CHAPTER 1 [CE]
SCOPE AND ADMINISTRATION
PART 1—SCOPE AND APPLICATION

SECTION C101
SCOPE AND GENERAL REQUIREMENTS

C101 1 T|tIe

M&Q@ﬂ%—mﬂ—ymkb&emed—as%%n—s—@eﬁed%#%%eede— Thls code

shall be known as the North Carolina Energy Conservation Code as adopted by the North
Carolina Building Code Council on xxxxxX, to be effective January 1, 2019. References to the
International Codes shall mean the North Carolina Codes. The NCECC is referred to herein as
“this code.”

C101.2 Scope.
This code applies to commercial buildings and the buildings’ sites and associated systems and
equipment.

Exception: Energy expended in support of process enerqy applications does not invoke

energy conservation code requirements or building thermal envelope requirements
unless otherwise required in specific sections of this code.

C101.3 Intent.

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

C101.4 Applicability.

Where, in any specific case, different sections of this code specify different materials, methods
of construction or other requirements, the most restrictive shall govern. Where there is a conflict
between a general requirement and a specific requirement, the specific requirement shall
govern.

C101.4.1 Mixed occupancy.

Where a building includes both residential and commercial occupancies, each occupancy
shall be separately considered and meet the applicable provisions of IECC—Commercial
Provisions or IECC—Residential Provisions.

C101.5 Compliance.
Residential buildings shall meet the provisions of IECC—Residential Provisions. Commercial
buildings shall meet the provisions of IECC—Commercial Provisions.



C101.5.1 Compliance materials.
The code official shall be permitted to approve specific computer software, worksheets,
compliance manuals and other similar materials that meet the intent of this code.

C101.5.2 Requirements of other State Agencies, occupational licensing boards, or
commissions. The North Carolina State Building Codes do not include all additional
requirements for buildings and structures that may be imposed by other State agencies,
occupational licensing boards, and commissions. It shall be the responsibility of a permit
holder, design professional, contractor, or occupational license holder to determine whether
any additional requirements exist.

SECTION C102
ALTERNATE MATERIALS—METHOD
OF CONSTRUCTION, DESIGN
OR INSULATING SYSTEMS

C102.1 General.
DeIeted See the NC Admlnlstratrve Code and Polrcres Ihrs—eede—rs—net—rntended—te—prewnt—the

C102.1.1 Above code programs
DeIeted

PART 2—ADMINISTRATION AND ENFORCEMENT

SECTION C103
CONSTRUCTION DOCUMENTS

C103.1 General.

Construction documents and other supporting data shall be submitted in one or more sets with
each application for a permit. The construction documents shall be prepared by a registered
design professional where requrred by the statutes of the jurrsdlctron |n WhICh the prOJect is to be
constructed L .

Exception: The code official is authorized to waive the requirements for construction
documents or other supporting data if the code official determines they are not necessary to
confirm compliance with this code.

C103.2 Information on construction documents.
Construction documents shall be drawn to scale upenr-suitable-material. Electronic media



documents are permitted to be submitted where approved by the code official. Construction
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, the following as
applicable:

1. Insulation materials and their R-values.

2. Fenestration U-factors and solar heat gain coefficients (SHGCSs).

3. Area-weighted U-factor and solar heat gain coefficient (SHGC) calculations.
4. Mechanical system design criteria.

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

6. Economizer description.

7. Equipment and system controls.

8. Fan motor horsepower (hp) and controls.

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

10. Lighting fixture schedule with wattage and control narrative.

11. Deleted. Location-of-davlight zones-on-floorplans:

12. Air sealing details.

C103.2.1 Building thermal envelope depiction.
The building’s thermal envelope shall be identified represented on the construction
drawings.

C103.3 Examination of documents.
Deleted See the NC Administrative Code and POI|C|es Ih&eeel&e#rer&l—sh&lLex&mm&er—

C103.3.1 Approval of construction documents.
Deleted See the NC Admlnlstratlve Code and PoI|C|es When%h&eeel&emeral—ssue&ar




C103.3.3 Phased approval.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Ihe—eeele—eﬁreral—shau—have—the—

C103.4 Amended construction documents.

Deleted See the NC Admlnlstratlve Code and POI|C|es Ghange&madedenngeenstrueﬂen%

C103.5 Retention of construction documents.

DeIeted See the NC Admlnlstratlve Code and POI|C|es Qneeseteeﬁappitevedeens%menen

SECTION C104
INSPECTIONS

C104.1 General.
DeIeted See the NC Admlnlstratlve Code and Policies. qustmenenepwenefepwhrehﬂa—pepmm

C104.2 Required inspections.
DeIeted See the NC Admlnlstratlve Code and POI|C|es Iheeedeeﬁ.teal—er—hl&er—her—




C104.2.1 Footing and foundation inspection.
DeIeted See the NC Admlnlstratlve Code and Policies. Lnspeehen&asseet&ted—wrthieenngs

C104.2.4 Mechanical rough-in inspection.

DeIeted See the NC Admlnlstratlve Code and PoI|C|es Lnspeetlen&a*rmeeh&nmal—reugh—l#

C104.2.6 Final inspection.
Deleted See the NC Admlnlstratlve Code and Policies. Ihe—bu#dmg—sha“—have—a—ﬁnal—

C104.3 Reinspection.

Deleted. See the NC Administrative Code and Policies. A-building-shall-be-reinspected-when-

C104.4 Approved inspection agencies.
Deleted. See the NC Admlnlstratlve Code and PoI|C|es Iheeedee#retal—ts&uthen—zed—teeeeept
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C104.5 Inspection requests.

DeIeted See the NC Admlnlstratlve Code and PoI|C|es lt—shatl—be—the—daty—ef—the—hetdepef—the-

C104.6 Reinspection and testing.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Whepe—any—weneer—mstauatlen—deeyqet

C104.7 Approval.
Deleted See the NC Admlnlstratlve Code and Policies. Atter—the—p#esenbed—tests—and—

C104.7.1 Revocation.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Iliht-:Leetal~see+‘-ﬁeaahsat:|the|t|;eeel—te—nor

SECTION C105
VALIDITY

C105.1 General.
DeIeted See the NC Admlnlstratlve

Code and PoI|C|es I#a—pemeprefetm&eedes—heldtehe

SECTION C106
REFERENCED STANDARDS

C106.1 Referenced codes and standards.

The codes and standards referenced in this code shall be those listed in Chapter 6, and such
codes and standards shall be considered as part of the requirements of this code to the
prescribed extent of each such reference and as further regulated in Sections C106.1.1 and
C106.1.2.

C106.1.1 Conflicts.
Where conflicts occur between provisions of this code and referenced codes and standards,
the provisions of this code shall apply.

C106.1.2 Provisions in referenced codes and standards.
Where the extent of the reference to a referenced code or standard includes subject matter



that is within the scope of this code, the provisions of this code, as applicable, shall take
precedence over the provisions in the referenced code or standard.

C106.2 Application of references.
References to chapter or section numbers, or to provisions not specifically identified by number,
shall be construed to refer to such chapter, section or provision of this code.

C106.3 Other laws.
The provisions of this code shall not be deemed to nullify any provisions of local, state or federal
law.

SECTION C107
FEES

C107.1 Fees.
DeIeted See the NC Admlnlstratlve Code and POI|C|es A—pe#nmt—shau—net—be—lssued—wqm—the—

C107.3 Work commencing before permit issuance.

DeIeted See the NC Administrative Code and PoI|C|es An%pepsenwheeemmenee&anyeweﬁle

C107.4 Related fees.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Ihe—pawnent—ef—the—tee—ter—the—

C107.5 Refunds.
Deleted. See the NC Administrative Code and Policies. Fhe-code-official-is-authorized-to-

blic! o oelicy

SECTION C108
STOP WORK ORDER

C108.1 Authority.
DeIeted See the NC Admlnlstratlve Code and POI|C|es Whe#e—dw—eede—e#rer&l—ﬁnds—any—weﬂe

C108.2 Issuance.
DeIeted See the NC Admlnlstratlve Code and POI|C|es Ihe—stepwed(—erder—shau—bwmtmg




C108.3 Emergencies.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Whe;e—an—emepgeney—e;ests—the—eede—

C108.4 Failure to comply.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Aﬂy—peFSGH—WhG—Shal-l—eGH{-mHe—&Hy—

SECTION C109
BOARD OF APPEALS

C109.1 General.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Ln—etder—te—hear—and—deerde—appeals—et—

C109.2 Limitations on authority.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Anaappheahenier—appeal—shau—be

C109.3 Qualifications.
Deleted. See the NC Admlnlstratlve Code and PoI|C|es Ihe—leeatd—eﬁappeals—shau—een&spe#




CHAPTER 2 [CE]
DEFINITIONS

SECTION C201
GENERAL

C201.1 Scope.
Unless stated otherwise, the following words and terms in this code shall have the meanings
indicated in this chapter.

C201.2 Interchangeability.

Words used in the present tense include the future; words in the masculine gender include the
feminine and neuter; the singular number includes the plural and the plural includes the
singular.

C201.3 Terms defined in other codes.

Terms that are not defined in this code but are defined in the International Building Code,
International Fire Code, International Fuel Gas Code, International Mechanical Code,
International Plumbing Code or the International Residential Code shall have the meanings
ascribed to them in those codes.

C201.4 Terms not defined.
Terms not defined by this chapter shall have ordinarily accepted meanings such as the context
implies.

SECTION C202
GENERAL DEFINITIONS

ABOVE-GRADE WALL. See “Wall, above-grade.”

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

ACH75. Air Changes per Hour of measured air flow in relation to the building volume while the

building is maintained at a pressure difference of 75 pascals (0.30 in wq).

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

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



AIR CURTAIN. A device, installed at the building entrance, that generates and discharges a
laminar air stream intended to prevent the infiltration of external, unconditioned air into the
conditioned spaces, or the loss of interior, conditioned air to the outside.

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.

APPROVED.

Acceptable to the code official for compliance with the provisions of the applicable Code or
reference standard.

APPROVED AGENCY. An established and recognized agency regularly engaged in conducting
tests or furnishing inspection services when such agency has been approved by the code
official.

AUTOMATIC. Self-acting, operating by its own mechanism when actuated by some impersonal
influence, as, for example, a change in current strength, pressure, temperature or mechanical
configuration (see “Manual”).

BELOW-GRADE WALL. See “Wall, below-grade.”

BOILER, MODULATING. A boiler that is capable of more than a single firing rate in response to
a varying temperature or heating load.

BOILER SYSTEM. One or more boilers, their piping and controls that work together to supply
steam or hot water to heat output devices remote from the boiler.

BUILDING COMMISSIONING. A process that verifies and documents that the selected building
systems have been designed, installed, and function according to the owner’s project
requirements and construction documents, and to minimum code requirements.

BUILDING ENTRANCE. Any door, set of doors, doorway, or other form of portal that is used to
gain access to the building from the outside by the public.

BUILDING SITE. A continguous area of land that is under the ownership or control of one entity.
BUILDING THERMAL ENVELOPE. The “‘walls, below-grade”, basementwalls; exterior walls,

floor, roof and any other building elements that enclose conditioned space or provide a
boundary between conditioned space and exempt or unconditioned space.




C-FACTOR (THERMAL CONDUCTANCE). The coefficient of heat transmission (surface to
surface) through a building 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 -

. °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 the fixture supply and back to the water-heating
equipment.

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

CODE OFFICIAL. The officer or other designated authority charged with the administration and
enforcement of this code, or a duly authorized representative.

COEFFICENT OF PERFORMANCE (COP) — COOLING. The ratio of the rate of heat input, in
consistent units, for a complete refrigerating system or some specific portion of that system
under designated operating conditions.

COEFFICIENT OF PERFORMANCE (COP) — HEATING. The ratio of the rate of heat delivered
to the rate of energy input, in consistent units, for a complete heat pump system, including the
compressor and, if applicable, auxiliary heat, under designated operating conditions.

COMMERCIAL BUILDING. For this code, all buildings that are not included in the definition of
“Residential building.”

COMPUTER ROOM. A room whose primary function is to house equipment for the processing
and storage of electronic data and that has a design electronic data equipment power density
exceeding 20 watts per square foot of conditioned floor area.

CONDENSING UNIT. A factory-made assembly of refrigeration components designed to
compress and liquefy a specific refrigerant. The unit consists of one or more refrigerant
compressors, refrigerant condensers (air-cooled, evaporatively cooled, or water-cooled),
condenser fans and motors (where used) and factory-supplied accessories.

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

. I I : « . 4 v F . I

A space within a building that is provided with heating or cooling equipment or systems capable

of maintaining, through design or heat loss/gain, 50°F (10°C) during the heating season or 85°F

(29°C) during the cooling season, or communicates directly with a conditioned space. Spaces
within the building thermal envelope are considered conditioned space.




CONTINUOUS AIR BARRIER. A combination of materials 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 thermal bridges other than fasteners and service openings. It is installed on
the interior or exterior or is integral to any opaque surface of the building envelope.

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

DAYLIGHT RESPONSIVE CONTROL. A device or system that provides automatic control of
electric light levels based on the amount of daylight in a space.

DAYLIGHT ZONE. That portion of a building’s interior floor area that is illuminated by natural
light.

DEMAND CONTROL VENTILATION (DCV). A ventilation system capability that provides for
the automatic reduction of outdoor air intake below design rates when the actual occupancy of
spaces served by the system is less than design occupancy.

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 transmission of air that, in addition to ducts,
includes duct fittings, dampers, plenums, fans and accessory air-handling equipment and
appliances.

B} DWELLING UNIT. A single unit providing complete independent living facilities for one or
more persons, including permanent provisions for living, sleeping, eating, cooking and
sanitation.

DYNAMIC GLAZING. Any fenestration product that has the fully reversible ability to change its
performance properties, including U-factor, solar heat gain coefficient (SHGC), or visible
transmittance (VT).

ECONOMIZER, AIR. A duct and damper arrangement and automatic control system that allows
a cooling system to supply outside air to reduce or eliminate the need for mechanical cooling
during mild or cold weather.

ECONOMIZER, WATER. A system where the supply air of a cooling system is cooled indirectly
with water that is itself cooled by heat or mass transfer to the environment without the use of
mechanical cooling.

ENCLOSED SPACE. A volume surrounded by solid surfaces such as walls, floors, roofs, and
openable devices such as doors and operable windows.



ENERGY ANALYSIS. A method for estimating the annual energy use of the proposed design
and standard reference design based on estimates of energy use.

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

M} ENERGY RECOVERY VENTILATION SYSTEM. Systems that employ air-to-air heat
exchangers to recover energy from exhaust air for the purpose of preheating, precooling,
humidifying or dehumidifying outdoor ventilation air prior to supplying the air to a space, either
directly or as part of an HVAC system.

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

ENTRANCE DOOR. Fenestration products used for ingress, egress and access in
nonresidential buildings, including, but not limited to, exterior entrances that utilize latching
hardware and automatic closers and contain over 50-percent glass specifically designed to
withstand heavy use and possibly abuse.

EQUIPMENT ROOM. A space that contains either electrical equipment, mechanical equipment,
machinery, water pumps or hydraulic pumps that are a function of the building’s services.

EXTERIOR WALL. Walls including both above-grade walls and basement-walls “walls, below-
grade”.

FAN BRAKE HORSEPOWER (BHP). The horsepower delivered to the fan’s shaft. Brake
horsepower does not include the mechanical drive losses (belts, gears, etc.).

FAN SYSTEM BHP. The sum of the fan brake horsepower of all fans that are required to
operate at fan system design conditions to supply air from the heating or cooling source to the
conditioned spaces and return it to the source or exhaust it to the outdoors.

FAN SYSTEM DESIGN CONDITIONS. Operating conditions that can be expected to occur
during normal system operation that result in the highest supply fan airflow rate to conditioned
spaces served by the system.

FAN SYSTEM MOTOR NAMEPLATE HP. The sum of the motor nameplate horsepower of all
fans that are required to operate at design conditions to supply air from the heating or cooling
source to the conditioned spaces and return it to the source or exhaust it to the outdoors.

FENESTRATION. Products classified as either vertical fenestration or skylights.

Skylight. Glass or other transparent or translucent glazing material installed at a slope of
less than 60 degrees (1.05 rad) from horizontal.



Vertical fenestration. Windows (fixed or moveable), opaque doors, glazed doors, glazed
block and combination opaque/glazed doors composed of glass or other transparent or
translucent glazing materials and installed at a slope of at least 60 degrees (1.05 rad) from
horizontal.

FENESTRATION PRODUCT, FIELD-FABRICATED. A fenestration product whose frame is
made at the construction site of standard dimensional lumber or other materials that were not
previously cut, or otherwise formed with the specific intention of being used to fabricate a
fenestration product or exterior door. Field fabricated does not include site-built fenestration.

FENESTRATION PRODUCT, SITE-BUILT. A fenestration designed to be made up of field-
glazed or field-assembled 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.

F-FACTOR. The perimeter heat loss factor for slab-on-grade floors (Btu/h ft °F) [W/(m K)].

FLOOR AREA, NET. The actual occupied area not including unoccupied accessory areas such
as corridors, stairways, toilet rooms, mechanical rooms and closets.

GENERAL LIGHTING. Lighting that provides a substantially uniform level of illumination
throughout an area. General lighting shall not include decorative lighting or lighting that provides
a dissimilar level of illumination to serve a specialized application or feature within such area.

GENERAL PURPOSE ELECTRIC MOTOR (SUBTYPE I). A motor that is designed in standard
ratings with either of the following:

1. Standard operating characteristics and standard mechanical construction for use under
usual service conditions, such as those specified in NEMA MG1, paragraph 14.02,
“Usual Service Conditions,” and without restriction to a particular application or type of
application.

2. Standard operating characteristics or standard mechanical construction for use under
unusual service conditions, such as those specified in NEMA MG1, paragraph 14.03,
“Unusual Service Conditions,” or for a particular type of application, and that can be
used in most general purpose applications.

General purpose electric motors (Subtype I) are constructed in NEMA T-frame sizes or IEC
metric equivalent, starting at 143T.

GENERAL PURPOSE ELECTRIC MOTOR (SUBTYPE Il). A motor incorporating the design
elements of a general purpose electric motor (Subtype |) that is configured as one of the
following:

1. A U-frame motor.

2. A Design C motor.

3. Aclose-coupled pump motor.



4. A footless motor.
5. A vertical, solid-shaft, normal-thrust motor (as tested in a horizontal configuration).
6. An 8-pole motor (900 rpm).

7. A polyphase motor with voltage of not more than 600 volts (other than 230 or 460 volts).

GREENHOUSE. A structure or a thermally isolated area of a building that maintains a
specialized sunlit environment exclusively used for, and essential to, the cultivation, protection
or maintenance of plants.

HEAT TRAP. An arrangement of piping and fittings, such as elbows, or a commercially
available heat trap that prevents thermosyphoning of hot water during standby periods.

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

HIGH SPEED DOOR. A nonswinging door used primarily to facilitate vehicular access or
material transportation, with a minimum opening rate of 32 inches (813 mm) per second, a
minimum closing rate of 24 inches (610 mm) per second and that includes an automatic-closing
device.

HISTORIC BUILDING. Any building or structure that is one or more of the following:

1. Listed, or certified as eligible for listing by the State Historic Preservation Officer or the
Keeper of the National Register of Historic Places, in the National Register of Historic
Places.

2. Designated as historic under an applicable state or local law.

3. Certified as a contributing resource within a National Register-listed, state-designated or
locally designated historic district.

HUMIDISTAT. A regulatory device, actuated by changes in humidity, used for automatic control
of relative humidity.

INFILTRATION. The uncontrolled 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.

INTEGRATED PART LOAD VALUE (IPLV). A single-number figure of merit based on part-load
EER, COP or kW/ton expressing part-load efficiency for air-conditioning and heat pump
equipment on the basis of weighted operation at various load capacities for equipment.

LABELED. Appliances, eEquipment, materials or products to which have been affixed a label,
seal, symbol or other identifying mark of a nationally recognized testing laboratory, inspection
agency or other organization concerned with product evaluation that maintains periodic
inspection of the production of the above-labeled items and whose labeling indicates either that
the equipment, material or product meets identified standards or has been tested and found
suitable for a specified purpose.



LAMP. The device in a lighting fixture that provides illumination, typically a bulb, fluorescent
tube, or light emitting diode (LED).

LINER SYSTEM (Ls). A system that includes the following:

1. A continuous vapor barrier liner membrane that is installed below the purlins and that is
uninterrupted by framing members.

2. An uncompressed, unfaced insulation resting on top of the liner membrane and located
between the purlins.

For multilayer installations, the last rated R-value of insulation is for unfaced insulation
draped over purlins and then compressed when the metal roof panels are attached.

LISTED. Appliances, eEquipment, materials, products or services included in a list published by
an organization acceptable to the code official and concerned with evaluation of products or
services that maintains periodic inspection of production of listed equipment or materials or
periodic evaluation of services and whose listing states either that the equipment, material,
product or service meets identified standards or has been tested and found suitable for a
specified purpose.

LOW-SLOPED ROOF. A roof having a slope less than 2 units vertical in 12 units horizontal.

LOW-VOLTAGE DRY-TYPE DISTRIBUTION TRANSFORMER. A transformer that is air-
cooled, does not use oil as a coolant, has an input voltage less than or equal to 600 volts and is
rated for operation at a frequency of 60 hertz.

LOW-VOLTAGE LIGHTING. Lighting equipment powered through a transformer such as a
cable conductor, a rail conductor and track lighting.

MANUAL. Capable of being operated by personal intervention (see “Automatic”).

NAMEPLATE HORSEPOWER. The nominal motor horsepower rating stamped on the motor
nameplate.

NONSTANDARD PART LOAD VALUE (NPLV). A single-number part-load efficiency figure of
merit calculated and referenced to conditions other than IPLV conditions, for units that are not
designed to operate at AHRI standard rating conditions.

OCCUPANT SENSOR CONTROL. An automatic control device or system that detects the
presence or absence of people within an area and causes lighting, equipment or appliances to
be regulated accordingly.

ON-SITE RENEWABLE ENERGY. Erergy-derived-from-solarradiation,wind—wavestides;-

renewable-energy-shall-belocated-entheprojectsite- Includes solar photovoltaic; active solar
thermal that employs collection panels, heat transfer mechanical components; wind; small
hydro; tidal; wave energy; geothermal (core earth); biomass energy systems; landfill gas and
bio-fuel based electrical production. Onsite energy shall be generated on or adjacent to the
project site and shall not be delivered to the project through the utility service.




OPAQUE DOOR. A door that is not less than 50-percent opaque in surface area.

POWERED ROOF/WALL VENTILATORS. A fan consisting of a centrifugal or axial impeller
with an integral driver in a weather-resistant housing and with a base designed to fit, usually by
means of a curb, over a wall or roof opening.

PROCESS ENERGY. Energy consumed in support of manufacturing, industrial, or commercial
process other than conditioning spaces and maintaining comfort and amenities for the
occupants of a building.

PROPOSED DESIGN. A description of the proposed building used to estimate annual energy
use for determining compliance based on total building performance.

RADIANT HEATING SYSTEM. A heating system that transfers heat to objects and surfaces
within a conditioned space, primarily by infrared radiation.

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 obstacles or
to resort to portable ladders or access equipment (see “Accessible”).

constructed: An individual who is licensed to practice his respective design profession as
defined by the statutory requirements of the professional registration laws of the state or
jurisdiction in which the project is to be constructed. Design by a Licensed Design Professional
is not required where exempt under the reqgistration or licensure laws.

REPAIR. The reconstruction or renewal of any part of an existing building for the purpose of its
maintenance or to correct damage.



REROOFING. The process of recovering or replacing an existing roof covering. See “Roof
recover” and “Roof replacement.”

RESIDENTIAL BUILDING. For this code, 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 ASSEMBLY. A system designed to provide weather protection and resistance to design
loads. The system consists of a roof covering and roof deck or a single component serving as
both the roof covering and the roof deck. A roof assembly includes the roof covering,
underlayment, roof deck, insulation, vapor retarder and interior finish.

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

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

ROOF REPLACMENT. The process of removing the existing roof covering, repairing any
damaged substrate and installing a new roof covering.

ROOFTOP MONITOR. A raised section of a roof containing vertical fenestration along one or
more sides.

R-VALUE (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

2 2
the two surfaces, under steady state conditions, per unit area (h - ft - °F/Btu) [(m - K)/W].

SCREW LAMP HOLDERS. A lamp base that requires a screw-in-type lamp, such as a
compact-fluorescent, incandescent or tungsten-halogen bulb.

SERVICE WATER HEATING. Supply of hot water for purposes other than comfort heating.

SHADING COEFFICIENT The amount of the sun's heat transmitted through a given window
compared with that of a standard 1/8- inch-thick single pane of glass under the same conditions.

SITE-RECOVERED ENERGY. Waste energy recovered at the building site that is used to off-
set consumption of purchased fuel or electrical energy supplies.

B} SLEEPING UNIT. A room or space in which people sleep, which can also include
permanent provisions for living, eating, and either sanitation or kitchen facilities but not both.
Such rooms and spaces that are also part of a dwelling unit are not sleeping units.



SMALL ELECTRIC MOTOR. A general purpose, alternating current, single speed induction
motor.

SOLAR ENERGY SOURCE. Source of thermal, chemical, or electrical enerqy derived from
direct conversion of incident solar radiation at the building site.

SOLAR HEAT GAIN COEFFICIENT (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 which is then reradiated, conducted
or convected into the space.

STANDARD REFERENCE DESIGN. A version of the proposed 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 performance.

STOREFRONT. A nonresidential system of doors and windows mulled as a compaosite
fenestration structure that has been designed to resist heavy use. Storefront systems include,
but are not limited to, exterior fenestration systems that span from the floor level or above to the
ceiling of the same story on commercial buildings, with or without mulled windows and doors.

THERMOSTAT. An automatic control device used to maintain temperature at a fixed or
adjustable set point.

TIME SWITCH CONTROL. An automatic control device or system that controls lighting or other
loads, including switching off, based on time schedules.

U-FACTOR (THERMAL TRANSMITTANCE). The coefficient of heat transmission (air to air)

through a building component or assembly, equal to the time rate of heat flow per unit area and
2

unit temperature difference between the warm side and cold side air films (Btu/h - ft - °F)

Wi’ - K)].

UNCONDITIONED SPACE. A space within the building but not within the building thermal
envelope.

VARIABLE REFRIGERANT FLOW SYSTEM. An engineered direct-expansion (DX) refrigerant
system that incorporates a common condensing unit, at least one variable-capacity compressor,
a distributed refrigerant piping network to multiple indoor fan heating and cooling units each
capable of individual zone temperature control, through integral zone temperature control
devices and a common communications network. Variable refrigerant flow utilizes three or more
steps of control on common interconnecting piping.

VAPOR RETARDER CLASS 1. A measure of the ability of a material or assembly to limit the
amount of moisture that passes through that material or assembly. Vapor retarder class 1 is
defined as 0.1 perm or less when using the desiccant method with Procedure A of ASTM 96.

M} VENTILATION. The natural or mechanical process of supplying conditioned or
unconditioned air to, or removing such air from, any space.



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

VISIBLE TRANSMITTANCE [VT]. 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.

WALK-IN COOLER. An enclosed storage space capable of being refrigerated to temperatures
above 32°F (0°C) and less than 55°F (12.8°C) that can be walked into, has a ceiling height of
not less than 7 feet (2134 mm) and has a total chilled storage area of less than 3,000 square

feet (279 mz).

WALK-IN FREEZER. An enclosed storage space capable of being refrigerated to temperatures
at or below 32°F (0°C) that can be walked into, has a ceiling height of not less than 7 feet (2134

2
mm) and has a total chilled storage area of less than 3,000 square feet (279 m ).

WALL, ABOVE-GRADE. A wall associated with the building thermal envelope that is more than
15 percent above grade and is on the exterior of the building or any wall that is associated with
the building thermal envelope that is not on the exterior of the building.

WALL, BELOW-GRADE. A wall associated with the basement or first story of the building that
is part of the building thermal envelope, is not less than 85 percent below grade and is on the
exterior of the building.

WATER HEATER. Any heating appliance or equipment that heats potable water and supplies
such water to the potable hot water distribution system.

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



CHAPTER 3 [CE]
GENERAL REQUIREMENTS

SECTION C301
CLIMATE ZONES

C301.1 General.
Climate zones from Figure C301.1 or Table C301.1 shall be used in determining the applicable

requirements from Chapter 4. Locations-noet-in-Table- C301-1 (outside- the United-States)-shallbe
assigned-a-climatezone-based-on-Seection-C3013-

C301.2 Warm humid counties.
Warm humid counties are identified in Table C301.1 by an asterisk.

C301.3 International climate zones.
Deleted. Note: Table C301.3(1) and Table C301.3(2) contain no NC requirements but are

retained for mformatlon onlv Ihe—el+ma¥e—zene49pany49ea¥ren—ea%s4ée—me-umted&a¥es—sha#

C301.4 Tropical climate zone.

Deleted. The-tropical-climatezone-shallbe-defined-as:

TABLE C301.1
NORTH CAROLINA CLIMATE ZONES, MOISTURE REGIMES, AND WARM-HUMID
DESIGNATIONS
BY COUNTY

Key: A — Moist—B

Asterisk (*) indicates a warm-humid location.

NORTH 4A Bertie 4A Caswell
CAROLINA 3A Bladen 4A Catawba
4A Alamance 3A Brunswick* 4A Chatham
4A Alexander 4A Buncombe 4A Cherokee
5A Alleghany 4A Burke 3A Chowan
3A Anson 3A Cabarrus 4A Clay

5A Ashe 4A Caldwell 4A Cleveland
5A Avery 3A Camden 3A Columbus*

3A Beaufort 3A Carteret* 3A Craven



3A Cumberland 3A Richmond

3A Currituck 3A Robeson
3A Dare 4A Rockingham
3A Davidson 3A Rowan

4A Davie 4A Rutherford
3A Duplin 3A Sampson
4A Durham 3A Scotland
3A Edgecombe 3A Stanly

4A Forsyth 4A Stokes

4A Franklin 4A Surry

3A Gaston 4A Swain

4A Gates 4A Transylvania
4A Graham 3A Tyrrell

4A Granville 3A Union

3A Greene 4A Vance

4A Guilford 4A Wake

4A Halifax 4A Warren
4A Harnett 3A Washington
4A Haywood 5A Watauga
4A Henderson 3A Wayne

4A Hertford 4A Wilkes

3A Hoke 3A Wilson

3A Hyde 4A Yadkin

4A Iredell 5A Yancey
4A Jackson

3A Johnston

3A Jones

4A Lee

3A Lenoir

4A Lincoln

4A Macon

4A Madison

3A Martin

4A McDowell

3A Mecklenburg

5A Mitchell

3A Montgomery

3A Moore

4A Nash

3A New Hanover*
4A Northampton
3A Onslow*

4A Orange

3A Pamlico

3A Pasquotank
3A Pender*

3A Perquimans
4A Person

3A Pitt

4A Polk

3A Randolph




5A 4A

Warm and Humid Counties
are below the dashed white
line

Figure C301.1 North Carolina Climate Zones
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3B WHbarger  BBAdams 4ABraden BAUpsher BA-Masrnchc
2AWillaeyr BB-Asetn  BABreeke = 4AWawe  BA-Marquette
2A-Williamson* 5B Benton = 4ACabell  BAWebster = 6A Menominee
2A-Wilson* 5BChelan  4ACalhoun  B5GAWetzel = BA Miwaukee
3B-Winkler ACClallam 4AClay AAWirt 6A-Monroe
3A-Wise 5A Deddridge  4AWoed 6A-Oconto
3A-Wood* S5AFayette  4AWyeming = 7Oneida
4B-Yoakum B6A Outagamie
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FABLEC30—contnued

6A Ozaukee T Taylor 6BBigHorn = 6BSheridan @ NORTHERN
BA-Repin 6A-Trempealeay 6BCampbell 7 Sublette MARIANA

BA-Pierce BA-VMernon 6B Carbon  6BSweetwater = ISLANDS

BA-Polk 7Vilas 6B Converse 7 Teton IA(alhy*

6A-Portage 6A-Walworth 6B-Crook 6B-Uinta PUERTORICO
7Price 7Washburn 6B-Fremont  6BWashakie = 1A (all)®

6A-Racine 6AWashington @ BBGoeshen = 6BWeston = MRGINASLANDS
8ARichland = BAWaukesha = 6BHotSprings = USTERRIFORIES 1A (al)*

6A-Roek 6A-Waupaca 6BJchnsen AMERICAN

EAask 6AWaushara = 6Blaramie = SAMOA

EA-Sonlk 6AWinnebage @ = ZLlincoln IA(alh*

7-Sawyer 6AWood 6BNatrona = GUAM

6A-Shawano = WYOMING 6B-Nigbrara = 1A (al)*

6A-Sheboygan ~ 6B-Albany 6B-Park

EASE-Crens 5B-Platte

TABLE C301.3(1)
INTERNATIONAL CLIMATE ZONE DEFINITIONS

MAJOR CLIMATE TYPE DEFINITIONS
Marine (C) Definition—Locations meeting all four criteria:
1. Mean temperature of coldest month between -3°C (27°F) and 18°C (65°F).
2. Warmest month mean < 22°C (72°F).
3. At least four months with mean temperatures over 10°C (50°F).
4. Dry season in summer. The month with the heaviest precipitation in the cold season has at least
three 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.
Dry (B) Definition—Locations meeting the following criteria:
Not marine and P in <0.44 x (TF - 19.5) [PCm <2.0x%x(TC+7)in Sl units]

where:

P . = Annual precipitation in inches (cm)
in

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

1. 67°F (19.4°C) or higher for 3,000 or more hours; or
2. 73°F (22.8°C) or higher for 1,500 or more hours.

shall occur during the warmest six consecutive months of the year:

following wet-bulb temperature conditions

For SI: °C = [(°F)-32]/1.8, 1 inch = 2.54 cm.

TABLE C301.3(2)

INTERNATIONAL CLIMATE ZONE DEFINITIONS

ZONE THERMAL CRITERIA
NUMBER IP Units Sl Units
1 9000 < CDD50°F 5000 < CDD10°C
2 6300 < CDD50°F < 9000 3500 < CDD10°C < 5000
3A and 3B 4500 < CDD50°F < 6300 AND HDD65°F < 5400 | 2500 < CDD10°C < 3500 AND HDD18°C < 3000
4A and 4B CDD50°F < 4500 AND HDD65°F < 5400 CDD10°C < 2500 AND HDD18°C < 3000
3C HDDG65°F < 3600 HDD18°C < 2000
4C 3600 < HDD65°F < 5400 2000 < HDD18°C < 3000
5 5400 < HDD65°F < 7200 3000 < HDD18°C < 4000
6 7200 < HDD65°F < 9000 4000 < HDD18°C < 5000
7 9000 < HDD65°F < 12600 5000 < HDD18°C < 7000
8 12600 < HDD65°F 7000 < HDD18°C

For SI: °C = [(°F)-32]/1.8.

SECTION C302

DESIGN CONDITIONS

C302.1 Interior design conditions.

The interior design temperatures used for heating and cooling load calculations shall be a
maximum of 72°F (22°C) for heating and minimum of 75°F (24°C) for cooling.

SECTION C303
MATERIALS, SYSTEMS AND

C303.1 Identification.

EQUIPMENT

Materials, systems and equipment shall be identified in a manner that will allow a determination

of compliance with the applicable provisions of this code.

C303.1.1 Building thermal envelope insulation.

An R-value identification mark shall be applied by the manufacturer to each piece of building
thermal envelope insulation 12 inches (305 mm) or greater in width. Alternately, the
insulation installers shall provide a certification listing the type, manufacturer and R-value of
insulation 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 number

of bags installed shall be listed on the

certification. For sprayed polyurethane foam (SPF) insulation, the installed thickness of the
areas covered and R-value of installed thickness shall be listed on the certification. For




insulated siding, the R-value shall be labeled on the product’s package and shall be listed
on the certification. The insulation installer shall sign, date and post the certification in a
conspicuous location on the job site.

C303.1.1.1 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
joists and marked with the minimum initial installed thickness with numbers not less than
1 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
provided by the insulation installer.

C303.1.2 Insulation mark installation.
Insulating materials shall be installed such that the manufacturer’s R-value mark is readily
observable upon inspection.

C303.1.3 Fenestration product rating.

U-factors of fenestration products (windows, doors and skylights) shall be determined in
accordance with NFRC 100. U-factors shall be determined by an accredited, independent
laboratory, and labeled and certified by the manufacturer. Products lacking such a labeled
U-factor shall be assigned a default U-factor from Table R303.1.3(1) or R303.1.3(2). The
solar heat gain coefficient (SHGC) and visible transmittance (VT) of glazed fenestration
products (windows, glazed doors and skylights) shall be determined in accordance with
NFRC 200 by an accredited, independent laboratory, and labeled and certified by the
manufacturer. Products lacking such a labeled SHGC or VT shall be assigned a default
SHGC or VT from Table R303.1.3(3).

Exception: When a garage door is a part of the building thermal envelope WWhere-
reguired, garage door U-factors shall be determined in accordance with either NFRC
100 or ANSI/DASMA 105.




TABLE C303.1.3(1)
DEFAULT GLAZED FENESTRATION U-FACTORS

SINGLE DOUBLE SKYLIGHT
FRAME TYPE PANE PANE Single Double
Metal 1.20 0.80 2.00 1.30
Metal with Thermal Break 1.10 0.65 1.90 1.10
Nonmetal or Metal Clad 0.95 0.55 1.75 1.05
Glazed Block 0.60
TABLE C303.1.3(2)
DEFAULT DOOR U-FACTORS
DOOR TYPE U-FACTOR

Uninsulated Metal 1.20

Insulated Metal 0.60

Wood 0.50

Insulated, nonmetal edge, max 45% glazing, 035

any glazing double pane '

TABLE C303.1.3(3)
DEFAULT GLAZED FENESTRATION SHGC AND VT

SINGLE GLAZED DOUBLE GLAZED GLAZED

Clear Tinted Clear Tinted BLOCK
SHGC 0.8 0.7 0.7 0.6 0.6
VT 0.6 0.3 0.6 0.3 0.6

C303.1.4 Insulation product rating.
The thermal resistance (R-value) of insulation shall be determined in accordance with the

2
U.S. Federal Trade Commission R-value rule (CFR Title 16, Part 460) in units of h - ft -
°F/Btu at a mean temperature of 75°F (24°C).

C303.1.4.1 Insulated siding.

The thermal resistance (R-value) of insulated siding shall be determined in accordance
with ASTM C1363. Installation for testing shall be in accordance with the manufacturer’'s
instructions.

C303.2 Installation.
Materials, systems and equipment shall be installed in accordance with the manufacturer’s
instructions and the International Building Code.

C303.2.1 Protection of exposed foundation insulation.

Insulation applied to the exterior of basement walls, crawlspace walls and the perimeter of
slab-on-grade floors shall have an rigig; opague and weather-resistant 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.



C303.3 Maintenance information.
Malntenance mstructlons shaII be furnlshed for equment and systems that requwe preventive




CHAPTER 4 [CE]
COMMERCIAL ENERGY EFFICIENCY

SECTION C401
GENERAL

C401.1 Scope.
The provisions in this chapter are applicable to commercial buildings and their building sites.

C401.2 Application.
Commercial buildings shall comply with one of the following:

1. The requirements of ANSI/ASHRAE/IESNA 90.1-2013.

2. The requirements of Sections C402 through C405. In addition, commercial buildings
shall comply with Section C406 and tenant spaces shall comply with Section C406.1.1.

3. The requirements of Sections C402.5, C403.2, C404, C405.2, C405.3, C405.5, C405.6
and C407. The building energy cost shall be equal to or less than 85 percent of the
standard reference design building.

North Carolina specific COMcheck or ASHRAE 90.1-2013 COMcheck shall be permitted

to demonstrate compliance with this code.

SECTION C402
BUILDING ENVELOPE REQUIREMENTS

C402.1 General (Prescriptive).
Building thermal envelope assemblies for buildings that are intended to comply with the code on



a prescriptive basis, in accordance with the compliance path described in Item 2 of Section
C401.2, shall comply with the following:

1. The opaque portions of the building thermal envelope shall comply with the specific
insulation requirements of Section C402.2 and the thermal requirements of either the R-
value-based method of Section C402.1.3; the U-, C-and F-factor-based method of
Section C402.1.4; or the component performance alternative of Section C402.1.5.

2. Roof solar reflectance and thermal emittance shall comply with Section C402.3.

3. Fenestration in building envelope assemblies shall comply with Section C402.4.

4. Air leakage of building envelope assemblies shall comply with Section C402.5.

Alternatively, where buildings have a vertical fenestration area or skylight area exceeding
that allowed in Section C402.4, the building and building thermal envelope shall comply with
Section C401.2, Item 1 or Section C401.2, Item 3.

C402.1.1 Low-energy buildings.

The following low-energy buildings, or portions 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 C402.

2 2
1. Those with a peak design rate of energy usage less than 3.4 Btu/h - ft (10.7 W/m )
2
or 1.0 watt per square foot (10.7 W/m ) of floor area for space conditioning purposes.

2. Those that do not contain conditioned space.

3. Greenhouses.

C402.1.2 Equipment buildings.

Deleted.




C402.1.3 Insulation component R-value-based method.

Building thermal envelope opaque assemblies shall meet the requirements of Sections
C402.2 and C402.4 based on the climate zone specified in Chapter 3. For opaque portions
of the building thermal envelope intended to comply on an insulation component R-value
basis, the R-values for insulation in framing cavities, where required, and for continuous
insulation, where required, shall be not less than that specified in Table C402.1.3, based on
the climate zone specified in Chapter 3. Commercial buildings or portions of commercial
buildings enclosing Group R occupancies shall use the R-values from the “Group R” column
of Table C402.1.3. Commercial buildings or portions of commercial buildings enclosing
occupancies other than Group R shall use the R-values from the “All other” column of Table
C402.1.3. The thermal resistance or R-value of the insulating material installed continuously
within or on the below-grade exterior walls of the building envelope required in accordance
with Table C402.1.3 shall extend to a depth of not less than 10 feet (3048 mm) below the
outside finished ground level, or to the level of the lowest floor of the conditioned space
enclosed by the below grade wall, whichever is less. Opaque swinging doors shall-comphy-
with-Table-€402.14 and opaque nonswinging doors shall comply with Table C402.1.3.




1 4 EXCEPT- 5-AND- 6 2 8
CLIMATE MARINE MARINE 4
ZONE Al Group All Group All Group Al Group Al Group AH- Group AH- Group AH- Group-
other R other R other R other R other R other R other R other R
Roofs
Ihsulation
-entirely R- R-25ci R- R-25ci R- o5ei R- 20ci R- R-30ci R- R-30¢i R- R-
deck
Metal R-19 R-19 | R-19 R-19 | R-19 R-19 R-19 R-19 R-19 R-19 R-25 R-25- R-30 R-30 R-30 | R-30+
b +R- +R- +R- +R- +R- +R- +R- +R- +R- +R- +R- +R- +R- +R- +R- R-11-
buildings LS | 3LS [ $LS | 33LS | LS | 33LS | 4HS | 33S | A4S | 3tSs [ 33LS | 3iS | LS | 33LS | S LS
other 38 38 38 38 38 38 38 38 38 ; 49 49 49 : : ;
Walls, above grade
M R‘e R-e R-e R- R- R- R- R- R- R- R- R- R- R- R- 25ei
5.76i 5.76i 5.76i 7.6¢ci 7.6¢ci 9.5¢i 9.5¢i 114l | 1t4ei | 133ci | 13:3ei | 15:2ci | 15:2¢i | 15:2¢i 25¢i
R-13 R-13 | R-13 R-13 R-13 R-13 R-13 R-13 R-13
Metal ol el e L R Ll e B B B e B ol B
building R- R- R- R136i R- R- R- R136i R- R136i R- 19.5¢i R- ) 5ci
R13 R13 R13 R-13- | R13 R-13- R-13- R-13- R-13- R-13- R-13- R-13- R-13- R-13- R-13-
Metal- . . . + + + + + + + + + + + + R-13+
framed R-5ei R-5ci R-5ci R- R- R- R- R- R- R- R- R- R- R- R- Ri75¢i
R-13- R-13- R-13- R-13- R-13- R13-
R-13 R-13 R-13 R-13 R-13 R-13 R-13 R-13 R-13 + + + + + + R13 +
+ + + + + + + + + R- R- R- R- R- R- R-
F"EEE R- R- R- R- R- R- R- R- R- 7.5¢i 7.5¢i 7.5¢i 7.5¢i 7.5¢i 15.6¢i 15.6¢i
oF or or or or oF oF oF oF 20 20 20 20 20 20 —+R-
R-20 R-20 R-20 R-20 R-20 R-20 R-20 R-20 R-20 +R- +R- +R- +R- +R- —+R- 10ei
Walls, below grade
Below-grade
R- R- R- R- R- R- R- . R- R-
waud NR NR NR NR NR NR Ztei Ztei 7560 el Z5ei Z5¢i 106i R-10ci 106i 2 5ei
Floers
e NR NR R- R- R- R10ci R- R- R- R- R- R- R- R- R- R-
’ ) R.3 R.3 R.3 R.30 R.30 R.30 R.30 R3 R3 f f f f f
Joistiraming NR NR R-30 R-30 R-30 R-30 R-30
Slab-on-grade floors
R-16- R-16- R-16- R-10- R-10- R-15- R-15- R-15- R-15- R-20-
Unheated for for for for for for for for for for
below | below | below | beloew | below | below | below | below | below below
Heated for for for for for for for for for for for for for for for for
below | below | below | below | below | below | below | below | below | below | below | below | below | below | below below
A R- R- R- R- R- R- R- R- R- R- R- R- R- R- R- R4S




TABLE C402.1.3

OPAQUE THERMAL ENVELOPE INSULATION COMPONENT MINIMUM REQUIREMENTS,

R-VALUE METHOD'

Climate Zone 3 4 5
AllOther |  GroupR AllOther |  GroupR AllOther |  GroupR
Roofs
Insulation entirely R-25ci R-25ci R-30ci R-30ci R-30ci R-30ci
above deck
Metal buildin sa,b R-10 + R-19 R-10 + R-19 R-19 + R-11 R-19 + R-11 R-19 + R-11 R-19 + R-11
Metal bulldings
R-25+R-8Ls | R25+R-8Ls | R-25+R-8Ls | R-25+R-8Ls
Attic and other - wood R-38 R-38 R-42 R-42 R-42 R-42
framinge
Attic and other - steel R-38 R-38 R-49 R-49 R-49 R-49
framinge
Walls, Above Grade
Mass R-7.6 ci R-9.5 ci R-9.5 ci R-11.4ci R-11.4ci R-15ci
Metal buildin b R-0+R-9.8 ci R-0 + R-13 ci R-0 +CiR-15.8 R-0 + R-19 ci R-0 + R-19 ci R-0+R-19ci
Metal framed R-13+7.5¢ci R-13 + R-13 + R7.5ci | R-13+R-7.5ci R-13+R-7.5ci R-13+R-10ci
R-7.5 ci
Wood framed and R-13 + R-3.8¢ci | R-13+ R-3.8ci | R-13+ R-3.8ci | R-13+ R-3.8ci | R-13+ R-3.8ci | R-13+ R-7.5ci
other or R-20 or R-20 or R-20 or R-20 or R-20 or R-20+R-
3.8ci
Walls, Below Grade
Below-grade wall® R-7.5ci R-7.5ci R-7.5ci R-10 ci R-7.5ci R-10 ci
Floors
Mass R-12.5ci R-12.5 ci R-14.6 ci R-16.7 ci R-14.6 ci R-16.7 ci
Joist / Framing R-30d R-30d R-38 R-38 R-38 R-38
Slab-on-Grade Floors®
Unheated slabs NR R-10for24in. | R-15for24in. | R-15for24in. | R-15for 24 in. | R-20 for 24 in.
Heated slabs R-15for 24 in. | R-15for24in. | R-20 for 24 in. R-20 for 48 R-20 for 48 R-20 for 48
in_ in. in._
Opague Doors
Swinging U-0.70 U-0.50 U-0.50 U-0.50 U-0.50 U-0.50
Non-swinging U-0.50 U-0.50 U-0.50 U-0.50 U-0.50 U-0.50

For SI: 1 inch = 25.4 mm.

Cl = Continuous insulation. FC = Filled Cavity. LS = Liner System. NR = No requirement.

LS = Liner system-Liner systems shall have a minimum R-3 thermal spacer block between the purlins and the metal

roof panels as required, unless compliance is shown by overall assembly U-factor.

FC = Filled cavity — Filled cavity assemblies shall have a minimum R-5 thermal spacer block between the purlins and

the metal roof panels as required, unless compliance is shown by the overall assembly U-factor.

a. When using R-value compliance method, a thermal spacer block is required, otherwise use the U-factor

compliance method. [See Table C402.1.3(1).

b. Assembly descriptions can be found in Table C402.1.3(1).




c. For monolithic slabs, insulation shall be applied from the inspection gap downward to the bottom of the footing. For
floating slabs, insulation shall extend to the bottom of the foundation wall or 24 inches, whichever is less.

d. Steel floor joist systems shall to be R-38.

e. R-30 shall be deemed to satisfy the requirement for R-38 wherever the full height of uncompressed R-30 insulation
extends over the wall top plate at the eaves. Similarly, R-38 shall be deemed to satisfy the requirement for R-42 or R-
49 wherever the full height of uncompressed R-38 insulation extends over the wall top plate at the eaves.

f.  Assembly descriptions can be found in ANSI/ASHRAE/IESNA Appendix A.

TABLE C402.1.3(1)

BUILDING ENVELOPE REQUIREMENTS-OPAQUE ASSEMBLIES

ROOFS DESCRIPTION

R-10 + R-19FC Filled cavity fiberglass insulation.

The first rated R-value of insulation represents faced or unfaced insulation
installed between the purlins. The second rated R-value of insulation represents
unfaced insulation installed above the first layer, perpendicular to the purlins and
compressed when the metal roof panels are attached. A supporting structure
retains the bottom of the first layer at the prescribed depth required for the full
thickness of the insulation. A minimum R-5 thermal spacer block between the
purlins and the metal roof panels is required, unless compliance is shown by the
overall assembly U-factor.

R-19+ R11 Ls Liner System with minimum R-3 thermal spacer block.
R-25 + R-8 Ls

A continuous membrane is installed below the purlins and uninterrupted by
framing members. Uncompressed, unfaced insulations rests on top of the
membrane between the purlins. For multilayer installations, the last rated R-value
of insulation is for unfaced insulation draped over purlins and then compressed
when the metal roof panels are attached. A minimum R-3 thermal spacer block
between the purlins and the metal roof panels is required unless compliance is
shown by overall U-factor.

WALLS

R-0 + R-13 ci The first rated R-Value of insulation is for insulation compressed between metal
R-0 + R-15.8 ci wall panels and the steel structure. For assemblies with continuous insulation,
R-0 + R-19 ci the continuous insulation is installed on the inside or the outside of the girts,

uncompressed and uninterrupted by framing members.

C402.1.4 Assembly U-factor, C-factor or F-factor-based method.

Building thermal envelope opaque assemblies intended to comply on an assembly U-, C- or
F-factor basis shall have a U-, C- or F-factor not greater than that specified in Table
C402.1.4. Commercial buildings or portions of commercial buildings enclosing Group R
occupancies shall use the U-, C- or F-factor from the “Group R” column of Table C402.1.4.
Commercial buildings or portions of commercial buildings enclosing occupancies other than
Group R shall use the U-, C- or F-factor from the “All other” column of Table C402.1.4. The
C-factor for the below-grade exterior walls of the building envelope, as required in
accordance with Table C402.1.4, shall extend to a depth of 10 feet (3048 mm) below the
outside finished ground level, or to the level of the lowest floor, whichever is less. Opaque

swinging doors shall-cemply-with-Fable-©4062-1.4 and opaque nonswinging doors shall
comply with Table C402.1.3.
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TABLE C402.1.4

OPAQUE THERMAL ENVELOPE ASSEMBLY MAXIMUM REQUIREMENTS, U-FACTOR

METHOD® P
Climate Zone 3 4 5
AllOther | GroupR AllOther | GroupR AllOther | GroupR

Roofs
Insulation entirely U-0.039 U-0.039 U-0.032 U-0.032 U-0.032 U-0.032
above deck
Metal buildings U-0.041 U-0.041 U-0.037 U-0.037 U-0.037 U-0.037
Attic and other- U-0.027 U-0.027 U-0.024 U-0.024 U-0.024 U-0.024
wood framing
Attic and other — U-0.035 U-0.035 U-0.029 U-0.029 U-0.029 U-0.029
steel framing

Walls, Above Grade
Mass U-0.123 U-0.104 U-0.104 U-0.090 U-0.090 U-0.071
Metal building U-0.094 U-0.072 U-0.060 U-0.050 U-0.050 U-0.050
Metal framed U-0.064 U-0.064 U-0.064 U-0.064 U-0.064 U-0.055
Wood framed and U-0.064 U-0.064 U-0.064 U-0.064 U-0.064 U-0.051
other
Walls, Below Grade

Below-grade wall® C-0.119 C-0.119 C-0.119 C-0.092 C-0.119 C-0.092

Floors
Mass U-0.064 U-0.064 U-0.057 U-0.051 U-0.057 U-0.051
Joist / Framing- U-0.033 U-0.033 U-0.026 U-0.026 U-0.026 U-0.026
wood
Joist / Framing- U-0.032 U-0.032 U-0.032 U-0.032 U-0.032 U-0.032
steel

Slab-on-Grade Floors

Unheated slabs d F-0.540 F-0.520 F-0.520 F-0.520 F-0.510
—_—— F-0.730 —= ===
Heated slabs® F-0.860 F-0.860 F-0.843 F-0.688 F-0.688 F-0.688

a. Use of Opaque assembly U-factors, C-factors, and F-factors from ANSI/ASHRAE/IESNA 90.1 Appendix A shall

be permitted, provided the construction, excluding the cladding system on walls, complies with the appropriate

construction details from ANSI/ASHRAE/ISNEA 90.1 Appendix A.

b. Opaque assembly U-factors based on designs tested in accordance with ASTM C1363 shall be permitted. The

R-value of continuous insulation shall be permitted to be added to or subtracted from the original tested design.

c. _Where heated slabs are below grade, below-grade walls shall comply with the F-factor requirements for heated

slabs.

d. These C-, F- and U-factors are based on assemblies that are not required to contain insulation.

e. Evidence of compliance with the F-factors indicated in the table for heated slabs shall be demonstrated by

the application of the unheated slab F-factors and R-values derived from ASHRAE 90.1 Appendix A.

C402.1.4.1 Thermal resistance of cold-formed steel walls.
U-factors of walls with cold-formed steel studs shall be permitted to be determined in
accordance with Equation 4-1:




U= 1/[RS + (ER)] (Equation 4-1)

where:
R = The cumulative R-value of the wall components
S along the path of heat transfer, excluding the
cavity insulation and steel studs.
ER = The effective R-value of the cavity insulation

with steel studs.

TABLE C402.1.4.1
EFFECTIVE R-VALUES FOR STEEL STUD WALL ASSEMBLIES

NOMINAL SPACING CAVITY CORRECTION EFFECTIVE
DS;JT% ER f,\; ING R-VALUE FACTOR R-VALUE (ER)

i - (insulation) (F) (Cavity R-Value x F )
(inches) (inches) c c

31/ 16 13 0.46 5.98

2 15 0.43 6.45

31/ 24 13 0.55 7.15

2 15 0.52 780

19 0.37 7.03

° 10 21 0.35 7.35

19 0.45 555

° 2 21 0.43 9.03

8 16 25 031 7.75

24 25 0.38 9.50

C402.1.5 Component performance alternative.

Building envelope values and fenestration areas determined in accordance with Equation 4-
2 shall be permitted in lieu of compliance with the U-, F- and C-factors in Tables C402.1.3
and C402.1.4 and the maximum allowable fenestration areas in Section C402.4.1.

A+B+C+D+E<Zero (Equation 4-2)

where:

A =  Sum of the (UA Dif) values for each distinct assembly type of the
building thermal envelope, other than slabs on grade and below-grade
walls.

UA Dif = UA Proposed - UA Table.
UA Proposed = Proposed U-value - Area.
UA Table = (U-factor from Table C402.1.3 or Table C402.1.4) - Area.
B =  Sum of the (FL Dif) values for each distinct slab-on-grade perimeter
condition of the building thermal envelope.
FL Dif = FL Proposed - FL Table.
FL Proposed = Proposed F-value - Perimeter length.
FL Table = (F-factor specified in Table C402.1.4) - Perimeter length.
C =  Sum of the (CA Dif) values for each distinct below-grade wall assembly
type of the building thermal envelope.



CA Dif = CA Proposed - CA Table.
CA Proposed = Proposed C-value - Area.
CA Table = (Maximum allowable C-factor
specified in Table C402.1.4) - Area.

Where the proposed vertical glazing area is less than or equal to the maximum vertical
glazing area allowed by Section C402.4.1, the value of D (Excess Vertical Glazing Value) shall
be zero. Otherwise:

D = (DA - UV)- (DA - U Wall), but not less than zero.
DA = (Proposed Vertical Glazing Area) - (Vertical Glazing Area
allowed by Section C402.4.1).
UA Wall = Sum of the (UA Proposed) values for each opaque
assembly of the exterior wall.
U Wall = Area-weighted average U-value of all above-grade
wall assemblies.
UAV = Sum of the (UA Proposed) values for each vertical
glazing assembly.
UV = UAV/total vertical glazing area.

Where the proposed skylight area is less than or equal to the skylight area allowed by
Section C402.4.1, the value of E (Excess Skylight Value) shall be zero. Otherwise:

E = (EA - US) - (EA - U Roof), but not less than zero.
EA = (Proposed Skylight Area) - (Allowable Skylight Area as
specified in Section C402.4.1).
U Roof = Area-weighted average U-value of all roof
assemblies.
UAS = Sum of the (UA Proposed) values for each skylight
assembly.
US = UAS/total skylight area.

C402.2 Specific building thermal envelope insulation requirements (Prescriptive).
Insulation in building thermal envelope opaque assemblies shall comply with Sections C402.2.1
through C402.2.6 and Table C402.1.3.

C402.2.1 Multiple layers of continuous insulation board.

Where two or more layers of continuous insulation board are used in a construction
assembly, the continuous insulation boards shall be installed in accordance with Section
C303.2. Where the continuous insulation board manufacturer’s instructions do not address
installation of two or more layers, the edge joints between each layer of continuous
insulation boards shall be staggered.

C402.2.2 Roof assembly.

The minimum thermal resistance (R-value) of the insulating material installed either between
the roof framing or continuously on the roof assembly shall be as specified in Table
C402.1.3, based on construction materials used in the roof assembly. Skylight curbs shall
be insulated to the level of roofs with insulation entirely above deck or R-5, whichever is
less.

Exceptions:



1. Continuously insulated roof assemblies where the thickness of insulation varies 1
inch (25 mm) or less and where the area-weighted U-factor is equivalent to the
same assembly with the R-value specified in Table C402.1.3.

2. Where tapered insulation is used with insulation entirely above deck, the R-value
where the insulation thickness varies 1 inch (25 mm) or less from the minimum
thickness of tapered insulation shall comply with the R-value specified in Table
C402.1.3.

3. Unit skylight curbs included as a component of a skylight listed and labeled in
accordance with NFRC 100 shall not be required to be insulated.

Insulation installed on a suspended ceiling with removable ceiling tiles shall not be
considered part of the minimum thermal resistance of the roof insulation.

C402.2.3 Thermal resistance of above-grade walls.

The minimum thermal resistance (R-value) of insulating materials installed in the wall cavity
between framing members and continuously on the walls shall be as specified in Table
C402.1.3, based on framing type and construction materials used in the wall assembly. The
R-value of integral insulation installed in concrete masonry units shall not be used in
determining compliance with Table C402.1.3.

“Mass walls” shall include walls:
2
1. Weighing not less than 35 psf (170 kg/m ) of wall surface area.

2. Weighing not less than 25 psf (120 kg/mz) of wall surface area where the material
3
weight is not more than 120 pcf (1900 kg/m ).

2 2
3. Having a heat capacity exceeding 7 Btu/ft - °F (144 kdJ/m - K).

2 2
4. Having a heat capacity exceeding 5 Btu/ft - °F (103 kJ/m - K), where the material
weight is not more than 120 pcf (1900 kg/ms).

C402.2.4 Floors.
The thermal properties (component R-values or assembly U-, C- or F-factors) of floor
assemblies over outdoor air or unconditioned space shall be as specified in Table C402.1.3
or Table C402.1.4 based on the construction materials used in the floor assembly. Floor
framing cavity insulation or structural slab insulation shall be installed to maintain permanent
contact with the underside of the subfloor decking or structural slabs. Mass floors shall
include floors weighing not less than:

1. 35 pounds per square foot of floor surface area; or

2. 25 pounds per square foot of floor surface area where the material weight is not more
than 120 pounds per cubic foot.




Exceptions:

1. The floor framing cavity insulation or structural slab insulation shall be permitted
to be in contact with the top side of sheathing or continuous insulation installed
on the bottom side of floor assemblies where combined with insulation that meets
or exceeds the minimum R-value in Table C402.1.3 for “Metal framed” or “Wood
framed and other” values for “Walls, Above Grade” and extends from the bottom
to the top of all perimeter floor framing or floor assembly members.

2. Insulation applied to the underside of concrete floor slabs shall be permitted an
airspace of not more than 1 inch (25 mm) where it turns up and is in contact with
the underside of the floor under walls associated with the building thermal
envelope

C402.2.5 Slabs-on-grade perimeter insulation.

Where the slab on grade is in contact with the ground, the minimum thermal resistance (R-
value) of the insulation around the perimeter of unheated or heated slab-on-grade floors
designed in accordance with the R-value method of Section C402.1.3 shall be as specified
in Table C402.1.3. The insulation shall be placed on the outside of the foundation or on the
inside of the foundation wall. The insulation shall extend downward from the top of the slab
for a minimum distance as shown in the table or to the top of the footing, whichever is less,
or downward to at least the bottom of the slab and then horizontally to the interior er-exterior

for the total dlstance shown in the table Lns&la%renexten&ngﬂamayﬁfreﬁktm—buﬂdmg—shau—be

Exception: Where the slab-on-grade floor is greater than 24 inches (61 mm) below the
finished exterior grade, perimeter insulation is not required.

C402.2.6 Insulation of radiant heating systems.
Radiant heating system panels, and their associated components that are installed in

interior or exterior assemblies shall be insulated with a minimum of R-3.5 (0.62 m2/K - W) on
all surfaces not facing the space being heated. Radiant heating system panels that are
installed in the building thermal envelope shall be separated from the exterior of the building
or unconditioned or exempt spaces by not less than the R-value of insulation installed in the
opaqgue assembly in which they are installed or the assembly shall comply with Section
C402.1.4.

Exception: Heated slabs on grade insulated in accordance with Section C402.2.5.

C402.2.7 Below-grade walls. The minimum thermal resistance (R-value) of the insulating
material installed in, or continuously on, the below-grade walls shall be as specified in Table
C402.1.3, and shall extend to a depth of 10 feet (3048 mm) below the outside finished ground
level, or to the level of the lowest floor, whichever is less.




C402.3 Roof solar reflectance and thermal emittance.
Low-sloped roofs directly above cooled conditioned spaces in Climate Zones 1;-2-and 3 shall
comply with one or more of the options in Table C402.3.

Exceptions: The following roofs and portions of roofs are exempt from the requirements of
Table C402.3:

1. Portions of the roof that include or are covered by the following:
1.1. Photovoltaic systems or components.
1.2. Solar air or water-heating systems or components.
1.3. Roof gardens or landscaped roofs.
1.4. Above-roof decks or walkways.
1.5. Skylights.

1.6. HVAC systems and components, and other opaque objects mounted above
the roof.

2. Portions of the roof shaded during the peak sun angle on the summer solstice by
permanent features of the building or by permanent features of adjacent buildings.

3. Portions of roofs that are ballasted with a minimum stone ballast of 17 pounds per
square foot [74 kg/mz] or 23 psf [117 kg/mz] pavers.

4. Roofs where not less than 75 percent of the roof area complies with one or more of
the exceptions to this section.

5. Metal building roofs.

TABLE C402.3
MINIMUM ROOF REFLECTANCE AND EMITTANCE OPTIONS?

b c
Three-year aged solar reflectance of 0.55 and 3-year aged thermal emittance of 0.75

d
Three-year-aged solar reflectance index of 64

a. The use of area-weighted averages to comply with these requirements shall be permitted. Materials lacking 3-
year-aged tested values for either solar reflectance or thermal emittance shall be assigned both a 3-year-aged
solar reflectance in accordance with Section C402.3.1 and a 3-year-aged thermal emittance of 0.90.

b. Aged solar reflectance tested in accordance with ASTM C 1549, ASTM E 903 or ASTM E 1918 or CRRC-1
Standard.

c. Aged thermal emittance tested in accordance with ASTM C 1371 or ASTM E 408 or CRRC-1 Standard.

d. Solar reflectance index (SRI) shall be determined in accordance with ASTM E 1980 using a convection

2 2
coefficient of 2.1 Btu/h - ft -°F (12W/m - K). Calculation of aged SRI shall be based on aged tested values of
solar reflectance and thermal emittance.




C402.3.1 Aged roof solar reflectance.
Where an aged solar reflectance required by Section C402.3 is not available, it shall be
determined in accordance with Equation 4-3.

R =[0.2+0.7(R -0.2 Equation 4-3
aged [ (initial )1 (Equation 4-3)

where:

R =  The aged solar reflectance.
aged
o =  The initial solar reflectance determined in accordance with
initial CRRC-1 Standard.

C402.4 Fenestration (Prescriptive).
Fenestration shall comply with Sections C402.4 through C402.4.4 and Table C402.4. Daylight-

CLIMATE-
ZONE
U-factor
- 0.50 0.50 046 038 0.38 0.36 029 029
fenestration " .
Operable-
, i 0.65 0.65 060 045 045 043 037 0.37
Entrance 1410 083 077 077 077 077 077 077
SHGC

a
QHMWSENNSE\NNSEWNSEWNSENNSENNSEWNSBNN
PE<Q02 | 025 (033 | 025 [033 | 025 033 | 040 | 053 | 040 | 053 | 040 | 053 | 0645 |NR | 045 | N
0%5'2‘ 030 (037|030 |037| 030 037 | 048 | 058 | 048 | 058 | 048 | 058 | NR |[NR| NR [ NR
PE>05 040 (040 | 040 | 040 | 040 (040 | 064 | 064 | 064 |064 | 064 064 | NR |NR| NR [ NR

Skyhghts

SHGC 035 035 035 0-40- 0.40- 0.40- NR

TABLE C402.4

BUILDING ENVELOPE FENESTRATION MAXIMUM U-FACTOR AND SHGC
REQUIREMENTS

CLIMATE ZONE 3 4 5

Vertical Fenestration (30% maximum of above-grade wall)

U-Factor




Framing materials other than metal with or without metal reinforcement or cladding

U-Factor 0.32 I 0.32 0.30
Metal framing with or without thermal break

Curtain Wall/Storefront 0.45 0.45 0.38
U-Factor

Entrance Door U-Factor 0.77 0.77 0.77
All Other U-Factor?® 0.45 0.45 0.45
SHGC-AIll Frame Types

SHGC: PF <0.25 0.25 0.25 0.40
SHGC: 0.25<PF<0.5 0.33 0.33 NR
SHGC: PF20.5 0.40 0.40 NR
Skylights (3% maximum, 5% if using automatic daylighting controls)

U-Factor 0.60 0.60 0.60
SHGC 0.35 0.35 0.40

SHGC = Solar Heat Gain Coefficient.(approximately equal to 0.87 times the Shading Coefficient). NR = No
reguirement.

PF = Projection factor (see Section C402.4.3).

a. All others include operable windows, fixed and nonentrance doors.

C402.4.1 Maximum area.

The vertical fenestration area (not including opaque doors and opague spandrel panels)
shall not be greater than 30 percent of the gross above-grade wall area. The skylight area
shall not be greater than 3 percent of the gross roof area.

C402.4.1.1 Increased vertical fenestratlon area W|th daylight responswe controls.
Deleted

C402.4.1.2 Increased skyllght area W|th dayllght responswe controls
Deleted




C402.4.2 Minimum skylight fenestration area.

Skylight Effective Aperture =
085~ Skylight Atea- Skvlisht VI-WE (Equation4-4)

Davhght zone under skylight

where:

Skyhghtarea = Total-fenestration-area-of skylights:

e _ ol cibl . sl .
WE = j '




C402.4.2.1 nghtlng controls in dayllght zones under skyllghts
Deleted : Ay 0

C402.4.2.2 Haze factor
Deleted

C402.4.3 Maximum U-factor and SHGC.
The maximum U-factor and solar heat gain coefficient (SHGC) for fenestration shall be as
specified in Table C402.4.

The window projection factor shall be determined in accordance with Equation 4-5.

PF=A/B (Equation 4-5)

where:
PF = Projection factor (decimal).
A = Distance measured horizontally from the furthest continuous

extremity of any overhang, eave or permanently attached
shading device to the vertical surface of the glazing.

B = Distance measured vertically from the bottom of the glazing to
the underside of the overhang, eave or permanently attached
shading device.

Where different windows or glass doors have different PF values, they shall each be
evaluated separately.

C402.4.3.1 Increased skyllght SHGC.
Deleted

C402.4.3.2 Increased skyllght U facto
Deleted A

C402.4.3.3 Dynamic glazing.

Where dynamic glazing is intended to satisfy the SHGC and VT requirements of Table
C402.4, the ratio of the higher to lower labeled SHGC shall be greater than or equal to
2.4, and the dynamic glazing shall be automatically controlled to modulate the amount of
solar gain into the space in multiple steps. Dynamic glazing shall be considered



separately from other fenestration, and area-weighted averaging with other fenestration
that is not dynamic glazing shall not be permitted.

Exception: Dynamic glazing is not required to comply with this section where both
the lower and higher labeled SHGC already comply with the requirements of Table
C402.4.

C402.4.3.4 Area-weighted U-factor.

An area-weighted average shall be permitted to satisfy the U-factor requirements for
each fenestration product category listed in Table C402.4. Individual fenestration
products from different fenestration product categories listed in Table C402.4 shall not
be combined in calculating area-weighted average U-factor.

C402.4.4 Doors.

Opaque doors shall comply with the applicable requirements for doors as specified in Tables
C402.1.3 and-€402-1-4 and be considered part of the gross area of above-grade walls that
are part of the building thermal envelope. Other doors shall comply with the provisions of
Section C402.4.3 for vertical fenestration.

C402.5 Air leakage—thermal envelope (Mandatory).
The thermal envelope of buildings shall comply with Sections C402.5.1 through C402.5.8, or the
building thermal envelope shall be tested in accordance with ASTM E 779 at a pressure

differential of 0.3 inch water gauge (75 Pa) eran-eguivalentmethod-approved-by-the-code-
official-and deemed to comply with the provisions of this section when the tested air leakage

2 2
rate of the building thermal envelope is not greater than 0.40 cfm/ft (2.0 62 L/s - m ). Where
compliance is based on such testing, the building shall also comply with Sections C402.5.5,
C402.5.6 and C402.5.7.

C402.5.1 Air barriers.

A continuous air barrier shall be provided throughout the building thermal envelope. The air
barriers shall be permitted to be located on the inside or outside of the building envelope,
located within the assemblies composing the envelope, or any combination thereof. The air
barrier shall comply with Sections C402.5.1.1 and C402.5.1.2.

C402.5.1.1 Air barrier construction.
The continuous air barrier shall be constructed to comply with the following:

1. The air barrier shall be continuous for all assemblies that are the thermal
envelope of the building and across the joints and assemblies.

2. Air barrier joints and seams shall be sealed, including sealing transitions in
places and changes in materials. The joints and seals shall be securely installed
in or on the joint for its entire length so as not to dislodge, loosen or otherwise
impair its ability to resist positive and negative pressure from wind, stack effect
and mechanical ventilation.



3. Penetrations of the air barrier shall be caulked, gasketed or otherwise sealed in a
manner compatible with the construction materials and location. Joints and seals
associated with penetrations shall be sealed in the same manner or taped or
covered with moisture vapor-permeable wrapping material. Sealing materials
shall be appropriate to the construction materials being sealed and shall be
securely installed around the penetration so as not to dislodge, loosen or
otherwise impair the penetrations’ ability to resist positive and negative pressure
from wind, stack effect and mechanical ventilation. Sealing of concealed fire
sprinklers, where required, shall be 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.

4. Recessed lighting fixtures shall comply with Section C402.5.8. Where similar
objects are installed that penetrate the air barrier, provisions shall be made to
maintain the integrity of the air barrier.

C402.5.1.2 Air barrier compliance options.
A continuous air barrier for the opaque building thermal envelope shall comply with
Section C402.5.1.2.1 or C402.5.1.2.2.

C402.5.1.2.1 Materials.

Materials with an air permeability not greater than 0.004 cfm/ft2 (0.02 L/s - mz) under
a pressure differential of 0.3 inch water gauge (75 Pa) when tested in accordance
with ASTM E 2178 shall comply with this section. Materials in Items 1 through 16
shall be deemed to comply with this section, provided joints are sealed and materials
are installed as air barriers in accordance with the manufacturer’s instructions.

3
1. Plywood with a thickness of not less than /8 inch (10 mm).

3
2. Oriented strand board having a thickness of not less than /8 inch (10 mm).

1
3. Extruded polystyrene insulation board having a thickness of not less than /

2
inch (12.7 mm).

4. Foil-back polyisocyanurate insulation board having a thickness of not less
1
than /2inch (2.7 mm).

3
5. Closed-cell spray foam a minimum density of 1.5 pcf (2.4 kg/m ) having a
thickness of not less than 11/2 inches (38 mm).

6. Open-cell spray foam with a density between 0.4 and 1.5 pcf (0.6 and 2.4
3
kg/m ) and having a thickness of not less than 4.5 inches (113 mm).



10.

11.

12.

13.

14.

15.

16.

1
Exterior or interior gypsum board having a thickness of not less than /2 inch
(12.7 mm).

Cement board having a thickness of not less than 1/2 inch (12.7 mm).

Built-up roofing membrane.
Modified bituminous roof membrane.
Fully adhered single-ply roof membrane.

A Portland cement/sand parge, or gypsum plaster having a thickness of not
5
less than /8 inch (15.9 mm).

Cast-in-place and precast concrete.
Fully grouted concrete block masonry.
Sheet steel or aluminum.

Solid or hollow masonry constructed of clay or shale masonry units.

C402.5.1.2.2 Assemblies.
Assemblies of materials and components with an average air leakage not greater

than 0.04 cfm/ft2 (0.2 L/s - mz) under a pressure differential of 0.3 inch of water
gauge (w.g.)(75 Pa) when tested in accordance with ASTM E 2357, ASTM E 1677 or
ASTM E 283 shall comply with this section. Assemblies listed in Items 1 through 3
shall be deemed to comply, provided joints are sealed and the requirements of
Section C402.5.1.1 are met.

1. Concrete masonry walls coated with either one application of block filler or

two applications of a paint or sealer coating.

Masonry walls constructed of clay or shale masonry units with a nominal
width of 4 inches (102 mm) or more.

1.
A Portland cement/sand parge, stucco or plaster not less than / inch (12.7
2

mm) in thickness.

C402.5.2 Air leakage of fenestration.

The air leakage of fenestration assemblies shall meet the provisions of Table C402.5.2.
Testing shall be in accordance with the applicable reference test standard in Table C402.5.2
by an accredited, independent testing laboratory and labeled by the manufacturer.

Exceptions:



1. Field-fabricated fenestration assemblies that are sealed in accordance with
Section C402.5.1.

2. Fenestration in buildings that comply with the testing alternative of Section
C402.5 are not required to meet the air leakage requirements in Table C402.5.2.

TABLE C402.5.2
MAXIMUM AIR LEAKAGE RATE
FOR FENESTRATION ASSEMBLIES

MAXIMUM

FENESTRATION ASSEMBLY 2 TEST PROCEDURE

RATE(CFM/FT )
Windows Ozoa
Sliding doors 0.20° AAMA/WDMA/
Swinging doors 0.20a CSAlOl/(I).rS.Z/A440
Skylights — with condensation 0.30 NERC 400
weepage openings
Skylights — all other 0202
Curtain walls 0.06
Storefront glazing 0.06 NFRgr 400
Commercial glazed 1.00 ASTM E 283 at 1.57 psf
swinging entrance doors (75 Pa)
Revolving doors 1.00
Garage doors 0.40 ANSI/DASMA 105,
Rolling doors 1.00 NFRC 400, or
High-speed doors 1.30 ASTM E(ggSPz;l.S? psf

2
For Sl: 1 cubic foot per minute = 0.47 L/s, 1 square foot =0.093 m .
a. The maximum rate for windows, sliding and swinging doors, and skylights is permitted to be 0.3
cfm per square foot of fenestration or door area when tested in accordance with
AAMA/WDMA/CSA101/1.S.2/A440 at 6.24 psf (300 Pa).

C402.5.3 Rooms containing fuel-burning appliances.

Deleted.




C402.5.4 Doors and access openings to shafts, chutes, stairways and elevator
lobbies.
Deleted.

C402.5.5 Air intakes, exhaust openings, stairways and shafts.

Stairway enclosures, elevator shaft vents and other outdoor air intakes and exhaust
openings integral to the building envelope shall be provided with dampers in accordance
with Section C403.2.4.3.

C402.5.6 Loading dock weatherseals.
Cargo doors and loading dock doors shall be equipped with weatherseals to restrict
infiltration when vehicles are parked in the doorway.

C402.5.7 Vestibules.
Building entrances shall be protected with an enclosed vestibule, with all doors opening into
and out of the vestibule equipped with self-closing devices. Vestibules shall be designed so
that in passing through the vestlbule it is not necessary for the interior and exterlor doors to
open at the same t|me

Exceptions: Vestibules are not required for the following:

1. Buodinesin-Chmate—~ZonesLand2 Deleted.

2. Doors not intended to be used by the public, such as doors to mechanical or
electrical equipment rooms, or intended solely for employee use.

3. Doors opening directly from a sleeping unit or dwelling unit.



2
4. Doors that open directly from a space less than 3,000 square feet (298 m ) in
area.

5. Revolving doors.

6. Doors used primarily to facilitate vehicular movement or material handling and
adjacent personnel doors.

7. Doors that have an air curtain with a velocity of not less than 6.56 feet per
second (2 m/s) at the floor that have been tested in accordance with ANSI/AMCA
220 and installed in accordance with the manufacturer’s instructions. Manual or
automatic controls shall be provided that will operate the air curtain with the
opening and closing of the door. Air curtains and their controls shall comply with
Section C408.2.3.

8. Building entrances in buildings that are less than four stories above grade and
less than 10,000 square feet in floor area.

C402.5.8 Recessed lighting.
Recessed luminaires installed in the building thermal envelope shall be all of the following:

1. IC-rated.

2. Labeled as having an air leakage rate of not more 2.0 cfm (0.944 L/s) when tested in
accordance with ASTM E 283 at a 1.57 psf (75 Pa) pressure differential.

3. Sealed with a gasket or caulk between the housing and interior wall or ceiling
covering.

SECTION C403
BUILDING MECHANICAL SYSTEMS

C403.1 General.

Mechanical systems and equipment serving the building heating, cooling or ventilating needs
shall comply with Section C403.2 and shall comply with Sections C403.3 and C403.4 based on
the equipment and systems provided.

C403.2 Provisions applicable to all mechanical systems (Mandatory).
Mechanical systems and equipment serving the building heating, cooling or ventilating needs
shall comply with Sections C403.2.1 through C403.2.13 16.



C403.2.1 Calculation of heating and cooling loads.

Design loads associated with heating, ventilating and air conditioning of the building shall be
determined in accordance with ANSI/ASHRAE/ACCA Standard 183 or by an approved
equivalent computational procedure using the design parameters specified in Chapter 3.
Heating and cooling loads shall be adjusted to account for load reductions that are achieved
where energy recovery systems are utilized in the HVAC system except for hospitals and
patient care facilities in accordance with the ASHRAE HVAC Systems and Equipment
Handbook by an approved equivalent computational procedure.

C403.2.2 Equipment sizing.

The output capacity of heating and cooling equipment shall be not greater than the loads
calculated in accordance with Section C403.2.1, within available equipment options. A
single piece of equipment providing both heating and cooling shall satisfy this provision for
one function with the capacity for the other function as small as possible, within available
equipment options.

Exceptions:

1. Required standby equipment and systems provided with controls and devices
that allow such systems or equipment to operate automatically only when the
primary equipment is not operating.

2. Multiple units of the same equipment type with combined capacities exceeding
the design load and provided with controls that have the capability to sequence
the operation of each unit based on load.

3. When the equipment selected is the smallest size needed to meet the load within

available options of the desired equipment line.

C403.2.3 HVAC equipment performance requirements.

Equipment shall meet the minimum efficiency requirements of Tables C403.2.3(1),
C403.2.3(2), C403.2.3(3), C403.2.3(4), C403.2.3(5), C403.2.3(6), C403.2.3(7), C403.2.3(8)
and C403 2 3(9) when tested and rated in accordance with the applrcable test procedure.

9403—2%(—}% The effrcrency shall be verrfred through certrfrcatron under an approved
certification program or, where a certification program does not exist, the equipment
efficiency ratings shall be supported by data furnished by the manufacturer. Where multiple
rating conditions or performance requirements are provided, the equipment shall satisfy all
stated requirements. Where components, such as indoor or outdoor coils, from different
manufacturers are used, calculations and supporting data shall be furnished by the designer
that demonstrates that the combined efficiency of the specified components meets the
requirements herein.

TABLE C403.2.3(1)
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

EQUIPMENT SIZE HEATING | SUBCATEGORY MINIMUM

TYPE CATEGORY | SECTION OR EFFICIENCY TEST




TYPE RATING Before As of a
CONDITION 1/1/2016 | 1/1/2016 | PROCEDURE
; Split System 13.0 13.0
Air < 65,000 SEER SEER
conditioners, b All 13.0 14.0
i Btu/h i :
air cooled Single Package SEER SEERC
. 12.0 12.0 AHRI
Thro\lljvirlll—the— < 30’0?)0 Al Split system SEER SEER 910/240
. . 12.0 12.0
Btu/h
(air cooled) Single Package SEER SEER
Small-duct < 65,000
high-velocity b All Split System SlEléoR SlEléoR
(air cooled) Btu/h
Electric . 11.2 EER | 11.2 EER
= g?ﬁ? 0 Resistance Ssﬁlr:t lséy;fér(;ned 11.4 12.8
a::d (or None) 9 9 IEER IEER
< 135,000 Split System and 11.0EER | 11.0 EER
Btu/h All other Single Package 11.2 12.6
9 9 IEER IEER
Electric . 11.0 EER | 11.0 EER
= 1;5’/?]00 Resistance SSF:::t iyéfér(;ned 11.2 12.4
ar‘: | (or None) 9 9 IEER IEER
< 240,000 Split System and 10.8 EER | 10.8 EER
Air Btu/h All other Single Package 11.0 12.2
conditioners IEER IEER AHRI
. ' Electric . 10.0 EER | 10.0 EER 340/360
air cooled = 284tO,/(r)100 Resistance Ssl?gt Iseyliféﬂaaned 10.1 11.6
r‘]’d (or None) 9 9 IEER IEER
a . 9.8 EER
< 760,000 All other Split System and | 9.8 EER 11.4
Btu/h Single Package 9.9 IEER IEER
Electric | o it system and | 9.7 EErR | 27 FER
Resistance | g le Package | 9.8 IEER 11.2
> 760,000 | (or None) 9 9 ' IEER
Btu/h All other Split System and | 9.5 EER 9'?1E5R
Single Package | 9.6 IEER i
IEER
< 65,020 Al Split System and 12.112I53ER 12.112I53ER AHRI
Btu/h Single Package IEER IEER 210/240
Electric . 12.1 EER | 12.1 EER
= Sj’?r? 0 Resistance SSF|)||1It lsey;taecg:;ned 12.3 13.9
a:}‘ g (or None) 9 9 IEER IEER
. 119 EER | 11.9 EER
Air < 135’ﬂ00 All other | SPIt f’ySte“; and | o0 13.7
conditioners, B/ Single Package IEER IEER
water cooled Electric . 125 EER | 125 EER AHRI
2 §5}ﬂ00 Resistance Ssﬁ'r:t lsey;taegl ;”ed 12,5 13.9 340/360
ar‘:d (or None) 9 9 IEER IEER
< 240,000 Split System and 123 EER | 123 EER
Btu/h All other Single Package 12.5 13.7
9 9 IEER IEER
Electric Split System and | 12.4 EER | 12.4 EER
2 240,000 Resistance | Single Package 12.6 13.6




Btu/h (or None) IEER IEER
and Solit Svstem and | 122 EER | 122 EER

< 760,000 | Al other SF? | VP " 12.4 13.4

Btu/h Ingle Fackage IEER IEER
Electric | o i Sustem and | 122 EER | 12.2EER

Resistance Sin IeyPacka o 12.4 135

>760,000 | (or None) 9 9 IEER IEER
Btu/h Split System and | 120 EER | 120 EER

All other Single Package 12.2 13.3

IEER IEER

MINIMUM EFFICIENCY REQUIREMENTS:

(continued)

TABLE C403.2.3(1)—continued

ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

SUB- MINIMUM EFFICIENCY
EQUIPMENT SIZE gEéIII(N)CN; CATEGRORY Before As of TEST
TYPE CATEGORY a
TYPE RATING 1/1/2016 1/1/2016 | PROCEDURE
CONDITION
Split System
< 65,000 Al and 12.1 EER | 12.1 EER AHRI
Btu/h’ Single 12.3 IEER | 123 IEER 210/240
Package
. Split System
> 65,000 Rgsl,?s?alr:]cce gnd 12.1EER 12.1EER
o Single 12.3IEER | 12.3IEER
Btu/h (or None) Package
and .
< 135.000 Split System
Btu}h All other and 11.9 EER 11.9 EER
Single 12.1 IEER 12.1 IEER
Package
. Split System
Air > 135,000 ReESI?sigllﬂcce and 120 EER | 12.0 EER
. - ’ Single 12.2 IEER 12.2 IEER
conditioners, Btu/h (or None) Package
evaporatively and Split Svstem
cooled < 240,000 Piit Sy AHRI
Btu/h All other and 11.8 EER | 118 EER 340/360
Single 12.0 IEER 12.0 IEER
Package
. Split System
Electric
> 240,000 | Resistance and 1L9EER | 11.9 EER
’ Single 12.1 IEER 12.1 IEER
Btu/h (or None) Package
and -
< 760.000 Split System
Btu}h All other and 11.7 EER 11.7 EER
Single 11.9 IEER 11.9 IEER
Package
> 760,000 Rfs'?s‘igfce Split ;ftem 11.7EER | 11.7EER
Btu/h (or None) Single 11.9 IEER | 11.9 IEER




Package
Split System
All other and 11.5 EER 11.5 EER
Single 11.7 IEER 11.7 IEER
Package
Cor:ﬂ?tgs'”g > 135,000 105EER | 10.5EER
air cooled Btu/h 11.8 IEER 11.8 IEER
Corl‘ﬁgs'”g > 135,000 135 EER | 13.5EER AHRI
water cooled Btu/h 14.0 IEER 14.0 IEER 365
Condensing
units, > 135,000 13.5 EER 13.5 EER
evaporatively Btu/h 140 IEER | 14.0 IEER
cooled

For Sl: 1 British thermal unit per hour = 0.2931 W.

a. Chapter 6 contains a complete specification of the referenced test procedure, including the reference year

version of the test procedure.

b. Single-phase, air-cooled air conditioners less than 65,000 Btu/h are regulated by NAECA. SEER values are
those set by NAECA.
c. Minimum efficiency as of January 1, 2015.

TABLE C403.2.3(2)
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

HEATING SUBCATEGORY MINIMUM
EQUIPMENT SIZE SECTION OR EFFICIENCY TEST R
TYPE CATEGORY TYPE RATING Before As of PROCEDURE
CONDITION 1/1/2016 | 1/1/2016
. 13.0 14.0
Al cooled < 65,000 Split System SEERC SEERC
(cooling By /hb All 13.0 14.0
mode) u Single Package c c
SEER SEER
. 12.0 12.0 AHRI
Through-the- | < 30,000 Split System SEER SEER 210/240
wall, b All 120 12.0
air cooled Btu/h Single Package SEER SEER
Single-duct < 65,000
high-velocity b Al spitsystem | o= | G
air cooled Btu/h
Electric 11.0 11.0
Resistance Split System and EER EER
> 65,000 (or None) Single Package 11.2 12.0
Air cooled Btu/h and EER EER
(coolin < 135,000 10.8 10.8 AHRI
o de)g Btu/h Allother | SPlitSystemand | EER EER 340/360
Single Package 11.0 11.8
IEER IEER
Electric Split System and 10.6 10.6
= 135,000 Resistance Single Package EER EER




Btu/h and (or None) 10.7 11.6
< 240,000 IEER IEER
Btu/h 104 104
Split System and EER EER
All other Single Package 10.5 11.4
IEER IEER
Electric : 9.5EER | 9.5 EER
; Split System and
Resistance Single Package 9.6 10.6
> 240,000 (or None) IEER IEER
Btu/h : 9.3EER | 9.3 EER
All other | SPlitSystemand | =g ) 9.4
Single Package IEER IEER
< 17,000 Al 86°F entering 12.2 12.2
Btu/h water EER EER
> 17,000
Water to Air: Btu/h and All 86°F entering 13.0 13.0
Water Loop < 65,000 water EER EER 1SO 13256-1
(cooling Btu/h
mode) > 65,000
Btu/h and Al 86°F entering 13.0 13.0
< 135,000 water EER EER
Btu/h
Water to Air:
C\;Ar/‘;‘:g:’ < 135,000 Al 59°F entering 18.0 180 | o0 13056.1
(cooling Btu/h water EER EER
mode)
Brine to Air:
Ground Loop | < 135,000 77°F entering 14.1 14.1 i
(cooling Btu/h Al water EER EER SO 13256-1
mode)
Water to
Watigc:’gater < 135,000 Al 86°F entering 10.6 10.6
(cooling Btu/h water EER EER
mode)
Water to
Water:
Ground < 135,000 59°F entering 16.3 16.3 i
Water Btu/h Al water EER EER SO 13256-2
(cooling
mode)
Brine to
Water: .
< 135,000 77°F entering 121 12.1
Ground Loop Btu/h Al fluid EER EER
(cooling
mode)

(continued)

TABLE C403.2.3(2)—continued

MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS




HEATING SUBCATEGORY MINIMUM
EQUIPMENT SIZE SECTION OR EFFICIENCY TEST R
CONDITION 1/1/2016 | 1/1/2016
7.7 8.2
— Split System c c
Air cooled < 65,000 HSPF | HSPF
(heating mode) |  gyyn° 77 8.0
— Single Package c c
HSPF HSPF
Through-the- < 30,000 — i 74 74
wgll b Split System HSPF HSPF AHRI
(air coo,led Btu/h 7.4 7.4 2101240
. ' coolin _ i . .
heating mode) C(apacitg) Single Package | oo | pspr
Small-duct high
velocity < 65,000 _ Solit Svstem 6.8 6.8
air cooled,
(air cooled Btu/h? PIL Sy HSPF | HSPF
heating mode)
> 65,000 L 47°F db/43°F whb
Btu/h and outdoor air 3.3COP | 3.3COP
< 135,000
Btu/h L 17°F db/15°F wb 2.25 2.25
Air cooled (cooling outdoor air COP COP AHRI
(heating mode) capacity) 340/360
(o) 0
> 135,000 . 47°F db/43 Ewb 3.2 COP | 3.2 coOP
Btu/h outdoor air
(cooling . 17°F db/15°F wb 2.05 2.05
capacity) outdoor air COP COP
. < 135,000
Water to Air: ’ o .
Water Loop Btu/h — 68°F entering | 4 3 cop | 4.3 cop
(heating mode) (cooling water
capacity)
. < 135,000
Water to Air: ' o .
Ground Water Btu/h — SOFentering | 57 cop | 37coP | 1O 13256-1
(heating mode) (cooling water
capacity)
. . < 135,000
Brine to Air: ' o .
Ground Loop (c%tgllirrl — 32 Ffﬁjri]éermg 3.2COP | 3.2COP
(heating mode) ng
capacity)
< 135,000
Water to Water: ’ o .
Water Loop Btu/h _ 68°F entering | 3 7 cop | 3.7 cop
(heating mode) (cooling water
capacity)
< 135,000
Water to Water: ’ o .
Ground Water Btu/h — SO°Fentering | 54 cop | 3.1cOP | 1SO 13256-2
(heating mode) (cooling water
capacity)
. < 135,000
Brine to Water: ’ o .
Ground Loop (C%té‘lliz — 32 Ffﬁjri‘ée””g 2.5COP | 2.5 COP
(heating mode) ng
capacity)

For SlI: 1 British thermal unit per hour = 0.2931 W, °C = [(°F) - 32]/1.8.




version of the test procedure.

those set by NAECA.

Minimum efficiency as of January 1, 2015.

TABLE C403.2.3(3)

MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED PACKAGED TERMINAL AIR CONDITIONERS,
PACKAGED TERMINAL HEAT PUMPS, SINGLE-PACKAGE VERTICAL AIR

CONDITIONERS,

Chapter 6 contains a complete specification of the referenced test procedure, including the reference year

Single-phase, air-cooled air conditioners less than 65,000 Btu/h are regulated by NAECA. SEER values are

SINGLE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS AND ROOM AIR-
CONDITIONER HEAT PUMPS

SIZE SUBCATEGORY
EQUIPMENT CATEGORY OR MINIMUM TEST R
TYPE (INPUT) RATING EFFICIENCY PROCEDURE
CONDITION
PTAC (cooling 14.0 - (0.300 x
mode) All Capacities 95°F db outdoor air C
new construction Cap/1000) EER
PTAC (cooling
mode) o o : 10.9 - (0.213 x
All Capacities 95°F db outdoor air Cap/1000) EER
replacements
PTHP (cooling i
mode) All Capacities 95°F db outdoor air Clg-(?lo((;)dioEoEE
new construction P AHRI
mode) o o ; 10.8 - (0.213 x
b All Capacities 95°F db outdoor air Cap/1000) EER
replacements
PTHP (heating i
mode) All Capacities — C?;'Z/légbo)zggp
new construction P
PTHP (heating
mode) . _ 2.9 - (0.026 x
All Capacities Cap/1000) COP
replacements
<65,000Btwh | o> db/ 75T wb 9.0 EER
outdoor air
> 65,000 Btu/h o o
SPVAC and 95 Eu?gé;s;r wh 8.9 EER
(cooling mode) < 135,000 Btu/h
> 135,000 Btu/h o °
and 9% Eu‘i'gé Zf’a'; wh 8.6 EER
< 240,000 Btu/h AHRI 390
<65,000 Btwh | 92 db/75°Fwb 9.0 EER
outdoor air
SPVHP > 65,000 Btu/h 95°F db/ 75°F wb
: and . 8.9 EER
(cooling mode) < 135.000 Btu/h outdoor air
> 135,000 Btu/h 95°F db/ 75°F wb 8.6 EER
and outdoor air '




< 240,000 Btu/h

47°F db/ 43°F wb

< 65,000 Btu/h . 3.0 COP
outdoor air
> 65,000 Btu/h o o
SPVHP and o gu(:gégrg ali:r "o socop AHRI 390
(heating mode) < 135,000 Btu/h
> 135,000 Btu/h 47°F db/ 75°F wb
and outdoor air 2.9COP
< 240,000 Btu/h
< 6,000 Btu/h — 9.7 SEER
> 6,000 Btu/h and .
oo ai < 8,000 Btu/h 9.7 EER
o > 8,000 Btu/h and
conditioners, ’ — 9.8 EER
with louvered < 14,000 Btu/h
sides > 14,000 Btu/h
and — 9.7 SEER
< 20,000 Btu/h
> 20,000 Btu/h — 8.5 EER
Room air < 8,000 Btu/h — 9.0 EER
conditioners, > 8,000 Btu/h and . 8.5 EER ANSI/
without louvered < 20,000 Btu/h ' AHAM RAC-1
sides
! > 20,000 Btu/h _ 8.5 EER
Room air- < 20,000 Btu/h — 9.0 EER
conditioner
heat pumps with > 20,000 Btu/h — 8.5 EER
louvered sides
Room air- < 14,000 Btu/h — 8.5 EER
conditioner
he\f‘vﬁtﬁgmps > 14,000 Btu/h — 8.0 EER

louvered sides

(continued)

TABLE C403.2.3(3)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED PACKAGED TERMINAL AIR CONDITIONERS,
PACKAGED TERMINAL HEAT PUMPS, SINGLE-PACKAGE VERTICAL AIR

CONDITIONERS,

SINGLE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS AND ROOM AIR-
CONDITIONER HEAT PUMPS

EQUIPMENT | SIZE CATEGORY SUSQQEI%%RY MINIMUM TEST R
TYPE (INPUT) CONDITION EFFICIENCY PROCEDURE
Room air
conditioner All capacities — 8.7 EER
casement only ANSI/
Room air AHAM RAC-1
conditioner All capacities — 9.5 EER

casement-slider




For SI: 1 British thermal unit per hour = 0.2931 W, °C = [(°F) - 32]/1.8, wb = wet bulb, db = dry bulb.
“Cap” = The rated cooling capacity of the project in Btu/h. Where the unit’s capacity is less than 7000 Btu/h, use 7000

Btu/h in the calculation. Where the unit’s capacity is greater than 15,000 Btu/h, use 15,000 Btu/h in the
calculations.

Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year
version of the test procedure.

Replacement unit shall be factory labeled as follows: “MANUFACTURED FOR REPLACEMENT APPLICATIONS
ONLY: NOT TO BE INSTALLED IN NEW CONSTRUCTION PROJECTS.” Replacement efficiencies apply only
to units with existing sleeves less than 16 inches (406 mm) in height and less than 42 inches (1067 mm) in width.
Before January 1, 2015 the minimum efficiency shall be 13.8 - (0.300 x Cap/1000) EER.

TABLE 403.2.3(4)

WARM-AIR FURNACES AND COMBINATION WARM-AIR FURNACES/AIR-CONDITIONING

UNITS,

WARM-AIR DUCT FURNACES AND UNIT HEATERS, MINIMUM EFFICIENCY
REQUIREMENTS

SUBCATEGORY
EQUIPMENT | SIZE CATEGORY OR 'V”N”V'U'V'd . TEST .
TYPE (INPUT) RATING EFFICIENCY PROCEDURE
CONDITION
78% AFUE or DOE 10 CFR Part
Warm-air < 225,000 Btu/h — 80%EC 430 or
furnaceS, t ANSI 721.47
gas fired > 225,000 Btu/h - o C 80%E f ANSI 721.47
= ' Maximum capacity t :
78% AFUE or DOE 10 CFR Part
Warme-air < 225,000 Btu/h —_— 80%EC 430 or
furnaces, t UL 727
oil fired b one 3
> 225,000 Btu/h Maximum capacity 81 /oEt UL 727
Warm-air duct 80%E
it (o
furna_ces, All capacities Maximum capacity c ANSI Z83.8
gas fired
Warm-air unit b 80%E
" b
heatt_ars, All capacities Maximum capacity c ANSI 783.8
gas fired
Warm-air unit b 80%E
" b
r;?la}titraéz, All capacities Maximum capacity c UL 731

For Sl: 1 British thermal unit per hour = 0.2931 W.
Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year
version of the test procedure.
Minimum and maximum ratings as provided for and allowed by the unit’s controls.
Combination units not covered by the National Appliance Energy Conservation Act of 1987 (NAECA) (3-phase
power or cooling capacity greater than or equal to 65,000 Btu/h [19 kW]) shall comply with either rating.

a.

b.
C.

E = Thermal efficiency. See test procedure for detailed discussion.
t

E = Combustion efficiency (100% less flue losses). See test procedure for detailed discussion.

Cc




f. E = Combustion efficiency. Units shall also include an IID, have jackets not exceeding 0.75 percent of the input
c

rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue
damper for those furnaces where combustion air is drawn from the conditioned space.
g. E =Thermal efficiency. Units shall also include an IID, have jacket losses not exceeding 0.75 percent of the
t

input rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue
damper for those furnaces where combustion air is drawn from the conditioned space.

TABLE C403.2.3(5)

MINIMUM EFFICIENCY REQUIREMENTS: GAS- AND OIL-FIRED BOILERS

EQUIPMENT
a
TYPE

SUBCATEGORY
OR
RATING
CONDITION

SIZE CATEGORY
(INPUT)

MINIMUM

d, e
EFFICIENCY

TEST
PROCEDURE

Boilers, hot water

Gas-fired

< 300,000 Btu/h

80% AFUE

10 CFR Part 430

> 300,000 Btu/h
and
< 2,500,000

b
Btu/h

80% Et

> 2,500,000
a
Btu/h

82% E
c

10 CFR Part 431

c
Oil-fired

< 300,000 Btu/h

80% AFUE

10 CFR Part 430

> 300,000 Btu/h
and
< 2,500,000

b
Btu/h

82% Et

> 2,500,000
a
Btu/h

84% E
c

10 CFR Part 431

Boilers, steam

Gas-fired

< 300,000 Btu/h

75% AFUE

10 CFR Part 430

Gas-fired- all,
except natural draft

> 300,000 Btu/h
and
< 2,500,000

b
Btu/h

79% Et

> 2,500,000
a
Btu/h

79% Et

Gas-fired-natural
draft

> 300,000 Btu/h
and
< 2,500,000

b
Btu/h

771% Et

> 2,500,000
a
Btu/h

77% Et

10 CFR Part 431

c
Oil-fired

< 300,000 Btu/h

80% AFUE

10 CFR Part 430

> 300,000 Btu/h
and
< 2,500,000

b
Btu/h

81% Et

10 CFR Part 431




> 2,500,000

81% E
a t
Btu/h

For SI: 1 British thermal unit per hour = 0.2931 W.

a. These requirements apply to boilers with rated input of 8,000,000 Btu/h or less that are not packaged boilers and
to all packaged boilers. Minimum efficiency requirements for boilers cover all capacities of packaged boilers.
Maximum capacity — minimum and maximum ratings as provided for and allowed by the unit’s controls.

Includes oil-fired (residual).

Ec = Combustion efficiency (100 percent less flue losses).

Et = Thermal efficiency. See referenced standard for detailed information.

caoo

TABLE C403.2.3(6)
MINIMUM EFFICIENCY REQUIREMENTS:
CONDENSING UNITS, ELECTRICALLY OPERATED

MINIMUM TEST
EQUIPMENT TYPE SIZE CATEGORY b a
EFFICIENCY PROCEDURE
Condensing units, air cooled > 135,000 Btu/h 10.1 EER
11.2 IPLV
- . AHRI 365
Condensing units, water or > 135.000 Btu/h 13.1 EER
evaporatively cooled - ' u 13.1 IPLV

For Sl: 1 British thermal unit per hour = 0.2931 W.

a. Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year
version of the test procedure.

b. IPLVs are only applicable to equipment with capacity modulation.

TABLE C403.2.3(7)
WATER CHILLING PACKAGES — EFFICIENCY REQUIREMENTS® b d

EQUIPMENT SIZE UNITS BEFORE 1/1/2015 | AS OF 1/1/2015 TEST
TYPE CATEGORY Path A Path B Path A Path B PROCEDUREC
>
> QF.EGZ 10100 | 2 QF.ZOO
<150 Tons c FL
> NA > >
12.500 13.700 | 15,800
Air-cooled EER IPLV IPLV IPLV
chillers (BUW) | . 9562 > >9.700
10.100
FL = FL
c
> 150 Tons > NA > > AHRI 550/
12.500 14.000 | 16.100 590
IPLV IPLV IPLV
Air cooled Air-cooled chillers without condenser
without shall be rated with
" EER . .
condenser, All capacities matching condensers and complying
. (Btu/W) o .
electrically with air-cooled chiller
operated efficiency requirements.
Water cooled, <0.780 | £0.800 | <£0.750 | <£0.780
electrically <75 Tons kW/ton FL FL FL FL
operated <0.630 | £0.600 | £0.600 | £0.500




positive IPLV IPLV IPLV IPLV
displacement <0.775 | <0.790 | <0.720 | <0.750
> 75 tons and < FL FL FL FL
150 tons <0.615 | £0.586 | <0.560 | <0.490
IPLV IPLV IPLV IPLV
<0.680 | <£0.718 | <0.660 | <0.680
> 150 tons and FL FL FL FL
< 300 tons <0.580 | £0.540 | <0.540 | <£0.440
IPLV IPLV IPLV IPLV
<0.620 | £0.639 | <0.610 | <£0.625
> 300 tons and FL FL FL FL
< 600 tons <0540 | £0.490 | <0520 | £0.410
IPLV IPLV IPLV IPLV
<0.620 | £0.639 | <0.560 | <£0.585
FL FL FL FL
= 600 tons <0540 | <0.490 | <0.500 | <0.380
IPLV IPLV IPLV IPLV
< 0#?34 <0.639 | £0.610 | <£0.695
<150 Tons FL FL FL
SI%LSSG <0.450 | £0.550 | £0.440
IPLV IPLV IPLV
<0.634 | <£0.639 | <0.610 | £0.635
> 150 tons and FL FL FL FL
< 300 tons <0.596 | £0.450 | <0550 | <£0.400
Water cooled, IPLV IPLV IPLV IPLV
electrically KW /ton <0.576 | £0.600 | <0.560 | <0.595
operated > 300 tons and FL FL FL FL
centrifugal < 400 tons <0.549 | £0.400 | £0.520 | <0.390
IPLV IPLV IPLV IPLV
<0.576 | <£0.600 | <0.560 | <0.585
> 400 tons and FL FL FL FL
< 600 tons <0.549 | £0.400 | <0.500 | £0.380
IPLV IPLV IPLV IPLV
<0.570 | £0.590 | <0.560 | <£0.585
FL FL FL FL
> 600 Tons <0539 | <0.400 | <0.500 | <0.380
IPLV IPLV IPLV IPLV
Air cooled,
absorption, All capacities cop | 20600 NAC =0.600 NAS
: FL FL
single effect
Water cooled
absorption, All capacities cop | 20.700 NAC =0.700 NAS
\ FL F
single effect
Absorption, >1.000 > 1.000 AHRI 560
double All capacities COP FL ¢ FL ¢
effect, indirect > 1.050 NA > 1.050 NA
fired IPLV IPLV
Absorption N z 1':.300 c = 1F'EOO c
dgiliglcet ﬁ:{a%(:t All capacities COP >1.000 NA >1.050 NA
IPLV IPLV




a. The requirements for centrifugal chiller shall be adjusted for nonstandard rating conditions in accordance with
Section C403.2.3.1 and are only applicable for the range of conditions listed in Section C403.2.3.1. The
requirements for air-cooled, water-cooled positive displacement and absorption chillers are at standard rating
conditions defined in the reference test procedure.

b. Both the full-load and IPLV requirements shall be met or exceeded to comply with this standard. Where there is a
Path B, compliance can be with either Path A or Path B for any application.

c. NA means the requirements are not applicable for Path B and only Path A can be used for compliance.

d. FL represents the full-load performance requirements and IPLV the part-load performance requirements.

TABLE C403.2.3(8)

MINIMUM EFFICIENCY REQUIREMENTS:
HEAT REJECTION EQUIPMENT

TOTAL SYSTEM

HEAT SUBCATEGORY PERFORMANCE
a . REQUIRED e f
TYPE CAPACITY AT i PROCEDURE
RATED CONDITION g, h
CONDITIONS
Propeller or axial o .
fan All %%i?ggi::gx;frr > 40.2 gpm/h CTI ATC-105 and
open-circuit ! 9 = 4U.2 gpm/hp CTI STD-201
. 75°F entering wb
cooling towers
Centrifugal fan 95°F entering water i
open-circuit All 85°F leaving water > 20.0 gpm/hp CEQTSQI.é?ZSOind
cooling towers 75°F entering wb
Propeller or axial o .
fan 1027F entering CTI ATC-105S
closed—_(:lrcwt All 90°F leaving water > 14.0 gpm/hp and
cooling o ; CTI STD-201
75°F entering wb
towers
Centrifugal fan 102 \Ijv:tr;trerlng CTI ATC-105S
closedcwcun All 90°F leaving water > 7.0 gpm/hp and
cooling towers o ; CTI STD-201
75°F entering wb
Ammonia Test Fluid
Propeller or axial 140°F entering gas
fan temperature
evaporative All 96.3°F condensing > 134,000 Btu/h-hp CTI ATC-106
condensers temperature
75°F entering wb
Ammonia Test Fluid
Centrifugal fan 140teFmepnéf;{E?egas
evaporative All 96.3°F condensing > 110,000 Btu/h-hp CTI ATC-106
condensers
temperature
75°F entering wb
R-507A Test Fluid
Propeller or axial 165°F entering gas
fan temperature
evaporative All 105°F condensing > 157,000 Btu/h-hp CTI ATC-106
condensers temperature
75°F entering wb
Centrifugal fan All R-507A Test Fluid > 135,000 Btu/h-hp CTI ATC-106




evaporative 165°F entering gas
condensers temperature
105°F condensing
temperature
75°F entering wb

125°F Condensing

Temperature
Air-cooled 190°F Entering Gas
condensers All Temperature > 176,000 Btu/h-hp AHRI 460

15°F subcooling
95°F entering db

For SI: °C = [(°F)-32]/1.8, L/s - kW = (gpm/hp)/(11.83), COP = (Btu/h - hp)/(2550.7),
db = dry bulb temperature, °F, wb = wet bulb temperature, °F.

a.

b.

C.

The efficiencies and test procedures for both open- and closed-circuit cooling towers are not applicable to hybrid
cooling towers that contain a combination of wet and dry heat exchange sections.

For purposes of this table, open circuit cooling tower performance is defined as the water flow rating of the tower
at the thermal rating condition listed in Table 403.2.3(8) divided by the fan nameplate-rated motor power.

For purposes of this table, closed-circuit cooling tower performance is defined as the water flow rating of the
tower at the thermal rating condition listed in Table 403.2.3(8) divided by the sum of the fan nameplate-rated
motor power and the spray pump nameplate-rated motor power.

For purposes of this table, air-cooled condenser performance is defined as the heat rejected from the refrigerant
divided by the fan nameplate-rated motor power.

Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year
version of the test procedure. The certification requirements do not apply to field-erected cooling towers.

Where a certification program exists for a covered product and it includes provisions for verification and
challenge of equipment efficiency ratings, then the product shall be listed in the certification program; or, where a
certification program exists for a covered product, and it includes provisions for verification and challenge of
equipment efficiency ratings, but the product is not listed in the existing certification program, the ratings shall be
verified by an independent laboratory test report.

Cooling towers shall comply with the minimum efficiency listed in the table for that specific type of tower with the
capacity effect of any project-specific accessories and/or options included in the capacity of the cooling tower
For purposes of this table, evaporative condenser performance is defined as the heat rejected at the specified
rating condition in the table divided by the sum of the fan motor nameplate power and the integral spray pump
nameplate power

Requirements for evaporative condensers are listed with ammonia (R-717) and R-507A as test fluids in the table.
Evaporative condensers intended for use with halocarbon refrigerants other than R-507A shall meet the
minimum efficiency requirements listed in this table with R-507A as the test fluid.

TABLE C403.2.3(9)
MINIMUM EFFICIENCY AIR CONDITIONERS AND CONDENSING UNITS SERVING
COMPUTER ROOMS

NET SENSIBLE MINIMUM SCOP-127"
EQUIPMENT TYPE a DOV\IIEI\II:IIZ:II_%SVNL(J:JITS/ TEST PROCEDURE
COOLING CAPACITY
UPFLOW UNITS
< 65,000 Btu/h 2.20/2.09
Air conditioners, air > 65,000 Btu/h and <
cooled 240,000 Btu/h 2.10/1.99
> 240,000 Btu/h 1.90/1.79
_ N < 65,000 Btu/h 2.60/2.49 ANSUASHRAE 127
Air conditioners, water > 65,000 Btu/h and < 250/2.39
cooled 240,000 Btu/h ) )
> 240,000 Btu/h 2.40/2.29
Air conditioners, water < 65,000 Btu/h 2.55/2.44
cooled with > 65,000 Btu/h and < 2.45/2.34




fluid economizer 240,000 Btu/h

> 240,000 Btu/h 2.35/2.24

Air conditioners, glycol < 65,000 Btu/h 2.50/2.39
cooled > 65,000 Btu/h and <

(rated at 40% propylene 240,000 Btu/h 2.15/2.04

glycol) > 240,000 Btu/h 2.10/1.99

Air conditioners, glycol < 65,000 Btu/h 2.45/2.34
cooled > 65,000 Btu/h and <

(rated at 40% propylene 240,000 Btu/h 2.10/1.99

lycol
I A > 240,000 Btu/h 2.05/1.94

For SlI: 1 British thermal unit per hour = 0.2931 W.

a. Net sensible cooling capacity: the total gross cooling capacity less the latent cooling less the energy to the air
movement system. (Total Gross — latent — Fan Power).

b. Sensible coefficient of performance (SCOP-127): a ratio calculated by dividing the net sensible cooling capacity
in watts by the total power input in watts (excluding reheaters and humidifiers) at conditions defined in ASHRAE
Standard 127. The net sensible cooling capacity is the gross sensible capacity minus the energy dissipated into
the cooled space by the fan system.

C403.2.3.1 Water-cooled centrifugal chilling packages.

Equipment not designed for operation at AHRI Standard 550/590 test conditions of 44°F
(7°C) leaving chilled-water temperature and 2.4 gpm/ton evaporator fluid flow and 85°F
(29°C) entering condenser water temperature with 3 gpm/ton (0.054 I/s « kW) condenser
water flow shall have maximum full-load kW/ton (FL) and part-load ratings requirements
adjusted using Equations 4-6 and 4-7.

FL =FL/K (Equation 4-6)
adj adj
PLV =IPLVIK (Equation 4-7)
adj adj
where:
K = AxB
adj
FL Full-load kW/ton value as specified in Table C403.2.3(7).

FL Maximum full-load kW/ton rating, adjusted for nonstandard

adj conditions.




IPLV
PLV

Value as specified in Table C403.2.3(7).
_ Maximum NPLV rating, adjusted for non-standard
adj conditions.

A = 4 3
0.00000014592 - (LIFT) —0.0000346496 - (LIFT) +
2
0.00314196 - (LIFT) —0.147199 - (LIFT) + 3.9302
B = 0.0015-L E +0.934
vg vap
LIFT = L Cond-L E
vg vg vap
L Cond = Full-load condenser leaving fluid temperature (°F).
vg
L E = Full-load evaporator leaving temperature (°F).
vg vap

The FL i and PLV i values are only applicable for centrifugal chillers meeting all of the
adj adj

following full-load design ranges:
1. Minimum evaporator leaving temperature: 36°F.
2. Maximum condenser leaving temperature: 115°F.
3. 20°F < LIFT < 80°F.

C403.2.3.2 Positive displacement (air- and water-cooled) chilling packages.
Equipment with a leaving fluid temperature higher than 32°F (0°C) and water-cooled
positive displacement chilling packages with a condenser leaving fluid temperature
below 115°F (46°C) shall meet the requirements of Table C403.2.3(7) when tested or
certified with water at standard rating conditions, in accordance with the referenced test
procedure.

C403.2.4 HVAC system controls.

Each heating and cooling system shall be provided with thermostatic controls as specified in
Section C403.2.4.1, C403.2.4.1.3, C403.2.4.2, C403.2.4.3, C403.3.1, C403.4, C403.4.1 or
C403.4.4.

C403.2.4.1 Thermostatic controls.

The supply of heating and cooling energy to each zone shall be controlled by individual
thermostatic controls capable of responding to temperature within the zone. Where
humidification or dehumidification or both is provided, at least one humidity control
device shall be provided for each humidity control system.

Exception: Independent perimeter systems that are designed to offset only building
envelope heat losses, gains or both serving one or more perimeter zones also
served by an interior system provided:

1. The perimeter system includes at least one thermostatic control zone for
each building exposure having exterior walls facing only one orientation
(within +/-45 degrees) (0.8 rad) for more than 50 contiguous feet (15 240
mm); and



2. The perimeter system heating and cooling supply is controlled by thermostats
located within the zones served by the system.

C403.2.4.1.1 Heat pump supplementary heat.

Heat pumps having supplementary electric resistance heat shall have controls that,
except during defrost, prevent supplementary heat operation where the heat pump
can provide the heating load.

In systems with a cooling capacity of less than 65,000 Btuh, a heat strip outdoor
temperature lockout shall be provided to prevent supplemental heat operation in
response to the thermostat being changed to a warmer setting. The lockout shall be
set no lower than 35°F and no higher than 40°F.

C403.2.4.1.2 Deadband.

Where used to control both heating and cooling, zone thermostatic controls shall be
capable of providing a temperature range or deadband of at least 5°F (2.8°C) within
which the supply of heating and cooling energy to the zone is capable of being shut
off or reduced to a minimum.

Exceptions:

1. Thermostats requiring manual changeover between heating and cooling
modes.

2. Occupancies or applications requiring precision in indoor temperature

control as-approved-by-the code-official.

C403.2.4.1.3 Set point overlap restriction.

Where a zone has a separate heating and a separate cooling thermostatic control
located within the zone, a limit switch, mechanical stop or direct digital control
system with software programming shall be provided with the capability to prevent
the heating set point from exceeding the cooling set point and to maintain a
deadband in accordance with Section C403.2.4.1.2.

C403.2.4.2 Off-hour controls.
Each zone shall be provided with thermostatic setback controls that are controlled by
either an automatic time clock or programmable control system.

Exceptions:
1. Zones that will be operated continuously.
2. Zones with a full HVAC load demand not exceeding 6,800 Btu/h (2 kW) and
having a readily accessible manual shutoff switch.

3. HVAC systems serving hotel/motel guestrooms or other residential units
complying with section 403.2.2 requirements.

C403.2.4.2.1 Thermostatic setback capabilities.
Thermostatic setback controls shall have the capability to set back or temporarily



operate the system to maintain zone temperatures down to 55°F (13°C) or up to
85°F (29°C).

C403.2.4.2.2 Automatic setback and shutdown capabilities.

Automatic time clock or programmable controls shall be capable of starting and
stopping the system for seven different daily schedules per week and retaining their
programming and time setting during a loss of power for at least 10 hours.
Additionally, the controls shall have a manual override that allows temporary
operation of the system for up to 2 hours; a manually operated timer capable of
being adjusted to operate the system for up to 2 hours; or an occupancy sensor.

C403.2.4.2.3 Automatic start capabilities.

Automatic start controls shall be provided for each HVAC system provided with
setback controls and DDC. The controls shall be capable of automatically adjusting
the daily start time of the HVAC system in order to bring each space to the desired
occupied temperature immediately prior to scheduled occupancy.

C403.2.4.3 Shutoff dampers.
Outdoor air intake and exhaust openings and stairway and shaft vents shall be provided
with Class | motorized dampers. The dampers shall have an air leakage rate not greater

than 4 cfm/ft2 (20.3 L/s - m2) of damper surface area at 1.0 inch water gauge (249 Pa)
and shall be labeled by an approved agency when tested in accordance with AMCA
500D for such purpose. Shutoff dampers are not required in continuously operating
exhaust systems.

Outdoor air intake and exhaust dampers shall be installed with automatic controls
configured to close when the systems or spaces served are not in use or during
unoccupied period warm-up and setback operation, unless the systems served require
outdoor or exhaust air in accordance with the International Mechanical Code or the
dampers are opened to provide intentional economizer cooling.

Stairway and shaft vent dampers shall be installed with automatic controls
configured to open upon the activation of any fire alarm initiating device of the building’s
fire alarm system or the interruption of power to the damper.

Exception: Gravity (nonmotorized) dampers shall be permitted to be used as
follows:

1. In buildings less than three stories in height above grade plane.

2. Deleted. Inbuildings-ofany-heightlocated-in-Climate Zones-1,-2-0r-3-

3. Where the design exhaust capacity is not greater than 300 cfm (142 L/s).

Gravity (nonmotorized) dampers shall have an air leakage rate not greater than 20
2
cfm/ft2 (101.6 L/s - m ) where not less than 24 inches (610 mm) in either dimension and

40 cfm/ft2 (203.2 L/s - mz) where less than 24 inches (610 mm) in either dimension. The
rate of air leakage shall be determined at 1.0 inch water gauge (249 Pa) when tested in



accordance with AMCA 500D for such purpose. The dampers shall be labeled by an
approved agency.

C403.2.4.4 Zone isolation.
Deleted #NAG—systems—semng—zenes—thataFe—eve%—OOO—sqea#e#ee%Q%m )—m—

C403.2.4.5 Snow- and ice-melt system controls.
Snow- and ice-melting systems shall include automatic controls capable of shutting off
the system when the pavement temperature is above 50°F (10°C) and—ne—pteetpttatten—le

C403.2.4.6 Freeze protection system controls.

Freeze protection systems, such as heat tracing of outdoor piping and heat exchangers,
including self-regulating heat tracing, shall include automatic controls configured to shut
off the systems when outdoor air temperatures are above 40°F (4°C) or when the
conditions of the protected fluid will prevent freezing.

C403.2.4.7 Economlzer fault detection and dlagnostlcs (FDD).




C403.2.5 Hot water boiler outdoor temperature setback control.

Hot water boilers that supply heat to the building through one- or two-pipe heating systems
shall have an outdoor setback control that lowers the boiler water temperature based on the
outdoor temperature.



C403.2.6 Ventilation.

Ventilation, either natural or mechanical, shall be provided in accordance with Chapter 4 of
the International Mechanical Code. Where mechanical ventilation is provided, the system
shall provide the capability to reduce the outdoor air supply to the minimum required by
Chapter 4 of the International Mechanical Code.

C403.2.6.1 Demand controlled ventilation.

Demand control ventilation (DCV) shall be provided for spaces larger than 500 square
2

feet (46.5 m ) and with an average occupant load of 25 people or greater per 1,000

2
square feet (93 m ) of floor area (as established in Table 403.3.1.1 of the International
Mechanical Code). Additionally, demand control ventilation is required for any HVAC

system provided with outside air greater than 3000 cfm. and-served-by-systems-with-one-

Exception: Demand control ventilation is not required for systems and spaces as
follows:

1. Systems with energy recovery complying with Section C403.2.7.

2. Multiple-zone systems without direct digital control of individual zones
communicating with a central control panel.

3. Systems with a design outdoor airflow less than 1,200 cfm (566 L/s).

4. Spaces where the supply airflow rate minus any makeup or outgoing transfer
air requirement is less than 1,200 cfm (566 L/s).

5. Ventilation provided for process loads only.

C403.2.6.2 Enclosed parking garage ventilation controls.

Deleted. Enclesedp ng-garages-used-for-storing-or-handling 0




C403.2.7 Energy recovery ventilation systems.

Individual fan systems that have both a design supply air capacity of 5,000 cfm (2.36 m3/s) or
greater and a minimum outside air supply of 70 percent or greater of the design supply air
quantity shall have an energy recovery system that provides a change in the enthalpy of the
outdoor air supply of 50 percent or more of the difference between the outdoor air and return air

at design conditions. Provision shall be made to bypass or control the energy recovery system
to permit cooling with outdoor air where cooling with outdoor air is required.

Exception: An energy recovery ventilation system shall not be required in any of the
following conditions:
1. Where energy recovery systems are prohibited by the International Mechanical Code.
2. Laboratory fume hood systems that include at least one of the following features:
2.1. Variable-air-volume hood exhaust and room supply systems capable of
reducing exhaust and makeup air volume to 50 percent or less of design values.
2.2. Direct makeup (auxiliary) air supply equal to at least 75 percent of the
exhaust rate, heated no warmer than 2°F (1.1°C) below room setpoint, cooled to
no cooler than 3°F (1.7°C) above room setpoint, no humidification added, and no

simultaneous heating and cooling used for dehumidification control.
3. Systems serving spaces that are not cooled and are heated to less than 60°F
(15.5°Q).
4. Where more than 60 percent of the outdoor heating energy is provided from site-
recovered or site solar energy.
5. Heating systems in climates with less than 3,600 HDD.
6. Cooling systems in climates with a 1-percent cooling design wet-bulb temperature
less than 64°F (18°C).
7. Systems requiring dehumidification that employ series-style energy recovery coils

wrapped around the cooling coil.







2eEoco
TA2A-
3AHA; | 226,000 | 216000 | =5500 | >4500 | >3;500 | =2000 | >1000 >0
5A6A
+8 | 24500 | =4000 | >2500 | =1000 | >0 >0 >0 >0

C403.2.8 Kitchen exhaust systems.
Deleted. Replacement-air-introduced-di




C403.2.9 Duct and plenum insulation and sealing.

Supply and return air ducts and plenums shall be insulated with a minimum of R-6 insulation
where located in unconditioned spaces inside the building. and Wwhere located outside
outdoors, the-building supply and return ducts shall be insulated with a minimum of R-8
insulation in Climate Zones tthreugh 3 and 4 and a minimum of R-12 insulation in Climate
Zones 5 through-8. Where located within a building envelope assembly, such as a wall of
the building thermal envelope, the duct or plenum shall be separated from the building
exterior or unconditioned erexempt spaces by a minimum of R-8 insulation in Climate
Zones tthrough 3 and 4 and a minimum of R-12 insulation in Climate Zones 5 through-8.

Exceptions:

1. Where located within equipment.




Ducts, air handlers and filter boxes shall be sealed. Joints and seams shall comply with
Section 603.9 of the International Mechanical Code.

C403.2.9.1 Duct construction.
Ductwork shall be constructed and erected in accordance with the International
Mechanical Code.

C403.2.9.1.1 Low-pressure duct systems.

Longitudinal and transverse joints, seams and connections of supply and return
ducts operating at a static pressure less than or equal to 2 inches water gauge (w.g.)
(498 Pa) shall be securely fastened and sealed with welds, gaskets, mastics
(adhesives), mastic-plus-embedded-fabric systems or tapes installed in accordance
with the manufacturer’s instructions. Pressure classifications specific to the duct
system shall be clearly indicated on the construction documents in accordance with
the International Mechanical Code.

E;eeelpnen II:eleIemg t?pe Ielnguuelmal joints-and Sea.ﬁ."'sl .9E||Ie.I than-t 'e. shap-lock

Exceptions:
1. Continuously welded and locking-type longitudinal joints and seams on ducts

operating at static pressures less than 2 inches w.q. (500 Pa) pressure
classification.
2. Ducts exposed within the conditioned space they serve shall not be required to

be sealed.]

C403.2.9.1.2 Medium-pressure duct systems.

Ducts and plenums designed to operate at a static pressure greater than 2 inches
water gauge (w.g.) (498 Pa) but less than 3 inches w.g. (747 Pa) shall be insulated
and sealed in accordance with Section C403.2.9. Pressure classifications specific to
the duct system shall be clearly indicated on the construction documents in
accordance with the International Mechanical Code.

C403.2.9.1.3 High-pressure duct systems.

Ducts and plenums designed to operate at static pressures greater than 3 inches
water gauge (747 Pa) shall be insulated and sealed in accordance with Section
C403.2.9. In addition, ducts and plenums shall be leak tested in accordance with the
SMACNA HVAC A|r Duct Leakage Test Manual. anel—shewe%e—hav&armeeeﬁaw—

8- The maximum permltted duct Ieakaqe shall be determlned in accordance Wlth

Equation 4-8.

065 Equation 4-8
cL—Fip (Equati )

0.65
Lmax = CLX P



where:

E = TFho-measurcdoalkagoratein-etm-por00-squarcicot
Srcucbonrines,
P = Fhe-staticpressure-of-the-test-

Lmax = Mmaximum permitted leakage, cfm/100 ft2 duct surface area

C._ = 4, ductleakage class, cfm/100 ft?duct surface area at 1 inch w.c.
P = test pressure, which shall be equal to the design duct pressure class rating,
inches w.c.

Documentation shall be furnished by the designer demonstrating that representative
sections totaling at least 25 percent of the duct area have been tested and that all
tested sections comply with the requirements of this section.

C403.2.10 Piping insulation. All piping serving as part of a heating or cooling system shall be
thermally insulated in accordance with Table C403.2.10.

Exceptions:

1. Factory-installed piping within HYAC equipment tested and rated in accordance with a
test procedure referenced by this code.

2. Factory-installed piping within room fan-coils and unit ventilators tested and rated
according to AHRI 440 (except that the sampling and variation provisions of Section 6.5
shall not apply) and 840, respectively.

3. Piping that conveys fluids that have a design operating temperature range between
55°F (13°C) and 105°F (41°CQ).

4. Piping that conveys fluids that have not been heated or cooled through the use of
fossil fuels or electric power.

5. Runout piping not exceeding 4 feet (1219 mm) in length and 1 inch (25 mm) in
diameter between the control valve and HVAC caoil.

6. Refrigerant suction piping located in conditioned space is not required to be insulated
other than as may be necessary for preventing the formation of condensation.

7. Direct buried piping that conveys fluids at or below 60°F (15°C).

TABLE C403.2.10
MINIMUM PIPE INSULATION
(thickness in inches)

FLUID NOMINAL PIPE
DIAMETER
<1.5" >1.5"

Steam 11/2 3

Hot water 11/2 2

Chilled water, brine or | 11/2 11/2

refrigerant




For SI: 1 inch = 25.4 mm.

a. Based on insulation having a conductivity (k) not exceeding 0.27 Btu per inch/h - ft2 - °F.
b. For insulation with a thermal conductivity not equal to 0.27 Btu - inch/h - ft2 - °F at a mean
temperature of 75°F, the minimum required pipe thickness is adjusted using the following

equation;

T = rf(1+t/r)*-1]

where:

T = Adjusted insulation thickness (in).

r = Actual pipe radius (in).

t = Insulation thickness from applicable cell in table (in).

K = New thermal conductivity at 75°F (Btu - in/hr - ft2 - °F).

k =0.27 Btu - in/hr - ft2 - °F.




FLUID. INSULATION- NOMINAL PIPE OR TUBE SIZE inches)
OPRERATING CONDUCTIITY
TEMPERATURE | Conductivity | Mean Rating. Tto< | 1
N I'é’ ‘l'l"SSQESE B“Z“m“‘%‘* ' iilovs ature; | _ 4 5 TlAo<l fiocs | >3
R ft —°F) 2 4
>350 0320234 250 45 50 50 50 50
251350 029032 200 30 2.0 45 45 45
201250 027030 150 25 25 25 30 30
141200 0.25_0.29 125 15 15 20 20 20
105140 021028 100 10 10 15 15 15
40—60 021027 75 05 05 10 10 10
<20 0.20—0.26 50 05 10 10 10 15

C403.2.10. 1 Protectlon of piping msulatlon
Deleted . .

C403.2.11 Mechanical systems commissioning and completion requirements.
Mechanical systems shall be commissioned and completed in accordance with Section
C408.2.



C403.2.12 Air system design and control.
Each HVAC system having a total fan system motor nameplate horsepower (hp) exceeding
5 hp (3.7 kW) shall comply with the provisions of Sections C403.2.12.1 through

C403.2.12.3.

C403.2.12.1 Allowable fan motor horsepower.

Each HVAC system at fan system design conditions shall not exceed the allowable fan
system motor nameplate hp (Option 1) or fan system bhp (Option 2) as shown in Table
C403.2.12.1(2). This includes supply fans, exhaust fans, return/relief fans, and fan-
powered terminal units associated with systems providing heating or cooling capability.
Single-zone variable air volume systems shall comply with the constant volume fan

power limitation.

Exceptions:

1. Hospital, vivarium and laboratory systems that utilize flow control devices on
exhaust or return to maintain space pressure relationships necessary for
occupant health and safety or environmental control shall be permitted to use

variable volume fan power limitation.

2. Individual exhaust fans with motor nameplate horsepower of 1 hp (0.746 kW)
or less are exempt from the allowable fan horsepower requirement.

3. Fans exhausting air from fume hoods. (Note: If this exception is taken, no

related exhaust side credits shall be taken from Table C403.2.12.1(2) and the

Fume Exhaust Exception Deduction must be taken from Table

C403.2.12.1(2).

TABLE C403.2.12.1(1)

FAN POWER LIMITATION

LIMIT

CONSTANT
VOLUME

VARIABLE
VOLUME

Option 1: Fan system motor

Allowable nameplate

hp < CFMs - 0.0011

hp < CFMs - 0.0015

nameplate hp motor hp
Option 2: Fan system bhp Allowable fan system bhp < CFMs - bhp < CFMs -
bhp 0.00094 + A 0.0013 + A

For SI: 1 bhp =735.5W, 1 hp =745.5W, 1 cfm = 0.4719 L/s.

where:

CFM

S minute.
hp
Bhp
A

where:

The maximum combined motor nameplate horsepower.
The maximum combined fan brake horsepower.
Sum of [PD x CFM  / 4131]

D

The maximum design supply airflow rate to conditioned spaces served by the system in cubic feet per




PD
CFM

Each applicable pressure drop adjustment from Table C403.2.12.1(2) in. w.c.
The design airflow through each applicable device from Table C403.2.12.1(2) in cubic feet per minute.

TABLE C403.2.12.1(2)
FAN POWER LIMITATION PRESSURE DROP ADJUSTMENT

DEVICE

ADJUSTMENT

Credits

Fully ducted return and/or exhaust air systems

0.5inch w.c. (2.15 in w.c. for laboratory, anrd vivarium,
and hospital systems)

Return and/or exhaust airflow control devices

0.5 inch w.c.

Exhaust filters, scrubbers or other exhaust
treatment

The pressure drop of device calculated at fan system
design condition

Particulate filtration credit: MERYV 9 thru 12 0.5 inch w.c.

Particulate filtration credit: MERV 13 thru 15 0.9 inch. w.c.

Particulate filtration credit: MERV 16 and greater Pressure drop calculated at 2x clean filter pressure
and drop at

electronically enhanced filters

fan system design condition.

Carbon and other gas-phase air cleaners

Clean filter pressure drop at fan system design
condition.

Biosafety cabinet

Pressure drop of device at fan system design
condition.

Energy recovery device, other than coil
runaround loop

(2.2 x energy recovery effectiveness) — 0.5 inch w.c.
for each airstream.

Coil runaround loop

0.6 inch w.c. for each airstream.

Evaporative humidifier/cooler in series with

Pressure drop of device at fan system design

another conditions.

cooling coill

Sound attenuation section (fans serving spaces 0.15 inch w.c.

with design

background noise goals below NC35)

Exhaust system serving fume hoods 0.35 inch w.c.

Laboratory and vivarium exhaust systems in 0.25 inch w.c./100 feet of vertical duct exceeding 75

high-rise buildings feet.
Deductions

Fume Hood Exhaust Exception -1.0 inw.c.

(required if 403.2.12.1 Exception 3 is taken)

For SI: 1 inch w.c. = 249 Pa, 1 inch = 25.4 mm.
w.c. = water column, NC = Noise criterion.

C403.2.12.2 Motor nameplate horsepower.
For each fan, the fan brake horsepower shall be indicated on the construction
documents and the selected motor shall be not larger than the first available motor size

greater than the following:

1. For fans less than 6 bhp (4413 W), 1.5 times the fan brake horsepower.




2. Forfans 6 bhp (4413 W) and larger, 1.3 times the fan brake horsepower.

3. Systems complying with Section C403.2.12.1 fan system motor nameplate hp
(Option 1).

C403.2.12.3 Fan efficiency.

C403.2.13 Heating outside a building.

Systems installed to provide heat outside a building shall be radiant systems.

Such heating systems shall be controlled by an occupancy sensing device or a timer switch,
so that the system is automatically deenergized when no occupants are present.










C403.2.15 Walk-in coolers, walk-in freezers, refrigerated warehouse coolers and
refrigerated warehouse freezers.

Deleted. Preempted bv Enerqv Independence and Secwtv Act 2007 sectlon 312 and




C403.2.16 Walk-in coolers and walk-in freezers.
Deleted.-Site-assembled-orsite-constructed-walk-in-coolersand-walk-infreezers shall-




C403.2.17 Refrigerated display cases.

Deleted.

fellowe g




C403.3 Economizers (Prescriptive).
Each cooling system shall include either an air or water economizer complying with Sections
C403.3.1 through C403.3.4

Exceptions: Economizers are not required for the systems listed below.

1. Deleted.

2. ln-climate-zones-otherthan1A-and-1B. Wwhere individual fan cooling units have a
capacity of less than 65,000 54,000 Btu/h (19.0 15.8 kW). and-meet-one-of-the-

following:

3. Where more than 25 percent of the air designed to be supplied by the system is to
spaces that are designed to be humidified above 35°F (1.7°C) dew-point
temperature to satisfy process needs.

4. Systems that serve residential spaces where the system capacity is less than five
times the requirement listed in Table C403.3(1).

5. Systems expected to operate less than 20 hours per week.

6. Where the use of outdoor air for cooling will affect supermarket open refrigerated
casework systems.



7. Where the cooling efficiency meets or exceeds the efficiency requirements in Table
C403.3(2).

8. Chilled-water cooling systems that are passive (without a fan) or use induction where
the total chilled water system capacity less the capacity of fan units with air
economizers is less than the minimum specified in Table C403.3(1).

9. Systems that include a heat recovery system in accordance with Section C403.4.5.
TABLE C403.3(1)

MINIMUM CHILLED-WATER SYSTEM COOLING CAPACITY FOR DETERMINING
ECONOMIZER COOLING REQUIREMENTS

CLIMATE TOTAL CHILLED-WATER SYSTEM CAPACITY LESS CAPACITY OF COOLING
ZONES .UNITS WITH AIR ECONOMIZERS
(COOLING) Local Water-cooled Chilled-water Alr-c_ool_ed Ch_llled-water Systems or
Systems District Chilled-Water Systems

3a, 3b;-3¢, 4a, 720,000 Btu/h 940,000 Btu/h
4h, 4c

5a, 5b;5¢,6a 1,320,000 Btu/h 1,720,000 Btu/h
6b 748

For SI:1 British thermal unit per hour = 0.2931 W.

TABLE C403.3(2)
EQUIPMENT EFFICIENCY PERFORMANCE
EXCEPTION FOR ECONOMIZERS

CLIMATE COOLING EQUIPMENT PERFORMANCE
ZONES IMPROVEMENT (EER OR IPLV)
3A2B 10%-27% efficiency improvement
4A-3B 15%-42% efficiency improvement
5A4B 20%-49% efficiency improvement

C403.3.1 Integrated economizer control.

Economizer systems shall be integrated with the mechanical cooling system and be capable
of providing partial cooling even where additional mechanical cooling is required to provide
the remainder of the cooling load. Controls shall not be capable of creating a false load in
the mechanical cooling systems by limiting or disabling the economizer or any other means,
such as hot gas bypass, except at the lowest stage of mechanical cooling.

Units that include an air economizer shall comply with the following:
1. Unit controls shall have the mechanical cooling capacity control interlocked with

the air economizer controls such that the outdoor air damper is at the 100-
percent open position when mechanical cooling is on and the outdoor air damper




does not begin to close to prevent coil freezing due to minimum compressor run
time until the leaving air temperature is less than 45°F (7°C).

2. Direct expansion (DX) units that control 75,000 Btu/h (22 kW) or greater of rated
capacity ef-the-capaeity of the mechanical cooling directly based on occupied
space temperature shall have not fewer than two stages of mechanical cooling
capacity

3. Other DX units, including those that control space temperature by modulating the
airflow to the space, shall be in accordance with Table C403.3.1.

TABLE C403.3.1

DX COOLING STAGE REQUIREMENTS FOR MODULATING AIRFLOW UNITS

RATING CAPACITY

MINIMUM NUMBER
OF MECHANICAL COOLING STAGES

MINIMUM
a
COMPRESSOR DISPLACEMENT

> 65,000 Btu/h and 3 stages < 35% of full load
< 240,000 Btu/h
> 240,000 Btu/h 4 stages < 25% full load

For SI: 1 British thermal unit per hour = 0.2931 W.

a. For mechanical cooling stage control that does not use variable compressor displacement, the percent
displacement shall be equivalent to the mechanical cooling capacity reduction evaluated at the full load rating
conditions for the compressor.

C403.3.2 Economizer heating system impact.
HVAC system design and economizer controls shall be such that economizer operation
does not increase building heating energy use during normal operation.

Exception: Economizers on variable air volume (VAV) systems that cause zone level
heating to increase due to a reduction in supply air temperature.

C403.3.3 Air economizers.
Air economizers shall comply with Sections C403.3.3.1 through C403.3.3.5.

C403.3.3.1 Design capacity.
Air economizer systems shall be capable of modulating outdoor air and return air
dampers to provide up to 100 percent of the design supply air quantity as outdoor air for

cooling.

C403.3.3.2 Control signal.
Economizer dampers shall be capable of being sequenced with the mechanical cooling
equipment and shall not be controlled by only mixed-air temperature.

Exception: The use of mixed-air temperature limit control shall be permitted for
systems controlled from space temperature (such as single-zone systems).

C403.3.3.3 High-limit shutoff.
Air economizers shall be capable of automatically reducing outdoor air intake to the
design minimum outdoor air quantity when outdoor air intake will no longer reduce




C403.3.3.4 Relief of excess outdoor air.

Systems shall be capable of relieving excess outdoor air during air economizer operation
to prevent overpressurizing the building. The relief air outlet shall be located to avoid
recirculation into the building.

C403.3.3.5 Economizer dampers.
Return, exhaust/relief and outdoor air dampers used in economizers shall comply with
Section C403.2.4.3.

C403.3.4 Water-side economizers.
Water-side economizers shall comply with Sections C403.3.4.1 and C403.3.4.2.

C403.3.4.1 Design capacity.
Water economizer systems shall be capable of cooling supply air by indirect evaporation




and providing up to 100 percent of the expected system cooling load at outdoor air
temperatures of not greater than 50°F (10°C) dry bulb/45°F (7°C) wet bulb.

Exceptions allowed in lieu of the design capacity provisions identified above:

1. Systems primarily serving computer rooms in which 100 percent of the
expected system cooling load at 40°F (4°C) dry bulb/35°F (1.7°C) wet bulb is
met with evaporative water economizers.

2. Systems primarily serving computer rooms with dry cooler water economizers
which satisfy 100 percent of the expected system cooling load at 35°F
(1.7°C) dry bulb.

3. Systems where dehumidification requirements cannot be met using outdoor
air temperatures of 50°F (10°C) dry bulb/45°F (7°C) wet bulb and where 100
percent of the expected system cooling load at 45°F (7°C) dry bulb/40°F
(4°C) wet bulb is met with evaporative water economizers.

C403.3.4.2 Maximum pressure drop.

Precooling coils and water-to-water heat exchangers used as part of a water economizer
system shall either have a water-side pressure drop of less than 15 feet (45 kPa) of
water or a secondary loop shall be created so that the coil or heat exchanger pressure
drop is not seen by the circulating pumps when the system is in the normal cooling
(noneconomizer) mode.

C403.4 Hydronic and multiple-zone HVAC systems controls and equipment.
(Prescriptive).

Hydronic and multiple-zone HVAC system controls and equipment shall comply with this
section.

C403.4.1 Fan control.
Controls shall be provided for fans in accordance with Sections C403.4.1.1 through
C403.4.1.3.

C403.4.1.1 Fan airflow control.
Each cooling system listed in Table C403.4.1.1 shall be designed to vary the indoor fan
airflow as a function of load and shall comply with the following requirements:

1. Direct expansion (DX) and chilled water cooling units that control the capacity of
the mechanical cooling directly based on space temperature shall have not fewer
than two stages of fan control. Low or minimum speed shall not be greater than
66 percent of full speed. At low or minimum speed, the fan system shall draw not
more than 40 percent of the fan power at full fan speed. Low or minimum speed
shall be used during periods of low cooling load and ventilation-only operation.

2. Other units including DX cooling units and chilled water units that control the
space temperature by modulating the airflow to the space shall have modulating
fan control. Minimum speed shall be not greater than 50 percent of full speed. At
minimum speed the fan system shall draw not more than 30 percent of the power



at full fan speed. Low or minimum speed shall be used during periods of low
cooling load and ventilation-only operation.

3. Units that include an airside economizer in accordance with Section C403.3 shall
have not fewer than two speeds of fan control during economizer operation

Exceptions:

1. Modulating fan control is not required for chilled water and evaporative
cooling units with fan motors of less than 1 hp (0.746 kW) where the units are
not used to provide ventilation air and the indoor fan cycles with the load.

2. Where the volume of outdoor air required to comply with the ventilation
requirements of the International Mechanical Code at low speed exceeds the
air that would be delivered at the speed defined in Section C403.4.1, the
minimum speed shall be selected to provide the required ventilation air.

TABLE C403.4.1.1
EFFECTHNVEDATESFOR FAN CONTROL REQUIREMENTS

COOLING FAN MECHANICAL
SYSTEM TYPE MOTOR SIZE COOLING CAPACITY
> 120,000 75,000 Btu/h
{before-1/1/2016)
DX cooling Any
= 65,000-Btuth
(after-1/1/2016)
Chilled water and >5hp Any
Evaporative cooling > Yanp Any

For SlI: 1 British thermal unit per hour = 0.2931 W; 1 hp = 0.746 kW.

C403.4.1.2 Static pressure sensor location.

C403.4.1.3 Set points for direct digital control.
For systems with direct digital control of individual zones reporting to the central control
panel, the static pressure set point shall be reset based on the zone requiring the most




C403.4.2 Hydronic systems controls.

The heating of fluids that have been previously mechanically cooled and the cooling of fluids
that have been previously mechanically heated shall be limited in accordance with Sections
C403.4.2.1 through C403.4.2.3. Hydronic heating systems comprised of multiple-packaged
boilers and designed to deliver conditioned water or steam into a common distribution
system shall include automatic controls capable of sequencing operation of the boilers.
Hydronic heating systems comprised of a single boiler and greater than 500,000 Btu/h
(146.5 kW) input design capacity shall include either a multistaged or modulating burner.

C403.4.2.1 Three-pipe system.
Hydronic systems that use a common return system for both hot water and chilled water
are prohibited.

C403.4.2.2 Two-pipe changeover system.

Systems that use a common distribution system to supply both heated and chilled water
shall be designed to allow a dead band between changeover from one mode to the other
of not less than 15°F (8.3°C) outside air temperatures; be designed to and provided with
controls that will allow operation in one mode for not less than 4 hours before changing
over to the other mode; and be provided with controls that allow heating and cooling
supply temperatures at the changeover point to be not more than 30°F (16.7°C) apart.

C403.4.2.3 Hydronic (water loop) heat pump systems.
Hydronic heat pump systems shall comply with Sections C403.4.2.3.1 through
C403.4.2.3.2.

C403.4.2.3.1 Temperature dead band.

Hydronic heat pumps connected to a common heat pump water loop with central
devices for heat rejection and heat addition shall have controls that are capable of
providing a heat pump water supply temperature dead band of not less than 20°F
(11°C) between initiation of heat rejection and heat addition by the central devices.

Exception: Where a system loop temperature optimization controller is installed
and can determine the most efficient operating temperature based on realtime
conditions of demand and capacity, dead bands of less than 20°F (11°C) shall be
permitted.

C403.4.2.3.2 Heat rejection.
Heat rejection equipment shall comply with Sections C403.4.2.3.2.1 and
C403.4.2.3.2.2.

Exception: Where it can be demonstrated that a heat pump system will be
required to reject heat throughout the year.

C403.4.2.3.2.1 Climate zones 3 and 4.
For Climate Zones 3 and 4:



1. Where a closed-circuit cooling tower is used directly in the heat pump
loop, either an automatic valve shall be installed to bypass all but a
minimal flow of water around the tower, or lower leakage positive closure
dampers shall be provided.

2. Where an open-circuit tower is used directly in the heat pump loop, an
automatic valve shall be installed to bypass all heat pump water flow
around the tower.

3. Where an open- or closed-circuit cooling tower is used in conjunction with
a separate heat exchanger to isolate the cooling tower from the heat
pump loop, then heat loss shall be controlled by shutting down the
circulation pump on the cooling tower loop.

C403.4.2.3.2.2 Climate zones 5 through-8.

For Climate Zones 5 through-8, where an open- or closed-circuit cooling tower is
used, a separate heat exchanger shall be provided to isolate the cooling tower
from the heat pump loop, and heat loss shall be controlled by shutting down the
circulation pump on the cooling tower loop and providing an automatic valve to
stop the flow of fluid.

C403.4.2.3.3 Two-position valve.
Each hydronic heat pump on the hydronic system having a total pump system power
exceeding 10 hp (7.5 kW) shall have a two-position valve.

C403.4.2.4 Part-load controls.
Hydronic heating systems greater than or equal to 300,000 Btu/h (87,930 W) in design

output capacity supplying heated or chilled water to comfort conditioning systems shall
include controls that have the capability to:

1. Automatically reset the supply hot water temperatures using zone-return water

temperature, building-return water temperature, or outside air temperature as an
indicator of building heating or cooling demand. The temperature shall be
capable of being reset by at least 25 percent of the design supply-to-return water

temperature difference; or

2. Reduce system pump flow by at least 50 percent of design flow rate utilizing
adjustable speed drive(s) on pump(s), or multiple-staged pumps where at least
one-half of the total pump horsepower is capable of being automatically turned
off or control valves designed to modulate or step down, and close, as a function
of load, or other approved means.




C403.4.2.5 Boiler turndown.

Boiler systems with design input of greater than 1,000,000 Btu/h (293 kW) shall comply

with the turndown ratio specified in Table C403.4.2.5.

The system turndown requirement shall be met through the use of multiple single
input boilers, one or more modulating boilers or a combination of single input and

modulating boilers.

TABLE C403.4.2.5
BOILER TURNDOWN

MINIMUM
BOILER SYSTEM DESIGN INPUT (Btu/h) TURNDOWN
RATIO
> 1,000,000 and less than or equal to 5,000,000 3tol
> 5,000,000 and less than or equal to 10,000,000 4101
> 10,000,000 5t01

For SlI: 1 British thermal unit per hour = 0.2931 W.




C403.4.2.6 Pump isolation.

Chilled water plants including more than one chiller shall have the capability to reduce
flow automatically through the chiller plant when a chiller is shut down. Chillers piped in
series for the purpose of increased temperature differential shall be considered as one
chiller.

Boiler plants including more than one boiler shall have the capability to reduce flow
automatically through the boiler plant when a boiler is shut down.

C403.4.3 Heat rejection equipment.

Each fan powered by a motor of 7.5 hp (5.6 kW) or larger shall have the capability to
operate that fan at two-thirds of full speed or less, and shall have controls that automatically
change the fan speed to control the leaving fluid temperature or condensing
temperature/pressure of the heat rejection device.

Exception: Factory-installed heat rejection devices within HYAC equipment tested and
rated in accordance with Tables C403.2.3(6) and C403.2.3(7).




C403.4.4 Requirements for complex mechanical systems serving multiple zones.
Sections C403.4.4.1 through €403-4-6-4 C403.4.4.6 shall apply to complex mechanical
systems serving multiple zones. Supply air systems serving multiple zones shall be variable
air volume (VAV) systems that, during periods of occupancy, are designed and capable of
being controlled to reduce primary air supply to each zone to one of the following before
reheating, recooling or mixing takes place:

1.

2.

Thirty percent of the maximum supply air to each zone.

Three hundred cfm (142 L/s) or less where the maximum flow rate is less than 10
percent of the total fan system supply airflow rate.

The minimum ventilation requirements of Chapter 4 of the International Mechanical
Code.

Any higher rate that can be demonstrated to reduce overall system annual energy
use by offsetting reheat/recool energy losses through a reduction in outdoor air

intake for the system; as-approved-by-the-code-official.

The airflow rate required to comply with applicable codes or accreditation standards,
such as pressure relationships or minimum air change rates.

Exception: The following individual zones or entire air distribution systems are
exempted from the requirement for VAV control:



1. Zones or supply air systems where not less than 75 percent of the energy for
reheating or for providing warm air in mixing systems is provided from a site-
recovered or site-solar energy source.

2. Zones where special humidity levels are required to satisfy process needs.

3. Zones with a peak supply air quantity of 300 cfm (142 L/s) or less and where the
flow rate is less than 10 percent of the total fan system supply airflow rate.

4. Zones where the volume of air to be reheated, recooled or mixed is not greater
than the volume of outside air required to provide the minimum ventilation
requirements of Chapter 4 of the International Mechanical Code.

5. Zones or supply air systems with thermostatic and humidistatic controls capable
of operating in sequence the supply of heating and cooling energy to the zones
and which are capable of preventing reheating, recooling, mixing or simultaneous
supply of air that has been previously cooled, either mechanically or through the
use of economizer systems, and air that has been previously mechanically
heated.

C403.4.4.1 Single-duct VAV systems, terminal devices.
Single-duct VAV systems shall use terminal devices capable of reducing the supply of
primary supply air before reheating or recooling takes place.

C403.4.4.2 Dual-duct and mixing VAV systems, terminal devices.

Systems that have one warm air duct and one cool air duct shall use terminal devices
that are capable of reducing the flow from one duct to a minimum before mixing of air
from the other duct takes place.

C403.4.4.3 Single-fan dual-duct and mixing VAV systems, economizers.

Individual dual-duct or mixing heating and cooling systems with a single fan and with
total capacities greater than 90,000 Btu/h [(26.4 kW) 7.5 tons] shall not be equipped with
air economizers.

C403.4.4.4 Fractional hp fan motors.

Deleted. Mete%ieﬁans%h&@%%ess%h&wﬂ -hp-{0:082 kK\WH-andless-than-1-hp-
. 4-_2 . .




C403.4.4.5 Supply-air temperature reset controls.

Multiple-zone HVAC systems shall include controls that automatically reset the supply-
air temperature in response to representative building loads, or to outdoor air
temperature. The controls shall be capable of resetting the supply air temperature not
less than 25 percent of the difference between the design supply-air temperature and
the design room air temperature.

Exceptions:

1. Systems that prevent reheating, recooling or mixing of heated and cooled
supply air.

2. Seventy-five percent of the energy for reheating is from site-recovered or site-
solar energy sources.

3. Zones with peak supply air quantities of 300 cfm (142 L/s) or less.

C403.4.4.6 Multiple-zone VAV system ventilation optimization control.
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C403.4.5 Heat recovery for service water heating.

Condenser heat recovery shall be installed for heating or reheating of service hot water
provided that the facility operates 24 hours a day, the total installed heat capacity of water-
cooled systems exceeds 6,000,000 Btu/hr (1 758 kW) of heat rejection, and the design
service water heating load exceeds 1,000,000 Btu/h (293 kW).

The required heat recovery system shall have the capacity to provide the smaller of the

following:

1. Sixty percent of the peak heat rejection load at design conditions.



2. The preheating required to raise the peak service hot water draw to 85°F (29°C).
Exceptions:

1. Facilities that employ condenser heat recovery for space heating or reheat
purposes with a heat recovery design exceeding 30 percent of the peak water-
cooled condenser load at design conditions.

2. Facilities that provide 60 percent of their service water heating from site solar or
site recovered energy or from other sources.

C403.4.6 Hot gas bypass limitation.

Cooling systems shall not use hot gas bypass or other evaporator pressure control systems
unless the system is designed with multiple steps of unloading or continuous capacity
modulation. The capacity of the hot gas bypass shall be limited as indicated in Table
C403.4.6, as limited by Section C403.3.1.

Exception: Unitary packaged systems with nominal cooling capacities of 7.5 tons or less
(approximately 90 kBTU/h or 26.4 KW).

TABLE C403.4.6
MAXIMUM HOT GAS BYPASS CAPACITY

RATED CAPACITY MAXIMUM HOT GAS BYPASS CAPACITY
(% of total capacity)
< 240,000 Btu/h 50
> 240,000 Btu/h 25

For Sl: 1 British thermal unit per hour = 0.2931 W.

C403.5 Refrigeration systems.
Deleted. Refrigerated-display-ca







C404.1 General.

SECTION C404
SERVICE WATER HEATING (MANDATORY)

This section covers the minimum efficiency of, and controls for, service water-heating
equipment and insulation of service hot water piping.

C404.2 Service water-heating equipment performance efficiency.
Water-heating equipment and hot water storage tanks shall meet the requirements of Table
C404.2. The efficiency shall be verified through data furnished by the manufacturer of the
equipment or through certification under an approved certification program. Water-heating
equipment also intended to be used to provide space heating shall meet the applicable
provisions of Table C404.2.

TABLE C404.2
MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

SIZE SUBCATEGORY
EQUIPMENT CArhZE OR PERFORMANCE TEST
TYPE . RATING REOUIRED™ ° PROCEDURE
(input) Q
CONDITION
<12 1w’ Resistance 097-000132v,EF | PO-10CFR
Water heaters, > 12 kW Resistance 03+27N ), %lh ANSI 721.10.3
electric m
< 24 amps and ) DOE 10 CFR
< 950 volts Heat pump 0.93-0.00 132V, EF Part 430
DOE 10 CFR
< 75,000 Btu/h > 20 gal 0.67 - 0.0019V, EF Part 430
Storage water > 75,000 Btu/h 0% E
heaters, and < 4,000 Btu/h/gal W
gas < 155,000 Btu/h QU500+ 1I0.V)SL B | jie 751 10 3
80% E
> 155,000 Btu/h | < 4,000 Btu/h/gal (QI800 + 110.V)SL. Bwh
> 50,000 Btu/h
' > 4,000
and (Btu/h)/gal 0.62 - 0.00 19V, EF DOE 10 CFR
c d<2aal Part 430
Instantaneous ~ |_< 200,000 Btu/h and =< 9a
water heaters, > 4,000 Btu/h/gal 80% E
gas > 200,000 Btu/h and < 10 gal t
> 4,000 Btu/h/gal A ANSI Z21.10.3
> 200,000 B/h and (/500 + 110./V)SL. Bru/h
> 10 gal
Storage water | < 105,000 Btu/h > 20 gal 0.59 - 0.0019V, EF D%E 1?13‘,:0FR
heaters, — art
oil > 105,000 Btu/h | < 4,000 Bu/h/gal | (ors004 110 AHSL Bm | ANSIZ21.10.3
> 4,000 Btu/h/gal
< 210,000 Btu/h and 0.59 - 0.0019V, EF DOE 10 CFR
Part 430
Instantaneous <2gal
water heaters, oil > 4,000 Btu/h/gal 0
> 210,000 Btu/h and 80% E, ANSI| 721.10.3

<10 gal




> 4,000 Btu/h/gal 18% E
> 210,000 Btu/h and (Q/R00 + ll['-\-"‘rr{iﬂl_. Btwh
> 10 gal
Hot water supply > 300’223 Btu/h > 4,000 Btu/h/gal 80% E
boilers, < 12.500.000 and ° 5
gas and oil étu/h' <10 gal
Hot water supply = 300’223 Btu/h > 4,000 Btu/h/gal 80% E
boilers, < 12.500.000 and (/%00 + 110 /V)SL, Buwh | ANSIZ21.10.3
gas étu /h' >10 gal
Hot water supply g 300’223 Btu/h > 4,000 Btu/h/gal 0
boilers, < 12,500,000 and (QI800 + 110./V)SL, Buh
oil Btu/h >10 gal
Pool heaters, gas 82% E
and oil All — t ASHRAE 146
Hea:]pump pool All — 4.0 COP AHRI 1160
eaters
_ Minimum insulation
Unfired storage Al o requirement R-12.5 (none)
tanks 2
(h-ft - °F)/Btu

For SI: °C = [(°F) - 32]/1.8, 1 British thermal unit per hour = 0.2931 W, 1 gallon = 3.785 L, 1 British thermal unit per
hour per gallon = 0.078 WIL.
a. Energy factor (EF) and thermal efficiency (E ) are minimum requirements. In the EF equation, V is the rated
t

volume in gallons.
b. Standby loss (SL) is the maximum Btu/h based on a nominal 70°F temperature difference between stored water
and ambient requirements. In the SL equation, Q is the nameplate input rate in Btu/h. In the equations for electric

water heaters, V is the rated volume in gallons and V is the measured volume in gallons. In the SL equation for
m

oil and gas water heaters and boilers, V is the rated volume in gallons.

c. Instantaneous water heaters with input rates below 200,000 Btu/h shall comply with these requirements where
the water heater is designed to heat water to temperatures 180°F or higher.

d. Electric water heaters with an input rating of 12 kW (40,950 Btu/hr) or less that are designed to heat water to
temperatures of 180°F or greater shall comply with the requirements for electric water heaters that have an input
rating greater than 12 kw (40,950 Btu/h).

C404.2.1 High input-rated service water-heating systems.
Deleted. : water-heati j ; i A




C404.3 Heat traps.

Water-heating equipment not supplied with integral heat traps and serving noncirculating
systems shall be provided with heat traps on the supply and discharge piping associated with
the equipment.

C404.4 Insulation of piping.

For automatic-circulating hot water systems, piping shall be insulated with 1 inch (25 mm) of
insulation having a conductivity not exceeding 0.27 Btu per inch/h x ft2 x °F (1.53 W per 25
mm/m2_x K). The first 8 feet (2438 mm) of piping in noncirculating systems served by
equipment without integral heat traps shall be insulated with 0.5 inch (12.7 mm) of material
having a conductivity not exceeding 0.27 Btu per inch/h x fi2 x °F (1.53 W per 25 mm/m2 X




NOMINAL-PIPE- VOLUME
size (liguid-ounces perfoot e {feet) :
E ) gth) faucets apphances
1
/ 033 6 50
4
5
4 ok 4 EQ
16
3
/ 075 3 50
8
1
1 Lk 2 43
2
5
/ 2 1 32
8
3
! 3 0.5 21
4
7
/ 4 ok 16
8
1 5 0.5 13
1
1/ 8 ok 8
4




C404.6 Heated-water cireulating-and-temperature-matntenance systems. Hot water

system controls. Automatic-circulating hot water system pumps or heat trace shall be arranged

to be conveniently turned off automatically or manually when the hot water system is not in
operation.




C404.8 Draln water heat recovery unlts
Deleted :

C404.9 Energy consumption of pools and permanent spas. (Mandatory).
The energy consumption of pools and permanent spas shall be controlled by the requirements
in Sections C404.9.1 through C404.9.3.

C404.9.1 Heaters.

All heaters shall be equipped with a readily accessible on-off switch that is mounted outside
of the heater to allow shutting off the heater without adjusting the thermostat setting. Gas-
f|red heaters shall not be equmped Wlth constant burnlnq pllot Ilqhts IFheeleetHc—pewer—te

C404.9.2 Time switches.

Time switches or other control methods that can automatically turn off and on heaters and
pump motors 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-hour pump operation.

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

C404.9.3 Covers.
Outdoor heated pools and outdoor permanent spas shall be provided with a class 1 vapor-

retardant cover er-otherapproved-vapor-retardant-means.

Exception: Pools deriving over 70% of the energy from heating from site-recovered

enerqv or solar energy source. Whem—me;e—than—?@—pe#eeni—ef—the—a%#gy—te#heaﬂng—

C404.10 Energy consumptlon of portable spas (Mandatory)
Deleted

C404.11 Service water-heating system commissioning and completion requirements.
Service water-heating systems, swimming pool water-heating systems, spa water-heating
systems and the controls for those systems shall be commissioned and completed in
accordance with Section C408.2.

SECTION C405
ELECTRICAL POWER AND LIGHTING SYSTEMS

C405.1 General (Mandatory).
This section covers lighting system controls, the maximum lighting power for interior and
exterior applications and electrical energy consumption.

Exception: Dwelling units within commercial buildings shall not be required to comply with
Sections C405.2 through C405.5, provided that they comply with Section R404.1.

C405.2 Lighting controls (Mandatory).
Lighting systems shall be provided with controls as specified in Sections C405.2.1, C405.2.2,
C405.2.3, C405.2.4 and C405.2.5.

Exceptions: Lighting controls are not required for the following:

1. Areas designated as security or emergency areas that are required to be
continuously lighted.

2. Interior exit stairways, interior exit ramps and exit passageways.

3. Emergency egress lighting that is normally off.



C405.2.1 Occupant sensor controls.
Occupant sensor controls shall be installed to control lights in the following space types:

1. Classrooms/lecture/training rooms.

2. Conference/meeting/multipurpose rooms.
3. Copy/print rooms.

4. lLounges.

5. Employee lunch and break rooms.

6. Private offices.

7. Restrooms.

8. Storage rooms greater than 100 square feet

9. Janitorial closets.

10. Computer server rooms Lockerroems

. : : 2
11. Mechanical and electrical equipment rooms Otherspaces-300-squarefeet{(28-m )
I I I b fl ma heial ore,

12. Warehouses.

Occupancy sensors shall not be required for:
1. Rooms requiring explosion proof electrical devices
2. Chemical storage rooms

C405.2.1.1 Occupant sensor control function.
Occupant sensor controls in spaces other than warehouses specified in Section
C405.2.1 shall comply with the following:

1. Automatically turn off lights within 30 minutes of all occupants leaving the space.




3.

Shall incorporate a manual control to allow occupants to turn lights off.

C405.2.1.2 Occupant sensor control function in warehouses.

In warehouses, the lighting in aisleways and open areas shall be controlled with
occupant sensors that automatically reduce lighting power from 50% to 100% off by-ret
less-than-50-percent when the areas are unoccupied. The occupant sensors shall control
lighting in each aisleway independently and shall not control lighting beyond the
aisleway being controlled by the sensor.

C405.2.2 Time-switch controls.

Each area of the building that is not provided with occupant sensor controls complying with
Section C405.2.1.1 shall be provided with time switch controls complying with Section
C405.2.2.1.

Exception: Where a manual control provides light reduction in accordance with Section
C405.2.2.2, automatic controls shall not be required for the following:

1.

2.

3.

4.

5.

Sleeping units.

Spaces where patient care is directly provided.

Spaces where an automatic shutoff would endanger occupant safety or security.
Lighting intended for continuous operation.

Shop and laboratory classrooms.

C405.2.2.1 Time-switch control function.

Each space provided with time-switch controls shall also be provided with a manual
control for light reduction in accordance with Section C405.2.2.2. Time-switch controls
shall include an override switching device that complies with the following:

1.

2.

3.

Have a minimum 7-day clock.

Be capable of being set for seven different day types per week.

Incorporate an automatic holiday “shutoff” feature, which turns off all controlled
lighting loads for at least 24 hours and then resumes normally scheduled

operations.

Have program backup capabilities, which prevent the loss of program and time
settings for at least 10 hours, if power is interrupted.

Include an override switch that complies with the following:

5.1. The override switch shall be a manual control.



5.2. The override switch, when initiated, shall permit the controlled lighting to
remain on for not more than 2 hours.

5.3. Any individual override switch shall control the lighting for an area not larger
than 5,000 square feet (465 mz).

Exceptions:

1. Within malls, arcades, auditoriums, single-tenant retail spaces, industrial facilities
and arenas:

1.1. The time limit shall be permitted to be greater than 2 hours, provided that the
override switch is a captive key device.

1.2. The area controlled by the override switch is permitted to be greater than
2
5,000 square feet (465 m ), but shall not be greater than 20,000 square feet
(1860 m).

2. Where provided with manual control, the following areas are not required to have
light reduction control per Section C405.2.2.2:

2.1. Spaces that have only one luminaire with a rated power of less than 100
watts.

2

2.2. Spaces that use less than 0.6 watts per square foot (6.5 W/m ).

2.3. Corridors, equipment rooms, public lobbies, electrical or mechanical rooms.
C405.2.2.2 Light-reduction controls.
Spaces required to have light-reduction controls shall have a manual control that allows
the occupant to reduce the connected lighting load in a reasonably uniform illumination
pattern by at least 50 percent. Lighting reduction shall be achieved by one of the
following or another approved method:

1. Controlling all lamps or luminaires.

2. Dual switching of alternate rows of luminaires, alternate luminaires or alternate
lamps.

3. Switching the middle lamp luminaires independently of the outer lamps.
4. Switching each luminaire or each lamp.

Exception: Light reduction controls are not required in daylight zones with daylight

responsive controls. complying-with-Section-C405.-2.3-

C405.2.2.3 Manual controls.
Manual controls for lights shall comply with the following:



1. Shall be readily accessible to occupants.

2. Shall be located where the controlled lights are visible, or shall identify the area
served by the lights and indicate their status.
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C405.2.4 Specific application controls.
Specific application controls shall be provided for the following:

1. Display and accent light shall be controlled by a dedicated control that is
independent of the controls for other lighting within the room or space.

2. Lighting in cases used for display case purposes shall be controlled by a dedicated
control that is independent of the controls for other lighting within the room or space.

3. Hotel and motel sleeping units and guest suites shall have a master control device
that is capable of automatically switching off all installed luminaires and switched
receptacles within 20 minutes after all occupants leave the room.

Exception: Lighting and switched receptacles controlled by captive key systems.

4. Supplemental task lighting, including permanently installed under-shelf or under-
cabinet lighting, shall have a control device integral to the luminaires or be controlled
by a wall-mounted control device provided that the control device is readily
accessible.

5. Lighting for nonvisual applications, such as plant growth and food warming, shall be
controlled by a dedicated control that is independent of the controls for other lighting
within the room or space.



6. Lighting equipment that is for sale or for demonstrations in lighting education shall be
controlled by a dedicated control that is independent of the controls for other lighting
within the room or space.

C405.2.5 Exterior lighting controls.

Lighting not designated for dusk-to-dawn operation shall be controlled by either a combination
of a photosensor and a time switch, or an astronomical time switch. Lighting designated for
dusk-to-dawn operation shall be controlled by an astronomical time switch or photosensor. All
time switches shall be capable of retaining programming and the time setting during loss of
power for a period of at least 10 hours.

C405.3 Exit signs (Mandatory).
Internally illuminated exit signs shall not be more than 5 watts per side.

C405.4 Interior lighting power requirements (Prescriptive).

A building complies with this section where its total connected lighting power calculated under
Section C405.4.1 is not greater than the interior lighting power calculated under Section
C405.4.2.

C405.4.1 Total connected interior lighting power.

The total connected interior lighting power shall be determined in accordance with Equation
4-9.

TCLP =[SL + LV + LTPB + Other] (Equation 4-9)

where:



TCLP
SL
LV
LTPB

Other

Total connected lighting power (watts).

Labeled wattage of luminaires for screw-in lamps.

Wattage of the transformer supplying low-voltage lighting.
Wattage of line-voltage lighting tracks and plug-in busways as
the specified wattage of the luminaires, but at least 30 W/lin. ft.
(100 W/lin m), or the wattage limit of the system’s circuit
breaker, or the wattage limit of other permanent current-limiting
devices on the system.

= The wattage of all other luminaires and lighting sources not
covered previously and associated with interior lighting verified
by data supplied by the manufacturer or other approved
sources.

Exceptions:

1. The connected power associated with the following lighting equipment is not
included in calculating total connected lighting power.

1.1. Professional sports arena playing field lighting.

1.2. Lighting in sleeping units, provided that the lighting complies with Section
R404.1.

1.3. Emergency lighting automatically off during normal building operation.
1.4. Lighting in spaces specifically designed for use by occupants with special
lighting needs, including those with visual impairment and other medical and

age-related issues.

1.5. Lighting in interior spaces that have been specifically designated as a
reg-istered interior historic landmark.

1.6. Casino gaming areas.

1.7. Mirror lighting in dressing rooms.

2. Lighting equipment used for the following shall be exempt provided that it is in

addition to general lighting and is controlled by an independent control device:
2.1. Task lighting for medical and dental purposes.

2.2. Display lighting for exhibits in galleries, museums and monuments.

3. Lighting for theatrical purposes, including performance, stage, film production

and video production.

4. Lighting for photographic processes.



5. Lighting integral to equipment or instrumentation and installed by the
manufacturer.

6. Task lighting for plant growth or maintenance.
7. Advertising signage or directional signage.

8. In restaurant buildings and areas, lighting for food warming or integral to food
preparation equipment.

9. Lighting equipment that is for sale.
10. Lighting demonstration equipment in lighting education facilities.

11. Lighting approved because of safety or emergency considerations, inclusive of
exit lights.

12. Lighting integral to both open and glass-enclosed refrigerator and freezer cases.

13. Lighting in retail display windows, provided the display area is enclosed by
ceiling-height partitions.

14. Furniture-mounted supplemental task lighting that is controlled by automatic
shutoff.

15. Exit signs.

C405.4.2 Interior lighting power.

The total interior lighting power allowance (watts) is determined according to Table
C405.4.2(1) using the Building Area Method, or Table C405.4.2(2) using the Space-by-
Space Method, for all areas of the building covered in this permit.

TABLE C405.4.2(1)
INTERIOR LIGHTING POWER ALLOWANCES:
BUILDING AREA METHOD

BUILDING AREA TYPE LPD (w/ftz)
Automotive facility 0.80
Convention center 1.01
Courthouse 1.01
Dining: bar lounge/leisure 1.01
Dining: cafeteria/fast food 0.9
Dining: family 0.95
Dormitory 0.57
Exercise center 0.84
Fire station 0.67
Gymnasium 0.94
Health care clinic 0.90
Hospital 1.05




Hotel/Motel 0.87
Library 1.19
Manufacturing facility 1.17
Motion picture theater 0.76
Multifamily 0.51
Museum 1.02
Office 0.82
Parking garage 0.21
Penitentiary 0.81
Performing arts theater 1.39
Police station 0.87
Post office 0.87
Religious building 1.0
Retail 1.26
School/university 0.87
Sports arena 0.91
Town hall 0.89
Transportation 0.70
Warehouse 0.66
Workshop 1.19

TABLE C405.4.2(2)

INTERIOR LIGHTING POWER ALLOWANCES:

SPACE-BY-SPACE METHOD

a
COMMON SPACE TYPES

LPD (watts/sq.ft)

Atrium

Less than 40 feet in height

0.03 per foot
in total height

Greater than 40 feet in height

0.40 + 0.02 per foot
in total height

Audience seating area

In an auditorium 0.63
In a convention center 0.82
In a gymnasium 0.65
In a motion picture theater 1.14
In a penitentiary 0.28
In a performing arts theater 2.43
In a religious building 1.53
In a sports arena 0.43
Otherwise 0.43
Banking activity area 1.01
Breakroom (See Lounge/Breakroom)
Classroom/lecture hall/training room
In a penitentiary 1.34
Otherwise 1.24
Conference/meeting/multipurpose room 1.23
Copy/print room 0.72
Corridor
In a facility for the visually impaired (and 0.92




b
not used primarily by the staff)

In a hospital 0.79
In a manufacturing facility 0.41
Otherwise 0.66
Courtroom 1.72
Computer room 1.71
Dining area
In a penitentiary 0.96
In a facility for the visually impaired (and 19
not used primarily by the staff)b
In bar/lounge or leisure dining 1.07
In cafeteria or fast food dining 0.65
In family dining 0.89
Otherwise 0.65
Electrical/mechanical room 0.95
Emergency vehicle garage 0.56

(continued)

TABLE C405.4.2(2)—continued

INTERIOR LIGHTING POWER ALLOWANCES:

SPACE-BY-SPACE METHOD

a
COMMON SPACE TYPES

LPD (watts/sq.ft)

Food preparation area 1.21
Guest room 0.47
Laboratory

In or as a classroom 1.43

Otherwise 1.81
Laundry/washing area 0.6
Loading dock, interior 0.47
Lobby

In a facility for the visually impaired (and L8

not used primarily by the staff)b

For an elevator 0.64

In a hotel 1.06

In a motion picture theater 0.59

In a performing arts theater 2.0

Otherwise 0.9
Locker room 0.75
Lounge/breakroom

In a healthcare facility 0.92

Otherwise 0.73
Office

Enclosed 1.11

Open plan 0.98
Parking area, interior 0.19
Pharmacy area 1.68
Restroom

In a facility for the visually impaired (and 1.21




b
not used primarily by the staff

Otherwise 0.98
Sales area 1.59
Seating area, general 0.54
Stairway (See space containing stairway)

Stairwell 0.69
Storage room 0.63
Vehicular maintenance area 0.67
Workshop 1.59

a
BUILDING TYPE SPECIFIC SPACE TYPES

LPD (watts/sq.ft)

b
Facility for the visually impaired

In a chapel (and not used primarily by the

2.21
staff)
In a recreation room (and not used primarily
241
by the staff)
Automotive (See Vehicular Maintenance Area above)
Convention Center—exhibit space 1.45
Dormitory—Iliving quarters 0.38
Fire Station—sleeping quarters 0.22
Gymnasium/fitness center
In an exercise area 0.72
In a playing area 1.2

(continued)

TABLE C405.4.2(2)—continued

INTERIOR LIGHTING POWER ALLOWANCES:

SPACE-BY-SPACE METHOD

a
BUILDING TYPE SPECIFIC SPACE TYPES

LPD (watts/sq.ft)

healthcare facility

In an exam/treatment room 1.66
In an imaging room 1.51
In a medical supply room 0.74
In a nursery 0.88
In a nurse’s station 0.71
In an operating room 2.48
In a patient room 0.62
In a physical therapy room 0.91
In a recovery room 1.15
Library
In a reading area 1.06
In the stacks 1.71
Manufacturing facility
In a detailed manufacturing area 1.29
In an equipment room 0.74
In an extra high bay area (greater than 50’ 1.05
floor-to-ceiling height) '
In a high bay area (25-50' floor-to-ceiling 1.23

height)




In a low bay area (less than 25' floor-to-ceiling

height) 119
Museum

In a general exhibition area 1.05

In a restoration room 1.02
Performing arts theater—dressing room 0.61
Post Office—Sorting Area 0.94
Religious buildings

In a fellowship hall 0.64

In a worship/pulpit/choir area 1.53
Retail facilities

In a dressing/fitting room 0.71

In a mall concourse 11
Sports arena—playing area

For a Class | facility 3.68

For a Class Il facility 2.4

For a Class Il facility 1.8

For a Class IV facility 1.2
Transportation facility

In a baggage/carousel area 0.53

In an airport concourse 0.36

At a terminal ticket counter 0.8
Warehouse—storage area

For medium to bulky, palletized items 0.58

For smaller, hand-carried items 0.95

In cases where both a common space type and a building area specific space type are listed, the building area
specific space type shall apply

A ‘Facility for the Visually Impaired’ is a facility that is licensed or will be licensed by local or state authorities for
senior long-term care, adult daycare, senior support or people with special visual needs.

C405.4.2.1 Building Area Method.

For the Building Area Method, the interior lighting power allowance is the floor area for
each building area type listed in Table C405.4.2(1) times the value from Table
C405.4.2(1) for that area. For the purposes of this method, an “area” shall be defined as
all contiguous spaces that accommodate or are associated with a single building area
type, as listed in Table C405.4.2(1). Where this method is used to calculate the total
interior lighting power for an entire building, each building area type shall be treated as a
separate area. Trade-offs among building area types are permitted.

C405.4.2.2 Space-by-Space Method.

For the Space-by-Space Method, the interior lighting power allowance is determined by
multiplying the floor area of each space times the value for the space type in Table
C405.4.2(2) that most closely represents the proposed use of the space, and then
summing the lighting power allowances for all spaces. Trade-offs among spaces are
permitted.

C405.4.2.2.1 Additional interior lighting power.

Where using the Space-by-Space Method, an increase in the interior lighting power
allowance is permitted for specific lighting functions. Additional power shall be
permitted only where the specified lighting is installed and automatically controlled
separately from the general lighting, to be turned off during nonbusiness hours. This



additional power shall be used only for the specified luminaires and shall not be used
for any other purpose. An increase in the interior lighting power allowance is
permitted in the following cases:

1. For lighting equipment to be installed in sales areas specifically to highlight
merchandise, the additional lighting power shall be determined in accordance

with Equation 4-10.

Additional interior lighting power allowance = (Equation

2
500 watts + (Retail Area 1 - 0.6 W/ft ) +

4-10)

2
(Retail Area 2 - 0.6 W/ft ) + (Retail Area 3 -
2 2
1.4 W/ft ) + (Retail Area 4 - 2.5 W/ft )

where:

Retail Area 1
Retail Area 2

Retail Area 3

Retail Area 4

The floor area for all products not listed in Retail Area 2, 3 or 4.
The floor area used for the sale of vehicles, sporting goods and
small electronics.

The floor area used for the sale of furniture, clothing, cosmetics
and artwork.

The floor area used for the sale of jewelry, crystal and china.

Exception: Other merchandise categories are permitted to be included in Retalil
Areas 2 through 4, provided that justification documenting the need for additional
lighting power based on visual inspection, contrast, or other critical display is
approved by the code official.

2. For spaces in which lighting is specified to be installed in addition to the
general lighting for the purpose of decorative appearance or for highlighting
art or exhibits, provided that the additional lighting power shall be not more

2 2
than 1.0 w/ft (10.7 w/m ) of such spaces.

C405.5 Exterior lighting (Mandatory).

Where the power for exterior lighting is supplied through the energy service to the building, all
exterior lighting shall comply with Section C405.5.1.

Exception: Where approved because of historical, safety, signage or emergency

considerations.

C405.5.1 Exterior building lighting power.

The total exterior lighting power allowance for all exterior building applications is the sum of
the base site allowance plus the individual allowances for areas that are to be illuminated
and are permitted in Table C405.5.2(2) for the applicable lighting zone. Trade-offs are
allowed only among exterior lighting applications listed in Table C405.5.2(2), in the Tradable
Surfaces section. The lighting zone for the building exterior is determined from Table
C405.5.2(1) unless otherwise specified by the local jurisdiction.



Exception: Lighting used for the following exterior applications is exempt where
equipped with a control device independent of the control of the nonexempt lighting:

1. Specialized signal, directional and marker lighting associated with transportation.
2. Advertising signage or directional signage.
3. Integral to equipment or instrumentation and is installed by its manufacturer.

4. Theatrical purposes, including performance, stage, film production and video
production.

5. Athletic playing areas.
6. Temporary lighting.

7. Industrial production, material handling, transportation sites and associated
storage areas.

8. Theme elements in theme/amusement parks.

9. Used to highlight features of public monuments and registered historic landmark
structures or buildings.

TABLE C405.5.2(1)
EXTERIOR LIGHTING ZONES

LIGHTING
ZONE DESCRIPTION

1 Developed areas of national parks, state parks, forest
land, and rural areas
Areas predominantly consisting of residential zoning,

2 neighborhood business districts, light industrial with
limited nighttime use and residential mixed-use areas

3 All other areas not classified as lighting zone 1, 2 or 4
High-activity commercial districts in major

4 metropolitan areas as designated by the local land
use planning authority

TABLE C405.5.2(2)
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS

LIGHTING ZONES

Zone 1l Zone 2 Zone 3 Zone 4

Base Site
Allowance
(Base
allowance is 500 W 600 W 750 W 1300 W
usable in
tradable or
nontradable




surfaces.)

Uncovered Parking Areas

Parking areas 2 2 2 2
and drives 0.04 Wit 0.06 W/t 0.10 Wit 0.13 Wit
Building Grounds
WaIk\t/\r/%yns less 0.7 W/linear 0.7 W/linear 0.8 W/linear 1.0 W/linear
10 feet wide foot foot foot foot
Walkways 10
feet wide
or greater, 2 2 2 2
plaza areas 0.14 Wt 0.14 Wt 0.16 Wit 0.2 Wt
Tradable special feature
Surfaces areas
Lightin .
,fmﬁ’ver J Stairways 0.75 W/ft2 1.0 W/ft2 1.0 W/ft2 1.0 W/ft2
densities for Pedestrian 2 2 5 5
uncovered tunnels 0.15 Wit 0.15 Wit 0.2 Wit 0.3 Wit
parking Building Entrances and Exits
areas, Main entries 20 W/linear foot | 20 W/linear foot | 30 W/linear foot | 30 W/linear foot
building of door width of door width of door width of door width
grounds, Other doors 20 W/linear foot | 20 W/linear foot | 20 W/linear foot | 20 W/linear foot
building of door width of door width of door width of door width
entranc_:es Ent . 2 2 2 2
and exits, ntry canopies 0.25 W/t 0.25 W/t 0.4 Wit 0.4 Wit
canopies and Sales Canopies
overhangs Free-standing 5 5 5 5
and outdoor and 0.6 Wit 0.6 Wit 0.8 Wit 1.0 Wit
sales areas attached
are tradable.) Outdoor Sales
Open areas
(including 2 2 2 2
vehicle sales 0.25 W/ft 0.25 W/ft 0.5 Wit 0.7 WIft
lots)
Street frontage
for
vehicle sales
lots in No allowance | 10 W/linear foot | 10 W/linear foot | 30 W/linear foot
addition to
“open area”
allowance
g‘or}tradab'e o 0.075 Wit of | 0113 Wit of | 0.15 Wit of
(Llf;ri(i:r? 5 Eauc';jdlgg No allowance gross gross gross
above-grade above-grade above-grade
gowgr wall area wall area wall area
czlrc]jlt;/tions Automated 270_W per 270_W per 270_W per 270_W per
for the tellgr location plus location plus location plus location plus
following machines 90 W per 90 W per 90 W per 90 W per
anplications (ATM) and additional additional additional additional
bp night ATM per ATM per ATM per ATM per
can be used . . ! ! !
depositories location location location location
only f(_)r the 5 5 5 5
specific_ Entrancesand | 75w/t of | 0.75WHt of | 0.75W/t of | 0.75WI/t of
application gatehouse covered covered covered covered
and cannot Inspection and uncovered | and uncovered | and uncovered | and uncovered




be traded
between
surfaces or
with other
exterior
lighting. The
following
allowances
are in
addition to
any
allowance
otherwise
permitted in
the “Tradable
Surfaces”
section of
this table.)

stations at
guarded
facilities

area

area

area

area

Loading areas
for law
enforcement,
fire,
ambulance and

2
0.5 W/ft of
covered and

2
0.5 W/ft of
covered and

2
0.5 W/ft of
covered and

2
0.5 W/ft of
covered and

other uncovered area | uncovered area | uncovered area | uncovered area
emergency
service
vehicles
Drive-up 400 W per 400 W per 400 W per 400 W per

windows/doors

drive-through

drive-through

drive-through

drive-through

Parking near
24-hour
retail entrances

800 W per main
entry

800 W per main
entry

800 W per main
entry

800 W per main
entry

2
For Sl: 1 foot = 304.8 mm, 1 watt per square foot = W/0.0929 m .

W = watts.

C405.6 Electrical energy consumption (Mandatory).
Each dwelling unit located in a Group R-2 building shall have a separate electrical meter.

C405.7 Electrical transformers (Mandatory).

Electric transformers shall meet the minimum efficiency requirements of Table C405.7 as tested
and rated in accordance with the test procedure listed in DOE 10 CFR 431. The efficiency shall

be verified through certification under an approved certification program or, where a certification
program does not exist, the equipment efficiency ratings shall be supported by data furnished by

the transformer manufacturer.

Exceptions: The following transformers are exempt:

1. Transformers that meet the Energy Policy Act of 2005 exclusions based on the DOE

10 CFR 431 definition of special purpose applications.

2. Transformers that meet the Energy Policy Act of 2005 exclusions that are not to be
used in general purpose applications based on information provided in DOE 10 CFR
431.

3. Transformers that meet the Energy Policy Act of 2005 exclusions with multiple
voltage taps where the highest tap is at least 20 percent more than the lowest tap.

4. Drive transformers.

5. Rectifier transformers.

6. Auto-transformers.

7. Uninterruptible power system transformers.




8. Impendance transformers.
9. Regulating transformers.
10. Sealed and nonventilating transformers.
11. Machine tool transformers.
12. Welding transformers.
13. Grounding transformers.
14. Testing transformers.
TABLE C405.7

MINIMUM NOMINAL EFFICIENCY LEVELS FOR 10 CFR 431 LOW-VOLTAGE DRY-TYPE
DISTRIBUTION TRANSFORMERS

SINGLE-PHASE TRANSFORMERS THREE-PHASE TRANSFORMERS

kVAa Efficiency (%)b kVAa Efficiency (%)b
15 97.7 15 97.0
25 98.0 30 97.5
37.5 98.2 45 97.7
50 98.3 75 98.0
75 98.5 112.5 98.2
100 98.6 150 98.3
167 98.7 225 98.5
250 98.8 300 98.6
333 98.9 500 98.7
750 98.8
1000 98.9

a. kiloVolt-Amp rating.
b. Nominal efficiencies shall be established in accordance with the DOE 10 CFR 431 test procedure for low-voltage
dry-type transformers.

C405.8 Electrical motors (Mandatory).

Electric motors shall meet the minimum efficiency requirements of Tables C405.8(1) through
C405.8(4) when tested and rated in accordance with the DOE 10 CFR 431. The efficiency shall
be verified through certification under an approved certification program or, where a certification
program does not exist, the equipment efficiency ratings shall be supported by data furnished by
the motor manufacturer.

TABLE C405.8(1)
MINIMUM NOMINAL FULL-LOAD EFFICIENCY FOR 60 HZ NEMA
GENERAL PURPOSE ELECTRIC MOTORS (SUBTYPE I) RATED 600 VOLTS OR LESS
(Random Wound)?

MOTOR | NUMBEROF | OPEN DRIP-PROOF | TOTALLY ENCLOSED FAN- |




HORSEPOWER POLES MOTORS COOLED MOTORS
2 4 6 2 4 6
Synchronous

Speed (RPM) 3600 1800 1200 3600 1800 1200

1 77.0 85.5 82.5 77.0 85.5 82.5
1.5 84.0 86.5 86.5 84.0 86.5 87.5
2 85.5 86.5 87.5 85.5 86.5 88.5
3 85.5 89.5 88.5 86.5 89.5 89.5
5 86.5 89.5 89.5 88.5 89.5 89.5
7.5 88.5 91.0 90.2 89.5 91.7 91.0
10 89.5 91.7 91.7 90.2 91.7 91.0
15 90.2 93.0 91.7 91.0 92.4 91.7
20 91.0 93.0 92.4 91.0 93.0 91.7
25 91.7 93.6 93.0 91.7 93.6 93.0
30 91.7 94.1 93.6 91.7 93.6 93.0
40 92.4 94.1 94.1 92.4 94.1 94.1
50 93.0 94.5 94.1 93.0 94.5 94.1
60 93.6 95.0 94.5 93.6 95.0 94.5
75 93.6 95.0 94.5 93.6 954 94.5
100 93.6 95.4 95.0 94.1 954 95.0
125 94.1 95.4 95.0 95.0 95.4 95.0
150 94.1 95.8 95.4 95.0 95.8 95.8
200 95.0 95.8 95.4 95.4 96.2 95.8
250 95.0 95.8 95.4 95.8 96.2 95.8
300 95.4 95.8 95.4 95.8 96.2 95.8
350 95.4 95.8 95.4 95.8 96.2 95.8
400 95.8 95.8 95.8 95.8 96.2 95.8
450 95.8 96.2 96.2 95.8 96.2 95.8
500 95.8 96.2 96.2 95.8 96.2 95.8

a. Nominal efficiencies shall be established in accordance with DOE 10 CFR 431.

TABLE C405.8(2)
MINIMUM NOMINAL FULL-LOAD EFFICIENCY OF

GENERAL PURPOSE ELECTRIC MOTORS (SUBTYPE Il) AND ALL DESIGN B MOTORS
GREATER THAN 200 HORSEPOWER?

MOTOR NUMBER OF OPEN DRIP-PROOF TOTALLY ENCLOSED FAN-
HORSEPOWER POLES MOTORS COOLED MOTORS
2 4 6 8 2 4 6 8
Synchronous | 3600 | 1800 1200 900 3600 1800 1200 900
Speed (RPM)

1 NR 82.5 80.0 74.0 75.5 82.5 80.0 74.0
1.5 82.5 84.0 84.0 75.5 82.5 84.0 85.5 77.0
2 84.0 84.0 85.5 85.5 84.0 84.0 86.5 82.5
3 84.0 86.5 86.5 86.5 85.5 87.5 87.5 84.0
5 85.5 87.5 87.5 87.5 87.5 87.5 87.5 84.0
7.5 87.5 88.5 88.5 88.5 88.5 89.5 89.5 85.5
10 88.5 89.5 90.2 89.5 89.5 89.5 89.5 88.5
15 89.5 91.0 90.2 89.5 90.2 91.0 90.2 88.5
20 90.2 91.0 91.0 90.2 90.2 91.0 90.2 89.5
25 91.0 91.7 91.7 90.2 91.0 92.4 91.7 89.5




30 91.0 92.4 92.4 91.0 91.0 92.4 91.7 91.0
40 91.7 93.0 93.0 91.0 91.7 93.0 93.0 91.0
50 92.4 93.0 93.0 91.7 92.4 93.0 93.0 91.7
60 93.0 93.6 93.6 92.4 93.0 93.6 93.6 91.7
75 93.0 94.1 93.6 93.6 93.0 94.1 93.6 93.0
100 93.0 94.1 94.1 93.6 93.6 94.5 94.1 93.0
125 93.6 94.5 94.1 93.6 94.5 94.5 94.1 93.6
150 93.6 95.0 94.5 93.6 94.5 95.0 95.0 93.6
200 94.5 95.0 94.5 93.6 95.0 95.0 95.0 94.1
250 94.5 95.4 954 94.5 954 95.0 95.0 94.5
300 95.0 95.4 954 NR 954 954 95.0 NR
350 95.0 95.4 954 NR 954 954 95.0 NR
400 954 95.4 NR NR 954 954 NR NR
450 95.8 95.8 NR NR 954 954 NR NR
500 95.8 95.8 NR NR 954 95.8 NR NR

NR = No requirement.
a. Nominal efficiencies shall be established in accordance with DOE 10 CFR 431.

TABLE C405.8(3)
MINIMUM AVERAGE FULL LOAD EFICIENCY POLYPHASE SMALL ELECTRIC MOTORS?

OPEN MOTORS
MOTOR Number of Poles 2 4 6
HORSEPOWER Synchronous

Speed (RPM) 3600 1800 1200

0.25 65.6 69.5 67.5
0.33 69.5 73.4 71.4
0.50 73.4 78.2 75.3
0.75 76.8 81.1 81.7
1 77.0 83.5 82.5
1.5 84.0 86.5 83.8

2 85.5 86.5 N/A

3 85.5 86.9 N/A

a. Average full load efficiencies shall be established in accordance with 10 CFR 431.

TABLE C405.8(4)
MINIMUM AVERAGE FULL LOAD EFFICIENCY FOR
CAPACITOR-START CAPACITOR-RUN AND CAPACITOR-START INDUCTION-RUN
SMALL ELECTRIC MOTORS?

OPEN MOTORS

MOTOR Number of Poles 2 4 6
HORSEPOWER Synchronous

Speed (RPM) 3600 1800 1200

0.25 66.6 68.5 62.2

0.33 70.5 72.4 66.6

0.50 72.4 76.2 76.2

0.75 76.2 81.8 80.2

1 80.4 82.6 81.1

15 81.5 83.8 N/A




2 82.9 84.5 N/A
3 84.1 N/A N/A

a. Average full load efficiencies shall be established in accordance with 10 CFR 431

C405.9 Vertical and horizontal transportation systems and equipment.
Vertical and horizontal transportation systems and equipment shall comply with this section.

C405.9.1 Elevator cabs.

For the luminaires in each elevator cab, not including signals and displays, the sum of the
lumens divided by the sum of the watts shall be not less than 35 lumens per watt. Ventilation
fans in elevators that do not have their own air-conditioning system shall not consume more
than 0.33 watts/cfm at the maximum rated speed of the fan. Controls shall be provided that
will de-energize ventilation fans and lighting systems when the elevator is stopped,
unoccupied and with its doors closed for over 15 minutes.

C405.9.2 Escalators and moving walks.

Escalators and moving walks shall comply with ASME A17.1/CSA B44 and shall have
automatic controls configured to reduce speed to the minimum permitted speed in
accordance with ASME A17.1/CSA B44 or applicable local code when not conveying
passengers.

C405.9.2.1 Regenerative drive.

An escalator designed either for one-way down operation only or for reversible operation
shall have a variable frequency regenerative drive that supplies electrical energy to the
building electrical system when the escalator is loaded with passengers whose
combined weight exceeds 750 pounds (340 kg).

SECTION C406
ADDITIONAL EFFICIENCY PACKAGE OPTIONS

C406.1 Requirements.
Buildings shall comply with at least one of the following:

1. More efficient HVAC performance in accordance with Section C406.2.

2. Reduced lighting power density system in accordance with Section C406.3.
3. Enhanced lighting controls in accordance with Section C406.4.

4. On-site supply of renewable energy in accordance with Section C406.5.

5. Provision of a dedicated outdoor air system for certain HYAC equipment in
accordance with Section C406.6.

6. High-efficiency service water heating in accordance with Section C406.7.

C406.1.1 Tenant spaces.
Tenant spaces shall comply with Section C406.2, C406.3, C406.4, C406.6 or C406.7.



Alternatively, tenant spaces shall comply with Section C406.5 where the entire building is in
compliance.

C406.2 More efficient HYAC equipment performance.

Equipment shall exceed the minimum efficiency requirements listed in Tables C403.2.3(1)
through C403.2.3(7) by 10 percent, in addition to the requirements of Section C403. Where
multiple performance requirements are provided, the equipment shall exceed all requirements
by 10 percent. Variable refrigerant flow systems shall exceed the energy efficiency provisions of
ANSI/ASHRAE/IES 90.1 by 10 percent. Equipment not listed in Tables C403.2.3(1) through
C403.2.3(7) shall be limited to 10 percent of the total building system capacity.

Exemption: Steam boilers

C406.3 Reduced lighting power density.

The total interior lighting power (watts) of the building shall be determined by using 90 percent
of the lighting power values specified in Table C405.4.2(1) times the floor area for the building
types, or by using 90 percent of the interior lighting power allowance calculated by the Space-
by-Space Method in Section C405.4.2.

C406.4 Enhanced digital lighting controls.

Interior lighting in the building shall have the following enhanced lighting controls that shall be
located, scheduled and operated in accordance with Section C405.2.2.

1. Luminaires shall be capable of continuous dimming.

2. Luminaires shall be capable of being addressed individually. Where individual
addressability is not available for the luminaire class type, a controlled group of not more
than four luminaries shall be allowed.

3. Not more than eight luminaires shall be controlled together in a daylight zone.

4. Fixtures shall be controlled through a digital control system that includes the following
function:

4.1. Control reconfiguration based on digital addressability.
4.2. Load shedding.
4.3. Individual user control of overhead general illumination in open offices.

4.4. Occupancy sensors shall be capable of being reconfigured through the digital
control system.

5. Construction documents shall include submittal of a Sequence of Operations, including a
specification outlining each of the functions in Item 4 of this section.

6. Functional testing of lighting controls shall comply with Section C408.



C406.5 On-site renewable energy.
Total minimum ratings of on-site renewable energy systems shall comply with one of the
following:

2
1. Provide not less than 0.50 watts per square foot (5.4 W/m ) of conditioned floor area.

2. Provide not less than 3 percent of the energy used within the building for building
mechanical and service water heating equipment and lighting regulated in Chapter 4.

C406.6 Dedicated outdoor air system.

Buildings covered by Section C403.4 shall be equipped with an independent ventilation system
designed to provide not less than the minimum 100-percent outdoor air to each individual
occupied space, as specified by the International Mechanical Code. The ventilation system shall

be capable of recoverlnq both sensible and latent tetal energy reeevery lhe—H#AG—system—shau

C406.7 Reduced energy use in service water heating.
Buildings shall be of the following types to use this compliance method:

1. Group R-1: Boarding houses, hotels or motels.
2. Group I-2: Hospitals, psychiatric hospitals and nursing homes.

3. Group A-2: Restaurants and banquet halls or buildings containing food preparation
areas.

4. Group F: Laundries.
5. Group R-2: Buildings with residential occupancies.
6. Group A-3: Health clubs and spas.

7. Buildings showing a service hot water load of 10 percent or more of total building energy
loads, as shown with an energy analysis as described in Section C407.

C406.7.1 Load fraction.
The building service water-heating system shall have one or more of the following that are
S|zed to prowde not Iess than 60 percent of hot water reqwrements —er—sr-zeel—te—prewele—]:@@—

1. Waste heat recovery from service hot water, heat-recovery chillers, building
equipment, process equipment, or a combined heat and power system.

2. Solar water-heating systems.
3. Instantaneous fuel-fired water heating systems for all fuel-fired water heating




systems.
4. Electric heat pump water heating systems.

5. Water heating provided by geothermal heat pumps.

SECTION C407
TOTAL BUILDING PERFORMANCE

C407.1 Scope.

This section establishes criteria for compliance using total building performance. The following
systems and loads shall be included in determining the total building performance: heating
systems, cooling systems, service water heating, fan systems, lighting power, receptacle loads
and process loads.

C407.2 Mandatory requirements.
Compliance with this section requires that the criteria of Sections C402.5, C403.2, C404 and
C405 be met.

C407.3 Performance-based compliance.

Compliance based on total building performance requires that a proposed building (proposed
design) be shown to have an annual energy cost that is less than or equal to the annual energy
cost of the standard reference design. Energy prices shall be taken from a source approved by
the code official, such as the Department of Energy, Energy Information Administration’s State
Energy Price and Expenditure Report. Code officials shall be permitted to require time-of-use
pricing in energy cost calculations. Nondepletable energy collected off site shall be treated and
priced the same as purchased energy. Energy from nondepletable energy sources collected on
site shall be omitted from the annual energy cost of the proposed design.

Exception: Jurisdictions that require site energy (1 kWh = 3413 Btu) rather than energy cost
as the metric of comparison.

C407.4 Documentation.
Documentation verifying that the methods and accuracy of compliance software tools conform
to the provisions of this section shall be provided to the code official.

C407.4.1 Compliance report.

Permit submittals shall include a report documenting that the proposed design has annual
energy costs less than or equal to the annual energy costs of the standard reference design.
The compliance documentation shall include the following information:

1. Address of the building.

2. An inspection checklist documenting the building component characteristics of the
proposed design as specified in Table C407.5.1(1). The inspection checklist shall
show the estimated annual energy cost for both the standard reference design and
the proposed design.

3. Name of individual completing the compliance report.



4. Name and version of the compliance software tool.

C407.4.2 Additional documentation.
The code official shall be permitted to require the following documents:

1. Documentation of the building component characteristics of the standard reference
design.

2. Thermal zoning diagrams consisting of floor plans showing the thermal zoning
scheme for standard reference design and proposed design.

3. Input and output reports from the energy analysis simulation program containing the
complete input and output files, as applicable. The output file shall include energy
use totals and energy use by energy source and end-use served, total hours that
space conditioning loads are not met and any errors or warning messages generated
by the simulation tool as applicable.

4. An explanation of any error or warning messages appearing in the simulation tool
output.

5. A certification signed by the builder providing the building component characteristics
of the proposed design as given in Table C407.5.1(1).

C407.5 Calculation procedure.
Except as specified by this section, the standard reference design and proposed design shall be
configured and analyzed using identical methods and techniques.

C407.5.1 Building specifications.

The standard reference design and proposed design shall be configured and analyzed as
specified by Table C407.5.1(1). Table C407.5.1(1) shall include by reference all notes
contained in Table C402.1.4.

TABLE C407.5.1(1)
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

BUILDING
COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN
CHARACTERISTICS

The space use classification shall be
chosen in accordance with Table
C405.5.2 for all areas of the building
Same as proposed covered by this permit. Where the
space use classification for a building
is not known, the building shall be
categorized as an office building.

Space use
classification

Type: Insulation entirely above deck As proposed
Gross area: same as proposed As proposed
Roofs U-factor: as specified in Table C402.1.4 As proposed
Solar absorptance: 0.75 As proposed

Emittance: 0.90 As proposed




Wallls, above-grade

Type: Mass wall where proposed wall is
mass; otherwise steel-framed
wall

As proposed

Gross area: same as proposed

As proposed

U -factor: as specified in Table C402.1.4

As proposed

Solar absorptance: 0.75

As proposed

Emittance: 0.90

As proposed

Walls, below-grade

Type: Mass wall

As proposed

Gross area: same as proposed

As proposed

U -Factor: as specified in Table C402.1.4
with insulation layer on interior side of
walls

As proposed

Floors, above-grade

Type: joist/framed floor

As proposed

Gross area: same as proposed

As proposed

U -factor: as specified in Table C402.1.4

As proposed

Floors, slab-on-grade

Type: Unheated

As proposed

F-factor: as specified in Table C402.1.4

As proposed

Opaque doors

Type: Swinging

As proposed

Area: Same as proposed

As proposed

U -factor: as specified in Table C402.1.4

As proposed

Vertical fenestration
other than opaque
doors

Area

1. The proposed glazing area; where the
proposed glazing area is less than 40
percent of above-grade wall area.

2. 40 percent of above-grade wall area;
where the proposed glazing area

is 40 percent or more of the above-grade
wall area.

As proposed

U-factor: as specified in Table C402.4

As proposed

SHGC: as specified in Table C402.4
except that for climates with no
requirement (NR) SHGC = 0.40 shall be
used

As proposed

External shading and PF: None

As proposed

Skylights

Area

1. The proposed skylight area; where
the proposed skylight area is less than 3
percent of gross area of roof assembly.

2. 3 percent of gross area of roof
assembly; where the proposed skylight
area is 3 percent or more of gross area
of roof assembly

As proposed

U -factor: as specified in Table C402.4

As proposed

SHGC: as specified in Table C402.4
except that for climates with no
requirement (NR) SHGC = 0.40 shall be
used.

As proposed

Lighting, interior

The interior lighting power shall be
determined in accordance with Section
C405.4.2. Where the occupancy of the
building is not known, the lighting power
density shall be 1.0 Watt per square foot

2
(10.7 W/ m ) based on the
categorization of buildings with unknown

As proposed




space
classification as offices.

Lighting, exterior

The lighting power shall be determined in
accordance with Table C405.5.2(2).
Areas and dimensions of tradable and
nontradable surfaces shall be the same
as proposed.

As proposed

(continued)

TABLE C407.5.1(1)—continued
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

BUILDING
COMPONENT
CHARACTERISTICS

STANDARD REFERENCE DESIGN

PROPOSED DESIGN

Internal gains

Same as proposed

Receptacle, motor and process loads
shall be

modeled and estimated based on the
space use classification. All end-use
load components within and associated
with the building shall be modeled to
include, but not be limited to, the
following: exhaust fans, parking garage
ventilation fans, exterior building
lighting, swimming pool heaters and
pumps, elevators, escalators,
refrigeration equipment and cooking
equipment.

Schedules

Same as proposed

Operating schedules shall include
hourly profiles

for daily operation and shall account for
variations between weekdays,
weekends, holidays and any seasonal
operation. Schedules shall model the
time-dependent variations in
occupancy, illumination, receptacle
loads, thermostat settings, mechanical
ventilation, HVAC equipment
availability, service hot water usage
and any process loads. The schedules
shall be typical of the proposed building
type as determined by the designer
and approved by the jurisdiction.

Mechanical
ventilation

Same as proposed

As proposed, in accordance with
Section C403.2.6.

Heating systems

Fuel type: same as proposed design

As proposed

Equipment typea: as specified in
Tables C407.5.1(2) and C407.5.1(3)

As proposed

Efficiency: as specified in Tables
C403.2.3(4) and C403.2.3(5)

As proposed

b
Capacity : sized proportionally to the
capacities in the proposed design

As proposed




based on sizing runs, and shall be
established such that no smaller
number of unmet heating load hours
and no larger heating capacity safety
factors are provided than in the
proposed design.

Cooling systems capacities in the proposed design

Fuel type: same as proposed design As proposed

Equipment typec: as specified in Tables As proposed
C407.5.1(2) and C407.5.1(3)

Efficiency: as specified in Tables
C403.2.3(1), C403.2.3(2) and As proposed
C403.2.3(3)

b
Capacity : sized proportionally to the

based on sizing runs, and shall be
established such that no smaller As proposed
number of unmet cooling load hours
and no larger cooling capacity safety
factors are provided than in the
proposed design.

d
Economizer : same as proposed, in As proposed
accordance with Section C403.3.
Fuel type: same as proposed As proposed

For Group R, as proposed multiplied by
SWHF. For other than Group R, as
Efficiency: as specified in Table C404.2 | proposed multiplied by efficiency as

Service water provided by the manufacturer of the
e DWHR unit.
heating Capacity: same as proposed
Where no service water hot water
system exists or is specified in the As proposed

proposed design, no service hot water
heating shall be modeled.

SWHF = Service water heat recovery factor, DWHR = Drain water heat recovery.

a.

b.

C.

Where no heating system exists or has been specified, the heating system shall be modeled as fossil fuel. The
system characteristics shall be identical in both the standard reference design and proposed design.

The ratio between the capacities used in the annual simulations and the capacities determined by sizing runs
shall be the same for both the standard reference design and proposed design.

Where no cooling system exists or no cooling system has been specified, the cooling system shall be modeled
as an air-cooled single-zone system, one unit per thermal zone. The system characteristics shall be identical in
both the standard reference design and proposed design.

If an economizer is required in accordance with Table C403.3 and where no economizer exists or is specified in
the proposed design, then a supply-air economizer shall be provided in the standard reference design in
accordance with Section C403.3.

The SWHF shall be applied as follows:

Where potable water from the DWHR unit supplies not less than one shower and not greater than two showers,
of which the drain water from the same showers flows through the DWHR unit then SWHF = [1 — (DWHR unit
efficiency - 0.36)].

Where potable water from the DWHR unit supplies not less than three showers and not greater than four
showers, of which the drain water from the same showers flows through the DWHR unit then SWHF = [1 —
(DWHR unit efficiency - 0.33)].

Where potable water from the DWHR unit supplies not less than five showers and not greater than six showers,
of which the drain water from the same showers flows through the DWHR unit, then SWHF = [1 — (DWHR unit
efficiency - 0.26)].

Where Items 1 through 3 are not met, SWHF = 1.0.




TABLE C407.5.1(2)
HVAC SYSTEMS MAP

CONDENSER | |\ \1ING SYSTEM | STANDARD REFERENCE DESIGN HVC SYSTEM TYPE®
COOLING b Single-zone Single-zone
SOURCEa CLASSIFICATION Residential Nonresidential All Other
System System

Electric resistance System 5 System 5 System 1
Water/ground Heat pump System 6 System 6 System 6
Fossil fuel System 7 System 7 System 2
Electric resistance System 8 System 9 System 3
Air/none Heat pump System 8 System 9 System 3
Fossil fuel System 10 System 11 System 4

Select “water/ground” where the proposed design system condenser is water or evaporatively cooled; select
“air/none” where the condenser is air cooled. Closed-circuit dry coolers shall be considered air cooled. Systems
utilizing district cooling shall be treated as if the condenser water type were “water.” Where no mechanical
cooling is specified or the mechanical cooling system in the proposed design does not require heat rejection, the
system shall be treated as if the condenser water type were “Air.” For proposed designs with ground-source or
groundwater-source heat pumps, the standard reference design HVAC system shall be water-source heat pump
(System 6).

Select the path that corresponds to the proposed design heat source: electric resistance, heat pump (including
air source and water source), or fuel fired. Systems utilizing district heating (steam or hot water) and systems
with no heating capability shall be treated as if the heating system type were “fossil fuel.” For systems with mixed
fuel heating sources, the system or systems that use the secondary heating source type (the one with the
smallest total installed output capacity for the spaces served by the system) shall be modeled identically in the
standard reference design and the primary heating source type shall be used to determine standard reference
design HVAC system type.

Select the standard reference design HVAC system category: The system under “single-zone residential system”
shall be selected where the HVAC system in the proposed design is a single-zone system and serves a
residential space. The system under “single-zone nonresidential system” shall be selected where the HVAC
system in the proposed design is a single-zone system and serves other than residential spaces. The system
under “all other” shall be selected for all other cases.

TABLE C407.5.1(3)
SPECIFICATIONS FOR THE STANDARD REFERENCE DESIGN HVAC SYSTEM
DESCRIPTIONS

SYSSEM SYSTEM TYPE FAN CONTROL COOLING TYPE HEATING TYPE

Variable air volume with d e . .

1 a VAV Chilled water Electric resistance
parallel fan-powered boxes
Variable air volume with d e Hot water fossil

2 b . £
reheat VAV Chilled water fuel boiler
Packaged variable air
volume with parallel fan d c ; ;

3 p N VAV Direct expansion Electric resistance
powered boxes
Packaged variable air d c Hot water fossil

4 b i i f
volume with reheat VAV Direct expansion fuel boiler

5 Two-pipe fan coil Constant volume Chilled water Electric resistance




. Electric heat pump
6 Water-source heat pump Constant volumeI Direct expansionc .9
and boiler
: Hot water fossil
! Four-pipe fan coil Constant volume Chilled water L f
fuel boiler
8 Packaged terminal heat i _ o Electr::: heat
pump Constant volume Direct expansion pump
9 Packaged rooftop heat i ' ¢ EleCtrLC heat
pump Constant volume Direct expansion pump
10 Packaged terminal air i Direct expansion Hot Waterffossil
conditioner Constant volume fuel boiler
11 E(?ﬁg%%ic;rrooftop - Constant volume | Directexpansion | oggii fuel furnac:

=

2
Sl: 1 foot = 304.8 mm, 1 cfm/ft =0.4719 L/s, 1 Btu/h = 0.293/W, °C = [(°F) -32/1.8].
VAV with parallel boxes: Fans in parallel VAV fan-powered boxes shall be sized for 50 percent of the peak
design flow rate and shall be modeled with 0.35 W/cfm fan power. Minimum volume setpoints for fan-powered
boxes shall be equal to the minimum rate for the space required for ventilation consistent with Section C403.4.4,
Exception 4. Supply air temperature setpoint shall be constant at the design condition.

2
VAV with reheat: Minimum volume setpoints for VAV reheat boxes shall be 0.4 cfm/ft of floor area. Supply air
temperature shall be reset based on zone
demand from the design temperature difference to a 10°F temperature difference under minimum load
conditions. Design airflow rates shall be sized for the
reset supply air temperature, i.e., a 10°F temperature difference.
Direct expansion: The fuel type for the cooling system shall match that of the cooling system in the proposed
design.
VAV: Where the proposed design system has a supply, return or relief fan motor 25 hp or larger, the
corresponding fan in the VAV system of the standard reference design shall be modeled assuming a variable-
speed drive. For smaller fans, a forward-curved centrifugal fan with inlet vanes shall be modeled. Where the
proposed design’s system has a direct digital control system at the zone level, static pressure setpoint reset
based on zone requirements in accordance with Section C403.4.1 shall be modeled.
Chilled water: For systems using purchased chilled water, the chillers are not explicitly modeled and chilled
water costs shall be based as determined in Sections C407.3 and C407.5.2. Otherwise, the standard reference
design’s chiller plant shall be modeled with chillers having the number as indicated in Table C407.5.1(4) as a
function of standard reference building chiller plant load and type as indicated in Table C407.5.1(5) as a function
of individual chiller load. Where chiller fuel source is mixed, the system in the standard reference design shall
have chillers with the same fuel types and with capacities having the same proportional capacity as the proposed
design’s chillers for each fuel type. Chilled water supply temperature shall be modeled at 44°F design supply
temperature and 56°F return temperature. Piping losses shall not be modeled in either building model. Chilled
water supply water temperature shall be reset in accordance with Section C403.4.3.3. Pump system power for
each pumping system shall be the same as the proposed design; where the proposed design has no chilled
water pumps, the standard reference design pump power shall be 22 W/gpm (equal to a pump operating against
a 75-foot head, 65-percent combined impeller and motor efficiency). The chilled water system shall be modeled
as primary-only variable flow with flow maintained at the design rate through each chiller using a bypass. Chilled
water pumps shall be modeled as riding the pump curve or with variable-speed drives when required in Section
C403.4.3.3. The heat rejection device shall be an axial fan cooling tower with two-speed fans where required in
Section C403.4.3. Condenser water design supply temperature shall be 85°F or 10°F approach to design wet-
bulb temperature, whichever is lower, with a design temperature rise of 10°F. The tower shall be controlled to
maintain a 70°F leaving water temperature where weather permits, floating up to leaving water temperature at
design conditions. Pump system power for each pumping system shall be the same as the proposed design;
where the proposed design has no condenser water pumps, the standard reference design pump power shall be
19 W/gpm (equal to a pump operating against a 60-foot head, 60-percent combined impeller and motor
efficiency). Each chiller shall be modeled with separate condenser water and chilled water pumps interlocked to
operate with the associated chiller.
Fossil fuel boiler: For systems using purchased hot water or steam, the boilers are not explicitly modeled and
hot water or steam costs shall be based on actual utility rates. Otherwise, the boiler plant shall use the same fuel




as the proposed design and shall be natural draft. The standard reference design boiler plant shall be modeled
with a single boiler where the standard reference design plant load is 600,000 Btu/h and less and with two
equally sized boilers for plant capacities exceeding 600,000 Btu/h. Boilers shall be staged as required by the
load. Hot water supply temperature shall be modeled at 180°F design supply temperature and 130°F return
temperature. Piping losses shall not be modeled in either building model. Hot water supply water temperature
shall be reset in accordance with Section C403.4.3.3. Pump system power for each pumping system shall be the
same as the proposed design; where the proposed design has no hot water pumps, the standard reference
design pump power shall be 19 W/gpm (equal to a pump operating against a 60-foot head, 60-percent combined
impeller and motor efficiency). The hot water system shall be modeled as primary only with continuous variable
flow. Hot water pumps shall be modeled as riding the pump curve or with variable speed drives when required by
Section C403.4.3.3.

Electric heat pump and boiler: Water-source heat pumps shall be connected to a common heat pump water
loop controlled to maintain temperatures between 60°F and 90°F. Heat rejection from the loop shall be provided
by an axial fan closed-circuit evaporative fluid cooler with two-speed fans where required in Section C403.4.1.
Heat addition to the loop shall be provided by a boiler that uses the same fuel as the proposed design and shall
be natural draft. Where no boilers exist in the proposed design, the standard reference building boilers shall be
fossil fuel. The standard reference design boiler plant shall be modeled with a single boiler where the standard
reference design plant load is 600,000 Btu/h or less and with two equally sized boilers for plant capacities
exceeding 600,000 Btu/h. Boilers shall be staged as required by the load. Piping losses shall not be modeled in
either building model. Pump system power shall be the same as the proposed design; where the proposed
design has no pumps, the standard reference design pump power shall be 22 W/gpm, which is equal to a pump
operating against a 75-foot head, with a 65-percent combined impeller and motor efficiency. Loop flow shall be
variable with flow shutoff at each heat pump when its compressor cycles off as required by Section C403.4.3.3.
Loop pumps shall be modeled as riding the pump curve or with variable speed drives when required by Section
C403.4.3.3.

Electric heat pump: Electric air-source heat pumps shall be modeled with electric auxiliary heat. The system
shall be controlled with a multistage space thermostat and an outdoor air thermostat wired to energize auxiliary
heat only on the last thermostat stage and when outdoor air temperature is less than 40°F.

Constant volume: Fans shall be controlled in the same manner as in the proposed design; i.e., fan operation
whenever the space is occupied or fan operation cycled on calls for heating and cooling. Where the fan is
modeled as cycling and the fan energy is included in the energy efficiency rating of the equipment, fan energy
shall not be modeled explicitly.

TABLE C407.5.1(4)
NUMBER OF CHILLERS

TOTAL CHILLER PLANT
CAPACITY NUMBER OF CHILLERS
< 300 tons 1
> 300 tons, < 600 tons 2, sized equally
> 600 tons 2 minimum, with chillers added S0 that no chiller is larger than 800
— tons, all sized equally

For SlI: 1 ton =3517 W.

TABLE C407.5.1(5)
WATER CHILLER TYPES

INDIVIDUQ;SECIZI#ER PLANT ELECTRIC CHILLER TYPE FOSSIL FUEL CHILLER TYPE
<100 tons Reciprocating Single-effect ftailr.t;sdorption, direct
> 100 tons, Screw Double-effect absorption, direct
< 300 tons fired
> 300 tons Centrifugal Double—effectf?rzzorption, direct




For SlI: 1 ton = 3517 W.

C407.5.2 Thermal blocks.
The standard reference design and proposed design shall be analyzed using identical
thermal blocks as specified in Section C407.5.2.1, C407.5.2.2 or C407.5.2.3.

C407.5.2.1 HVAC zones designed.
Where HVAC zones are defined on HVAC design drawings, each HVAC zone shall be
modeled as a separate thermal block.

Exception: Different HVAC zones shall be allowed to be combined to create a single
thermal block or identical thermal blocks to which multipliers are applied provided:

1. The space use classification is the same throughout the thermal block.

2. All HVAC zones in the thermal block that are adjacent to glazed exterior walls
face the same orientation or their orientations are within 45 degrees (0.79
rad) of each other.

3. All of the zones are served by the same HVAC system or by the same kind of
HVAC system.

C407.5.2.2 HVAC zones not designed.

Where HVAC zones have not yet been designed, thermal blocks shall be defined based
on similar internal load densities, occupancy, lighting, thermal and temperature
schedules, and in combination with the following guidelines:

1. Separate thermal blocks shall be assumed for interior and perimeter spaces.
Interior spaces shall be those located more than 15 feet (4572 mm) from an
exterior wall. Perimeter spaces shall be those located closer than 15 feet (4572
mm) from an exterior wall.

2. Separate thermal blocks shall be assumed for spaces adjacent to glazed exterior
walls: a separate zone shall be provided for each orientation, except orientations
that differ by not more than 45 degrees (0.79 rad) shall be permitted to be
considered to be the same orientation. Each zone shall include floor area that is
15 feet (4572 mm) or less from a glazed perimeter wall, except that floor area
within 15 feet (4572 mm) of glazed perimeter walls having more than one
orientation shall be divided proportionately between zones.

3. Separate thermal blocks shall be assumed for spaces having floors that are in
contact with the ground or exposed to ambient conditions from zones that do not
share these features.

4. Separate thermal blocks shall be assumed for spaces having exterior ceiling or
roof assemblies from zones that do not share these features.

C407.5.2.3 Multifamily residential buildings.
Residential spaces shall be modeled using one thermal block per space except that
those facing the same orientations are permitted to be combined into one thermal block.



Corner units and units with roof or floor loads shall only be combined with units sharing
these features.

C407.6 Calculation software tools.

Calculation 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 reference design and the proposed design and shall include the following capabilities.

1. Building operation for a full calendar year (8,760 hours).

2. Climate data for a full calendar year (8,760 hours) and shall reflect approved coincident
hourly data for temperature, solar radiation, humidity and wind speed for the building
location.

3. Ten or more thermal zones.
4. Thermal mass effects.

5. Hourly variations in occupancy, illumination, receptacle loads, thermostat settings,
mechanical ventilation, HVAC equipment availability, service hot water usage and any
process loads.

6. Part-load performance curves for mechanical equipment.
7. Capacity and efficiency correction curves for mechanical heating and cooling equipment.

8. Printed code official inspection checklist listing each of the proposed design component
characteristics from Table C407.5.1(1) determined by the analysis to provide
compliance, along with their respective performance ratings including, but not limited to,
R-value, U-factor, SHGC, HSPF, AFUE, SEER, EF.

C407.6.1 Specific approval.

Performance analysis tools complying with the applicable subsections of Section C407 and
tested according to ASHRAE Standard 140 shall be permitted to be approved. Tools are
permitted to be approved based on meeting a specified threshold for a jurisdiction. The code
official shall be permitted to approve tools for a specified application or limited scope.

C407.6.2 Input values.
Where calculations require input values not specified by Sections C402, C403, C404 and
C405, those input values shall be taken from an approved source.

C407.6.3 Exceptional calculation methods.

Where the simulation program does not model a design, material or device of the proposed
design, an exceptional calculation method shall be used where approved by the code
official. Where there are multiple designs, materials or devices that the simulation program
does not model, each shall be calculated separately and exceptional savings determined for
each. The total exceptional savings shall not constitute more than half of the difference
between the baseline building performance and the proposed building performance.
Applications for approval of an exceptional method shall include all of the following:



1. Step-by-step documentation of the exceptional calculation method performed,
detailed enough to reproduce the results.

2. Copies of all spreadsheets used to perform the calculations.

3. A sensitivity analysis of energy consumption where each of the input parameters is
varied from half to double the value assumed.

4. The calculations shall be performed on a time step basis consistent with the
simulation program used.

5. The performance rating calculated with and without the exceptional calculation
method.

SECTION C408
SYSTEM COMMISSIONING

C408.1 General.

This section covers the commissioning of the building mechanical systems in Section C403,
service water heating systems in Section C404, and electrical power and lighting systems in
Section C405. Buildings less than or equal to 10,000 square feet of conditioned floor area are
exempt from commissioning requirements. Prior to the issuance of Certificate of Occupancy, a
registered design professional shall provide a statement of system commissioning to the code
official and facility owner in accordance with the provisions of this section (See Appendix 1).
Items identified as deferred tests, including tests that cannot be performed because of climatic
conditions, or other noted deficiencies associated with commissioning in Appendix 1 shall not
prevent a CO from being issued.

Exception: The mechanical, electrical or plumbing contractor will be allowed to prepare
the statement of system commissioning when a building permit is issued for a project
without the seal of a licensed design professional as allowed by an exemption under
North Carolina State Building Administrative Code and Policies: Section 204.3.5.

C408.2 Mechanical systems and service water-heating systems commissioning and
completlon requwements

Construction document notes shall clearly indicate provisions for commissioning and
completion requirements in accordance with this section and are permitted to refer to
speC|f|cat|ons for further requirements. Copies of all documentation shall be given to the owner

or owner’s authorized agent and-made-available-to-the-code-official- upoen-regquest in accordance
with Sections €4068-2-4-and C408.2.5.

Exceptions: The following systems are exempt:



2. Systems included in Section C403.3 that serve individual dwelling units and sleeping
units.

C408.2.1 Commissioning plan.
A commissioning plan shall be developed by a registered North Carolina licensed design

professional erapproved-agency and shall include the following items:

1. A narrative description of the activities that will be accomplished during each phase
of commissioning, including the personnel intended to accomplish each of the
activities.

2. Alisting of the specific equipment, appliances or systems to be tested and a
description of the tests to be performed.

3. Functions to be tested including, but not limited to, calibrations and economizer
controls.

4. Conditions under which the test will be performed. Testing shall affirm winter and
summer design conditions and full outside air conditions.

5. Measurable criteria for performance.

C408.2.2 Systems adjusting and balancing.

HVAC systems shall be balanced in accordance with generally accepted engineering
standards. Air and water flow rates shall be measured and adjusted to deliver final flow rates
within the tolerances provided in the product specifications. Test and balance activities shall
include air system and hydronic system balancing.

C408.2.2.1 Air systems balancing.

Each supply air outlet and zone terminal device shall be equipped with means for air
balancing in accordance with the requirements of Chapter 6 of the International
Mechanical Code. Discharge dampers used for air-system balancing are prohibited on
constant-volume fans and variable-volume fans with motors 10 hp (18.6 kW) and larger.
Air systems shall be balanced in a manner to first minimize throttling losses then, for
fans with system power of greater than 1 hp (0.746 kW), fan speed shall be adjusted to
meet design flow conditions.

Exception: Fans with fan motors of 1 hp (0.74 kW) or less are not required to be
provided with a means for air balancing.

C408.2.2.2 Hydronic systems balancing.

Individual hydronic heating and cooling coils shall be equipped with means for balancing
and measuring flow. Hydronic systems shall be proportionately balanced in a manner to
first minimize throttling losses, then the pump impeller shall be trimmed or pump speed
shall be adjusted to meet design flow conditions. Each hydronic system shall have either



the capability to measure pressure across the pump, or test ports at each side of each
pump.

Exceptions: The following equipment is not required to be equipped with a means
for balancing or measuring flow:

1. Pumps with pump motors of 5 hp (3.7 kW) or less.

2. Where throttling results in no greater than 5 percent of the nameplate
horsepower draw above that required if the impeller were trimmed.

C408.2.3 Functional performance testing.
Functional performance testing specified in Sections C408.2.3.1 through C408.2.3.3 shall be
conducted.

C408.2.3.1 Equipment.

Equipment functional performance testing shall demonstrate the installation and
operation of components, systems, and system-to-system interfacing relationships in
accordance with approved plans and specifications such that operation, function, and
maintenance serviceability for each of the commissioned systems is confirmed. Testing
shall include all modes and sequence of operation, including underfull-loadpart-load-
and-thefollowing-emergeney the following eenditiens:

1. All modes as described in the sequence of operation.

2. Redundant or automatic back-up mode.

3. Performance of alarms.

4. Mode of operation upon a loss of power and restoration of power.

Exception: Unitary or packaged HVAC equipment listed in Tables C403.2.3(1)
through C403.2.3(3) that do not require supply air economizers.

C408.2.3.2 Controls.

HVAC and service water-heating control systems shall be tested to document that
control devices, components, equipment and systems are calibrated and adjusted and
operate in accordance with approved plans and specifications. Sequences of operation
shall be functionally tested to document they operate in accordance with approved plans
and specifications.

C408.2.3.3 Economizers.
Air economizers shall undergo a functional test to determine that they operate in

accordance with construction documents manufacturers-specifications.

C408.2.4 Preliminary commissioning report.
Deleted




C408.2.5 Documentation requirements.
The construction documents shall specify that the documents described in this section be
provided to the building owner or owner’s authorized agent within-90-days ofthe-date-of

receiptofthe-certificate-of-occupancy.

C408.2.5.1 Drawings.
Deleted. € ior

coshsicecotoouiomont

C408.2.5.2 Manuals.
An operating and maintenance manual shall be provided and include all of the following:

1. Submittal data stating equipment size and selected options for each piece of
equipment requiring maintenance.

2. Manufacturer’s operation manuals and maintenance manuals for each piece of
equipment requiring maintenance, except equipment not furnished as part of the
project. Required routine maintenance actions shall be clearly identified.

3. Name and address of at least one service agency.

4. HVAC and service hot water controls system maintenance and calibration
information, including wiring diagrams, schematics and control sequence
descriptions. Desired or field-determined set points shall be permanently
recorded on control drawings at control devices or, for digital control systems, in
system programming instructions.

5. A narrative of how each system is intended to operate, including recommended
set points.



C408.2.5.3 System test and balance balaneing report.
A written report describing the activities and measurements completed in accordance
with Section C408.2.2.

C408.2.5.4 Final commlssmnlng report.

C408.3 Lighting system functional testing.

Controlsforautomatic lighting-systems-shall comply-with-this-section- Functional performance

testing specified in Sections C408.3.1 and C408.3.1.1 through C408.3.1.3 shall be conducted.
Manuals shall be provided as per section C408.3.2.

C408 3.1 Functlonal testlng

that—t The Ilghtlng control systems shaII be have—been tested to ensure that control hardware
and software are calibrated, adjusted, programmed and in proper working condition in
accordance with the construction documents and manufacturer’s instructions. Functional
testing shall be in accordance with Sections C408.3.1.1 and C408.3.1.2 for the applicable
control type.

C408.3.1.1 Occupant sensor controls.
Where occupant sensor controls are provided, the following procedures shall be
performed:

1. Certify that the occupant sensor has been located and aimed in accordance with
manufacturer recommendations.

2. For projects with seven or fewer occupant sensors, each sensor shall be tested.

3. For projects with more than seven occupant sensors, testing shall be done for
each unique combination of sensor type and space geometry. Where multiples of
each unique combination of sensor type and space geometry are provided, not
less than 10 percent, but in no case less than one, of each combination shall be
tested unless the code official or design professional requires a higher



percentage to be tested. Where 30 percent or more of the tested controls fail, all
remaining identical combinations shall be tested.

For occupant sensor controls to be tested, verify the following:

3.1. Where occupant sensor controls include status indicators, verify correct
operation.

3.2. The controlled lights turn off or down to the permitted level within the
required time.

3.3. For auto-on occupant sensor controls, the lights turn on to the permitted
level when an occupant enters the space.

3.4. For manual-on occupant sensor controls, the lights turn on only when
manually activated.

3.5. The lights are not incorrectly turned on by movement in adjacent areas or
by HVAC operation.

C408.3.1.2 Time-switch controls.
Where time-switch controls are provided, the following procedures shall be performed:

1.

Confirm that the time-switch control is programmed with accurate weekday,
weekend and holiday schedules.

Provide documentation to the owner of time-switch controls programming
including weekday, weekend, holiday schedules, and set-up and preference
program settings.

Verify the correct time and date in the time switch.
Verify that any battery back-up is installed and energized.
Verify that the override time limit is set to not more than 2 hours.
Simulate occupied condition. Verify and document the following:
6.1. All lights can be turned on and off by their respective area control switch.

6.2. The switch only operates lighting in the enclosed space in which the
switch is located.

Simulate unoccupied condition. Verify and document the following:

7.1. Nonexempt lighting turns off.



7.2. Manual override switch allows only the lights in the enclosed space where
the override switch is located to turn on or remain on until the next
scheduled shutoff occurs.

8. Additional testing as specified by the registered design professional.

C408.3.1.3 Daylight responsive controls.
Where daylight responsive controls are provided, the following shall be verified:

1. Control devices have been properly located, field calibrated and set for accurate
setpoints and threshold light levels.

2. Daylight controlled lighting loads adjust to light level set points in response to
available daylight.

3. The locations of calibration adjustment equipment are readily accessible only to
authorized personnel.

C408.3.2 Manuals.
An operating and maintenance manual shall be provided and include all of the following:

1. Submittal data indicating all selected options for each piece of lighting equipment
and lighting controls.

2. Operation and maintenance manuals for each piece of lighting equipment.
Required routine maintenance actions, cleaning and recommended relamping
shall be clearly identified.

3. A schedule for inspecting and recalibrating all lighting controls.

4. A narrative of how each system is intended to operate, including recommended set
points.

C408.4 Documentation requirements.

Prior to the issuance of Certificate of Occupancy, a registered design professional shall provide
a statement of system commissioning to the code official and facility owner in accordance with
the provisions of this section (See Appendix 1). Items identified as deferred tests, including
tests that cannot be performed because of climatic conditions, or other noted deficiencies
associated with commissioning in Appendix 1 shall not prevent a CO from being issued.

Exception: The mechanical, electrical or plumbing contractor will be allowed to prepare the
statement of system commissioning when a building permit is issued for a project without the
seal of a licensed design professional as allowed by an exemption under North Carolina State
Building Administrative Code and Policies: Section 204.3.5




CHAPTER 5 [CE]
EXISTING BUILDINGS

SECTION C501
GENERAL

C501.1 Scope.

The provisions of this chapter shall control the alteration, repair, addition and change of
occupancy of existing buildings and structures. When a section is identified to apply, the
subsections to that section also apply.

C501.1.1 Additions, alterations, or repairs: General.

Additions, alterations, or repairs to an existing building, building system or portion thereof shall
comply with Section C502, C503 or C504. Unaltered portions of the existing building or building
supply system shall not be required to comply with this code.

C501.2 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 continued use and maintenance of, an existing building or
building system lawfully in existence at the time of adoption of this code.

C501.3 Malntenance
Deleted

C501.4 Compliance.
Alterations, repairs, additions and changes of occupancy to, or relocation of, existing buildings
and structures shall comply with the provisions for alterations, repairs, additions and changes of
occupancy or relocation, respectively, in the International Residential Code, International
Building Code, International Fire Code, International Fuel Gas Code, International Mechanical
Code International Plumblng Code the NC EX|st|nq Building Code, InrternatiohalProperty-

A posal-Cede and NFPA 70.

C501.5 New and replacement materials.

Except as otherwise required or permitted by this code, materials permitted by the applicable
code for new construction shall be used. Like materials shall be permitted for repairs, provided
hazards to life, health or property are not created. Hazardous materials shall not be used where
the code for new construction would not permit use of these materials in buildings of similar
occupancy, purpose and location.



C501.6 Historic buildings.
No provision of this code relating to the construction, repair, alteration, restoration and
movement of structures, and change of occupancy shaII be mandatory for hlstorlc burldrngs

SECTION C502
ADDITIONS

C502.1 General.

Additions to an existing building, building system or portion thereof shall conform to the
provisions of this code as those provisions relate to new construction without requiring the
unaltered portion of the existing building or building system to comply with this code. Additions
shall not create an unsafe or hazardous condition or overload existing building systems. An
addition shall be deemed to comply with this code if the addition alone complies or if the existing
building and addition comply with this code as a single building. Additions shall comply with
Section C502.2.

Exception: Additions complying with ANSI/ASHRAE/IESNA 90.1. reed-hot-comphyrwith-

C502.2 Prescriptive compliance.
Additions shall comply with Sections C502.2.1 through €502:2:6-2 C502.2.7.

C502.2.1 Vertical fenestration.

New vertical fenestration area that results in a total building fenestration area less than or
equal to that specified in Section C402.4.1 shall comply with Section C402.4. Additions with
vertical fenestration that result in a total building fenestration area greater than Section
C402.4.1 or addltlons that exceed the fenestratlon area greater than Sectlon C402 4. 1 shalt—

C407.

C502.2.2 Skylight area.

New skylight area that results in a total building fenestration area less than or equal to that
specified in Section C402.4.1 shall comply with Section C402.4. Additions with skylight area
that result in a total building skylight area greater than C402.4.1 or additions that exceed the

skylrght area shaII comply Wrth Seenen49492—4—1—2—teetheadd+trerkenty—Adel+nen&thaHeeu+P

thh Sectlon C407

C502.2.3 Building mechanical systems.
New mechanical systems and equipment that are part of the addition and serve the building
heating, cooling and ventilation needs shall comply with Section C403.

C502.2.4 Service water-heating systems.
New service water-heating equipment, controls and service water heating piping shall
comply with Section C404.



C502.2.5 Pools and inground permanently installed spas.
New pools and inground permanently installed spas shall comply with Section C404.9.

C502.2.6 Lighting power and systems.
New lighting systems that are installed as part of the addition shall comply with Section
C405.

C502.2.6.1 Interior lighting power.

The total interior lighting power for the addition shall comply with Section C405.4.2 for
the addition alone, or the existing building and the addition shall comply as a single
building.

C502.2.6.2 Exterior lighting power.

The total exterior lighting power for the addition shall comply with Section C405.5.1 for
the addition alone, or the existing building and the addition shall comply as a single
building.

C502.2.7 Building envelope.
New building envelope assemblies that are part of the addition shall comply with Sections
C402.1 through C402.5.

SECTION C503
ALTERATIONS

C503 1 General

Alterations to an existing building, building system or portion thereof shall conform to the
provisions of this code as those provisions relate to new construction without requiring the
unaltered portions of the existing building or building system to comply with this code.
Alterations shall not create an unsafe or hazardous condition or overload existing building
systems.

Exception: Alterations complying with ANSI/ASHRAE/IESNA 90.1. need-not-comply-with-

Exception: The following alterations to conditioned spaces need not comply with the

requirements for new construction;previded-the-energy-use-of-the-building-is-ret-
ereased:

1. Storm windows installed over existing fenestration.

2. Surface-applied window film installed on existing single-pane fenestration

assemblies reducing solar heat gain;-previded-the-code-does-notrequire-the-
glerng-arfenestatonto-boropleed,



3. Existing ceiling, wall or floor cavities exposed during construction, provided that
these cavities are filled with insulation. Roof systems requiring air space for
ventilation shall retain the ventilation space required.

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

5. Roof recover and roof replacement such that the existing building or structure is
no less conforming to the provisions of this code than the existing building or
structure was prior to the alteration.

6. Air barriers shall not be required for roof recover and roof replacement where the
alterations or renovations to the building do not include alterations, renovations
or repairs to the remainder of the building envelope.

7. Alterations that replace less than 50 percent of the luminaires in a space,
provided that such alterations do not increase the installed interior lighting power.

0o

. Replacement of existing doors that separate conditioned space from the exterior
shall not require the installation of a vestibule or revolving door, provided,
however, that an existing vestibule that separates a conditioned space from the
exterior shall not be removed.

C503.1.1 Application to replacement fenestration products.

Where an entire existing fenestration unit is replaced with a new fenestration product,
including frame, sash and glazing, the replacement fenestration unit shall meet the
applicable requirements for U-factor and SHGC in Table C-402.4.

Exceptions:
1. An area-weighted average of the U-factor of replacement fenestration products being

installed in the building for each fenestration product category listed in Table C402.4
shall be permitted to satisfy the U-factor requirements for each fenestration product
category listed in Table C402.4. Individual fenestration products from different
product categories listed in Table C402.4 shall not be combined in calculating the
area-weighted average U-factor.

2. Alterations that replace less than 50% of entire fenestration units may be replaced
with like or better fenestration units to match existing fenestration assemblies.

C503.2 Change in space conditioning.

New work performed shall meet the requirements of this code.

Projects changing unconditioned space to conditioned space and costing more than $10,000

shall require 10% of the project cost to be used toward meeting the requirements of the North
Carolina Energy Conservation Code. Project costs for the purpose of this section is the total




project cost listed on all permits related to the work required to convert the unconditioned space
to conditioned space and excludes the 10% added from this section. Under this section,
existing building envelope elements that become a part of the building thermal envelope and are
not changed are not required to be upgraded. The additional 10% of the project cost shall be
appropriated for additional energy conservation features of choice that are addressed in the
North Carolina Energy Conservation Code. In addition to the 10% project cost, any existing wall,
ceiling, or floor cavities that are exposed during construction shall at a minimum be insulated to
comply with the North Carolina Energy Conservation Code or be insulated to fill the cavity,
whichever is less. Roof systems requiring air space for ventilation shall retain the ventilation
space required. Projects costing less than $10,000 are not subject to the 10% project cost
addition provision.

C503.3 Building envelope.
New building envelope assemblies that are part of the alteration shall comply with Sections
C402.1 through C402.5.

C503. 3 1 Deleted. Reef—Feeraeemem-

C503.3.2 Vertical fenestration.

The addition of vertical fenestration that results in a total building fenestration area less than
or equal to that specified in Section C402.4.1 shall comply with Section C402.4. The
addition of vertical fenestration that results in a total building fenestration area greater than

Section C402 4.1 shaII comply wmhéeetreFFG492—4—l—l—teHhe—spaeeLadjaeenHe4h&Hew

spee#red—méeeﬂen@@%—l—l—sh&#eemply Wlth Sectlon C407

C503.3.3 Skylight area.

The addition of skylight area that results in a total building skylight area less than or equal to
that specified in Section C402.4.1 shall comply with Section C402.4. The addition of skylight
area that results in a total building skylight area greater than Section C402.4.1 shall comply
with Section C407 Section-C402-4-1-2for-the-space-adjacentto-the-new-skylights.
Alterations that result in a total building skylight area exceeding that specified in Section
C402.4.1 €402:4-1.2 shall comply with Section C407.

C503.4 Heating and cooling systems.
New heating, cooling and duct systems that are part of the alteration shall comply with Sections
C403.
Exception:
1. Not required to comply with section C403.2.12.
2. Not required to comply with section C403.3 where alterations to existing floors, walls, or
roof assemblies are required.

C503.4.1 Economizers.

Deleted. See section C503.4. New-cooling-systems-thatare partotalteration-shallcomphy-




C503.5 Service hot water systems.
New service hot water systems that are part of the alteration shall comply with Section C404.

C503.6 Lighting systems.
New lighting systems that are part of the alteration shall comply with Section C405.

Exception. Alterations that replace less than 10 50 percent of the luminaires in a space,
provided that such alterations do not increase the installed interior lighting power.

SECTION C504
REPAIRS

Repair of the building systems shall not make the building less conforming than it was before
the repair was undertaken. Work on nondamaged components necessary 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.

Where a building was constructed to comply with ANSI/ASHRAE/IESNA 90.1, repairs shall
comply with the standard and need not comply with Sections C402, C403, C404 and C405.




C504.2 Materials Apphcation.

Portions of walls that are part o_f the building thermal envelope shall be insulated in accordance
with this code when the repair requires the removal of either the interior or exterior wall
membrane such that the wall cavity is exposed during the repair.

Commentary: This section allows for only the portions of the wall exposed during a repair to
meet the minimum insulation requirements of the NC Energy Conservation Code. Unexposed
wall cavities are permitted to remain without requiring additional insulation.

Exception: Wall cavities containing existing insulation material.

Commentary: This exception provides relief from the full requirements for wall insulation in the
NC Energy Conservation Code when the repair exposes an existing wall cavity and it already
contains insulation.

C504.3 Glazing.
Repairs requiring the replacement of individual glass panes or sashes shall not require
compliance with this code.

Commentary: This section requires replacement of an entire window unit to comply with current
NC Energy Conservation Code requirements but allows for a single pane or sash to be replaced
with glass that matches the existing without reducing the energy efficiency of the building.

SECTION C505
CHANGE OF OCCUPANCY OR USE

fossil-fuel-or-electrical-energy-shallcomply-with-thiscede- New work performed in spaces
undergoing a change in occupancy shall comply with the requirements of this code. Unaltered
portions of the existing building or building supply system shall not be required to comply with
this code.




CHAPTER 6 [CE]
REFERENCED STANDARDS

This chapter lists the standards that are referenced in various sections of this document. The
standards are listed herein by the promulgating agency of the standard, the standard
identification, the effective date and title, and the section or sections of this document that
reference the standard. The application of the referenced standards shall be as specified in

Section 106.

American Architectural Manufacturers Association
AA MA 1827 Walden Office Square

Suite 550

Schaumburg, IL 60173-4268
Standard Referenced
reference in code
number Title section number
AAMA/WDMA/CSA North American Fenestration Standard/

101/1.S.2/A C440—11

Specifications for Windows, Doors and Unit Skylights

Table C402.5.2

AHAM

Association of Home Appliance Manufacturers
1111 19th Street, NW, Suite 402
Washington, DC 20036

Standard Referenced
reference in code
number Title section number
ANSI/
AHAM RAC-1—
2008 Room Air Conditioners Table C403.2.3(3)
Energy;-Perormance-and-Capacity-of-Household-
Air-Conditioning, Heating, and Refrigeration Institute
A H R I 2111 Wilson Blvd, Suite 500
Arlington, VA 22201
Standard Referenced
reference in code
number Title section number
ISO/AHRI/ASHRAE Water-to-Air and Brine-to-Air Heat Pumps—Testing and
13256-1 (2011) Rating Table
for Performance C403.2.3(2)
ISO/AHRI/ASHRAE Water-to-Water and Brine-to-Water Heat Pumps —Testing
13256-2 (2011) and Rating Table
for Performance C403.2.3(2)
210/240—08 with Table
Addenda 1 and 2 Performance Rating of Unitary Air-Conditioning and Air- C403.2.3(2),
Source Table
Heat Pump Equipment C403.2.3(2)
310/380—04 Standard for Packaged Terminal Air Conditioners and Heat Table

(CSA-C744-04)

Pumps

C403.2.3(3)



340/360—2007 Table
with Addendum 2 Performance Rating of Commercial and Industrial Unitary C403.2.3(2),
Air-Conditioning and Table
Heat Pump Equipment C403.2.3(2)
365(1-P)—09 Table
C403.2.3(2),
Commercial and Industrial Unitary Air-Conditioning Table
Condensing Units C403.2.3(6)
390—03 Performance Rating of Single Package Vertical Air-
Conditioners Table
and Heat Pumps C403.2.3(3)
400—2001 Table
Liquid to Liquid Heat Exchangers with Addendum 1 and 2 C403.2.3(10)
440—2008 Performance Rating of Room Fan Coils C403.2.10
460—2005 Performance Rating of Remote Mechanical-Draft Air-Cooled Table
Refrigerant Condensers C403.2.3(8)
550/590—2011 Performance Rating of Water-Chilling and Heat Pump C403.2.3.1,
With Addendum 1 Water-Heating Packages Table
Using the Vapor Compression Cycle C403.2.3(7)
560—00 Table
Absorption Water Chilling and Water Heating Packages C403.2.3(7)
1160 (I-P) —09 Performance Rating of Heat Pump Pool Heaters Table C404.2
Merchandisers-and-Storage-Cabinets- TFable
Table
-G403.2.14(2)
Air Movement and Control Association International
A M CA 30 West University Drive
Arlington Heights, IL 60004-1806
Standard Referenced
reference in code
number Title section number
220—08 (R2012) Laboratory Methods of Testing Air Curtain Units for C402.5.6
Aerodynamic Performance Rating
500D—12 Laboratory Methods for Testing Dampers for Rating C403.2.4.3
American National Standards Institute
A N S I 25 West 43rd Street
Fourth Floor
New York, NY 10036
Standard Referenced
reference in code
number Title section number
Z21.10.3/CSA Gas Water Heaters, Volume Ill—Storage Water Heaters with
4.3—11 Input Ratings

Z21.47/CSA 2.3—
12

Z83.8/CSA 2.6—
09

Above 75,000 Btu per Hour, Circulating Tank and
Instantaneous
Gas-fired Central Furnaces

Gas Unit Heaters, Gas Packaged Heaters, Gas Utility Heaters
and Gas-fired Duct Furnaces

Table C404.2
Table C403.2.3(4)

Table C403.2.3(4)




2044-EiscrheworAvoaue
AlosondrioMA22304
Stondard Reicrenecd
; . |
number Title section-number
4 : "EE.'e. ican-National Stancard-for-Portable Electric Spa
American Society of Heating, Refrigerating and Air-
AS H RA E Conditioning Engineers, Inc.
1791 Tullie Circle, NE
Atlanta, GA 30329-2305
Standard Referenced
reference in code
number Title section number
ASHRAE Table
127-2007 Method of Testing for Rating Computer C403.2.3(9)
ANSI/ASHRAE/ACCA
Standard 183—2007 Peak Cooling and Heating Load Calculations in Buildings,
(RA2011) Except Low-rise Residential Buildings C403.2.1
ASHRAE—2012 ASHRAE HVAC Systems and Equipment Handbook C403.2.1
ISO/AHRI/ASHRAE Water-to-Air and Brine-to-Air Heat Pumps—Testing and
13256-1 (2011) Rating Table
for Performance C403.2.3(2)
ISO/AHRI/ASHRAE Water-to-Water and Brine-to-Water Heat Pumps—Testing
13256-2 (2011) and Rating Table
for Performance C403.2.3(2)
90.1—2013 C401.2, Table
C402.1.3,
Table
C402.1.4,
C406.2, Fable
C502.1,
Energy Standard for Buildings Except Low-rise C503.1,
Residential Buildings C504.1
140—2011 Standard Method of Test for the Evaluation of Building
Energy
Analysis Computer Programs C407.6.1
146—2011 Testing and Rating Pool Heaters Table C404.2
American Society Mechanical Engineers
A S M E Two Park Avenue
New York, NY 10016-5990
Standard Referenced
reference in code
number Title section number
ASME A17.1/

CSA B44—2013

Safety Code for Elevators and Escalators

C405.9.2

ASTM

ASTM International
100 Barr Harbor Drive

West Conshohocken, PA 19428-2859

Standard Title

Referenced




reference in code
number section number
c90—13 Table-C4013
C 1363—11 Standard Test Method for Thermal Performance of Building
Materials
and Envelope Assemblies by Means of a Hot Box C303.1.4.1, Table
Apparatus C402.1.4
C 1371— Standard Test Method for Determination of Emittance of
04a(2010)el Materials
Near Room Temperature Using Portable Emissometers Table C402.3
C 1549—09 Standard Test Method for Determination of Solar Reflectance
Near
Ambient Temperature Using A Portable Solar
Reflectometer Table C402.3
B1003—1dcdk Stondard-TostMothed-eHazoand-buminsvsTransmitonec-
of
E 283—04 Test Method for Determining the Rate of Air Leakage Through
Exterior C402.5.1.2.2,
Windows, Curtain Walls and Doors Under Specified Table
Pressure C402.5.2,
Differences Across the Specimen C402.5.7
E 408—71(2008) Test Methods for Total Normal Emittance of Surfaces Using
Inspection-meter Techniques Table C402.3
E 779—10 Standard Test Method for Determining Air Leakage Rate by
Fan Pressurization C402.5
E 903—96 Standard Test Method Solar Absorptance, Reflectance and
Transmittance of Materials Using Integrating Spheres
(Withdrawn 2005) Table C402.3
E 1677—11 Standard Specification for an Air-retarder (AR) Material or
System for
Low-rise Framed Building Walls C402.5.1.2.2
E 1918—06 Standard Test Method for Measuring Solar Reflectance of
Horizontal or Low-sloped Surfaces in the Field Table C402.3
E 1980—11 Standard Practice for Calculating Solar Reflectance Index of Table C402.3,
Horizontal and Low-sloped Opaque Surfaces C402.3.2
E 2178—13 Standard Test Method for Air Permanence of Building
Materials C402.5.1.2.1
E 2357—11 Standard Test Method for Determining Air Leakage of Air
Barriers Assemblies C402.5.1.2.2
Cool Roof Rating Council
C R RC 449 15th Street, Suite 200
Oakland, CA 94612
Standard Referenced
reference in code
number Title section number
ANSI/CRRC-1— CRRC-1 Standard Table C402.3,
2012 C402.3.2,
C402.3.2.1, Table
C407.5.1(1)
CSA Group
CSA 8501 East Pleasant Valley
Cleveland, OH 44131-5516
Standard Title Referenced




reference in code
number section number
AAMA/WDMA/CSA North American Fenestration Standard/Specification for

101/1.S.2/A440—11

Windows, Doors and Unit Skylights
't ; i I F

Table C402.5.2

Cooling Technology Institute
CTI P. O. Box 73383
Houston, TX 77273-3383
Standard Referenced
reference in code
number Title section number
ATC 105 (00) Acceptance Test Code for Water Cooling Tower Table C403.2.3(8)
ATC 105S5—11 Acceptance Test Code for Closed Circuit Cooling Towers Table C403.2.3(8)
ATC 106—11 Acceptance Test For Mechanical Draft Evaporative Vapor Table C403.2.3(8)
Condensers
STD 201—11 Standard for Certification of Water Cooling Towers Thermal Table C403.2.3(8)

Performances

DASMA

Door and Access Systems Manufacturers Association
1300 Sumner Avenue
Cleveland, OH 44115-2851

Standard
reference
number

Title

Referenced
in code
section number

105—92 (R2004)—

Test Method for Thermal Transmittance

C303.1.3, Table

13 and Air Infiltration of Garage Doors C402.5.2
U.S. Department of Energy
DO E c/o Superintendent of Documents
1000 Independence Avenue SW
Washington, DC 20585
Standard Referenced
reference in code
number Title section number
10 CFR, Part Energy Conservation Program for Consumer Products:
430—1998 Test Procedures and Certification and Enforcement Table C403.2.3(4),

10 CFR, Part 430,
Subpart B,
Appendix N—1998
10 CFR, Part
431—2004

10 CFR 431
Subpart B
App B

Requirement
for Plumbing Products; and Certification and Enforcement
Requirements for Residential Appliances; Final Rule
Uniform Test Method for Measuring the Energy Consumption
of
Furnaces and Boilers
Energy Efficiency Program for Certain Commercial and
Industrial
Equipment: Test Procedures and Efficiency Standards;
Final Rules

Uniform Test Method for Measuring Nominal Full Load
Efficiency
of Electric Motors

Table C403.2.3(5),
Table
C404.2

C202

Table C403.2.3(5),
C405.7, C405.8,
Table C405.8
G403-4-44; Table
C405.8(1),

Table C405.8(2),
Table

C405.8(3),
C405.8(4)



NAECA 87—(88)

Tables

National Appliance Energy Conservation Act 1987 C403.2.3(2),
[(Public Law 100-12 (with Amendments of 1988-P.L. 100- C403.2.3(2),
357)] C403.2.3(4)
International Code Council, Inc.
I CC 500 New Jersey Avenue, NW
6th Floor
Washington, DC 20001
Standard Referenced
reference in code
number Title section number
IBC—15 ) o ® C201.3, C303.2,
International Building Code C402.5.3,
C501.4
IFC—15 ] ] ® C201.3,C501.4
International Fire Code
IFGC—15 ] ® C201.3,C501.4
International Fuel Gas Code
IMC—15 ) ) ® C403.2.4.3,
International Mechanical Code C403.2.6,
C403.2.6.1,
C403.2.7,
C403.2.8.1,
C403.2.8.2,
C403.2.9,
C403.4.4,
C406.6, C501.4
IPC—15 ) ) C201.3, C501.4
International Plumbing Code
IMPC—15 ) _ ® c5014
International-Property-Maintenance-Code
IPSbc—15 ] ] ) ® c501.4
tomodenn Pavnie Sownos Duspesnl Code -
-I-EEE 3-Park-Avenue
New York,-NY-10016
Standard Referenced
reference mn-code
number Title section-number
Maintenance
llluminating Engineering Society
I ES 120 Wall Street, 17th Floor
New York, NY 10005-4001
Standard Referenced
reference in code
number section
Title number
ANSI/ASHRAE/IESNA Energy Standard for Buildings, Except C401.2, Table




90.1—2013 Low-rise Residential Buildings C402.1.3,
Table
C402.1.4,
C406.2,
C502.1,
C503.1,
C504.1
International Organization for Standardization
I SO 1, rue de Varembe, Case postale 56, CH-1211
Geneva, Switzerland
Standard Referenced
reference in code
number Title section number
ISO/AHRI/ASHRAE Water-to-Air and Brine-to-air Heat Pumps -Testing and
13256-1 (2011) Rating Table
for Performance C403.2.3(2)
ISO/AHRI/ASHRAE Water-to-Water and Brine-to-Water Heat Pumps -Testing
13256-2(2011) and Rating
for Performance C403.2.3(2)
National Electrical Manufacturers Association
N E MA 1300 North 17th Street, Suite 1752
Rosslyn, VA 22209
Standard Referenced
reference in code
number Title section number
MG1—1993 Motors and Generators C202
National Fire Protection Association
N F P A 1 Batterymarch Park
Quincy, MA 02169-7471
Standard Referenced
reference in code
number Title section number
70—14 National Electrical Code C501.4
National Fenestration Rating Council, Inc.
N F RC 6305 Ivy Lane, Suite 140
Greenbelt, MD 20770
Standard Referenced
reference in code
number Title section number
100—2009 Procedure for Determining Fenestration Products U-factors— C303.1.3,
Second Edition C402.2.2
200—2009 Procedure for Determining Fenestration Product Solar Heat
Gain Coefficients
and Visible Transmittance at Normal Incidence—Second C303.1.3,
Edition C402.41.1
400—2009 Procedure for Determining Fenestration Product Air Table C402.5.2

Leakage—Second Edition

Sheet Metal and Air Conditioning Contractors National
S M A C NA Association, Inc.

4021 Lafayette Center Drive




Chantilly, VA 20151-1209

Standard Referenced
reference in code
number Title section number
SMACNA—2012 ) nd C403.2.98.1.3
HVAC Air Duct Leakage Test Manual 2 Edition
UL LLC
U L 333 Pfingsten Road
Northbrook, IL 60062-2096
Standard Referenced
reference in code
number Title section number
70—12 C403.28
727—06 Oil-fired Central Furnaces—with Revisions through April 2010 Table C403.2.3(4)
731—95 Oil-fired Unit Heaters—with Revisions through August 2012 Table C403.2.3(4)
i7e—oL Airlooloco Tiosie of Door hocsmblioe
United States-Federal Trade Commission
U S- 600 Pennsylvania Avenue NW
FTC Washington, DC 20580
Standard Referenced
reference in code
number Title section number
CFR Title 16 R-value Rule C303.1.4
(May 31, 2005)
Window and Door Manufacturers Association
WD MA 2025 M Street, NW, Suite 800
Washington, DC 20036-3309
Standard Referenced
reference in code
number Title section number
AAMA/WDMA/CSA North American Fenestration Standard/Specification for

101/1.5.2/A440—11

Windows, Doors and Unit Skylights

Table C402.5.2




Part 1: Mechanical

Project Name:
Project Location:

APPENDIX 1

Statement of System Commissioning

In my professional opinion, the HVAC systems have been installed in substantial compliance
with the intent of the approved project plans and specifications based on a site observation
performed and upon review of the following:

Yes No

Not
Required

ltems

Comments

Testing and Balance Reports

Operations and Maintenance Manuals
for HYAC

HVAC Equipment

HVAC Controls and Operational
Sequences

Notes:

List of Deferred Tests:

Name:

Signature:
Date:

Seal




Part 2: Service Water Heating

Project Name:

Project Location:

In my professional opinion, the service water heating systems have been installed and are in
substantial compliance with the intent of the approved project plans and specifications based on
a site observation performed and upon review of the following:

Yes | No Not ltems Comments
Required

Manuals for Service Water Heating

Service Water Heating Systems

Notes:

List of Deferred Tests:

Name:
Signature:
Date:

Seal



Part 3: Electrical

Project Name:

Project Location:

In my professional opinion, the lighting systems have been installed and are in substantial
compliance with the intent of the approved project plans and specifications based on a site
observation performed and upon review of the following:

Yes | No Not ltems Comments
Required

Manuals for Lighting Systems

Lighting Equipment

Lighting Controls and Operational
Sequences

Notes:

List of Deferred Tests:

Name:
Signature:
Date:

Seal Above:



CHAPTER 1 [RE]
SCOPE AND ADMINISTRATION

PART 1—SCOPE AND APPLICATION

SECTION R101
SCOPE AND GENERAL REQUIREMENTS

R101 1 Tltle

M%@QM—&MM%&%%%H@FWB—FG@MW%%—%%—%%— ThIS code

shall be known as the North Carolina Energy Conservation Code as adopted by the North
Carolina Building Code Council on xxxxxX, to be effective January 1, 2019. References to the
International Codes shall mean the North Carolina Codes. The NCECC is referred to herein as
“this code.”

R101.2 Scope.
This code applies to residential buildings and the building sites and associated systems and
equipment.

R101.3 Intent.

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

R101.4 Applicability.

Where, in any specific case, different sections of this code specify different materials, methods
of construction or other requirements, the most restrictive shall govern. Where there is a conflict
between a general requirement and a specific requirement, the specific requirement shall
govern.

R101.4.1 Mixed occupancy.

Where a building includes both residential and commercial occupancies, each occupancy
shall be separately considered and meet the applicable provisions of the IECC—
Commercial Provisions or IECC—Residential Provisions.

R101.5 Compliance.
Residential buildings shall meet the provisions of IECC—Residential Provisions. Commercial
buildings shall meet the provisions of IECC—Commercial Provisions.

R101.5.1 Compliance materials.
The code official shall be permitted to approve specific computer software, worksheets,
compliance manuals and other similar materials that meet the intent of this code.



R101.5.2 Requirements of other State Agencies, occupational licensing boards, or
commissions. The North Carolina State Building Codes do not include all additional
requirements for buildings and structures that may be imposed by other State agencies,
occupational licensing boards, and commissions. It shall be the responsibility of a permit
holder, design professional, contractor, or occupational license holder to determine whether
any additional requirements exist.

SECTION R102
ALTERNATIVE MATERIALS, DESIGN AND
METHODS OF CONSTRUCTION AND EQUIPMENT

R102.1 General.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Ihe—p;ewﬂens—e#—dms—eede—ape—net—

PART 2—ADMINISTRATION AND ENFORCEMENT

SECTION R103
CONSTRUCTION DOCUMENTS

R103.1 General.

Construction documents, technical reports and other supporting data shall be submitted in one
or more sets with each application for a permit. The construction documents and technical
reports shall be prepared by a registered design professional where required by the statutes of

the JUI‘ISdICtIOI’l in WhICh the prOJect is to be constructed Whe#e—speeral—eendmens—e*lst—the—

Exception:

1. The code official is authorized to waive the requirements for construction documents or
other supporting data if the code official determines they are not necessary to confirm
compliance with this code.

2. Construction documents for energy code compliance are not required for one and two-

family dwellings and townhouses.




R103.2 Information on construction documents.

Construction documents shall be drawn to scale upenr-suitable-material. Electronic media
documents are permitted to be submitted where approved by the code official. Construction
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, the following as

applicable:
1. Insulation materials and their R-values.
2. Fenestration U-factors and solar heat gain coefficients (SHGC).
3. Area-weighted U-factor and solar heat gain coefficients (SHGC) calculations.
4. Mechanical system design criteria.
5. Mechanical and service water-heating system and equipment types, sizes and
efficiencies.
6. Equipment and system controls.
7. Duct sealing, duct and pipe insulation and location.
8. Air sealing details.

R103.3 Examination of documents.

Deleted See the NC Admlnlstratlve Code and POI|C|es Ih&eed&e#rer&l—sh&lLex&mm&er—

R103.3.1 Approval of construction documents.
Deleted See the NC Admlnlstratlve Code and POI|C|es Whenﬂqeeedeemeral—swe&&




R103.3.2 Previous approvals.
Deleted See the NC Admlnlstratlve Code and PoI|C|es IFhF&eede%haLLneHequeelﬁange&

R103.3.3 Phased approval.
Deleted See the NC Admlnlstratlve Code and Policies. Iheeedee#relal—shau—have%he

R103.4 Amended construction documents.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Wedeshal#beumstaﬂed—%aeee#danee

SECTION R104
INSPECTIONS

R104.1 General.
Deleted See the NC Admlnlstratlve Code and Policies. qustmenenepwenefepwhrehﬂa—pepmm

R104.2 Required inspections.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Iheeedee#reraker—hlee#her—

R104.2.1 Footing and foundation inspection.

Deleted See the NC Admlnlstratlve Code and Policies. l-nspeeﬂens—asseera%ed—w&h—ﬁeeﬂngs




R104.2.2 Framing and rough-in inspection.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es tnspeehen&at—ﬁramtngandm&gh-ln

R104.2.3 Plumbing rough-in inspection.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Lnspeetlen&ateplumbmg#eegh—ln

R104.2.4 Mechanical rough-in inspection.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Lnspeetlen&a*rmeehanmal—reugh—ln

R104.2.5 Final inspection.
Deleted See the NC Admlnlstratlve Code and Policies. Ihe—leuﬂdmg—shau—haveuarhnalr

R104.3 Reinspection.
Deleted. See the NC Administrative Code and Policies. A-building-shall-be-reinspected-when-
I e T o official

R104.4 Approved inspection agencies.

Deleted. See the NC Admlnlstratlve Code and PoI|C|es Ihe—eede—e#teral—ls—aathen-zed—te—aeeept

R104.5 Inspection requests.

Deleted See the NC Admlnlstratlve Code and PoI|C|es H—sha“—be—the—daty—ef—the—helder—ef—the

R104.6 Reinspection and testing.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Whe#e—any—werleer—msta”atten—dees—net




R104.7 Approval.
Deleted See the NC Admlnlstratlve Code and Policies. A#er—thepr:esenbed%estsand

R104.7.1 Revocation.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Ihe—eede—e#leral—ls—ae&henzed—te—m-

SECTION R105
VALIDITY

R105.1 General.
Deleted See the NC Admlnlstratlve

Code and PoI|C|es #—a—pemen—ef—tms—eede—is—held—te-be—

SECTION R106
REFERENCED STANDARDS

R106.1 Referenced codes and standards.

The codes and standards referenced in this code shall be those listed in Chapter 6 5, and such
codes and standards shall be considered as part of the requirements of this code to the
prescribed extent of each such reference and as further regulated in Sections R106.1.1 and
R106.1.2.

R106.1.1 Conflicts.
Where conflicts occur between provisions of this code and referenced codes and standards,
the provisions of this code shall apply.

R106.1.2 Provisions in referenced codes and standards.

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

R106.2 Application of references.
References to chapter or section numbers, or to provisions not specifically identified by number,
shall be construed to refer to such chapter, section or provision of this code.

R106.3 Other laws.
The provisions of this code shall not be deemed to nullify any provisions of local, state or federal
law.

SECTION R107
FEES



R107.1 Fees.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es A—pepmtt—shau—net—be—lsﬂ*ed—unm—the-

R107.3 Work commencing before permit issuance.

DeIeted See the NC Administrative Code and PoI|C|es Any—pe#sen—whe—eemmenees—any—weﬂe

R107.4 Related fees.
DeIeted See the NC Admlnlstratlve Code and POI|C|es Ihepaymentreﬁtheﬁfeeq‘-er—the

R107.5 Refunds.
Deleted. See the NC Administrative Code and Policies. Fhe-code-official-is-authorized-to-

i -

SECTION R108
STOP WORK ORDER

R108.1 Authority.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Whe#etheeedeemeral—ﬁndsanyamle

R108.2 Issuance.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Ihe—step—we#k—epder—sha“—be—m—wnhng—

R108.3 Emergencies.
DeIeted See the NC Admlnlstratlve Code and PoI|C|es Whe#euanemepgeneye*lsts—theeede

R108.4 Failure to comply.
Deleted See the NC Admlnlstratlve Code and POI|C|es Any—pe#sen—whe—shau—eentmae—any—




SECTION R109
BOARD OF APPEALS

R109.1 General.
Deleted See the NC Admlnlstratlve Code and POI|C|es mepdemeheapand—deerd&&ppeals@

R109.3 Qualifications.
Deleted See the NC Admlnlstratlve Code and PoI|C|es Ihe—bea%el—ef—appeals—shal#eensst—ef—




CHAPTER 2 [RE]
DEFINITIONS

SECTION R201
GENERAL

R201.1 Scope.
Unless stated otherwise, the following words and terms in this code shall have the meanings
indicated in this chapter.

R201.2 Interchangeability.

Words used in the present tense include the future; words in the masculine gender include the
feminine and neuter; the singular number includes the plural and the plural includes the
singular.

R201.3 Terms defined in other codes.

Terms that are not defined in this code but are defined in the International Building Code,
International Fire Code, International Fuel Gas Code, International Mechanical Code,
International Plumbing Code or the International Residential Code shall have the meanings
ascribed to them in those codes.

R201.4 Terms not defined.
Terms not defined by this chapter shall have ordinarily accepted meanings such as the context
implies.

SECTION R202
GENERAL DEFINITIONS

ABOVE-GRADE WALL. 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 skylight shafts.

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

ACHS50. Air Changes per Hour of measured air flow in relation to the building volume while the
building is maintained at a pressure difference of 50 Pascals.

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




AIR BARRIER MATERIAL. Material(s) that have an air permeability not to exceed 0.004 cfm/ft2
under a pressure differential of 0.3 in. water (1.57psf) (0.02 L/s.m2 @ 75 Pa) when tested in
accordance with ASTM E 2178.

AIR BARRIER SYSTEM. Material(s) assembled and joined together to provide a barrier to air
leakage through the building envelope. An air barrier system is a combination of AIR BARRIER
MATERIALS and sealants.

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.

APPROVED. Acceptable to the code official for compllance with the prOV|S|ons of the applicable

AUTOMATIC. Self-acting, operating by its own mechanism when actuated by some impersonal
influence, as, for example, a change in current strength, pressure, temperature or mechanical
configuration (see “Manual”).

BASEMENT WALL. A wall 50 percent or more below grade and enclosing conditioned space.
BPI ENVELOPE PROFESSIONAL. An individual that has passed the Building Performance

Institute written and field examination requirements for the Building Envelope certification and
has a current certification.

BUILDING. Anv structure used or mtended for supportmq or shelterlnq any use or occupancv

BUILDING SITE. A contiguous area of land that is under the ownership or control of one entity.

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

C-FACTOR (THERMAL CONDUCTANCE). The coefficient of heat transmission (surface to
surface) through a building 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-ft>-°F) (W/(m>-K)].

CEM25. Cubic Feet per minute of measured air flow while the forced air system is maintained at
a pressure difference of 25 Pascals (0.1 inches w.c.)




CEM50. Cubic Feet per Minute of measured air flow while the building is maintained at a
pressure difference of 50 Pascals (0.2 inches w.c.).

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.
CLOSED CRAWL SPACE. A foundation without wall vents that uses air sealed walls, ground

and foundation moisture control, and mechanical drying potential to control crawl space
moisture. Insulation may be located at the floor level or at the exterior walls.

CODE OFFICIAL. The officer or other designated authority charged with the administration and
enforcement of this code, or a duly authorized representative.

COMMERCIAL BUILDING. For this code, all buildings that are not included in the definition of
“Residential building.”

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

bundlnq that is prowded Wlth heating or cooling equmment or svstems capable of maintaining,
through design or heat loss/gain, 50°F (10°C) during the heating season or 85°F (29°C) during
the cooling season, or communicates directly with a conditioned space. Spaces within the
building thermal envelope are considered conditioned space.

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

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

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 transmission of air that, in addition to ducts,
includes duct fittings, dampers, plenums, fans and accessory air-handling equipment and
appliances.

DWELLING UNIT. A single unit providing complete independent living facilities for one or more
persons, including permanent provisions for living, sleeping, eating, cooking and sanitation.

ENERGY ANALYSIS. A method for estimating the annual energy use of the proposed design
and standard reference design based on estimates of energy use.

ENERGY COST. The total estimated annual cost for purchased 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 International Energy Conservation Code.

EXTERIOR WALL. Walls including both above-grade walls and basement walls.
FENESTRATION. Products classified as either vertical fenestration or skylights.

FENESTRATION PRODUCT, FIELD-FABRICATED. A fenestration product whose frame is
made at the construction site of standard dimensional lumber or other materials that were not
previously cut, or otherwise formed with the specific intention of being used to fabricate a
fenestration product or exterior door. Field fabricated does not include site-built fenestration.

FENESTRATION PRODUCT, SITE-BUILT. A fenestration designed to be made up of field-
glazed or field-assembled 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-reel-systems-

F-FACTOR. The perimeter heat loss factor for slab-on-grade floors (Btu/h-ft °F) [W/(m K)].
FULLY ENCLOSED ATTIC FLOOR SYSTEM- The ceiling insulation is enclosed on all six

sides by an air barrier system, such as taped drywall below, solid framing joists on the sides,
solid blocking on the ends, and solid sheathing on top which totally enclose the insulation.

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

HERS RATER. An individual that has completed training and been certified by RESNET
(Residential Energy Services Network) Accredited Rating Provider and has a current
certification.

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. Any building or structure that is one or more of the following:

1. Listed, or certified as eligible for listing by the State Historic Preservation Officer or the
Keeper of the National Reqister of Historic Places, in the National Reqister of Historic
Places.

2. Designated as historic under an applicable state or local law.

3. Certified as a contributing resource within a National Register-listed, state designated or
locally designated historic district.

INFILTRATION. The uncontrolled 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.

LABELED. Appliances, eEquipment, materials or products to which have been affixed a label,
seal, symbol or other identifying mark of a nationally recognized testing laboratory, inspection
agency or other organization concerned with product evaluation that maintains periodic
inspection of the production of the above-labeled items and where labeling indicates either that
the equipment, material or product meets identified standards or has been tested and found
suitable for a specified purpose.

LAMP. The device in a lighting fixture that provides illumination, typically a bulb, fluorescent
tube, or light emitting diode (LED).

LICENSED DESIGN PROFESSIONAL. An individual who is licensed to practice his respective
design profession as defined by the statutory requirements of the professional registration laws
of the state or jurisdiction in which the project is to be constructed. Design by a Licensed
Design Professional is not required where exempt under the registration or licensure laws.

LISTED. Appliances, eEquipment, materials, products or services included in a list published by
an organization acceptable to the code official and concerned with evaluation of products or
services that maintains periodic inspection of production of listed equipment or materials or
periodic evaluation of services and where the listing states either that the equipment, material,
product or service meets identified standards or has been tested and found suitable for a
specified purpose.



LOW-VOLTAGE LIGHTING. Lighting equipment powered through a transformer such as a
cable conductor, a rail conductor and track lighting.

MANUAL. Capable of being operated by personal intervention (see “Automatic”).

ON-SITE RENEWABLE ENERGY. Includes solar photovoltaic; active solar thermal that
employs collection panels, heat transfer mechanical components; wind; small hydro; tidal; wave
energy; geothermal (core earth); biomass enerqgy systems; landfill gas and bio-fuel based
electrical production, Onsite enerqy shall be generated on or adjacent to the project site and
shall not be delivered to the project through the utility service.

PROPOSED DESIGN. A description of the proposed building used to estimate annual energy
use for determining compliance based on total building performance.

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 obstacles 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 correct damage.

REROOFING. The process of recovering or replacing an existing roof covering. See “Roof
recover” and “Roof replacement.”

RESIDENTIAL BUILDING. For this code, 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 ASSEMBLY. A system designed to provide weather protection and resistance to design
loads. The system consists of a roof covering and roof deck or a single component serving as
both the roof covering and the roof deck. A roof assembly includes the roof covering,
underlayment, roof deck, insulation, vapor retarder and interior finish.

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 covering, repairing any
damaged substrate and installing a new roof covering.

R-VALUE (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

2 2
the two surfaces, under steady state conditions, per unit area (h ft °F/Btu) [(m K)/W].



SEMI-CONDITIONED SPACE. A space within the building thermal envelope that is not directly

heated and/or cooled.

SITE-RECOVERED ENERGY. Waste energy recovered at the building site that is used to off-
set consumption of purchased fuel or electrical energy supplies.

SERVICE WATER HEATING. Supply of hot water for purposes other than comfort heating.

SKYLIGHT. Glass or other transparent or translucent glazing material installed at a slope of
less than 60 degrees (1.05 rad) from horizontal.

SOLAR ENERGY SOURCE. Source of thermal, chemical, or electrical energy derived from
direct conversion of incident solar radiation at the building site.

SOLAR HEAT GAIN COEFFICIENT (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 proposed 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 performance.

SUNROOM. A one-story structure attached to a dwelling with a glazing area in excess of 40
percent of the gross area of the structure’s exterior walls and roof.

THERMAL ISOLATION. Physical and space conditioning separation from conditioned space(s).
The conditioned space(s) shall be controlled as separate zones for heating and cooling or
conditioned by separate equipment.

THERMOSTAT. An automatic control device used to maintain temperature at a fixed or
adjustable set point.

U-FACTOR (THERMAL TRANSMITTANCE). The coefficient of heat transmission (air to air)
through a building component or assembly, equal to the time rate of heat flow per unit area and
unit temperature difference between the warm side and cold side air films (Btu/h - ft2 - °F)

Wi(m® - K)].

VAPOR RETARDER CLASS 1. A measure of the ability of a material or assembly to limit the
amount of moisture that passes through that material or assembly. Vapor retarder class 1 is
defined as 0.1 perm or less when using the desiccant method with Procedure A of ASTM 96.

VENTILATION. The natural or mechanical process of supplying conditioned or unconditioned
air to, or removing such air from, any space.




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

VISIBLE TRANSMITTANCE [VT]. 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.

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



CHAPTER 3 [RE]
GENERAL REQUIREMENTS

SECTION R301
CLIMATE ZONES

R301.1 General.
Climate zones from Figure R301.1 or Table R301.1 shall be used in determining the applicable

requirements from Chapter 4. Locations-not-in-Table- R301-1 (outside-the United-States)-shallbe
assigned-a-climatezone-based-on-Seetion-R3013-

R301.2 Warm humid counties.
Warm humid counties are identified in Table R301.1 by an asterisk.

R301.3 International climate zones.
Deleted. Note: Table R301.3(1) and Table R301.3(2) contain no NC requirements but are

retained for mformatlon onlv Ihe—el+ma¥e—zene49pany49ea¥ren—ea%s4ée—me-umted&a¥es—sha#

R301.4 Tropical climate zone.

Deleted. The-tropical-climatezone-shallbe-defined-as:

TABLE R301.1
NORTH CAROLINA CLIMATE ZONES, MOISTURE REGIMES, AND WARM-HUMID
DESIGNATIONS
BY COUNTY

Key: A — Moist—B

Asterisk (*) indicates a warm-humid location.

NORTH 3A Bladen 4A Chatham

CAROLINA

3A Brunswick*

4A Cherokee

4A Alamance 4A Buncombe 3A Chowan

4A Alexander 4A Burke 4A Clay

5A Alleghany 3A Cabarrus 4A Cleveland
3A Anson 4A Caldwell 3A Columbus*
5A Ashe 3A Camden 3A Craven

5A Avery 3A Carteret* 3A Cumberland
3A Beaufort 4A Caswell 3A Currituck
4A Bertie 4A Catawba 3A Dare



3A Davidson
4A Davie

3A Duplin
4A Durham
3A Edgecombe
4A Forsyth
4A Franklin
3A Gaston
4A Gates
4A Graham
4A Granville
3A Greene
4A Guilford
4A Halifax
4A Harnett
4A Haywood
4A Henderson
4A Hertford
3A Hoke

3A Hyde

4A Iredell
4A Jackson
3A Johnston
3A Jones
4A Lee

3A Lenoir
4A Lincoln
4A Macon
4A Madison
3A Martin
4A McDowell

3A Mecklenburg

5A Mitchell

3A Montgomery

3A Moore
4A Nash

3A New Hanover*

4A Northampton

3A Onslow*

4A Orange

3A Pamlico

3A Pasquotank
3A Pender*

3A Perquimans
4A Person

3A Pitt

4A Polk

3A Randolph
3A Richmond
3A Robeson
4A Rockingham

3A Rowan
4A Rutherford

3A Sampson
3A Scotland

3A Stanly
4A Stokes

4A Surry

4A Swain

4A Transylvania
3A Tyrrell

3A Union

4A Vance

4A Wake

4A Warren

3A Washington

5A Watauga

3A Wayne
4A Wilkes

3A Wilson
4A Yadkin

5A Yancey




5A 4A

Warm and Humid Counties are below the dashed white line

Figure R301.1 North Carolina Climate Zones
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5A-Hancoek S5A-Tuscarawas 3AKay 4C Clatsop
5A-Harrison 5A Van-Wert 3A Kiowa 4C Coos
5A-Henry 5A-Vinton 3A Latimer 5B Crook
5A-Highland 5A-Warren 3A Le Flore 4C Curry
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TFABLE-R301L1—continued
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TFABLER301L1—continued
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TABLE R301.3(1)
INTERNATIONAL CLIMATE ZONE DEFINITIONS

MAJOR CLIMATE TYPE DEFINITIONS

Marine (C) Definition—Locations meeting all four criteria:

1. Mean temperature of coldest month between -3°C (27°F) and 18°C (65°F).

2. Warmest month mean < 22°C (72°F).

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

4. Dry season in summer. The month with the heaviest precipitation in the cold season has at least three
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.




Dry (B) Definition—Locations meeting the following criteria:
Not marine and P, <0.44 x (TF-19.5)[P <2.0x (TC + 7) in Sl units]
| cm

n
where:

P. = Annual precipitation in inches (cm)
in

T = Annual mean temperature in °F (°C)

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

Warm-humid Definition—Maoist (A) locations where either of the following wet-bulb temperature conditions
shall occur during the warmest

six consecutive months of the year:

1. 67°F (19.4°C) or higher for 3,000 or more hours; or

2. 73°F (22.8°C) or higher for 1,500 or more hours.

For SI: °C = [(°F)-32]/1.8, 1 inch = 2.54 cm.

TABLE R301.3(2)
INTERNATIONAL CLIMATE ZONE DEFINITIONS

ZONE THERMAL CRITERIA
NUMBER IP Units Sl Units
1 9000 < CDD50°F 5000 < CDD10°C
2 6300 < CDD50°F < 9000 3500 < CDD10°C < 5000
3A and 3B 4500 < CDD50°F < 6300 AND HDD65°F 2500 < CDD10°C < 3500 AND
< 5400 HDD18°C < 3000
4A and 4B CDDS50°F < 4500 AND HDDG65°F < 5400 CDD10%C < ZSgg(Q)ND HDD18°C <
3C HDDG65°F < 3600 HDD18°C < 2000
4C 3600 < HDD65°F < 5400 2000 < HDD18°C < 3000
5 5400 < HDD65°F < 7200 3000 < HDD18°C < 4000
6 7200 < HDD65°F < 9000 4000 < HDD18°C < 5000
7 9000 < HDD65°F < 12600 5000 < HDD18°C < 7000
8 12600 < HDD65°F 7000 < HDD18°C

For SI: °C = [(°F)-32]/1.8.

SECTION R302
DESIGN CONDITIONS

R302.1 Interior design conditions.
The interior design temperatures used for heating and cooling load calculations shall be a
maximum of 72°F (22°C) for heating and minimum of 75°F (24°C) for cooling.

SECTION R303
MATERIALS, SYSTEMS AND EQUIPMENT

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




R303.1.1 Building thermal envelope insulation.

An R-value identification mark shall be applied by the manufacturer to each piece of building
thermal envelope insulation 12 inches (305 mm) or greater in width. Alternately, the
insulation installers shall provide a certification listing the type, manufacturer and R-value of
insulation 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 number of bags installed shall be listed on the
certification. For sprayed polyurethane foam (SPF) insulation, the installed thickness of the
areas covered and R-value of installed thickness shall be listed on the certification. For
insulated siding, the R-value shall be labeled on the product’s package and shall be listed
on the certification. The insulation installer shall sign, date and post the certification in a
conspicuous location on the job site.

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 mz) throughout the attic space. The markers shall be affixed to the trusses or
joists and marked with the minimum initial installed thickness with numbers not less than
1 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
provided by the insulation installer.

R303.1.2 Insulation mark installation.
Insulating materials shall be installed such that the manufacturer’s R-value mark is readily
observable upon inspection.

R303.1.3 Fenestration product rating.

U-factors of fenestration products (windows, doors and skylights) shall be determined in
accordance with NFRC 100. U-factors shall be determined by an accredited, independent
laboratory, and labeled and certified by the manufacturer. Products lacking such a labeled
U-factor shall be assigned a default U-factor from Table R303.1.3(1) or R303.1.3(2). The
solar heat gain coefficient (SHGC) and visible transmittance (VT) of glazed fenestration
products (windows, glazed doors and skylights) shall be determined in accordance with




NFRC 200 by an accredited, independent laboratory, and labeled and certified by the
manufacturer. Products lacking such a labeled SHGC or VT shall be assigned a default
SHGC or VT from Table R303.1.3(3).

Exception: When a garage door is a part of the building thermal envelope Where-
reguired, garage door U-factors shall be determined in accordance with either NFRC
100 or ANSI/DASMA 105.

TABLE R303.1.3(1)
DEFAULT GLAZED FENESTRATION U-FACTORS

SINGLE DOUBLE SKYLIGHT
FRAME TYPE PANE PANE Single Double
Metal 1.20 0.80 2.00 1.30
Metal with Thermal Break 1.10 0.65 1.90 1.10
Nonmetal or Metal Clad 0.95 0.55 1.75 1.05
Glazed Block 0.60
TABLE R303.1.3(2)
DEFAULT DOOR U-FACTORS
DOOR TYPE U-FACTOR
Uninsulated Metal 1.20
Insulated Metal 0.60
Wood 0.50
Insulated, nonmetal edge, max 45% glazing, 035
any glazing double pane '

TABLE R303.1.3(3)
DEFAULT GLAZED FENESTRATION SHGC AND VT

SINGLE GLAZED DOUBLE GLAZED GLAZED

Clear Tinted Clear Tinted BLOCK
SHGC 0.8 0.7 0.7 0.6 0.6
VT 0.6 0.3 0.6 0.3 0.6

R303.1.4 Insulation product rating.

The thermal resistance (R-value) of insulation shall be determined in accordance with the

2
U.S. Federal Trade Commission R-value rule (CFR Title 16, Part 460) in units of h - ft -

°F/Btu at a mean temperature of 75°F (24°C).

R303.1.4.1 Insulated siding.
The thermal resistance (R-value) of insulated siding shall be determined in accordance
with ASTM C 1363. Installation for testing shall be in accordance with the manufacturer’s

instructions.




R303.2 Installation.
Materials, systems and equipment shall be installed in accordance with the manufacturer’s
instructions and the International Building Code or International Residential Code, as applicable.

R303.2.1 Protection of exposed foundation insulation.

Insulation applied to the exterior of basement walls, crawlspace walls and the perimeter of
slab-on-grade floors shall have an rigid opaque and weather-resistant 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.

R303.3 Maintenance information.
Malntenance mstructlons shall be furnlshed for equment and systems that requwe preventive




CHAPTER 4 [RE]
RESIDENTIAL ENERGY EFFICIENCY

SECTION R401
GENERAL

R401.1 Scope.
This chapter applies to residential buildings.

R401.2 Compliance.
Projects shall comply with one of the following:

1. Sections R401 through R404.

2. Section R405 and the provisions of Sections R401 through R404 labeled “Mandatory.”

|

An energy rating index (ERI) approach in Section R406.

North Carolina specific REScheck shall be permitted to demonstrate compliance with
this code. Envelope requirements may not be traded off against the use of high
efficiency heating or cooling equipment. No trade-off calculations are needed for
required termite inspection and treatment gaps.

|~

R401.2.1 Tropical zone.
Deleted. Residential-buildi




A permanent certificate shall be posted on or in the electrical distribution panel, in the attic next

to the attic insulation card, or inside a kitchen cabinet or other approved location. The certificate
shall not cover or obstruct the visibility of the circuit directory label, service disconnect label or
other required labels. The builder, permit holder, or registered design professional shall be
responsible for completing the certificate. The certificate shall list the predominant R-values of
insulation installed in or on ceiling/roof, walls, foundation (slab, basement wall, crawlspace wall
and floor) and ducts outside conditioned spaces; U-factors for fenestration and the solar heat
gain coefficient (SHGC) of fenestration. Where there is more than one value for each
component, the certificate shall list the value covering the largest area. The certificate shall
indicate whether the building air leakage was visually inspected as required in R402.4.2.1 or
provide results of the air leakage testing required in R402.4.2.2. The certificate shall provide
results of duct leakage test required in R403.3.3. Appendix 1.1 contains a sample certificate.

401.4 Additional Voluntary Criteria for Increasing Residential Energy Efficiency.
Appendix 4 contains additional voluntary measures for increasing residential energy efficiency
beyond code minimums. Implementation of the increased energy efficiency measures is strictly
voluntary at the option of the permit holder. The sole purpose of the appendix is to provide
quidance for achieving additional residential energy efficiency improvements that have been
evaluated to be those that are most cost effective for achieving an additional 10-15%
improvement in enerqy efficiency beyond code minimums.




SECTION R402

BUILDING THERMAL ENVELOPE

R402.1 General (Prescriptive).
The building thermal envelope shall meet the requirements of Sections R402.1.1 through

R402.1.5.

Exception: The following low-energy buildings, or portions 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 R402.

2 2
1. Those with a peak design rate of energy usage less than 3.4 Btu/h - ft (10.7 W/m )
2
or 1.0 watt/ft of floor area for space-conditioning purposes.

2. Those that do not contain conditioned space.

R402.1.1 Deleted. Vaporretarder:

R402.1.2 Insulation and fenestration criteria.
The building thermal envelope shall meet the requirements of Table R402.1.2, based on the
climate zone specified in Chapter 3.

TABLE R402.1.2
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT?

GLAZED WOOD MASS c,0 SLABd CRAWLc
CLIMATE | FENESTRATION b | cengsTRATION | CEILING | FRAME | WALL | FLOOR | pagemENT R. SPACE
ZONE b.i | SKYLIGHT b.e. k R- WALL R- R- WALL VALUE | WALL
U-FACTOR U-FACTOR €K | yALUER R- i | VALUE
SHGC vALUE | VALUE R-VALUE & R-
DEPTH | VALUE
1 NR 0.75 0.25 30 13 3/4 13 0 0 0
2 0.40 0.65 0.25 38 13 476 13 0 0 0
3 0.35 0.55 025 0.30 38or | 20150r | 58/130r 19 f 0 5/13
30ci' h 5/10ci 5/13
13+2.55
4 except 0.35 0.55 0.40 0.30 49380r | 20150r | 58/13 19 10 /15 13 10,2 | 10/1513
Marine 30ci' h | or5/10ci
13+2.55
5 and 0.32 0.35 0.55 NR 49380r | 2019"or | 13/17 g 10 15/15 49 10,2 | 1015/19
Marine-4 30ci' h or 30
13+5 13/12.5ci
Or
h
15+3
5 0.32 055 NR 49 20+50r | 45/20 g 15/19 10, 4ft | 45/19
h 30
13+10




For Sl: 1 foot = 304.8 mm.

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.

The fenestratlon U-factor column excludes skylights. The SHGC column applles to aII glazed fenestratlon

a.

—h

“10/15” means R-10 continuous insulated sheathing on the interior or exterior of the home or R-15 cavity
|nsulat|on at the |nter|or of the basement waII or crawl space wall. 45/4—9lmeans—R—1—54;em+nueu&msu4anen%

For monolithic slabs, insulation shall be applied from the inspection gap downward to the bottom of the footing or
a maximum of 24 inches below grade whichever is less . For floating slabs, insulation shall extend to the bottom
of the foundation wall or 24 inches, whlchever is Iess (See Appendix 2) R-5 shaII be added to the requwed slab
edge R-values for heated slabs. A ,
Climate-Zones-1-through-3for-heated-slabs:

Deleted. Fhere-are-no-SHGC requirements-in-the-Marine-Zone.

Basement wall insulation is not required in warm-humid locations as defined by Figure R301.1 and Table
R301.1.

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

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. If structural sheathing covers 25 percent or less of the exterior,
insulating sheathing is not required where structural sheathing is used. If structural sheathing covers more than
25 percent of exterior, structural sheathing shall be supplemented with insulated sheathing of at least R-2.

The second R-value applies when more than half the insulation is on the interior of the mass wall.

In addition to the exemption in Section R402.3.3, a maximum of two glazed fenestration product assemblies

havmq a U-factorno greater than 0.55 shall be permitted to be substituted for minimum code compliant fenestration

product assemblies without penalty.

k.

In addition to the exemption in Section R402.3.3, a maximum of two glazed fenestration product assemblies

having a SHGC no greater than 0.70 shall be permitted to be substituted for minimum code compliant
fenestration product assemblies without penalty.
R-30 shall be deemed to satisfy the ceiling insulation requirement wherever the full height of uncompressed R-30

insulation extends over the wall top plate at the eaves. Otherwise R-38 insulation is required where adequate
clearance exists or insulation must extend to either the insulation baffle or within 1” of the attic roof deck.
Table value required except for roof edge where the space is limited by the pitch of the roof, there the insulation

must fill the space up to the air baffle.
R -19 fiberglass batts compressed and installed in a nominal 2 x 6 framing cavity is deemed to comply.

Fiberglass batts rated R-19 or higher compressed and installed in a 2x4 wall is not deemed to comply.
Basement wall meeting the minimum mass wall specific heat content requirement may use the mass wall R-

value as the minimum requirement.

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. Computed R-values shall not include an
R-value for other building materials or air films. Where insulated siding is used for the
purpose of complying with the continuous insulation requirements of Table R402.1.2, the
manufacturer’s labeled R-value for insulated siding shall be reduced by R-0.6.




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

TABLE R402.1.4
EQUIVALENT U-FACTORS?

FRAME | MASS CRAWL
cLIMATE | FENESTRATION | SKYLIGHT | CEILING | T tY WALL | FLOOR | BASEMENT | SPACE
ZONE U-FACTOR ¢ Y- h U- U- e WALL WALL

FACTOR | FACTOR | )70 b | FACTOR | U-FACTOR U-
FACTOR FACTOR
3 0.35 0.55 0.030 0-060 0098 0.047 c 0.136
0.077 0.141 0.091

4 except 0.35 0.55 0-026 0-060 0.098 0.047 0.059 0.065
Marine 0.030 0.077 0.141

5 and- 0-32 0.35 0.55 0.026 0-060 0.082 0.033 0-050 0.055

Marine4 0.030 0.061 0.059 0.065

6 0.32 055 0.026 0.045 0.060 0.033 0.050 0.055

a. Nonfenestration U-factors shall be obtained from measurement, calculation or an approved source.

b. When more than half the insulation is on the interior, the mass wall U-factors shall be a maximum of 8-174n-
Climate-Zone-1,-0-14-inClimate-Zone-2; 0-12 0.07 in Climate Zone 3, 8:087 0.07 in Climate Zone 4 except
Marine, and 6:065 0.054 in Climate Zone 5 and-Marine-4-and-0-057in-Climate Zones-6-through-8.

c. Basement wall U-factor of 0.360 in warm-humid locations as defined by Figure R301.1 and Table R301.1.

d. A maximum of two glazed fenestration product assemblies having a U-factor no greater than 0.55 and a SHGC no

greater than 0.70 shall be permitted to be substituted for minimum code compliant fenestration product assemblies

without penalty. When applying this note and using the REScheck “UA Trade-off’ compliance method to allow

continued use of the software, the applicable fenestration products shall be modeled as meeting the U-factor of 0.35

and the SHGC of 0.30, as applicable, but the fenestration products actual U-factor and actual SHGC shall be noted in

the comments section of the software for documentation of application of this note to the applicable products.

Compliance for these substitute products shall be verified compared to the allowed substituted maximum U-value

requirement and maximum SHGC requirement, as applicable.

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 resulting from using the U-factors in Table R402.1.4 (multiplied by
the same assembly area as in the proposed building), the building shall be considered in
compliance with Table R402.1.2. The UA calculation shall be done using a method
consistent with the ASHRAE Handbook of Fundamentals and shall include the thermal
bridging effects of framing materials. The SHGC requirements shall be met in addition to UA
compliance.

R402.2 Specific insulation requirements (Prescriptive).
In addition to the requirements of Section R402.1, insulation shall meet the specific
requirements of Sections R402.2.1 through R402.2.15 R402.2.13.

R402.2.1 Ceilings with attic spaces.

Where Section R402.1.2 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
requirement for R-38 wherever the full height of uncompressed R-30 insulation extends over




the WaII top pIate at the eaves. Stm#arly—whe#eéeettenﬂ@Q—l—Z—wee#d—rem&we—R—@

reduction shaII not apply to the U- factor alternative approach in Sectlon R402 1. 4 and the
total UA alternative in Section R402.1.5.

Exceptions:
1) When insulation is installed in a fully enclosed attic floor system, as described in

Appendix 1.2.1, R-30 shall be deemed compliant.
2. In roof edge and other details such as bay windows, dormers, and similar areas where
the space is limited, the insulation must fill the space up to the air baffle.

R402.2.2 Ceilings without attic spaces.

Where Section R402.1.2 would require R-38 insulation levels-abeve-R-30 and the design of
the roof/ceiling assembly, including cathedral ceilings, bay windows and other similar areas,
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 R402.1.2 shall be limited to 500 square feet (46 m ) or-20-percent
of the total insulated ceiling area;-whicheverisless. This reduction shall not apply to the U-
factor alternative approach in Section R402.1.4 and the total UA alternative in Section
R402.1.5.

R402.2.3 Soffit Eave baffle.

For air- permeable insulations in vented attics, a baffle shall be |nstaIIed adjacent to sofflt
and-eave vents.
vent: The baffle shall extend over the top of the attlc |nsulat|on The baffle shall be permltted
to be any solid material.

R402.2.4 Access hatches and doors.

Horizontal access hatches deers from conditioned spaces to unconditioned spaces such as
attics and crawl spaces shall be weatherstripped and insulated to an R-10 minimum value-a-
leveleguivalentto-the-insulation-on-the-surrotnding -surfaces and vertical doors to such
spaces shall be weatherstripped and insulated to R-5. 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 insulation.

Exception:

1. Full size vertical doors that provide access from conditioned to unconditioned spaces
shall be permitted to meet the fenestration requirements of Table R402.1.2 based on
the applicable climate zone specified in Chapter 3.

2. Pull down stair systems shall be weatherstripped and insulated to a minimum R-5
insulation value such that the insulation does not interfere with proper operation of
the stair. Non-rigid insulation materials are not allowed. Additional insulation systems
that enclose the stair system from above are allowed. Exposed foam plastic must
meet the provisions of the Building Code or Residential Code, respectively.




R402.2.5 Mass walls.

Mass walls for the purposes of this chapter shall be considered abeve-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 meeting the specification immediately following. having-a-heat-capacity-

2 2 .
greaterthan-orequakto-6-Btufft x°F{123 kd/m xK). Masonry or concrete walls having a

mass greater than or equal to 30 pounds per square foot (146 ka/m?). Solid wood walls
having a mass greater than 20 pounds per square foot (98 ka/m?), and any ether walls
having a heat capacity greater than or equal to 6 Btu/ft2 *°F[266 J/(m?*K)]

R402.2.6 Steel-frame ceilings, walls and floors.

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

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

WOOD FRAME COLD-FORMED STEEL

R-VALUE a
REQUIREMENT EQUIVALENT R-VALUE

b
Steel Truss Ceilings

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 Joist Ceilingsb
R-30 R-38in2x4o0r2x6o0r2x8R-49
in any framing
R-38 R-49in2x4o0r2x6o0r2x8or2x10
Steel-Framed Wall, 16" on center
R-13 R-13+4.20rR-19+ 2.1 0rR-21 + 2.8 or
R-0 + 9.3 0or R-15+ 3.8 or R-21 + 3.1
R-13+3 R-0+11.20rR-13+ 6.1 0or R-15+5.7 or
R-19 + 5.0 or R-21 + 4.7
R-20 R-0+14.0orR-13+8.9 or R-15+8.5 or
R-19+7.80rR-19+6.20rR-21+7.5
R-20+5 R-13+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 orR-13+9.50r R-15+ 9.1 or

R-19+8.40rR-21+8.10rR-25+7.7
Steel Framed Wall, 24" on center

R-13 R-0+9.30rR-13+3.00rR-15+2.4
R-13+3 R-0+11.20rR-13+490rR-15+4.3 or
R-19 + 3.5 0or R-21 + 3.1
R-20 R-0+14.00rR-13+7.70rR-15+ 7.1 or
R-19 + 6.3 0or R-21 +5.9
R-20 +5 R-13 +11.50r R-15+10.9 or R-19 + 10.1 or

R-21+9.70r R-25+9.1
R-21 R-0+14.6 or R-13+8.30r R-15+ 7.7 or




a

b.

| R-19 + 6.9 or R-21 + 6.5 or R-25 + 5.9
Steel Joist Floor
R-13 R-19in2x6,0rR-19+6in2x8o0r2x10
R-19 R-19+6in2x6,0orR-19+12in2x8o0r2x10

Cavity insulation R-value is listed first, followed by continuous insulation R-value.
Insulation exceeding the height of the framing shall cover the framing.

R402.2.7 Walls with partial structural sheathing.
If structural sheathing covers 25 percent or less of the exterior, insulating sheathing is not
required where structural sheathing is used. If structural sheathing covers more than 25

percent of exterior, structural sheathlnq shaII be supplemented with msulated sheathlnq of at

eevetae{;I-Iey—stH:|etl:|4cacl—sheathmgL ThIS reductlon shaII not apply to the U factor alternatlve
approach in Section R402.1.4 and the total UA alternative in Section R402.1.5.

R402.2.8 Floors.

Floor framing-cavity insulation shall be installed to maintain permanent contact with the
underside of the subfloor decking. The distance between tension support wires or other
devices that hold the floor insulation in place against the subfloor shall be no more than 18
inches. In addition, supports shall be located no further than 6 inches from each end of the
insulation.

ﬂeer—trammg—membep& Enclosed roor cawtv such as qaraqe celllnqs cantllevers or
buildings on pilings with enclosed floor cavity with the insulation fully in contact with the
lower air barrier. In this case, the band boards shall be insulated to maintain thermal
envelope continuity.

R402.2.9 Basement walls.

Walls associated with conditioned basements shall be insulated from the top of the
basement wall down to 10 feet (3048 mm) below grade or to the basement floor, whichever
is less. Walls associated with unconditioned basements shall meet this requirement unless
the floor overhead is insulated in accordance with Sections R402.1.2 and R402.2.8. Foam
plastic insulation applied to exterior of basement walls shall be provided with termite
inspection and treatment gaps in accordance with Appendix 2.

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 R402.1.2. The top edge of the insulation installed
between the 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 wall. Slab edge insulation shall have 2”
termite inspection gap consistent with Appendix 2 of this code.

R402.2.11 Closed Crawl space walls.
A N Qrn I /Q n I

Where the floor above a closed crawl space is not insulated, the exterior crawlspace walls shall
be insulated in accordance with table R402.1.2.

Wall insulation may be located in any combination of the outside and inside wall surfaces and
within the structural cavities or materials of the wall system.

Wall insulation requires that the exterior wall band joist area of the floor frame be insulated.
Walll insulation shall begin 3 inches (76.2mm) below the top of the masonry foundation wall and
shall extend down to 3 inches (76.2mm) above the top of the footing or concrete floor, 3
inches(76.2mm ) above the interior ground surface or 24 inches (609.6mm) below the outside
finished ground level, whichever is less. (See Appendix 1.2.2 details)

Termite inspection, clearance, and wicking gaps are allowed in wall insulation systems.
Insulation may be omitted in the gap area without energy penalty. The allowable insulation gap
widths are listed in Table 402.2.11. If gap width exceeds the allowances, one of the following
energy compliance options shall be met:

1. Wall insulation is not allowed and the required insulation value shall be provided in the floor
system.

2. Compliance shall be demonstrated with energy trade-off methods provided by a North
Carolina-specific version of RESCHECK or the UA Alternative method or Section R405.

TABLE R402.2.11
WALL INSULATION ALLOWANCES FOR TERMITE TREATMENT AND INSULATION GAPS

Gap Width (inches) Insulation Location Gap Description




Minimum Maximum

Above grade inspection between top of

2 3 Outside insulation and bottom of siding
4 6 Outside Below grade treatment
3a 42 Inside Wall inspection between top of insulation

and bottom of sill

Clearance / wicking space between
32 4a Inside bottom of insulation and top of ground
surface, footing, or concrete floor

For Sl 1 inch =25.4 mm
a. No insulation shall be required on masonry walls of 9 inches in height or less.

R402.2.12 Masonry veneer.
Insulation shall not be required on the horizontal portion of the foundation that supports a
masonry veneer.

R402.2.13 Sunroom insulation.
Sunrooms enclosing conditioned space shall meet the insulation requirements of this code.

Exception: For sunrooms with thermal isolation, and enclosing conditioned space, the
following exceptions to the insulation requirements of this code shall apply:

1. The minimum ceiling insulation R-values shall be R-19 in Climate Zones 3 1 and

threugh 4 and R-24 in Climate Zones 5 through-8.

2. The minimum wall R-value shall be R-13 in all climate zones. New walls
separating a sunroom with a thermal isolation from conditioned space shall meet
the building thermal envelope requirements of this code.

402.2.14 Framed cavity walls. The exterior thermal envelope wall insulation shall be installed
in contact and continuous alignment with the building envelope air barrier. Insulation shall be
free from installation gaps, voids, or compression. For framed walls, the cavity insulation shall
be enclosed on all sides with solid rigid material or an air barrier material. Polyethylene shall not
be allowed. Rim joists are not required to be enclosed on all sides. Wall insulation shall be
enclosed at the following locations when installed on exterior walls prior to being covered by
subsequent construction, consistent with the Appendix 1.2.3 of this code:

1. Tubs

2. Showers

3. Stairs

4. Fireplace units (Enclose with rigid material only)

402.2.15 Attic knee walls. Enclosure of wall cavity insulation also applies to walls that adjoin
attic spaces by placing a rigid material or air barrier material on the attic space side of the wall




on the attic space side of the wall consistent with the Appendix 1.2.3 of this code. Joints shall be
air sealed. Non-insulating class | vapor retarders, such as polyethylene, shall not be allowed.

R402.3 Fenestration (Prescriptive).
In addition to the requirements of Section R402, fenestration shall comply with Sections
R402.3.1 through R402.3.5.

R402.3.1 U-factor.
An area-weighted average of fenestration products shall be permitted to satisfy the U-factor
requirements.

R402.3.2 Glazed fenestration SHGC.
An area-weighted average of fenestration products more than 50-percent glazed shall be
permitted to satisfy the SHGC requirements.

Dynamic glazing shall be permitted to satisfy the SHGC requirements of Table R402.1.2
provided the ratio of the higher to lower labeled SHGC is greater than or equal to 2.4, and
the dynamic glazing is automatically controlled to modulate the amount of solar gain into the
space in multiple steps. Dynamic glazing shall be considered separately from other
fenestration, and area-weighted averaging with other fenestration that is not dynamic
glazing shall not be permitted.

Exception: Dynamic glazing is not required to comply with this section when both the
lower and higher labeled SHGC already comply with the requirements of Table
R402.1.2.

R402.3.3 Glazed fenestration exemption.

Up-te Either two glazed fenestration assemblies or up to 24 15 square feet (4 2.2 mz) of
glazed fenestration per dwelling unit shall be permitted to be exempt from U-factor and
SHGC requirements in Section R402.1.2. This exemption shall not apply to the U-factor
alternative approach in Section R402.1.4 and the Total UA alternative in Section R402.1.5.

R402.3.4 Opaque door exemption.
Opague doors separating conditioned from unconditioned space shall have a maximum U-

factor of 0.35.

Exception: One side-hinged opaque door assembly up-te-24-square-feet(222-m )—m-
area is exempted from the U-factor requirement in Section R402.1.2 4. This exemption

shall not apply to the U-factor alternative approach in Section R402.1.4 and the total UA
alternative in Section R402.1.5.

R402.3.5 Sunroom fenestration. Sunrooms enclosing conditioned space shall meet the
fenestration requirements of this code.

Exceptions:
1. For sunrooms with thermal isolation and enclosing conditioned space in Climate
Zones 3 2 through 5 8, the maximum fenestration U-factor shall be 0.40 645 and the



maximum skylight U-factor shall be 0.75 8-79. Sunrooms with cooling systems shall
have a maximum fenestration SHGC of 0.40 for all glazing.

2. A maximum of two glazed fenestration product assemblies having a U-factor no
greater than 0.55 and, when cooling is provided, a SHGC no greater than 0.70 shall
be permitted to be substituted for minimum code compliant fenestration product
assemblies without penalty.

New fenestration separating the sunroom with thermal isolation from conditioned space shall
meet the building thermal envelope requirements of this code.










R402.4 Air leakage control (Mandatory Requirements).-The building thermal envelope shall
be constructed to limit air leakage in accordance with the requirements of Sections R402.4.1
through R402.4.6.

R402.4.1 Building thermal envelope. The building thermal envelope shall be durably sealed to
limit infiltration. The sealing methods between dissimilar materials shall allow for differential
expansion and contraction. For all homes, where present, the following shall be caulked,
gasketed, weatherstripped or otherwise sealed with an air barrier material, or solid material
consistent with Appendix 1.2.4 of this code:
1. Blocking and sealing floor/ceiling systems and under knee walls open to
unconditioned or exterior space.
2. Capping and sealing shafts or chases, including flue shafts.
3. Capping and sealing soffit or dropped ceiling areas.
4. Sealing HVAC reqister boots and return boxes to subfloor or drywall.
5. Seal exterior house wrap material joints and seams per manufacturer’s instructions or,
if house wrap joints are not sealed, seal exterior sheathing and exposed band joist joints
including perimeter joints and edges of these materials.
Exception to item 5:
1. Spray foam in building thermal envelope wall systems.
2. Wall sheathing joints where wall sheathing is fully glued to framing.

R402.4.2 Air sealing. Building envelope air tightness shall be demonstrated by compliance with
section R402.4.2.1 or R402.4.2.2. Appendix 3 contains optional sample worksheets for visual
inspection or testing for the permit holder’s use only.

R402.4.2.1 Visual inspection option. Building envelope tightness shall be considered
acceptable when items providing insulation enclosure in R402.2.14 and enclosure and air
sealing R402.2.15 and air sealing in R402.4.1 are addressed and when the items listed in Table
R402.4.2, applicable to the method of construction, are certified by the builder, permit holder or
registered design professional via the certificate in Appendix 1.1.

R402.4.2.2 Testing option. Building envelope tightness shall be considered acceptable when

items providing insulation enclosure in R402.2.14 and enclosure and air sealing R402.2.15 and
air sealing in R402.4.1 are addressed and when tested air leakage is less than or equal to one
of the two following performance measurements:

1. 0.30 CFM50/Square Foot of Surface Area (SESA) or




2. Five (5) air changes per hour (ACH50)

when tested with a blower door fan assembly, at a pressure of 33.5 psf (50 Pa). A single point
depressurization, not temperature corrected, test is sufficient to comply with this provision,
provided that the blower door fan assembly has been certified by the manufacturer to be
capable of conducting tests in accordance with ASTM E779 or ASTM E 1827. Testing shall
occur after rough in and after installation of penetrations of the building envelope, including
penetrations for utilities, plumbing, electrical, ventilation and combustion appliances. Testing
shall be reported by the permit holder, a NC licensed general contractor, a NC licensed HVAC
contractor, a NC licensed Home Inspector, a licensed design professional, a certified BPI
Envelope Professional or a certified HERS rater.

During testing:
1. Exterior windows and doors, fireplace and stove doors shall be closed, but not sealed;

2. Dampers shall be closed, but not sealed, including exhaust, backdraft, and flue
dampers;

3. |Interior doors shall be open;

4. Exterior openings for continuous ventilation systems, air intake ducted to the return side
of the conditioning system, and energy or heat recovery ventilators shall be closed and
sealed;

5. Heating and cooling system(s) shall be turned off; and

6. Supply and return registers shall not be sealed.

The air leakage information, building air leakage result, tester name, date, and contact
information, shall be included on the certificate described in Section R401.3.

For Test Criteria 1 above, the report shall be produced in the following manner: perform the
blower door test and record the CEM50. Calculate the total square feet of surface area for the
building thermal envelope (all floors, ceilings, and walls including windows and doors, bounding

conditioned space) and record the area. Divide CEM50 by the total square feet and record the
result. If the result is less than or equal to [0.30 CEFM50/SESA] the envelope tightness is

acceptable; or

For Test Criteria 2 above, the report shall be produced in the following manner: Perform a
blower door test and record the CEM50. Multiply the CEFM50 by 60 minutes to create CFHour50

and record. Then calculate the total conditioned volume of the home and record. Divide the
CFH50 by the total volume and record the result. If the result is less than or equal to 5 ACH50
the envelope tightness is acceptable.

TABLE R402.4.2
AIR BARRIER INSPECTION

COMPONENT CRITERIA
Ceiling/attic Sealants or gaskets provide a continuous air barrier system joining the

top plate of framed walls with either the ceiling drywall or the top edge
of wall drywall to prevent air leakage. Top plate penetrations are
sealed.




For ceiling finishes that are not air barrier systems such as tongue-
and-groove planks, air barrier systems,(for example, taped house
wrap), shall be used above the finish

Note: It is acceptable that sealants or gaskets applied as part of the
application of the drywall will not be observable by the code official

Sill plate is gasketed or sealed to subfloor or slab.

Windows and doors

Space between window and exterior door jambs and framing is sealed.

Floors (including above-garage

Air barrier system is installed at any exposed edge of insulation.

and cantilevered floors)

Penetrations

Utility penetrations through the building thermal envelope, including
those for plumbing, electrical wiring, ductwork, security and fire alarm
wiring, and control wiring, shall be sealed.

Garage separation

Air sealing is provided between the garage and conditioned spaces.
An air barrier system shall be installed between the ceiling system
above the garage and the ceiling system of interior spaces.

Ceiling penetrations

Ceiling electrical box penetrations and ceiling mechanical box
penetrations shall be caulked, gasketed, or sealed at the penetration
of the ceiling finish. See Appendix 1.2.4.

Exception—ceiling electrical boxes and ceiling mechanical boxes not

penetrating the building thermal envelope

Recessed lighting

Recessed light fixtures are air tight, IC rated, and sealed to drywall.

Exception— fixtures in conditioned space.

with- UL 907
Site-built masonry fireplaces shall have flue dampers and comply with Section R1006 of the

North Carolina Residential Code for combustion air.

R402.4.4 3 Fenestration air leakage.
Windows, skylights and sliding glass doors shall have an air infiltration rate of no more than

2
0.3 cfm per square foot (1.5 L/s/m ), and swinging doors no more than 0.5 cfm per square

2
foot (2.6 L/s/m ), when tested according to NFRC 400 or AAMA/WDMA/CSA 101/1.S.2/A440
by an accredited, independent laboratory and listed and labeled by the manufacturer.




Exception: Field-fabricated Site-built windows, skylights and doors.

R402 4. 5 4 Rooms containing fuel burnlng appllances Deleted l-n—G#mate—Zenes%—

R402.4.6 5 Recessed lighting.

Recessed luminaires installed in the building thermal envelope shall be sealed to limit air
leakage between conditioned and unconditioned spaces. All recessed luminaires shall be
IC-rated and 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.

R402 5 MaX|mum fenestratlon U- factor and SHGC (Mandatory)

The area-weighted average maximum fenestration U-factor permitted using trade-offs from

Section 402.1.5 shall be 0.48. Maximum skylight U-factors shall be 0.65 in zones 4 and 5 and
0.60 in zone 3. The area-weighted average maximum fenestration SHGC permitted using trade-
offs from Section 405 in zones 3 shall be 0.50.

Exception: A maximum of two glazed fenestration product assemblies having a U-
factor no greater than 0.55 and a SHGC no greater than 0.70 shall be permitted to be
substituted for minimum code compliant fenestration product assemblies without penalty.

SECTION R403
SYSTEMS

R403.1 Controls (Mandatory).
At least one thermostat shall be provided for each separate heating and cooling system.



R403.1.1 Programmable thermostat.

When the primary heating system is a forced air furnace or heat pump, Fthe thermostat
controlling the primary heating or cooling system 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 temperatures
down to 55°F (13°C) or up to 85°F (29°C). The thermostat shall initially be programmed by
the manufacturer with a heating temperature set point no higher than 70°F (21°C) and a
cooling temperature set point no lower than 78°F (26°C).

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.

A heat strip outdoor temperature lockout thermostat shall be provided to prevent
supplemental heat operation in response to the thermostat being changed to a warmer
setting. The lockout shall be set no lower than 35°F and no higher than 40°F.

Exception:
1. Inlieu of a heat strip outdoor temperature lockout thermostat, the following time and

temperature electric-resistance control may be used. After six minutes of compressor
run time in heat mode, supplemental electric heat shall energize only if the leaving air
temperature from the indoor coil is below 90 degrees F. If the indoor coil leaving air
temperature exceeds 100 degrees F, supplemental heat shall automatically de-energize,
but allow the compressor to continue to operate until the call is satisfied. No thermostat
shall initiate supplemental electric heat at any time. Thermostat controlled emergency
heat shall not be limited by outdoor temperature. Electric resistance supplemental heat
during defrost shall operate normally without limitation.

2. Inlieu of a heat strip outdoor temperature lockout thermostat, a programmable indoor
thermostat with the capability to minimize the use of supplementary electrical resistance
heat using an automatic temperature ramp up control feature shall be acceptable.

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 outdoor setback control that lowers the boiler water temperature based on the outdoor
temperature.

R403.3 Ducts.
Ducts and air handlers shall be in accordance with Sections R403.3.1 through R403.3.4 5.

R403.3.1 Insulation (Mandatory Preseriptive).




Supply and return ducts in unconditioned space and outdoors shall be insulated to a
minimum R-8. Supply ducts inside semi-conditioned space shall be insulated to a minimum
R-4: return ducts inside conditioned and semi-conditioned space are not required to be
insulated. Ducts located inside conditioned space are not required to be insulated other than
as may be necessary for preventing the formation of condensation on the exterior of cooling
ducts.

R403.3.2 Sealing (Mandatory).

Ducts, air handlers, and filter boxes, and building cavities used as ducts shall be sealed.
Joints and seams shall comply with either the International Mechanical Code or International
Residential Code, as applicable

Exceptions:

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




403.3.3 Duct leakage (Prescriptive) and duct testing (Mandatory). Duct testing and duct
leakage shall be verified by compliance with either Section 403.3.3.1 or 403.3.3.2. Duct testing
shall be performed and reported by the permit holder, a NC licensed general contractor, a NC
licensed HVAC contractor, a NC licensed Home Inspector, a reqgistered design professional, a
certified BPI Envelope Professional or a certified HERS rater. A single point depressurization,
not temperature corrected, test is sufficient to comply with this provision, provided that the duct
testing fan assembly(s) has been certified by the manufacturer to be capable of conducting tests
in accordance with ASTM E1554-07.

The duct leakage information, including duct leakage test selected and result, tester name, date,
and contact information, shall be included on the certificate described in Section 401.3.

For the Test Criteria, the report shall be produced in the following manner: perform the HVAC
system air leakage test and record the CEM25. Calculate the total square feet of Conditioned
Floor Area (CFA) served by that system. Multiply CEM25 by 100, divide the result by the CFA
and record the result. If the result is less than or equal to 5 CEM25/100SF for the “Total duct
leakage test or less than or equal to 4 CFM25/100SF for the ‘Duct leakage to the outside” test,
then the HVAC system air tightness is acceptable. Appendix 3C contains optional sample
worksheets for duct testing for the permit holder’s use only.

Exceptions to testing requirements:

1. Duct systems or portions thereof inside the building thermal envelope shall not be
required to be leak tested.

2. Installation of a partial system as part of replacement, renovation or addition does not
require a duct leakage test.

403.3.3.1 Total Duct leakage. Total duct leakage less than or equal to 5 CFM (12 L/min) per
100 ft? (9.29 m?) of conditioned floor area served by that system when tested at a pressure
differential of 0.1 inches w.qg. (25 Pa) across the entire system, including the manufacturer’s air
handler enclosure. During testing:

1. Block, if present, ventilation air duct(s) connected to the conditioning system.




2. The duct air leakage testing equipment shall be attached to the largest return in the system
or to the air handler.

3. The filter shall be removed and the air handler power shall be turned off.

4. Supply boots or reqgisters and return boxes or grilles shall be taped, plugged, or otherwise
sealed air tight.

5. The hose for measuring the 25 Pascals of pressure differential shall be inserted into the boot
of the supply that is nominally closest to the air handler.

6. Specific instructions from the duct testing equipment manufacturer shall be followed to reach
duct test pressure and measure duct air leakage.

403.3.3.2 Duct Leakage to the Outside. Conduct the test using fan pressurization of
distribution system and building at a fixed reference pressure for combined supply and return
leak. Duct leakage to the outside shall be less than or equal to 4 CFM (12 L/min) per 100 ft?
(9.29 m?) of conditioned floor area served by that system when tested at a pressure differential
of 0.1 inches w.g. (25 Pa) across the entire system, relative to the outside, including the
manufacturer’s air handler enclosure.

During testing:

1. Block, if present, the ventilation air duct(s) connected to the conditioning system.

2. The duct air leakage testing equipment shall be attached to the largest return in the
system or to the air handler.

3. The filter shall be removed and the air handler power shall be turned off.

4. Supply boots or registers and return boxes or grilles shall be taped, plugged, or
otherwise sealed air tight or as tight as possible.

5. The hose for measuring the 25 Pascals of pressure differential shall be inserted into the

boot of the supply that is nominally closest to the air handler.

6. Open all interconnecting doors in the building, close dampers for fireplaces and other
operable dampers.

7. Set up an envelope air moving/ flow-regulating/ flow measurement assembly, such as a

blower door, following the manufacturer’s prescribed procedure.

8. Specific instructions from the duct testing equipment manufacturer shall be followed to
reach duct test pressure and measure duct air leakage used in combination with a
blower door. Typical steps are as follows:

a. Depressurize the ductwork system to 25 Pa using the measurement hose in
Step 5 above.

b. Depressurize the house to 25 Pa using an envelope air moving/ flow-regulating/
flow measurement assembly, such as a blower door.

c. Correct the duct pressure to measure 0 Pa of pressure differential between the
house and the ductwork system.

d. Read the CFM of duct leakage using the procedures for the specific equipment
being used. (Note that most automatically calculating pressure gauges cannot
compute the CEM25 automatically with a duct-to-house difference in pressure of
0 Pa, so the gauge setting should be set to read CEM instead of CEFM25).




R403.3.4 5 Building cavities (Mandatory).
Building framing cavities shall not be used as supply ducts or supply plenums.

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.

Seetrens—%%é—l—th%eugh—l%@%#All C|rculat|nq service hot water plplnq shall be msulated to

at least R-2. Circulating hot water systems shall include an automatic or readily accessible
manual switch that can turn off the hot water circulating pump when the system is not in use.




R403.6 Mechanical ventilation (Mandatory).
The building shall be provided with ventilation that meets the requirements of the International

Residential Code or International Mechanical Code, as applicable, or with other approved
means of ventilation. Outdoor air intakes and exhausts shall have automatic or gravity dampers
that close when the ventilation system is not operating.




FAN-LOCATION

{CEM) {CEMMWATT) {CEM)
Range-hoods Any 2-8-etmiwatt Any
In-linefan Any 2-8-etmiwatt Any

For SI: 1 ¢cfm = 28.3 L/min.

R403.7 Equipment sizing and efficiency rating (Mandatory).

Heating and cooling equipment shall be sized in accordance with the North Carolina Mechanical
Code and/or the NC Residential Code. New heating and cooling systems shall have an
efficiency rating equal to or greater than the minimum required by federal law for the geographic

Iocatlon Where the eguipment is |nstalIed—HeatlngﬂstneI—eeehng49qH+|ement—shalt—lee—snzeeupr

R403.8 Systems serving multiple dwelling units (Mandatory).

Building mechanical systems and service water heating systems serving multiple dwelling units
shall comply with Sections C403 and C404 of the IECC—Commercial Provisions in lieu of
Section R403.

R403.9 Snow melt and ice system controls (Mandatory).

Snow- and ice-melting systems, supplied through energy service to the building, shall include
automatic controls capable of shuttlng off the system when the pavement outdoor temperature
|s above 50°F (10°C)

R403.10 Pools and permanent spa energy consumption (Mandatory).
The energy consumption of pools and permanent spas shall be in accordance with Sections
R403.10.1 through R403.10.3.

R403.10.1 Heaters.
All heaters shall be equipped with a readily accessible on-off switch that is mounted outside
of the heater to allow shutting off the heater without adjusting the thermostat setting. Gas-

f|red heaters shaII not be equrpped Wlth constant burning |o|Iot Irqhts IFheeteetnepewer—te

R403.10.2 Time switches.

Time switches or other 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:

AR FLOW RATE MINIMUM |  MINIMUM-EFFICACY | AIR FLOW RATE MAXIMUM




1. Where public health standards require 24-hour pump operation.
2. Pumps that operate solar- and waste-heat-recovery pool heating systems.
R403.10.3 Covers.

Outdoor heated pools and outdoor permanent spas shall be provided with a class 1 vapor-

retardant cover er-otherapproved-vapor-retardant-means.

Exception: Pools deriving over 70% of the energy from heating from site-recovered

enerqv or solar energy source. Whe@mam#an—l@—pe#een%eﬁh&ene@#ﬁepheauag—

R403.11 Portable spas (Mandatory)
Deleted

R403.12 Residential pools and permanent residential spas.

Residential swimming pools and permanent residential 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 household and its guests shall be in accordance with APSP-

15.

SECTION R404
ELECTRICAL POWER AND LIGHTING SYSTEMS

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 permanently installed lighting fixtures shall
contain only high-efficacy lamps.

Exception: Low-voltage lighting.

R404.1.1 Lighting equipment (Mandatory).
Fuel gas lighting systems shall not have continuously burning pilot lights.

SECTION R405
SIMULATED PERFORMANCE ALTERNATIVE
(PERFORMANCE)

R405.1 Scope.
This section establishes criteria for compliance using simulated energy performance analysis.
Such analysis shall include those items identified in Table 405.5.2(1), as applicable. heating,-

cooling-and-service-water-heating-energy-only. A North Carolina licensed design professional is

required to perform the analysis if required by North Carolina licensure laws.




R405.2 Mandatory requirements.
Compliance with this section requwes that the mandatory prowsmns |dent|f|ed in Section
R401.2(2) be met. A

R405.3 Performance-based compliance.

Compliance based on simulated energy performance requires that a proposed residence
(proposed design) be shown to have an annual energy cost that is less than or equal to the
annual energy cost of the standard reference design. Energy prices shall be taken from a
source approved by the code official, such as the Department of Energy, Energy Information
Administration’s State Energy Price and Expenditure Report. Code officials shall be permitted to
require time-of-use pricing in energy cost calculations.

Exception: The energy use based on source energy expressed in Btu or Btu per square

foot of conditioned floor area shall be permitted to be substituted for the energy cost. The
source energy multiplier for electricity shall be 3.16. The source energy multiplier for fuels
other than electricity shall be 1.1.

R405.4 Documentation.
Documentation of the software used for the performance design and the parameters for the
building shall be in accordance with Sections R405.4.1 through R405.4.3.

R405.4.1 Compliance software tools.
Documentation verifying that the methods and accuracy of the compliance software tools
conform to the provisions of this section shall be provided to the code official.

R405.4.2 Compliance report.
Compliance software tools shall generate a report that documents that the proposed design
complies with Section R405.3. A compliance report on the proposed design shall be

submltted wmh—me—appheafemu—feﬁhe-bwmmg—pe#mﬁ Upen-completion-of-the-building—a-

A compliance report submitted-with-the-applicationfor-building-permit shall include the

following:

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

2. A statement indicating that the proposed design complies with Section R405.3.



3. An inspection checklist documenting the building component characteristics of
the proposed design as indicated in Table R405.5.2(1). The inspection checklist
shall show results for both the standard 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 R405.3.

5. The name of the individual performing the analysis and generating the report.

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

R405.4.3 Additional documentation.
The code official shall be permitted to require the following documents:

1. Documentation of the building component characteristics of the standard reference
design.

2. A certification signed by the builder providing the building component characteristics
of the proposed design as given in Table R405.5.2(1).

3. Documentation of the actual values used in the software calculations for the
proposed design.

R405.5 Calculation procedure.
Calculations of the performance design shall be in accordance with Sections R405.5.1 and
R405.5.2.

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.



R405.5.2 Residence specifications.
The standard reference design and proposed design shall be configured and analyzed as
specified by Table R405.5.2(1). Table R405.5.2(1) shall include, by reference, all notes

contained in Table R402.1.2.

TABLE R405.5.2(1)

SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

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-factor: as specified in Table R402.1.4

As proposed

Solar absorptance = 0.75

As proposed

Emittance = 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 R402.1.4, 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 R402.1.4

As proposed

Type: wood frame

As proposed

Ceilings Gross area: same as proposed As proposed
U-factor: as specified in Table R402.1.4 As proposed
Type: composition shingle on wood sheathing As proposed
Roofs Gross area: same as proposed As proposed
Solar absorptance = 0.75 As proposed
Emittance = 0.90 As proposed
) 2 2 As proposed
Attics Type: vented with aperture =1 ft per 300 ft ceiling
area
Type: same as proposed As proposed
Foundations Foundatiqn _wa.ll area above and below grade and soil As proposed
characteristics: same as
proposed
2 As proposed
Area: 40 ft

Opaque doors

Orientation: North

As proposed

U-factor: same as fenestration from Table R402.1.4

As proposed

Vertical fenestration
other than opaque
doors

Total areah =
(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&W).

As proposed

U-factor: as specified in Table R402.1.4

As proposed




SHGC: as specified in Table R402.1.2 except that for
climates with no
requirement (NR) SHGC = 0.40 shall be used.

As proposed

Interior shade fraction: 0.92-(0.21 x SHGC for the
standard reference design)

0.92-(0.21 x SHGC as
proposed)

External shading: none

As proposed

Skylights None As proposed
Thermally isolated None As proposed
sunrooms

Air exchange rate

Air leakage rate of 5-airchanges-per-hourin-climate-
zones1-and-2-and 3 5 air changes per hour in climate

zones 3 through 5 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 0.01 x CFA + 7.5 x (Nbr +1)

where:
CFA = conditioned floor area
Nb = number of bedrooms

r

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 measured air

a
exchange rate .

The mechanical

ventilation ra’[eb shall
be in addition to the air
leakage rate and shall
be as proposed.

TABLE R405.5.2(1)—continued

SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

BUILDING
COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN
None, except where mechanical ventilation is
specified by the proposed design, in which case:
. Annual vent fan energy use:
Mec_hamcal kWh/yr = 0.03942 x CFA + 29.565 x (N +1) As proposed
ventilation br

where:
CFA = conditioned floor area
Npr = number of bedrooms

Internal gains

IGain = 17,900 + 23.8 x CFA + 4104 x Nb (Btu/day
r

per dwelling unit)

Same as standard
reference design.

Internal mass

An internal mass for furniture 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
not inte-




gral to the building
envelope or
structure.

Structural mass

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 proposed

For other walls, for ceilings, floors, and interior walls,
wood frame construction

As proposed

. d e
Heating systems

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
IECC-Commercial Provisions.

Capacity: sized in accordance with Section R403.7

As proposed

d, f
Cooling systems

As proposed
Capacity: sized in accordance with Section R403.7.

As proposed

Service water

. doefg
heating

As proposed
Use: same as proposed design

As proposed
gal/day = 30 + (10 x Nb)
r




Duct insulation: From Section R403.2-1 R403.3.1

A thermal distribution system efficiency (DSE) of 0.88 | s tested or as specified

shall be applied in Table
o to both the heating and cooling system efficiencies for | R405.5.2(2) if not tested
Thermal distribution all systems other Duct - '
systems than tested duct systems. For tested duct systems, insulation shall be same
the leakage rate shall , , as standard reference
be 4 ¢fm (113.3 L/min) per 100 ft (9.29 m") of design as-propesed.
conditioned floor area at a pressure of differential of
0.1 inches w.g. (25 Pa).
Type: Manual, cooling temperature setpoint = 75°F; Same as standard
Thermostat ; e
Heating temperature setpoint = 72°F reference

2 2
For SI: 1 square foot = 0.93 m , 1 British thermal unit = 1055 J, 1 pound per square foot = 4.88 kg/m , 1 gallon (US)

a.

=3.785L, °C = (°F-32)/1.8, 1 degree = 0.79 rad.

Where required by the code official, testing 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.

The combined air exchange rate for infiltration and mechanical ventilation shall be determined in accordance with
Equation 43 of 2001 ASHRAE Handbook of Fundamentals, page 26.24 and the “Whole-house Ventilation”
provisions of 2001 ASHRAE Handbook of Fundamentals, page 26.19 for intermittent mechanical ventilation.
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 thermal storage such as enclosed water columns, rock beds, or phase-change
containers. A thermal storage element must be in the same room as fenestration 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.

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.

For a proposed design without a proposed heating system, a heating system with the prevailing federal minimum
efficiency shall be assumed for both the standard reference design and proposed design.




For a proposed design home without a proposed cooling system, an electric air conditioner with the prevailing
federal minimum efficiency shall be assumed for both the standard reference design and the proposed design.
For a proposed design with a nonstorage-type water heater, a 40-gallon storage-type water 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 40-gallon storage-type water
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.

For residences with conditioned basements, R-2 and R-4 residences and townhouses, the following formula shall
be used to determine the glazing area:

AF =AsxFAXF

Where:

AF = Total glazing area

As = Standard reference design total glazing area

FA = (Above-grade thermal boundary gross wall area)/(above-grade boundary wall area + 0.5 x below-grade
boundary wall area)

F = (Above-grade thermal boundary wall area)/(above-grade thermal boundary wall area + common wall area) or
0.56, whichever is greater.

And where:

Thermal boundary wall is any wall that separates conditioned space from unconditioned space or ambient
conditions.

Above-grade thermal boundary wall is any thermal boundary wall component not in contact with soil.
Below-grade boundary wall is any thermal boundary wall in soil contact.

Common wall area is the area of walls shared with an adjoining dwelling unit.

L and CFA are in the same units.

TABLE R405.5.2(2)
DEFAULT DISTRIBUTION SYSTEM EFFICIENCIES FOR PROPOSED DESIGNS”

DISTRIBUTION SYSTEM CONFIGURATION AND FORCED AIR HYDRON'%
CONDITION SYSTEMS SYSTEMS
Distribution system components located in unconditioned . 0.95
space )
Untested distribution systems entirely located in 0.88 L

C
conditioned space

d 1
“‘Ductless” systems —

2
For SlI: 1 cubic foot per minute = 0.47 L/s, 1 square foot =0.093 m , 1 pound per square inch = 6895 Pa, 1 inch water

a.

b.

gauge = 1250 Pa.

Default values given by this table are for untested distribution systems, which must still meet minimum
requirements for duct system insulation.

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.

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.

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

R405.6 Calculation software tools.
Calculation software, where used, shall be in accordance with Sections R405.6.1 through
R405.6.3.

R405.6.1 Minimum capabilities.
Calculation 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 reference design and the proposed design and shall include the following
capabilities:

1. Computer generation of the standard reference design using only the input for the
proposed design. The calculation procedure shall not allow the user to directly
modify the building component characteristics of the standard reference design.

2. Calculation of whole-building (as a single zone) sizing for the heating and cooling
equipment in the standard reference design residence in accordance with Section
R403.6.

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

4. Printed code official inspection checklist listing each of the proposed design
component characteristics from Table R405.5.2(1) determined by the analysis to
provide compliance, along with their respective performance ratings (R-value, U-
factor, SHGC, HSPF, AFUE, SEER, EF are some examples).

R405.6.2 Specific approval.

Performance analysis tools meeting the applicable provisions of Section R405 shall be
permitted to be approved. Tools are permitted to be approved based on meeting a specified
threshold for a jurisdiction. The code official shall be permitted to approve tools for a
specified application or limited scope.

R405.6.3 Input values.
When calculations require input values not specified by Sections R402, R403, R404 and
R405, those input values shall be taken from an approved source.

SECTION R406
ENERGY RATING INDEX COMPLIANCE ALTERNATIVE

R406.1 Scope.
This section establishes criteria for compliance using an Energy Rating Index (ERI) analysis.

R406.2 Mandatory requirements.

Compliance with this section requires that the mandatory provisions identified in Sections
R401-2 R401 through R404 labeled as “mandatory” ard-Seetior-R4063-5-3 be met. The building
thermal envelope shall be greater than or equal to levels of efficiency and Solar Heat Gain
Coefficient in Table 402.1.1 or 402.1.3 of the 2009-trternatiohal-Energy-Conservation-Code
2012 NC Energy Conservation Code. Minimum standards associated with compliance shall be
the ANSI RESNET ICC Standard 301-2014 “Standard for the Calculation and Labeling of the
Energy Performance of Low-Rise Residential Buildings using an Energy Rating Index.” A North
Carolina licensed design professional is required to perform the analysis if required by North
Carolina licensure laws.




Exception:
shau-be-msulafeed—te-a—rmm*m-ef—% Supply and return ducts in uncondltloned space and
outdoors shall be insulated to a minimum R-8. Supply ducts inside semi-conditioned space
shall be insulated to a minimum R-4; return ducts inside conditioned and semi-conditioned
space are not required to be insulated. Ducts located inside conditioned space are not
required to be insulated other than as may be necessary for preventing the formation of
condensation on the exterior of cooling ducts.

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 1-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.

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 prescriptive 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.

R406.4 ERI-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 R406.4.1 or Table R406.4.2, as
applicable, when compared to the ERI reference design.

FABLER406:4
MAXIMUM-ENERGY RAHNGINDEX

@N@m#@m*%%
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TABLE R406.4.1 MAXIMUM ENERGY RATING INDEX without calculation of on-site renewable
energy

Climate Zone Jan 1, 2019 — Dec Jan 1, 2023 and
31, 2022 forward
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TABLE R406.4.2 MAXIMUM ENERGY RATING INDEX including calculation of on-site

renewable energy

Climate Zone Jan 1, 2019 — Dec Jan 1, 2023 and
31, 2022 forward
3 51 a7
4 54 50
5 55 51
R406.5 Verification by-approved-agency.

Verification of compliance with Section R406 shall be performed by the licensed design
professional and the compliance documentation shall be provided to the code official. The code
official shall inspect according to the requirements of Section R406.6.2 -completed-by-an-

approved-third-party.
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 R406.6.1 through R406.6.3.

R406.6.1 Compllance software tools.

onfo 0 NroViSions-o aection-shall-be-provided-te i .Comgllance
software tools for this section shall be in compliance with ANSI RESNET ICC Standard 301-
2014.

R406.6.2 Compliance report.

Compliance software tools shall generate a report that documents that the ERI of the rated
design complies with Sections R406.3 and R406.4. The compliance documentation shall
include the following information:

1. Address or other identification of the residential building.

2. An inspection checklist documenting the building component characteristics of the
rated design. The inspection checklist shall show results for both the ERI 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.




R406.6.3 Additional documentatlon
Deleted.

R406.7 Calculation software tools.
Calculation software, where used, shall be in accordance with Sections R406.7.1 through
R406.7.3.

R406.7.1 Minimum capabilities.

Calculation procedures used to comply with this section shall be software tools capable of
calculating the ERI as described in Section R406.3, and shall be in compliance with ANSI
RESNET ICC Standard 301-2014 and-shal-include-the following-capabiliies. The software
shall include the following capabilities:

1. Computer generation of the ERI reference 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 ERI reference design.

2. Calculation of whole building, as a single zone, sizing for the heating and cooling
equipment in the ERI reference design residence in accordance with Section R403.7.

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

4. Printed code official inspection checklist listing each of the rated design component
characteristics determined by the analysis to provide compliance, along with their
respective performance ratings.

R406.7.2 Specific approval
Deleted. Pe




R406.7.3 Input values.
Deleted. When-caleulati




CHAPTER 5 [RE]
EXISTING BUILDINGS

SECTION R501
GENERAL

R501.1 Scope.

The provisions of this chapter shall control the alteration, repair, addition and change of
occupancy of existing buildings and structures. When a section is identified to apply, the
subsections to that section also apply.

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 R502, R503 or R504. Unaltered portions of the existing building or
building supply system shall not be required to comply with this code.

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 continued use and maintenance of, an existing building or
building system lawfully in existence at the time of adoption of this code.

R501 3 Malntenance Deleted Bu#dmgs—and—s%meﬂ*res—and—paﬁs—ﬂweef—s#ﬁ#be—mam{mneé

R501.4 Compliance.

Alterations, repairs, additions and changes of occupancy to, or relocation of, existing buildings
and structures shall comply with the provisions for alterations, repairs, additions and changes of
occupancy or relocation, respectively, in the International Residential Code, International
Building Code, International Fire Code, International Fuel Gas Code, International Mechanical
Code International PIumblng Code the NC EX|st|nq Building Code, International-Property-

hosal-Code and NFPA 70.

R501.5 New and replacement materials.

Except as otherwise required or permitted by this code, materials permitted by the applicable
code for new construction shall be used. Like materials shall be permitted for repairs, provided
hazards to life, health or property are not created. Hazardous materials shall not be used where
the code for new construction would not permit their use in buildings of similar occupancy,
purpose and location.

R501.6 Historic buildings.
No provision of this code relating to the construction, repair, alteration, restoration and



SECTION R502
ADDITIONS

R502.1 General.

Additions to an existing building, building system or portion thereof shall conform to the
provisions of this code as those provisions relate to new construction without requiring the
unaltered portion of the existing building or building system to comply with this code. Additions
shall not create an unsafe or hazardous condition or overload existing building systems. An
addition shall be deemed to comply with this code where the addition alone complies, where the
existing building and addition comply with this code 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 R502.1.1 or R502.1.2.

R502.1.1 Prescriptive compliance.
Additions shall comply with Sections R502.1.1.1 through R502.1.1.4.

R502.1.1.1 Building envelope.
New building thermal envelope assemblies that are part of the addition shall comply with
Sections R402.1, R402.2, R402.3.1 through R402.3.5, and R402.4.

R502.1.1.2 Heating and cooling systems.
New heating, cooling and duct systems that are part of the addition shall comply with
Sections R403.1, R403.2, R403.3, R403.4 R4063.5 and R403.6. New heating and cooling

appliances shall be sized in accordance with Section R403.7. Extensions of ducts from
an existing system to a new addition shall require that the existing system be evaluated
for the new design.

A L
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Installation of an addition to an existing duct system shall not require a duct leakage
test.

R502.1.1.3 Service hot water systems.
New service hot water systems that are part of the addition shall comply with Section
R403.5 R4063-4.

R502.1.1.4 Lighting.
New lighting systems that are part of the addition shall comply with Section R404.1.



R502.1.2 Existing-plus-Additioncomphance{Simulated Performance Alternative for_
Addltlon)

e . The addltlon aneLany
a#e#aﬂens—ﬂ%a#e—paﬁ—ef—ﬂ%—p#ejeet shaII comply Wlth Sectlon R405 in-ts-entirety, as
applicable.

SECTION R503
ALTERATIONS

R503 1 General

Alterations to an existing building, building system or portion thereof shall conform to the
provisions of this code as they relate to new construction without requiring the unaltered
portions of the existing building or building system to comply with this code. Alterations shall not
create an unsafe or hazardous condltlon or overload existing bundlng systems Ntera%rens—sha#

s#uetwce—pner—te—the—a#emﬂen— Alteratlons to eX|st|ng bundlngs shall comply with Sectlons
R503.1.1 through R503.2.

R503.1.1 Building envelope.

Building envelope assemblies that are part of the alteration shall comply with Section
R402.1.2 or R402.1.4, Sections R402.2.1 through R402.2.15 R402.2.13, R402.3.1,
R402.3.2, R402.4.4 R402.4-3 and R402.4.6.

Exception: The following alterations to conditioned spaces need not comply with the

requirements for new construction previded-the-energy-use-of-the-building-is-het
increased:

1. Storm windows installed over existing fenestration.

2. Existing ceiling, wall or floor cavities exposed during construction provided that
these cavities are insulated. Roof systems requiring air space for ventilation shall

retain the ventilation space required.

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

4. Roof recover and roof replacement such that the existing building or structure is
no less conforming to the provisions of this code than the existing building or
structure was prior to the alteration.




6. Surface-applied window film installed on existing single pane fenestration

assemblies to reduce solar heat gain. previded-the-code-doesnotrequire-the-
glazing-orfenestration-assemblyto-be replaced

7. Converting unconditioned attic space to conditioned attic space for one and two-
family dwellings and townhouses. Ceilings shall be insulated to a minimum of R-
30, walls shall be insulated to the exterior wall requirements in Table 402.1.2 or
Table 402.1.4 and follow the backing requirements in Section 402.2.14 and
402.2.15.

R503.1.1.1 Replacement fenestration.

Where an entrre existing fenestratlon unlt is replaced wrth a new fenestratlon product
including frame, sash and glazing, the replacement fenestration unit shall meet the
applicable requirements for U-factor and SHGC in Table R402.1.2.

Exception: Alterations that replace less than 50% of entire fenestration units may be
replaced with like or better fenestration units to match existing fenestration assemblies.

R503.1.2 Heating and cooling systems.
New heating, cooling and duct systems that are part of the alteration shall comply with
Sections R403.1, R403.2, R403.3, 403.4, anrd R403.6, and R403.7.

mqwred%e—be—tested—m—aeeerdanee—m#théeeﬂen—%@%%%— An alteratlon mvolvmq a

partial system replacement to an existing duct system shall not require a duct leakage
test.

R503.1.3 Service hot water systems.
New service hot water systems that are part of the alteration shall comply with Section
R403.5 R403-4.

R503.1.4 Lighting.
New lighting systems that are part of the alteration shall comply with Section R404.1.

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

R503 2 Change in space condltlonlng




New work performed shall meet the requirements of this code.

Projects changing unconditioned space to conditioned space and costing more than
$10,000 shall require 10% of the project cost to be used toward meeting the requirements of
Chapter 11 of the North Carolina Residential Code for one- and two-family dwellings and
townhouses or the North Carolina Energy Conservation Code. Project costs for the purpose
of this section is the total project cost listed on all permits related to the work required to
convert the unconditioned space to conditioned space and excludes the 10% added from
this section. Under this section, existing building envelope elements that become a part of
the building thermal envelope and are not changed are not required to be upgraded. The
additional 10% of the project cost shall be appropriated for additional energy conservation
features of choice that are addressed in Chapter 11 of the North Carolina Residential Code
for one- and two-family dwellings and townhouses or the North Carolina Energy
Conservation Code. In addition to the 10% project cost, any existing wall, ceiling, or floor
cavities that are exposed during construction shall at a minimum be insulated to comply with
Chapter 11 of the North Carolina Residential Code for one- and two-family dwellings and
townhouses or the North Carolina Energy Conservation Code or be insulated to fill the
cavity, whichever is less. Roof systems requiring air space for ventilation shall retain the
ventilation space required. Projects costing less than $10,000 are not subject to the 10%
project cost addition provision.

SECTION R504
REPAIRS

R504.1 General.

Repair of the building irsulation systems shall not make the building less conforming than it was
before the repair was undertaken. Buildings-structures-and-parts-thereof shall-berepairedin-
compliance-with-Section-R501-3-and-this-section- Work on nondamaged components necessary

for the required repair of damaged components shall be considered part of the repair and shall

not be subJect to the requwements for alterations in thls chapter Reuﬂne—mam%enanee—u&equed—

R504.2 Materials Application._

Portions of walls that are part of the building thermal envelope shall be insulated in accordance
with this code when the repair requires the removal of either the interior or exterior wall
membrane such that the wall cavity is exposed during the repair.




Commentary: This section allows for only the portions of the wall exposed during a repair to
meet the minimum insulation requirements of the NC Energy Conservation Code. Unexposed
wall cavities are permitted to remain without requiring additional insulation.

Exception: Wall cavities containing existing insulation material.

Commentary: This exception provides relief from the full requirements for wall insulation in the
NC Energy Conservation Code when the repair exposes an existing wall cavity and it already
contains insulation.

R504.3 Glazing.
Repairs requiring the replacement of individual glass panes or sashes shall not require
compliance with this code.

Commentary: This section requires replacement of an entire window unit to comply with current
NC Energy Conservation Code requirements but allows for a single pane or sash to be replaced
with glass that matches the existing without reducing the energy efficiency of the building.

SECTION R505
CHANGE OF OCCUPANCY OR USE

R505.1 General.

AO

fossilfuel-or-electrical-energy-shallcomply-with-this-cede- New work performed in spaces
undergoing a change in occupancy shall comply with the requirements of this code. Unaltered
portions of the existing building or building supply system shall not be required to comply with

this code.




CHAPTER 6 [RE]

REFERENCED STANDARDS

This chapter lists the standards that are referenced in various sections of this document. The
standards are listed herein by the promulgating agency of the standard, the standard
identification, the effective date and title, and the section or sections of this document that
reference the standard. The application of the referenced standards shall be as specified in

Section 106.
American Architectural Manufacturers Association
AA MA 1827 Walden Office Square
Suite 550
Schaumburg, IL 60173-4268
Standard Referenced
reference in code
number Title section number
AAMA/WDMAJ/CSA North American Fenestration Standard/
101/1.S.2/A C440—11 Specifications for Windows, Doors and Unit Skylights R402.4.4 3
A ( ;( ;A ’;‘g';;; 95' E.'EI.G“ g-Co EE,*G;G.'S 95 ;’ ;‘“ erea
ArlingtonVVA-22206
Standard Referenced
reference incode
number Fitle section-number
The Association of Pool and Spa Professionals
A P S P 2111 Eisenhower Avenue
Alexandria, VA 22314
Standard Referenced
reference in code
number Title section number
E - onal S F ble Electic <
APSP 15a—2013 American National Standard for Residential Swimming Pool
and Spa Energy Efficiency R403.12
American Society of Heating, Refrigerating and Air-
AS H RA E Conditioning Engineers, Inc.
1791 Tullie Circle, NE
Atlanta, GA 30329-2305
Standard Referenced
reference in code
number Title section number

ASHRAE—2013

ASHRAE193—2010

ASHRAE Handbook of Fundamentals

R402.1.5, Table
R405.5.2(1)




Equipment

ASTM

ASTM International
100 Barr Harbor Drive
West Conshohocken, PA 19428-2859

Standard Referenced
reference in code
number Title section humber
C 1363—11 Standard Test Method for Thermal Performance of Building
Materials
and Envelope Assemblies by Means of a Hot Box Apparatus R303.1.4.1
E 283—04 Test Method for Determining the Rate of Air Leakage Through
Exterior
Windows, Curtain Walls and Doors Under Specified Pressure
Differences Across the Specimen R402.4.6 4
E 779—10 Standard Test Method for Determining Air Leakage Rate by
Fan Pressurization R402.4.2.2 1.2
E 1827—11 Standard Test Methods for Determining Airtightness of
Building Using
an Orifice Blower Door R402.4.2.2 12
CSA Group
CSA 8501 East Pleasant Valley
Cleveland, OH 44131-5575
Standard Referenced
reference in code
number Title section number
AAMA/WDMA/CSA North American Fenestration Standard/Specification for
101/1.8.2/A440—11 Windows, Doors and Unit Skylights R402.4.4 3
v . ici | :
d-Fa-l-H—W&te{'—hea-t—Feeever—W j R’493%_4. 0
D'Fal-n—W&t-ef—hea-t—FeeeVe{—Hﬂ-l-t-S- i R’493%‘4. 0
Door and Access Systems Manufacturers Association
DASMA 1300 Sumner Avenue
Cleveland, OH 44115-2851
Standard Referenced
reference in code
number Title section number
105—92(R2004)—  Test Method for Thermal Transmittance and Air Infiltration of
13 Garage Doors R303.1.3
International Code Council, Inc.
I CC 500 New Jersey Avenue, NW
6th Floor
Washington, DC 20001
Standard Referenced
reference in code
number Title section number
IBC—15 ) o ® R201.3, R303.2,
International Building Code R402.1.1, R501.4
ANSI/RESNET/ICC Standard for the Calculation and Labeling of the Energy
301-14 Performance of Low-Rise Residential Buildings using an R-406.2,R406.6.1,

Energy Rating Index R406.7.1




IECC—15 . )
International Energy Conservation Code R101.4.1, 403.8
IECEC—09 . . ®
2009-International Energy Conservation-Code R406.2
ECC—O06 . .
2006 International Energy Conservation Code R202, R406.3.1
IFC—15 . , ®
International Fire Code R201.3, R501.4
IFGC—15 .
International Fuel Gas Code R201.3, R501.4
IMC—15 . ) R201.3, R403.3.2,
International Mechanical Code R403.6, R501.4
IPC—15 . ,
International Plumbing Code R201.3, R501.4
PsSbc—15 _ ) _ ®
International-Private- Sewage Disposal Code 5014
IPMC—15 . . ®
Iaternational-Property-Mamtenance-Cede 5014
IRC—15 . _ _ R201.3, R303.2,
International Residential Code R402.11
R403.3.2, R403.6,
R501.4
| .  Electrical | . . ne.
-I-EEE 3-Park-Avenue
New-York,NY-1016-5997
Standard Referenced
reference n-code
number Title section-number
Maintenance
Applications
National Fire Protection Association. 1 Batterymarch Park
N F PA Quincy, MA 02169-7471
Standard Referenced
reference in code
number Title section number
70—14 National Electrical Code R501.4
National Fenestration Rating Council, Inc.
N F RC 6305 Ivy Lane, Suite 140
Greenbelt, MD 20770
Standard Referenced
reference in code
number Title section number
100—2009 Procedure for Determining Fenestration Products U-factors—
Second Edition R303.1.3
200—2009 Procedure for Determining Fenestration Product Solar Heat
Gain Coefficients
and Visible Transmittance at Normal Incidence—Second
Edition R303.1.3
400—2009 Procedure for Determining Fenestration Product Air
Leakage—Second Edition R402.4.4 3




333-Plingsten-Road

Northbrook-1-60062
Standard Referenced
reference incode
Aumber Fitle section-Rumber

United States-Federal Trade Commission
U S— 600 Pennsylvania Avenue NW
FTC Washington, DC 20580
Standard Referenced
reference in code
number Title section number
CFR Title 16 R-value Rule
(May 31, 2005) R303.1.4

Window and Door Manufacturers Association
WD M A 2025 M Street, NW Suite 800
Washington, DC 20036-3309

Standard Referenced
reference in code
number Title section number
AAMA/WDMA/CSA North American Fenestration Standard/Specification for

101/1.5.2/A440—11

Windows, Doors and Unit Skylights

R402.4.4 3






















APPENDIX 1: RESIDENTIAL REQUIREMENTS

APPENDIX 1.1 Enerqy Efficiency Certificate (Section R401.3)




R401.3

ENERGY EFFICIENCY CERTIFICATE

Name:
Signature:

Builder, Permit Holder or Registered Design Professional Print

Property Address:

Date:

Insulation Rating - List the value covering largest
area to all that apply

R-Value

Ceiling/roof:

Wall:

R-

Floor:

R-

Closed Crawl Space Wall:

R-

Closed Crawl Space Floor:

Slab:

R-

Basement Wall:

R-

Fenestration:

U-Factor

Solar Heat Gain Coefficient(SHGC)

Buildinc_) Air Leakage

O Visuallx inseected according to R402.4.2.1 OR

O Building Air Leakage Test Results (Sec.
R402.4.2.2)

ACHD50 [Target: 5.0]

or CFM50/SFSA [Target: 0.30]

Name of Tester / Company:

Date: Phone:

Ducts:

Insulation

Total Duct Leakage Test Result (Sect. R403.3.3)
Circle one:

Total duct leakage test

(CFM25 Total/100SF) [Target: 5]

Or

Duct leakage to the outside test

(CFM25 Total/100SF) [Target: 4]

Name of Tester or Company:

Date: Phone:

Certificate to be displayed permanently




APPENDIX 1.2
INSULATION AND AIR SEALING DETAILS

APPENDIX 1.2.1
R402.2.1 Ceilings with attic spaces: Exception for fully enclosed attic floor systems

UNCONDITIONED /—RIGID MATERIAL

ATTIC / ABOVE INSULATION

CONDITIONED
SPACE

R-30 INSULATION

[/

BLOCKING AROUND
EDGE OF
ENCLOSED AREA

SECTION VIEW OF CEILING WITH ATTIC SPACE




Foam or porous insulation has 3” to 4” top
inspection gap and extends down 3” to 4”
above top of wall footing or concrete floor

Foam or porous insulation has 3” to

APPENDIX 1.2.2

R402.2.11 Closed crawl space walls. Insulation

4” top inspection gap and extends
down 24" below grade
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APPENDIX 1.2.3
R402.2.14 Framed cavity walls. Insulation enclosure — 1. Tubs

/ EXTERIOR. WALL

— RIGID MATERIAL OR
AIR BARRIER
ENCLOSING
CAVITY INSULATION
BEHIND TUB

SECTION VIEW OF BATH TUB ON EXTERIOR WALL




R402.2.14 Framed cavity walls. Insulation enclosure — 2. Showers

[

YA
g
SHOWER

/ EXTERIOR WALL

— RIGID MATERIAL OR
AIR BARRIER
ENCLOSING
CAVITY INSULATION

BEHIND SHOWER

?

SECTION VIEW OF SHOWER ON EXTERIOR WALL




R402.2.14 Framed cavity walls. Insulation enclosure — 3. Stairs
— WALL CAVITIES FILLED WITH
/' INSULATION (EXTERICR WALL)
.-'f '\.'* = \.-'" /’,’) _ _ xﬂx-\
I
|‘l.l
/ /- ._
/
4 |

FLATFORM FEAMING

A
L
-
S WAL STUE

— RIGID MATERIAL OF. AIR. BARRIER
INSTALLED UNDER AND BESIDE THE
STAIRCASE TO ENCLOSE THE
INSULATIO

TION IN THE CAVITIES

SECTION VIEW OF INTERIOR STAIRCASE ON EXTERIOR WALL
(OPTION 1)




R402.2.14 Framed cavity walls. Insulation enclosure — 3. Stairs

— WaLL CAVITIES FILLED WITH
/ NSULATION (EXTERIOR WALL)

OVERLAF FINAL WALL FINISH ON TO
]
| RIGID MATERIAL OR AIR BARRIER TO
| CREATE CONTINLIOUS AIR SEAL
1
|I ,‘..l T
II
III
1 i
va ;x‘ o \
! [ o
T |
f_

FLATFORM FRAMING |

'.l\.
\\‘ WALL

“— RIGID MATER|AL OF. AIR BARREIER,
INSTALLED UNDER. AND BESIODE THE

STAIRCASE TO ENCLOSED T'IE
INSULATION IN THE CAVITIES

SECTION VIEW OF INTERIOR STAIRCASE ON EXTERIOR WALL
OPTION 2




R402.2.14 Framed cavity wall. Insulation enclosure — 4. Direct vent gas fireplace

A“ﬁ\ [ §
RIGID MATERIAL TO

ENCLOSE INSULATION AND
PROVIDE AIR BARRIER

r— ——  —— |

EAT RESISTANT COLLAR

| N P

\ L HEAT RESISTANT

VN SEALANT AT COLLAR

APPLIANCE

%

PREFERRED
METHOD

SECTION VIEW OF DIRECT VENT GAS FIREPLACE




R402.2.15 Framed cavity walls. Insulation enclosure — 5. Walls that adjoin attic spaces

—— TOF FLATE OF STUD
CaviTY BLOCKRED

7
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——— RIGID MATERIAL OR. AR, BARRIER
BACKING OM KNEE WALL, WITH
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EERRAY

i

: - —— WALL INSULATION IN
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CONDITIONED SPACE EXANMPLE FOR UNCONDITIONED
SPACE BELOW ATTIC

SECTION VIEW OF WALL ADJOINING ATTIC SPACE WITH STICK FRAMED
ROOF




R402.2.15 Framed cavity walls. Insulation enclosure — 5. Walls that adjoin attic spaces
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APPENDIX 1.2.4

R402.4.1 Building thermal envelope. — 1. Block and seal floor/ceiling systems

FLEXIBLE SEALANT
ON ALL FOUR SIDES

RIGID BLOCKING
MATERIAL TO
CREATE AIR BARRIER
(E.G. OSB)

DIMENSIONAL
LUMBER

COMMON WALL
BETWEEN
UNCONDITIONED
SPACE AND
CONDITIONED
SPACE

ISOMETRIC VIEW OF DIMENSIONAL LUMBER FLOOR/CEILING SYSTEM
ABOVE COMMON WALL BETWEEN UNCONDITIONED AND CONDITIONED

SPACE



R402.4.1 Building thermal envelope. — 1. Block and seal floor/ceiling systems

WOOD OFEN

W=riae=E
WEB TRUSS

RIGID BLOCKING
MATERIAL TO
CREATE AIR
BARRIER

AIR SEALANT (E.G.
FOAM) AROUND
PERIMETER. OF
BLOCKING AND
PENATRATIONS

‘\Q.'

AIR SEALANT (E.G.
BOARD OR
FOAM) BETWEEN
SECTIONS OF
BLOCKING

COMMON WALL

UNCOND

ISOMETRIC VIEW OF WOOD TRUSS FLOOR/CEILING SYSTEM ABOVE
COMMON WALL BETWEEN UNCONDITIONED AND CONDITIONED SPACE




R402.4.1 Building thermal envelope. — 1. Block and seal floor/ceiling systems

-JOIST
BLOCKING
(E.G. I-JOIST

MATERIAL)

FOAM OR FLEXIBLE
SEALANT AROUND
PERIMETER

&
COMMON WALL BETWEEN
UNCONDITIONED SF

AC
AND CONDITIONED SPAC

P

o

ISOMETRIC VIEW OF 1-JOIST FLOOR/CEILING SYSTEM ABOVE COMMON

WALL BETWEEN UNCONDITIONED AND CONDITIONED SPACE




R402.4.1 Building thermal envelope — 2. Cap and seal shafts and chases
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R402.4.1 Building thermal envelope. — 3. Cap and seal soffit or dropped ceiling

1

INSULATION OVER.

SOMIT CAPFING

FLEXIBLE SEALANT TO
/ CREATE AIR. BARRIER
ON ALl FOUR SIDES

et L L

I AlR BARRIER, SUCH
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SECTION VIEW OF SOFFIT OVER CABINET




R402.4.1 Building thermal envelope. — 4. Seal HVAC bhoot penetration — floor

Vs

CONDITIONED

SPACE

FLEXIBLE
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ALL FOUR SIDES
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SECTION VIEW OF FLOOR HVAC BOOT PENETRATION




R402.4.1 Building thermal envelope. — 4. Seal HVAC boot penetration — ceiling

HVAC SUFPFLY BOOT

HVAC SUPFLY DUCT

FLEXIBLE SEALANT
ON ALL FOUR SIDES

CONDITIONED -
SPACE

SECTION VIEW OF CEILING HVAC BOOT PENETRATION




R402.4.1 Building thermal envelope. — 5. Sealed exterior air barrier with housewrap

Follow manufacturer’s instructions for sealing air barrier-rated housewrap, including choice of
materials, to provide an exterior air barrier at the following locations:

TOP SEAM

. ALL TEARS IN HOUSEWRAP

ALL VERTICAL SEAMS WITH
SPECIFIED OVERLAP

ALL HORIZONTAL SEAMS
WITH SPECIFIED OVERLAP
INSTALLED “SHINGLE STYLE”

IS

LT
RATRAY
ARTAY

ALL HOLES AND
PENETRATIONS

DO NOT SEAL BOTTOM SEAM
e TO ALLOW FOR DRAINAGE




R402.4.1 Building thermal envelope. — 5. Sealed exterior air barrier with sheathing

SEAL ALL SEAMS BETWEEN
EDGES OF EXTERIOR
SHEATHING AND FRAMING

SEAL BETWEEN SUBFLOOR
AND BOTTOM PLATE

SEAL BAND JOISTTO
SUBFLOOR ABOVE

SEAL BAND JOISTTO TOP
PLATE BELOW

SEAL BETWEEN PIECES OF
SHEATHING

SEAL ALL HOLES AND
PENETRATIONS

SEAL SHEATHING TO
BOTTOM PLATE OF WALL

1)

2)

3)

IF FIRST FLOOR IS SLAB-ON-GRADE, INSTALL SEAL SEALER
UNDER BOTTOM PLATE OF EXTERIOR WALL.

IF FIRST FLOOR IS OVER UNCONDITIONED CRAWL SPACE OR
BASEMENT, INSTALL SEAL SEALER UNDER BOTTOM PLATE
AND SEAL SUBFLOOR TO BAND JOIST.

IF FIRST FLOOR IS OVER CONDITIONED BASEMENT OR
CLOSED CRAWL SPACE WITH CRAWL SPACE WALL
INSULATION BELOW, SEAL BETWEEN SUBFLOOR AND
BOTTOM PLATE, SEAL BAND JOIST TO SUBFLOOR ABOVE,
AND SEAL BAND JOIST TO TOP PLATE BELOW.




R402.4.2.1 Visual inspection option. — Table R402.4.2 Seal ceiling mechanical box

penetrations

AR

N E

IR YaRY4

EXHAUST FAN-/ e

/ -
FLEXIBLE SEALANT#~
ON ALL FOUR SIDES

CEILING EXHAUST

SECTION VIEW OF SEALING EXHAUST FAN BOXES




R402.4.2.1 Visual inspection option. - Table R402.4.2 Seal ceiling electrical box

penetrations

NV VY VYV Y

/’\ AN /\_/'

AN AN

ELECTRICAL BO){/

FLEXIBLE SEALANT
ON ALL FOUR SIDES

CEILING ELECTRICAL BOX




APPENDIX 2: FOAM PLASTIC DIAGRAMS

402.2.9 Basement walls with exterior foam insulation. Insulation illustrations
(Includes detailing from R402.2.11)

COVER EDGE
INSULATION
AS REQUIRED

\/

2" TO

8" MIN.,
2.

MAX
N
/

INSPECTION GAF

QII

470 ¢

~—— DBASEMENT WALL
INSULATION

S TREATMENT GAP

DEPTH AS SPECIFIED
BY CODE
|

— o A

SECTION VIEW OF EXTERIOR FOAM INSULATION LOCATION FOR BASEMENT

WALLS



402.2.10 Slab insulation details. Insulation illustrations

COVER EDGE
INSULATION
AS REQUIRED

~ — CONCRETE SLAB ON GRADE
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SECTION VIEW OF EDGE INSULATION FOR MONOLITHIC SLAB-ON-GRADE

FLOORS



24" OR TOP
OF FOOTING,

402.2.10 Slab insulation details. Insulation illustrations
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FACE BRICK ——__

402.2.10 Slab insulation details. Insulation illustrations
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FOR FLOATING SLAB WITH STEM WALL

(Options for brick facing are shown)




APPENDIX 3: SAMPLE WORKSHEETS FOR RESIDENTIAL AIR AND DUCT

LEAKAGE TESTING

APPENDIX 3A

Air sealing: Visual inspection option (Section R402.4.2.1)

Sample Worksheet

R402.4.2 Air sealing. Building envelope air tightness shall be demonstrated by Section R402.4.2.1 or R402.4.2.2:

R402.4.2.1 Visual inspection option. Building envelope tightness shall be considered acceptable when items

providing insulation enclosure in R402.2.14 and enclosure and air sealing in R402.2.15 and air sealing in R402.4.1

are addressed and when the items listed in Table R402.4.2, applicable to the method of construction, are certified by

the builder, permit holder or registered design professional via the certificate in Appendix 1.1.

TABLE R402.4.2
AIR BARRIER INSPECTION

COMPONENT

CRITERIA

Ceiling/attic

Sealants or gaskets provide a continuous air barrier system joining the

top plate of framed walls with either the ceiling drywall or the top edge
of wall drywall to prevent air leakage. Top plate penetrations are
sealed.

For ceiling finishes that are not air barrier systems such as tongue-
and-groove planks, air barrier systems,(for example, taped house
wrap), shall be used above the finish

Note: It is acceptable that sealants or gaskets applied as part of the
application of the drywall will not be observable by the code official

Sill plate is gasketed or sealed to subfloor or slab.

Windows and doors

Space between window and exterior door jambs and framing is sealed.

Floors (including above-garage

Air barrier system is installed at any exposed edge of insulation.

and cantilevered floors)

Penetrations

Utility penetrations through the building thermal envelope, including
those for plumbing, electrical wiring, ductwork, security and fire alarm
wiring, and control wiring, shall be sealed.

Garage separation

Air sealing is provided between the garage and conditioned spaces.
An air barrier system shall be installed between the ceiling system
above the garage and the ceiling system of interior spaces.

Ceiling penetrations

Ceiling electrical box penetrations and ceiling mechanical box
penetrations shall be caulked, gasketed, or sealed at the penetration
of the ceiling finish. See Appendix 1.2.4.

Exception— ceiling electrical boxes and ceiling mechanical boxes not




penetrating the building thermal envelope

Recessed lighting

Recessed light fixtures are air tight, IC rated, and sealed to drywall.

Exception— fixtures in conditioned space.




Property Address:

R402.4.2.1 Visual Inspection Option
The inspection information including tester name, date, and contact shall be included on the certificate described
in Section R401.3.

Signature Date

2015 International Energy Conservation Code 300



APPENDIX 3B
Air sealing: Testing option (Section R402.4.2.2)
Sample Worksheet

R402.4.2 Air sealing. Building envelope air tightness shall be demonstrated by Section R402.4.2.1 or R402.4.2.2:

R402.4.2.2 Testing option. Building envelope tightness shall be considered acceptable when items providing insulation
enclosure in R402.2.14 and enclosure and air sealing in R402.2.15 and air sealing in R402.4.1 are addressed and when tested air
leakage is less than or equal to one of the two following performance measurements:

1. 0.30 CFM50/Square Foot of Surface Area (SFSA) or

2. Five (5) air changes per hour (ACH50)

When tested with a blower door fan assembly, at a pressure of 33.5 psf (50 Pa). A single point depressurization, not temperature
corrected, test is sufficient to comply with this provision, provided that the blower door fan assembly has been certified by the
manufacturer to be capable of conducting tests in accordance with ASTM E779-03. Testing shall occur after rough in and after
installation of penetrations of the building envelope, including penetrations for utilities, plumbing, electrical, ventilation and
combustion appliances. Testing shall be reported by the permit holder, a NC licensed general contractor, a NC licensed HVAC
contractor, a NC licensed Home Inspector, a registered design professional, a certified BP1 Envelope Professional or a certified
HERS rater.

During testing:
1. Exterior windows and doors, fireplace and stove doors shall be closed, but not sealed;

2. Dampers shall be closed, but not sealed, including exhaust, backdraft, and flue dampers;

3. Interior doors shall be open;

4. Exterior openings for continuous ventilation systems, air intake ducted to the return side of the conditioning system, and
energy or heat recovery ventilators shall be closed and sealed;

5. Heating and cooling system(s) shall be turned off; and

6. Supply and return registers shall not be sealed.

The air leakage information, including building air leakage result, tester name, date, and contact information, shall be included
on the certificate described in Section R401.3.

For Test Criteria 1 above, the report shall be produced in the following manner: Perform the blower door test and record the
CEM50 . Calculate the total square feet of surface area for the building thermal envelope, all floors, ceilings, and
walls (this includes windows and doors) and record the area . Divide CFM50 by the total square feet and record
the result below. If the result is less than or equal to [0.30 CFM50/SFSA] the envelope tightness is acceptable; or

For Test Criteria 2 above, the report shall be produced in the following manner: Perform a blower door test and record the

CFM50 . Multiply the CFM50 by 60 minutes to create CFHour50 and record . Then calculate the
total conditioned volume of the home and record . Divide the CFH50 by the total volume and record the
result below. If the result is less than or equal to [5 ACHS50] the envelope tightness is acceptable.

Property Address:

Fan attachment location Company Name

Contact Information:

Signature of Tester Date
Permit Holder, NC Licensed General Contractor, NC Licensed HVAC Contractor,
NC Licensed Home Inspector, Registered Design Professional,
Certified BPI Envelope Professional, or Certified HERS Rater (circle one)
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APPENDIX 3C
Duct sealing. Duct air leakage test (Section R403.3.2 &Section R403.3.3)
Sample Worksheet

R403.3.2 Sealing (Mandatory Requirements). Ducts, air handlers, filter boxes, and building cavities
used as ducts shall be sealed. Joints and seams shall comply with either the International Mechanical
Code or International Residential Code, as applicable.

R403.3.3 Duct leakage (Prescriptive) and duct testing (Mandatory). Duct testing and duct leakage
shall be verified by compliance with either Section R403.3.3.1 or R403.3.3.2. Duct testing shall be verified
using one of the two following methods:

R403.3.3.1 Total Duct leakage. Total duct leakage less than or equal to 5 CFM (12 L/min) per 100 ft?
(9.29 m?) of conditioned floor area served by that system when tested at a pressure differential of 0.1
inches w.qg. (25 Pa) across the entire system, including the manufacturer’s air handler enclosure.

During testing:
1. Block, if present, ventilation air duct(s) connected to the conditioning system.

2. The duct air leakage testing equipment shall be attached to the largest return in the system or to the air
handler.

3. The filter shall be removed and the air handler power shall be turned off.

4. Supply boots or registers and return boxes or grilles shall be taped, plugged, or otherwise sealed air
tight.

5. The hose for measuring the 25 Pascals of pressure differential shall be inserted into the boot of the
supply that is nominally closest to the air handler.

6. Specific instructions from the duct testing equipment manufacturer shall be followed to reach duct test
pressure and measure duct air leakage.

R403.3.3.2 Duct Leakage to the Outside. Conduct the test using fan pressurization of distribution system
and building at a fixed reference pressure for combined supply and return leaks. Duct leakage to the
outside shall be less than or equal to 4 CFM (12 L/min) per 100 ft?> (9.29 m?) of conditioned floor area
served by that system when tested at a pressure differential of 0.1 inches w.qg. (25 Pa) across the entire
system, relative to the outside, including the manufacturer’s air handler enclosure.

During testing:

1. Block, if present, the ventilation air duct(s) connected to the conditioning system.

2.  The duct air leakage testing equipment shall be attached to the largest return in the system or to
the air handler.

3. The filter shall be removed and the air handler power shall be turned off.

4. Supply boots or registers and return boxes or grilles shall be taped, plugged, or otherwise sealed
air tight or as tight as possible.

5. The hose for measuring the 25 Pascals of pressure differential shall be inserted into the boot of
the supply that is nominally closest to the air handler.

6. Open all interconnecting doors in the building, close dampers for fireplaces and other operable
dampers.

7. Set up an envelope air moving/ flow-regulating/ flow measurement assembly, such as a blower
door, following the manufacturer’s prescribed procedure.

8. Specific instructions from the duct testing equipment manufacturer shall be followed to reach duct
test pressure and measure duct air leakage used in combination with a blower door. Typical steps
are as follows:

a. Depressurize the ductwork system to 25 Pa using the measurement hose in Step 5 above.
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b. Depressurize the house to 25 Pa using an envelope air moving/ flow-regulating/ flow
measurement assembly, such as a blower door.

c. Correct the duct pressure to measure 0 Pa of pressure differential between the house and
the ductwork system.

d. Read the CFM of duct leakage using the procedures for the specific equipment being
used. (Note that most automatically calculating pressure gauges cannot compute the
CEM25 automatically with a duct-to-house difference in pressure of 0 Pa, so the gauge
setting should be set to read CFM instead of CFM25).

Testing shall be performed and reported by the permit holder, a NC licensed general contractor, a NC
licensed HVAC contractor, a NC licensed Home Inspector, a reqistered design professional, a certified
BPI Envelope Professional or a certified HERS rater. A single point depressurization, not temperature
corrected, test is sufficient to comply with this provision, provided that the duct testing fan assembly(s) has
been certified by the manufacturer to be capable of conducting tests in accordance with ASTM E1554-07.

The duct leakage information, including duct leakage test selected and result, tester name, date, and
contact information, shall be included on the certificate described in Section 401.3.

For the Test Criteria, the report shall be produced in the following manner: perform the HVAC system air
leakage test and record the CEM25. Calculate the total square feet of Conditioned Floor Area (CFA)
served by that system. Multiply CEM25 by 100, divide the result by the CFA and record the result. If the
result is less than or equal to 5 CFM25/100SF for the “Total duct leakage test or less than or equal to 4
CFM25/100SF for the “Duct leakage to the outside” test, then the HVAC system air tightness is

acceptable.
Complete one duct leakage report for each HVAC system serving the home:

Property Address:

Test Performed: Total duct leakage or Duct leakage to the outside (circle one)

HVAC System Number: Describe area of home served:

CFM25 Total . Conditioned Floor Area (CFA) served by system: s.f.

CFM25 x 100 divided by CFA = CFM25/100SF (e.qg. 100 CFM25x100/ 2,000 CFA = 5 CFM25/100SF)

Fan attachment location
Company Name

Contact Information:

Signature of Tester Date

Permit Holder, NC Licensed General Contractor, NC Licensed HVAC Contractor, NC Licensed Home Inspector,
Reaqistered Design Professional,
Certified BPI Envelope Professional, or Certified HERS Rater (circle one)
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APPENDIX 4 ADDITIONAL VOLUNTARY CRITERIA FOR INCREASING ENERGY
EFFICIENCY (High Efficiency Residential Option)

1. Introduction. The increased enerqgy efficiency measures identified in this appendix are strictly
voluntary at the option of the permit holder and have been evaluated to be the most cost effective
measures for achieving an additional 10-15% enerqy efficiency beyond the code minimums.

2. Requirements: Follow all sections of residential building provisions of the 2018 NCECC, except

the following.
a. Instead of using Table R402.1.2 in Section R402.1.2, use Table 4A shown below.

TABLE 4A
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT?

CLIMATE | FENESTRATION | SkYLIGHT? | GLAZED | CEILING [ WOOD MASS | FLOOR | BASEMENT®® | SLAB? [ CRAWL
ZONE U-FACTORP/ ‘U-FACTOR | EENESTRA R- FRAME WALL R- TWALL R- SPACE®
JION VALUE™ | WALL R- VALUE R-VALUE VALU | waALL
SHGC Pk R- VALUE! E R-
VALUE VALUE
3 0.32 0.55 0.25 380r30 | 19, 5/13 or 19 5/13f 5 5/13
ci' 13+5, or | 5/10ci
15+3h
4 0.32 0.55 0.25 38 or 30 19, 5/13 or. 19 10/15 10 10/15
ci! 13+5. or 5/10ci
15+3h
5 0.32 0.55 (NR) 38 or 30 19, 13/17 or. 309 10/15 10 10/19
G 13+5, or | 13/12.5
B 15+3" d

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

c. _“10/15” means R-10 continuous insulated sheathing on the interior or exterior of the home or R-15 cavity insulation at the
interior of the basement wall or crawl space wall. “

d. For monolithic slabs, insulation shall be applied from the inspection gap downward to the bottom of the footing or a maximum
of 24 inches below grade whichever is less. For floating slabs, insulation shall extend to the bottom of the foundation wall or
24 inches, whichever is less. (See Appendix 2) R-5 shall be added to the required slab edge R-values for heated slabs.

e. Deleted.

f. Basement wall insulation is not required in warm-humid locations as defined by Figure R301.1 and Table R301.1.

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

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. If structural sheathing covers 25 percent or less of the exterior, insulating sheathing is not required
where structural sheathing is used. If structural sheathing covers more than 25 percent of exterior, structural sheathing shall
be supplemented with insulated sheathing of at least R-2.

The second R-value applies when more than half the insulation is on the interior of the mass wall.

In addition to the exemption in Section R402.3.3, a maximum of two glazed fenestration product assemblies having a U-factor

no greater than 0.55 shall be permitted to be substituted for minimum code compliant fenestration product assemblies without

penalty.

k.

In addition to the exemption in Section R402.3.3, a maximum of two glazed fenestration product assemblies having a SHGC

no greater than 0.70 shall be permitted to be substituted for minimum code compliant fenestration product assemblies without

penalty.
R-30 shall be deemed to satisfy the ceiling insulation requirement wherever the full height of uncompressed R-30 insulation

extends over the wall top plate at the eaves. Otherwise R-38 insulation is required where adequate clearance exists or
insulation must extend to either the insulation baffle or within 1” of the attic roof deck.
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m. Table value required except for roof edge where the space is limited by the pitch of the roof, there the insulation must fill the

space up to the air baffle.

n. R -19 fiberglass batts compressed and installed in a nominal 2 x 6 framing cavity is deemed to comply. Fiberglass batts

rated R-19 or higher compressed and installed in a 2x4 wall is not deemed to comply.

0. Basement wall meeting the minimum mass wall specific heat content requirement may use the mass wall R-value as the

minimum requirement.

b. Instead of using Table R402.1.4 in Section R402.1.4, use Table 4B to find the maximum U-
factors for building components.

TABLE 4B
EQUIVALENT U-FACTORS?
CLIMATE | EENESTRATION | SKYLIGHT CEILING FRAME MASS FLOOR BASEMENT CRAWL
ZONE U-FACTOR ¢ U- U- WALL WALL U- WALL SPACE
FACTOR FACTOR U- U- FACTOR u- WALL
FACTOR | FACTORP EACTORS U-
FACTOR
3 0.32 0.55 0.030 0.061 0.141 0.047 0.091 0.136
4 0.32 0.55 0.030 0.061 0.141 0.047 0.059 0.065
5 0.32 0.55 0.030 0.061 0.082 0.033 0.059 0.065
a. Nonfenestration U-factors shall be obtained from measurement, calculation or an approved source.
b.  When more than half the insulation is on the interior, the mass wall U-factors shall be a maximum of 0.07 in Climate Zone 3,

0.07 in Climate Zone 4, and 0.054 in Climate Zone 5.

c. Basement wall U-factor of 0.360 in warm-humid locations as defined by Figure R301.1 and Table R301.1.

d. A maximum of two glazed fenestration product assemblies having a U-factor no greater than 0.55 and a SHGC no greater than

0.70 shall be permitted to be substituted for minimum code compliant fenestration product assemblies without penalty.

c. For compliance with Section R402.4 Air leakage control (Mandatory Requirements),
Sections R402.4.1 (Building thermal envelope) and R402.4.2.2 (Testing option) must be
followed, with the maximum leakage rate shown below. Section R402.4.2.1 (Visual
inspection option) cannot be used to show compliance.

i. 0.24 CEM50/Square Foot of Surface Area (SFSA) or
ii. Four (4) air changes per hour (ACH50)

d. Instead of using the duct leakage value for maximum leakage shown in Section R403.3.3
use the following:

1. R403.3.3.1 Total Duct Leakage. Total duct leakage less than or equal to 4 CFM
(113 L/min) per 100 ft? (9.29 m?) of conditioned floor area served by that system
when tested at a pressure differential of 0.1 inches w.qg. (25 Pa) across the entire
system, including the manufacturer’s air handler enclosure.

2. R403.3.3.2 Duct Leakage to the Outside. Conduct the test using fan
pressurization of distribution system and building at a fixed reference pressure for
combined supply and return leak. Duct leakage to the outside shall be less than or
equal to 3 CFM (85 L/min) per 100 ft? (9.29 m?) of conditioned floor area served by
that system when tested at a pressure differential of 0.1 inches w.qg. (25 Pa) across
the entire system, relative to the outside, including the manufacturer’s air handler
enclosure.

e. For compliance with Section R404.1 (Lighting equipment), the home must comply with the
following:
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Not less than 90 percent of the lamps in permanently installed lighting fixtures shall be
high-efficacy lamps or not less than 90 percent of the permanently installed lighting fixtures
shall contain only high-efficacy lamps.

Table 4C: Sample Confirmation Form for ADDITIONAL VOLUNTARY CRITERIA FOR
INCREASING ENERGY EFFICIENCY (High Efficiency Residential Option)
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North Carolina Energy Conservation Code: High

Efficiency Residential Option

Proposed Project

Insulation and Fenestration VValues (Notes correlate to Table

Values

R402.1.2)
Climate Zone 3 4 S
Fenestration U-Factor i 0.32 0.32 0.32
Skylight U-Factor ° 0.55 0.55 0.55
Glazed Fenestration SHGC " 0.25 0.25 (NR)
Ceiling R-value ™ 380r30ci! | 380r30ci! | 38o0r30ci!
Wood Frame Wall R-value” 10,13+5,0r | 19,13+5, | 19,13+5 or
15+3 or 15+3 1543
Mass Wall R-value' P 55//11—% 1%
Floor R-value 19 19 309
Basement Wall R-value ©° 5/13f 10/15 10/15
Slab R-value and Depth ¢ 5 10 10
Crawl Space Wall R-value ® 5/13 10/15 10/19

* Note: ci = continuous insulation

High Efficacy Lighting

% of lighting that is high efficacy according to

R404.1. (90% required)

-Buildinq Air Leakage

Building Air Leakage Test according to
R402.4.2.2 (check box). Show test value:

ACH50 [Target: 4.0], or

CEMS0/SFSA [Target: 0.24]

Name of Tester / Company:

Date: Phone:

Duct Insulation and Sealing

Insulation Value

Duct Leakage Test Result (Sect. R403.3.3)

[ ] Total duct leakage or [] Duct leakage to the exterior

(CEM25 Total/100SF) [Target: 4 Total/ 3 To
exterior]

Name of Tester or Company:

Date: Phone:
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SAMPLE WORKSHEETS FOR RESIDENTIAL AIR AND DUCT LEAKAGE TESTING
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4D.1
Air sealing: Testing (Section R402.4.2.2)
Sample Worksheet for Alternative Residential Enerqgy Code for Higher Efficiency

Air sealing. Building envelope air tightness shall be demonstrated by Section R402.4.2.2:

Air sealing: Testing (Section R402.4.2.2)
Sample Worksheet for Alternative Residential Enerqy Code for Higher Efficiency

N1102.4.2.2 Testing. Building envelope tightness shall be considered acceptable when items providing insulation enclosure in
R402.2.14 and enclosure and air sealing in R402.2.15 and air sealing in R402.4.1 are addressed and when tested air leakage is
less than or equal to one of the two following performance measurements:

1. 0.24 CFM50 (6.8 L/min)/Square Foot of Surface Area (SFSA) or

2. Four (4) air changes per hour (ACH50)

When tested with a blower door fan assembly, at a pressure of 0.2 inches water gauge (50 Pa), a single point depressurization,
not temperature corrected, test is sufficient to comply with this provision, provided that the blower door fan assembly has been
certified by the manufacturer to be capable of conducting tests in accordance with ASTM E779-03. Testing shall occur after
rough in and after installation of penetrations of the building envelope, including penetrations for utilities, plumbing, electrical,
ventilation and combustion appliances. Testing shall be reported by the permit holder, a NC licensed general contractor, a NC
licensed HVAC contractor, a NC licensed Home Inspector, a reqgistered design professional, a certified BP1 Envelope
Professional or a certified HERS rater.

During testing:
1. Exterior windows and doors, fireplace and stove doors shall be closed, but not sealed;

2. Dampers shall be closed, but not sealed, including exhaust, backdraft, and flue dampers;

3. Interior doors shall be open;

4. Exterior openings for continuous ventilation systems, air intake ducted to the return side of the conditioning system, and
energy or heat recovery ventilators shall be closed and sealed;

5. Heating and cooling system(s) shall be turned off; and

6. Supply and return registers shall not be sealed.

The air leakage information, including building air leakage result, tester name, date, and contact information, shall be included
on the certificate described in Section R401.3.

For Test Criteria 1 above, the report shall be produced in the following manner: Perform the blower door test and record the
CEFM50 . Calculate the total square feet of surface area for the building thermal envelope, all floors, ceilings, and
walls (this includes windows and doors) and record the area . Divide CFM50 by the total square feet and record
the result below. If the result is less than or equal to [0.24 CFM50/SFSA] the envelope tightness is acceptable; or

For Test Criteria 2 above, the report shall be produced in the following manner: Perform a blower door test and record the

CEM50 = . Multiply the CFM50 by 60 minutes to create CF/Hour50 and record = . Then
calculate the total conditioned volume of the home and record = cubic feet. Divide the CF/Hour50 by the
total volume and record the result = ACHS50. If the result is less than or equal to [4 ACH50] the

envelope tightness is acceptable.

Property Address:
Fan attachment location Company Name
Contact Information:

Signature of Tester Date
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Permit Holder, NC Licensed General Contractor, NC Licensed HVAC Contractor,
NC Licensed Home Inspector, Registered Design Professional,
Certified BPI Envelope Professional, or Certified HERS Rater (circle one)
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4D.2
Duct sealing. Duct air leakage test (Section R403.3.3)
Sample Worksheet for Alternative Residential Energy Code for Higher Efficiency

R403.3.3 Duct leakage (Prescriptive) and Duct Testing (Mandatory). Duct testing and duct leakage shall be verified by
compliance with either Section R403.3.3.1 or R403.3.3.2. Duct testing shall be performed and reported by the permit holder, a
NC licensed general contractor, a NC licensed HVAC contractor, a NC licensed Home Inspector, a registered design
professional, a certified BP1 Envelope Professional or a certified HERS rater. A single point depressurization, not temperature
corrected, test is sufficient to comply with this provision, provided that the duct testing fan assembly(s) has been certified by the
manufacturer to be capable of conducting tests in accordance with ASTM E1554-07.

The duct leakage information, including duct leakage test selected and result, tester name, date, and contact information, shall be
included on the certificate described in Section R401.3.

For the Test Criteria, the report shall be produced in the following manner: perform the HVAC system air leakage test and
record the CFM25. Calculate the total square feet of Conditioned Floor Area (CFA) served by that system. Multiply CFM25 by
100, divide the result by the CFA and record the result. If the result is less than or equal to 4 CFM25/100SF for the “Total duct
leakage test or less than or equal to 3 CFM25/100SF for the ‘Duct leakage to the outside” test, then the HVAC system air
tightness is acceptable.

Exceptions to testing requirements:

1. Duct systems or portions thereof inside the building thermal envelope shall not be required to be leak tested.

2. Installation of a partial system as part of replacement, renovation or addition does not require a duct leakage test.

R403.3.3.1 Total Duct Leakage. Total duct leakage less than or equal to 4 CFM (113 L/min) per 100 ft? (9.29 m?) of
conditioned floor area served by that system when tested at a pressure differential of 0.1 inches w.q. (25 Pa) across the entire
system, including the manufacturer’s air handler enclosure. During testing:

1. Block, if present, ventilation air duct(s) connected to the conditioning system.

2. The duct air leakage testing equipment shall be attached to the largest return in the system or to the air handler.
3. The filter shall be removed and the air handler power shall be turned off.

4. Supply boots or registers and return boxes or grilles shall be taped, plugged, or otherwise sealed air tight.

5. The hose for measuring the 25 Pascals of pressure differential shall be inserted into the boot of the supply that is nominally
closest to the air handler.

6. Specific instructions from the duct testing equipment manufacturer shall be followed to reach duct test pressure and measure
duct air leakage.

R403.3.3.2 Duct L eakage to the Outside. Conduct the test using fan pressurization of distribution system and building at a
fixed reference pressure for combined supply and return leak. Duct leakage to the outside shall be less than or equal to 3 CFM
(85 L/min) per 100 ft2 (9.29 m2) of conditioned floor area served by that system when tested at a pressure differential of 0.1
inches w.g. (25 Pa) across the entire system, relative to the outside, including the manufacturer’s air handler enclosure.

During testing:

1. Block, if present, the ventilation air duct(s) connected to the conditioning system.

2. The duct air leakage testing equipment shall be attached to the largest return in the system or to the air handler.

3. The filter shall be removed and the air handler power shall be turned off.

4. Supply boots or registers and return boxes or grilles shall be taped, plugged, or otherwise sealed air tight or as tight as

possible.
5. The hose for measuring the 25 Pascals of pressure differential shall be inserted into the boot of the supply that is nominally
closest to the air handler.

6. Open all interconnecting doors in the building, close dampers for fireplaces and other operable dampers.

7. Set up an envelope air moving/ flow-regulating/ flow measurement assembly, such as a blower door, following the
manufacturer’s prescribed procedure.

8. Specific instructions from the duct testing equipment manufacturer shall be followed to reach duct test pressure and measure
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duct air leakage used in combination with a blower door. Typical steps are as follows:
a. Depressurize the ductwork system to 25 Pa using the measurement hose in Step 5 above.
b. Depressurize the house to 25 Pa using an envelope air moving/ flow-requlating/ flow measurement assembly, such as

a blower door.
c. Correct the duct pressure to measure 0 Pa of pressure differential between the house and the ductwork system.

d. Read the CFM of duct leakage using the procedures for the specific equipment being used. (Note that most
automatically calculating pressure gauges cannot compute the CFM25 automatically with a duct-to-house difference in
pressure of 0 Pa, so the gauge setting should be set to read CFM instead of CFM25).

Complete one duct leakage report for each HVAC system serving the home:

Property Address:

HVAC System Number: Describe area of home served:

CFM25 Total . Conditioned Floor Area (CFA) served by system: s.f.
CFM25 x 100 divided by CFA = CEM25/100 SF

(e.q. 50 CFM25 x 100/ 2,000 CFA = 2.5 CFM25/100SF)
Fan attachment location
Company Name

Contact Information:

Signature of Tester Date

Permit Holder, NC Licensed General Contractor, NC Licensed HVAC Contractor,
NC Licensed Home Inspector, Registered Design Professional,
Certified BPI Envelope Professional, or Certified HERS Rater (circle one)
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