy multiplier for fuels
other than electricity shall be 1.1.

N1105.4 (R405.4) Documentation. Documentation of the
software used for the performance design and the parameters
for the building shall be in accordance with Sections
lïl l^< / I ¿L-^---L \Tl 1^< / ar\ r lvJ,.f .I trlruuBrl l\ I rvJ.+.J.

N1105.4.1 (R405.4.1) Compliance software tools. Docu-
mentation verifying that the methods and accuracy of the
compliance software tools conform to the provisions of
this iection shall be provided to the buildingòffitiot.

N1105.4.2 (R405.4.2) Compliance report. Compliance
software tools shall generate a report that documents that
the proposed design complies with Section N1105.3. A
compliance report on the proposed design shall be submit-
ted with the application for the building permit. Upon
completion of the building, a compliance report based on
the as-built condition of the building shall be submitted to
the code fficial before a cefüficate of occupancy is
issued. Batch sampling of buildings to determine energy
code compliance for all buildings in the batch shall be pro-
hibired.

Compliance reports shall include information in accor-
dance with Sections Nl 105.4.2.1 and N1 105.4 .2.2.Where
the proposed design of abuilding could be built on different
sites where the cardinal orientation of the building on each
site is different, compliance of fhe proposed design for the
purposes of the application for the building permit shall be
based on the worst-case orientation, worst-case configura-
tion, worst-case building air leakage and worst-case duct
leakage. Such worst-case parameters shall be used as inputs
to the compliance software for energy analysis.

N1105.4.2.1 (R405.4.2.1) Compliance report for per-
mit application. A compliance report submitted with
the application for building permit shall include the fol-
lowing:

1. Building street address, or other building site
identification.

2. A statement indicating that the proposed design
complies with Section Nl105.3.

3. An inspection checklist documenting the building
component characteristics of the proposed design
as indicated in Table Nl105.5.2(1). The inspec-
tion checklist shall show results for both the stan-
dard reference design and the proposed design
with user inputs to the compliance software to
generate the results.

4. A site-specific energy analysis report that is in
compliance with Section Nl105.3.

5. The name of the individual performing the analy-
sis and generating the report.

6. The name and version of the compliance software
tool.

N1105.4.2.2 (R405.4.2.2) Compliance report for cer-
tificate of occupancy. A compliance report submitted
for obtaining the certificate of occupancy shall include
the following:

1. Building street address, or other building site
identification.

2. A statement indicating that the as-built building
complies with Section Nl105.3.

3. A certificate indicating that the building passes the
performance matrix for code compliance and list-
ing the energy saving features ofthe buildings.

4. A site-specific energy analysis report that is in
compliance with Section Nl105.3.

5. The name of the individual performing the analy-
sis and generating the report.

6. The name and version of the compliance software
tool.

N1105.4.3 (R405.4.3) Additional documentation. The
building fficial shall be permitted to require the following
documents:

1. Documentation of the building component charac-
teristics ofthe standard reference design.

2. A certtftcation signed by the builder providing the
building component characteristics of the proposed
design as given in Table N1105.5.2(1).

3. Documentation of the actual values used in the soft-
ware calculations for the proposed design.

N1105.5 (R405.5) Calculation procedure. Calculations of
the performance design shall be in accordance with Sections
N1 105.5. 1 and Nl 105.5.2.

N1105.5.1 (R405.5.1) General. Except as specified by
this section, the standard reference design and proposed
design shall be configured and analyzed using identical
methods and techniques.

N1105.5.2 (R405.5.2) Residence specifications. The
stqndard reþrence design and proposed design shall be
configured and analyzed as specified by Table
Nl105.5.2(1). Table Nl105.5.2(1) shall include, by refer-
ence, all notes contained in Table N1 102.1.2.

N1105.6 (R405.6) Calculation software tools. Calculation
software, where used, shall be in accordance with Sections
N1 105.6.1 through Nl 105.6.3.
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BUILDING COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN

Above-grade walls

Type: mass wall if proposed wall is mass; otherwise wood frame. As proposed

Gross area: same as proposed As proposed

U-f.actor: as specified in Table Nl 102. 1.4 As proposed

Solar absorptance = 0.75 As proposed

Remittance = 0.90 As proposed

Basement and crawl space
walls

Type: same as proposed As proposed

Gross area: same as proposed As proposed

U-factor: from Table Nl102.1.4, with insulation layer on interior side of walls As proposed

Above-grade floors

Type: wood frame As proposed

Gross area: same as proposed As proposed

U-factor: as specified in Table Nl102.1.4 As proposed

Ceilings

Type: wood frame As proposed

Gross area: same as proposed As proposed

U-factor: as specified in Table Nl102.1.4 As proposed

Roofs

Type: composition shingle on wood sheathing As proposed

Gross area: same as proposed As proposed

Solar absorptance = 0.75 As proposed

Emittance = 0.90 As proposed

Attics Type: vented with aperture = l. ft2 per 300 ft2 ceiling area As proposed

Foundations

Type: same as proposed As proposed

Foundation wall area above and below grade and soil characteristics: same as

proposed
As proposed

Opaque doors

Area: 40 ff As proposed

Orientation: North As proposed

U-factor: sâme as fenestration from Table Nl 102.1.4 As proposed

Vertical fenestration other
than opaque doors

Total areab =

(a) The proposed glazing area, where the proposed glazing area is less than 15

percent of the conditioned floor area

(b) 15 percent of the conditioned floor area, where the proposed glazing area

is 15 percent or more of the conditioned floor area

As proposed

Orientation: equally distributed to four cardinal compass orientations
(N,E,S&\ry). As proposed

U-factor: as specified in Table Nl102.1.4 As proposed

SHGC: as specified in Table NI102.1.2 except that for climates with no
requirement (NR) SHGC = 0.40 shall be used.

As proposed

Interior shade fraction: O.92-(0.21x SHGC for the standard reference design) 0.92-(0.21x SHGC as proposed)

External shading: none As proposed

Skylights None As proposed

Thermally isolated
sumooms

None As proposed

Air exchange rate

Air leakage rate of 5 air changes per hour in Climate Zones I andZ, and 3 air
changes per hour in Climate Zones 3 through 8 at a pressure of 0.2 inches w.g
(50 Pa). The mechanical ventilation rate shall be in addition to the air leakage
rate and the same as in the proposed design, but no greater than 0.01x CFA +
7.5 x (Nu,+ L)
where:

CFA = conditioned floor area

N¿.= number of bedrooms

Energy recovery shall not be assumed for mechanical ventilation.

For residences that are not
tested, the same air leakage rate
as the standard reference design.

For tested residences, the mea-
sured air exchange rate".

The mechanical ventilation rateb
shall be in addition to the ai¡
leakage rate and shall be as pro-
posed.

TABLE N1105.5.2(1) fR405.5.2(1)l
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

ENERGY EFFICIENCY

I
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TABLE Nl105.5.2(1) fR405.5.2(1)l-cont¡nued
SPECIFICATIONS FOR THE STANDARD REFEREÑCE AND PROPOSED DES¡GNS

For SI: I square foot = 0.93
rad.

,lBritishthermalunit=1055J, lpoundpersquarefoot=4.88kg/m2, 1gallon(US)=3.785L,'C=('F-32l1.8, ldegree=0.79

a. Where required by the code officíal, tesnng shall be conducted by an approved party. Hourly calculations as specified in the ASHRAE Handbook of
Fundamentals, or the equivalent shall be used to determine the energy loads resulting from infiltration.

b. The combined air exchange rate for infiltration and mechanical ventilation shall be detemrined in accordance with Equation 43 of200l ASEIRAB Handbook
of Fundamentals, page 26.24 and the "Whole-house Ventilation" provisions of 2001 ASHRAE Handbook of Fundamentah, page 26.19 for intermittent
mechanical ventilation.

c. Thermal storage element shall mean a component not part of the floors, walls or ceilings that is part of a passive solar system, and that provides therrnal
storage such as enclosed water columns, rock beds, or phase-change contâiners. A thermal storage element must be in the same room as fenesüation that faces
within 15 degrees (0.26 rad) of true south, or must be connected to such a room with pipes or ducts that allow the element to be actively charged.

d. For a proposed design with multiple heating, cooling or water heating systems using different fuel types, the applicable standard reference design system
capacities and fuel types shall be weighted in accordance with their respective loads as calculated by accepted engineering practice for each equipment and
fuel type present

e. For a proposed design without a proposed heating system, a heating system ìÃ'ith the prevailing federal minimum effïciency shall be assumed for both the
standard reference design and proposed design.

f. For a proposed design home without a proposed cooling system, an electric ai¡ conditioner with the prevailing federal minimum efficiency shall be assumed
for both the standard reference design and the proposed design.

g. For a proposed design with a nonstorage-type water heater, a 40-gallon storage-type wate¡ heater with the prevailing federal minimum energy factor for the
same fuel as the predominant heating fuel type shall be assumed. For the case of a proposed design without a proposed water heater, a 4O-gallon storage-type
watel heater with the prevailing federal minimum efficiency for the same fuel as the predominant heating fuel type shall be assumed for both the proposed
design and standard reference design.

BUILD¡NG COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN

Mechanical ventilation

None, except where mechanical ventilation is specifìed by the pro-
posed design, in which case:

Annual vent fan energy use:

kWr./yr = 0.03942 x CFA + 29.565 x (Nr, +1)

where:

Ctr,A = conditioned floor area

N¡, = number of bedrooms

As proposed

Internal gains IGain = 17,900 + 23.8 x CFA + 4104 x Nr, (Btu/day per dwelling unit) Same as standard reference
design.

Internal mass
An internal mass for fumiture and contents of 8 pounds per square foot
of floor area.

Same as standard reference
design, plus any additional mass
specifically designed as a ther-
mal storage element" but notinte-
gral to the building enveþe or
structufe.

For masonry floor slabs, 80 percent of floor area covered by R-2 carpet
and pad, and 20 percent of floor directly exposed to room air.

As proposed

For masonry basement walls, as proposed, but with insulation required
by Table R402.1.4 located on the interior side of the walls As proposedStruchrral mass

For other walls, for ceilings, floors, and interior walls, wood frame con-
struction As proposed

Heating systemsd'"

As proposed for other than electric heating without a heat pump, where
the proposed design utilizes electric heating without a heat pump the
standard reference design shall be an air source heat pump meeting the
requirements of Section C403 of the lECC-Commercial Provisions.

Capacity: sized in accordance with Section Nl103.7

As proposed

Cooling systemsd'r
As proposed
Capacity: sized in accordance with Section Nl103.7 As proposed

Service water heatingq "'r
As proposed
Use: same as proposed design

Ap proposed
galldaY=30+(l0xN¿)

Thermal distribution systems

Duct insulation: From Section Nl103.2.1

A therrnal distribution system efficiency (DSE) of 0.88 shall be applied
to both the heating and cooling system efficiencies for all systems other
than tested duct systems. For tested duct systems, the leakage rate shall
be 4 cfm (113.3 L/min) per 100 ftz Q.29 m2) of. conditionedfloor area
at a pressure of differential of 0.1 inches w.g. (25 Pa).

As tested or as specified in Table
R405.5.2(2) if not tested. Duct
insulation shall be as proposed.

Themostat Type: Manual, cooling temperature setpoint = 75oF;
Heating temperature setpoint = 72oF

Same as standard reference
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DISTRIBUTION SYSTEM CONFIGURATION AND CONDITION FORCED AIR SYSTEMS HYDRONIC SYSTEMSb

Dishibution system components located in unconditioned space 0.95

Untested distribution systems entirely located in conditioned space" 0.88 I
"Ductless" systemsd 1

ENEBGY EFFICIENCY

TABLE N1 I 05.s.2(2) [R405.5.2(2)¡
DEFAULT DISTRIBUTION SYSTEM EFFICIENCIES FOR PROPOSED DESIGNS"

Fo¡SI: 1 cubicfootperminute=0.47L\s,1 squarefoot= 0.093m2, 1 poundpersquareinch= 6895 Pa, 1 inchwatergauge= 1250Pa.
a. Default values given by this table are for untested distribution systems, which rnust still meet minimum requirements for duct system insulation.
b. Hydronic systems shall mean those systems that distribute heating and cooling energy directly to individual spaces using liquids pumped through closed-loop

piping and that do not depend on ducted, forced airflow to maintain space temperatures.
c. Entire system in conditioned space shall mean that no component of the distribution system, including the air handler unit, is located outside of the conditioned

space.

d. Ductless systems shall be allowed to have forced airflow across a coil but shall not have any ducted airflow extemal to the manufacturer's air handler
enclosure-

N1105.6.1 (R405.6.1) Minimum capabilities. Calcula-
tion procedures used to comply with this section shall be
software tools capable of calculating the annual energy
consumption of all building elements that differ between
the standard reÍerence design aîdthe proposed design and
shall include the following capabilities:

1. Computer generation of the standard reþrence
design using only the input for the proposed design.
The calculation procedure shall not allow the user to
directly modiÛ/ the building component characteris-
tics ofthe stqndard reference design.

2. Calculation of whole-building (as a single zone) siz-
ing for the heating and cooling equipment in the
standard reference design residence in accordance
with Section Nl103.6.

3. Calculations that account for the effects of indoor
and outdoor temperatures and part-load ratios on the
performance of heating, ventilating and afu-condi-
tioning equipment based on climate and equipment
sizing.

4. Printed building fficial inspection checklist listing
each of the proposed design component characteris-
tics from Table N1105.5.2(l) determined by the
analysis to provide compliance, along with their
respective performance ratings (rR-value, U-factot,
SHGC, HSPF, AFUE, SEER, EF are some exam-
ples).

N1105.6.2 (R405.6.2) Specific approval. Performance
analysis tools meeting the applicable provisions of Section
N1105 shall be permitted tobe approved. Tools are per-
mitted tobe approvedbased on meeting a specified thresh-
old for a jurisdiction. The building fficial shall be
permitted to approve tools for a specified application or
limited scope.

N1105.6.3 (R405.6.3) Input values. When calculations
require input values not specified by Sections N1102,
N1103, N1104 and N1105, those input values shall be
taken from an øpproved source.

sEcTroN N1106 (R406)
ENERGY RATING INDEX

COMPLIANCE ALTERNATIVE
N1106.1 (R406.1) Scope. This section establishes criteria for
compliance using an Energy Rating Index @RI) analysis.

N1106.2 (R406.2) Mandatory requirements. Compliance
with this section requires that the mandatory provisions iden-
tified in Sections Nl101.2 and N1103.5.3 be met. The build-
ing thermal envelope shall be greater than or equal to levels
of efficiency and Solar Heat Gain Coefficient in Table
402.I.2 or 402.1.4 of the 2009 International Energy Conser-
vqtion Code.

Exception: Supply and retum ducts not completely inside
the building thermal envelope shall be insulated to a mini-
mum of R-6.

N1106.3 (R406.3) Energy rating index. The Energy Rating
Index (ERI) shall be a numerical integer value that is based
on a linear scale constructed such that the ERI reference
design has an Index value of 100 and a residential building
that uses no net purchased energy has an Index value of 0.
Each integer value on the scale shall represent a one percent
change in the total energy use of the rated design relative to
the total energy use of the ERI reference design. The ERI
shall consider all energy used in the residential building.

N1106.3.1 (R406.3.1) ERI reference design. The ERI
reference design shall be configured such that it meets the
minimum requirements of the 2006 International Energy
Conservation Code prescnptive requirements.

The proposed residential building shall be shown to
have an annual total normalized modified load less than or
equal to the annual total loads of the ERI reference design.

N1106.4 (R406.4) ERl-based compliance. Compliance
based on an ERI analysis requires that the rated design be
shown to have an ERI less than or equal to the appropriate
value listed in Table N1106.4 when compared to the ERI ref-
erence design.
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ENERGY EFFICIENCY

TABLE Nl106.4 (R406.4)
MAXIMUM ENERGY RATING INDEX

CLIMATE ZONE ENERGY RATING INDEX

1 52

2 52

J 51

4 54

5 55

6 54

7 53

8 53

N1106.5 (R406.5) Verification by approved agency. Verifi-
cation of compliance with Section Nl106 shall be completed
by an approv ed tlttrd pafi .

N1106.6 (R406.6) Documentation. Documentation of the
software used to determine the ERI and the parameters for the
residential building shall be in accordance with Sections
N1 106.6.1 through N1 106.6.3.

N1106.6.1 (R406.6.1) Compliance software tools. Docu-
mentation verifying that the methods and accuracy of the
compliance software tools conform to the provisions of
this section shall be provided tothe code fficiø\.
N1106.6.2 (R406.6.2) Compliance report. Compliance
software tools shall generate a report that documents that
the ERI of the rated design complies with Sections
N1106.3 and N1106.4. The compliance documentation
shall include the following information:

L Address or other identification of the residential
building.

2. An inspection checklist documenting the building
component characteristics of the røted design. The
inspection checklist shall show results for both the
EN reference design and the rated design, and shall
document all inputs entered by the user necessary to
reproduce the results.

3. Name of individual completing the compliance
report.

4. Name and version of the compliance software tool.

Exception: Multiple orientations. Where an otherwise
identical building model is offered in multþle orienta-
tions, compliance for any orientation shall be permitted
by documenting that the building meets the perfor-
mance requirements in each of the four (north, east,
south and west) cardinal orientations.

N1106.6.3 (R406.6.3) Additional documentation. The
code fficial shall be permitted to require the following
documents:

1. Documentation of the building component charac-
teristics of the ERI reference design.

2. A certification signed by the builder providing the
building component characteristics of the rated
design.

3. Documentation of the actual values used in the soft-
ware calculations for the rated design.

N1106.7 (R406.7) Calculation software tools. Calculation
software, where used, shall be in accordance with Sections
N1 106.7. 1 through N1 106.7.3.

N1106.7.1 R(406.7.1) Minimum capabilities. Calcula-
tion procedures used to comply with this section shall be
software tools capable of calculating the ERI as described
in Section N1106.3, and shall include the following capa-
bilities:

1. Computer generation of the ERI r"Jerence design
using only the input for the rated design.

The calculation procedure shall not allow the user to
directly modify the building component characteristics of
the EN reference design.

2. Calculation of whole-building, as a single zone, siz-
ing for the heating and cooling equipment in the EÃl
reference design residence in accordance with Sec-
tion N1103.7.

3. Calculations that account for the effects of indoor
and outdoor temperatures and part-load ratios on the
performance of heating, ventilating and air-condi-
tioning equipment based on climate and equipment
sizing.

4. Printed code fficialinspection checklist listing each
of the rated design component characteristics deter-
mined by the analysis to provide compliance, along
with their respective performance ratings.

N1106.7.2 (406.7.2) Specific approval. Performance
analysis tools meeting the applicable sections of Section
N1106 shall be approved. Tools are permitted to be
approved based on meeting a specified threshold for a
jurisdiction. The code fficial shall approve tools for a
specified application or limited scope.

N1106.7.3 (R406.7.3) Input values. When calculations
require input values not specified by Sections N1102,
N1103, N1104 and N1105, those input values shall be
taken from an approved source.

sEcTroN Nl107 (R501)
EXISTING BUILDINGS-GENERAL

N1107.1 (R501.1) Scope. The provisions of Sections N1107
through N1111 shall control the alteration, repair, addition
and change ofoccupancy ofexisting buildings and structures.

N1107.1.1 (R501.1.1) Additions, alterations, or repairs:
General. Additions, alterations, or repairs to an existing
building, building system or portion thereof shall comply
with Section Nl108, Nl109 or Nl110. Unaltered portions
ofthe existing building or building supply system shall not
be required to comply with this chapter.

N1107.2 (R501.2) Existing buildings. Except as specified in
this chapter, this code shall not be used to require the
removal, alteration or abandonment of, nor prevent the con-
tinued use and maintenance of, an existing building or build-
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ing system lawfully in existence at the time of adoption of
this code.

N1107.3 (R501.3) Maintenance. Buildings and sfuctures,
and parts thereof, shall be maintained in a safe and sanitary
condition. Devices and systems that are required by this code
shall be maintained in conformance with the code edition
under which installed. The owner or the owner's authorized
agent shall be responsible for the maintenance of buildings
and structures. The requirements of this chapter shall not pro-
vide the basis for removal or abrogation of energy conserva-
tion, fire protection and safety systems and devices in existing
structures.

N1107.4 (R501.4) Compliance. Alterations, repairs, addi-
tions and changes of occupancy to, or relocation of, existing
buildings and structures shall comply with the provisions for
alteratíons, repøirs, additions and changes of occupancy or
relocation, respectively, in this code and the International
Building Code, Intemational Fire Code, International Fuel
Gas Code, Intemational Mechanical Code, International
Plumbing Code, International Propefi Maintenance Code,
Intemational Private Sewage Disposal Cod¿ andNFPA 70.

N1107.5 (R501.5) New and replacement materials. Except
as otherwise required or permitted by this code, materials per-
mitted by the applicable code for new construction shall be
used. Like materials shall be permitted for repairs, provided
no hazard to life, health or property is created. Hazardous
materials shall not be used where the code for new construc-
tion would not permit their use in buildings of similar occu-
pilcy, pu4)ose and location.

N1107.6 (R501.6) Historic buitdings. No provision of this
chapter relating to the construclion, repøir, alteration, rcslo-
ration and movement of strucfures, and change of occupancy
shall be mandatory for historic buildings provided a report
has been submitted to the code official and signed by the
owner, a registered design professional, or a representative of
the State Historic Preservation Office or the historic preserva-
tion authority having jurisdiction, demonstrating that compli-
ance with that provision would threaten, degrade or destroy
the historic form, fabric or function of the building.

sEcTroN N1108 (R502)
ADDITIONS

N1108.1 (R502.1) General. Additions to an existing build-
ing, building system or portion thereof shall conform to the
provisions of this chapter as they relate to new construction
without requiring the unaltered portion of the existing build-
ing or building system to comply with this chapter. Additions
shall not create an unsafe or hazardous condition or overload
existing building systems. An addition shall be deemed to
comply with this chapter where the addition alone complies,
where the existing building and addition comply with this
chapter as a single building, or where the building with the
addition uses no more energy than the existing building.
Additions shall be in accordance with Section Nl108.1.1 or
Nl108.1.2.

ENERGY EFFICIENCY

N1108.1.1 (R502.1.1) Prescriptive compliance. Addi-
tions shall comply with Sections N1108.1.1.1 through
N1108.1.1.4.

N1108.1.1.1 (R502.1.1.1) Building envelope. New
building envelope assemblies that are part of the addi
tion shall comply with Sections N1102.1, N1102.2,
N1102.3.1 through Nl102.3.5, and N1102.4.

Exception: Where nonconditioned space is changed
to conditioned space, the building envelope of the
addition shall comply where the UA, as determined
in Section N1102.1.4, of the existing building and
the addition, and any alterations that are part of the
project, is less than or equal to UA generated for the
existing building.

N1108.1.1.2 (R502.1.1.2) Heating and cooling sys-
tems. New heating, cooling and duct systems that are
part of the addition shall comply with Sections
N1103.1, Nl103.2, Nl103.3, Nl103.5 and Nl103.6.

Exception: Where ducts from an existing heating
and cooling system are extended to an addition, duct
systems with less than 40 linear feet (12.19 m) in
unconditioned spaces shall not be required to be
tested in accordance with Section NII03.2.2.

N1108.1.1.3 (R502.1.1.3) Service hot water systems.
New service hot water systems that áre part of the addi
tion shall comply with Section Nl103.4.

N1108.1.1.4 (R502.1.1.4) Lighting. New lighting sys-
tems that are part of the addition shall comply with Sec-
tion Nl104.1.

N1108.1.2 (R502.1.2) Existing plus addition compliance
(Simulated Performance Alternative). Where noncondi-
tioned space is changed to conditioned space, the addition
shall comply where the annual energy cost or energy use
of the addition and the existing building, and any altera-
tions that are part of the project, is less than or equal to the
annual energy cost of the existing building when modeled
in accordance with Section N1105. The addition and any
alterations that are part of the project shall comply with
Section Nl105 in its entirety.

sEcTroN N1109 (Rs03)
ALTERATIONS

N1109.1 (R503.1) General. Alterations to any building or
structure shall comply with the requirements of the code for
new construction. Aherations shall be such that the existing
building or structure is no less conforming with the provi-
sions of this chapter than the existing building or structure
was prior to ihe alteration.

Alterations to an existing building, building system or por-
tion thereof shall conform to the provisions ofthis chapter as

they relate to new construction without requiring the unal-
tered portions of the existing building or building system to
comply with this chapter. Alterations shall not create an
unsafe or hazardous condition or overload existing building
systems. Alrerations shall be such that the existing building or
structure uses no more energy than the existing building or
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structure prior to the alteration Alterations to existing build-
ings shall comply with Sections N1109.1.1 through N1109.2.

N1109.1.1 (R503.1.1) Building envelope. Building enve-
lope assemblies that are part of the alteration shall comply
with Section Nl102.1.2 or Nl102.1.4, Sections Nl102.2.1
through NI102.2.12, Nl102.3.1, N1102.3.2, Nl102.4.3
and Nl102.4.4.

Exception: The following alterations need not comply
with the requirements for new construction provided
the energy use of the building is not increased:

1. Storm windows installed over existing fenestra-
tion.

2. Existing ceiling, wall or floor cavities exposed
during construction provided that these cavities
are filled with insulation.

3. Construction where the existing roof, wall or
floor cavity is not exposed.

4. Roofrecover.

5. Roofs without insulation in the cavity and where
the sheathing or insulation is exposed during
reroofing shall be insulated either above or below
the sheathing.

6. Surface applied window film installed on existing
single pane fenestration assemblies to reduce
solar heat gain provided the code does not require
the glazing or fenestration assembly to be
replaced.

Nl 109.1.1. 1 (R503. 1.1. 1) Replacement fenestration.
Where some or all of an existing fenestration unit is
replaced with a new fenestration product, including
sash and glazing, the replacement fenestration unit shall
meet the applicable requirements for U-factor and
SHGC as provided in Table Nl102.1.4.

N1109.1.2 (R503.1.2) Heating and cooling systems.
New heating, cooling and duct systems that are part of the
alteration shall comply with Sections Nl103.1, Nl103.2,
Nl103.3 and Nl103.6.

Exception: Where ducts from an existing heating and
cooling system are extended, duct systems with less
than 40 linear feet (12.19 m) in unconditioned spaces
shall not be required to be tested in accordance with
Section N1103.3.3.

N1109.1.3 (R503.1.3) Service hot water systems. New
service hot water systems that are part of the alteration
shall comply with Section Nl103.5.

N1109.1.4 (R503.1.4) Lighting. New lighting systems
that are part of the alteration shall comply with Section
N1104.1.

Exception: Alterations that replace less than 50 percent
of the luminaires in a space, provided that such altera-
tions do not increase the installed interior lighting
power.

N1109.2 (R503.2) Change in space conditioning. Any non-
conditioned or low energy space that is altered to become

conditioned space shall be required to be brought into full
compliance with this chapter.

Exception: Where the simulated performance option in
Section N1105 is used to comply with this section, the
annual energy cost of the proposed design is permitted to
be 110 percent of the annual energy cost otherwise
allowed by Section N1105.3.

sEcTroN N1110 (R504)
REPAIRS

Nlllll I íÞ<llzt l\ llôñarol Þ"il,{i--. õ+ñr^hrraa on¡l na#o\¡arva.¡/r ys¡¡sÍ¡Éo, ùusvlqvù cru Pqrù
thereof shall be repaired in compliance with Section Nl107.3
and this section. Work on nondamaged components neces-
sary for the required repair of damaged components shall be
considered part of the repair and shall not be subject to the
requirements for alterations in this chapter. Routine mainte-
nance required by Section Nl107.3, ordinary repairs exempt
from permit, and abatement of wear due to normal service
conditions shall not be subject to the requirements for repøirs
in this section.

N1L10.2 (R504.2) Application. For the purposes of this
code, the following shall be considered repairs:

1. Glass-only replacements in an existing sash and frame.

2. Roofrepairs.

3. Repairs where only the bulb and/or ballast within the
existing luminaires in a space are replaced provided
that the replacement does not increase the installed
interior lighting power.

sEcTroN Nl111 (R505)
CHANGE OF OCCUPANCY OR USE

N1111.1 (R505.1) General. Spaces undergoing a change in
occupancy that would result in an increase in demand for
either fossil fuel or electrical energy shall comply with this
code.

N1111.2 (R505.2) General. Any space that is converted to a
dwelling unit or portion thereof from another use or occu-
pancy shall comply with this code.

Exception: Where the simulated performance option in
Section N1105 is used to comply with this section, the
annual energy cost of the proposed design is permitted to
be 110 percent of the annual energy cost otherwise
allowed by Section N1105.3.
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Simple Air Seoling

YOU DRILL IT, YOU FILL IT.
Understanding the importance of air sealing is everyone's responsibility on

the job site. Many builders have instituted "you dnll it, you filI it" policies for
subcontractors to be responsible for sealing their own gaps and holes. Often the

framer is the proper subcontractor for air barriers that need to be installed prior
[o mechanical rough-ins.

According to the U.S. Department of Energy, as much as 30 percent of a

home's energy usage can come from air leakage. Take a proactive approach

to sealing penetrations with minimal cost: 3/B category or thicker piywood and

OSB are code-recognized air barrier materials that deliver solid performance for

tighter, more energy-efficient homes.

SEALANT MATERIALS

Nofe: Use seo/onfs thof ore /obeled ICC/ANSI opproved. Do nol use sfondo rd condrucl,íon odhesive.

l. Air will lske the polh of leost resislqnce. Seol lhe
biggesl penelrolions ond gops firsl, then move on
lo the smoller ones.

2. There is no "one size fits qll" solulion. The size of
the hole or gop con help guide which product lo use.

Use cqulk or goskels for smqller holes. Use lopes
ond sproy foqm for lorger holes ond gops.

3. Air borriers, whefher flexible or rigid, should
moinloin conlqcl with the froming ond be seqled
qt lhe edges lo prevenl oir leokoge.

KEY PRINCIPLES
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Simple Air Seoling

AIR SEALING CHECKL¡ST
Ten Common Sources Of Air lnfiltrqtion Thot Should Be Checked And Seqled Thoroughly During Conslruction

v Knee wolls ond voulled
ceiling porty wolls

ú
Rim ioist iunclions where the sill plole
meels lhe slob or meels lhe Rim Boord

(/
Util¡ly ond mechonicol penetrol¡ons,
bslween conditioned ond uncondilioned
spoces ond belween floors

V/
Behind tubs ond showers
on exlerior wqlls

-.: -

Nofe: Some e/emenfs eliminoled for clorily.

Form No. T2l0 ¡ @ 2018 APA The Engineered Wood Associoiion ¡ w.opowood.org J



For more information on energy-efficient buildrng solutions,

visit lvww. apawood.org/energy-efficiency.

We hove field represeniolives in mony moior U.S. cilies ond in Csnodo
who con help onswer quesiions involving APA trodemorked producls.

For odditionoì ossislonce in specifying engineered wood producls, conloct us:

APA HEADQUARTERS
701 I So. l91h St..Tocomo, Woshinglon 984óó

{253) 5ó5-óó00. Fox: (253) 565-7265

PRODUCT SUPPORT HEtP DESK
(253\ 620-7 aOl. help@opowood.org

DISCLAIMEN
The informolion contoined herein is bosed on APA - Il¡e Engineered Wood Assæiofion's confinuing
progroms of loborotory lestíng, product reseorch, ond comprehensive field experience. Neither
APA, nor íls members moke ony woffonly, expressed or implied or ossume ony legol |iobilily or
responsibilily lorthe use opplicotion of, ond/or reference lo opiniong findings, conclusions, oÍ rec-
ommendofions included in ihis publicotion. Consult your locol iurisdidion or design professionol fo
ossure complionce wílh code, consiruciion, ond performonce reguirements. Eecouse,APA hos no
control over quolily of workmonship or fhe conditions under which engineered wood producfs ore
used il connol occepf responsibilify for produd perlormonce or designs os ocluolly conslruded.

Simple Air Sealing
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