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2024 North Carolina Energy Conservation Code (221213 Item B-6)
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8. Fiscal impact. Check all that apply.

[ ] This Rule was part of a combined analysis.

[ ] State funds affected
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X] Substantial economic impact (=$1,000,000)
X Approved by OSBM
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9B. Explain: This amendment is proposed to protect the public by updating the code to current standards of practice.

A fiscal note has been prepared per N.C.G.S. 143-138 (al)(1) and was approved by OSBM on 8/21/23. OSBM has determined the
amendments may have substantial economic impacts and impacts to local government with a potential for savings over time. No
additional construction costs are anticipated for the commercial provisions. Increases in construction costs are anticipated for the
residential provisions. The construction costs of dwellings regulated by this proposal exceeds $80 per dwelling unit. State funds will
not be affected. Local funds will be affected. Life-Cycle Cost savings are anticipated for both the commercial and residential
provisions. A cost benefit analysis per N.C.G.S. 143-138 (al)(2) has been prepared and was completed on 8/1/23.

The delayed effective date of this Rule is January 1, 2025.

The Statutory authority for Rule-making is G. S. 143-136; 143-138.
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[
[ ] RRC determined substantial changes:
[
[

Subject to Legislative Review
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Documents included:

1.

Formatted Review Aide and 2024 North Carolina Energy Conservation Code: Chapter 1 through
Appendices*

TEXT THAT IS STRUCKFHROUGH IS DELETED FROM THE 2018 EDITION TO CREATE THE
2024 EDITION.

TEXT THAT IS UNDERLINED IS NEW TEXT TO CREATE THE 2024 EDITION.

*Of note, publishing edits to the Cover page, North Carolina Building Code Council members and
committees lists, North Carolina Department of Insurance contact information, Preface, Table of Contents
and Index are not included as those are publishing edits that do not contain permanent rule content. These
publishing edits contain NCBCC and NCDOI contact information, instructions on how to use the code, and
guidance on where to find information in the code for the public-at-large. Coordination of the correct page
numbers tied to the Table of Contents and Index cannot be accurately completed until the first draft of
publishing is completed for NCDOI-OSFM Engineering & Codes staff review prior to completion of
publishing by the International Code Council. NCDOI-OSFM Engineering & Codes staff will be
coordinating the publication of all these publishing edits with the International Code Council once the
proposed 2024 North Carolina Building Codes are approved.

Appendix C Code Change Proposal North Carolina Building Code Council (221213 Item B-6) 2024 North
Carolina Energy Conservation Code (File: 2024 NCECC Proposed). A link to the petition can be found
here: https://www.ncosfm.gov/b-6-2024-ncecc-1

2017-2023 Approved Amendments to the 2018 North Carolina Energy Conservation Code (File: 2017-
2023 Approved Amendments 2303 14-Energy Conservation Code). A link to these amendments can be
found here: https://www.ncosfm.gov/2017-2023-approved-amendments-2303 14energy-conservation-code-
code

Fiscal Note for the 2024 North Carolina Energy Conservation Code (File: BCC_2023-08-21). A link to this
fiscal note can be found here: https://www.ncosfm.gov/b-6-2024-ncecc-fiscal-note

8/21/23 OSBM approval of fiscal note correspondence (Approval — 2024 Energy Conservation Code).

Cost Benefit Analysis for the 2024 North Carolina Energy Conservation Code (File: Building Code
Council - 143-138(al) Cost-Benefit Analysis for 2024 N.C. Energy Conservation Code). A link to this cost
benefit analysis can be found here: https://www.ncosfm.gov/b-6-2024-ncecc-cost-analysis
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CHAPTER 1 [CE]
SCOPE AND ADMINISTRATION

PART 1—SCOPE AND APPLICATION

SECTION C101
SCOPE AND GENERAL REQUIREMENTS

335 2

amendments—to-the International-Codes—are-underhned-This code shall be known as the Energy Conservation Code of [INORTH
CAROLINA], and shall be cited as such. It 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.
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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 con-
struction 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 M

HECC—Residential Provisions—Mixed residential and commercial buildings. Where a building includes both resi-
dential building and commercial building portions, each portion 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.

C101.6 Requirements of other State agencies, occupational licensing board or commissions. -see the NC Administrative
Code and Policies

SECTION C102
ALTERNATIVE MATERIALS, DESIGN AND METHODS OF CONSTRUCTION AND EQUIPMENT
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C102.1 General. The provisions of this code are not intended to prevent the installation of any material or to prohibit any design
or method of construction not specifically prescribed by this code, provided that any such alternative has been approved. The
code official shall have the authority to approve an alternative material, design or method of construction upon the written appli-
cation of the owner or the owner’s authorized agent. The code official shall first find that the proposed design is satisfactory and
complies with the intent of the provisions of this code, and that the material, method or work offered is, for the purpose intended,
not less than the equivalent of that prescribed in this code in quality, strength, effectiveness, fire resistance, durability, energy
conservation and safety. The code official shall respond to the applicant, in writing, stating the reasons why the alternative was
approved or was not approved.

C102.1.1 Above code programs. The code official or other authority having jurisdiction shall be permitted to deem a national,
state or local energy efficiency program as exceeding the energy efficiency required by this code. Buildings approved in
writing by such an energy efficiency program shall be considered to be in compliance with this code. The requirements iden-
tified in Table C407.2 shall be met.

PART 2—ADMINISTRATION AND ENFORCEMENT

See the North Carolina Administrative Code and Policies for the administration and enforcement of the North Carolina State
Building Codes as adopted by the Building Code Council and enforced by State and local code enforcement officials.

SECTION C103
CONSTRUCTION DOCUMENTS

C103.1 General. Construction documents and other supporting data shall be submitted in one or more sets, or in a digital format
where allowed by the building official, with each application for a permit. The construction documents shall be prepared by a
registered design professional where required by the statutes of the jurisdiction in which the project is to be constructed. Where
special conditions exist, the code official is authorized to require necessary construction documents to be prepared by a registered
design professional.

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 on suitable material. Elec-
tronic 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:
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. Energy compliance path.

. Insulation materials and their R-values.

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

. Area-weighted U-factor and solar heat gain coefficient (SHGC) calculations.

. Mechanical and service water-heating systems and equipment types, sizes and efficiencies.

. Economizer description.

1
2
3
4
5. Mechanical system design criteria.
6
7
8

. Equipment and system controls.

9. Fan motor horsepower (hp) and controls.

10. Duct sealing, duct and pipe insulation and location.
11. Lighting fixture schedule with wattage and control narrative.

12. Location of daylight zones on floor plans.

13. Air barrier and air sealing details, including the location of the air barrier.

C103.2.1 Building thermal envelope depiction. :
tion-drawings-The building thermal envelope shall be represented on the construction drawmgs

C103.3 Examination of documents. Deleted-

examine or cause to be examined the accompanying construction documents and shall ascertaln whether the construction indi-
cated and described is in accordance with the requirements of this code and other pertinent laws or ordinances. The code offi-

cial is authorized to utilize a registered design professional, or other approved entity not affiliated with the building design or
construction, in conducting the review of the plans and specifications for compliance with the code.

-The code official shall

C103.3.1 Approval of construction documents. When the code official issues a permit where construction documents are
required, the construction documents shall be endorsed in writing and stamped ‘“Reviewed for Code Compliance.” Such ap-

proved construction documents shall not be changed, modified or altered without authorization from the code official. Work

shall be done in accordance with the approved construction documents.

One set of construction documents so reviewed shall be retained by the code official. The other set shall be returned to the

applicant, kept at the site of work and shall be open to inspection by the code official or a duly authorized representative.

C103.3.2 Previous approvals. This code shall not require changes in the construction documents, construction or designated
occupancy of a structure for which a lawful permit has been heretofore issued or otherwise lawfully authorized, and the con-
struction of which has been pursued in good faith within 180 days after the effective date of this code and has not been
abandoned.

C103.3.3 Phased approval. The code official shall have the authority to issue a permit for the construction of part of an
energy conservation system before the construction documents for the entire system have been submitted or approved, pro-
vided that adequate information and detailed statements have been filed complying with all pertinent requirements of this
code. The holders of such permit shall proceed at their own risk without assurance that the permit for the entire energy con-
servation system will be granted.

C103.4 Amended construction documents. Changes made during construction that are not in compliance with the approved
construction documents shall be resubmitted for approval as an amended set of construction documents.

C103.5 Retention of construction documents. One set of approved construction documents shall be retained by the code official
for a period of not less than 180 days from date of completion of the permitted work, or as required by state or local laws.

C103.6 Building documentation and closeout submittal 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 of the date of
receipt of the certificate of occupancy.

C103.6.1 Record documents. Construction documents shall be updated to convey a record of the completed work. Such

updates shall include mechanical, electrical and control drawings that indicate all changes to size, type and location of com-
ponents, equipment and assemblies.




C103.6.2 Compliance documentation. Energy code compliance documentation and supporting calculations shall be deliv-
ered in one document to the building owner as part of the project record documents or manuals, or as a standalone document.

This document shall include the specific energy code edition utilized for compliance determination for each system,

documentation demonstrating compliance with Section C303.1.3 for each fenestration product installed, and the interior light-
ing power compliance path, building area or space-by-space, used to calculate the lighting power allowance.

For projects complying with Item 2 of Section C401.2, the documentation shall include:

1. The envelope insulation compliance path.

2. All compliance calculations including those required by Sections C402.1.5, C403.8.1, C405.3 and C405.5.

For projects complying with Section C407, the documentation shall include that required by Sections C407.3.1 and
C407.3.2.

C103.6.3 Systems operation control. Training shall be provided to those responsible for maintaining and operating equip-
ment included in the manuals required by Section C103.6.2.

The training shall include:

1. Review of manuals and permanent certificate.

2. Hands-on demonstration of all normal maintenance procedures, normal operating modes, and all emergency shutdown
and startup procedures.

3. Training completion report.

SECTION €105C104
VALIDITYINSPECTIONS

o o D

€105:1C104.1 General. Construction or work for which a permit is required shall be subject to inspection by the code official,
his or her designated agent or an approved agency, and such construction or work shall remain visible and able to be accessed
for inspection purposes until approved. Approval as a result of an inspection shall not be construed to be an approval of a violation
of the provisions of this code or of other ordinances of the jurisdiction. Inspections presuming to give authority to violate or
cancel the provisions of this code or of other ordinances of the jurisdiction shall not be valid. It shall be the duty of the permit

applicant to cause the work to remain visible and able to be accessed for inspection purposes. Neither the code official nor the
jurisdiction shall be liable for expense entailed in the removal or replacement of any material, product, system or building com-

ponent required to allow inspection to validate compliance with this code.

€105.2C104.2 Required inspections. The code official, his or her designated agent or an approved agency, upon notification,
shall make the inspections set forth in Sections €105-:2-1C104.2.1 through €105-2.:6-C104.2.6.

€105:2.1C104.2.1 Footing and foundation insulation. Inspections shall verify the footing and foundation insulation R-
value, location, thickness, depth of burial and protection of insulation as required by the code, approved plans and specifica-
tions.

€105:2.2C104.2.2 Thermal envelope. Inspections shall verify the correct type of insulation, R-values, location of insulation,
fenestration, U-factor, SHGC and VT, and that air leakage controls are properly installed, as required by the code, approved
plans and specifications.
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€105.2.3C104.2.3 Plumbing system. Inspections shall verify the type of insulation, R-values, protection required, controls
and heat traps as required by the code, approved plans and specifications.

€105:2.4C104.2.4 Mechanical system. Inspections shall verify the installed HVAC equipment for the correct type and size,

controls, insulation, R-values, system and damper air leakage, minimum fan efficiency, energy recovery and economizer as
required by the code, approved plans and specifications.

€105:2.5C104.2.5 Electrical system. Inspections shall verify lighting system controls, components and meters as required
by the code, approved plans and specifications.

€105:2.6C104.2.6 Final inspection. The final inspection shall include verification of the installation and proper operation of
all required building controls, and documentation verifying activities associated with required building commissioning have
been conducted in accordance with Section C408.

€105.3C104.3 Reinspection. A building shall be reinspected where determined necessary by the code official.

€105.4C104.4 Approved inspection agencies. The code official is authorized to accept reports of third-party inspection agencies
not affiliated with the building design or construction, provided that such agencies are approved as to qualifications and reliability
relevant to the building components and systems that they are inspecting.

€105.5C104.5 Inspection requests. It shall be the duty of the holder of the permit or their duly authorized agent to notify the
code official when work is ready for inspection. It shall be the duty of the permit holder to provide access to and means for
inspections of such work that are required by this code.

€105.6C104.6 Reinspection and testing. Where any work or installation does not pass an initial test or inspection, the necessary

corrections shall be made to achieve compliance with this code. The work or installation shall then be resubmitted to the code
official for inspection and testing.

SECTION c106C105
REFERENCED-STANDARDSNOTICE OF APPROVAL

€106:1C105.1 Approval. After the prescribed tests and inspections indicate that the work complies in all respects with this code,
a notice of approval shall be issued by the code official.

€106:2C105.2 Revocation. The code official is authorized to suspend or revoke, in writing, a notice of approval issued under
the provisions of this code wherever the certificate is issued in error, or on the basis of incorrect information supplied, or where
it is determined that the building or structure, premise, or portion thereof is in violation of any ordinance or regulation or any of
the provisions of this code.

SECTION c107C106
FEESVALIDITY
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€107-1C106.1 General. If a portion of this code is held to be illegal or void, such a decision shall not affect the validity of the
remainder of this code.

SECTION €108C107
STOP-WORK-ORDERREFERENCED STANDARDS
Deleted Y= he Ao arn a4 o o (ndo 444 P o

€106-1€108-1C107.1 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 €106 ++E108+1C107.1.1 and €E406-1-2-€1081-2.C107.2.2.

€106-1-1€61081-1C107.1.1 Conflicts. Where conflicts occur between provisions of this code and referenced codes and stand-
ards, the provisions of this code shall apply.




€106-1:2€108-1-2C107.1.2 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.

€106:2€108:2C107.2 Applications 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.

€1063€108:3C107.3 Other laws. The provisions of this code shall not be deemed to nullify any provisions of local, state or
federal law.

SECTION €1409C108
BOARD-OF-APPEALSSTOP WORK ORDER

€109.1C108.1 Authority. Where the code official finds any work regulated by this code being performed in a manner contrary
to the provisions of this code or in a dangerous or unsafe manner, the code official is authorized to issue a stop work order.

€109:2C108.2 Issuance. The stop work order shall be in writing and shall be given to the owner of the property, the owner’s

authorized agent or the person performing the work. Upon issuance of a stop work order, the cited work shall immediately cease.
The stop work order shall state the reason for the order and the conditions under which the cited work is authorized to resume.

€109:3C108.3 Emergencies. Where an emergency exists, the code official shall not be required to give a written notice prior to
stopping the work.

€109:4C108.4 Failure to comply. Any person who shall continue any work after having been served with a stop work order,
except such work as that person is directed to perform to remove a violation or unsafe condition, shall be subject to fines estab-

lished by the authority having jurisdiction.

SECTION ©6110C109
BOARD OF APPEALS

€110:1C109.1 General. In order to hear and decide appeals of orders, decisions or determinations made by the code official

relative to the application and interpretation of this code, there shall be and is hereby created a board of appeals. The code official
shall be an ex officio member of said board but shall not have a vote on any matter before the board. The board of appeals shall

be appointed by the governing body and shall hold office at its pleasure. The board shall adopt rules of procedure for conducting
its business, and shall render all decisions and findings in writing to the appellant with a duplicate copy to the code official.

€110.2C109.2 Limitations on authority. An application for appeal shall be based on a claim that the true intent of this code or
the rules legally adopted thereunder have been incorrectly interpreted, the provisions of this code do not fully apply or an equally
200d or better form of construction is proposed. The board shall not have authority to waive requirements of this code.

€110:3C109.3 Qualifications. The board of appeals shall consist of members who are qualified by experience and training and

are not employees of the jurisdiction.
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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 fem-
inine 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.”

ACCESS (TO). That which enables a device, appliance or equipment to be reached by ready access or by a means that first
requires the removal or movement of a panel or similar obstruction.

manner to restrict or prevent the passage of air through the buzldmg thermal envelope and its assemblies.

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.additionthatre-
quires-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 0r1g1na1 installation. mstal—lraﬂeﬁ—tlor&t—feques—a—pelcmﬂ—

regularlv engaged 1n conductlng tests or furmshlng 1nspect10n services, or furnishing product certification, where 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.”



BIOGAS. A mixture of hydrocarbons that is a gas at 60°F (15.5°C) and 1 atmosphere of pressure that is produced through the
anaerobic digestion of organic matter.

BIOMASS. Nonfossilized and biodegradable organic material originating from plants, animals and/or microorganisms, including
products, by-products, residues and waste from agriculture, forestry and related industries as well as the nonfossilized and biode-

gradable organic fractions of industrial and municipal wastes, including gases and liquids recovered from the decomposition of
nonfossilized and biodegradable organic material.

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.

BUBBLE POINT. The refrigerant liquid saturation temperature at a specified pressure.

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

ing the building.

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 require-
ments.

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 contiguous area of land that is under the ownersh1p or control of one entity.

ment walls, exterior walls= floors= ceﬂmgs, roofs and any other bulldmg element assemblles that enclose condztzoned space or
provide a boundary between conditioned space and exempt or unconditioned space.

CAPTIVE KEY OVERRIDE. A lighting control that will not release the key that activates the override when the lighting is
on.

CAVITY INSULATION. Insulating material located between framing members.

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 x ft* x °F) [W/(m? x K)].

CHANGE OF OCCUPANCY. A change in the use of a building or a portion of a building that results in any of the following:

1. A change of occupancy classification.

2. A change from one group to another group within an occupancy classification.

3. Any change in use within a group for which there is a change in the application of the requirements of this code.

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:Ph%FaHe«allﬂ&%P&teef—heaHﬂpm—m—eeﬁﬁsteﬂHm&s—fe%a—
o itionts- Lhe ratio of the

rate of heat removal to the rate of energy mput in eons1stent units, for a complete refr1geratmg svstem or some specific portion
of that system under designated operating conditions.
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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-reom-wheseprimary functionis-to-house-equipmentfor-the-proecessing-and storage-of-electron
floor-area-A room whose primary function is to house equipment for the processing and storage of electronic data which has a

design total information technology equipment (ITE) equipment power density less than or equal to 20 watts per square foot
(20 watts per 0.092 m?) of conditioned area or a design total ITE equipment load less than or equal to 10 kW.

CONDENSING UNIT. A factory-made assembly of refrigeration components designed to compress and liquefy a specific re-
frigerant. 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.
CONDITIONED SPACE. A-space-within-a-buildine thatis provided-with-heatingo i i

O ry O S

)

conditioned-spaee-An area, room or space that is enclosed within the building thermal envelope and is directly or indirectly

heated or cooled. Spaces are indirectly heated or cooled where they communicate through openings with conditioned spaces,

where they are separated from conditioned spaces by uninsulated walls, floors or ceilings, or where they contain uninsulated
ducts, piping or other sources of heating or cooling.

CONTINUOUS 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 opaque portion of a wall that encloses a crawl space and is partially or totally below grade.

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

DATA CENTER. A room or series of rooms that share data center systems, whose primary function is to house equipment for
the processing and storage of electronic data and that has a design total ITE equipment power density exceeding 20 watts per
square foot (20 watts per 0.092 m?) of conditioned area and a total design ITE equipment load greater than 10 kW.

DATA CENTER SYSTEMS. HVAC systems and equipment, or portions thereof, used to provide cooling or ventilation in a
data center.

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 (DCYV). 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.

DEMAND RECIRCULATION WATER SYSTEM. A water distribution system where one or more pumps prime the service
hot water piping with heated water upon a demand for hot water.

DIRECT DIGITAL CONTROL (DDC). A type of control where controlled and monitored analog or binary data, such as
temperature and contact closures, are converted to digital format for manipulation and calculations by a digital computer or
microprocessor, then converted back to analog or binary form to control physical devices.

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.

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, includ-
ing applicable demand charges.

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.

ENTHALPY RECOVERY RATIO. Change in the enthalpy of the outdoor air supply divided by the difference between the
outdoor air and entering exhaust air enthalpy, expressed as a percentage.

ENTRANCE DOOR Fen

des&gned—tedmthstand—heawuse—and—}%ss%bh&buse-A vertlcal fenestratlon product used for occupant ingress, egress and access

in nonresidential buildings, including, but not limited to, exterior entrances utilizing latching hardware and automatic closers
and containing over 50 percent glazing specifically designed to withstand heavy-duty usage.

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.
and basement walls.

e-Walls including both above-grade walls

FAN, EMBEDDED. A fan that is part of a manufactured assembly where the assembly includes functions other than air move-
ment.

FAN ARRAY. Multiple fans in parallel between two plenum sections in an air distribution system.

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

FAN ENERGY INDEX (FEI). The ratio of the electric input power of a reference fan to the electric input power of the actual
fan as calculated in accordance with AMCA 208.

FAN NAMEPLATE ELECTRICAL INPUT POWER. The nominal electrical input power rating stamped on a fan assembly
nameplate.

FAN SYSTEM DESIGN CONDITIONS Operating

0 3 e A 3 e he em .Operatlng condltlons that can
be expected to occur durlng normal system operatlon that result in the hlghest supply fan airflow rate to conditioned spaces

served by the system, other than during air economizer operation.

FAN SYSTEM ELECTRICAL INPUT POWER. The sum of the fan electrical power 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/or return it to the

source or exhaust it to the outdoors.
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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.

FAULT DETECTION AND DIAGNOSTICS (FDD) SYSTEM. A software platform that utilizes building analytic algorithms
to convert data provided by sensors and devices to automatically identify faults in building systems and provide a prioritized list
of actionable resolutions to those faults based on cost or energy avoidance, comfort and maintenance impact.

FENESTRATION. Preduets—elassified-as-eithervertical fenestration-or-slkeplights: Products classified as either skylights or ver-

tical fenestration.

from—herr—zental—Skvllghts Glass or other transparent or translucent glazrng materral 1nstalled ata slope of less than 60 degrees
1.05 rad) from horizontal, including unit skylights, tubular daylighting devices and glazing materials in solariums, sunrooms

roofs, greenhouses and sloped walls.

Vertlcal fenestration

69—degrees—€l—95—nad9—frem—heﬂzental—W1ndows that are ﬁxed or operable opaque doors glazed doors glazed block and

combination opaque and glazed doors composed of glass or other transparent or translucent glazing materials and installed at
a slope of not less than 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 syste33ms.

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




GREENHOUSE. A a—specialize b AVAES
exclusivelyused-for; h ivationprotection-or-maintenance-of plants—A structure or a thermally isolated
area of a building that maintains a specialized sunlit environment exclusively used for, and essential to, the cultivation, protec-
tion or maintenance of plants. Greenhouses are those that are erected for a period of 180 days or more.

GROUP R. Buildings or portions of buildings that contain any of the following occupancies as established in the International
Building Code:

1. Group R-1.
2.  Group R-2 where located more than three stories in height above grade plane.

3.  Group R-4 where located more than three stories in height above grade plane.

HEAT TRAP. An arrangement of piping and fittings, such as elbows, or a commercially available heat trap that prevents ther-
mosyphoning 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 min-
imum 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.

Designated as historic under an applicable state or local law.

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

IEC DESIGN H MOTOR. An electric motor that meets all of the following:

It is an induction motor designed for use with three-phase power.

It contains a cage rotor.

It is capable of direct-on-line starting.

1
2
3
4. It has four, six or eight poles.
5. Itis rated from 0.4 kW to 1600 kW at a frequency of 60 hertz.
IEC DESIGN N MOTOR. An electric motor that meets all of the following:

It is an induction motor designed for use with three-phase power.

It contains a cage rotor.

It is capable of direct-on-line starting.

hallh e D

It has two, four, six or eight poles.
5. Ttis rated from 0.4 kKW to 1600 kW at a frequency of 60 hertz.

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.

INFORMATION TECHNOLOGY EQUIPMENT (ITE). Items including computers, data storage devices, servers and net-
work and communication equipment.

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.
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INTERNAL CURTAIN SYSTEM. A system consisting of movable panels of fabric or plastic film used to cover and uncover
the space enclosed in a greenhouse on a daily basis.

ISOLATION DEVICES. Devices that isolate HVAC zones so that they can be operated independently of one another. Isolation

devices include separate systems, isolation dampers and controls providing shutoff at terminal boxes.

fer—a—speerﬁed—parpos%Equmment materlals or products to Wthh have been afﬁxed a label seal svmbol or other 1dent1fv1n,q

mark of a nationally recognized testing laboratory, approved agency or other organization concerned with product evaluation

that maintains periodic inspection of the production of the 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.

LARGE-DIAMETER CEILING FAN. A ceiling fan that is greater than 7 feet (2134 mm) in diameter. These fans are some-

times referred to as High-Volume, Low-Speed (HVLS) fans.

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 mem-
bers.
2. Anuncompressed, 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 com-
pressed when the metal roof panels are attached.

products or services 1ncluded in a list publrshed by an organlzatlon acceptable to the code official and concerned with evaluatlon

of products or services that maintains periodic inspection of production of /isted 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.

LUMINAIRE-LEVEL LIGHTING CONTROLS. A lighting system consisting of one or more luminaires with embedded

lighting control logic, occupancy and ambient light sensors, wireless networking capabilities and local override switching capa-
bility, where required.

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

NAMEPLATE HORSEPOWER. The-nomin
tor output power rating stamped on the motor namer)late

NEMA DESIGN A MOTOR. A squirrel-cage motor that meets all of the following:

e-The nominal mo-

1. Itis designed to withstand full-voltage starting and develop locked-rotor torque as shown in paragraph 12.38.1 of NEMA
MG 1.

2. It has pull-up torque not less than the values shown in paragraph 12.40.1 of NEMA MG 1.
It has breakdown torque not less than the values shown in paragraph 12.39.1 of NEMA MG 1.

4. Ithas alocked-rotor current higher than the values shown in paragraph 12.35.1 of NEMA MG 1 for 60 hertz and paragraph
12.35.2 of NEMA MG 1 for 50 hertz.




5. Ithas a slip at rated load of less than 5 percent for motors with fewer than 10 poles.
NEMA DESIGN B MOTOR. A squirrel-cage motor that meets all of the following:

It is designed to withstand full-voltage starting.

2. It develops locked-rotor, breakdown and pull-up torques adequate for general application as specified in Sections 12.38,
12.39 and 12.40 of NEMA MG].

3. It draws locked-rotor current not to exceed the values shown in Section 12.35.1 for 60 hertz and Section 12.35.2 for 50
hertz of NEMA MGI.

4. Tt has a slip at rated load of less than 5 percent for motors with fewer than 10 poles.
NEMA DESIGN C MOTOR. A squirrel-cage motor that meets all of the following:

1. Designed to withstand full-voltage starting and develop locked-rotor torque for high-torque applications up to the values
shown in paragraph 12.38.2 of NEMA MGI1 (incorporated by reference, see A§431.15).

2. Tt has pull-up torque not less than the values shown in paragraph 12.40.2 of NEMA MG].
It has breakdown torque not less than the values shown in paragraph 12.39.2 of NEMA MG].

4. It has a locked-rotor current not to exceed the values shown in paragraph 12.35.1 of NEMA MG]1 for 60 hertz and para-
graph 12.35.2 for 50 hertz.

5. It has a slip at rated load of less than 5 percent.

NETWORKED GUESTROOM CONTROL SYSTEM. A control system, with access from the front desk or other central
location associated with a Group R-1 building, that is capable of identifying the rented and unrented status of each guestroom

according to a timed schedule, and is capable of controlling HVAC in each hotel and motel guestroom separately.

NONSTANDARD PART LOAD VALUE (NPLYV). A single-number part-load efficiency figure of merit calculated and refer-
enced 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.

aﬁdsha}kﬁ%b%d%%ered%&ﬂ&%pfejeekthmugh—&wﬁhty—seme%Energv from renewable energy resources harvested at the

building project site.
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.

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.

READY ACCESS (TO). That which enables a device, appliance or equipment to be directly reached without requiring the
removal or movement of any panel or similar obstruction.

REFRIGERANT DEW POINT. The refrigerant vapor saturation temperature at a specified pressure.

REFRIGERATED WAREHOUSE COOLER. An enclosed storage space capable of being refrigerated to temperatures above
32°F (0°C) that can be walked into and has a total chilled storage area of not less than 3,000 square feet (279 m?).
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REFRIGERATED WAREHOUSE FREEZER. An enclosed storage space capable of being refrigerated to temperatures at or
below 32°F (0°C) that can be walked into and has a total chilled storage area of not less than 3,000 square feet (279 m?).

REFRIGERATION SYSTEM, LOW TEMPERATURE. Systems for maintaining food product in a frozen state in refrigera-
tion applications.

REFRIGERATION SYSTEM, MEDIUM TEMPERATURE. Systems for maintaining food product above freezing in refrig-
eration applications.

REGISTERED DESIGN PROFESSIONAL. An-individual-whe—is—registered—orlicensed—to—practice—their—respective-

which-the i5-t6 onstructed—Design-by-a-registercd-desien—professional-is—not-required-where-exemptunderthe
registration-or licensure-laws:-An individual who is registered or licensed to practice their respective design profession as de-
fined by the statutory requirements of the professional registration laws of the state or jurisdiction in which the project is to be
constructed.

RENEWABLE ENERGY RESOURCES. Energy derived from solar radiation, wind, waves, tides, landfill gas, biogas, biomass
or extracted from hot fluid or steam heated within the earth.

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 dwell-
ings (townhouses) as-weH-asand 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 REPLACEMENT. 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 the two surfaces, under steady state conditions, per unit
area (h x ft2 x °F/Btu) [(m? x K)/W].

SATURATED CONDENSING TEMPERATURE. The saturation temperature corresponding to the measured refrigerant pres-
sure at the condenser inlet for single component and azeotropic refrigerants, and the arithmetic average of the dew point and

bubble point temperatures corresponding to the refrigerant pressure at the condenser entrance for zeotropic refrigerants.

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

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



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
whiehthat 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. Anenresidential system-of-doors-and—-window

er-ora : gofthe samestory-on pe : rgs—with-or-without-mulled-windews-and-deers-A
system of doors and windows mulled as a composite 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.

TESTING UNIT ENCLOSURE AREA. The area sum of all the boundary surfaces that define the dwelling unit, sleeping unit
or occupiable conditioned space including top/ceiling, bottom/floor and all side walls. This does not include interior partition
walls within the dwelling unit, sleeping unit, or occupiable conditioned space. Wall height shall be measured from the finished
floor of the conditioned space to the finished floor or roof/ceiling air barrier above.

THERMAL DISTRIBUTION EFFICIENCY (TDE). The resistance to changes in air heat as air is conveyed through a distance
of air duct. TDE is a heat loss calculation evaluating the difference in the heat of the air between the air duct inlet and outlet
caused by differences in temperatures between the air in the duct and the duct material. TDE is expressed as a percent difference
between the inlet and outlet heat in the duct.

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

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 unit temperature difference between the warm side and cold
side air films (Btu/h x ft2 x °F) [W/(m? x K)].

N OND ODNED D A [L__A
5 g

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.

VEGETATIVE ROOF. An assembly of interacting components designed to waterproof a building’s top surface that includes,
by design, vegetation and related landscape elements.

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

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.

VISIBLE TRANSMITTANCE, ANNUAL (VTannua). The ratio of visible light entering the space through the fenestration

product assembly to the incident visible light during the course of a year, which includes the effects of glazing material, frame,
and light well or tubular conduit, and is expressed as a number between 0 and 1.
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VOLTAGE DROP. A decrease in voltage caused by losses in the wiring systems that connect the power source to the load.

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 m?).

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

WALL, ABOVE-GRADE. A-wa

the-exterior-of the butlding-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. This includes, but is not limited to, between-floor spandrels, peripheral edges of floors, roof knee walls, dormer
walls, gable end walls, walls enclosing a mansard roof and skylight shafts.

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 #for determining the applicable requirements
from Chapter 4. Locations not indicated in Table C301.1 shall be assigned a climate zone in accordance with Section C301.3.

C301.2 Warm Humid counties. In Table C301.1, Warm Humid counties are identified #+Fable-€364+ by an asterisk.

301
NORTH CAROLINA CLIMATE ZO| REGIMES. AND WARM-HUMID
D ATIONS BY CO
/ ——
Key: A - Moist.

Asterisk (*) indicates a warm-humid location.

US STATES

NORJH 4A Chatham 3A Greene 5A Mitchell 3A _S#fpson
CARODPRYA 4A Cherokee 4A Guilford 3A Montgomery A Scotland
4A Alamance 3A Chowan 4A Halifax 3A Moore 3A Stanly
4A Alexander 4A Clay 4A Harnett 4A Nash 4A Stokes
SA Alleghany 4AThgland 4A Haywood 3A Np#@ Hanover* 4A Surry
3A Anson 3A Columbu 4A Henderson 24 Northampton 4A Swain
SA Ashe 3A Craven 4A Hertford 3A Onslow* 4A Transylvania
5A Avery 3A Cumberland 3A Hoke 4A Orange 3A Tyrrell
3A Beaufort 3 A Currituck M Hydg 3A Pamlico 3A Union
4A Bertie 3A Dare 4A PS¢l 3A Pasquotank 4A Vance
3A Bladen 3A Davidson FA Jackso 3A Pender* 4A Wake
3A Brunswick® 4A Davie 3A Johnston 3A Perquimans 4A Warren
4A Buncombe 3A Dupli 3A Jones dA Person 3A Washington
4A Burke 4APUrham 4A Lee 3ANRItt 5A Watauga
3A Cabarrus 3A Edgecombe 3A Lenoir 4A Po 3A Wayne
4A Caldwe 4A Forsyth 4A Lincoln 3A Rando¥s 4A Wilkes
3A Caaflden 4A Franklin 4A Macon 3A Richmond 3A Wilson
34 Carteret* 3A Gaston 4A Madison 3A Robeson 4A Yadkin
1A Caswell 4A Gates 3A Martin 4A Rockingham SA Yameey,
4A Catawba 4A Graham 4A McDowell 3A Rowan

4A Granville 3A Mecklenburg 4A Rutherford
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> Moist (A)

N7

All of Alaska in Zone 7

except for the following

Baroughs in Zone 8:

Bethel Nort Arctic
Dellingham Sgefhieast Fairbanks
Fairbanks M. Star ade Hampton
MNome Yukon-Koyukuk
Nerth Slope

5~
g S
Warm-Humid
Below White Line
Zone 1 includes
Hawaii, Guam,
uerta Rico, - 1
and the Virgin Islands
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TABLE C301.1

NORTH CAROLINA CLIMATE ZONES, MOISTURE REGIMES, AND WARM-HUMID DESIGNATIONS BY COUNTY

a. Ke

: A — Moist, B — Dry, C — Marine. Absence of moisture designation indicates moisture regime is irrelevant. Asterisk (*) indicates a Warm Humid location.

NORTH CAROLINA

3A Alamance

3A Alexander

5A Alleghany

3A Anson

5A Ashe

5A Avery

3A Beaufort

3A Bertie

3A Bladen

3A Brunswick*

4A Buncombe

4A Burke

3A Cabarrus

4A Caldwell

3A Camden

3A Carteret*

3A Caswell

3A Catawba

3A Chatham

3A Cherokee

3A Chowan

3A Clay

3A Cleveland

3A Columbus*

3A Craven

3A Cumberland

3A Currituck

3A Dare

3A Davidson

3A Davie
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3A Duplin

3A Durham

3A Edgecombe

3A Forsyth

3A Franklin

3A Gaston

3A Gates

4A Graham

3A Granville

3A Greene

3A Guilford

3A Halifax

US-STATES—continued

NORTH-CAROLINA (contined)

3A Harnett

4A Haywood

4A Henderson

3A Hertford

3A Hoke

3A Hyde

3A Iredell

4A Jackson

3A Johnston

3A Jones

3A Lee

3A Lenoir

3A Lincoln

4A Macon

4A Madison

3A Martin

4A McDowell

3A Mecklenburg

4A Mitchell

3A Montgomery

3A Moore
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3A Nash

3A New Hanover*

3A Northampton

3A Onslow*

3A Orange

3A Pamlico

3A Pasquotank

3A Pender*

3A Perquimans

3A Person

3A Pitt

3A Polk

3A Randolph

3A Richmond

3A Robeson

3A Rockingham

3A Rowan

3A Rutherford

3A Sampson

3A Scotland

3A Stanly

4A Stokes

4A Surry

4A Swain

4A Transylvania

3A Tyrrell

3A Union

3A Vance

3A Wake

3A Warren

3A Washington

5A Watauga

3A Wayne

4A Wilkes
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3A Wilson

4A Yadkin

SA Yancey

C301.3 International-climate zones:Climate zone definitions. Deleted—Note: Table-C3013(1)-and Table-C3013(2)-containneo
NCrequirements-but-are-retained-for-information-enly-To determine the climate zones for locations not listed in this code, use

the following information to determine climate zone numbers and letters in accordance with Items 1 through 5.

1. Determine the thermal climate zone, 0 through 8, from Table C301.3 using the heating (HDD) and cooling degree-days
(CDD) for the location.

2. Determine the moisture zone (Marine, Dry or Humid) in accordance with Items 2.1 through 2.3.

2.1. If monthly average temperature and precipitation data are available, use the Marine, Dry and Humid definitions to
determine the moisture zone (C, B or A).

2.2. If annual average temperature information (including degree-days) and annual precipitation (i.e., annual mean) are
available, use Items 2.2.1 through 2.2.3 to determine the moisture zone. If the moisture zone is not Marine, then use
the Dry definition to determine whether Dry or Humid.

2.2.1.  If thermal climate zone is 3 and CDD50°F < 4,500 (CDD10°C < 2500), climate zone is Marine (3C).
2.2.2. If thermal climate zone is 4 and CDD50°F < 2,700 (CDD10°C < 1500), climate zone is Marine (4C).
2.2.3.  If thermal climate zone is 5 and CDD50°F < 1,800 (CDD10°C < 1000), climate zone is Marine (5C).

2.3. If only degree-day information is available, use Items 2.3.1 through 2.3.3 to determine the moisture zone. If the
moisture zone is not Marine, then it is not possible to assign Humid or Dry moisture zone for this location.

2.3.1.  If thermal climate zone is 3 and CDD50°F < 4,500 (CDD10°C < 2500), climate zone is Marine (3C).
2.3.2. If thermal climate zone is 4 and CDD50°F < 2,700 (CDD10°C < 1500), climate zone is Marine (4C).
2.3.3.  If thermal climate zone is 5 and CDD50°F < 1,800 (CDD10°C < 1000), climate zone is Marine (5C).

3. Marine (C) Zone definition: Locations meeting all the criteria in Items 3.1 through 3.4.
3.1. Mean temperature of coldest month between 27°F (-3°C) and 65°F (18°C).

3.2. Warmest month mean < 72°F (22°C).

3.3. Not fewer than four months with mean temperatures over 50°F (10°C).

3.4. 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.

4. Dry (B) definition: Locations meeting the criteria in Items 4.1 through 4.4.
4.1. Not Marine (C).

4.2. If 70 percent or more of the precipitation, P, occurs during the high sun period, defined as April through September
in the Northern Hemisphere and October through March in the Southern Hemisphere, then the dry/humid threshold
is in accordance with Equation 3-1.

P<044 x(T-7)
[P <20.0 X (T+ 14) in SI units]
(Equation 3-1)

where:
P = Annual precipitation, inches (mm).
T = Annual mean temperature, °F (°C).

4.3. If between 30 and 70 percent of the precipitation, P, occurs during the high sun period, defined as April through
September in the Northern Hemisphere and October through March in the Southern Hemisphere, then the dry/humid
threshold is in accordance with Equation 3-2.




P <0.44 x(T'—19.5)
[P<20.0 x (T+7) in SI units]
(Equation 3-2)

where:
P = Annual precipitation, inches (mm).
T = Annual mean temperature, °F (°C).

4.4. If 30 percent or less of the precipitation, P, occurs during the high sun period, defined as April through September

in the Northern Hemisphere and October through March in the Southern Hemisphere, then the dry/humid threshold
is in accordance with Equation 3-3.

P<0.44 x(T-32)
[P <20.0 x T'in SI units]

(Equation 3-3)

where:
P = Annual precipitation, inches (mm).
T = Annual mean temperature, °F (°C).

5. Humid (A) definition: Locations that are not Marine (C) or Dry (B).

T B PSS ST S Gl TR SN R E N O NS
N

B
\ MAJOR CLIMATE TYPE DEFINITIONS /
Marine (C) ition—Locations meeting all four criteria:
1. Mean tej ture of coldest month between -3°C (27°F) and 18°C (65°F).
2. Warmest month < 22°C (72°F)
3. Al least four months with lemperatures over 10°C (50°F).
4. Dry season in summer. The mon W [he heaviest precipitation in the cold season has at lea
precipitation in the rest of the year. The cold on is October through March in the North

ee times as much precipitation as the month with the least
emisphere and April through September in the Southern Hemisphere.

Dry (B} Definition—Locations meeting the following criteria:

Not marine and Pip < 0.44 x (TF-19.5) [Pem < 2.0 x (TG + 7) in Sl uni
where:

Pin = Annual precipitation in inches (cm)

T = Annual mean temperature in °F (°C)

Moist (A) Definition—Locations that are not marine My’. \

Warm-humid Definition—Muoist {A) locati € either of the following wet-bulb temperature conditions shall occur during the warm
1. 67°F (19.4°C) or high 3,000 or more hours; or

2. 735 "o L) or higher for 1,500 or more hours.

onsecutive months of the year

Wﬁ-szm.a 1inch = 2.54 cm. \
d N
e == B e T B A e = = s L s = e T = aT= = b
N ~
ZONE THERMAL CRITERIA —
N

IP Units siunits
1 o —~—— 3000 < CDD50°F 5000 < CoaeeT
2 6300 < CDDS0'T < S00N 3599 COD10°C <5000

3JAand 3B 4500 = CDDS0°F = 6300 AND HDD65‘FR?GG\ 25DMO°C <3500 AND HDD18°C = 3000
4Aand 4B CDD30°F = 4500 AND HDD&E5°F = 5400 \ ﬁDDﬂ):Cs 2500 AND HDD18°C = 3000

3c HDDE5F < 3600 N HDD18°C <2000
ac 3600 < HDDB5°F < 5400 />/\ 2000 < HDD18°C < 3000
5400 < HDDGS°F < 72007 N300 < HDD18°C < 4000
7200,#ATIDEST < 5000 4000 < HODT™S<G000
7700 < HDDG5°F < 12600 5000 <HDD1B'C <7000 N_
=" 12600 < HDDGG'F 7000 < HDD18"C N—

For WS_/ \

~— N

|~ ||
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TABLE C301.3
THERMAL CLIMATE ZONE DEFINITIONS

ZONE THERMAL CRITERIA
NUMBER IP_Units Sl Units
0 10,800 < CDDS50°F 6000 < CDD10°C
1 9.000 < CDDS50°F < 10,800 5000 < CDD10°C < 6000
2 6.300 < CDD50°F < 9,000 | 3500 < CDD10°C < 5000
3 CDD50°F < 6,300 AND | CDD10°C <3500 AND
= HDD65°F < 3,600 HDD18°C <2000
4 CDDS50°F < 6,300 AND | CDD10°C <3500 AND
- 3.600 < HDD65°F < 5.400 | 2000 < HDD18°C < 3000
5 CDDS50°F < 6,300 AND | CDDI10°C <3500 AND
= 5.400 < HDD65°F < 7,200 | 3000 < HDD18°C < 4000
6 7,200 < HDD65°F <9.000 | 4000 < HDD18°C < 5000
9.000 < HDD65°F < °
7 12.600 5000 <HDD18°C < 7000
8 12,600 < HDD65°F 7000 < HDD18°C
For SI: °C = [(°F) — 32]/1.8.
C301.4 Tropical climate region. Deleted.

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 EQUIPMENT

C303.1 Identification. Materials, systems and equipment shall be identified in a manner that will allow a determination of com-
pliance 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. Adternately;Alternatively,
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 blewnblown-in or sprayed instlation—(fiberglass—and-cellulose);
fiberglass and cellulose insulation, the initial installed thickness, settled thickness, settled R-value, installed density,
coverage area and number of bags installed shall be indicated on the certification. For sprayed polyurethane foam (SPF)
insulation, the installed thickness of the areas covered and R-value of installed thickness shall be indicated on the certi-
fication. For insulated siding, the R-value shall be labeled on the product’s package and shall be indicated on the certi-
fication. The insulation installer shall sign, date and post the certification in a conspicuous location on the job site.

Exception: For roof insulation installed above the deck, the R-value shall be labeled as required by the material standards
specified in Table 1508.2 of the International Building Code.




C303.1.1.1 BlewnBlown-in or sprayed roof/ceiling insulation. The thickness of blown-in or sprayed fiberglass and cel-
lulose roof/ceiling insulation (fiberglass—and-eeHulose) shall be written in inches (mm) on markers that-are-installed-at
least-oneand one or more of such markers shall be installed for every 300 square feet (28 m?) of attic area 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 indicated on certification provided by the insulation installer.

>

C303. 1 2 Insulatlon mark 1nstallat10n
-Insulating materials shall be installed such that the manufacturer’s R-value

mark is readily observable upon inspection. For insulation materials that are installed without an observable manufac-
turer’s R-value mark, such as blown or draped products, an insulation certificate complying with Section C303.1.1 shall

be left immediately after installation by the installer, in a conspicuous location within the building, to certify the installed

R-value of the insulation material.
C303 1.3 Fenestratlon product ratmg &

U-factors of fenestration products shall be determined as follows:

1. For windows, doors and skylights, U-factor ratings shall be determined in accordance with NFRC 100.

2.  Where required for garage doors and rolling doors, U-factor ratings shall be determined in accordance with either
NFRC 100 or ANSI/DASMA 105.

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 C303.1.3(1) or Table C303.1.3(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 C303.1.3(3).
TABLE csoa.M
DEFAULT D FENESTR *FACTORS

FR "sﬂg DOUBLE SKYLIGHT
PANE \QE Single | Double

el 120 | 0.80°T~Q0 | 130
Metal with Thermal Break 1.10 0.65 1.90 \\I 10
Nonmetal or Metal Clad 0.95 0.55 1.75 \OS

N\

Glazed Block p.me

TABLE C303.1.3(1)

DEFAULT GLAZED WINDOW, GLASS DOOR
AND SKYLIGHT U-FACTORS

aoosse | souss

ERAME TYPE e ——
Single Double Single Double
Metal 1.20 0.80 2.00 1.30
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Metal with Thermal 1.10 0.65 1.90 1.10
Break — — —
Nonmetal or Metal 0.95 0.55 175 1.05
Clad —
Glazed Block 0.60
ABLE €303.1.3(2)
DEFAU LT DOOR
U-FAC
DOOR TY U-FACTOR
Uninsulated MelV 1.20
Insulated Me 0.60

WAood / \» 50

Ingfated, nonmetal edge, max 45% glazing, 03
! 2 2 2 R
ghy glazing double pane

TABLE C303.1.3(2)
DEFAULT OPAQUE DOOR U-FACTORS

DOOR TYPE OPAQUE U-FACTOR
Uninsulated Metal 1.20
Insulated Metal (Rolling) 0.90
Insulated Metal (Other) 0.60
Wood 0.50
Insulated, nonmetal edge, max 45% glazing, 0.35

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 US Federal Trade Commission R-value rule (CFR Title 16, Part 460) in units of h x ft> x °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, crawl space
walls and the perimeter of slab-on-grade floors shall have ana rigid, opaque and weather-resistant protective covering to pre-
vent the degradation of the insulation’s thermal performance. The protective covering shall cover the exposed exterior insula-
tion and extend not less than 6 inches (153 mm) below grade.



C303.2.2 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.

20182024 NORTH CAROLINA ENERGY CONSERVATION CODE®
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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. Ceommereial-buildings—shall-complywith-one-of the folowing:

*
Commercial buildings shall comply with Section C401.2.1 or C401.2.2.

C401.2.1 International Energy Conservation Code. Commercial buildings shall comply with one of the following:

1. Prescriptive Compliance. The Prescriptive Compliance option requires compliance with Sections

C402 through C406 and Section C408. Dwelling units and sleeping units in Group R-2 buildings

without systems serving multiple units shall be deemed to be in compliance with this chapter, provided
that they comply with Section R406.

2. Total Building Performance. The Total Building Performance option requires compliance with Sec-
tion C407.

Exception: Additions, alterations, repairs and changes of occupancy to existing buildings complying with Chapter 5.

C401.2.2 ASHRAE 90.1. Commercial buildings shall comply with the requirements of ANSI/ASHRAE/IESNA 90.1-and ap-
proved addenda. The use of Comcheck Web for code version 90.1-2019 standard and the appropriate location shall be permit-
ted to demonstrate compliance.

C401.3 Thermal envelope certificate. A permanent thermal envelope certificate shall be completed by an approved party.

Such certificate shall be posted on a wall in the space where the space conditioning equipment is located, a utility room or other
approved location. If located on an electrical panel, the certificate shall not cover or obstruct the visibility of the circuit direc-
tory label, service disconnect label or other required labels. A copy of the certificate shall also be included in the construction
files for the project. The certificate shall include the following:

1. R-values of insulation installed in or on ceilings, roofs, walls, foundations and slabs, basement walls, crawl space walls
and floors and ducts outside conditioned spaces.

2. U-factors and solar heat gain coefficients (SHGC) of fenestrations.

3. Results from any building envelope air leakage testing performed on the building.

Where there is more than one value for any component of the building envelope, the certificate shall indicate the area-weighted
average value where available. If the area-weighted average is not available, the certificate shall list each value that applies to 10
percent or more of the total component area.

SECTION C402
BUILDING ENVELOPE REQUIREMENTS

C402.1 General (Preseriptive). 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 21 of Section €464+-2C401.2.1 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 Seetion-C404-21tem1-orSeetion-C4042Ttem3-Item 2 of Section
C401.2.1 or Section C401.2.2.

Walk-in coolers, walk-in freezers, refrigerated warehouse coolers and refrigerated warehouse freezers shall comply with Sec-
tion C403.11.

C402.1.1 Lew-energy—buildings:Low-energy buildings, greenhouses, and equipment buildings. The following lew-
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.

1. Those with a peak design rate of energy usage less than 3.4 Btu/h x ft? (10.7 W/m?) 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:

C402.1.1.1 Greenhouses. Greenhouse structures or areas that are mechanically heated or cooled and that comply with all
of the following shall be exempt from the building envelope requirements of this code:

1. Exterior opaque envelope assemblies comply with Sections C402.2 and C402.4.5.

Exception: Low energy greenhouses that comply with Section C402.1.1.

2. Interior partition building thermal envelope assemblies that separate the greenhouse from conditioned space comply
with Sections C402.2, C402.4.3 and C402.4.5.

3. Fenestration assemblies that comply with the thermal envelope requirements in Table C402.1.1.1. The U-factor for
a roof shall be for the roof assembly or a roof that includes the assembly and an internal curtain system.

Exception: Unconditioned greenhouses.

TABLE C402.1.1.1

FENESTRATION THERMAL ENVELOPE
MAXIMUM REQUIREMENTS

COMPONENT U-FACTOR (BTU/h x ft? x °F)
Skylight 0.5
Vertical fenestration 0.7

C402.1.1.2 Equipment buildings. Buildings that comply with the following shall be exempt from the building thermal enve-
lope provisions of this code:

1. Are separate buildings with floor area not more than 1,200 square feet (110 m?).

2.  Are intended to house electric equipment with installed equipment power totaling not less than 7 watts per square foot
(75 W/m?) and not intended for human occupancy.

3. Have a heating system capacity not greater than (17,000 Btu/hr) (5 kW) and a heating thermostat setpoint that is F
restricted to not more than 50°F (10°C).

4. Have an average wall and roof U-factor less than 0.200 in Climate Zones 3 through 5.

5. Comply with the roof solar reflectance and thermal emittance provisions for Climate Zone 3.
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C402.1.2 Rooms containing fuel-burning appliances. In Climate Zones 3 through 5. where combustion air is supplied

through openings in an exterior wall to a room or space containing a space-conditioning fuel-burning appliance, one of the fol-
lowing shall apply:

1. The room or space containing the appliance shall be located outside of the building thermal envelope.
2. The room or space containing the appliance shall be enclosed and isolated from conditioned spaces inside the
building thermal envelope. Such rooms shall comply with all of the following:

2.1 The walls, floors and ceilings that separate the enclosed room or space from conditioned spaces shall be insu-
lated to be not less than equivalent to the insulation requirement of below-grade walls as specified in Table

C402.1.3 or Table C402.1.4.

2.2 The walls, floors and ceilings that separate the enclosed room or space from conditioned spaces shall be
sealed in accordance with Section C402.5.1.2.

2.3 The doors into the enclosed room or space shall be fully gasketed.

2.4 Piping serving as part of a heating or cooling system and ducts in the enclosed room or space shall be insu-
lated in accordance with Section C403. Service water piping shall be insulated in accordance with Section
€404.

2.5 Where an air duct supplying combustion air to the enclosed room or space passes through conditioned space,
the duct shall be insulated to an R-value of not less than R-8.

Exception: Fireplaces and stoves complying with Sections 901 through 905 of the International Mechanical Code, and
Section 2111.14 of the International Building Code.

C402.1.3 Insulation component R-value-based method. Building thermal envelope opaque assemblies shall comply with
the requirements of Sections C402.2 and C402.4 based on the climate zone specified in Chapter 3. For opaque portions of the

buzldmg thermal envelope 1ntended to comply onan insulation component R-value basis, %h%R—valaesier—msu-laﬂeﬂ—m—ffa%ng

baseel—en—the—ehm&te—zeﬂe—speekﬁed—n%apter%—the R values for cav1ty 1nsulat1on and continuous 1nsulat10n shall be not less

than that specified in Table C402.1.3. Where cavity insulation is installed in multiple layers, the cavity insulation R-values
shall be summed to determine compliance with the cavity insulation R-value requirements. Where continuous insulation is

installed in multiple layers, the continuous insulation R-values shall be summed to determine compliance with the continuous

insulation R-value requirements. Cavity insulation R-values shall not be used to determine compliance with the continuous
insulation R-value requirements in Table C402.1.3. 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 bu1ld1ngs enclosmg occupanc1es other than Group R shall use the R- Values from the “All other” column of
TableC40213 he : : calue hein & 1 . e Atin hin a-the be




. SR 3 3 3 B =19 + R- H £3:5 H =19 + R- H R_LtLR—_LLLE.
Ml buildings® B-10+R-19FC | B-10+B-I9FC | " ns  Rg1s 25+RELS | R25+RBLS | R25+RBLS
P
Atic and other — wood framing® W, R-38 R-38 R42 S R-42 R-42 R-42
Attic and other — steel framing® \ R-38 R-38 R—lr R-49 R-49 R-49
Mass R-T R-9.5ci ¥5‘.5L‘i R-11.4ci R-11.4ci R-15ci
Ej \[.ﬂh ']d'n(,L ]:'!l H'! & | _13¢ci E_Eﬁ E' = &.' Is ﬂ ]:_ E!;\' Is_n ]:_ 5!5\'1 E'!l ]:_ 5!5\'1
Metal framed B-13 + P-7 3ci ‘\R—l.? + R-7.5¢ci i3 + R-7.5ci R-13 + R-7.5¢i R-13 + R-7.5ci B-13 + R-10ci
Wood framed and othe R-13 + R-3 &ci 3+ R-3800 -13 + R-3.8ci R-13 + R-3.8ci R-13 + R-3 & R-13 + R-7.5¢i
or R-20 R-20 or R-20 or B-20 or B-20 or B-20 + R-3.8¢ci
\Wallg, b!cw grade
Below-grade wall* R7sci | RIN fl  RIsd | R-10ci R-T.5ci R-10ci
!].’-- _172 5S¢ _17 5S¢ E- ]ﬁr' E' ﬁ EE\' E' ]ﬁi‘l E' ﬁ 25\'
Joist/Framing At R3¢ J N, R38 R-38 R-3% R-38
Unheated slabs NR -10 for 4" - for 247 B-15 for 247 B-15 for 247 R-20 for 24"
Heated slabs B-15 for 24" R-15 I':!}i" R-20 I'mi"' R-20 for 487 R-20 for 48" R-20 for 48"
/ Opague doors
Swinging U-0.70 #oso0 1015 10,5 1.0.5 1.0.5
Nonswinging U-0.50 J/ U050 U-0.50 N-0.50 U-0.50 U-0.50
For S1: 1 inch = 25.4 mm.
1 = Coptinuous insulation = v = 1 gffer svstem, NR = No SMen
= Liner system-—Liner svstems shall b mingum B-3 thermal sp b b o the ns and the me (Meganels as required. unless compliance
15 & y y o) 455

FC = Filled cavity—Filled cavity assemblies
compliance is shown by the overall asse
2. When using R-value compliance mg

b. Assembly descriptions can be
. For monolithic slabs, i y he bottom of the
ndation w 2
-d-‘ » 3 1' ARAN .
. R-30 shall b Il top plate at the
zaves, Sugfiary oM extends over the
U il o B 1€ CAVES
L. Assembly descriptions can be found in ANSVASHRAEMESNA Appendix A.
TABLE C402.1.3
OPAQUE THERMAL ENVELOPE INSULATION COMPONENT MINIMUM REQUIREMENTS, R-VALUE METHOD?
3 4 5
CLIMATE ZONE
All other | Group R | All other | Group R | All other | Group R
Roofs
Insulation entirely . . . . . .
R-25ci | R-25¢i | R-30ci | R-30ci | R-30ci | R-30ci
above roof deck
Metal buildines® R-19+ | R-19+ | R-19+ | R-19+ | R-19+ | R-19 +
Metal buildings-
R-11LS|R-11LS|{R-11 LS|R-11 LS|R-11 LS|R-11LS
Attic and other R-38 R-38 R-49 R-49 R-49 R-49
Walls, above grade
Mass’ R-7.6¢i | R-9.5¢i | R-9.5¢i [R-11.4¢ci|R-11.4ci| R-15ci
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R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13 +

i i g . . . . . .

Metal buildin R-6.5ci| R-13ci | R-13ci | R-14ci | R-14ci | R-14ci

Metal framed R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13 +

- R-7.5ci | R-7.5¢i | R-7.5¢i | R-7.5¢i | R-10ci | R-10ci

R-13 +

Wood framed and R-13+ | R-13+ | R-I3+ | R-I3 + % R7.5ci

other R-3.8ci | R-3.8ci | R-3.8ci | R-3.8ci m or R-20
- or R-20 [ orR-20 | or R-20 | or R-20 | ~55 5 .| *+R-
+R3.8ci 3—80i

Walls, below grade

Below-grade R-7.5¢i | R-7.5¢i | R-7.5¢i | R-10ci | R-7.5¢i | R-10ci

wall!

Floors
Mass® R-12.5¢i [R-12.5¢i | R-14.6¢i | R-16.7¢i | R-14.6¢i | R-16.7ci
Joist/framing R-30° | R-30¢ R-38 R-38 R-38 R-38

Slab-on-grade floors

R-10 for |R-15 for | R-15 for|R-15 for | R-20 for
Unheated slabs NR 24" 24" 24" 24" 24"

below | below | below | below | below

R-10 for [ R-10 for | R-15 for |R-15 for | R-15 for|R-15 for
24" | 24" | 24" | 24" | 36" | 36"
Heated slabs® below+ | below+ | below+ | below+ | below+ | below+
R-5 full | R-5 full | R-5 full | R-5 full | R-5 full | R-5 full
slab slab slab slab slab slab

For SI: 1 inch = 25.4 mm, 1 pound per square foot = 4.88 kg/m?, 1 pound per cubic foot = 16 kg/m°.

ci = Continuous Insulation, NR = No Requirement, LS = Liner System.

a. Assembly descriptions can be found in ANSI/ASHRAE/IESNA 90.1 Appendix A.

b. Where using R-value compliance method, a thermal spacer block shall be provided, otherwise use the U-factor compliance method in Table C402.1.4.
c. Steel floor joist systems shall be insulated to R-38.

d. Where heated slabs are below grade, below-grade walls shall comply with the exterior insulation requirements for heated slabs.

e. “Mass floors” shall be in accordance with Section C402.2.3.

f. “Mass walls” shall be in accordance with Section C402.2.2.

g. The first value is for perimeter insulation and the second value is for full, under-slab insulation. Perimeter insulation is not required to extend below the bottom
of the slab.

EDS&g | DESCRIPTION rd

d cavity fiberglass insulation. n(—/-'
i £d R-value of insulation represents faced or unfaced insulation installed between the purins. The secon ed R-value of insulation represents

R-10 + R-19
EC
R1g+R1 Lg| Atoninuous membrane s installed below e purlins and un g_members. Uncompressed, unfaced insulations rests on top of the
R.95 + R-5 LS membrane between the purlins. For multilay: insulation is for unfaced insulation draped over purlins and then

compressed when the metal roof panels are attac

Walls / \

spacer etween the purlins and the metal roof panels is required unless

R-0 + R-9 8ci
R-0 + R-13ci ] d R-value of insulation is for insulation compressed between metal wall panels and the steel structure. For asse!
R-0 + R e continuous insulation is installed on the inside or the outside of the girts, uncompressed and uninterrupted by framing members.

-0+ R-19ci

C402.1.4 Assembly U-factor, C-factor or F-factor-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. 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 commer-
cial 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. Fhe actor-for-the-below-grade-exteriorwalls-of the buildine-envelopeasrequiredin-accordance—with-Table

VA

TABLE C402.1.4
OPAQUE THERMAL ENVELOPE ASSEMBLY MAXIMUM REQUIREMENTS. U-FACTOR METHOD**

3 4 5
CLIMATE ZO = - 5
All other | Group R All other Group R Alloer | Group R

Roofs
Insulation entirely above deck \\\ U-0.039 U-0.039 U-0.032 U-0.032 / U-0.032 U-0.032
Metal buildings N 0.041 U-0.041 U-0.037 U—U.037/ U-0.037 U-0.037
Attic and other — wood framing U—D.Iﬂ U-0.027 U-0.024 U-0974 U-0.024 U-0.024
Attic and other — steel framing U-0.035 U-0.035 U-0.029 /0.029 U-0.029 U-0.029
Walls. above grade /
Mass U-0.123 M!.l()d U-0.104" U-0.090 U-0.090 U-0.071
Metal building U-0.094 U-0.0 20,060 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 other U-0.064 U-0.064 / “NU-0.064 U-0.064 U-0.064 U-0.051
yﬂlls below grak
Below-grade wall* co1o | coflo | coly [ coo | cou C-0.092
VAR N
Mass U-0.064 -0.064 U-0.057 \\ U-0.051 U-0.057 U-0.051
Joist/framing — wood U-0.033 U-0.033 U-0.026 \\Lk(}.OZb U-0.026 U-0.026
Joist/framing — steel U-0.032 / U-0.032 U-0.032 UTN.Q U-0.032 U-0.032
Slab-on-grade floors
Unheated slabs F-0 2404 F-0.540 F-0.520 F-0.520 F-0.520 F-0.510
Heated slabs® /F(O 860 F-0.860 F-0.843 F-0.688 Fi& 3 F-0.688

C-factors. and F-factors from ANSI/ASHRAE/IESNA 90.1 Appendix A shall be permitted. prdyided the construction.

1 walls, complies with the appropriate construction details from ANSI/ASHRAE/ISNEA 90.1 AppendiNA.

b. Opaque assembly s based on designs tested in accordance with ASTM C1363 shall be permitted. The R-value of continuous\ ulation shall be
permitted to be a to or subtracted from the original tested design.

c. Where hea[ed/ﬁ)s 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.

TABLE C402.1.4
OPAQUE THERMAL ENVELOPE ASSEMBLY MAXIMUM REQUIREMENTS, U-FACTOR METHOD®®

3 4 5 6 7 8

CLIMATE ZONE

All other | Group R | All other | Group R | All other | Group R
Roofs

. ]
Insulation _entirely U-0.039 | U-0.039 | U-0.032 | U-0.032 | U-0.032 | U-0.032

above roof deck
Metal buildings U-0.035 | U-0.035 | U-0.035 | U-0.035 | U-0.035 | U-0.035
Attic and other U-0.027 | U-0.027 | U-0.021 | U-0.021 | U-0.021 | U-0.021

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-0.079 [ U-0.052 | U-0.052 | U-0.050 | U-0.050 | U-0.050
Metal framed U-0.064 [ U-0.064 | U-0.064 | U-0.064 | U-0.055 | U-0.055
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Wood framed and

other® U-0.064 | U-0.064 | U-0.064 | U-0.064 | U-0.051 | U-0.051
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-0.032 | U-0.032 | U-0.026 | U-0.026 | U-0.026 | U-0.026
Slab-on-grade floors

Unheated slabs F-0.73° | F-0.54 | F-0.52 | F-0.52 | F-0.52 | F-0.51

Heated slabs' F-0.66 | F-0.66 | F-0.62 | F-0.62 | F-0.62 | F-0.62

Opaque doors

Nonswinging door U-0.31 | U-0.31 | U-0.31 | U-0.31 | U-0.31 | U-0.31

Swinging door" U-0.37 | U-0.37 | U-0.37 | U-0.37 | U-0.37 | U-0.37

Garage door = 14% U-0.31 | U-031 | U-031 | U-0.31 | U-0.31 | U-031

glazing'

For SI: 1 pound per square foot = 4.88 kg/m?, 1 pound per cubic foot = 16 kg/m®.

ci = Continuous Insulation, NR = No Requirement, LS = Liner System.

a. Where assembly U-factors, C-factors and F-factors are established in ANSI/ASHRAE/IESNA 90.1 Appendix A, such opaque assemblies shall be a compliance

alternative where those values meet the criteria of this table, and provided that the construction, excluding the cladding system on walls, complies with the

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

=

. Where U-factors have been established by testing in accordance with ASTM C1363, such opaque assemblies shall be a compliance alternative where those

values meet the criteria of this table. The R-value of continuous insulation shall be permitted to be added to or subtracted from the original tested design.

. Where heated slabs are below grade, below-grade walls shall comply with the U-factor requirements for above-grade mass walls.

. “Mass floors” shall be in accordance with Section C402.2.3.

._The first value is for perimeter insulation and the second value is for full, under-slab insulation.

c
d
e. Not used.
f
g

. “Mass walls” shall be in accordance with Section C402.2.2.

h. Swinging door U-factors shall be determined in accordance with NFRC-100.

i. Garage doors having a single row of fenestration shall have an assembly U-factor less than or equal to 0.44 in Climate Zones 0 through 6 and less than or
equal to 0.36 in Climate Zones 7 and 8, provided that the fenestration area is not less than 14 percent and not more than 25 percent of the total door area.

C402.1.4.1 Roof/ceiling assembly. The maximum roof/ceiling assembly U-factor shall not exceed that specified in Table

C402.1.4 based on construction materials used in the roof/ceiling assembly.

C402.1.4.1.1 Tapered, above-deck insulation based on thickness. Where used as a component of a maximum

roof/ceiling assembly U-factor calculation, the sloped roof insulation R-value contribution to that calculation shall use

the average thickness in inches (mm) along with the material R-value-per-inch (per-mm) solely for U-factor compliance

as prescribed in Section C402.1.4.

C402.1.4.1.2 Suspended ceilings. Insulation installed on suspended ceilings having removable ceiling tiles shall not be

considered part of the assembly U-factor of the roof/ceiling construction.

C402.1.4.1.3 Joints staggered. Continuous insulation board shall be installed in not less than two layers, and the edge

joints between each layer of insulation shall be staggered, except where insulation tapers to the roof deck at a gutter

edge, roof drain or scupper.

€402:1-4.1C402.1.4.2 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/[R, + (ER)]

where:

(Equation 4-1)




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

ER = The effective R-value of the cavity insulation with steel stads-studs as specified in Table C402.1.4.2.

TABLE €402:1-4-1C402.1.4.2
EFFECTIVE R-VALUES FOR STEEL STUD WALL ASSEMBLIES

EFFECTIVE
NOMINAL
SPACING OF | CAVITY R-VALUE
STUD CORRECTION
DEPTH | FRAMING .R'V't“‘.UE FACTOR (F) (ER)
inches) (inches) (insulation) (Cavity
(inc R-Value x F,)
13 0.46 5.98
31/ 16
15 0.43 6.45
13 0.55 7.15
31/ 24
15 0.52 7.80
19 0.37 7.03
6 16
21 0.35 7.35
19 0.45
8.55
6 24
21 0.43
9.03
16 25 0.31 7.75
8
24 25 0.38 9.50

For SI: 1 inch =25.4 mm.
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C402.1.5 Component performance alternative. Building envelope values and fenestration areas determined in accordance
with Equation 4-2 shall be permitted-intien-ofan alternative to compliance with the U-, F- and C-factors in Tables C402.1.4
and C402.4 and the maximum allowable fenestration areas in Section C402.4.1. A version of IECC-2021 COMcheck with

NC-specific amendments shall be permitted to demonstrate compliance. Fenestration shall meet the applicable SHGC require-
ments of Section C402.4.3.

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 x Area.

UA Table = (U-factor from Table C402.1.3, C402.1.4 or C402.4) x 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 x Perimeter length.

FL Table = (F-factor specified in Table C402.1.4) x Perimeter length.
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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 x Area.
CA Table = (Maximum allowable C-factor specified in Table C402.1.4) x 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 x UV) — (DA x 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 x US) — (EA x 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.

uUsS = UAS/total skylight area.

C402.2 Specific building thermal envelope insulation requirements. (Preseriptive): Insulation in building thermal envelope
opaque assemblies shall comply with Sections C402.2.1 through €462:2.6C402.2.7 and Table C402.1.3.

C402.2.1 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. [

C402.2.1.1 Tapered, above-deck insulation based on thickness. Where used as a component of a roof/ceiling assembly

R-value calculation, the sloped roof insulation R-value contribution to that calculation shall use the average thickness in
inches (mm) along with the material R-value-per-inch (per-mm) solely for R-value compliance as prescribed in Section

402.1.3.

C402.2.1.2 Minimum thickness, lowest point. The minimum thickness of above-deck roof insulation at its lowest point,
gutter edge, roof drain or scupper, shall be not less than 1 inch (25 mm).

C402.2.1.3 Suspended ceilings. Insulation installed on suspended ceilings having removable ceiling tiles shall not be con-
sidered part of the minimum thermal resistance (R-value) of roof insulation in roof/ceiling construction.

C402.2.1.4 Joints staggered. Continuous insulation board shall be installed in not less than two layers and the edge joints
between each layer of insulation shall be staggered, except where insulation tapers to the roof deck at a gutter edge, roof

drain or scupper.

**(C402.2.1.5 Skylight curbs. Skylight curbs shall be insulated to the level of roofs with insulation entirely above the deck
or R-5, whichever is less.




38

** Exception: 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.

€402:23 Thermal resistance—of-abeve-grade-walls:C402.2.2 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 €40243-

C402.1.3 except as otherwise noted in the table. In determining compliance with Table C402.1.4, the use of the U-factor of
concrete masonry units with integral insulation shall be permitted.

“Mass walls” shallinelade-walls:where used as a component in the thermal envelope of a building shall comply with one
of the following:

1.  WeighingWeigh not less than 35 psfpounds per square foot (370171 kg/m?) of wall surface area.

2.  WeighingWeigh not less than 25 psfpounds per square foot (120122 kg/m?) of wall surface area where the material
weight is not more than 120 pcf (1900 kg/m?).

3. HavingHave a heat capacity exceeding 7 Btu/ft> x °F (144 kJ/m? x K).

4. HawvingHave a heat capacity exceeding 5 Btu/ft? x °F (103 kJ/m? x K), where the material weight is not more than 120
pef (1900 kg/m?).
€402:2.4C402.2.3 Floors. The thermal properties (component R-values or assembly U-, C- or F-factors) of floor as-
semblies over outdoor air or unconditioned space shall be as specified in Table C402.1.3 or Fable 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-fleers-
hallinchde £l ok ess than:

“Mass floors” where used as a component of the thermal envelope of a building shall provide one of the following weights:

1. 35 pounds per square foot (171 kg/m?) of floor surface area:-orarea.

2. 25 pounds per square foot (122 kg/m?) of floor surface area where the material weight is not more than 120 pounds
per cubic foot (1923 kg/m3).

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.
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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.

C402.2.4 Slabs-on-grade. The minimum thermal resistance (R-value) of the insulation for 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.

C402.2.4.1 Insulation installation. Where installed, the perimeter insulation shall be placed on the outside of the founda-
tion or on the inside of the foundation wall. The perimeter insulation shall extend downward from the top of the slab for
the minimum distance shown in the table or to the top of the footing, whichever is less, or downward to not less than the
bottom of the slab and then horizontally to the interior or exterior for the total distance shown in the table. Insulation
extending away from the building shall be protected by pavement or by not less than 10 inches (254 mm) of soil. Where
installed, full slab insulation shall be continuous under the entire area of the slab-on-grade floor, except at structural column
locations and service penetrations. Insulation required at the heated slab perimeter shall not be required to extend below the
bottom of the heated slab and shall be continuous with the full slab insulation.

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

C402.2.5 Below-grade walls. The C-factor for the below-grade exterior walls shall be in accordance with Table C402.1.4.
The R-value of the insulating material installed continuously within or on the below-grade exterior walls of the building
envelope shall be in accordance with Table C402.1.3. The C-factor or R-value required 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.

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-mintmumto an R-value of not less than R-3.5 (6:62-m2/4K
- 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 opaque 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 €402-2:-5-C402.2 4.

C402.2.7 Airspaces. Where the R-value of an airspace is used for compliance in accordance with Section C402.1, the airspace
shall be enclosed in an unventilated cavity constructed to minimize airflow into and out of the enclosed airspace. Airflow shall

be deemed minimized where the enclosed airspace is located on the interior side of the continuous air barrier and is bounded
on all sides by building components.

Exception: The thermal resistance of airspaces located on the exterior side of the continuous air barrier and adjacent to and
behind the exterior wall-covering material shall be determined in accordance with ASTM C1363 modified with an airflow
entering the bottom and exiting the top of the airspace at an air movement rate of not less than 70 mm/second.

C402.3 Roof solar reflectance and thermal emittance. Low-sloped roofs directly above cooled conditioned spaces in Climate
Zone 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. Reefgardens-orlandseapedroofs-Vegetative roofs 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/m?) or 23 psf
(117 kg/m?) pavers.

4. Roofs where not less than 75 percent of the roof area complies with one or more of the exceptions to this section.
TABLE C402.3

MINIMUM ROOF REFLECTANCE AND EMITTANCE OPTIONS®

Three-year-aged solar reflectance reflectanee’index® of 0:5555
and 3-year aged thermal emittance® of 0.75

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 C1549, ASTM E903 or ASTM E1918 or ERRE1-Standard-CRRC-S100.

. Aged thermal emittance tested in accordance with ASTM C1371 or ASTM E408 or ERREI-Standard:CRRC-S100.

d. Solar reflectance index (SRI) shall be determined in accordance with ASTM E1980 using a convection coefficient of 2.1 Btu/h x fi> x °F (12 W/m? x K).
Calculation of aged SRI shall be based on aged tested values of solar reflectance and thermal emittance.

o

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.

Ragea =[0.2 + 0.7(Rinitiar — 0.2)] (Equation 4-3)
where:

Rugea = The aged solar reflectance.

Rinisias = The initial solar reflectance determined in accordance with CRRC-1-CRRC-S100 Standard.

C402.4 Fenestration—(Preseriptive):Fenestration. Fenestration shall comply with Sections €402:4C402.4.1 through
€402-4-4C402.4.5 and Table C402.4. Daylight responsive controls shall comply with this section and Section C405.2.4.
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R

Vertical Fenestration (30% maximul

wve-grade wall

U-factor

038
Entrance Door U-Factor ( \ﬂ 077
All Other U-Factor* 0.45 (.26 0.45
SHGC—AIl Frame Types
SHGC: PF < (0.25 / 0.25 0.25 0.40
SHGC: 0.25 = PF < 0.5 0.33 0.33

i Al others include operable windows. fixed and nonentrance doors.
TABLE C402.4
BUILDING ENVELOPE FENESTRATION MAXIMUM U-FACTOR AND SHGC?REQUIREMENTS
CLIMATE
ZONE 3 4 5
Vertical fenestration
U-factor
enestration
operable. 0.54 045 045
enestration
00rs
SHGC
enestration
gperable. 023 033 033
enestration
Skylights
U-factor 0.55 0.50 0.50
SHGC 0.30 0.40 0.40

*C402.4.1.3 shall apply
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C402.4.1 Maximum area. The vertical fenestration area{retin RE-Opagte nd-opague-span fe
including opaque doors and opaque spandrel panels, shall be not be— greater than 30 percent of the gross above grade wall
area. The skylight area shall be not greater than 3 percent of the gross roof area.

C402.4.1.1 Increased vertical fenestration area with daylight responsive controls. Deleted.

C402.4.1.2 Increased skylight area with daylight responsive controls. Deleted.

C402.4.1.3 Maximum Area by Orientation Vertical fenestration shall comply with not less than one of the follow-
1. Areaest < 0.25 X Areaso and Areayest < 0.25 X Areaotal
2. Areacs X SHGC s < 0.25 X Areaiorns X SHGCable and Areayess X SHGCyest < 0.25 x Areaora X SHGCiapie

where

Area., is the total vertical fenestration area oriented within 45 degrees of true east to the south and 22.5 degrees
of true east to the north

Areayes 1S the total vertical fenestration area oriented within 45 degrees of true west to the south and 22.5 degrees
of true west to the north

Areara is the total vertical fenestration area of the building

SHGC 4 is the maximum Solar Heat Gain Coefficient of Areae,s of the building

SHGCyest is the maximum Solar Heat Gain Coefficient of Areayes of the building

SHGCup1e 1s the maximum Solar Heat Gain Coefficient in Table C402.4 for the building climate zone

C402.4.2 Lighting controls in toplit daylight zones. Daylight responsive controls shall be provided in toplit daylight zones.

C402.4.2.1 Lighting controls in daylight zones under skylights. Deleted.
C402.4.2.2 Haze factor. Deleted-Skylights in office, storage, automotive service, manufacturing, nonrefrigerated ware-

house, retail store and distribution/sorting area spaces shall have a glazing material or diffuser with a haze factor greater
than 90 percent when tested in accordance with ASTM D1003.

Exception: Skylights and tubular daylighting devices designed and installed to exclude direct sunlight entering the
occupied space by the use of fixed or automated baffles, the geometry of skylight and light well or the use of optical
diffuser components.

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.

€402-4:33C402.4.3.1 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 dy-
namic glazing shall not be permitted.
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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.

€402:43:4C402.4.3.2 Area-weighted U-factor. An area-weighted average shall be permitted to satisfy the U-factor require-
ments for each fenestration product category listed in Table C402.4. Individual fenestration products from different fenestra-
tion product categories listed in Table C402.4 shall not be combined in calculating area-weighted average U-factor.

C402.4.4 Daylight zones. Daylight zones shall comply with Sections C405.2.4.2 and C405.2.4.3, as applicable. Daylight
zones shall include foplit daylight zones and daylight sidelit zones.

C402.4.5 Doors. Opaque swinging doors shall comply with Table C402.1.4. Opaque nonswinging doors shall comply with
Table C402.1.4. Opaque doors shall be considered as part of the gross area of above-grade walls that are part of the building

thermal envelope. Opaque doors shall comply with Section C402.4.5.1 or C402.4.5.2. Other doors shall comply with the
provisions of Section C402.4.3 for vertical fenestration.

C402.4.5.1 Opaque swinging doors. Opaque swinging doors shall comply with Table C402.1.4.

C402.4.5.2 Nonswinging doors. Opaque nonswinging doors that are horizontally hinged sectional doors with a single
row of fenestration shall have an assembly U-factor less than or equal to 0.440 in Climate Zones 0 through 6 and less

than or equal to 0.360 in Climate Zones 7 and 8, provided that the fenestration area is not less than 14 percent and not
more than 25 percent of the total door area.

Exception: Other doors shall comply with the provisions of Section C402.4.3 for vertical fenestration.

C402.5 Air leakage—building thermal envelope. The building thermal envelope shall comply with Sections C402.5.1 through
Section C402.5.8.1.

Rg-the-env iy H Rereor—ne-a arrier-shall-comply-with-Seetions €402511and-C40251+-2-A
continuous air barrier shall be provided throughout the building thermal envelope. The air barrier is permitted to be any
combination of inside, outside or within the building thermal envelope=The air barrier shall comply with Sections C402.5.1.1,
and C402.5.1.2. The air leakage performance of the air barrier shall be verified in accordance with Section C402.5.2.
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C402.5.1.1 Air barrier design and documentation requirements. Design of the continuous air barrier shall be doc-

umented in the following manner:

1.

Components comprising the continuous air barrier and their position within each building thermal envelope as-
sembly shall be identified.

Joints, interconnections, and penetrations of the continuous air barrier components shall be detailed.

The continuity of the air barrier building element assemblies that enclose conditioned space or provide a bound-
ary between conditioned space and unconditioned space shall be identified.

Documentation of the continuous air barrier shall detail methods of sealing the air barrier such as wrapping,

caulking, gasketing, taping or other approved methods at the following locations:
4.1. Joints around fenestration and door frames.

4.2. Joints between walls and floors, between walls at building corners, between walls and roofs including para-
pets and copings, where above-grade walls meet foundations, and similar intersections.

4.3. Penetrations or attachments through the continuous air barrier in building envelope roofs, walls, and floors.

4.4. Building assemblies used as ducts or plenums.

4.5. Changes in continuous air barrier materials and assemblies.

Identify where testing will or will not be performed in accordance with Section C402.5.2. Where testing will not

be performed, a plan for field inspections required by C402.5.2.3 shall be provided that includes the following:

5.1 Schedule for periodic inspection,

5.2 Continuous air barrier scope of work,

5.3 List of critical inspection items,

5.4 Inspection documentation requirements, and

5.5 Provisions for corrective actions where needed.

C402.5.1.2 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 comprise the building thermal envelope 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 differentials such as those from design wind
loads, 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. Sealing shall allow for expansion, contraction and mechanical vibration. Seal-
ing materials 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. Sealing of concealed fire sprinklers, where required,
shall be in a manner that is recommended by the fire sprinkler 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 C402.5.1.2.1. Where similar objects are installed that

penetrate the air barrier, provisions shall be made to maintain the integrity of the air barrier.

5. Electrical and communication boxes shall comply with C402.5.1.2.2.

€402.5:8C402.5.1.2.1 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 meregreater than 2.0 cfm (0.944 L/s) whenwhere tested in ac-
cordance with ASTM E283 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.
C402.5.1.2.2 Electrical and communication boxes. Electrical and communication boxes that penetrate the
air barrier of the building thermal envelope, and that do not comply with C402.5.1.2.2.1, shall be caulked,

taped, gasketed, or otherwise sealed to the air barrier element being penetrated. All openings on the
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concealed portion of the box shall be sealed. Where present, insulation shall rest against all concealed por-
tions of the box.

C402.5.1.2.2.1 Air-sealed boxes. Where air-sealed boxes are installed, they shall be marked in ac-
cordance with NEMA OS 4. Air-sealed boxes shall be installed in accordance with the manufactur-
er's instructions.

C402.5.1.3 Materials. Deleted. Refer to C402.5.2.3.1

C402.5.1.4 Assemblies. Deleted. Refer to C402.5.2.3.2

C402.5.1.5 Building envelope performance verification. The installation of the continuous air barrier shall be verified
by the code official, a registered design professional or approved agency in accordance with the following:

1. A review of the construction documents and other supporting data shall be conducted to assess compliance with the
requirements in Section C402.5.1.

2. Inspection of continuous air barrier components and assemblies shall be conducted during construction while the
air barrier is still accessible for inspection and repair to verify compliance with the requirements of Sections
C402.5.2.3.1 and C402.5.2.3.2.

3. A final commissioning report shall be provided for inspections completed by the registered design professional or

approved agency. The commissioning report shall be provided to the building owner or owner’s authorized agent
and the code official. The report shall identify deficiencies found during the review of the construction documents

and inspection and details of corrective measures taken.

C402.5.2 Air leakage compliance. Air leakage of the building thermal envelope shall be tested by an approved third party in

accordance with C402.5.2.1. The measured air leakage shall not be greater than 0.35 cfim/ft> (1.8 L/s x m?) of the building

thermal envelope area at a pressure differential of 0.3 inch water gauge (75 Pa) with the calculated building thermal envelope

surface area being the sum of the above- and below-grade building thermal envelope.

Exceptions:

1.

Where the measured air leakage rate is greater than 0.35 cfm/ft? (1.8 L/s X m?) but is not greater than 0.45 cfm/ft> (2.3

L/s x m?), the approved third party shall perform a diagnostic evaluation using smoke tracer or infrared imaging. The

evaluation shall be conducted while the building is pressurized along with a visual inspection of the air barrier in ac-
cordance with ASTM E1186. All identified leaks shall be sealed where such sealing can be made without damaging
existing building components. A report specifying the corrective actions taken to seal leaks shall be deemed to estab-
lish compliance with the requirements of this section where submitted to the code official and the building owner.
Where the measured air leakage rate is greater than 0.45 cfm/ft2 (2.3 L/s X m2), corrective actions must be made to
the building and an additional test completed for which the results are 0.45 cfm/ft?> (2.3 L/s x m?), or less.

Buildings larger than 25,000 square feet (2300 m?) floor area in Climate Zones 3 and 4. other than Group R and I oc-
cupancies, that comply with C402.5.2.3.

As an alternative, buildings or portions of buildings, containing Group R and I occupancies, shall be permitted to be
tested by an approved third party in accordance with C402.5.2.2. The reported air leakage of the building thermal

envelope shall not be greater than 0.27 cfm/ft> (1.4 L/s x m?) of the testing unit enclosure area at a pressure differen-

tial of 0.2 inch water gauge (50 Pa), or 0.36 cfim/ft2 at a pressure differential of 75Pa (0.30 in. w.g.) in accordance
with pressure/leakage correlation Table C402.5.2.

Table C402.5.2 Pressure/leakage correlation Table C402.5.2.

Pressure Differential [Adjustment

Test pressure

(Pa) Factor Max Air Leakage / Building Thermal Envelope (CFM/ ft?)
75(0.30in. w.g.) 0.36 0.37 0.40
50(0.20in. w.g.) 0.752897957 0.27 0.28 0.30

Example: If maximum air leakage allowed is 0.27 cfm/ft? of bldg thermal envelope at 50 Pa(0.2 in w.g.), the corresponding maximum
leakage rate is 0.36 cfm/SF of bldg thermal envelope if using a higher test pressure of 75 Pa(0.3in w.g.)
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C402.5.2.1 Whole building test method and reporting. The building thermal envelope shall be tested for air leak-
age in accordance with ASTM E3158 or an equivalent approved method. A report that includes the tested surface
area, floor area, air by volume, stories above grade. and leakage rates shall be submitted to the code official and the

building owner.

Exceptions:

For buildings less than 10,000 ft> (1000 m?) the entire building thermal envelope shall be permitted to be tested in ac-
cordance with ASTM E779, ASTM E3158 or ASTM E1827 or an equivalent approved method.

For buildings greater than 50,000 ft* (4645 m?), portions of the building shall be permitted to be tested and the meas-
ured air leakage shall be area-weighted by the surface areas of the building thermal envelope in each portion. The
weighted average tested air leakage shall not be greater than the whole building leakage limit. The following portions
of the building shall be tested:

2.1 The entire building thermal envelope area of stories that have any conditioned spaces directly under a roof.

2.2 The entire building thermal envelope area of stories that have a building entrance, a floor over unconditioned
space, a loading dock, or that are below grade.

2.3 Representative above-grade portions of the building totaling not less than 25 percent of the wall area enclosing the
remaining conditioned space.

C402.5.2.2 Dwelling and sleeping unit enclosure test method and reporting. The building thermal envelope shall
be tested for air leakage in accordance with ASTM E779, ANSI/RESNET/ICC 380, ASTM E1827 or an equivalent
approved method. Where multiple dwelling units or sleeping units or other enclosed spaces are contained within one
building thermal envelope, each shall be considered an individual testing unit, and the building air leakage shall be the
weighted average of all tested unit results, weighted by each testing unit enclosure area. Units shall be tested without
simultaneously pressuring adjacent units and shall be separately tested as follows:

1. Where buildings have less than eight total dwelling or sleeping units, each unit shall be tested.

2. Where buildings have eight or more testing units, the greater of seven units or 20 percent of the testing units in the
building shall be tested, including a top floor unit, a middle floor unit, a ground floor unit and a unit with the largest

testing unit enclosure area. For each tested unit that exceeds the maximum air leakage rate, an additional three units
shall be tested, including a mixture of unit types and locations.

C402.5.2.3 Building envelope design and construction verification criteria. Where Sections C402.5.2.1 and
(C402.5.2.2 are not applicable, the installation of the continuous air barrier shall be verified by the code official, a reg-
istered design professional or approved agency in accordance with the following:

1. A review of the construction documents and other supporting data shall be conducted to assess compliance with
the requirements in Section C402.5.1.

2. Inspection of continuous air barrier components and assemblies shall be conducted during construction to verify
compliance with the requirements of Sections C402.5.2.3.1 or C402.5.2.3.2. The air barrier shall remain accessi-
ble for inspection and repair.

3. A final inspection report shall be provided for inspections completed by the registered design professional or ap-
proved agency. The inspection report shall be provided to the building owner or owner’s authorized agent and the
code official. The report shall identify deficiencies found during inspection and details of corrective measures
taken.

€402.5.1.2.1C402.5.2.3.1 Materials. Materials with an air permeability not greater than 0.004 cfm/ft*> (0.02
L/s x m?) under a pressure differential of 0.3 inch water gauge (75 Pa) when tested in accordance with ASTM
E2178 shall comply with this section. Materials in Items 1 through 16 shall be deemed to comply with this
section, provided that joints are sealed and materials are installed as air barriers in accordance with the manu-
facturer’s instructions.

1. Plywood with a thickness of not less than /s inch (10 mm).
2. Oriented strand board having a thickness of not less than /s inch (10 mm).
3. Extruded polystyrene insulation board having a thickness of not less than 'sinch (12.7 mm).
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4. Foil-back polyisocyanurate insulation board having a thickness of not less than 'sinch (12.7 mm).

5. Closed-cell spray foam having a minimum density of 1.5 pcf (2.4 kg/m?) and having a thickness of
not less than 1!/, inches (38 mm).

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

7. Exterior or interior gypsum board having a thickness of not less than %sinch (12.7 mm).

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

9. Built-up roofing membrane.

10. Modified bituminous roof membrane.

11. Fully-adhered-single-plySingle-ply roof membrane.

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

13. Cast-in-place and precast concrete.

14. Fully grouted concrete block masonry.

15. Sheet steel or aluminum.

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

€402.51:2.2C402.5.2.3.2 Assemblies. Assemblies of materials and components with an average air leakage
not greater than 0.04 cfim/ft? (0.2 L/s x m?) under a pressure differential of 0.3 inch of water gauge (w.g.)(75
Pa) when tested in accordance with ASTM E2357, ASTM E1677, ASTM D8052 or ASTM E283 shall comply
with this section. Assemblies listed in Items 1 through 3 shall be deemed to comply, provided that 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.

2. Masonry walls constructed of clay or shale masonry units with a nominal width ef-greater than or
equal to 4 inches (H02-mm)-ormere:(102 mm).

3. A Portland cement/sand parge, stucco or plaster not less than 1% inch (12.7 mm) in thickness.

e .The air leakage of fenestratlon assembhes shall comply with

Table C402.5. 3 Testlng shall be conducted bV an accredlted independent testing laboratory in accordance with the applicable

reference test standard in Table C402.5.3 and labeled by the manufacturer.

Exceptions:

1. Field-fabricated fenestration assemblies that are sealed in accordance with Section €402-5-1-.C402.5.1.2.

2.

haieage—requﬁemeﬂts—m—Table—@QQé—E—F enestration in bulldmgs that are tested for air leakage of in accordance

with Section C402.5.2 are not required to meet the air leakage requirements in Table C402.5.3.

FABLE C402.5:2Table C402.5.3
MAXIMUM AIR LEAKAGE RATE FOR FENESTRATION ASSEMBLIES

FENESTRATION ASSEMBLY MAXIMUM RATE (CFM/FT?) TEST PROCEDURE

Windows

0.202

Sliding doors

AAMA/WDMA/CSA101/1.S.2/A440 or NFRC 400
0.202




Swinging doors 0.20?

Skylights—with condensation weepage openings 0.30
Skylights—all other 0.202
Curtain walls 0.06
Storefront glazing 0.06
Commercial glazed swinging entrance doors 1.00

NFRC 400 or ASTM E283 at 1.57 psf (75 Pa)

Power-operated sliding doors and power operated

folding doors 1.00

Revolving doors 1.00

Garage doors 0.40

Rolline doors 100 ANSI/DASMA 105, NFRC 400, or
g : ASTM E283 at 1.57 psf (75 Pa)

High-speed doors 1.30

For SI: 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).

C402.5.4 Doors and access openings to shafts, chutes, stairways and elevator lobbies. Deleted-Doors and access openings
from conditioned space to shafts, chutes stairways and elevator lobbies not within the scope of the fenestration assemblies cov-
ered by Section C402.5.3 shall be gasketed, weather-stripped or sealed.

Exceptions:
1. Door openings required to comply with Section 716 of the International Building Code.
2. Doors and door openings required by the International Building Code to comply with UL 1784.

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
€403-2:4-3:C403.7.7.

€402.5:7C402.5.6 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 vesti-
bule it is not necessary for the interior and exterior doors to open at the same time. The installation of one or more revolving
doors in the building entrance shall not eliminate the requirement that a vestibule be provided on any doors adjacent to re-

volving doors.

Exceptions: Vestibules are not required for the following:
1. 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.

Doors opening directly from a sleeping unit or dwelling unit.
Doors that open directly from a space less than 3,000 square feet (298 m?) in area.
Revolving doors.

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

NS kW

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.
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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.

€929 m?) in floorarea:
€402.5:6C402.5.7 Loading dock weather seals. Cargo door openings and loading deek-deersdoor openings shall be equipped
with weather seals tothat restrict infiltration-whenair leakage and provide direct contact along the top and sides of vehicles that
are parked in the doorway.

C402.5.8 Operable openings interlocking. Where occupancies utilize operable openings to the outdoors that are larger than
40 square feet (3.7 m?) in area, such openings shall be interlocked with the heating and cooling system to raise the coolin

setpoint to 90°F (32°C) and lower the heating setpoint to 55°F (13°C) whenever the operable opening is open. The change in

heating and cooling setpoints shall occur when the operable opening has been open for a period not to exceed 10 minutes.

Exceptions:

1. Operable openings into separately zoned areas associated with the preparation of food that contain appliances that
contribute to the HVAC loads of a restaurant or similar type of occupancy.

2. Storage occupancies that utilize overhead doors for the function of the occupancy, where approved .

3. Doors located in the exterior wall that are part of a vestibule system.

C402.5.8.1 Operable controls. Controls shall comply with Section C403.13.

SECTION C403
BUILDING MECHANICAL SYSTEMS

C403.1 General. Mechanical systems and equlpment servmg the bulldmg heatlng, eeel-mg—ef ohng, ventﬂatmg or refrlg-
erating needs shall comply with—S 3 - g A

equipmentand-systems-provided:this section.

Exception: Data center systems are exempt from the requirements of Sections C403.4 and C403.5.

€403:2.1C403.1.1 Calculation of heating and cooling loads. Design loads associated with heating, ventilating and air con-
ditioning 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

exeeptfor-hespitals-and patient-carefaeilities in accordance with the ASHRAE HVAC Systems and Equipment Handbook by

an approved equivalent computational procedure.

C403.1.2 Data centers. Data center systems shall comply with Sections 6 and 8 of ASHRAE 90.4 with the following
changes:

1. Replace design mechanical load component (MLC) values specified in Table 6.2.1.1 of the ASHRAE 90.4 with the
values in Table C403.1.2(1) as applicable in each climate zone.

2. Replace annualized MLC values specified in Table 6.2.1.2 of the ASHRAE 90.4 with the values in Table C403.1.2(2)
as applicable in each climate zone.

TABLE C403.1.2(1)
MAXIMUM DESIGN MECHANICAL LOAD COMPONENT
(DESIGN MLC)

CLIMATE ZONE DESIGN MLC AT 100% AND AT 50% ITE LOAD

3A 023

4A 023

5A 0.22




TABLE C403.1.2(2)
MAXIMUM ANNUALIZED MECHANICAL LOAD COMPONENT (ANNUALIZED MLC)

CLIMATE ZONE HVAC MAXMJUDMA“:\[Nsb;%ﬁ#EEng[I;C AT 100%
3A 0.18
4A 0.17
3A 0.17

¢ A aeh -Me-
chamcal svstems shall be desmned to complv w1th Sectlons C403 2 1 through C403 2.3. Where elements of a bulldlng S me-
chanical systems are addressed in Sections C403.3 through C403.14, such elements shall comply with the applicable provisions
of those sections.

€403.2.4.4 Zone-isolation-—Deleted-C403.2.1 Zone isolation required. HVAC systems serving zones that are over 25,000

square feet (2323 m?) in floor area or that span more than one floor and are designed to operate or be occupied nonsimultane-

ously shall be divided into isolation areas. Each isolation area shall be equipped with isolation devices and controls configured

to automatically shut off the supply of conditioned air and outdoor air to and exhaust air from the isolation area. Each isolation

area shall be controlled independently by a device meeting the requirements of Section C403.4.2.2. Central systems and plants

shall be provided with controls and devices that will allow system and equipment operation for any length of time while

serving only the smallest isolation area served by the system or plant.

Exceptions:

1. Exhaust air and outdoor air connections to isolation areas where the fan system to which they connect is not greater

than 5,000 cfm (2360 L/s).

2. Exhaust airflow from a single isolation area of less than 10 percent of the design airflow of the exhaust system to

which it connects.

3. Isolation areas intended to operate continuously or intended to be inoperative only when all other isolation areas in

a zone are inoperative.

€403:2:6C403.2.2 Ventilation. Ventilation, either natural or mechanlcal shall be prov1ded in accordance w1th Chapter 4 of
the International Mechamcal Code. Wh afticaly : . ; , ;

C403.2.3 Fault detection and diagnostics. New buildings with an HVAC system serving a gross conditioned floor area of
20,000 square feet (9290 m?) or larger shall include a fault detection and diagnostics (FDD) system to monitor the HVAC
system’s performance and automatically identify faults. The FDD system shall:

1. Include permanently installed sensors and devices to monitor the HVAC system’s performance.

2. Deleted.
3. Automatically identify and report HVAC system faults.

4. Automatically notify authorized personnel of identified HVAC system faults.

5. Automatically provide prioritized recommendations for repair of identified faults based on analysis of data collected

from the sampling of HVAC system performance.

6. Be capable of transmitting the prioritized fault repair recommendations to remotely located authorized personnel.

Exception: R-1 and R-2 occupancies.

C403.3 Heating and cooling equipment efficiencies. Heating and cooling equipment installed in mechanical systems shall be

sized in accordance with Section C403.3.1 and shall be not less efficient in the use of energy than as specified in Section C403.3.2.
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€403:2.2C403.3.1 Equipment sizing. The output capacity of heating and cooling equipment shall be not greater than that of
the smallest available equipment size that exceeds the loads calculated in accordance with Section €403-21;-within-available
equipment-options-C403.1.1. 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 are configured to sequence the operation of each unit based on load.

€403:23C403.3.2 HVAC equipment performance requirements. Equipment shall meet the minimum efficiency re-
quirements of Tables ;
G493—2—3€8}—aﬁd—9493—2%(—9)c403 3 2(1) throu,qh C403. 3 2( 16) when tested and rated in accordance W1th the apphcable
test procedure. Plate-type liquid-to-liquid heat exchangers shall meet the minimum requirements of AHRI 400. The effi-
ciency 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 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.
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TABLE C403.2.3(1
MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUBCATEGORY OR MINIMUM EFFICIENCY TEST
\EQU'P“E"T TYPE SIZE CATEGORY | gecTIONTYPE | RATING CONDITION | Before 172016 | As of 7172016 | PROCE DURE}
AN conditioners. b Splll S_‘_\"S[Cm 13.0 SEER 13.0 SEER
' =< 65,000 Btu/h All
Nﬂ}lﬁd Single Package 13.0 SEER 14.0 SEER*
Through-he-wall . Split system 12.0 SEER 12.0 SEER AHRI
~ < 30,000 Buw/h All
(air cool Single Package 120SEER | 120sEeR Y/ 210740
Sma“_?;?ctiﬁh‘fl | <65.000 B All Split System ILOSEER | 110 W{
Electric Resistance Split System and 11.2 EER 1 /2 EER
(or None) Single Package 114 IEER 2 8 IEER
. Split System and 11.0EER  11.OEER
All other Single Package 11.2 [EE 12.6 IEER
“NElectric Resistance Split System and 11.0 1.0 EER
= ”iggg Btu/h Ror None) Single Package 1 JZTEER 12.4 IEER
240,000 Buw/h . Split System and /I'[}.S EER 10.8 EER
Air confifioners. | ! h“\m“ Single Package /| 1101EER | 122 IEER AHRI
air cooled _ Electric ResNance | Split System #id 10.0 EER 10.0 EER 340/360
z 240-003 Buv/h (or None) Single Pagifage 10.1 IEER 11.6 IEER
an
<760.000 Btu/h Allother N Stem and 9.8 EER 9.8 EER
Gle Package 9.9 I[EER 11.4 I[EER
Electric Resistance it System and 9.7 EER 9.7 EER
> 760,000 Buwh {or None) le Package 9.8 IEER 11.2IEER
o . Split System and 9.5 EER 9.5 EER
All other Singm;igc 9.6 IEER 11.0 IEER
b Split System dd 12.1 EER 12.1 EER AHRI
< 65,000 Bu/h AV Single Package 12.3 I[EER 12.3 IEER 2100240
. Electrigesistance Split System and 12.1 EER 12.1 EER
2 ﬁ5-(HK[}iBlw’h #r None) Single Package 23 IEER 13.9 [EER
an "
135,000 Buw/h . Split System and 11.NGER 11.9 EER
= um " Al other Single Package 1211 13.7 IEER
Electric Resistance Split System and 125EER N\ 12.5EER
2 135,000 Blu/h (or None) Single Package 12.5 [EER \{” IEER
Air conditioners, 27000 Bruw/h . Split System and 12.3 EER 1IN EER
water cooled R All other Single Package | 125IEER | 137WER | AR
_ Electric Resistance | Split System and 12.4 EER 124E 340/360
z 24&003 Bu/h (or None) Single Package 12.6 IEER 13.6 IEER
an
< 760,000 Buu/h All other Split System and 12.2 EER 12.2 EER
Single Package 124 IEER 13.4 [EER
Electric Resistance Split System and 12.2 EER 12.2 EER
> 760,000 Buwh {or None) Single Package 12.4 [EER 13.5[EER
- All other Split System and 12.0 EER 12.0 EER
- Single Package 12.2 [EER 13.3[EER

{continued)
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ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

TABLE C403.2.3(1)—continued
MINIMUM EFFICIENCY REQUIREMENTS:

~

HEATING SUB-CATEGORY OR MINIMUM EFFICIENCY (@T
WE"T TYPE | SEECATEGORY | SpcrioNTYPE | RATING CONDITION | Before 1/1/2016 | As of 1172016,/ PROCEDURE®
b Split System and 12.1 EER 12.1 AHRI
< 65,000 B/ Al Single Package 12.3 [EER 12 4EER 210/240
Electric Resistance Split System and 12.1 EER /2_] EER
2 65,000 Bt/h (or None) Singlé Package 123 1EER~] 123 IEER
000 Btu/h Split System and 1.9 R 11.9 EER
. All other Single Package 12/ IEER 12.1 IEER
- Electric Resistance Split System and /2_[] EER 12.0 EER
z 135-2:1]"(; (or None) Single Package [/ 122 [EER 12.2 IEER
Adr conditioners, 4 Split System 11.8 EER 11.8 EER
evaporatively cooled | < - -000 B All other Single sza%}:( 12.0 IEER 12.0 IEER AHRI
Eleci¥ Resistance | Split Sy4lem and 11.9 EER 119 EER 3407360
= 2000 Bl Eh\nc; Mc)P'(ackagc I21[EER | 12.11EER
¥ Split System and 11.7TEER 11.7 EER
760,000 Btu/h Pt 53 : :
= All “‘@( Single Package | 1191EER | 119IEER
Electrjefesistance | Split System and 11.7 EER 11.7T EER
> 760,000 Bru/h or None) \?glc Package 11.9 [EER 11.9 IEER
All other SplitSystem and 11.5 EER 11.5 EER
’ Single kage 11.7 [EER 11.7 [EER
Condensing units, 10.5 EER 10.5 EER
air cooled W’ Buu/h \\ II8IEER | 1L8IEER
Condensing units, A 5 EER 13.5 EER AHRI
water cooled 2 135,000 Buh 14 MRER 14.0 IEER 365
Condensing yls, 13.5EER N 13.5EER
cvapnrali'yé‘o{olcd 2 135,000 Buw/h LOIEER [ NGO IEER
For SI: 1 pAitish thermal unit per hour=0.2931 W.
a. Chapfer 6 contains a complete specification of the referenced test procedure, including the reference year version of the test procedure.

ngle-phase. air-cooled air conditioners less than 63,000 Btu/h are regulated by NAECA. SEER values are those set by NAECA.
. Minimum efficiency as of January 1, 2015.

TABLE C403.3.2(1)
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS—MINIMUM EFFICIENCY REQUIREMENTS® ¢
HEADING SECTION | SUBCATEGORY OR RATING MINIMUM a
EQUIPMENT TYPE | SIZE CATEGORY TYPE CONDITION EFFICIENCY TEST PROCEDURE?
13.0 SEER
Split system, three phase before 1/1/2023
d applicati tsid
- Sgpsi‘gaglflgig’s‘;b“ < 13.4 SEER2 AHRI 210/240—2017
. i after 1/1/2023 before 1/1/2023
Alr conditioners < 65.000 Btu/h® All
air cooled ' 14.0 SEER AHRI 210/240—2023
Single-package, three before 1/1/2023 after 1/1/2023
phase and applications out- 134 SEER2
side US single phase® am_%
12.0 SEER
Split system, three phase before 1/1/2023
d applicati tsid
- Sgpsilﬁagllopn;;;bm ) 11.7 SEER2 AHRI 210/240—2017
Space con- after 1/1/2023 before 1/1/2023
strained, air < 30,000 Btu/h® All =
cooled . 12.0 SEER AHRI 210/240—2023
2ol Single package, three phase before 1/1/2023 after 1/1/2023
and applications outside
- 11.7 SEER2
UsS le phase® e RS
=~ Sigle plase after 1/1/2023
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Small duct, high

velocity, air
cooled

< 65,000 Btw/h®

All

Split system, three phase
and applications outside

US single phase®

12.0 SEER

AHRI 210/240—2017

before 1/1/2023
12.1 SEER2

before 1/1/2023
AHRI 210/240—2023

after 1/1/2023

after 1/1/2023

Air conditioners

> 65.000 Btu/h
and
< 135,000 Btu/h

Electric resistance

(or none)

All other

Split system and single

11.2 EER

12.9 TEER before

1/1/2023

14.8 IEER
after 1/1/2023

11.0 EER
12.7 IEER
before 1/1/2023
14.6 IEER after
1/1/2023

air cooled

> 135,000 Btu/h
and
< 240,000 Btu/h

Electric resistance

(or none)

All other

package

11.0 EER
12.4 IEER
before 1/1/2023
14.2 IEER
after 1/1/2023

10.8 EER
12.2 IEER
before 1/1/2023
14.0 IEER
after 1/1/2023

AHRI 340/360

HEADING SECTION | SUBCATEGORY OR RATING MINIMUM a
EQUIPMENT TYPE | SIZE CATEGORY TYPE CONDITION EFFICIENCY TEST PROCEDURE
10.0 EER
Electric resistance 1L6 IEER
R before 1/1/2023
(or none) -
13.2 IEER
> 240,000 Btu/h after 1/1/2023
and
< 760,000 Btu/h 9.8 EER
11.4 IEER
All other before 1/1/2023
13.0 IEER
Air conditioners . . after 1/1/2023
air cooled (contin- Split SVSteIE and single AHRI 340/360
ued) package 9.7 EER
. . 11.2 IEER before
Electric resistance 1003 112023
(or none) =
12.5 IEER after
1/1/2023
> 760,000 Btu/h
9.5 EER
11.0 IEER
All other before 1/1/2023
12.3 IEER
after 1/1/2023
< 65,000 Btu/h All 12.1 EER AHRI 210/240
Air conditioners Split system and single 12.3 IEER
water cooled . . package
Electric resistance 12.1 EER AHRI 340/360
(or none) 13.9 IEER =
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> 65,000 Btu/h

11.9 EER
and All other 13 g
< 135.000 Btwh 13.7IEER
Electric resistance 12.5 EER
> 135.000 Btu/h (or none) 13.9 IEER
and
12.3 EER
< 240,000 Btu/h All other 12.3 EER
13.71IEER
Electric resistance 12.4 EER
> 240,000 Btu/h (or none) 13.6 IEER
and
< 760,000 Btu/h 12.2 EER
All oth
5004 13.4 IEER
Electric resistance 12.2 EER
(or none) 13.5 IEER
> 760,000 Btu/h
12.0 EER
All oth
5004 13.3 IEER
HEADING SECTION | SUBCATEGORY OR RATING MINIMUM a
EQUIPMENT TYPE | SIZE CATEGORY TYPE CONDITION EFFICIENCY TEST PROCEDURE?
12.1 EER
< Btu/h® All AHRI 210/24
65.000 Btu/ All 12.3 IEER AHRI 210/240
Electric resistance 12.1 EER
> 65 00?1 Btuh (or none) 12.3 IEER
and
11.9 EER
< 135,000 Btu/h S22 D
All other 12.1 IEER
Electric resistance 12.0 EER
>135 002 Btu/h (or none) 12.2 IEER
an
Air conditioners _ . .
evaporativel < 240.000 Btu/h All other Split system and single 11.8 EER
—p—xcoole d - package 12.0 IEER
0064 AHRI 340/360
Electric resistance 11.9 EER
> 240 003 Btwh (or none) 12.1 IEER
and
11.7 EER
< 760,000 Btu/h 11.7 BER
All other 11.9 I[EER
Electric resistance 11.7 EER
(or none) 11.9 IEER
> 760,000 Btu/h
11.5 EER
All oth
ALONE 11.7 IEER
i i 10.5 EER
Condensing units. | , |35 09 Buyh — — 10.3 EER AHRI 365
air cooled 11.8 IEER
i i 13.5 EER
Condensing units, > 135.000 Btw/h _ _ 13.5 EER AHRI 365
water cooled 14.0 IEER
Condensing units, 13.5 EER
evaporatively >135.000 Btu/h — — - AHRI 365
cooled 14.0 IEER

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




a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, includin

the reference year version of the test

procedure.
b. Single-phase, US air-cooled air conditioners less than 65,000 Btu/h are regulated as consumer products by the US Department of Energy Code of Federal
Regulations DOE 10 CFR 430. SEER and SEER?2 values for single-phase products are set by the US Department of Energy.

¢. DOE 10 CFR 430 Subpart B Appendix M1 includes the test procedure updates effective 1/1/2023 that will be incorporated in AHRI 210/240—2023.

d. This table is a replica of ASHRAE 90.1 Table 6.8.1-1 Electrically Operated Unitary Air Conditioners and Condensing Units—Minimum Efficiency

Requirements.
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TABLE C403.2.3(2
MIMIMUM EFFICIEMCY REQUIREMEMTS:
ELECTRICALLY OPERATED UNITARY AMND APPLIED HEAT

/

PUMPS
MINTMALM
HEATING SUSCATEGORY OR EFFICIENCY
ECNMENT TYPE SIZE CATEGORY SECTIONTYPE | RATING CONDITION prgZEDURE"
Bafore Az of
12018 112018
J Split System 13.0 SEER | 14.0 5EE
_""IT‘:‘ " < 65,000 Brwh® All
lcaaling maode) Single Packape | 13.0 SEER uytfi-:[-v
B o ~ 4] B AHRI
Through-the wall, \ _ r Split System 120 5EER | f2.0 SEER o
air cooled =2 50,000 Btwh All =
Simgle Packape 120 5EE] 12.0 SEER
Single-duct z . : i AL 0 SEE
high-velocity air cooled < E.Nllm'h All Split System 1 I.{I}é_R 11.0 SEER
Electric Resistance | Split System and 1/ EER 11.0 EER
> 65,000 Biuh\Nod {or Mone) Simgle Packape 2IEER | 120 IEER
< 135,000 Biu . Split System and 4’ 10,8 EER | 10.8 EER
\ i Single Package, 11.0IEER | 118 IEER
ENgtric Resistance | Split SystemAnd 106 EER 10.6 EER
Air cooled > 135,000 Brwh and gr Mone) Single Papape 10,7 IEER | 116 IEER AHRI
(cooling moda) < 240,000 Bu'h Al er SplitSyflemand | 104 EER | 10.4 EER 3400360
’ Sing}f Packape 10.5 IEER | 11.4 IEER
Electric Resistadzg | SpJf System and 0.5 EER 9.5 EER
> 240,000 Biu/h {or Mone) nDI-. Package: 9.6 [E.-.E-.R I!J.h I.]..].]i'.
All other lit System and 0.3 EER 93 EER
A cle Package 9.4 [EER 0.4 IEER
< 17,000 Biwh All / .‘éh"]'ﬂm@g water | 122 EER. 12.2 EER
Water to Air: Water Loop | 2 17,000 Biwh and . - . - )
icooling mode) < &5.000 Bruh Al B&°F entering \ater | 13.0 EER 13.0EER | 1500 13256-1
= 65,000 Bwh and N (U — 3.0 BB
< 135.000 Biah /'.JI #6°F entering water \] O EER 13.0 EER
Water to Ale: Ground Water | 135,000 Bm-}/ Al SF entering water IS0EER | IS0 132561
'1"'T|Tn:|'iﬁ:’r’r:‘u"d’ﬂ Loop All TT°F entering water | 14.1 E-ZE:.R\Q.] EER | 150132561
Water to Water: Water Loop “ 15 e — ) -
icoaling rm-:l../ < 135,000 Biwh All 86°F entering water | 10.6 EER
Water to Water #mund
Wi < 135,000 Biuwh All ST entering water | 16.3 EER | 163 EER | INO 13256-2
A mode)
.Lﬂi Erfd‘:'?.d]“”p < 135,000 Biah All 7T°F entering fiuid | 12.1 EER | 12.1 EER

(eomtinued)
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TABLE Ews.z.s;fzh—cminmd
MINIMUM EFFICIENCY REQUIREMEMNTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
MINIMUB
HEATING SUBCATEGORY OR EFFICIENCY
IPMENT TYPE SIFE CATEGORY SECTION TYFE RATING CONDITION
Befors As of
iMR0e iMR018
i — Split System 7.7 HSPF | §.2 H5PF, /
mw‘fﬂf”fm < 65,000 Bi/h* /
g — Single Package 1.7 HSPF* H.ﬂyg]-‘
— Split System 7.4 HSPF AHSPF-‘ AHRI
Through-the-wall, 2lv240
{nir cooled, heating mode)
— Single Packape JAHSFF | 7.4 HSFF
4
Small-duct high velocity \ - - PE
{air cooled, heating mode) < 65,000 Bin/h N —_ Split System 6.8 HSFF | 6.8 HSPT
ATF dbi'FF wh N
> 55,000 Bt aned ! Wﬂf 13COP | 33C0P
< 135,000 Buwh . -
{cooling caparity) FANITE wh | 5 95 cop | 2,25 cop
Air cooled outdoos air AHRI
(heating mode) ] D JW3E0
¢ .  F db/aST wh I2C0OP | 320C0F
2 135,000 Bwh outdoor air
{cooling capacity) 17Ndb1 5°F wh
i 205 COP | 2.05 COP
‘Water to Air: Water Loop < 135,000 Biw - N\ -
(hesting mode) (cocling c. o — AE7E cnu:er- 43C0OP | 43009
Water to Aar: Ground Water <13 Btwh - o - - -
{heating mode) Afﬂpml}'l — 50°F entering HA\?-.J COP | 37C0OP | IS0 13256-1
Brine to Air: Grownd Loop < 135,000 Btuh A .
(healing made) {coaling capecity) — 32°F entering fluid | 3WQF | 3.2C0P
Water to Water: Wafer Loop < 135,000 Bu'h or S 5
mmug’ﬁ (eooling capacity) — 65°F entering water | 3.7 COP WP
Water to Wald Ground Water < 135,000 Biwh - o
ihgAfling mode) {cooling capacity) — 50°F entering water | 3.1 COP | 31 COP
‘ater: Gro . 354 - . .
Water: Ground Loop |+ < 135.000 Bt/ — 37°F entering fluid | 2.5 COP | 2.5 COP

Bring
{heating mode)

{cooling capacity)

3L 1 British thermal unit per hour = 002931 W, 5C = [°F) -
o Chapier 6 contains a complets specification of the reforemced 1est procedune, including the referenoe year version of the ost procedune.
b. Single-phose, sir-cooled air conditioners less than &5, 000 Biw'h are regulobed by NABECA. SEER values are those sci by NAECA.

«. Minimum cificicncy as of Jammary 1, 2015,

32158,

TABLE C403.3.2(2)

ELECTRICALLY OPERATED AIR-COOLED UNITARY HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS® ¢
EQUIPMENT HEADING SECTION SUBCATEGORY OR RATING a
= IYPE SIZE CATEGORY TYPE CONDITION MINIMUM EFFICIENCY TEST PROCEDURE

14.0 SEER bef
Split system, three phase and ap- Wz;:ore
plications outside US single
phase® 14.3 SEER2 after | AHRI 210/240—2017
Air cooled 17172023 before 1/1/2023
ST <66.000 Btu/h All
(cooling mode) AHRI 210/240—2023
. 14.0 SEER before
Single package, three phase and 1/1/2023 after 1/1/2023
applications outside US single
hase® 13.4 SEER?2 after
phase 1/1/2023
- 12.0 SEER beft AHRI 210/240—2017
SM Split system, three phase and ap- lore
strained, air < 30,000 Btu/h All lications outside US single 1/1/2023 before 1/1/2023
cooled (cooling | = - D hase® & 11.7 SEER2 after | AHRI 210/240—2023
mode) 1/1/2023 after 1/1/2023




Single package, three phase and
applications outside US single

phase®

12.0 SEER before
1/1/2023
11.7 SEER2 after
1/1/2023

Single duct,
high velocity,
air cooled

(cooling mode)

< 65,000

All

Split system, three phase and ap-

plications outside US single
phase®

12.0 SEER before

AHRI 210/240—2017

1/1/2023 before 1/1/2023
12.0 SEER2 after | AHRI 210/240—2023
1/1/2023 after 1/1/2023

Air cooled

(cooling mode)

> 65,000 Btu/h
and
< 135,000 Btu/h

Electric resistance

(or none)

All other

> 135,000 Btu/h
and
< 240,000 Btu/h

Electric resistance

(or none)

All other

Electric resistance

Split system and single package

11.0 EER 12.2 IEER

before 1/1/2023

14.1 IEER after
1/1/2023

10.8 EER 12.0 IEER

before 1/1/2023

13.9 IEER after
1/1/2023

10.6 EER 11.6 IEER

before 1/1/2023

13.5 IEER after
1/1/2023

10.4 EER 11.4 IEER

before 1/1/2023

13.3 IEER after
1/1/2023

9.5 EER 10.6 IEER
before 1/1/2023

AHRI 340/360

(or none) 12.5 TEER after
1/1/2023
> 240,000 Btu/h
9.3 EER 10.4 IEER
before 1/1/2023
All other 12.3 IEER after
1/1/2023
Split system, three phase and ap- b ef%%
plications outside US single -
phase® 7.5 HSPF2 AHRI 210/240—2017
Air cooled after 1/1/2023 before 1/1/2023
. < 65,000 Btu/h All
(heating mode) 8.0 HSPF AHRI 210/240—2023
Singlp pqckage, three t)hasg and before 1/1/2023 after 1/1/2023
applications outside US single 6.7 HSPF2

phase®

after 1/1/2023

EQUIPMENT HEADING SECTION SUBCATEGORY OR RATING a
=SIYPE  |SIZE CATEGORY TYPE CONDITION MINIMUM EFFICIENCY | TEST PROCEDURE
Space con- . 7.4 HSPF AHRI 210/240—2017

strained air | _yo 0o Al S‘“‘fg:gfﬁ;;ﬂf;z:??;e;;‘ﬁ:‘" before 1/1/2023 before 1/1/2023
cooled = Al P & 6.3 HSPF2 AHRI 210/240—2023

58

(heating mode)

phase®

after 1/1/2023

after 1/1/2023
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7.4 HSPF

Single package, three phase and before 1/1/2023

applications outside US single

phase®

6.3 HSPF2
after 1/1/2023

(heating mode)

<240.000 Btu/h

(cooling capac-
ity)

> 240,000 Btu/h

(cooling capac-
ity)

after 1/1/2023

17°F db/15 F_wb 2.05 COPy
outdoor air EE—
47°F db/43 Ewb 3.20 COPy
outdoor air —
17°F db/15°F wb 2.05 COPy;

outdoor air

Small duct, Split system. three phase and ap 7.2 HSPF AHRI 210/240—2017
. . \% -
g v = - x before 1/1/2023 before 1/1/2023
h.l h velocit < 65,000 Btu/h All plications outside US single Sore elore
air cooled (heat- hase® 6.1 HSPF2 AHRI 210/240—2023
ing mode) PRase after 1/1/2023 after 1/1/2023
3.30 COPH before
> 65.000 Btu/h 47°F db/43°F wh 1/1/2023
and outdoor air 3.40 COPy after
< 135,000 Btu/h 1/1/2023
(cooling capac- o O
ity) M 2.25 COPu
outdoor air
3.20 COPH before
. >135.000 Btu/h 47°F db/43°F whb 1/1/2023
Air cooled and All " outdoor air 3.30 SOPy; AHRI 340/360

For SI: 1 British thermal unit per hour = 0.2931 W, °C = [(°F) — 32]/1.8, wb = wet bulb, db = dry bulb.

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.
b. Single-phase, US air-cooled heat pumps less than 65,000 Btu/h are regulated as consumer products by the US Department of Energy Code of Federal

Regulations DOE 10 CFR 430. SEER, SEER2 and HSPF values for single-phase products are set by the US Department of Energy.
¢. DOE 10 CFR 430 Subpart B Appendix M1 includes the test procedure updates effective 1/1/2023 that will be incorporated in AHRI 210/240—2023.

d. This table is a replica of ASHRAE 90.1 Table 6.8.1-2 Electrically Operated Air-Cooled Unitary Heat Pumps—Minimum Efficiency Requirements.




TABLE Can3.2.
MINIMUM EFFICIENCY FIED REMEMNTS:
ELECTRICALLY OPERATED PACKAGED TERMINAL AIR CONDITIONERS,
PACKAGED TEAMINAL HEAT PUMPS, SINGLE-PACKAGE VEATICAL AIR CONDITIONERS,
SINGLE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS AND ROOM AIR-CONDITIONER HEAT PUMPS

EDLIIP‘IIEN‘FPE SIZE CATEGORY (INPUT) T MIMIMUM EFFICIENCY L
¥ M . e ey
f rn'ﬁ filﬂ;m' All Capacities 95°F db outdoor air 14.0 - (0,300 x Cap/1000) EER®
¥ " sline die
f r"‘él;l';“::’rz;;f”“\\\ All Capacities 95°F db outdor air 10.9 - (01213 = Cagf 1000) EER
FTHP {cooling mode) S R o . -
pew construction \II Capacities 95°F db outdoor air 14,00 - (0300 :-H’_aj:«']{l:lf:ll].]y AHRI
» jcoaling 10380
erE,pfﬂ'r'r:;:ﬂm" ANCapacities 95°F db outdoor air 108 - (0.213 x cmmyﬁm
PTHPF (heating mode) . . . . .
pew construction All LNE — 3.2 - 00026 x Cagl000) COP
FTHF (heating mode) R an s . .
replacements All I'_.zpauln.\ — 29.- \ﬂ.%apﬂﬂ]}l cop
< 63,000 Biwh \‘ 95°F dw' T5°F wh outdoor air / 0.0 EER
e = 65,000 Biu/h and I ] ]
!'!n:!:'"r AC . < 135,000 Btuh \QE- db/ 75°F wh outdoor air / B9 EER
{cooling mode) 5135100 Bt o
=135, tw/h and N\ ) ]
< 240,000 Biu'h a5 N T5°F wh i}utdﬁ?j’y 8.6 EER \HRl 300
= 65 (00 Biw'h 95°F dh?‘ﬁ']' wh {}H[dya.if 0.0 EER ) .
= 65
SPVHP - E" '?O::I Hiuh aad 95°F dw' TSN wh oyflloor air E.9 EER
P . < 135,00 Biw'h
(cooling mode) 5135 000 Biofh and
=135, tw/h and I ] _
< 240,000 Biufh 95°F diw' 75°F %ﬂuﬂ air E.6 EER
< 63,000 Brwh 47°F dbv 43°F /[1 -qm{w air 30 C0OP
S— = 65,000 Biw'h and . -
hF\-H]:‘. < 135,000 Etuh 47°F dhf/'u.h ul:ducN 3.0 COp AHRI 390
(heating mode)
=13 ;
2 o o and | g M 75°F wh outdoor air N N 2.0 COP
< 6,000 Bruh // — \ 0.7 SEER
= 6000 Brwh T EE
< B 00K By - \ 7 E
Room air conditioners, Z 8,000 and _ 8 EER
with louvered sides = 14, Bwh N
2 14,00 Btw'h and N\
< J0.000 Biuh - 9. \QR
/ 20,000 Bruh _ 85 F.E\
- N ANSL/
e — T
|/ <8000 B QL0EER \ AHAM RAC
Room air conditioner 2 8,000 Btwh and 5.5 EER
without louvered siges < 20,000 Brwh - -
= 20,000 Biwh — £.5 EER \
Room air-gfditioner < 20,000 Buw'h — 0.0 EER
heat s with
e s 220,000 Buh — 8.5 EER
Rpfm air-conditioner < 14,000 Bruh — 55 EER
sat pumps without - .
lonvered sides 2 14,000 Biuw'h — B0 EER

{continued)
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TABLE CAD‘&.:.B[P.‘? inued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED PACKAGED TERMIMAL AIR CONDITIONERS,

5

PAC ERMINAL HEAT PUMPS, SINGLE-PACKAGE VERTICAL AIR CONDITIONER
SINGLE VERTICAL MFS, ROOM AIR CONDITIONERS AND ROOM AIR-CONDITIONER HEA’I’ PUMPS
EQUIPMENT TYPE swum' gneur) | SUECATEGORY OF MINIMUM Epwﬁﬁm;.
Room air conditioner casement only All caphl!\ . 8.TEER AMNSL
Room air conditioner casement-slider All capacities 9.5 EER AHAM RAC-1

I-nr‘sl I]inumuu.;m.:lumlp-c:hm: Di"-ﬂl'-"r = I" '1.¢|.|'I.S.

b RLpL:.n:cn'u.nl. unit

h'l:'-"n' CONS

\\/_

oy IahLILdu rl'{ll"’-ls “MANUE .'|.{ TURELY I ‘OR REFLACEMENT APPLIC
TN PROJECTS.” Foplaccment cificicncics apply only to units with cxisting slecves less than 16 mao
cs {106ET mm) in width.

(4 HLEITL]J.I’.\IJ:\.I’\ 1, 2015 the minimum efficicocy shall be 13.5 - (0.300 x Capl1 000 EER.

{8 ONLY: NOT Fi]]il I"u\ TALLEDIN

TABLE C403.3.2(4)

ELECTRICALLY OPERATED PACKAGED TERMINAL AIR CONDITIONERS, PACKAGED TERMINAL HEAT PUMPS,

SINGLE-PACKAGE VERTICAL AIR CONDITIONERS, SINGLE-PACKAGE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS

AND ROOM AIR-CONDITIONER HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS®
EQUIPMENT TYPE SIZE CATEGORY (INPUT) SUBCATESSI;.YI.I%: RATING MINIMUM EFFICIENCY! TEST PROCEDURE?
< 7,000 Btu/h 11.9 EER
; 95°F db/75°F wb _
PTAC (cophng mode) >7.,000 Btu/h and 22 F db//o T Wb 14.0 —(0.300 ><d AHRI 310/380
standard size <15.000 Btu/h outdoor air® Cap/1.000) EER -
> 15,000 Btu/h 9.5 EER
< 17,000 Btu/h 9.4 EER
i 95°F db/75°F wb _
PTAC (coohng rzlode) > 7,000 Btu/h and 2o F db//>°F Wb 10.9 —(0.213 Xd AHRI 310/380
nonstandard size < 15,000 Btwh outdoor air® Cap/1,000) EER -
> 15,000 Btu/h 7.7 EER
<7.000 Btu/h 11.9 EER
; 95°F db/75°F wb _
PTHP (cogllng mode) > 7,000 Btu/h and 227k db//o° I Wb 14.0 —(0.300 Xd AHRI 310/380
standard size <15.000 Btu/h outdoor airc Cap/1.000) EER e ——
> 15,000 Btu/h 9.5 EER
<7.000 Btu/h 9.3 EER
; 95°F db/75°F wb _
PTHP (coohng n;ode) > 7,000 Btu/h and Z R 10.8 —(0.213 Xd AHRI 310/380
nonstandard size < 15,000 Btu/h outdoor airc Cap/1,000) EER E—
> 15,000 Btu/h 7.6 EER
<7.000 Btu/h 3.3 COPy
PTHP (heating mode) > 7,000 Btwh and 47°F db/43°F wb 3.7 = (0.052 x Cap/1,000)
- ] pi AHRI 310/380
standard size < 15,000 Btu/h outdoor air COPy¢
> 15,000 Btu/h 2.90 COPy
< 7,000 Btu/h 2.7 COPu
PTHP (heating mode) > 7,000 Btw/h and 47°F db/43°F wb 2.9 —(0.026 x Cap/1000)
P ] q AHRI 310/380
nonstandard size <15.000 Btuw/h outdoor air COPy¢
> 15,000 Btu/h 2.5 COPu
< 65,000 Btu/h 95°F db/75°F wb 11.0 EER AHRI 390
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SPVAC (cooling mode)

> 65,000 Btu/h and

outdoor air®

single and three phase < 135.000 Btu/h 10.0 EER
> 135,000 Btu/h and
<240,000 Btu/h LLBLNEIETS
<65,000 Btu/h 11.0 EER
) > 65,000 BtU/h and 95°F db/75°F Wb 10.0 EER
SPVHP (cooling mode) <135.000 Btu/h ol . —— AHRI 390
outdoor air®
> 135,000 Btu/h and
<240,000 Btu/h LN ELETS
<65,000 Btu/h 3.3 COPy
) > 65,000 BtU/h and 47°F db/43oF Wb 3.0 COPH
SPVHP (heating mode) < 135,000 Btu/h o . — AHRI 390
outdoor air
> 135,000 Btu/h and 3.0 COPy

<240,000 Btu/h

EQUIPMENT TYPE SIZE CATEGORY (INPUT) SUBCATEg,?g%&;ﬁ RATING MINIMUM EFFICIENCY¢ TEST PROCEDURE?
< 6,000 Btu/h — 11.0 CEER
> 6,000 Btu/h and
Room air conditioners Z<8 ?f%(%ué?u?}?d — 10.9 CEER
il s e it ANSIAAM BAC
— > 14,000 Btu/h
applications outside US T 20 OOOgnl/ind — 10.7 CEER
>20,000 Btu/h and
< 28,000 Btu/h — 2.4 CEER
> 28,000 Btu/h 9.0 CEER
< 6,000 Btu/h — 10.0 CEER
> 6,000 Btu/h and
< 8.000 Btwh — 100 CEER
> 8.000 Btu/h and
R - conditi < 11,000 Btw/h — 26 CEER
OOMLAE CONCIOTENS ANSU/AHAM RAC-1
without louvered sides > 11,000 Btu/h and
< 14,000 Btw/h — 2.3 CEER
> 14,000 Btu/h and
— 9.3 CEER
<20,000 Btu/h -
>20,000 Btu/h — 9.4 CEER
Room air conditioners <20.000 Btu/h f— 9.8 CEER
with reverse cycle, with ANSI/AHAM RAC-1
louvered sides for > 20.000 Btu/h - 9.3 CEER
applications outside US — =
< 14,000 Btu/h — 9.3 CEER ANSI/AHAM RAC-1
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Room air conditioners
with reverse cycle without
louvered sides for
applications outside US

> 14,000 Btu/h — 8.7 CEER

Room air conditioners,
casement only for All — 9.5 CEER ANSI/AHAM RAC-1
applications outside US

Room air conditioners,
casement slider for All — 10.4 CEER ANSI/AHAM RAC-1
applications outside US

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 7,000 Btu/h, use 7,000 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.

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.

b. Nonstandard size units must be factory labeled as follows: “MANUFACTURED FOR NONSTANDARD SIZE APPLICATIONS ONLY: NOT TO BE
INSTALLED IN NEW STANDARD PROJECTS.” Nonstandard size efficiencies apply only to units being installed in existing sleeves having an external
wall opening of'less than 16 inches (406 mm) high or less than 42 inches (1067 mm) wide and having a cross-sectional area less than 670 square inches (0.43
m?).

c. The cooling-mode wet bulb temperature requirement only applies for units that reject condensate to the condenser coil.

d. “Cap” in EER and COPH equations for PTACs and PTHPs means cooling capacity in Btu/h at 95°F outdoor dry-bulb temperature.

. This table is a replica of ASHRAE 90.1 Table 6.8.1-4 Electrically Operated Packaged Terminal Air Conditioners, Packaged Terminal Heat Pumps, Single-

Package Vertical Air Conditioners, Single-Package Vertical Heat Pumps, Room Air Conditioners, and Room Air-Conditioner Heat Pumps—Minimum
Efficiency Requirements.

TABLE 203.2.3(4)
WARM-AIR FURNACES AND COMBINATION WARM FURNACES/AIR-CONDITIOMING LINITS,
WARM-AIR DUCT FURNACES AND UNIT HEATERS, MINIMUM EFFICIENCY REQUIREMENTS
SIZE CATEGORY SUBCATEGORY OR MIHIMUN
M"E"T“FE {INFUT] RATING CONDTION EFFICIENCY* TeST mw
N - o T8% AFUE or DOE, FR Part 430 or
w < 125,000 Bu/h B0 E ANSI 721.47
Z 125,000 Biwh Maximum capacity® BORE, AMNEI Z21.47
[OE 10 CFR Part 430 or
Warm-air furnaces, < 125,000 Biuh — ’ UL 727
oill fired - - - — —
_‘_SQINJ Biuh Maximum v:;q:u;u:l[}"// Bl %EE UL 727

‘P-afm-agl.;j-:l;ildrumimﬂ- All cah\ HJM BOLE, AMNSI ZE3.B
—— - - ~J
Warm ;; 'E’;'Lfdml e, All capacities /@n capacity* BO%E, ANSI Z83.5

W”’"ﬂ:; ?:;‘dml“""' Al capayi'u!/ Mu:imum BOUE. UL 731

For 51z 1 British thormal wnit per bowr = 0.2
2 Chapier & coninins o complele spocifig#ion of the neferenced iest procedwre, incloding the referonoed year i af the lest proceduns.

b. Minimum and maximum ratings gffrovided for and allowed by the unit’s controls.

©. 'Combinalion units not covorggefy the Mational Applisnos Encrgy Comsorvation Actof 1987 (NABECA) (3-phasc pows oofing capacity grealer than or
copual b 65,000 Buwh |1 It shall comply with cither rating,.

flistinn cfficicncy. Units shall also include an TIY, bave jackets not excoeding 0,75 percent of the inpul mting, and have cither T venting ar o
e domiper. A vont damiper is an socepioble aliermative to o flue domper for those fomaces whons combustion air is drawn from the c \ EPBOT.
5, = Thormal officicncy. Units shall also inclode an 112, have jacket losscs nit cxooeding 075 poroont of the inpul rating, and have cilhor power vOMNSegar o

floe domper. A vonl damper is an soccploblie allernative o o floc domper for those famoces whone combustion oir is dmwn from the conditionod spacc®

TABLE C403.3.2(5)

WARM-AIR FURNACES AND COMBINATION WARM-AIR FURNACES/AIR-CONDITIONING UNITS,
WARM-AIR DUCT FURNACES AND UNIT HEATERS—MINIMUM EFFICIENCY REQUIREMENTS?

SUBCATEGORY OR RATING
CONDITION

EQUIPMENT TYPE SIZE CATEGORY (INPUT) MINIMUM EFFICIENCY TEST PROCEDURE®




Warm-air furnace, gas
fired for application out-
side the US

<225.000 Btu/h

Maximum capacity®

80% AFUE

(nonweatherized) or
81% AFUE

(weatherized) or 80% E-
d

DOE 10 CFR 430

Appendix N or
Section 2.39, Thermal Ef-

ficiency, ANSI Z21.47

Warm-air furnace, gas
fired

<225.000 Btw/h

Maximum capacity®

80% E-4

before 1/1/2023 81% E¢
after 1/1/2023

Section 2.39, Thermal
Efficiency, ANSI Z21.47

Warm-air furnace, oil
fired for application out-
side the US

<225.000 Btw/h

Maximum capacity®

83% AFUE

(nonweatherized) or
78% AFUE

(weatherized) or 80% Ei-
d

DOE 10 CFR 430

Appendix N or
Section 42, Combustion

UL 727

Warme-air furnace, oil
fired

<225.000 Btw/h

Maximum capacity®

80% Ei

before 1/1/2023 82% Ed
after 1/1/2023

Section 42, Combustion
UL 727

Electric furnaces for ap-

DOE 10 CFR 430

()
plications outside the US 225,000 Bruh All 26% AFUBE Appendix N
Warm-air duct furnaces, . . . o/ o Section 2.10, Efficiency,
as fired All capacities Maximum capacity' 80% Ec& ANSI Z83.8
Warm-air unit heaters, gas - . - o) et Section 2.10, Efficiency,
fired All capacities Maximum capacity’ 80% Ec ANSI 783 8
Warm-air unit heaters, oil All capacities Maximum capacity® 0% Eoet Section 40, Combustion

fired UL 731

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

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.

b. Combination units (i.e., furnaces contained within the same cabinet as an air conditioner) not covered by DOE 10 CFR 430 (i.e., three-phase power or with
cooling capacity greater than or equal to 65,000 Btu/h) may comply with either rating. All other units greater than 225,000 Btu/h sold in the US must meet the
AFUE standards for consumer products and test using USDOE’s AFUE test procedure at DOE 10 CFR 430, Subpart B, Appendix N.

c. Compliance of multiple firing rate units shall be at the maximum firing rate.

d. E, = thermal efficiency. Units must also include an interrupted or intermittent ignition device (IID), have jacket losses not exceeding 0.75 percent of the 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.

e. E. = combustion efficiency (100 percent less flue losses). See test procedure for detailed discussion.

f. Units must also include an interrupted or intermittent ignition device (IID) and have either power venting or an automatic flue damper.

g. This table is a replica of ASHRAE 90.1 Table 6.8.1-5 Warm-Air Furnaces and Combination Warm-Air Furnaces/Air-Conditioning Units, Warm-Air Duct
Furnaces, and Unit Heaters—Minimum Efficiency Requirements.
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TABLE wuf&
MINIMUM EFFICIENCY REQUIREMENTS: GAS- AND OIL-FIRED BEOILERS
EWIFW :E?E‘gﬁg?ﬂgn SI7E CATEGORY (INPUT) | MINIMUM EFFICIENC YY" TEST FROCED
N < 300,000 Btwh 0% AFUE 10 cn;uﬁ 430
= 300,000 Biwh and i
Gas-fired =2 500,000 B/ BIME E, 0 CFR Part 431
) = 2 500,000 Btu/te BI% E
Boilers, hot water :
< 300000 Btwh 804E AELHC 10 CFR Part 430
) = 300,000 Btwh and i
Oil-fired" L ¥:
i == 2,500,000 Bruh®* //" : 10 CFR Part 431
> 2,500,000 B A~ BT E,
Gas-fired < 300,000 Bpeh 75% AFUE 10 CFR Part 430
_ 0 wh an::l 9% E,
Gas-fired- all, except natural draft | = LA, u'h
3 00,000 Bin TO% E, 10 CFR Part 431
P = 300,000 Buh and —_— A
Boilers, steam (3as-fired-nateral dr; = 1,500,000 Biwh®
> 2,500,000 Bu/h* N E,
/ < 300,000 Brwh 507 ANJE 10 CFR Part 430
) = 300,000 Btwh and i
Oil-fired" : BI%E
i = 2,500,000 Bu'® ) 10 CFR Part 431
/ = 2,500,000 Btu/h* SI%E,

zrmal umit por howr = 0.2931

W,

1= fior bailors cover all capacitics of packoped boilers.

EQUIPMENT TYPE®

Imum capacity — minimum and maximum metings & providod for and allowcd by the unit"s controls.
ncludes oil-Fred {residuall
. E. = Combastion efficicncy {100 poroent bess floc losses)L

2 E, = Thermal cfficicrcy. Scc neferenoed standard for detziled information

TABLE C403.3.2(6)
GAS- AND OIL-FIRED BOILERS—MINIMUM EFFICIENCY REQUIREMENTS'

SUBCATEGORY OR SIZE CATEGORY
RATING CONDITION (INPUT)

MINIMUM EFFICIENCY

remenis apply to boilers with raied inpat of 8,000, 60 Biwh or less thai anc not packaged boilers and 1o all packaged boilers. Min!

m cfficicncy

EFFICIENCY AS OF

3/2/2022

TEST PROCEDURE®

< 300,000 Btu/h&"

DOE 10 CFR 430

for applications out- 82% AFUE 82% AFUE -
; Appendix N
side US
Gas fired > 300,000 Btw/h and
PP Pw— 80% Ed 80% Ed
=2.500.000 Btu/h DOE 10 CFR 431.86
> 2,500,000 Btw/h® 82% Ec 82% Ec
Boilers, hot water .
< 300,000 Btw/he" for
applications outside 84% AFUE 84% AFUE —Dolf 10 CFR 430
Us ppendix N
Oil fired’ S
Q1 tired 300,000 Btwh and
- - 82% E¢ 82% E¢
=2.500.000 Btu/h DOE 10 CFR 431.86
> 2,500,000 Btw/h® 84% E& 84% E&
< 300,000 Btu/he for
Gas fired applications outside 80% AFUE 80% AFUE DOE 10 CFR 430
US Appendix N
Boilers, steam >300.000 Btu/h and
Gas fired—all, except _< ’ ane 79% Ei 79% E¢
: 2,500,000 Btu/h DOE 10 CFR 431.86
natural draft
> 2,500,000 Btw/h® 79% Ed 79% Ed




> 300,000 Btu/h and
> d d
Gas fired—natural < 2.500,000 Btu/h® T7% E¢ 19% E¢
draft
> 2,500,000 Btu/h® 77% Ed 79% Ed
< 300,000 Btu/he for
applications outside 82% AFUE 82% AFUE DOE 10 CFR 430
US — Appendix N
Oil firedf S
O1l fired 300,000 Btu/h and
= S— 81% Ed 81% Ed
= 2.500.000 Btw/h DOE 10 CFR 431.86
> 2,500,000 Btu/h® 81% Ed 81% Ed

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

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.

b. 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.
¢. E. = Combustion efficiency (100 percent less flue losses).

d. E, = Thermal efficiency.

e. Maximum capacity—minimum and maximum ratings as provided for and allowed by the unit’s controls.

f. Includes oil-fired (residual).

g. Boilers shall not be equipped with a constant burning pilot light.
h. A boiler not equipped with a tankless domestic water-heating coil shall be equipped with an automatic means for adjusting the temperature of the water such

that an incremental change in inferred heat load produces a corresponding incremental change in the temperature of the water supplied.
1. This table is a replica of ASHRAE 90.1 Table 6.8.1-6 Gas- and Oil-Fired Boilers—Minimum Efficiency Requirements.
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TABLE C&03.2.3(6
MIMIMUM EFFICIENCY REQUIREMENTS:
CONDENSING UNITS, ELECTRICALLY OPERATE

W TYFE SIZE CATEGORY MINURAT EFFICIENC Y TEST FROCEDURE"
. . \\ o 10.1 EER
Condensing units, air coole = 135,000 Bt 112 IPLY
— AHRI 365
Condensing units, water or evapomatively cooled 55 00 |31LLN 1 E;E.'R.
N~ 13 IPLY

Far §1: 1 British thermal umit per hoor = 02931
o Chapier & conlains a completc 5
IC Lo cquipment with copacity modulation.

on of the rofonenced test proceduns, including the referonoed yoar vorsion of
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TABLE C403.2.3(7
\ WATER CHILLING PACKAGES - EFFII.'::I'E FiCY AEQUIREMENTS" "¢ /
MENT TYPE SZE CATEGDAY NITS BEFORE 11/205 AS OF 1172015 TEsT
Path & Path B Path A Pathe  |PROCE
- 150 Tons 26562 FL. NA: Z 000 FL | 259700 FL
ool o EER 2 12,500 IPLV = 12,700 IPLV |2 15,800 IPLV
AI-000 [= ers ra—
(BIWW) 20562 FL Z10100FL | 29700 FL /
> 150 Tons _ MA: _
212,500 [PLV = 14.000 IPLY [2 16,100 AV
_ Air coolled B EEE Air-conled challers without condenser shall be rated p/
without condenser, All capacities B matching condensers and complying with xir-coal iller
electrically operated \ ! efficiency requirements.
Mons = 07R0FL | = 0BMOFL | = 0750 I-I/"_: 0.780 FL.
o = EI0IPLY |2 0600 IPLV | = 0,600 1}(&' = 0,500 IPLY
_— s Z0T5F. | SR | AR | SoTeA
275 tons and < 15 5
= 0EI5IPLY [= 05B6IPLY -_:ﬁsuwl.v = 0,450 IPLY
Water cooled, electrically [ = 06E0FL | =0718F. /= 0660 FL | = 0.680FL
operaled positive 2150 Wons and < 300 ons Wilon — —— a— —~— -
displacement = SEOIPLY | = 0.540 M = 0540 IPLV | =2 0,440 IPLY
=060F. | =opfR | zoeA | Zo65A. | aHpissw
Z 300 tons znd < 600 tons - e o 1 - =00
= S0 IPLY | = @400 IPLY | = 0,520 IFLY | 2 0.410 IPLY
> E00 toms = ().620 FL /’-_= DEI9FL | = 0SS0FL | = 0.585FL
- =N IR [ = 04s0 1Ly | = 0.s000PLy | = 0380 LY
=0 3dA. | =o0foA. | cofl0AL | =o06EAL
< 150 Tons
-_=}§-.=-E- |N('v = 0450 IPLY | =2 0550 IPLV | = 0.440 IPLV
— /=osuA\| =0630r | =ofl0A. | =06
o o = 0596 IPLV NG 0.450 IPLY | = 0550 IPLV | = 0.400 IPLV
water cooled, electrically | » 100 1ons and < 400 tons a = 0576 FL _\\ﬂ:h:u FL | =0580FL | =0sesFL
operaied centrifigal = 0540 IPLY |2 040NgLY [ = 0.s200pLy [ = o.aso Ly
e e = 0STEFL | = 0600F = 0560 FL | = 0585 FL
= 400 tons 2nd < 6001
= S4B IPLY |2 0.400 IPLV N 0.500 IPLV | =2 0,380 IPLV
W ZOSTOFL [ =0500F. | NS | S0SESFL
= i [a]
= SI0IPLY |2 0400 IPLY | = D.E-\]I‘I.‘r‘ = 0,380 IPLV
Alr E'?i:gllé gf.%ff""m- .ﬂ.llc}é:i:i-:-s cop = 0600 FL NAS z u.-.‘m\ NAS
— - N
““‘”;i':m'le‘}.}’sx'fﬂ'm- /ﬁcnpﬁ:i:i-:-s cop = 0,700 FL NAS 0,700 FL NAS
- - ; E AHRI 560
Absorplion, double / . Z L000 FL ] Z 1000 FL
it All capacities cor - MAS - N
effect. indirect fired_g Fpas = 1.050 IPLV = 1050 IPLY
Absorption double#fect - 2 1000 FL ) 2 1.000 FL . N
S All capacities cor - NAS - NAS
i FM capac 2 1.000 IPLY 2 1050 IPLY \

cnts for centrifigal chiller shalll be adjusicd for nonstandard mting conditions in accordanoe with Scection C403.2.3.1 and arc only appliNg
of conditions listed in Section C403.2.3.1. The roquircmenis for air-cooled, wator-cooled positive displacemont and absorption chille
ruting conditions defined in the reforenoe tost procoduwre.

. MA means the requinements ore not applicable fior Path B and only Path A can be wsed for complionos.
d FL. represenis the full-load performance roguirements and IPLY the pari-load performance requinements.

TABLE C403.3.2(3)
WATER-CHILLING PACKAGES—MINIMUM EFFICIENCY REQUIREMENTS® & & f
SIZE TEST
EQUIPMENT TYPE CATEGORY UNITS PATH A PATH B PROCEDURE®
>10.100 FL >9.700 FL.
<150 tons
>13.700 IPLV.IP > 15.800 IPLV.IP
Air cooled chillers EER (Btw/Wh) AHRI 550/590
>10.100 FL =9.700FL
> 150 tons
>14.000 IPLV.IP >16.100 IPLV.IP
Air cooled without condenser Air-cooled chillers without condenser must be
; | All capacities | EER (Btu/Wh) | rated with matching condensers and comply with | AHRI 550/590
electrically operated - . p .
air-cooled chiller efficiency requirements




<0.750 FL <0.780 FL
<75 tons
<0.600 IPLV.IP <0.500 IPLV.IP
> 75 tons and <0.720 FL <0.750 FL
Water cooled. electrically op- =150 tons <0.560 IPLV.IP <0.490 IPLV.IP
erated positiv;: displacen?enrt) kWiton AHRI 550/590
> 150 tons and <0.660 FL <0.680 FL
=300 tons <0.540 IPLV.IP <0440 IPLV.IP
> 300 tons and <0.610 FL <0.625 FL
=600 tons <0.520 IPLV.IP <0.410 IPLV.IP
<0.560 FL <0.585 FL
> 600 tons
<0.500 IPLV.IP <0.380 IPLV.IP
<0.610 FL <0.695 FL
<150 tons
<0.550 IPLV.IP <0.440 IPLV.IP
<0.610 FL <0.635 FL
<0.550 IPLV.IP <0.400 IPLV.IP
Water cooled, electrically op- | > 300 tons and =0.560 FL =0.595 FL
! kW/ton AHRI 550/590
erated centrifugal =400 tons <0.520 IPLV IP <0.390 IPLV.IP
> 400 tons and <0.560 FL <0.585 FL
=600 tons <0.500 IPLV.IP <0380 IPLV.IP
<0.560 FL <0.585 FL
> 600 tons
<0.500 IPLV.IP <0.380 IPLV.IP
Air cooled absorption, single .. S d
offoct All capacities COP (W/W) >0.600 FL NA AHRI 560
Water cooled absorption. sin= |y} unacities | COP (W/W) >0.700 FL NAd AHRI 560
gle effect
. o >1.000 FL
Abs‘;mté"n double effect. indi- | ;o vacities | COP (W/W) NAY AHRI 560
Lect fired >0.150 IPLV.IP
: : >1.000 FL
Absorption double effect. di= |y} uhacities | COP (W/W) NA¢ AHRI 560
rect fired > 1.000 IPLV

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.

b. The requirements for centrifugal chillers shall be adjusted for nonstandard rating conditions per Section C403.3.2.1 and are applicable only for the range of
conditions listed there. The requirements for air-cooled, water-cooled positive displacement and absorption chillers are at standard rating conditions defined
in the reference test procedure.

c. Both the full-load and IPLV.IP requirements must be met or exceeded to comply with this standard. When there is a Path B, compliance can be with either
Path A or Path B for any application.
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d. NA means the requirements are not applicable for Path B, and only Path A can be used for compliance.
e. FL is the full-load performance requirements, and IPLV.IP is for the part-load performance requirements.
f. This table is a replica of ASHRAE 90.1 Table 6.8.1-3 Water-Chilling Packages—Minimum Efficiency Requirements.

TABLE Ca03.2.3(8 /
MINIMUM EFFICIENCY REQUIHEMENTS:
HEAT REJECTION EQUIPMENT /
HEATAIJI_EEJ"EC'I'IGH PERFORMANCE
ENT TYPE" CAPACITY AT RATED SUBCATEGORY OR RATING CONDITION' AECUNRED® =285 TEST PROCE E*!
CONDITIONS
. 05°F entering water
Hler or Wial fan - . CT1 $AC-105 and
E All 85°F leaving water 2 402 gpm'hp
it conliNg bow X
open-cercui I ers 75°F entering wh 5TD-201
] 05°F entering waler 4
Cenirifugal fan \ All 85°F leavin . CT1 ATC-105 and
it cooli A £ Waler 2 D gpmity .
open-circuit codling lowe 75°F entering wh CTI 5TD-201

Propeller or avial fan
closed-circuit cooling

102°F entering waber
90°F leaving water

CTI ATC-1055 and
CTI 5TD-201

lowers T5°F entering wh
102°F entering water

Centrifugal fan closed- Al 90°F leavin CTI ATC-1055 and
=t ! ; £ Waler 2 7.0 gpmihp
circuit cooling towers 75°F entering wh CT1 5TD-201
N\ Ammonia Test Fluid
Propeller or axial fan 1407F entering gas temperature -
evaporalive condensers All 96 3°F condensing temperature 134,000 Btwhhp | CTT ATC-106
T5°F entering wh
Ammonia Test Fluid
Cenirifugal fan 1407F entering gas tem 5 ! :
evaporative ondensers All 96 3°F condensing P 110,000 Bwhhp | CT1ATC-106
T5°F entering
- m"”ﬁ:'ﬁﬁ;"{.fmi;‘:'niﬁs All = 157000 Brwhhp | CTTATC-106
e ers All 2135000 Bwhhp | CTIATC-106
/ 125°F Condensing
INrF Entering Gas Ter\gerature 2176000 Buhbp |  AHRI 460

15°F subcooling
05°F entering db

Air-cooled condensers All /

For 81 3C = |(PF)-32)/1L.E, L - kW = (gpmApi'(11.83), CO8* = (Br'h - hp(2350.7),

dh = dry bulk tempomiare, “F, wh = we fulb iwmperature, “F.

1 The cificionoics and tost procodurogfior both open- and closcd-cirooit cooling lowors ans not applicable o
wet and dry heal exchange socti

b. Far purpases of this mhle, ope

rid cooling towors that contain a combination of

ircuit conling tower porformance is defined os the water flow miing of the cr ai the thormal miing conditon listed in
Tablc 405.2.3(8) divided by L€ Fan nameplatc-micd molar powar.

c. For purposes of this teble, gfosed-circuit cooling tower porformance is defined as the water Aow roting of the tower WY, the thermal rating condition lisied in
Table 405.23(8) divided iy the sum of the fan nameplaie-raied molor power and the spry pump nameoplale-raled mod VAT,

d. For purposcs of this tsbff, nircooled condenser porformance is dofined as the beat rejoctod from the rofrigerant dividod Mgthe fan mameplalc-rted molor
porwer.

g8
&
[ral
g
E.
8
a
b
g
B
3
E
a
2
g
il
"
| -§
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E
I=
¥
i
=l
= |
g
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B
2
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]
g
g
I3
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requinemients da
f. 'Where o certificgfon program exists for a covoned product and il includes provisiens for venfication and challenge of oquipmont officic
product shall

s andor options included in the capacity of the conling tower
rposcs of this iable, cvaporabive condenser performance is defined as the heal rejocied ot the specified roling condition in the nble dvided by the
fan mobor mameplate powor and the inlegral spmy pump nameplale power

quircments for cvaporative condensors e lisicd with ammonia (R-717) and B-507A as (ost fluids in the teble. Evaportive condensors intondod for usc
with halecarbon refrigerants other than B-507A shall meet the minimuem efficiency requiremenits lisied in this mhle with B-507A as the et floid h

TABLE C403.3.2(7)
PERFORMANCE REQUIREMENTS FOR HEAT REJECTION EQUIPMENT—MINIMUM EFFICIENCY REQUIREMENTS'




EQUIPMENT TYPE

TOTAL SYSTEM HEAT-
REJECTION CAPACITY AT

RATED CONDITIONS

SUBCATEGORY OR RATING

PERFORMANCE

CONDITION"

REQUIREDP ¢ ¢ .5

TEST PROCEDURE? ®

Propeller or axial fan
open-circuit cooling tow-
ers

All

95°F entering water
85°F leaving water
75°F entering wb

>40.2 gpm/hp

CTI ATC-105 and CTI
STD-201 RS

Centrifugal fan open-cir-
cuit cooling towers

All

95°F entering water
85°F leaving water
75°F entering wb

>20.0 gpm/hp

CTI ATC-105 and CTI
STD-201 RS

Propeller or axial fan
closed-circuit cooling
towers

All

102°F entering water
90°F leaving water

o

75°F entering wb

>=14-0-gpm/hp
>16.1 gpm/hp

CTI ATC-105S and CTI

STD-201 RS

Centrifugal fan closed-cir-
cuit cooling towers

All

102°F entering water

90°F leaving water
75°F entering wb

>7.0 gpm/hp

CTI ATC-105S and CTI

STD-201 RS

Propeller or axial fan dry
coolers (air-cooled fluid

coolers)

All

115°F entering water

105°F leaving water
o

95°F entering wb

>4.5 gpm/hp

CTI ATC-105DS

Propeller or axial fan
evaporative condensers

R-448A test fluid
165°F entering gas tem-

perature
105°F condensing temper-

ature
75°F entering wb

> 160,000 Btu/h x hp

CTI ATC-106

Propeller or axial fan
evaporative condensers

All

Ammonia test fluid
140°F entering gas tem-
perature
96.3°F condensing tem-
perature
75°F entering wb

> 134,000 Btu/h x hp

CTI ATC-106

Centrifugal fan
evaporative condensers

All

R-448A test fluid
165°F entering gas tem-

perature
105°F condensing temper-

ature
75°F entering wb

> 137,000 Btu/h x hp

CTI ATC-106

Centrifugal fan
evaporative condensers

All

Ammonia test fluid
140°F entering gas tem-

perature
96.3°F condensing tem-

perature
75°F entering wb

>110,000 Btu/h x hp

CTI ATC-106

Air-cooled condensers

All

125°F condensing temper-

ature
190°F entering gas tem-
perature
15°F subcooling
95°F entering db

> 176,000 Btw/h x hp

AHRI 460

For SI: °C = [(°F) — 32]/1.8, L/s x kW = (gpm/hp)/(11.83), COP = (Btu/h X hp)/(2550.7), db = dry bulb temperature, wb = wet bulb temperature.
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a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.

b. 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 the
table divided by the fan motor nameplate power.

c. For purposes of this table, closed-circuit cooling tower performance is defined as the process water-flow rating of the tower at the thermal rating condition
listed in the table divided by the sum of the fan motor nameplate power and the integral spray pump motor nameplate power.

d. For purposes of this table, dry-cooler performance is defined as the process water-flow rating of the unit at the thermal rating condition listed in the table
divided by the total fan motor nameplate power of the unit, and air-cooled condenser performance is defined as the heat rejected from the refrigerant divided
by the total fan motor nameplate power of the unit.

e. 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 separate wet and dry heat exchange sections. The certification requirements do not apply to field-erected cooling towers.

f._All 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.

g. 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.

h. Requirements for evaporative condensers are listed with ammonia (R-717) and R-448A as test fluids in the table. Evaporative condensers intended for use
with halocarbon refrigerants other than R-448A must meet the minimum efficiency requirements listed with R-448A as the test fluid. For ammonia, the
condensing temperature is defined as the saturation temperature corresponding to the refrigerant pressure at the condenser entrance. For R-448A, which is a
zeotropic refrigerant, the condensing temperature is defined as the arithmetic average of the dew point and the bubble point temperatures corresponding to the
refrigerant pressure at the condenser entrance.

i._This table is a replica of ASHRAE 90.1 Table 6.8.1-7 Performance Requirements for Heat Rejection Equipment—Minimum Efficiency Requirements.

TABLE C403.3.2(8)
ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AIR CONDITIONERS—MINIMUM EFFICIENCY REQUIREMENTS®

EQUIPMENT TYPE SIZE CATEGORY HEATINTGYF?EECTION g:TB'lﬁAGngﬁgl'Yﬂgﬁ MINIMUM EFFICIENCY TEST PROCEDURE?

——

< 65,000 Btw/h All VRF multisplit sys- m‘ig{‘; lit sys 13.0 SEER

o o 11.2 EER
> 65,000 Btwh and | Electric resistance (or| VRF multisplit sys-

< 135,000 Btu/h none) tem 13.1 IEER

- 15.5 IEER

;/ii{(ljoa(l)llre zondltloners, 110 EER AHRI 1230

e > 135,000 Btw/h and | Electric resistance (or | VRF multisplit sys- 12.9 IEER

< none tem B

240,000 Btu/h none) tem 149 [EER

lectri . Itispli 10.0 EER

> 240.000 Btu/h Electric resistance (or | VRF multisplit sys- 11.6 IEER

none) tem -

13.9 IEER

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

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.

b. This table is a replica of ASHRAE 90.1 Table 6.8.1-8 Electrically Operated Variable-Refrigerant-Flow Air Conditioners—Minimum Efficiency Requirements.

TABLE C403.3.2(9)

ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AND
APPLIED HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS"®

EQUIPMENT TYPE | SIZE CATEGORY HEATING SECTION gx%%ggggg;lgﬁ MINIMUM EFFICIENCY | TEST PROCEDURE®
< 65,000 Btu/h All 13.0 SEER
VRF multisplit system 11.0 EER
12.9 IEER
VRF air cooled AHRI 1230
(cooling mode) >65,000 Btwh and | Electric resistance 14.6 IEER AHRI 1230
< 135,000 Btu/h (or none) VRF multiso 10.8 EER
multisplit system
with heat recovery 12.7IEER
14.4 IEER




10.6 EER

VRF multisplit system 12.3 IEER
> 135.000 Btw/h and 13.9 IEER
< 240,000 Btu/h oo 10.4 EER
VRE multisplit system 12.1 IEER
with heat recovery DU
13.7 IEER
9.5 EER
VRF multisplit system 11.0 IEER
12.7 IEER
> 240,000 Btu/h —
ispli 9.3 EER
VRE multisplit system 10.8 IEER
with heat recovery —
12.5 IEER
VRF multisplit systems 12.0 EER
86°F entering water 16.0 IEER
<65.000 Btu/h VRF multisplit systems 11.8 EER
with heat recovery 86°F 187
entering water 15.8 IEER
VRF multisplit system 12.0 EER
86°F entering water 16.0 IEER
> 65,000 Btu/h and
<135.000 Btu/h YRF multisplit system 11.8 EER
with heat recovery 86°F 15.8 IEER
VRF water source entering water -
T 4 All AHRI 1230
(cooling mode) VRF multisplit system 10.0 EER
86°F entering water 14.0 IEER
> 135,000 Btu/h and
<240,000 Btu/h VRF multisplit system 9.8 EER
with heat recovery 86°F 138
entering water 13.8 IEER
VRF multisplit system 10.0 EER
86°F entering water 12.0 IEER
2 240.000 Btwh VRF multisplit system 9.8 EER
with heat recovery 86°F 1@}{
entering water E——
VRF multisplit system
S59°F entering water 162 EER
< 135,000 Btwh VRF multisplit system
with heat recovery 59°F 16.0 EER
VRF groundwater entering water
source (cooling All AHRI 1230
mode) VRF multisplit system 13.8 EER
S9°F entering water —
= 135,000 Btwh VRF multisplit system
with heat recovery 59°F 13.6 EER

entering water

HEATING SECTION SUBCATEGORY OR a
EQUIPMENT TYPE SIZE CATEGORY TYPE RATING CONDITION MINIMUM EFFICIENCY TEST PROCEDURE:
< 135,000 Btwh All VRF multisplit system 13.4 EER AHRI 1230

o

77°F entering water
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VRF ground VRF multisplit system
source (cooling with heat recovery 77°F 13.2 EER
mode) entering water
VRF multisplit system
77°F entering water 1L.OEER
2 135.000 Btwh VRF multisplit system
with heat recovery 77°F 10.8 EER
entering water
< 65,000 Btwh VRF multisplit system 7.7 HSPF
(cooling capacity)
VRF multisplit system
> 65.000 Btu/h and 47°F db/43°F_wb out- 3.3 COPx
< 135,000 Btwh door air
: (cooling capacity) o o _
VRF.alr cooled 17°F db/15 F.wb out 225 COPy AHRI 1230
(heating mode) door air E— E—
VRF multisplit system
47°F db/43°F wb out- 3.2 COPx
> 135,000 Btu/h door air
(cooling capacity)
17°F db/15 F.wb out- 2.05 COPy
door air s
< 65,000 Btw/h VRF multisplit system 4.2 COPy
(cooling capacity) 68°F entering water 4.3 COPy
= 135.000 Btwh VRFO multlspht system G.2 LUPH
cooling capacit 68°F entering water 4.3 COPu
= 135.000 Btwh and VRF multisplit system 3.9 COPu
< 240,000 Btwh 68°F entering water
; ;
(cooling capacity) 4.0 COPy
> 240,000 Btu/h VRF multisplit system
(cooling capacity) 68°F entering water 3.9 COPy
<135.000 Btu/h VRF multisplit system 3.6 COP
VRF groundwater | (cooling capacity) 50°F entering water 29l
source (heating AHRI 1230
mode) > 135,000 Btu/h VRF multisplit system 33 COP
(cooling capacity) 50°F entering water 22l
< 135,000 Btu/h VRF multisplit system 31 COP
VRF ground (cooling capacity) 32°F entering water Sl
source (heating AHRI 1230
mode) > 135,000 Btu/h VRF multisplit system 28 COP
(cooling capacity) 32°F entering water 20l

For SI: °C = [(°F) — 32]/1.8, 1 British thermal unit per hour = 0.2931 W, db = dry bulb temperature, wb = wet bulb temperature.

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.

b. This table is a replica of ASHRAE 90.1 Table 6.8.1-9 Electrically Operated Variable-Refrigerant-Flow and Applied Heat Pumps—Minimum Efficiency
Requirements.




TABLE E-!m.z.:iiga
MINIMUM EFFICIENCY AIR COMDITIONERS AND CONDENSING UNITS SERVING COMPUTER ROOMS

\m{ﬂENT T¥PE NET SENSIELE COOLING CAPACITY ngﬁg:fﬁmﬁ?uﬁfﬁ?ﬁﬁy |_ppesarefrouns

< 65,000 Btu'h 1301 209
Adr conditioners, air wged 2 65,000 Brwh and < 240,000 Biwh 210/ ].*}y

= 240,000 Bruh I M}
< 65,000 Biw'h /_T B0 24D

Air conditioners, water cooled 265 Brwh and < 240,000 Btuw'h / 2501239
NDOU Btuh // 240 /2.29
< sﬁ.wufh / 2.55 1244

Air conditioners, water cooled with

Fluid economizer Z 5,000 Bruwh and < Rtwh 2457234 ANSIASHRAE 127

Z 240,000 B 135/11

_ TN 1501239

Adr conditioners, glycol cooled ™3 Tyl and < 240,000 B Yo, 1157204
{raied at 404% propylene glycol)

L~ = 240,000 Btwh \ 210/ 199

< 65,000 Biuh D2 M

= 65,000 Bruh and < 240,000 Buh 210713

2 240,000 Btwh 2057194 \
fnal wnit por howr = 0.2931 W.

maling capacity: the total gress conling capacity less the Isient conling less the onergy 1o the mir movement systeme (Total ©

For 51z 1 British
oz Met senmik
Powcy

5 — |ntent — Fan

Spfibic cocificiont of perfermance (SCOP-117) a mtie cakculated by dividing, the net scnsible cooling capacity in walts by the iotal power input 1
cxclnding reheators and humidifiors) a1 conditions defined in ASHRAE Sinndard 127. The not scosible cooling capacity is the gross scnsiblo capacity minm
the enerpy dissipaied into the conled space by the: fan sysiem.

TABLE C403.3.2(10)

FLOOR-MOUNTED AIR CONDITIONERS AND CONDENSING UNITS SERVING
COMPUTER ROOMS—MINIMUM EFFICIENCY REQUIREMENTS"

RATING CONDITIONS
NET SENSIBLE MINIMUM NET a
EQUIPMENT TYPE STANDARD MODEL COOLING CAPACITY SENSIBLE COP g RbETURN AIR_ TEST PROCEDURE
(dry bulb/dew point)
< 80,000 Btu/h 2.70
Downflow Efggg%(%lg}tlu?gd 2.58
> 295,000 Btu/h 2.36
85°F/52°F (Class 2)
< 80.000 Btu/h 2.67
Upflow—ducted ><83 90 50 (()) (])3(; %/?u?}llld 2.55
> 295,000 Btu/h 2.33
Air cooled AHRI 1360
< 65,000 Btu/h 2.16
Upflow—nonducted 255228 %&uléltlu?l?d 2.04 75°F/52°F (Class 1)
> 240,000 Btu/h 1.89
< 65,000 Btu/h 2.65
. > 65,000 Btu/h and o o
Horizontal < 240.000 Btu/h 2.55 95°F/52°F (Class 3)
> 240,000 Btu/h 2.47
< 80.000 Btu/h 2.70
. . . Downflow > 80,000 Btu/h and 258
Air cooled with fluid — < 295,000 Btu'h ' 85°F/52°F (Class 1) AHRI 1360
economizer
> 295,000 Btu/h 2.36
Upflow—ducted < 80,000 Btw/h 2.67
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> 80,000 Btu/h and

<295.,000 Btu/h 235
> 295,000 Btu/h 2.33
< 65,000 Btu/h 2.09
> 65,000 Btu/h and o o
Upflow—nonducted < 240.000 Btw/h 1.99 75°F/52°F (Class 1)
> 240,000 Btw/h 1.81
< 65,000 Btw/h 2.65
. > 65,000 Btu/h and ° o
Horizontal < 240.000 Btu/h 2.55 95°F/52°F (Class 3)
> 240,000 Btu/h 2.47
< 80.000 Btu/h 2.82
> 80,000 Btu/h and
Downflow <295,000 Btwh 273
> 295,000 Btu/h 2.67
85°F/52°F (Class 1)
< 80,000 Btu/h 2.79
> 80,000 Btu/h and
Upitlow—ducted z./Y
Upflow—ducted <295.000 Btu/h 2.70
> 295,000 Btu/h 2.64
Water cooled AHRI 1360
< 65,000 Btu/h 243
> 65,000 Btu/h and o o
Upflow—nonducted < 240.000 Btw/h 2.32 75°F/52°F (Class 1)
> 240,000 Btw/h 2.20
< 65,000 Btu/h 2.79
. > 65,000 Btu/h and ° o
Horizontal < 240.000 Btu/h 2.68 95°F/52°F (Class 3)
> 240,000 Btu/h 2.60
RATING CONDITIONS
EQUIPMENT TYPE STANDARD MODEL NET SENSIBLE MINIMUM NET RETURN AIR TEST PROCEDURE?

COOLING CAPACITY

SENSIBLE COP

(dry bulb/dew point)

Water cooled with
fluid economizer

< 80,000 Btu/h 2.77
> 80,000 Btu/h and
Downflow <295.000 Btw/h 2.68
> 295,000 Btw/h 2.61
85°F/52°F (Class 1)
< 80,000 Btu/h 2.74
(ot | 200 |
> 295,000 Btu/h 2.58
< 65,000 Btu/h 2.35
Upflow—nonducted 255228 %(l)sglg?uj}rlld 2.24 75°F/52°F (Class 1)
> 240,000 Btu/h 2.12
< 65,000 Btw/h 2.71
Horizontal > 65.000 Btu/h and 560 95°F/52°F (Class 3)

<240,000 Btu/h

AHRI 1360




> 240,000 Btw/h 2.54
< 80,000 Btw/h 2.56
> 80,000 Btwh and
Downflow < 295,000 Btu/h 2.24
> 295,000 Btwh 221
85°F/52°F (Class 1)
< 80,000 Btw/h 2.53
> 80,000 Btu/h and
Upflow—ducted < 295,000 Btu/h 221
Glycol cooled =29>.000 Buh 218 AHRI 1360
COl cCoole 1 150U
< 65,000 Btu/h 2.08
Upflow, > 65.000 Btu/h and o reno
onducted < 240.000 Biu/h 1.90 75°F/52°F (Class 1)
> 240,000 Btw/h 1.81
< 65,000 Btw/h 2.48
. > 65.000 Btu/h and o o
Horizontal < 240.000 Btu/h 2.18 95°F/52°F (Class 3)
> 240,000 Btw/h 2.18
< 80,000 Btw/h 2.51
> 80,000 Btwh and
Downflow < 295,000 Btu/h 219
> 295,000 Btwh 2.15 §5E/$2°F (Class 1)
° ° ass
< 80,000 Btw/h 2.48
> 80,000 Btwh and
Upflow—ducted | =_"o5 00 Bwh 216
Glycol cooled with 2295.000 Btw'h 2.12 AHRI 1360
fluid economizer < 65,000 Btu/h 2.00
Upflow—nonducted Efgfg%(%‘g};uj‘ﬁd 1.82 75°F/52°F (Class 1)
> 240,000 Btw/h 173
< 65,000 Btw/h 2.44
. > 65.000 Btu/h and o o
Horizontal < 240.000 Btu/h 2.10 95°F/52°F (Class 3)
> 240,000 Btw/h 2.10

For SI: 1 British thermal unit per hour = 0.2931 W, °C = [(°F) — 32]/1.8, COP = (Btu/h x hp)/(2,550.7).

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.

b. This table is a replica of ASHRAE 90.1 Table 6.8.1-10 Floor-Mounted Air Conditioners and Condensing Units Serving Computer Rooms—Minimum

Efficiency Requirements.

TABLE C403.3.2(11)

VAPOR-COMPRESSION-BASED INDOOR POOL DEHUMIDIFIERS—MINIMUM EFFICIENCY REQUIREMENTS"

EQUIPMENT TYPE

SUBCATEGORY OR RATING CONDITION

MINIMUM EFFICIENCY

TEST PROCEDURE®

Single package indoor (with or without econo-

without economizer)

mizer Rating Conditions: A or C 3.5 MRE
Single package indoor water cooled (with or Rating Conditions: A. B or C 35 MRE

AHRI 910
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Single package indoor air cooled (with or without

economizer)

Split system indoor air cooled (with or without

economizer)

Rating Conditions: A, B or C 3.5 MRE

Rating Conditions: A, B or C 3.5 MRE

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.
b. This table is a replica of ASHRAE 90.1 Table 6.8.1-12 Vapor-Compression-Based Indoor Pool Dehumidifiers—Minimum Efficiency Requirements.

TABLE C403.3.2(12)

ELECTRICALLY OPERATED DX-DOAS UNITS, SINGLE-PACKAGE AND REMOTE CONDENSER,
WITHOUT ENERGY RECOVERY—MINIMUM EFFICIENCY REQUIREMENTS"

EQUIPMENT TYPE SUBCATEGORY OR RATING CONDITION MINIMUM EFFICIENCY | TEST PROCEDURE®

Air cooled (dehumidification mode) — 4.0 ISMRE AHRI 920

Air-source heat pumps (dehumidification mode) — 4.0 ISMRE AHRI 920
Cooling tower condenser water 4.9 ISMRE

Water cooled (dehumidification mode) AHRI 920
Chilled water 6.0 ISMRE

Air-source heat pump (heating mode) — 2.7 ISCOP AHRI 920
Ground source, closed loop 4.8 ISMRE

Water-source heat pump (dehumidification mode) Ground-water source 5.0 ISMRE AHRI 920
Water source 4.0 ISMRE
Ground source, closed loop 2.0 ISCOP

Water-source heat pump (heating mode) Ground-water source 3.2 ISCOP AHRI 920
Water source 3.5 ISCOP

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.
b. This table is a replica of ASHRAE 90.1 Table 6.8.1-13 Electrically Operated DX-DOAS Units, Single-Package and Remote Condenser, without Energy

Recovery—Minimum Efficiency Requirements.

TABLE C403.3.2(13)

ELECTRICALLY OPERATED DX-DOAS UNITS, SINGLE-PACKAGE AND REMOTE CONDENSER,
WITH ENERGY RECOVERY—MINIMUM EFFICIENCY REQUIREMENTS"®

EQUIPMENT TYPE SUBCATEGORY OR RATING CONDITION | MINIMUM EFFICIENCY | TEST PROCEDURE?

Air cooled (dehumidification mode) — 5.2 ISMRE AHRI 920

Air-source heat pumps (dehumidification mode) — 5.2 ISMRE AHRI 920
Cooling tower condenser water 5.3 ISMRE

Water cooled (dehumidification mode) AHRI 920
Chilled water 6.6 ISMRE

Air-source heat pump (heating mode) — 3.3 ISCOP AHRI 920
Ground source, closed loop 5.2 ISMRE

Water-source heat pump (dehumidification mode) Ground-water source 5.8 ISMRE AHRI 920
Water source 4.8 ISMRE

Water-source heat pump (heating mode) Ground source, closed loop 3.8 ISCOP AHRI 920




Ground-water source

4.0 ISCOP

Water source

4.8 ISCOP

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.

b. This table is a replica of ASHRAE 90.1 Table 6.8.1-14 Electrically Operated DX-DOAS Units, Single-Package and Remote Condenser, with Energy

Recovery—Minimum Efficiency Requirements.

TABLE C403.3.2(14)

ELECTRICALLY OPERATED WATER-SOURCE HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS®
HEATING SECTION SUBCATEGORY OR a
EQUIPMENT TYPE SIZE CATEGORY?® TYPE RATING CONDITION MINIMUM EFFICIENCY TEST PROCEDURE
< 17,000 Btu/h 12.2 EER

. > 17,000 Btu/h and

?Zj;e(r;"o'ﬁggvgézz) < 65.000 Btw/h All 86°F entering water RN 1315 1SO 13256-1
> 65,000 Btu/h and
< 135,000 Btu/h 13.0 EER

Water-to-air, ground o .
water (cooling mode) < 135,000 Btu/h All 59°F entering water 18.0 EER I1SO 13256-1
Eﬁgiﬁgjﬁ;ﬂi’;‘gg < 135,000 Btwh All 77°F entering water 14.1 EER ISO 13256-1
Water-to-water, water o .
loop (cooling mode) < 135,000 Btu/h All 86°F entering water 10.6 EER ISO 13256-2
Water-to-water.
ground water (cooling| < 135,000 Btu/h All 59°F entering water 16.3 EER ISO 13256-2
mode)
Brine-to-water.
ground loop (cooling <135.,000 Btu/h All 77°F entering water 12.1 EER ISO 13256-2
mode)
Water-to-water, water|  =133,000 Bru/h _ 68°F entering water 4.3 COPy ISO 13256-1
loop (heating mode) (cooling capacity)
Water-to-air, ground < 135,000 Btu/h 5 .
water (heating mode) (cooling capacity) — 50°F entering water 3.7 COPu ISO 13256-1
Brine-to-air, ground <135.000 Btu/h o .
loop (heating mode) (cooling capacity) — 32°F entering water 3.2 COPu ISO 13256-1
Water-to-water, wafer| ~ < 135,000 Bt/ _ 68°F entering water 3.7 COPy ISO 13256-1
loop (heating mode) (cooling capacity)
Water-to-water.
ground water (heating = 13.5 000 Btu/h — 50°F entering water 3.1 COPuy ISO 13256-2
mode) (cooling capacity)
Brine-to-water.
ground loop (heating = 13.5 000 Bt‘?/h — 32°F entering water 2.5 COPu ISO 13256-2
mode) (cooling capacity)

For SI: 1 British thermal unit per hour =0.2931 W, °C = [(°F) — 32]/1.8.
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a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.

b. Single-phase, US air-cooled heat pumps less than 19 kW are regulated as consumer products by DOE 10 CFR 430. SCOPC, SCOP2C, SCOPH and SCOP2H

values for single-phase products are set by the USDOE.

c. This table is a replica of ASHRAE 90.1 Table 6.8.1-15 Electrically Operated Water-Source Heat Pumps—Minimum Efficiency Requirements.

TABLE C403.3.2(15)

HEAT-PUMP AND HEAT RECOVERY CHILLER PACKAGES—MINIMUM EFFICIENCY REQUIREMENTS?

HEATING OPERATION

HEAT RECOVERY CHILLER
HEAT-PUMP HEATING FULL- FULL-LOAD CE::FICIENCY
LOAD EFFICIENCY (COPye)°, WIW
T AADb WA (COPw)P, WIW SIMULTANEOUS COOLING AND
COOLING-ONLY OPERATION HEATING HEATING FULL-LOAD
COOLING EFFICIENCY® AIR- SOURCE_ EFFICIENCY (COPsuc)°, WIW
SIZE SOURCE EER (FL/IPLV), Btu/W x h CONDITIONS Test
EQUIPMENT TYPE CﬁTEO(?‘OR PVEQLTéigﬁ%(iELF;gY_V\gRIJ\w;g: le a‘_g_sinr::r\:\?atle r) Leaving Heating Water Leaving Heating Water Procedure?
* R * R OR OAT Temperature Temperature
(db/wb), °F
Mediu . Mediu .
Low “m High | Boost | Low “m High | Boost
Path A Path B 105°F | 120°F | 140°F | 140°F | 105°F | 120°F | 140°F | 140°F
>9.595 FL >9.215FL 47 db
> 13.02 IPLV.IP | > 15.01 IPLV.IP gwpr (FA2022T0223101 NA ) NA | NA ) RA | RA
Air source All sizes 550/590
>9.595 FL >9.215FL 17 db =
> 1330 IPLV.IP | >15.30 IPLV.IP Swhe  |22230|21950|21630) NA | NA | NA | NA | NA
<0.7885 FL <0.7875 FL 54/44F >4.640|>3.680(>2.680| NA |>8.330(>6.410{>4.420| NA
<175 . -
I <0.6316 IPLV.IP | £0.5145 IPLV.IP 75/65" NA NA NA [>3.550| NA NA NA 6.150
> 75 and <0.7579 FL <0.7140 FL 54/44° >4.640|>3.680(>2.680| NA |>8.330(>6.410|>4.420| NA
<150 <0.5895 IPLV.IP | £0.4620 IPLV.IP 75/65" NA NA NA |>3.550] NA NA NA 6.150
Z:gfrri-csa(illl\;ce operated > 150 and <0.6947 FL <0.7140 FL 54/44F >4.640|>3.680(>2.680| NA |>8.330(>6.410|>4.420| NA AHRI
ositive displacement <300 <0.5684 IPLV.IP | <0.4620 IPLV.IP 75/65" NA NA NA [>3.550| NA NA NA | 6.150 550/590
> 300 and <06421 FL <0.6563 FL 54/44F >4.930|>3.960(>2.970| NA |>8.900(>6.980|>5.000] NA
<600 <0.5474 IPLV.IP | £0.4305 IPLV.IP 75/65" NA NA NA [>3.900] NA NA NA 6.850
54/44f >4.930|>3.960(>2.970| NA |>8.900(>6.980|>5.000] NA
2600 | 055%238 9115>LF\]; IP|< 053%23 1;5\1; P
: : * : 75/65° NA NA NA |>=3.900f NA NA NA | 6.850
<0.6421 FL <0.7316 FL 54/44° >4.640(>3.680{>2.680| NA |>8.330(=6.410{>4.420| NA
<75 <0. <0.
<0.5789 IPLV.IP | £0.4632 IPLV.IP 75/65" NA NA NA |>3.550] NA NA NA |>6.150
>75 and <0.5895 FL < 06684 FL 54/44F >4.640|>3.680(>2.680| NA |>8.330(>6.410|>4.420| NA
<150 <0.5474 IPLV.IP | £0.4211 IPLV.IP 75/65" NA NA NA |>3.550| NA NA NA |>6.150
Water-source > 150 and <0.5895 FL <0.6263 FL 54/44° >4.640|>3.680(>2.680| NA |>8.330(>6.410{>4.420| NA AHRI
electrically  operated| = = ==
centrifucal <300 |<0.5263 IPLV.IP |<0.4105 IPLV.IP 25/65" NA | NA | Na 23550 NA | NA | NA |=eis0| 55059
> 300 and <0.5895 FL <0.6158 FL 54/44° >4.930|>3.960(>2.970| NA |>8.900(>6.980|>5.000] NA
<600 <0.5263 TPLV.IP | <0.4000 IPLV.IP 75/65" NA NA NA |>3.900] NA NA NA |>6.850
<0.5895 FL <06158 FL 54/44F >4.930|>3.960(>2.970| NA |>8.900(>6.980|>5.000] NA
> 600 y y
<0.5263 IPLV.IP | £0.4000 IPLV.IP 75/65" NA NA NA |>3.900] NA NA NA |>6.850

For SI: °C = [(°F) —32]/1.8.

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.




b. Cooling-only rating conditions are standard rating conditions defined in AHRI 550/590, Table 1.
c. Heating full-load rating conditions are at rating conditions defined in AHRI 550/590, Table 1.

d. For water-cooled heat recovery chillers that have capabilities for heat rejection to a heat recovery condenser and a tower condenser, the COPy applies to
operation at full load with 100 percent heat recovery (no tower rejection). Units that only have capabilities for partial heat recovery shall meet the requirements

of Table C403.3.2(3).
¢. Outdoor air entering dry-bulb (db) temperature and wet-bulb (wb) temperature.
f. Source-water entering and leaving water temperature.

g. This table is a replica of ASHRAE 90.1 Table 6.8.1-16 Heat-Pump and Heat Recovery Chiller Packages—Minimum Efficiency Requirements.

TABLE C403.3.2(16)

CEILING-MOUNTED COMPUTER-ROOM AIR CONDITIONERS—MINIMUM EFFICIENCY REQUIREMENTS®
RATING CONDITIONS
NET SENSIBLE MINIMUM NET a
EQUIPMENT TYPE STANDARD MODEL COOLING CAPACITY SENSIBLE COP g RbETURN AIR. TEST PROCEDURE
(dry bulb/dew point)
<29.000 Btu/h 2.05
Duced | Z20Buwhad |
Air cooled with free > 65,000 Btu/h 1.92
air discharge conden- 75°F/52°F (Class 1) AHRI 1360
ser <29,000 Btw/h 2.08
Nonducted = 19 6(;0(()) ()Igt}g/t}; /?lnd 2.05
> 65,000 Btu/h 1.94
<29,000 Btu/h 2.01
> 29,000 Btu/h and
Ducted < 65.000 Bwh 1.97
Air cooled with free
air discharge conden- 265,000 Btu/h 187 o o
- : 75°F/52°F (Class 1) AHRI 1360
ser with fluid econo- <29.000 Btu/h 204
mizer —
>
Nonducted = 396(;0(())01(5)’t]l31/t}111 /?lnd 2.00
> 65,000 Btu/h 1.89
<29.000 Btu/h 1.86
Ducted - 1962080'33‘;/&1“‘1 1.83
. . > 65,000 Btu/h 1.73
Air cooled with 75°F/52°F (Class 1) AHRI 1360
ducted condenser <29.000 Btuh 1.89
> 29,000 Btu/h and
Nonducted < 65.000 Btwh 1.86
> 65,000 Btu/h 1.75
<29,000 Btw/h 1.82
Air cooled with fluid Ducted = 196(;080?}1;/}1 /?lnd 1.78
economizer and tu, 75°F/52°F (Class 1) AHRI 1360
ducted condenser > 65.000 Btu/h 1.68
Nonducted <29,000 Btu/h 1.85
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>29,000 Btu/h and
< 65,000 Btu/h

[
—_

EQUIPMENT TYPE

STANDARD MODEL

COOLING CAPACITY

SENSIBLE COP

RETURN AIR

> 65,000 Btu/h 1.70
<29.000 Btwh 2.38
> 29,000 Btu/h and
Ducted < 65,000 Btw/h 2.28
> 65,000 Btu/h 2.18
Water cooled 75°F/52°F (Class 1) AHRI 1360
<29.000 Btwh 241
> 29,000 Btu/h and
Nonducted < 65.000 Btuh 231
> 65,000 Btu/h 2.20
NET SENSIBLE MINIMUM NET RATING CONDITIONS

TEST PROCEDURE®

(dry bulb/dew point)

<29.000 Btw/h 2.33
> 29,000 Btwh and
Ducted < 65,000 Btuh 223
: > 65,000 Btu/h 2.13
Water cooled with 75°F/52°F (Class 1) AHRI 1360
fluid economizer < 29,000 Btu/h 236
>29.000 Btu/h and
Nonducted < 65,000 Btw/h 226
> 65,000 Btu/h 2.16
<29.000 Btuw/h 1.97
>29.000 Btu/h and
Ducted < 65,000 Btwh 193
> 65,000 Btw/h 1.78
Glycol cooled 75°F/52°F (Class 1) AHRI 1360
<29.000 Btu/h 2.00
>29.000 Btu/h and
Nonducted < 65.000 Btwh 198
> 65,000 Btu/h 181
< 29,000 Btu/h 1.92
> 29.000 Btw/h and
Ducted < 65,000 Btw/h 188
. > 65,000 Btu/h 173
Glycol cooled with 75°F/52°F (Class 1) AHRI 1360
fluid economizer < 29,000 Btwh 1.95
> 29,000 Btwh and
> 65,000 Btu/h 1.76
For SI: 1 British thermal unit per hour = 0.2931 W, °C = [(°F) — 32]/1.8, COP = (Btu/h x h 550.7




a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.
b. This is a replica of ASHRAE 90.1 Table 6.8.1-17 Ceiling-Mounted Computer-Room Air Conditioners—Minimum Efficiency Requirements.

€403.2.3.1C403.3.2.1 Water-cooled centrlfugal chllllng packages Equlpment not de51gned for operatlon at AHRI Standard
550/590 test COIldlthIlS of 44° 3 4 —and-§

ing ch1lled fluid temperatures and w1th 85. 00°F entermg and 94 30°F leavmg condenser—ﬂmd temperatures, shall have maxi-

mum full-load kW/ton (FL) and part-load rating requirements adjusted using the following equations:

FLayj = FL/Kyq (Equation 4-6)

PLV 4y = IPLV.IP/K 4 (Equation 4-7)

where:

K = AxB

FL = Full-load kW/ton value as-speeified-inTFable-C40323(F-from Table C403.3.2(3).

FLaug = Maximum full-load kW/ton rating, adjusted for nonstandard conditions.

FPLV—=Value-as-speeified-in Table €403 23(H-IPLV.IP = IPLV.IP value from Table C403.3.2(3).

PLV,;; = Maximum NPLV rating, adjusted for nonstandard conditions.

A = 0.00000014592 x (LIFT)* - 0.0000346496 x (LIFT)* + 0.00314196 x (LIFT)* - 0.147199 x (LIFT) +
3-93623.93073

B = 0.0015 x LyE,q +0.934

LIFT = L,,Cond— LyFEp

L,,Cond = Full-load condenser leaving fluid temperature (°F).
LyE.qy = Full-load evaporator leaving temperature (°F).

The FL.q and PLV,q values are applicable only for centrifugal chillers meeting all of the following full-load design
ranges:

* 36.00°F < L,oE\qp < 60.00°F
¢ L,,Cond <115.00°F
* 20.00°F < LIFT < 80.00°F

Manufacturers shall calculate the FL,y; and PLV,,; before determining whether to label the chiller. Centrifugal chillers
designed to operate outside of these ranges are not covered by this code.

€403.2.3:2C403.3.2.2 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 the tables in Section €403-23¢HC403.3.2 when tested
or certified with water at standard rating conditions, in accordance with the referenced test procedure.

€403:4-6C403.3.3 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 capac-
ity of the hot gas bypass shall be limited as indicated in Table €403-4-6;C403.3.3, as limited by Section €403-3-+C403.5.1.
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TABLE €403-4-6C403.3.3
MAXIMUM HOT GAS BYPASS CAPACITY

MAXIMUM HOT GAS BYPASS CAPACITY

RATED CAPACITY (% of total capacity)

<240,000 Btw/h 50

> 240,000 Btu/h 25

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

€403.4.2.5C403.3.4 Boiler turndown. Boiler systems with design input of greater than 1,000,000 Btu/h (293 kW) shall com-
ply with the turndown ratio specified in Table €463-4.2.5.C403.3 4.

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 €403:4-2.5C403.3.4
BOILER TURNDOWN

BOILER SYST(EtMU /E)ES'GN INPUT | MINIMUM TURNDOWN RATIO
> 1,000,000 and < 5,000,000 3to 1
> 5,000,000 and < 10,000,000 4to1
> 10,000,000 S5tol

€403.2.4 HVAC system-controls.C403.4 Heatlng and coollng system controls. Each heating and coohng system shall be
provided with thermestatie controls . - - -
€403-4,-€403-41-or-€403-4-4-in accordance with Sections C403.4.1 through C403. 4 5

€403.2.4-1C403.4.1 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 dehumidifi-
cation or both is provided, atleastnot fewer than 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 previded:provided that both of the following condi-
tions are met:

1. The perimeter system includes atdeastnot fewer than 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

H5240-mm)and(15 240 mm).

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

€403:2:411C403.4.1.1 Heat pump supplementary heat. Heat pumps hav1ng supplementary electrlc re51stance heat shall
have controls tha v ’ W 3 3 3
lead-that limit supplemental heat operation to only those tlmes when one of the following am)hes

1. The vapor compression cycle cannot provide the necessary heating energy to satisfy the thermostat setting.

2. The heat pump is operating in defrost mode.

3. The vapor compression cycle malfunctions.




4. The thermostat malfunctions.

€403:2:4-1:2C403.4.1.2 Deadband. Where used to control both heating and cooling, zone thermostatic controls shall be
capable-of providingconfigured to provide a temperature range or deadband of atleastnot less than 5°F (2.8°C) within
which the supply of heating and cooling energy to the zone is 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 eentrekcontrol as approved by the code
official.

€403:2:4-13C403.4.1.3 Setpoint overlap restriction. Where a zone has a separate heating and a separate cooling thermo-
static control located within the zone, a limit switch, mechanical stop or direct digital control system with software pro-

gramming shall be pfewded—wﬂa—th%eap&bﬂ—tty onﬁgured to prevent the heating setpoint from exceeding the cooling set-

C403.4.1.4 Heated or cooled vestibules. The heating system for heated vestibules and air curtains with integral heating
shall be provided with controls configured to shut off the source of heating when the outdoor air temperature is greater than
45°F (7°C). Vestibule heating and cooling systems shall be controlled by a thermostat located in the vestibule configured
to limit heating to a temperature not greater than 60°F (16°C) and cooling to a temperature not less than 85°F (29°C).

Exception: Control of heating or cooling provided by site-recovered energy or transfer air that would otherwise be
exhausted.

€403:2.5C403.4.1.5 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 tem-
perature based on the outdoor temperature.

€403.2:4.2C403.4.2 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-aeecessible manual
shutoff switeh-switch located with ready access.

€403.2.4.2.1C403.4.2.1 Thermostatic setback-capabilities;setback. Thermostatic setback controls shall have-the-capa-
bility-te be configured 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).

€403:2:4.2.2C403.4.2.2 Automatic setback and shutdewn-eapabilities:shutdown. Automatic time clock or programma-
ble 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 atdeastnot fewer than 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-adjustedconfigured to operate the system for up to 2 hours; or an occupancy sensor.

G403—2—4—2%C403 4 2.3 Automatic start eapabﬂit-le& and stop Automatlc start controls shall be provided for each HVAC

th : o § emsystem. The automatic start controls shall
be eapab}%ef onﬁgured t automatlcally adjust the dally start tlme of the HVAC system in order to bring each space to the
desired occupied temperature immediately prior to scheduled occupancy. Automatic stop controls shall be provided for
each HVAC system with direct digital control of individual zones. The automatic stop controls shall be configured to reduce
the HVAC system’s heating temperature setpoint and increase the cooling temperature setpoint by not less than 2°F (-
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16.6°C) before scheduled unoccupied periods based on the thermal lag and acceptable drift in space temperature that is

within comfort limits.

€403:4:2C403.4.3 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
£403-42-1C403.4.3.1 through €463-4.2.3-C403.4.3.3. 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 eapable-of
sequeneingconfigured to sequence operation of the boilers. Hydronic heating systems composed 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.

€403:4:2-1C403.4.3.1 Three-pipe system. Hydronic systems that use a common return system for both hot water and
chilled water are prohibited.

€403:4:2.2C403.4.3.2 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-banddeadband 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.

G40&4—2%C403 4.3.3 Hydronic (water loop) heat pump systems. Hydronic heat pump systems shall comply with Sec-

€403:4:23-1C403.4.3.3.1 Temperature dead-band-deadband. 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 configured to
provide a heat pump water supply temperature dead-band-deadband 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 real-time conditions of demand and capacity, dead-bands-deadbands of less than 20°F
(11°C) shall be permitted.

1.  Where a closed-circuit cooling tower is used directly in the heat pump loop, either an automatic valve shall be
installed to bypass al-but-a-minimal the flow of water around the closed-circuit cooling tower, except for any

flow necessary for freeze protection, or lewerleakagepeositive-elosurelow-leakage positive-closure dampers
shall be provided.

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

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

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

€403:4:233C403.4.3.3.3 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 wabve-automatic valve interlocked to shut off the
water flow when the compressor is off.




€403:4.2:4C403.4.4 Part-load controls. Hydronic heating systems greater than or equal to 300,000 Btu/h (87-936-W)(87.9
kW) in design output capacity supplying heated or chilled water to comfort conditioning systems shall include controls that

have-the-eapability te: are configured to do all of the following:

Automatically reset the supply-water temperatures in response to varying building heating and cooling demand using

coil valve position, zone-return water temperature, building-return water temperature or outside air temperature. The
temperature shall be reset by not less than 25 percent of the design supply-to-return water temperature difference.

Automatically vary fluid flow for hydronic systems with a combined pump motor capacity of 2 hp (1.5 kW) or larger

with three or more control valves or other devices by reducing the system design flow rate by not less than 50 percent
or the maximum reduction allowed by the equipment manufacturer for proper operation of equipment by valves that
modulate or step open and close, or pumps that modulate or turn on and off as a function of load.

Automatically vary pump flow on heating-water systems, chilled-water systems and heat rejection loops serving water-

cooled unitary air conditioners as follows:

3.1. Where pumps operate continuously or operate based on a time schedule, pumps with nominal output motor
power of 2 hp or more shall have a variable speed drive.

3.2. Where pumps have automatic direct digital control configured to operate pumps only when zone heating or

cooling is required, a variable speed drive shall be provided for pumps with motors having the same or greater
nominal output power indicated in Table C403.4.4 based on the climate zone and system served.

Where a variable speed drive is required by Item 3 of this section, pump motor power input shall be not more than 30

percent of design wattage at 50 percent of the design water flow. Pump flow shall be controlled to maintain one control
valve nearly wide open or to satisfy the minimum differential pressure.

Exceptions:

1.

Supply-water temperature reset is not required for chilled-water systems supplied by off-site district chilled water

or chilled water from ice storage systems.

Variable pump flow is not required on dedicated coil circulation pumps where needed for freeze protection.

Variable pump flow is not required on dedicated equipment circulation pumps where configured in primary/sec-

ondary design to provide the minimum flow requirements of the equipment manufacturer for proper operation of
equipment.

Variable speed drives are not required on heating water pumps where more than 50 percent of annual heat is gen-
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erated by an electric boiler.

TABLE C403.4.4
VARIABLE SPEED DRIVE (VSD) REQUIREMENTS FOR DEMAND-CONTROLLED PUMPS
VSD REQUIRED
CHILLED WATER AND HEAT HEATING WATER —FOR MOTORS
REJECTION LOOP PUMPS PUMPS IN THESE 7WITH RATED
IN THESE CLIMATE ZONES CLIMATE ZONES m
3A. 4A >5hp
5A S5A >7.5hp
4A >10hp
3A >25hp

20182024 NORTH CAROLINA ENERGY CONSERVATION CODE®



For ST: 1 hp = 0.746 kW.

€403:4.2-:6C403.4.5 Pump isolation. Chilled water plants including more than one chiller have-the-eapabiityshall be capable
of and configured 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-systems including more than one boiler shall have-the-eapability-be capable of and configured to reduce flow
automatically through the boiler plant-system when a boiler is shut down.

€403:3C403.5 Economizers—(Preseriptive):Economizers. Economizers shall comply with Sections €403-31+C403.5.1
through-€463-3-4-.C403.5.5.

An air or water economizer shall be provided for the following cooling systems:

1. Chilled water systems with a total cooling capacity, less cooling capacity provided with air economizers, as specified in
Table C403.5(1).
2. Individual fan systems with cooling capacity greater than 60,000 Btu/h in buildings having other than a Group R occu-

pancy,
The total supply capacity of all fan cooling units not provided with economizers shall not exceed 20 percent of the total

supply capacity of all fan cooling units in the building or 300,000 Btu/h (88 kW), whichever is greater.

3. Individual fan systems with cooling capacity greater than or equal to 270,000 Btu/h (79.1 kW) in buildings having a

Group R occupancy.
The total supply capacity of all fan cooling units not provided with economizers shall not exceed 20 percent of the total
supply capacity of all fan cooling units in the building or 1,500,000 Btu/h (440 kW), whichever is greater.

Exceptions: Economizers are not required for the systemstisted-below-following systems.
1. Deleted:Individual fan systems not served by chilled water for buildings located in Climate Zones 0A, 0B, 1A and 1B.

A s s 0 h : uh AY-Where more than 25 percent of
the air desmned to be sum)hed by the svstem is to spaces that are designed to be humidified above 35°F (1.7°C) dew-
point temperature to satisfy process needs.

éed—%w%é—E@J—@)—dawpemHempemMﬁe—s&%ﬁy—pmeem&eed&Systems expected to operate less than 20

hours per week.

€403-3(H.Systems serving supermarket areas with open refrigerated casework.
5. Where the cooling efficiency meets—or—exeeeds is greater than or equal to the efficiency requirements in Table
€493—3€29— 403.5(2).

clude a heat recovery system in accordance w1th Sectlon G4(-)3—4é—C403 10.5.
7. VRF systems installed with a dedicated outdoor air system.

TABLE €403-3(1C403.5(1)
MINIMUM CHILLED-WATER SYSTEM COOLING CAPACITY FOR DETERMINING ECONOMIZER COOLING REQUIREMENTS

TOTAL CHILLED-WATER SYSTEM
CAPACITY LESS CAPACITY OF COOLING
UNITS WITH AIR ECONOMIZERS

CLIMATE ZONES Air-cooled Chilled-
(COOLING) Local Water-cooled- water Systems-or-
water-cooled Chilled- | Distriet-Chilled-Water-
water-Systems- Systems-chilled-water
chilled-water systems systems or district
chilled-water systems

3a:4a3A. 4A 720,000 Btu/h 940,000 Btu/h

>

S5a5A 1,320,000 Btu/h 1,720,000 Btu/h




For

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

TABLE €403.3(2)C403.5(2)

EQUIPMENT EFFICIENCY PERFORMANCE EXCEPTION
FOR ECONOMIZERS

IMATE COOLING EQUIPMENT PERFORM
z IMPROVEMENT (EE )

1ency im proveme nt

4A 1cY improvement
100, afficiancy | I
ﬁ___’./ 49% efficiency improvement
COOLING EQUIPMENT PERFORMANCE
CLIMATE ZONES IMPROVEMENT (EER OR IPLV)
3A 15% efficiency improvement
4A 20% efficiency improvement

€403.3.1C403.5.1 Integrated economizer control. Economizer systems shall be integrated with the mechanical cooling sys-
tem and be eapable-efproviding configured to provide 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 of the capacity 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 €403-3-+.C403.5.1.

TABLE €403-3-1C403.5.1

DX COOLING STAGE REQUIREMENTS
FOR MODULATING AIRFLOW UNITS

MINIMUM NUMBER MINIMUM
RATING CAPACITY OF MECHANICAL COMPRESSOR
COOLING STAGES DISPLACEMENT®

> 65,000 Btu/h and

0,
< 240,000 Btu/h 3 stages < 35% of full load

> 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
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cooling capacity reduction evaluated at the full load rating conditions for the compressor.

20182024 NORTH CAROLINA ENERGY CONSERVATION CODE®



€403:3.2C403.5.2 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-te because
of a reduction in supply air temperature.

€4033:3C403.5.3 Air economizers. Ai#Where economizers are required by Section C403.5, air economizers shall comply
with Sections €403-3-3-+C403.5.3.1 through €403-3-3-5-C403.5.3.5.

€403.3.3:.1C403.5.3.1 Design capacity. Air economizer systems shall be eapable-efconfigured to modulate outdoor air
and return air dampers to provide up to 100 percent of the design supply air quantity as outdoor air for cooling.

€403:3:3.2C403.5.3.2 Control signal. Economizer controls and dampers shall be eapable-efbeingconfigured to sequence
the dampers 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 tem-
perature (such as single-zone systems).

€403:3.3.3C403.5.3.3 High-limit shutoff. Air economizers shall be eapable-efconfigured to automatically reduce outdoor
air intake to the design minimum outdoor air quantity when outdoor air intake will not reduce cooling energy usage. High-
limit shutoff control types for specific climates shall be chosen from Table C403.5.3.3. High-limit shutoff control settings
for these control types shall be those specified in Table C403.5.3.3.

TABLE C403.5.3.3
HIGH-LIMIT SHUTOFF CONTROL SETTING FOR AIR ECONOMIZERS®

REQUIRED HIGH LIMIT (ECONOMIZER OFF WHEN):
DEVICE TYPE CLIMATE ZONE
Equation Description
Fixed drv bulb SA Tou > 70°F Outdoor air te;r(l)]g;rature exceeds
3AL4A Tos > 65°F Outdoor air temtierature exceeds
e 65°F
Differential dry bulb 5A Tox > Trs Outdoor air t(?mperature exceeds
— return air temperature
Outdoor air enthalpy exceeds 28
. . } ) -
Fixed enthalpy with fixed dry All hos > 28 Btwlb® or Tox > 75°F Btu(lb of dry air® or
bulb temperatures Outdoor air temperature exceeds
75°F
Outdoor air enthalpy exceeds re-
Differential enthalpy with fixed o turn air enthalpy or
dry-bulb temperature All hos> hraor Tos > 75°F Outdoor air temperature exceeds
75°F

For SI: °C = (°F — 32)/1.8, 1 Btw/Ib = 2.33 kJ/kg.

a. At altitudes substantially different than sea level, the fixed enthalpy limit shall be set to the enthalpy value at 75°F and 50-percent relative humidity. As an
example, at approximately 6,000 feet elevation, the fixed enthalpy limit is approximately 30.7 Btu/lb.
b. Devices with selectable setpoints shall be capable of being set to within 2°F and 2 Btu/Ib of the setpoint listed.

€403:3.3:4C403.5.3.4 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.

€403:3.3.5C403.5.3.5 Economizer dampers. Return, exhaust/relief and outdoor air dampers used in economizers shall
comply with Section €403-2-4.3C403.7.7.
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€403.3.4C403.5.4 Water-side economizers. Water-stdeWhere economizers are required by Section C403.5, water-side econ-
omizers shall comply with Sections €463-3-44C403.5.4.1 and €403-3-4.2.C403.5.4.2.

€403:3:4-1C403.5.4.1 Design capacity. Water economizer systems shall be eapable-efeeelingconfigured to cool 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: AHewed-intieu—of-the-design—eapaeity-prov

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 that 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.

€403.3.4.2C403.5.4.2 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.

€403.2.4.7C403.5.5 Economizer fault detection and diagnesties(FDD).diagnostics. Deleted-Air-cooled unitary direct-ex-
pansion units listed in the tables in Section C403.3.2 and variable refrigerant flow (VRF) units that are equipped with an
economizer in accordance with Sections C403.5 through C403.5.4 shall include a fault detection and diagnostics system com-
plying with the following:

1. The following temperature sensors shall be permanently installed to monitor system operation:

1.1. Outside air.
1.2. Supply air.
1.3. Return air.

2. Temperature sensors shall have an accuracy of £2°F (1.1°C) over the range of 40°F to 80°F (4°C to 26.7°C).

3. Refrigerant pressure sensors, where used, shall have an accuracy of £3 percent of full scale.

4. The unit controller shall be configured to provide system status by indicating the following:

4.1. Free cooling available.

4.2. Economizer enabled.

4.3. Compressor enabled.

4.4. Heating enabled.

4.5. Mixed air low limit cycle active.

4.6. The current value of each sensor.

5. The unit controller shall be capable of manually initiating each operating mode so that the operation of compressors,
economizers, fans and the heating system can be independently tested and verified.

6. The unit shall be configured to report faults to a fault management application available for access by day-to-day
operating or service personnel, or annunciated locally on zone thermostats.

7. The fault detection and diagnostics system shall be configured to detect the following faults:

7.1. Air temperature sensor failure/fault.

7.2. Not economizing when the unit should be economizing.
7.3. Economizing when the unit should not be economizing.

7.4. Damper not modulating.
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7.5. Excess outdoor air.

€403.4:4C403.6 Requirements for complex mechanical systems serving multiple zones. Sections €403.4-41C403.6.1
through G4(-)3—4—4—6C403 6. 9 shall apply to complex mechanlcal systems servmg multlple zones. S&pﬁl—y—&l-r—s-ystems—sewmg—

C403.6.1 Variable air volume and multiple-zone systems. Supply air systems serving multiple zones shall be variable air
volume (VAV) systems that have zone controls configured to reduce the volume of air that is reheated, recooled or mixed in
each zone to one of the following:

1.  TFhirtypercent-of the-maximum-supply—airto-eachzone-Twenty percent of the zone design peak supply for systems

with direct digital control (DDC) and 30 percent for other systems.

1 m—fo
p%y—a-mﬂow—;ateSvstems w1th DDC where all of the followmg applv

2.1. The airflow rate in the deadband between heating and cooling does not exceed 20 percent of the zone design
peak supply rate or higher allowed rates under Items 3, 4 and 5 of this section.

2.2. The first stage of heating modulates the zone supply air temperature setpoint up to a maximum setpoint while
the airflow is maintained at the deadband flow rate.

2.3. The second stage of heating modulates the airflow rate from the deadband flow rate up to the heating maximum
flow rate that is less than 50 percent of the zone design peak supply rate.

3. The outdoor airflow rate required to meet the minimum ventilation requirements of Chapter 4 of the International
Mechanical Code.

4.  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-system as approved by the code official.

5. 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-reeoveredsite-recovered, including condenser heat, or site-solar energy

source.

HESY h -Systems that prevent reheating, recooling,
mixing or 51mu1taneous sum)lv of air that has been preV1ouslV cooled either mechanically or through the use of econ-
omizer systems, and air that has been previously mechanically heated.

€403:4:.4.1C403.6.2 Single-duct VAV systems, terminal devices. Single-duct VAV systems shall use terminal devices ca-
pable of redueingand configured to reduce the supply of primary supply air before reheating or recooling takes place.

€403:4:4.2C403.6.3 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 eapable-efredueingconfigured to reduce the flow from one duct to a minimum
before mixing of air from the other duct takes place.




€403:4:43C403.6.4 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.

€403:4.4.5C403.6.5 Supply-air temperature reset controls. Multiple-zone HVAC systems shall include controls that are
capable of and configured to automatically reset the supply-air temperature in response to representative building loads, or to
outdoor air temperature. The controls shall be eapable-efresettingconfigured to reset the supply air temperature not less than
25 percent of the difference between the design supply-air temperature and the design room air temperature. Controls that
adjust the reset based on zone humidity are allowed in Climate Zones 4 through 5. HVAC zones that are expected to experi-
ence relatively constant loads shall have maximum airflow designed to accommodate the fully reset supply-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. Zenes-with-peak—supply-airquantities-of 300-efm- (142 L/s)y-erless:Systems in Climate Zone-3A with less than 3,000
cfm (1500 L/s) of design outside air.

4. Deleted.

5. Systems in Climate Zone 3A with not less than 80 percent outside air and employing exhaust air energy recovery
complying with Section C403.7.4.

C403.6.5.1 Dehumidification control interaction. In Climate Zone-3A. the system design shall allow supply-air temper-

ature reset while dehumidification is provided. When dehumidification control is active, air economizers shall be locked
out.

€403:4:.4.6C403.6.6 Multiple-zone VAV system ventilation optimization control. Deleted-Multiple-zone VAV systems
with direct digital control of individual zone boxes reporting to a central control panel shall have automatic controls configured

to reduce outdoor air intake flow below design rates in response to changes in system ventilation efficiency (E,) as defined by

the International Mechanical Code.

Exceptions:

1. VAV systems with zonal transfer fans that recirculate air from other zones without directly mixing it with outdoor
air, dual-duct dual-fan VAV systems, and VAV systems with fan-powered terminal units.

2. Systems where total design exhaust airflow is more than 70 percent of total design outdoor air intake flow require-
ments.

C403.6.7 Parallel-flow fan-powered VAV air terminal control. Parallel-flow fan-powered VAV air terminals shall have
automatic controls configured to:

1.  Turn off the terminal fan except when space heating is required or where required for ventilation.

2. Turn on the terminal fan as the first stage of heating before the heating coil is activated.

3. During heating for warmup or setback temperature control, either:

3.1. Operate the terminal fan and heating coil without primary air.
3.2. Reverse the terminal damper logic and provide heating from the central air handler by primary air.

€403:413C403.6.8 Setpoints for direct digital control. For systems with direct digital control of individual zones reporting
to the central control panel, the static pressure setpoint shall be reset based on the zone requiring the most pressure. In such
case, the setpoint is reset lower until one zone damper is nearly wide open. The direct digital controls shall be capable of
monitoring zone damper positions or shall have an alternative method of indicating the need for static pressure that is config-
ured to provide all of the following:

1. Automatic detection of any zone that excessively drives the reset logic.

2.  Generation of an alarm to the system operational location.

3.  Allowance for an operator to readily remove one or more zones from the reset algorithm.
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€403:4-1:2C403.6.9 Static pressure sensor location. Deleted-Static pressure sensors used to control VAV fans shall be lo-
cated such that the controller setpoint is not greater than 1.2 inches w.c. (299 Pa). Where this results in one or more sensors
being located downstream of major duct splits, not less than one sensor shall be located on each major branch to ensure that
static pressure can be maintained in each branch.

C403.7 Ventilation and exhaust systems. In addition to other requirements of Section C403 applicable to the provision of
ventilation air or the exhaust of air, ventilation and exhaust systems shall be in accordance with Sections C403.7.1 through

C403.7.7.
€403:2:6-1C403.7.1 Demand controlled ventllatlon

Demand control ventilation (DCV) shall be provided for all single-zone systems required to comply with Sections C403.5 through
C403.5.3 and spaces larger than 500 square feet (46.5 m?) and with an average occupant load of 15 people or greater per 1,000
square feet (93 m?) of floor area, as established in Table 403.3.1.1 of the International Mechanical Code, and served by systems
with one or more of the following:

1. An air-side economizer.

2. Automatic modulating control of the outdoor air damper.

3. A design outdoor airflow greater than 3,000 cfim (1416 L/s).

Exceptions:
1. Systems with energy recovery complying with Section C403.7.4.2.

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

2
3. Multiple-zone systems with a design outdoor airflow less than 750 cfm (354 L/s).
4

Spaces where more than 75 percent of the space design outdoor airflow is required for makeup air that is exhausted
from the space or transfer air that is required for makeup air that is exhausted from other spaces.

5. Spaces with one of the following occupancy classifications as defined in Table 403.3.1.1 of the International Me-
chanical Code: correctional cells, education laboratories, barber, beauty and nail salons, and bowling alley seating
areas.

€403:2:6.2C403.7.2 Enlosed parking garage ventilation controls. Beleted-Enclosed parking garages used for storing or han-
dling automobiles operating under their own power shall employ carbon monoxide detectors applied in conjunction with nitro-
gen dioxide detectors and automatic controls configured to stage fans or modulate fan average airflow rates to 50 percent or
less of design capacity, or intermittently operate fans less than 20 percent of the occupied time or as required to maintain ac-
ceptable contaminant levels in accordance with International Mechanical Code provisions. Failure of contamination-sensing
devices shall cause the exhaust fans to operate continuously at design airflow.

Exceptions:

1. Garages with a total exhaust capacity less than 8,000 cfm (3,755 L/s) with ventilation systems that do not utilize
heating or mechanical cooling.

2. Garages that have a garage area to ventilation system motor nameplate power ratio that exceeds 1,125 cfm/hp (710
L/s/kW) and do not utilize heating or mechanical cooling.




C403.7.3 Ventilation air heating control. Units that provide ventilation air to multiple zones and operate in conjunction with
zone heating and cooling systems shall not use heating or heat recovery to warm supply air to a temperature greater than 60°F
(16°C) when representative building loads or outdoor air temperatures indicate that the majority of zones require cooling.

C403.7.4 Energy recovery systems. Energy recovery ventilation systems shall be provided as specified in either Section
C403.7.4.1 or C403.7.4.2, as applicable.

C403.7.4.1 Nontransient dwelling units. Nontransient dwelling units shall be provided with outdoor air energy recovery

ventilation systems with an enthalpy recovery ratio of not less than 50 percent at cooling design condition and not less than
60 percent at heating design condition.

Exceptions:
1. Deleted.
2. Deleted.
3. Deleted.
4.

Enthalpy recovery ratio requirements at cooling design condition in Climate Zones 4 and 5.

C403.7.4.2 Spaces other than nontransient dwelling units. Where the supply airflow rate of a fan system serving a space
other than a nontransient dwelling unit exceeds the values specified in Tables C403.7.4.2(1) and C403.7.4.2(2), the system
shall include an energy recovery system. The energy recovery system shall provide an enthalpy recovery ratio of not less

than 50 percent at design conditions. Where an air economizer is required, the energy recovery system shall include a
bypass or controls that permit operation of the economizer as required by Section C403.5.

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.

. Systems serving spaces that are not cooled and are heated to less than 60°F (15.5°C).

. Heating systems-in-elimates-with-less-than3;600-HDD-Deleted.

3
4. Where more than 60 percent of the outdoor heating energy is provided from site-recovered or site solar energy.
5
6

(8°C).Deleted.

7. Systems requiring dehumidification that employ energy recovery in series with the cooling coil.

8. Where the largest source of air exhausted at a single location at the building exterior is less than 75 percent of
the design outdoor air flow rate.

9. Systems expected to operate less than 20 hours per week at the outdoor air percentage covered by Table

C403.7.4.2(1).

10. Systems exhausting toxic, flammable, paint or corrosive fumes or dust.

11. Commercial kitchen hoods used for collecting and removing grease vapors and smoke.
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TABLE C403.7.4.2(1)
ENERGY RECOVERY REQUIREMENT (Ventilation systems operating less than 8,000 hours per year)

PERCENT (%) OUTDOOR AIR AT FULL DESIGN AIRFLOW RATE
2 10% and 2 20% and 2 30% and 2 40% and 2 50% and 2 60% and 2 70% and o
CLIMATE ZORE| ™ 20% <30% T<40% <50% <60% T<70% | <80% 280%
Design Supply Fan Airflow Rate (cfm)
3A.4A, 5A >26,000 >16,000 >5.,500 >4,500 >3,500 >2.,000 >1,000 >120
For SI: 1 ¢fm=0.4719 L/s.
NR = Not Required.
TABLE C403.7.4.2(2)
ENERGY RECOVERY REQUIREMENT (Ventilation systems operating not less than 8,000 hours per year)
PERCENT (%) OUTDOOR AIR AT FULL DESIGN AIRFLOW RATE
2 10% and 2 20% and 2 30% and 2 40% and 2 50% and 2 60% and 270% and o
CLIMATE ZONE| =500, <30% T<a0% <50% <60% T<70% | <80% 280%
Design Supply Fan Airflow Rate (cfm)
3C NR NR NR NR NR NR NR NR
0B, 1B, 2B
> > > > > > >
3B. 4C. 5C NR >19.500 >9.000 >5.,000 >4.,000 >3.000 >1,500 >120
(3)2 ig gg >2.,500 >2.000 > 1,000 >500 > 140 >120 > 100 >80
22 ;AS - >200 >130 > 100 >80 >170 > 6 >5 > 40

For SI: 1 ¢fm=0.4719 L/s.
NR = Not Required.

€403:2.8C403.7.5 Kitchen exhaust systems. Deleted-Replacement air introduced directly into the exhaust hood cavity shall

not be greater than 10 percent of the hood exhaust airflow rate. Conditioned supply air delivered to any space shall not exceed
the greater of the following:

1. The ventilation rate required to meet the space heating or cooling load.

2. The hood exhaust flow minus the available transfer air from adjacent space where available transfer air is considered
to be that portion of outdoor ventilation air not required to satisfy other exhaust needs, such as restrooms, and not
required to maintain pressurization of adjacent spaces.

Where total kitchen hood exhaust airflow rate is greater than 5,000 cfm (2360 L/s). each hood shall be a factory-built
commercial exhaust hood listed by a nationally recognized testing laboratory in compliance with UL 710. Each hood shall
have a maximum exhaust rate as specified in Table C403.7.5 and shall comply with one of the following:

1.  Not less than 50 percent of all replacement air shall be transfer air that would otherwise be exhausted.




2.  Demand ventilation systems on not less than 75 percent of the exhaust air that are configured to provide not less than
a 50-percent reduction in exhaust and replacement air system airflow rates, including controls necessary to modulate

airflow in response to appliance operation and to maintain full capture and containment of smoke, effluent and com-
bustion products during cooking and idle.

3. Listed energy recovery devices with a sensible heat recovery effectiveness of not less than 40 percent on not less than
50 percent of the total exhaust airflow.

Where a single hood, or hood section, is installed over appliances with different duty ratings, the maximum allowable flow
rate for the hood or hood section shall be based on the requirements for the highest appliance duty rating under the hood or
hood section.

Exception: Where not less than 75 percent of all the replacement air is transfer air that would otherwise be exhausted.

TABLE C403.7.5
MAXIMUM NET EXHAUST FLOW RATE, CFM PER LINEAR FOOT OF HOOD LENGTH
TYPE OF HOOD LIGHT-DUTY EQUIPMENT | MEDIUM-DUTY EQUIPMENT | HEAVY-DUTY EQUIPMENT EXTEg_SIE/;A\g\]?UTY
Wall-mounted canopy 140 210 280 385
Single island 280 350 420 490
Double island (per side) 175 210 280 385
Eyebrow 175 175 NA NA
Backshelf/Pass-over 210 210 280 NA

For SI: 1 ¢fm =0.4719 L/s; 1 foot = 304.8 mm.
NA = Not Allowed.

C403.7.6 Automatic control of HVAC systems serving guestrooms. In Group R-1 buildings containing more than 50 gues-

trooms, each guestroom shall be provided with controls complying with the provisions of Sections C403.7.6.1 and C403.7.6.2.
Card key controls comply with these requirements.

C403.7.6.1 Temperature setpoint controls. Controls shall be provided on each HVAC system that are capable of and
configured with three modes of temperature control.

1. When the guestroom is rented but unoccupied, the controls shall automatically raise the cooling setpoint and lower
the heating setpoint by not less than 4°F (2°C) from the occupant setpoint within 30 minutes after the occupants
have left the guestroom.

2.  When the guestroom is unrented and unoccupied, the controls shall automatically raise the cooling setpoint to not
lower than 80°F (27°C) and lower the heating setpoint to not higher than 60°F (16°C). Unrented and unoccupied

guestroom mode shall be initiated within 16 hours of the guestroom being continuously occupied or where a net-
worked guestroom control system indicates that the guestroom is unrented and the guestroom is unoccupied for
more than 20 minutes. A networked guestroom control system that is capable of returning the thermostat setpoints
to default occupied setpoints 60 minutes prior to the time a guest-room is scheduled to be occupied is not precluded
by this section. Cooling that is capable of limiting relative humidity with a setpoint not lower than 65-percent
relative humidity during unoccupied periods is not precluded by this section.

3.  When the guestroom is occupied, HVAC setpoints shall return to their occupied setpoints once occupancy is sensed.

C403.7.6.2 Ventilation controls. Controls shall be provided on each HVAC system that are capable of and configured to
automatically turn off the ventilation and exhaust fans within 20 minutes after the occupants leave the guestroom, or isola-

tion devices shall be provided to each guestroom that are capable of automatically shutting off the supply of outdoor air to
and exhaust air from the guestroom.
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Exception: Guestroom ventilation systems are not precluded from having an automatic daily pre-occupancy purge cycle
that provides daily outdoor air ventilation during unrented periods at the design ventilation rate for 60 minutes, or at a

rate and duration equivalent to one air change.

€403:2:4:3C403.7.7 Shutoff dampers. Outdoor air intake and exhaust openings and stairway and shaft vents shall be pro-
vided with Class I motorized dampers. The dampers shall have an air leakage rate not greater than 4 cfim/ft? (20.3 L/s x m?)
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. Shu a ; yously ating ySter

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-(nenmeterized)Nonmotorized gravity dampers shall be-permitted-to-be-usedan alternative to motorized
dampers for exhaust and relief openings as follows:

1. In buildings less than three stories in height above grade plane.
2. Deleted:In buildings of any height located in Climate Zone 3.
3. Where the design exhaust capacity is not greater than 300 cfm (142 L/s).

Gravity (nonmotorized)Nonmotorized gravity dampers shall have an air leakage rate not greater than 20 cfm/ft? (101.6 L/s

x m?) where not less than 24 inches (610 mm) in either dimension and 40 cfm/ft* (203.2 L/s x m?) 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.

C403.8 Fans and fan controls. Fans in HVAC systems shall comply with Sections C403.8.1 through C403.8.6.1.

€403.2.12-1C403.8.1 Allowable fan meter horsepower. Each HVAC system-at-fan-system-designEach HVAC system hav-
ing a total fan system motor nameplate horsepower exceeding 5 hp (3.7 kW) at fan system design conditions shall not exceed
the allowable fan system motor nameplate hp (Option 1) or fan system bhp (Option 2) shown in Table
€403 212 1H1)-C403.8.1(1). This includes supply fans, exhaust fans, return/relief fans, and fan-powered terminal units asso-
ciated 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.

TABLE €403:2-12-1{1)C403.8.1(1)
FAN POWER LIMITATION

LIMIT CONSTANT VOLUME VARIABLE VOLUME
Option 1: Fan system motor
Allowable nameplate motor hp hp < CFMs x 0.0011 hp < CFMs x 0.0015
nameplate hp
Option 2: Fan system bhp Allowable fan system bhp bhp < CFMs x 0.00094 + 4 bhp < CFMs x 0.0013 + 4

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



where:
CFMs = The maximum design supply airflow rate to conditioned spaces served by the system in cubic feet per minute.

hp = The maximum combined motor nameplate horsepower.
bhp = The maximum combined fan brake horsepower.

A = Sum of [PD x CFMp / 4131].

where:

PD = Each applicable pressure drop adjustment from Table €403-242-12)Table C403.8.1(2) in. w.c.
CFMp = The design airflow through each applicable device from Table €403-242H23C403.8.1(2) in cubic feet per minute.

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

~_ DEVICE ADJUSTMENT  , SR
\ Credits

Fully ducted retutyand/or exhaust air systems 0.5 inch w.c. (2.15 in w.c. for laboratory, viyarium and hospital systems)

Return and/or exh;iu\;\airﬂow control devices 0.5 inch \J\/

Exhaust filters, scrubba\or other exhaust treatment The pressure drop of device calcul)’uéi at fan system design condition

Particulate filtration credit:\IERV 9 thru 12 0 Anch w.c.

Particulate filtration credit: ME{V 13 thru 15 /6.9 inch. w.c.

Particulate filtration credit: MERW;]&:I‘ and Pressure dwulmed at 2x clean filter pressure drop at
electronically enhanced filters fan system design condition.

Carbon and other gas-phase air cleaners \ C'Iezm}*(er pressure drop at fan system design condition.

Biosafety cabinet P)*?éure drop of device at fan system design condition.

Energy recovery device, other than coil runaround loop \\ (2.2 x/tﬁerg}_-' recovery effectiveness) — 0.5 inch w.c. for each airstream.

Coil runaround loop v 0.6 inch w.c. for each airstream.

. . Pressure drop of device at fan system design conditions.
cooling coil

Sound attenuation section (fans serving spaces witha€Sign .
) . . < 0.15 inch w.c.
background noise goals below NC35)
Exhaust system serving fume hoods \ 0.35 inch w.c.

Laboratory and \-*i\f:lrium}\',bﬂ‘[ﬁsv\_-‘srems in high-rise buildings 0.25 inch w.c.flﬂwl‘tical duct exceeding 75 feet.
/ Deductions \

Fume HoodPhaust Exception 1.0 in. w C\
(rcq;u'tﬁ if Section 403.2.12.1. Exception 3 is taken) — 0

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

Evaporative humidifier/cooler in series with another //

TABLE €403:2-12-12)C403.8.1(2)
FAN POWER LIMITATION PRESSURE DROP ADJUSTMENT

DEVICE ADJUSTMENT

Credits

Return air or exhaust systems required by code or accreditation
standards to be fully ducted, or systems required to maintain air 0.5 inch w.c. (2.15 inches w.c. for laboratory and vivarium systems)
pressure differentials between adjacent rooms

Return and exhaust airflow control devices 0.5 inch w.c.

The pressure drop of device calculated at fan system design condi-

Exhaust filters, scrubbers or other exhaust treatment

tion
Particulate filtration credit: MERV 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 and electronically | Pressure drop calculated at 2 times the clean filter pressure drop at
enhanced filters fan system design condition.
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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.

For each airstream, (2.2 X energy recovery effectiveness - 0.5) inch

Energy recovery device, other than coil runaround loop

Ww.C.

Coil runaround loop

0.6 inch w.c. for each airstream.

Evaporative humidifier/cooler in series with another cooling coil

Pressure drop of device at fan system design conditions.

Sound attenuation section (fans serving spaces with design
background noise goals below NC35)

0.15 inch w.c.

Exhaust system serving fume hoods

0.35 inch w.c.

Laboratory and vivarium exhaust systems in high-rise buildings

0.25 inch w.c./100 feet of vertical duct exceeding 75 feet.

Deductions
Systems without central cooling device - 0.6 inch w.c.
Systems without central heating device -0.3 inch w.c.
Systems with central electric resistance heat -0.2 inch w.c.

For SI: 1 inch w.c. = 249 Pa, 1 inch = 25.4 mm, 1 foot = 304.8 mm.
w.c. = Water Column, NC = Noise Criterion.

€403.2:12.2C403.8.2 Motor nameplate horsepower. For each fan, the fan brake horsepower (bhp) 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 (4443-W);(4476 W), 1.5 times the fan brake horsepower.
2. For fans 6 bhp (4443-W)(4476 W) and larger, 1.3 times the fan brake horsepower.

am omphanowrth a on 40 In Iotem-maoto

Exceptions:

1. Fans equipped with electronic speed control devices to vary the fan airflow as a function of load.

Fans with a fan nameplate electrical input power of less than 0.89 kW.

2
3. Systems complying with Section C403.2.12.1 C403.8.1 fan system motor nameplate hp (Option 1).
4

Fans with motor nameplate horsepower less than 1 hp (746 W).

€403.2:12:3C403.8.3 Fan efficiency.-Deleted:-Each fan and fan array shall have a fan energy index (FEI) of not less than 1.00
at the design point of operation, as determined in accordance with AMCA 208 by an approved independent testing laboratory
and labeled by the manufacturer. Each fan and fan array used for a variable-air-volume system shall have an FEI of not less
than 0.95 at the design point of operation, as determined in accordance with AMCA 208 by an approved independent testing
laboratory and labeled by the manufacturer. The FEI for fan arrays shall be calculated in accordance with AMCA 208 Annex
C.

Exceptions: The following fans are not required to have a fan energy index:

1. Fans that are not embedded fans with motor nameplate horsepower of less than 1.0 hp (0.75 kW) or with a nameplate
electrical input power of less than 0.89 kW.

2.  Embedded fans that have a motor nameplate horsepower of 5 hp (3.7 kW) or less, or with a fan system electrical
input power of 4.1 kW or less.

3.  Multiple fans operated in series or parallel as the functional equivalent of a single fan that have a combined motor
nameplate horsepower of 5 hp (3.7 kW) or less or with a fan system electrical input power of 4.1 kW or less.




4. Fans that are part of equipment covered in Section C403.3.2.

5. Fans included in an equipment package certified by an approved agency for air or energy performance.

6. Ceiling fans, which are defined as nonportable devices suspended from a ceiling or overhead structure for circulat-
ing air via the rotation of the blades.

7. Fans used for moving gases at temperatures above 425°F (250°C).

8. Fans used for operation in explosive atmospheres.

9. Reversible fans used for tunnel ventilation.

10. Fans that are intended to operate only during emergency conditions.
11. Fans outside the scope of AMCA 208.

€403.4.4.4C403.8.4 Fractional hp fan motors.-Deleted-Motors for fans that are not less than !/;, hp (0.062 kW) and less
than 1 hp (0.746 kW) shall be electronically commutated motors or shall have a minimum motor efficiency of 70 percent,
rated in accordance with DOE 10 CFR 431. These motors shall have the means to adjust motor speed for either balancing or
remote control. The use of belt-driven fans to sheave adjustments for airflow balancing instead of a varying motor speed shall
be permitted.

Exceptions: The following motors are not required to comply with this section

1.  Motors in the airstream within fan coils and terminal units that only provide heating to the space served.

2. Motors in space-conditioning equipment that comply with Section C403.3.2 or Sections C403.8.1. through
C403.8.3.
3.  Motors that comply with Section C405.8.

C403.8.5 Low-capacity ventilation fans. Mechanical ventilation system fans with motors less than /1 hp (0.062 kW) in
capacity shall meet the efficacy requirements of Table C403.8.5 at one or more rating points.

Exceptions:

1.  Where ventilation fans are a component of a listed heating or cooling appliance.

2. Dryer exhaust duct power ventilators, domestic range hoods and domestic range booster fans that operate intermit-

tently.
TABLE C403.8.5
LOW-CAPACITY VENTILATION FAN EFFICACY?
MINIMUM

AIRFLOW RATE vy AIRFLOW RATE
FAN LOCATION | srim g A EFFICACY N TVITVIRTVETS = VTS
——————— | MINIMUM (CFM) {CiFM/WATT] MAXIMUM (CFM)
HRYV or ERV Any 1.2 cfim/watt Any
In-line fan Any 3.8 cfim/watt Any
Bathroom, util-
ity room 10 2.8 cfim/watt <90
Bathroom, util-
ity room 90 3.5 cfm/watt Any

For SI: 1 cfim/ft = 47.82 W.

a. Airflow shall be tested in accordance with HVI 916 and listed. Efficacy shall be listed or shall be derived from listed power and airflow. Fan efficacy for fully
ducted HRV, ERV, balanced and in-line fans shall be determined at a static pressure not less than 0.2 inch w.c. Fan efficacy for ducted range hoods, bathroom
and utility room fans shall be determined at a static pressure not less than 0.1 inch w.c.

€403-4-1C403.8.6 Fan control. Controls shall be provided for fans in accordance with Seetions-€403-41+-1through-
€403-413-Section C403.8.6.1 and as required for specific systems provided in Section C403.
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€403:41-1C403.8.6.1 Fan airflow control. Each cooling system listed in Table €403-44+14-C403.8.6.1 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 airsideair-side economizer in accordance with Section €403-3C403.5 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 /nternational Me-
chanical Code at low speed exceeds the air that would be delivered at the speed defined in Section
£403-4-1C403.8.6, the minimum speed shall be selected to provide the required ventilation air.

E C403.4.1.1
CONTROL REQUIREMENT

C ING ~ FAN MECHANICAL
TE PE SIZE COOLING CAPACITY
[%ooling \ Any 120,000 Btu/h
/i(‘.hlllecl water N Shp Am\

Evaporative cooling '/, hp Any

For SI: 1 Brigistfthermal unit per hour :\Q 1 hp = 0.746 kW. -~

TABLE C403.8.6.1

COOLING SYSTEMS
FAN MOTOR | MECHANICAL COOLING
COOLING SYSTEM TYPE SIZE CAPACITY
DX cooling Any > 65,000 Btu/h
Chilled water and
e S > 11
evaporative cooling = Vihp Any

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

C403.9 Large-diameter ceiling fans. Where provided, large-diameter ceiling fans shall be tested and labeled in accordance
with AMCA 230.

€403:43C403.1




equipment, including air-cooled condensers, dry coolers, open-circuit cooling towers, closed-circuit cooling towers and evapo-
rative condensers, shall comply with this section.

Exception:

Fables€403-23(6)-and-€403-2.3(7)-Heat rejection devices where energy usage is included in the equipment efficiency
ratings listed in Tables C403.3.2(6) and C403.3.2(7).

C403.10.1 Fan speed control. Each fan system powered by an individual motor or array of motors with connected power,
including the motor service factor, totaling 5 hp (3.7 kW) or more shall have controls and devices configured to automatically
modulate the fan speed to control the leaving fluid temperature or condensing temperature and pressure of the heat rejection
device. Fan motor power input shall be not more than 30 percent of design wattage at 50 percent of the design airflow.

Exceptions:

1. Fans serving multiple refrigerant or fluid cooling circuits.

2. Condenser fans serving flooded condensers.

C403.10.2 Multiple-cell heat rejection equipment. Multiple-cell heat rejection equipment with variable speed fan drives
shall be controlled to operate the maximum number of fans allowed that comply with the manufacturer’s requirements for all
system components and so that all fans operate at the same fan speed required for the instantaneous cooling duty, as opposed

to staged on and off operation. The minimum fan speed shall be the minimum allowable speed of the fan drive system in
accordance with the manufacturer’s recommendations.

C403.10.3 Limitation on centrifugal fan open-circuit cooling towers. Centrifugal fan open-circuit cooling towers with a
combined rated capacity of 1,100 gpm (4164 L/m) or greater at 95°F (35°C) condenser water return, 85°F (29°C) condenser

water supply. and 75°F (24°C) outdoor air wet-bulb temperature shall meet the energy efficiency requirement for axial fan
open-circuit cooling towers listed in Table C403.3.2(8).

Exception: Centrifugal open-circuit cooling towers that are designed with inlet or discharge ducts or require external sound
attenuation.

C403.10.4 Tower flow turndown. Open-circuit cooling towers used on water-cooled chiller systems that are configured with
multiple- or variable-speed condenser water pumps shall be designed so that all open-circuit cooling tower cells can be run in

parallel with the larger of the flow that is produced by the smallest pump at its minimum expected flow rate or at 50 percent
of the design flow for the cell.

€403:4.5C403.10.5 Heat recovery for service water heating. Condenser heat recovery shall be installed for heating or re-
heating 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 (1758 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.

€403.2:14C403.11 Refrigeration equipment performance. Deleted-Refrigeration equipment performance shall be deter-
mined in accordance with Sections C403.11.1 and C403.11.2 for commercial refrigerators, freezers, refrigerator-freezers,
walk-in coolers, walk-in freezers and refrigeration equipment. The energy use shall be verified through certification under an

approved certification program or, where a certification program does not exist, the energy use shall be supported by data fur-
nished by the equipment manufacturer.

Exception: Walk-in coolers and walk-in freezers regulated under federal law in accordance with Subpart R of DOE 10 CFR
431.
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C403.11.1 Commercial refrigerators, refrigerator-freezers and refrigeration. Refrigeration equipment, defined in DOE

10 CFR Part 431.62, shall have an energy use in kWh/day not greater than the values of Table C403.11.1 when tested and

rated in accordance with AHRI Standard 1200.

TABLE C403.11.1
MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL REFRIGERATORS AND FREEZERS AND REFRIGERATION

CONDENSING EQUIPMENT MAXIMUM DAILY
UNIT RATING |OPERATING e GIEI~ATIA ENERGY TEST
EQUIPMENT CATEGORY CONFIGURATIO EQUIPMENT FAMILY TEMP.. °F |- TEMP.. °F CLASSI;LCATION CONSUMPTION, STANDARD
N kWh/day®®
38 (M) >32 VOP.RCM | 0.64 x TDA +4.07
Vertical open (VOP)
0(L) <32 VOP.RC.L 2.20 x TDA + 6.85
38 (M) >32 SVO.RC.M 0.66 x TDA +3.18
Semivertical open (SVO)
0@ <32 SVO.RC.L 2.20 x TDA + 6.85
38 (M) >32 HZO.RC.M | 0.35 x TDA +2.88
Horizontal open (HZO)
om <32 HZO.RC.L 0.55 x TDA + 6.88
Vertical closed transparent 38 (M) >32 VCT.RCM | 0.15xTDA +1.95
Remote condensing commer- (V€T 0@ <32 VCT.RC.L 0.49 x TDA +2.61
cial refrigerators and commer-| Remote (RC) AHRI 1200
cial freezers Horizontal closed transparent 38 (M) >32 HCT.RC.M 0.16 x TDA +0.13
(HCT) 0(L) <32 HCT.RC.L | 0.34 x TDA +0.26
38 (M) >32 VCS.RCM 0.10 x V+0.26
Vertical closed solid (VCS)
0(L) <32 VCS.RC.L 0.21 xV+0.54
38 (M) >32 HCS.RC.M 0.10xV+0.26
Horizontal closed solid (HCS)
0(L) <32 HCS.RC.L 021 xV+0.54
38 (M) >32 SOC.RC.M 0.44 x TDA +0.11
Service over counter (SOC)
0@ <32 SOC.RC.L 0.93 x TDA + 0.22
38 (M) >32 VOP.SC.M 1.69 x TDA +4.71
Vertical open (VOP)
0(L) <32 VOP.SC.L |4.25xTDA+11.82
38 (M) >32 SVO.SC.M 1.70 x TDA +4.59
Semivertical open (SVO)
0(L) <32 SVO.SC.L |4.26 x TDA +11.51
38(M) >32 HZO.SC.M 0.72 x TDA +5.55
: : Horizontal open (HZO)
Self-contained commercial re-
frigerators and commercial Self-contained 0@ =32 HZORCL | 1.90 xTDA +7.08 AHRI 1200
freezers with and without (SQ) -
doors Vertical closed transparent 38 (M) 232 VCT.SCM 0.10xV +0.86
(V€D 0L <32 VCTSCL | 029 xV+2.95
38 (M) >32 VCS.SC.M 0.05xV+1.36
Vertical closed solid (VCS)
0(L) <32 VCS.SC.L 0.22xV+1.38
Horizontal closed transparent 38 (M) 232 HCT.SCM 0.06xV+0.37
(HCT) 0(L) <32 HCT.SCL | 0.08xV+1.23




338M >32 HCS.SC.M 0.05xV+0091
Horizontal closed solid (HCS)
0(@) <32 HCS.SC.L 0.06 xV+1.12
38 (M) >32 SOC.SC.M 0.52 x TDA + 1.00
Service over counter (SOC)
0(@) <32 SOC.SC.L 1.10 x TDA +2.10

(continued)

TABLE C403.11.1—continued

MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL REFRIGERATORS AND FREEZERS AND REFRIGERATION

CONDENSING EQUIPMENT MAXIMUM DAILY
UNIT RATING |OPERATING e GICI~ATIA ENERGY TEST
EQUIPMENT CATEGORY CONFIGURATIO EQUIPMENT FAMILY TEMP.. °F TEMP.. °F CLASSIgLCATION CON—SUMPTION. STANDARD
N kWh/day®®
Self-contained commercial re- Self. d
i i elf-containe:
frigerators with transparent Pull-down (PD) 38 (M >32 PD.SC.M 0.11 x V+0.81 |AHRI 1200
doors for pull-down tempera- (SC)
ture applications
Vertical open (VOP) VOP.RC.I 2.79 x TDA + 8.70
Semivertical open (SVO) SVO.RC.I 2.79 x TDA + 8.70
Horizontal open (HZO) HZO.RC.I 0.70 x TDA + 8.74
Vertical Cl‘;ﬁng“ans"arem VCT.RCI | 0.58 x TDA +3.05
Remote (RC) AHRI 1200
Horizontal closed transparent
(HCT) HCT.RC.I 0.40 x TDA +0.31
Vertical closed solid (VCS) VCS.RC.I 0.25 x V+0.63
Horizontal closed solid (HCS) HCS.RC.I 0.25xV +0.63
L0 Service over counter (SOC) SOC.RC.I 1.09 x TDA +0.26
Commercial ice cream freez- 15 (I < .5b
s Vertical open (VOP) VOP.SCI |5.40 x TDA +15.02
Semivertical open (SVO) SVO.SC.I 5.41 x TDA + 14.63
Horizontal open (HZO) HZO.SC.I 2.42 x TDA +9.00
Vertical closed transparent
VCT.SC.I 0.62 x TDA +3.29
Self-contained (VCT)
sc AHRI 1200
(SC) Horizontal closed transparent
HCT HCT.SC.I 0.56 x TDA +0.43
Vertical closed solid (VCS) VCS.SC.I 0.34 x V+0.88
Horizontal closed solid (HCS) HCS.SC.1 0.34 x V +0.88
Service over counter (SOC) SOC.SC.1 1.53 x TDA +0.36

For ST: 1 square foot = 0.0929 m?, 1 cubic foot = 0.02832 m*, °C = (°F — 32)/1.8.

a. The meaning of the letters in this column is indicated in the columns to the left.

b. Ice cream freezer is defined in DOE 10 CFR 431.62 as a commercial freezer that is designed to operate at or below -5 °F and that the manufacturer designs,
markets or intends for the storing, displaying or dispensing of ice cream.

c. Equipment class designations consist of a combination [in sequential order separated by periods (AAA).(BB).(C)] of the following:

104

20182024 NORTH CAROLINA ENERGY CONSERVATION CODE®




¢ (AAA)—An equipment family code (VOP = vertical open, SVO = semivertical open, HZO = horizontal open, VCT = vertical closed transparent doors,

VCS = vertical closed solid doors, HCT = horizontal closed transparent doors, HCS = horizontal closed solid doors, and SOC = service over counter);

¢ (BB)—An operating mode code (RC = remote condensing and SC = self-contained); and
¢ (C)—A rating temperature code [M = medium temperature (38°F), L = low temperature (0°F), or I = ice cream temperature (-15°F)].
+ For example, “VOP.RC.M” refers to the “vertical open, remote condensing, medium temperature” equipment class.

d. V is the volume of the case (ft’) as measured in AHRI 1200, Appendix C.

e. TDA is the total display area of the case (ft*) as measured in AHRI 1200, Appendix D.

€403.2.16C403.11.2 Walk-in coolers and walk-in freezers. Deleted-Walk-in cooler and walk-in freezer refrigeration sys-
tems, except for walk-in process cooling refrigeration systems as defined in DOE 10 CFR 431.302, shall meet the requirements

of Tables C403.11.2.1(1), C403.11.2.1(2) and C403.11.2.1(3). "

C403.11.2.1 Performance standards. Walk-in coolers and walk-in freezers shall meet the requirements of Tables
C403.11.2.1(1), C403.11.2.1(2) and C403.11.2.1(3).

TABLE C403.11.2.1(1)

WALK-IN COOLER AND FREEZER DISPLAY DOOR
EFFICIENCY REQUIREMENTS?

MAXIMUM ENERGY
CLASS DESCRIPTOR CLASS CONSUMPTION

(kWh/day)®

Display door, medium tem-
perature

DD.M 0.04 x Adga +0.41

Display door, low tempera-
ture

DD.L 0.15 x Aaa +0.29

a. Agq is the surface area of the display door.

TABLE C403.11.2.1(2)

WALK-IN COOLER AND FREEZER NONDISPLAY
DOOR EFFICIENCY REQUIREMENTS?

MAXIMUM ENERGY
CLASS DESCRIPTOR CLASS CONSUMPTION
(kWh/day)?

Passage door, medium tem-
perature

PD.M 0.05 x Ana+1.7

Passage door, low tempera-
ture

PD.L 0.14 x Ana +4.8

Freight door, medium tem-
perature

FD.M 0.04 x Ang +1.9

Freight door, low temperature FD, L 0.12 X Ana+ 5.6

a. A,q s the surface area of the nondisplay door.

TABLE C403.11.2.1(3)
WALK-IN COOLER AND FREEZER REFRIGERATION SYSTEM EFFICIENCY REQUIREMENTS

MINIMUM ANNUAL WALK-IN

CLASS DESCRIPTOR CLASS ENERGY FACTOR AWEF (Btu/W-h)?

TEST PROCEDURE




Dedicated condensing, medium temperature, indoor sys-
[ DC.M.I 5.61
tem
Dedicated condensing, medium temperature, outdoor sys-
0 DC.M.O 7.60
tem
Dedicated condensing, low temperature, indoor system, 5
net capacity (guer) < 6,500 Btu/h DC.L.L < 6.500 2.091 X 10 X Quer + 1.81
Dedicated condensing, low temperature, indoor system,
net capacity (guer) > 6,500 Btu/h DC.L.L.>6.500 240
Dedicated condensing, low temperature, outdoor system, _5 AHRI 1250
. ! + .
net capacity (quer) < 6,500 Btu/h DC.L.0,<6.500 6.522 x 10~ X quer +2.73
Dedicated condensing, low temperature, outdoor system, <
net capacity (quer) > 6,500 Btu/h DC.L.O. 2 6.500 315
Unit cooler, medium UucM 9.00
Unit cooler, low temperature, net capacity (quer) < 15,500 UC.L. < 15500 1.575 x 10° X quer + 3.91
Btu/h
. . >
g:lul;hcooler, low temperature, net capacity (gue:) > 15,500 UC.L. > 15.500 415

For SI: 1 British thermal unit per hour = 0.2931 W.
a. Qe 18 net capacity (Btu/h) as determined in accordance with AHRI 1250.

€403.5C403.11.3 Refrigeration systems. Deleted-Refrigerated display cases, walk-in coolers or walk-in freezers that are
served by remote compressors and remote condensers not located in a condensing unit, shall comply with Sections C403.11.3.1
and C403.11.3.2.

Exception: Systems where the working fluid in the refrigeration cycle goes through both subcritical and super-critical
states (transcritical) or that use ammonia refrigerant are exempt.

C403.11.3.1 Condensers serving refrigeration systems. Fan-powered condensers shall comply with the following:

1. The design saturated condensing temperatures for air-cooled condensers shall not exceed the design dry-bulb tem-
perature plus 10°F (5.6°C) for low-temperature refrigeration systems, and the design dry-bulb temperature plus
15°F (8°C) for medium temperature refrigeration systems where the saturated condensing temperature for blend
refrigerants shall be determined using the average of liquid and vapor temperatures as converted from the condenser

drain pressure.

2. Condenser fan motors that are less than 1 hp (0.75 kW) shall use electronically commutated motors, permanent
split-capacitor-type motors or 3-phase motors.

3. Condenser fans for air-cooled condensers, evaporatively cooled condensers, air- or water-cooled fluid coolers or
cooling towers shall reduce fan motor demand to not more than 30 percent of design wattage at 50 percent of design
air volume, and incorporate one of the following continuous variable speed fan control approaches:

3.1. Refrigeration system condenser control for air-cooled condensers shall use variable setpoint control logic to
reset the condensing temperature setpoint in response to ambient dry-bulb temperature.

3.2. Refrigeration system condenser control for evaporatively cooled condensers shall use variable setpoint con-
trol logic to reset the condensing temperature setpoint in response to ambient wet-bulb temperature.

4. Multiple fan condensers shall be controlled in unison.

5. The minimum condensing temperature setpoint shall be not greater than 70°F (21°C).

C403.11.3.2 Compressor systems. Refrigeration compressor systems shall comply with the following:
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1. Compressors and multiple-compressor system suction groups shall include control systems that use floating suction
pressure control logic to reset the target suction pressure temperature based on the temperature requirements of the
attached refrigeration display cases or walk-ins.

Exception: Controls are not required for the following:

1. Single-compressor systems that do not have variable capacity capability.

2. Suction groups that have a design saturated suction temperature of 30°F (-1.1°C) or higher, suction
groups that comprise the high stage of a two-stage or cascade system, or suction groups that primarily
serve chillers for secondary cooling fluids.

2. Liquid subcooling shall be provided for all low-temperature compressor systems with a design cooling capacity
equal to or greater than 100,000 Btu (29.3 kW) with a design-saturated suction temperature of -10°F (-23°C) or
lower. The sub-cooled liquid temperature shall be controlled at a maximum temperature setpoint of 50°F (10°C) at
the exit of the subcooler using either compressor economizer (interstage) ports or a separate compressor suction
group operating at a saturated suction temperature of 18°F (-7.8°C) or higher.

2.1. Insulation for liquid lines with a fluid operating temperature less than 60°F (15.6°C) shall comply with Table
C403.11.3.

3. Compressors that incorporate internal or external crankcase heaters shall provide a means to cycle the heaters off
during compressor operation.

C403.12 Construction of HVAC system elements. Ducts, plenums, piping and other elements that are part of an HVAC system
shall be constructed and insulated in accordance with Sections C403.12.1 through C403.12.3.1.

G403—2—9C403 12 1 Duct and plenum 1nsulat10n and seallng Spr%y—m%%ﬁm—m%db&t&&nd—p{emmsha}kbﬁ&s&Latedw&h

Supply and return air ducts and plenums shall be insulated with not less than R-6 insulation where located in unconditioned
spaces and where located outside the building with not less than R-8 insulation in Climate Zones 3 through 4 and not less than
R-12 insulation in Climate Zone 5. Ducts located underground beneath buildings shall be insulated as required in this section or
have an equivalent thermal distribution efficiency. Underground ducts utilizing the thermal distribution efficiency method shall
be listed and labeled to indicate the R-value equivalency. Where located within a building envelope assembly, the duct or plenum
shall be separated from the building exterior or unconditioned or exempt spaces by not less than R-8 insulation in Climate Zones
3 through 4 and not less than R-12 insulation in Climate Zone 5 .

Exceptions:

1.  Where located within equipment.

2. Where the design temperature difference between the interior and exterior of the duct or plenum is not greater than
15°F (8°C).
Ducts, air handlers and filter boxes shall be sealed. Joints and seams shall comply with Section 603.9 of the International
Mechanical Code.

€403.2.9.1C403.12.2 Duct construction. Ductwork shall be constructed and erected in accordance with the International
Mechanical Code.

€403:2.9.1.1C403.12.2.1 Low-pressure duct systems. Longitudinal and transverse joints, seams and connections of sup-
ply and return ducts operatmg ata statlc pressure less than or equal to 2 inches water gauge (w.g.) (498 Pa) shall be securely
fastened and sealed #1-2 v § he1n -with welds, gaskets, mastics
(adhesives), mas-tic-plus- embedded fabrlc svstems or tapes 1nstalled in accordance w1th 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.




Exception: Locking-type longitudinal joints and seams, other than the snap-lock and button-lock types, need not be
sealed as specified in this section.

€403:2-9-1:2C403.12.2.2 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 €403-2.9C403.12.1. Pressure classifications specific to the duct system shall be clearly indicated
on the construction documents in accordance with the International Mechanical Code.

€403:2.9.13C403.12.2.3 High-pressure duct systems. Ducts and plenums designed to operate at static pressures equal to or
greater than 3 inches water gauge (747 Pa) shall be insulated and sealed in accordance with Section €403-2-9-C403.12.1. In
addltlon ducts and plenums shall be leak tested in accordance with the W%H%wkagﬂe&%%&%

SMACNA HVAC Air Duct Leakage Test Manual and shown to have a rate of air
leakage (CL) less than or equal to 4.0 as determined in accordance with Equation 4-8.

065
L. .. =€ BP Equation4-8)
where:
L, . = Maximum-permittedleakage—cfm/00f> ductsurface-
area:

CL—=4 ductleakage class; efm/ 00> duct surface areaatinch-
Wees

CL = F/P%% (Equation 4-8)

where:

F = The measured leakage rate in cfm per 100 square feet (9.3 m?) of duct surface.

P = The static pressure of the test.

Documentation shall be furnished demonstrating that representative sections totaling not less than 25 percent of the duct
area have been tested and that all tested sections comply with the requirements of this section.
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TABLE C403.2.10
MINIMUM PIPING INSULATION THICKNESS™®

NOMINAL PIPE
FLUID DIAMETER
=15 4

Slez&n \ 1Y, 3 /
Hot Water 1, 2/
Chilled water, PNpe 1 i

- refriver: 1Y, IV
or refrigerant = =
For SI: 1 inch=25.4 mm. /

a. Based on insulation having a Ssguctivity (k) not 027 B -
inch/hr - ¢+ °F.

b. For insulation with a thermal conductivi\pojefual to 0.27 Btu - inch/hr -
f2 - °F at a mean temperature of 75°p>he minimum required pipe
thickness is adjusted using the followjsequadqn:

T=r[(+d*-1]

C403.12.3 Piping insulation. Piping serving as part of a heating or cooling system shall be thermally insulated in accordance
with Table C403.12.3.

Exceptions:

1. Factory-installed piping within HVAC 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 AHRI 840, respectively.

3. Piping that conveys fluids that have a design operating temperature range between 60°F (15°C) and 105°F (41°C).
4. Piping that conveys fluids that have not been heated or cooled through the use of fossil fuels or electric power.
5. Strainers, control valves, and balancing valves associated with piping 1 inch (25 mm) or less in diameter.
6. Direct buried piping that conveys fluids at or below 60°F (15°C).
7. In radiant heating systems, sections of piping intended by design to radiate heat.
TABLE C403.12.3
MINIMUM PIPE INSULATION THICKNESS (in inches) ¢
FLUID INSULATION CONDUCTIVITY NOMINAL PIPE OR TUBE SIZE (inches)
OPERATING
TEMPERATURE Conductivity Mean Ratin
RANGE AND | Btu x in./(h x ft2 T—tg;F <1 1to <1'l; 1to<4 4t0<8 >8
USAGE {.,F} i)_b emperature, - — e
> 350 0.32-0.34 250 4.5 5.0 5.0 5.0 5.0
251-350 0.29-0.32 200 3.0 4.0 4.5 4.5 4.5
201-250 0.27-0.30 150 2.5 2.5 2.5 3.0 3.0
141-200 0.25-0.29 125 1.5 1.5 2.0 2.0 2.0
105-140 0.21-0.28 100 1.0 1.0 1.5 1.5 1.5
40-60 0.21-0.27 75 0.5 0.5 1.0 1.0 1.0
<40 0.20-0.26 50 0.5 1.0 1.0 1.0 1.5

For SI: 1 inch =25.4 mm, °C = [(°F) — 32]/1.8.

a. For piping smaller than 1'/, inches and located in partitions within conditioned spaces, reduction of these thicknesses by 1 inch shall be permitted (before

thickness adjustment required in Note b) but not to a thickness less than 1 inch.

b._For insulation outside the stated conductivity range, the minimum thickness (T) shall be determined as follows:

T=r[(1+#r)* -1
where:
T = Minimum insulation thickness.



r = Actual outside radius of pipe.
¢t = Insulation thickness listed in the table for applicable fluid temperature and pipe size.
K = Conductivity of alternate material at mean rating temperature indicated for the a|
k = The upper value of the conductivity range listed in the table for the applicable fluid temperature.
c. For direct-buried heating and hot water system piping, reduction of these thicknesses by 1'/, inches (38 mm) shall be permitted (before thickness adjustment
required in Note b but not to thicknesses less than 1 inch.

€403.2.10-1C403.12.3.1 Protection of piping insulation.-Deleted-Piping insulation exposed to the weather shall be pro-

tected from damage, including that caused by sunlight, moisture, equipment maintenance and wind, and shall provide
shielding from solar radiation that can cause degradation of the material. Adhesive tape shall not be permitted.

C403.13 Mechanical systems located outside of the building thermal envelope. Mechanical systems providing heat outside
of the thermal envelope of a building shall comply with Sections C403.13.1 through C403.13.3.

€403.2.13C403.13.1 Heating outside a building. Systems installed to provide heat outside a building shall be radiant sys-
tems.

Such heating systems shall be controlled by an occupancy sensing device or a timer switch, so that the system is automati-
cally denergizedde-energized when occupants are not present.
€403:2:4.5C403.13.2 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 $6°E(102€).50°F (10°C) and precipitation is not
falling, and an automatic or manual control that is configured to shut off when the outdoor temperature is above 40°F (4°C).

€403:2:4-6C403.13.3 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.

C403.14 Operable opening interlocking controls. The heating and cooling systems shall have controls that will interlock
these mechanical systems to the set temperatures of 90°F (32°C) for cooling and 55°F (12.7°C) for heating when the conditions

of Section C402.5.8 exist. The controls shall configure to shut off the systems entirely when the outdoor temperatures are be-
low 90°F (32°C) or above 55°F (12.7°C).

SECTION C404
SERVICE WATER HEATING (MANDATORY)}

C404.1 General. 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 equip-
ment or through certification under an approved certification program. Water-heating equipment intended to be used to provide
space heating shall meet the applicable provisions of Table C404.2.

C404.2.1 High input service water-heating systems. Deleted- Gas-fired water-heating equipment installed in new buildings
shall be in compliance with this section. Where a singular piece of water-heating equipment serves the entire building and the
input rating of the equipment is 1,000,000 Btu/h (293 kW) or greater, such equipment shall have a thermal efficiency, E,, of
not less than 92 percent. Where multiple pieces of water-heating equipment serve the building and the combined input rating
of the water-heating equipment is 1,000,000 Btu/h (293 kW) or greater, the combined input-capacity-weighted-average ther-
mal efficiency, E,, shall be not less than 90 percent.

Exceptions:

1.  Where not less than 25 percent of the annual service water-heating requirement is provided by on-site renewable
energy or site-recovered energy, the minimum thermal efficiency requirements of this section shall not apply.

2. The input rating of water heaters installed in individual dwelling units shall not be required to be included in the
total input rating of service water-heating equipment for a building.
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3. The input rating of water heaters with an input rating of not greater than 100,000 Btu/h (29.3 kW) shall not be

required to be included in the total input rating of service water-heating equipment for a building.

C404.3 Heat traps for hot water storage tanks. Storage tank-type water heaters and hot water storage tanks that have vertical
water pipes connecting to the inlet and outlet of the tank shall be provided with integral heat traps at those inlets and outlets or
shall have pipe-configured heat traps in the piping connected to those inlets and outlets. Tank inlets and outlets associated with
solar water heating system circulation loops shall not be required to have heat traps.

C404.4 Insulation of piping. Piping from a water heater to the termination of the heated water fixture supply pipe shall be
insulated in accordance with Table C403.12.3. On both the inlet and outlet piping of a storage water heater or heated water storage

tank, the piping to a heat trap or the first 8 feet (2438 mm) of piping, whichever is less, shall be insulated. Piping that is heat
traced shall be insulated in accordance with Table C403.12.3 or the heat trace manufacturer’s instructions. Tubular pipe insulation
shall be installed in accordance with the insulation manufacturer’s instructions. Pipe insulation shall be continuous except where
the piping passes through a framing member. The minimum insulation thickness requirements of this section shall not supersede
any greater insulation thickness requirements necessary for the protection of piping from freezing temperatures or the protection
of personnel against external surface temperatures on the insulation.

Exception: Tubular pipe insulation shall not be required on the following:

1. The tubing from the connection at the termination of the fixture supply piping to a plumbing fixture or plumbing
appliance.

2. Valves, pumps, strainers and threaded unions in piping that is 1 inch (25 mm) or less in nominal diameter.

3. Piping from user-controlled shower and bath mixing valves to the water outlets.

4. Cold-water piping of a demand recirculation water system.

5. Tubing from a hot drinking-water heating unit to the water outlet.

6. Piping at locations where a vertical support of the piping is installed.

7. Piping surrounded by building insulation with a thermal resistance (R-value) of not less than R-3.

TABLE C404.2
MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT
EQUIPMENT TYPE SIZE CATEGORY (input) SUBCATESgDRg.Igﬁ RATING PERFORMANCE REQUIRED®® TEST PROCEDURE

Water heaters, elec-
tric

Tabletop®, > 20 gallons
and < 120 gallons

0.93 —0.00132V, EF

Resistance > 20 gallons

<12 kwd 0.960 — 0.0003V, EF DOE 10 CFR Part 430
- and < 55 gallons

Grid-enabledf> 75 gal-

lons and < 120 gallons 1.061 —0.00168V, EF
> 12kW Resistance (0.3 +27/Vw), %/h ANSI 721.10.3




<24 amps and < 250 volts

Heat pump > 55 gallons
and < 120 gallons

2.057-0.00113V, EF

DOE 10 CFR Part 430

Storage water
heaters, gas

<75.000 Btu/h

> 20 gallons and
> 55 gallons

0.675 —0.0015V, EF

> 55 gallons and
<100 gallons

0.8012 — 0.00078V, EF

DOE 10 CFR Part 430

> 75,000 Btu/h and
< 155,000 Btu/h

<4.,000 Btu/h/gal

80% E;
(Q/800 + 110./7)SL, Btw/h

> 155.000 Btw/h

<4.,000 Btu/h/gal

80% E;
(Q/800 + 110./7)SL, Btw/h

ANSI 721.10.3

Instantaneous water
heaters, gas

> 50,000 Btu/h and

> 4,000 Btu/h/gal and

<200,000 Btu/h®

<2 gal

0.82 —0.00 19V, EF

DOE 10 CFR Part 430

>200.,000 Btu/h

> 4,000 Btu/h/gal and
<10 gal

80% E:

>200,000 Btu/h

> 4,000 Btu/h/gal and
>10 gal

80% E
(Q/800 + 110./7)SL, Btuh

ANSI 721.10.3

Storage water
heaters, oil

<105.000 Btu/h

>20 gal and < 50 gallons

0.68 —0.0019V, EF

DOE 10 CFR Part 430

> 105,000 Btw/h

<4.,000 Btu/h/gal

80% E;
(Q/800 + 110./7)SL, Btwh

ANSI 721.10.3

<210,000 Btu/h 24,000 Btwh/gal and 0.59 — 0.0019V, EF DOE 10 CFR Part 430
<2 gal
Instantaneous water >210.000 Btu/h 2 4.000 Btw/h/gal and 80% E,
heaters, oil <10 gal
S E ANSI 721.10.3
> 4,000 Btu/h/gal and 10870 Ly
>
210.000 B h > 10 gal (Q/800 + 110./7)SL, Buwh
Hot water supply >300,000 Btu/h and > 4,000 Btu/h/gal and 80% E
boilers, gas and oil < 12,500,000 Btu/h <10 gal St
Hot water supply >300,000 Btu/h and > 4,000 Btu/h/gal and 80% E:
boilers, gas <12.500,000 Btu/h >10 gal (Q/800 + 110,/7)SL, Btwh ANSI721.10.3
Hot water supply > 300,000 Btu/h and > 4,000 Btu/h/gal and 78% E:
boilers, oil < 12,500,000 Btw/h > 10 gal (Q/800 + 110./7)SL, Btuh

Pool heaters, gas

- All — 82% E; ASHRAE 146
and oil o270 Lit ASHRAE
Heat pump pool
Heat pump pool All _ 4.0 COP AHRI 1160
heaters
Unfired storage All _ Minimum insulation requirement (none)

tanks

R-12.5 (h x ft> x °F)/Btu

a. Energy factor (EF) and thermal efficiency (E,) are minimum requirements. In the EF equation, V' is the rated volume in gallons.
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TABLE C404.2—continued
MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

For SI: 1 foot = 304.8 mm, 1 square foot = 0.0929 m?, °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 W/L.




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, / is the rated volume in gallons and V,, is the measured volume in gallons.
In the SL equation for 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/h) 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).

¢ A tabletop water heater is a water heater that is enclosed in a rectangular cabinet with a flat top surface not more than 3 feet in height.

f. A grid-enabled water heater is an electric-resistance water heater that meets all of the following:

1. Has a rated storage tank volume of more than 75 gallons.

2. Was manufactured on or after April 16, 2015.
3. Is equipped at the point of manufacture with an activation lock.

4. Bears a permanent label applied by the manufacturer that complies with all of the following:

4.1.

Is made of material not adversely affected by water.

4.2.

Is attached by means of nonwater-soluble adhesive.

4.3.

Advises purchasers and end users of the intended and appropriate use of the product with the following notice printed in 16.5 point Arial Narrow

Bold font: “IMPORTANT INFORMATION: This water heater is intended only for use as part of an electric thermal storage or demand response
program. It will not provide adequate hot water unless enrolled in such a program and activated by your utility company or another program
operator. Confirm the availability of a program in your local area before purchasing or installing this product.”

C404.5 Efficient Heated water supply piping. Deleted- Water supply piping shall be in accordance with Section C404.5.1 or
C404.5.2. The flow rate through 'Ysinch (6.4 mm) piping shall be not greater than 0.5 gpm (1.9 L/m). The flow rate through /16-

inch (7.9 mm) piping shall be not greater than 1 gpm (3.8 L/m). The flow rate through 3/s-inch (9.5 mm) piping shall be not

greater than 1.5 epm (5.7 L/m).

C404.5.1 Maximum allowable pipe length method. The maximum allowable piping length from the nearest source of heated

water to the termination of the fixture supply pipe shall be in accordance with the following. Where the piping contains more

than one size of pipe, the largest size of pipe within the piping shall be used for determining the maximum allowable length

of the piping in Table C404.5.1.

1. For a public lavatory faucet, use the “Public lavatory faucets” column in Table C404.5.1.

2. For all other plumbing fixtures and plumbing appliances, use the “Other fixtures and appliances” column in Table

C404.5.1.

TABLE C404.5.1

PIPING VOLUME AND MAXIMUM PIPING LENGTHS
NOMINAL PIPE | M MAXIMUM PIPING LENGTH (feet)
SIZE (inches) | {liquid ounces per | ppjic javatory | Other fixtures and
foot length faucets appliances

14033 6 50
16 0.5 4 30
33 0.75 3 50

1.5 2 43
s 2 1 32

3 05 21
I 4 0.5 16
1 5 0.5 13
1Y4 8 0.5 8
1> 11 0.5 6




|

2 or larger 18 0.5

For SI: 1 inch =25.4 mm, 1 foot =304.8 mm., 1 liquid ounce = 0.030 L,
1 gallon = 128 ounces.

C404.5.2 Maximum allowable pipe volume method. The water volume in the piping shall be calculated in accordance with
Section C404.5.2.1. Water heaters, circulating water systems and heat trace temperature maintenance systems shall be con-

sidered to be sources of heated water.

The volume from the nearest source of heated water to the termination of the fixture supply pipe shall be as follows:

1. For a public lavatory faucet: not more than 2 ounces (0.06 L).

2. For other plumbing fixtures or plumbing appliances; not more than 0.5 gallon (1.89 L).

C404.5.2.1 Water volume determination. The volume shall be the sum of the internal volumes of pipe, fittings, valves,
meters and manifolds between the nearest source of heated water and the termination of the fixture supply pipe. The volume
in the piping shall be determined from the “Volume” column in Table C404.5.1 or from Table C404.5.2.1. The volume
contained within fixture shutoff valves, within flexible water supply connectors to a fixture fitting and within a fixture
fitting shall not be included in the water volume determination. Where heated water is supplied by a recirculating system
or heat-traced piping, the volume shall include the portion of the fitting on the branch pipe that supplies water to the fixture.

TABLE C404.5.2.1
INTERNAL VOLUME OF VARIOUS WATER DISTRIBUTION TUBING

OUNCES OF WATER PER FOOT OF TUBE
Nomina Sze | Sobest Sopper ool | CEpRets |CPVCSCH40|CPVCSCH80| PERTSDR | SXtesie | ELRETS
g 106 097 0.84 N/A 117 — 0.64 0.63 0.64
3a 3.43 3.22 2.90 2.67 3.38 2.74 2.35 3.39 235
1 5.81 5.49 5.17 4.43 5.53 4.57 391 5.56 391
14 8.70 8.36 8.09 6.61 9.66 8.24 5.81 8.49 5.81
1> 12.18 11.83 11.45 9.22 13.20 11.38 8.09 13.88 8.09
2 21,08 20.58 20.04 15.79 21.88 19.11 13.86 21.48 13.86

For SI: 1 foot =304.8 mm, 1 inch = 25.4 mm, 1 liquid ounce = 0.030 L, 1 oz/ft> = 305.15 g/m?.
N/A = Not Available.

C404.6 Heated-water circulating and temperature maintenance systems. Heated-water circulation systems shall be in ac-
cordance with Section C404.6.1. Heat trace temperature maintenance systems shall be in accordance with Section C404.6.2.
Controls for hot water storage shall be in accordance with Section C404.6.3. Automatic controls, temperature sensors and pumps

shall be in a location with access. Manual controls shall be in a location with ready access.

C404.6.1 Circulation systems. Heated-water circulation systems shall be provided with a circulation pump. The system return
pipe shall be a dedicated return pipe or a cold water supply pipe. Gravity and thermo-syphon circulation systems shall be

prohibited. Controls for circulating hot water system pumps shall automatically turn off the pump when the water in the

circulation loop is at the desired temperature and when there is not a demand for hot water. The controls shall limit the tem-
perature of the water entering the cold water piping to not greater than 104°F (40°C).
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C404.6.1.1 Demand recirculation controls. Demand recirculation water systems shall have controls that start the

pump upon receiving a signal from the action of a user of a fixture or appliance, sensing the presence of a user of a fixture,

or sensing the flow of hot or tempered water to a fixture fitting or appliance.

C404.6.2 Heat trace systems. Electric heat trace systems shall comply with IEEE 515.1. Controls for such systems shall be

able to automatically adjust the energy input to the heat tracing to maintain the desired water temperature in the piping in
accordance with the times when heated water is used in the occupancy. Heat trace shall be arranged to be turned off automat-

ically when there is not a demand for hot water.

C404.6.3 Controls for hot water storage. The controls on pumps that circulate water between a water heater and a heated-
water storage tank shall limit operation of the pump from heating cycle startup to not greater than 5 minutes after the end of

the cycle.

€404.8 C404.7 Drain water heat recovery units. Drain water heat recovery units shall comply with CSA B55.2. Potable water-
side pressure loss shall be less than 10 psi (69 kPa) at maximum design flow. For Group R occupancies, the efficiency of drain
water heat recovery unit efficiency shall be in accordance with CSA B55.1.

€404:10 C404.8 Energy consumption of pools and permanent spas. The energy consumption of pools and permanent spas
shall be controlled by the requirements in Sections C404.8.1 through C404.8.3.

C404.8.1 Heaters. The electric power to all heaters shall be controlled by an on-off switch that is an integral part of the heater,
mounted on the exterior of the heater, or external to and within 3 feet (914 mm) of the heater in a location with ready access.
Operation of such switch shall not change the setting of the heater thermostat. Such switches shall be in addition to a circuit
breaker for the power to the heater. Gas-fired heaters shall not be equipped with continuously burning ignition pilots.

C404.8.2 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.

€404-9:3 C404.8.3 Covers. Outdoor heated pools and outdoor permanent spas shall be provided with a elass+ vapor-retardant
cover or other approved vapor-retardant means.

Exception: Where more than 75 percent of the energy for heating, computed over an operating season of not fewer than 3
calendar months, is from a heat pump or an on-site renewable energy system, covers or other vapor-retardant means shall

not be required.




C404.9 Portable spas. The energy consumption of electric-powered portable spas shall be controlled by the requirements
of APSP 14.

SECTION C405
ELECTRICAL POWER AND LIGHTING SYSTEMS

C405.1 General. Lighting system controls, the maximum lighting power for interior and exterior applications, and electrical
energy consumption shall comply with this section. Sleeping units shall comply with Section C405.2.4 and with either Section
C405.1.1 or C405.3. General lighting shall consist of all lighting included when calculating the total connected interior lighting
power in accordance with Section C405.3.1 and which does not require specific application controls in accordance with Section
C405.2.4.

Transformers, uninterruptable power supplies, motors and electrical power processing equipment in data center systems shall
comply with Section 8 of ASHRAE 90.4 in addition to this code.

C405.1.1 Lighting for dwelling units. No less than 90 percent of the permanently installed lighting serving dwelling
units, excluding kitchen appliance lighting, shall be provided by lamps with an efficacy of not less than 65 Im/W or
luminaires with an efficacy of not less than 45 Im/W, or shall comply with Sections C405.2.4 and C405.3.

C405.2 Lighting controls. Lighting systems shall be provided with controls that comply with one of the following.
1. Lighting controls as specified in Sections C405.2.1 through C405.2.7.

2. Luminaire level lighting controls (LLLC) and lighting controls as specified in Sections C405.2.1, C405.2.5 and C405.2.6.

The LLLC luminaire shall be independently capable of:
2.1. Monitoring occupant activity to brighten or dim lighting when occupied or unoccupied, respectively.

2.2. Monitoring ambient light, both electric light and daylight, and brighten or dim artificial light to maintain desired
light level.

2.3. For each control strategy, configuration and reconfiguration of performance parameters including; bright and
dim setpoints, timeouts, dimming fade rates, sensor sensitivity adjustments, and wireless zoning configurations.

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—Leunges:
S5—Employeelunch-and breakrooms:
4. Lounges/breakrooms.

5. Enclosed offices.
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6. Open plan office areas.

7. Restrooms.

8. Storage rooms. greaterthan100-squarefeet
+0—Computerserverrooms:

" Mechanical and-electrical . .
12 Warehouses:

9. Locker rooms.
10. Corridors.
11. Warchouse storage areas.

12. Other spaces 300 square feet (28 m?) or less that are enclosed by floor-to-ceiling height partitions.

Exception: Luminaires that are required to have specific application controls in accordance with Section C405.2.5.

C405.2.1.1 Occupant sensor_control function. Occupant sensor controls in warehouses shall comply with Section
C405.2.1.2. Occupant sensor controls in open plan office areas shall comply with Section C405.2.1.3. Occupant sensor
controls in corridors shall comply with Section C405.2.1.4. Occupant sensor controls for all other spaces specified in Sec-
tion C405.2.1 shall comply with the following:

1. They shall automatically turn off lights within 20 minutes after all occupants have left the space.

2. They shall be manual on or controlled to automatically turn on the lighting to not more than 50-percent power.

3. They shall incorporate a manual control to allow occupants to turn off lights.

Exception: Full automatic-on controls with no manual control shall be permitted in corridors, interior parking areas,

stairways, restrooms, locker rooms, lobbies, library stacks and areas where manual operation would endanger occupant

safety or security.

C405.2.1.2 Occupant sensor control function in warehouse storage areas. Lighting in warehouse storage areas shall be
controlled as follows:

1. Lighting in each aisleway shall be controlled independently of lighting in all other aisleways and open areas.

2. Occupant sensors shall automatically reduce lighting power within each controlled area to an occupied setpoint of

not more than 50 percent within 20 minutes after all occupants have left the controlled area.

3. Lights that are not turned off by occupant sensors shall be turned off by time-switch control complying with Section
C405.2.2.1.

4. A manual control shall be provided to allow occupants to turn off lights in the space.




C405.2.1.3 Occupant sensor control function in open plan office areas. Occupant sensor controls in open plan office
spaces less than 300 square feet (28 m?) in area shall comply with Section C405.2.1.1. Occupant sensor controls in all other
open plan office spaces shall comply with all of the following:

1. The controls shall be configured so that general lighting can be controlled separately in control zones with floor
areas not greater than 600 square feet (55 m?) within the open plan office space.

2. General lighting in each control zone shall be permitted to automatically turn on upon occupancy within the control
zone. General lighting in other unoccupied zones within the open plan office space shall be permitted to turn on to
not more than 20 percent of full power or remain unaffected.

3. The controls shall automatically turn off general lighting in all control zones within 20 minutes after all occupants
have left the open plan office space.

Exception: Where general lighting is turned off by time-switch control complying with Section C405.2.2.1.

4. General lighting in each control zone shall turn off or uniformly reduce lighting power to an unoccupied setpoint
of not more than 20 percent of full power within 20 minutes after all occupants have left the control zone. "

C405.2.1.4 Occupant sensor control function in corridors. Occupant sensor controls in corridors shall uniformly reduce
lighting power to not more than 50 percent of full power within 20 minutes after all occupants have left the space.

Exception: Corridors provided with less than two footcandles of illumination on the floor at the darkest point with all
lights on.

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.

Exceptions:
1. TLuminaires that are required to have specific application controls in accordance with Section C405.2.4.

Spaces where patient care is directly provided.

Spaces where an automatic shutoff would endanger occupant safety or security.

2
3
4. Lighting intended for continuous operation.
5

Shop and laboratory classrooms.
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C405.2.2.1 Time-switch control function. Time-switch controls shall comply with all of the following:

1. Automatically turn off lights when the space is scheduled to be unoccupied.

2. Have a minimum 7-day clock.

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

4. Incorporate an automatic holiday “shutoff” feature, which turns off all controlled lighting loads for not fewer than
24 hours and then resumes normally scheduled operations.

5. Have program backup capabilities, which prevent the loss of program and time settings for not fewer than 10 hours,
if power is interrupted.

6. Include an override switch that complies with the following:

6.1. The override switch shall be a manual control.

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

6.3. Any individual override switch shall control the lighting for an area not larger than 5,000 square feet (465

m’).

Exception: Within mall concourses, auditoriums, sales areas, manufacturing facilities and sports arenas:

1.

The time limit shall be permitted to be greater than 2 hours, provided that the switch is a captive key device.

2.

The area controlled by the override switch shall not be limited to 5,000 square feet (465 m?) provided that such

*
area is less than 20,000 square feet (1860 m?).




El XE;ﬁ;'B s Light ; © d; X ;1.“; controls are not re ql“'H od-in

**

C405.2.4 Daylight-responsive controls. Daylight-responsive controls complying with Section C405.2.4.1 shall be pro-

vided to control the general lighting within daylight zones in the following spaces:

1.  Spaces with a total of more than 150 watts of general lighting within primary sidelit daylight zones complying with
Section C405.2.4.2.

2. Spaces with a total of more than 300 watts of general lighting within sidelit daylight zones complying with Section
C405.2.4.2.

3.  Spaces with a total of more than 150 watts of general lighting within toplit daylight zones complying with Section

C405.2.4.3.

Exceptions: Daylight responsive controls are not required for the following:

1. Spaces in health care facilities where patient care is directly provided.

2. Sidelit daylight zones on the first floor above grade in Group A-2 and Group M occupancies.

3. New buildings where the total connected lighting power calculated in accordance with Section C405.3.1 is not
greater than the adjusted interior lighting power allowance (LPA.4;) calculated in accordance with Equation 4-9.

LPA . = [LPAorm < (1.0 —0.4 x UDZFA / TBFA)] (Equation 4-9)

where:

LPA,;; = Adjusted building interior lighting power allowance in watts.

LPA,.,.m_= Normal building lighting power allowance in watts calculated in accordance with Section C405.3.2
and reduced in accordance with Section C406.3 where Option 2 of Section C406.1 is used to comply
with the requirements of Section C406.

UDZFA = Uncontrolled daylight zone floor area is the sum of all sidelit and toplit zones, calculated in accordance
with Sections C405.2.4.2 and C405.2.4.3, that do not have daylight responsive controls.

TBFA = Total building floor area is the sum of all floor areas included in the lighting power allowance
calculation in Section C405.3.2.

120

C405.2.4.1 Daylight-responsive control function. Where required. daylight-responsive controls shall be provided within

each

space for control of lights in that space and shall comply with all of the following:

1.

Lights in foplit davlight zones in accordance with Section C405.2.4.3 shall be controlled independently of lights in

sidelit daylight zones in accordance with Section C405.2.4.2.

Lights in the primary sidelit daylight zone shall be controlled independently of lights in the secondary sidelit day-

light zone.

Daylight responsive controls within each space shall be configured so that they can be calibrated from within that

space by authorized personnel.

Calibration mechanisms shall be in a location with ready access.

Davylight responsive controls shall dim lights continuously from full light output to 15 percent of full light output

or lower.

Daylight responsive controls shall be configured to completely shut off all controlled lights.

When occupant sensor controls have reduced the lighting power to an unoccupied setpoint in accordance with Sec-

tions C405.2.1.2 through C405.2.1.4, daylight responsive controls shall continue to adjust electric light levels in
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response to available daylight, but shall be configured to not increase the lighting power above the specified unoc-
cupied setpoint.

8. Lights in sidelit daylight zones in accordance with Section C405.2.4.2 facing different cardinal orientations [within
45 degrees (0.79 rad) of due north, east, south, west] shall be controlled independently of each other.

Exceptions:

1.  Within each space, up to 150 watts of lighting within the primary sidelit daylight zone is permitted to be con-
trolled together with lighting in a primary sidelit daylight zone facing a different cardinal orientation.

2.  Within each space, up to 150 watts of lighting within the secondary sidelit daylight zone is permitted to be
controlled together with lighting in a secondary sidelit daylight zone facing a different cardinal orientation.

C405.2.4.2 Sidelit daylight zone. The sidelit daylight zone is the floor area adjacent to vertical fenestration that complies
with all of the following:

1. Where the fenestration is located in a wall, the sidelit daylight zone shall extend laterally to the nearest full-height
wall, or up to 1.0 times the height from the floor to the top of the fenestration, and longitudinally from the edge of
the fenestration to the nearest full-height wall, or up to 0.5 times the height from the floor to the top of the fenes-
tration, whichever is less, as indicated in Figure C405.2.4.2(1).

2.  Where the fenestration is located in a rooftop monitor, the sidelit daylight zone shall extend laterally to the nearest
obstruction that is taller than 0.7 times the ceiling height, or up to 1.0 times the height from the floor to the bottom
of the fenestration, whichever is less, and longitudinally from the edge of the fenestration to the nearest obstruction
that is taller than 0.7 times the ceiling height, or up to 0.25 times the height from the floor to the bottom of the
fenestration, whichever is less, as indicated in Figures C405.2.4.2(2) and C405.2.4.2(3).

3. The secondary sidelit daylight zone is directly adjacent to the primary sidelit daylight zone and shall extend laterally
to 2.0 times the height from the floor to the top of the fenestration or to the nearest full height wall, whichever is

less, and longitudinally from the edge of the fenestration to the nearest full height wall, or up to 2 feet, whichever
is less, as indicated in Figure C405.2.4.2(1).

4. The area of the fenestration is not less than 24 square feet (2.23 m?).

5. The distance from the fenestration to any building or geological formation that would block access to daylight is
greater than one-half of the height from the bottom of the fenestration to the top of the building or geologic for-
mation.

o

The visible transmittance of the fenestration is not less than 0.20.

7. The projection factor (determined in accordance with Equation 4-5) for any overhanging projection that is shading
the fenestration is not greater than 1.0 for fenestration oriented 45 degrees or less from true north and not greater
than 1.5 for all other orientations.

C405.2.4.3 Toplit daylight zone. The toplit daylight zone is the floor area underneath a roof fenestration assembly that
complies with all of the following:

1. The toplit daylight zone shall extend laterally and longitudinally beyond the edge of the roof fenestration assembly
to the nearest obstruction that is taller than 0.7 times the ceiling height, or up to 0.7 times the ceiling height, which-

ever is less, as indicated in Figure C405.2.4.3. U

2. Direct sunlight is not blocked from hitting the roof fenestration assembly at the peak solar angle on the summer
solstice by buildings or geological formations.

3. The product of the visible transmittance of the roof fenestration assembly and the area of the rough opening of the
roof fenestration assembly divided by the area of the toplit zone is not less than 0.008.

C405.2.4.4 Atriums. Daylight zones at atrium spaces shall be established at the top floor surrounding the atrium and at the
floor of the atrium space, and not on intermediate floors, as indicated in Figure C405.2.4.4.




FIGURE C405.2.4.2(1)
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C405.2.5 Specific application controls. Specific application controls shall be provided for the following:

1. The following lighting shall be controlled by an occupant sensor complying with Section C405.2.1.1 or a time-switch
control complying with Section C405.2.2.1. In addition, a manual control shall be provided to control such lighting
separately from the general lighting in the space:

1.1. Luminaires for which additional lighting power is claimed in accordance with Section C405.3.2.2.1.

1.2. Display and accent.

1.3. Lighting in display cases.

1.4. Supplemental task lighting, including permanently installed under-shelf or under-cabinet lighting.

1.5. Lighting equipment that is for sale or demonstration in lighting education.

1.6. Display lighting for exhibits in galleries, museums and monuments that is in addition to general lighting.

2. Sleeping units shall have control devices or systems that are configured to automatically switch off all permanently
installed luminaires and switched receptacles within 20 minutes after all occupants have left the unit.

Exceptions:

1. Lighting and switched receptacles controlled by card key controls.

2.  Spaces where patient care is directly provided.

3. Permanently installed luminaires within dwelling units shall be provided with controls complying with Section
C405.2.1.1 or C405.2.3.1.

4. Lighting for nonvisual applications, such as plant growth and food warming, shall be controlled by a time switch
control complying with Section C405.2.2.1 that is independent of the controls for other lighting within the room or

Space.

5. Task lighting for medical and dental purposes that is in addition to general lighting shall be provided with a manual

control.

C405.2.6 Manual controls. Where required by this code, manual controls for lights shall comply with the following:

1. They shall be in a location with ready access to occupants.

2. They shall be located where the controlled lights are visible, or shall identify the area served by the lights and indicate
their status.



C405.2.7 Exterior lighting controls. Exterior lighting systems shall be provided with controls that comply with Sections
C405.2.7.1 through C405.2.7.4.

Exceptions:

1. Lighting for covered vehicle entrances and exits from buildings and parking structures where required for eye ad-
aptation.

2. Lighting controlled from within dwelling units.

C405.2.7.1 Daylight shutoff. Lights shall be automatically turned off when daylight is present and satisfies the lighting
needs.

C405.2.7.2 Building and landscape lighting. Building and landscape lighting shall automatically shut off from not later
than 1 hour after business closing to not earlier than 1 hour before business opening.

C405.2.7.3 Lighting setback. Lighting that is not controlled in accordance with Section C405.2.7.2 shall comply with the
following:

1. Be controlled so that the total wattage of such lighting is automatically reduced by not less than 50 percent by
selectively switching off or dimming luminaires at one of the following times:

1.1. From not later than midnight to not earlier than 6 a.m.
1.2. From not later than one hour after business closing to not earlier than one hour before business opening.

1.3. During any time where activity has not been detected for 15 minutes or more.

2. TLuminaires serving outdoor parking areas and having a rated input wattage of greater than 78 watts and a mounting
height of 24 feet (7315 mm) or less above the ground shall be controlled so that the total wattage of such lighting
is automatically reduced by not less than 50 percent during any time where activity has not been detected for 15

minutes or more. Not more than 1,500 watts of lighting power shall be controlled together. -

C405.2.7.4 Exterior time-switch control function. Time-switch controls for exterior lighting shall comply with the fol-
lowing:

1. They shall have a clock capable of being programmed for not fewer than 7 days.

They shall be capable of being set for seven different day types per week.

2
3. They shall incorporate an automatic holiday setback feature.
4

They shall have program backup capabilities that prevent the loss of program and time settings for a period of not
less than 10 hours in the event that power is interrupted.

C405.2.8 Parking garage lighting control. Parking garage lighting shall be controlled by an occupant sensor com-
plying with Section C405.2.1.1 or a time-switch control complying with Section C405.2.2.1. Additional lighting con-
trols shall be provided as follows:

1. Lighting power of each luminaire shall be automatically reduced by not less than 30 percent when there is no activity
detected within a lighting zone for 20 minutes. Lighting zones for this requirement shall be not larger than 3,600 square

feet (334.5 m?).

Exception: Lighting zones provided with less than 1.5 footcandles of illumination on the floor at the darkest point
with all lights on are not required to have automatic light-reduction controls.

2. Where lighting for eye adaptation is provided at covered vehicle entrances and exits from buildings and parking struc-
tures, such lighting shall be separately controlled by a device that automatically reduces lighting power by at least 50
percent from sunset to sunrise.
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3. The power to luminaires within 20 feet (6096 mm) of perimeter wall openings shall automatically reduce in response
to daylight by at least 50 percent.

Exceptions:

1.  Where the opening-to-wall ratio is less than 40 percent as viewed from the interior and encompassing the vertical
distance from the driving surface to the lowest structural element.

2.  Where the distance from the opening to any exterior daylight blocking obstruction is less than one-half the height
from the bottom of the opening or fenestration to the top of the obstruction.

3. Where openings are obstructed by permanent screens or architectural elements restricting daylight entering the
interior space.

€405:4 C405.3 Interior lighting power requirements. (Preseriptive)—A building complies with this section where its total
connected interior lighting power calculated under Section €405-4-+ C405.3.1 is not greater than the interior lighting power
allowance calculated under Section €405-4-2 C405.3.2.

€405:4-1 C405.3.1 Total connected interior lighting power. The total connected interior lighting power shall be determined
in accordance with Equation 4-9 4-10.

TCLP =[LVL + BLL + LED + TRK + Other]
(Equation 4-10)

where:

TCLP = Total connected lighting power (watts).

LVL = For luminaires with lamps connected directly to building power, such as line voltage lamps, the rated wattage of the
lamp.

BLL = For luminaires incorporating a ballast or transformer, the rated input wattage of the ballast or transformer when
operating that lamp.

LED = For light-emitting diode luminaires with either integral or remote drivers, the rated wattage of the luminaire.

TRK = For lighting track, cable conductor, rail conductor, and plug-in busway systems that allow the addition and relocation
of luminaires without rewiring, the wattage shall be one of the following:

1. The specified wattage of the luminaires, but not less than 8 W per linear foot (25 W/lin m).

2. The wattage limit of the permanent current-limiting devices protecting the system.




3. The wattage limit of the transformer supplying the system.

Other = 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.
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The connected power associated with the following lighting equipment and applications is not included in calculating total
connected lighting power.

1. Television broadcast lighting for playing areas in sports arenas.

2. Emergency lighting automatically off during normal building operation.

3. 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.

4. Casino gaming areas.

5. Mirror lighting in dressing rooms.

6. Task lighting for medical and dental purposes that is in addition to general lighting.

7. Display lighting for exhibits in galleries, museums and monuments that is in addition to general lighting.

8. Lighting for theatrical purposes, including performance, stage, film production and video production.
9. Lighting for photographic processes.

10. Lighting integral to equipment or instrumentation and installed by the manufacturer.

11. Task lighting for plant growth or maintenance.

12. Advertising signage or directional signage.

13. Lighting for food warming.
14. Lighting equipment that is for sale.

15. Lighting demonstration equipment in lighting education facilities.

16. Lighting approved because of safety considerations.

17. Lighting in retail display windows, provided that the display area is enclosed by ceiling-height partitions.

18. Furniture-mounted supplemental task lighting that is controlled by automatic shutoff.

19. Exit signs.

20. Antimicrobial lighting used for the sole purpose of disinfecting a space.

€405:4.2 C405.3.2 Interior lighting power allowance. The total interior lighting power allowance (watts) for an entire

building shall be determined according to Table C405.3.2(1) using the Building Area Method or Table C405.3.2(2) using the
Space-by-Space Method. The interior lighting power allowance for projects that involve only portions of a building shall be

determined according to Table C405.3.2(2) using the Space-by-Space Method. Buildings with unfinished spaces shall use the

Space-by-Space Method.

€405.4.2.1 C405.3.2.1
calculated as follows:

Building Area Method. For the Building Area Method, the interior lighting power allowance is

1. For each building area type inside the building, determine the applicable building area type and the allowed lighting
power density for that type from Table C405.3.2(1). For building area types not listed, select the building area type
that most closely represents the use of 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.




2. Determine the floor area for each building area type listed in Table C405.3.2(1) and multiply this area by the appli-
cable value from Table C405.3.2(1) to determine the lighting power (watts) for each building area type.

3. The total interior lighting power allowance (watts) for the entire building is the sum of the lighting power from each

building area type.
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€405:4.2:2 C405.3.2.2 Space-by-Space Method. Where a building has unfinished spaces, the lighting power allowance
for the unfinished spaces shall be the total connected lighting power for those spaces, or 0.2 watts per square foot (10.76

w/m?), whichever is less. For the Space-by-Space Method, the interior lighting power allowance is calculated as follows:

1. For each space enclosed by partitions that are not less than 80 percent of the ceiling height, determine the applicable
space type from Table C405.3.2(2). For space types not listed, select the space type that most closely represents the
proposed use of the space. Where a space has multiple functions, that space may be divided into separate spaces.

2. Determine the total floor area of all the spaces of each space type and multiply by the value for the space type in
Table C405.3.2(2) to determine the lighting power (watts) for each space type.

3. The total interior lighting power allowance (watts) shall be the sum of the lighting power allowances for all space
types.

C405.3.2.2.1 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 controlled in accordance with Section C405.2.4. 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 41+6-4-11.

ditionalinteriorticht i _
500-watts+(Retail Area1—-0.6- Wift)+
Retatl Area 2 0-6- WHh )+ (Retail Area3—
F4- WALy +Retail Area-4—2.5-W/it)

Equation4-10)
Additional interior lighting power allowance =
1000 W + (Retail Area 1 x 0.45 W/ft?) +

(Retail Area 2 x 0.45W/ft?) + (Retail Area 3 x
1.05 W/ft?) + (Retail Area 4 x 1.87 W/ft?)

For SI units:

Additional interior lighting power allowance =

1000 W + (Retail Area 1 x 4.8 W/m?) +

(Retail Area 2 x 4.84 W/m?) + (Retail Area 3

x 11 W/m?) + (Retail Area 4 x 20 W/m?)
(Equation 4-11)

where:

Retail Area 1 = The floor area for all products not listed in Retail Area 2, 3 or 4.
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Retail Area 2 = The floor area used for the sale of vehicles, sporting goods and small electronics.
Retail Area 3 = The floor area used for the sale of furniture, clothing, cosmetics and artwork.

Retail Area 4 = The floor area used for the sale of jewelry, crystal and china.

Exception: Other merchandise categories are permitted to be included in Retail Areas 2 through 4, provided that
justification documenting the need for additional lighting power based on visual inspection, contrast or other crit-
ical 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 deco-
rative appearance or for highlighting art or exhibits, provided that the additional lighting power shall be not more
than 1:0-w/sq—ft 0.9 W/t? (9.7 W/m?) efsuch-spaces in lobbies and not more than 0.75 W/ft? (8.1 W/m?) in other
spaces.

C405.4 Lighting for plant growth and maintenance. Not less than 95 percent of the permanently installed lumi-
naires used for plant growth and maintenance shall have a photon efficiency of not less than 1.6 umol/J as defined
in accordance with ANSI/ASABE S640.

TABLE C405.4.2(1
INTERIOR LIGHTING POWER ALLOWANCES:
BUILDING AREA METHOD

BUILDING AREA TYPE LPD (wift?)
Automotive Tacility \ 050
Convention center 1.01
Courthouse 101
Dining: bar lounge/leisure 1.01
Dining: cafeteria/fast food 0.9
Dining: family 0.95
Dormitory 157
Exercise center ).84
Fire station .67
Gymnasium .94
Health care clinic o0
Hospital Y05
Hotel/Motel OR7
Library III 9 I
Manufacturing facility III'.T
Motion picture theater O0f
Multifamily t)m
Museum 12
Office 2
Parking garage }.’). 1
Penitentiary ] 0.41
Performing arts theater I 1.49
Police station 0.47
Post office 0.47
Religious building 1p
Retail 1.36
School/university 0.47
Sporis arena 091
Town hall 0.49
Transportation 040
Warehouse .46
Workshop 1.




Table C405.4.2(1) TABLE C405.3.2(1)

INTERIOR LIGHTING POWER ALLOWANCES:
BUILDING AREA METHOD

BUILDING AREA TYPE LPD (watts/ft?)
Automotive facility 0.75
Convention center 0.64
Courthouse 0.79
Dining: bar lounge/leisure 0.80
Dining: cafeteria/fast food 0.76
Dining: family 0.71
Dormitory®® 0.53
Exercise center 0.72
Fire station® 0.56
Gymnasium 0.76
Health care clinic 0.81
Hospital® 0.96
Hotel/Motel® ® 0.56
Library 0.83
Manufacturing facility 0.82
Motion picture theater 0.44
Multiple-family® 0.45
Museum 0.55
Office 0.64

TABLE €405:4-2(1) TABLE C405.3.2(1)continued
INTERIOR LIGHTING POWER ALLOWANCES:
BUILDING AREA METHOD

BUILDING AREA TYPE LPD (watts/ft?)
Parking garage 0.18
Penitentiary 0.69
Performing arts theater 0.84
Police station 0.66
Post office 0.65
Religious building 0.67
Retail 0.84
School/university 0.72
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Sports arena 0.76
Town hall 0.69
Transportation 0.50
Warehouse 0.45
Workshop 091

For SI: 1 watt per square foot = 10.76 w/m>.

a. Where sleeping units are excluded from lighting power calculations by application of Section R404.1, neither the area of the sleeping units nor the wattage of
lighting in the sleeping units is counted.

b. Where dwelling units are excluded from lighting power calculations by application of Section R404.1, neither the area of the dwelling units nor the wattage
of lighting in the dwelling units is counted.

c. Dwelling units are excluded. Neither the area of the dwelling units nor the wattage of lighting in the dwelling units is counted.

TABLE C405.4.2(2)
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD

COMMON SPACE TYPES® | LPD (wansﬁ.ﬂ}

N\
Atrium \ /

Less than 48feet in height .0'0 per t.DOt
< igAotal height
Ep—

Greater than 40 o in height Q+ 0.02 pet foot
< y 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 t}%r \ 1.14
]n.lpemrentmq/ \‘ 0.28

Ina performing/‘fns theater \ 243
Ina religiouﬂ\uilding \ 1.53
In a sportgfarena \0.43
Othen\%e 0.43
Bankil}gﬂlctivity area 1.01

Breakroom (See Lounge/Breakroom)

Classroom/lecture hall/training room

TFable-C405.4-2(2) TABLE C405.3.2(2) [note to reviewer, replace Table C405.4.2(2) 2018 in its entirety with Table C405.3.2(2)]

INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD

COMMON SPACE TYPES® LPD (watts/ft?)
Atrium
Less than 40 feet in height 0.48
Greater than 40 feet in height 0.60

Audience seating area




In an auditorium 0.61 |
In a gymnasium 0.23
In a motion picture theater 0.27
In a penitentiary 0.67
In a performing arts theater 1.16
In a religious building 0.72
In a sports arena 0.33
Otherwise 0.33
Banking activity area 0.61
Breakroom (See Lounge/breakroom)
Classroom/lecture hall/training room
In a penitentiary 0.89
Otherwise 0.71
Computer room, data center 0.94
Conference/meeting/multipurpose room 0.97
Copy/print room 0.31
(continued)
TABLE €405.4.2(2) TABLE C405.3.2(2) - continued
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD
COMMON SPACE TYPES? LPD (watts/ft?)
Corridor
In a facility for the V%suallv impaired 0.71
(and not used primarily by the staff)® E—
' Inahospital 071
Otherwise 0.41
Courtroom 1.20
Dining area
In bar/lounge or leisure dining 0.86
In cafeteria or fast food dining 0.40
In a facility for the V%suallv impaired 127
(and not used primarily by the staff)® B—
In family dining 0.60
In a penitentiary 042
Otherwise 043
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Electrical/mechanical room 0.43
Emergency vehicle garage 0.52
Food preparation area 1.09
Guestroom® ¢ 0.41
Laboratory
In or as a classroom 111
Otherwise 1.33
Laundry/washing area 0.53
Loading dock, interior 0.88
Lobby
For an elevator 0.65
In a facility for the Vi.suallv impaired 1.69
(and not used primarily by the staff)®
In a hotel 0.51
In a motion picture theater 0.23
In a performing arts theater 1.25
Otherwise 0.84
Locker room 0.52
Lounge/breakroom
In a healthcare facility 0.42
Otherwise 0.59
Office
Enclosed 0.74
Open plan 0.61
Parking area, interior 0.15
Pharmacy area 1.66
Restroom
In a facility for the V%suallv impaired 126
(and not used primarily by the staff® —=
Otherwise 0.63
Sales area 1.05

(continued)

TABLE €405:4-2(2) TABLE C405.3.2(2) - continued

INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD

COMMON SPACE TYPES®

LPD (watts/ft?)




Seating area, general 0.23
Stairwell 0.49
Storage room 0.38
Vehicular maintenance area 0.60
Workshop 1.26
BUILDING TYPE SPECIFIC SPACE TYPES? LPD (watts/ ft?)
Automotive (see Vehicular maintenance area)
Convention Center—exhibit space 0.61
Dormitory—Iliving quarters® 9 0.50
Facility for the visually impaired®
In a chapel (and not used primarily by 70
the staff) E—
lnla regreation room (and not used 177
primarily by the staff) E—
Fire Station—sleeping quarters® 0.23
Gymnasium/fitness center
In an exercise area 20.90
In a playing area 0.85
Healthcare facility
In an exam/treatment room 1.40
In an imaging room 0.94
In a medical supply room 0.62
In a nursery 0.92
In a nurse’s station 1.17
In an operating room 2.26
In a patient room*® 0.68
In a physical therapy room 091
In a recovery room 1.25
Library
In a reading area 0.96
In the stacks 1.18
Manufacturing facility
In a detailed manufacturing area 0.80
In an equipment room 0.76
In an extra—high-be_ly area ( greater than 142
50 feet floor-to-ceiling height) -
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In a high-bay area (25-50 feet floor-to-
ceiling height) 1.24
Ina low-bgy area ( less than 25 feet 86
floor-to-ceiling height) E—
Museum
In a general exhibition area 0.31
In a restoration room _1.10
Performing arts theater—dressing room 041
Post office—sorting area 0.76
(continued)
TABLE €405.4.2(2) TABLE C405.3.2(2) - continued
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD
COMMON SPACE TYPES? LPD (watts/ft?)
Religious buildings
In a fellowship hall 0.54
In a worship/pulpit/choir area 0.85
Retail facilities
In a dressing/fitting room 0.51
In a mall concourse 0.82
Sports arena—playing area
For a Class I facility® 2.94
For a Class II facility® 2.01
For a Class 111 facility® 1.30
For a Class IV facility" 0.86
Transportation facility
At a terminal ticket counter 0.51
In a baggage/carousel area 0.39
In an airport concourse 0.25
Warehouse—storage area
For medium to bulky, palletized items 0.33
For smaller, hand-carried items 0.69

For SI: 1 foot = 304.8 mm, 1 watt per square foot = 10.76 w/m?>.

a. 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.

b. 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.



c. Where sleeping units are excluded from lighting power calculations by application of Section R404.1, neither the area of the sleeping units nor the wattage of
lighting in the sleeping units is counted.

d. Where dwelling units are excluded from lighting power calculations by application of Section R404.1, neither the area of the dwelling units nor the wattage
of lighting in the dwelling units is counted.

e. Class I facilities consist of professional facilities; and semiprofessional, collegiate, or club facilities with seating for 5,000 or more spectators.

f. Class II facilities consist of collegiate and semiprofessional facilities with seating for fewer than 5,000 spectators; club facilities with seating for between
2,000 and 5,000 spectators; and amateur league and high school facilities with seating for more than 2,000 spectators.

g. Class III facilities consist of club, amateur league and high school facilities with seating for 2,000 or fewer spectators.

h. Class IV facilities consist of elementary school and recreational facilities; and amateur league and high school facilities without provision for spectators.

C405.5 Exterior lighting power requirements. The total connected exterior lighting power calculated in accordance with Sec-
tion C405.5.1 shall be not greater than the exterior lighting power allowance calculated in accordance with Section C405.5.2.

C405.5.1 Total connected exterior building exterior lighting power. The total exterior connected lighting power shall be
the total maximum rated wattage of all lighting that is powered through the energy service for the building.

Exception: Lighting used for the following applications shall not be included.

1. Lighting approved because of safety considerations.

2. Emergency lighting automatically off during normal business operation.

3. Exit signs.

4. Specialized signal, directional and marker lighting associated with transportation.
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5. Advertising signage or directional signage.

6. Integral to equipment or instrumentation and installed by its manufacturer.

7. Theatrical purposes, including performance, stage, film production and video production.

8. Athletic playing areas.

9. Temporary lighting.

10. Industrial production, material handling, transportation sites and associated storage areas.

11. Theme elements in theme/amusement parks.

12. Used to highlight features of art, public monuments and the national flag.

13. Lighting for water features and swimming pools.

14. Lighting controlled from within dwelling units, where the lighting complies with Section R404.1.

C405.5.2 Exterior lighting power allowance. The exterior lighting power allowance (watts) is calculated as follows:

1. Determine the Lighting Zone (LZ) for the building according to Table C405.5.2(1), unless otherwise specified by the
code official.

2. For each exterior area that is to be illuminated by lighting that is powered through the energy service for the building,
determine the applicable area type from Table C405.5.2(2). For area types not listed, select the area type that most
closely represents the proposed use of the area.

3. Determine the total area or length of each area type and multiply by the value for the area type in Table C405.5.2(2)
to determine the lighting power (watts) allowed for each area type.

4. The total exterior lighting power allowance (watts) is the sum of the base site allowance determined according to Table
C405.5.2(2), plus the watts from each area type.

TABLE €405-5-41) C405.5.2(1)
EXTERIOR LIGHTING ZONES

LIGHTING
ZONE

DESCRIPTION

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

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

C405.5.2.1 Additional exterior lighting power. Additional exterior lighting power allowances are available for the spe-
cific lighting applications listed in Table C405.5.2(3). These additional power allowances shall be used only for the lumi-
naires serving these specific applications and shall not be used to increase any other lighting power allowance.




TABLE C405.5.1(2)
. INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS -

9&5 Wi

| 0.10 W/

LIGHTING ZONES

Zone 1 Zone 2 Zon}@l Zone 4
Base Site Allowance ~
(Base allowance is 500 W 600 W 750 W 1300 W
usable in tradable or
nontradable surfaces.) /

\ Uncovered P g Areas
Parking arcas and drives 0.04 wmz\ ‘ 0.13 W/i2

\ }ﬁilding Grounds

10 feet wide

Walkways less than

0.7 Wlinear foot

N W/linear foot

/

0.8 W/linear foot

1.0 W/linear foot

Walkways 10 feet wide

Tradable Surfaces

or greater, plaza areas 0.14 W/ 0.14 W 0.16 W/t 0.2 W/ift?
special feature areas

Stairways 07361t 1.0 Wie 1.0 Wit 1.0 WiE

Pedestrian tunnels }ﬁs Wit 0.15 W/it* wJQ’.r’fl3 0.3 Wift®

(Lighting power

/

Building Entrances and Exits

N\

densities for uncovered
parking areas, building
grounds, building

Main entries

L/ 20 Wilinear foot
of door width

/

20 W/linear foot
of door width

30 W/linear fo
of door width

30 W/linear foot
of door width

entrances and exits,

20 W/linear foot

20 W/linear foot

FABLE-C405-5-4(2) TABLE C405.5.2(2)
LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS

LIGHTING ZONES

20 W/linear foot

\ 20 W/linear foot

Zone 1 Zone 2 Zone 3 Zone 4

Base Site Allowance 350 W 400 W 500 W 900 W
Uncovered Parking Areas
Parking areas and drives 0.03 W/f? 0.04 W/ft? 0.06 W/ft? 0.08 W/ft?
Building Grounds

Walkways and ramps less than 10 feet wide 0.50 W/linear foot 0.50 W/linear foot 0.60 W/linear foot 0.70 W/linear foot
*latlovays and amps 10 feet wide o greater 0.10 WA 0.10 WA 0.11 Wit 0.14 Wit
Dining areas 0.65 W/ft? 0.65 W/ft? 0.75 W/ft? 0.95 W/ft?
Stairways 0.60 W/ft? 0.70 W/ft? 0.70 W/ft? 0.70 W/ft?
Pedestrian tunnels 0.12 W/ft? 0.12 W/ft? 0.14 W/ft? 0.21 W/ft?
Landscaping 0.03 W/ft? 0.04 W/ft? 0.04 W/ft? 0.04 W/ft?

Building Entrances and Exits

. . . 14 W/linear foot of | _14 W/linear foot of | 21 W/linear foot of | 21 W/linear foot of
Pedestrian and vehicular entrances and exits - ; ; -
opening opening opening opening
Entry canopies 0.20 W/ft? 0.25 W/ft? 0.40 W/ft? 0.40 W/ft?
Loading docks 0.35 W/f? 0.35 W/ft? 0.35 W/ft? 0.35 W/ft?

Sales Canopies
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Free-standing and attached 0.40 W/ft? 0.40 W/ft? 0.60 W/ft? 0.70 W/ft

Outdoor Sales

Open areas (including vehicle sales lots) 0.20 W/ft? 0.20 W/ft? 0.35 W/ft? 0.50 W/ft?

Street frontage for vehicle sales lots in
addition to “open area” allowance

No allowance 7 W/linear foot 7 W/linear foot 21 W/linear foot

For SI: 1 foot = 304.8 mm, 1 watt per square foot = W/0.0929 m>.

W = watts.
Table-€405.5-4(2) TABLE C405.5.2(3)
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS
LIGHTING ZONES
Zone 1 Zone 2 Zone 3 Zone 4
2 2 2
Building facades No allowance 0.075 W/ft? of gross 0.113 W/ft* of gross 0.15 W/ft of gross
E— above-grade wall area | above-grade wall area | above-grade wall area

Automated teller machines (ATM)

. o 135 W per location plus 45 W per additional ATM per location
and night depositories

Uncovered entrances and gate-
house inspection stations at 0.50 W/ft? of area
guarded facilities

Uncovered loading areas for law
enforcement, fire, ambulance and 0.35 W/t of area
other emergency service vehicles

Drive-up windows and doors 200 W per drive through

Parking near 24-hour retail en-

400 W per main entry
trances.

For SI: For SI: 1 watt per square foot = W/0.0929 m>.
W = watts.

C405.5.3 Gas lighting. Gas-fired lighting appliances shall not be equipped with continuously burning pilot ignition systems.

C405.6 Eleetrical-energyconsumption(Mandatery)-Dwelling electrical meter. Each dwelling unit located in a Group R-2

building shall have a separate electrical meter.

C405.7 Electrical transformers (Mandatery): Eleetrie Low-voltage dry-type distribution 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
not less than 20 percent more than the lowest tap.



10.
11.
12.
13.
14.

e A

Drive transformers.
Rectifier transformers.

Auto-transformers.

Uninterruptible power system transformers.

Impedance transformers.

Regulating transformers.

Sealed and nonventilating transformers.
Machine tool transformers.

Welding transformers.

Grounding transformers.

Testing transformers.

TABLE C405.7

MINIMUM NOMINAL EFFICIENCY LEVELS FOR DOE 10 CFR 431 LOW-VOLTAGE DRY-TYPE DISTRIBUTION TRANSFORMERS

a. kilovoltAmp rating.

b. Nominal efficiencies shall be established in accordance with the DOE 10 CFR 431 test procedure for low-voltage dry-type transformers.

SINGLE-PHASE TRANSFORMERS | THREE-PHASE TRANSFORMERS
kVA? Efficiency (%)° kVA? Efficiency (%)
15 97.70 15 970 97.89
25 98.00 30 975 98.23
37.5 98.20 45 977 98.40
50 98.30 75 980 98.60
75 98.50 112.5 982 98.74
100 98.60 150 983 98.83
167 98.70 225 985 98.94
250 98.80 300 98-6 99.02
333 98.90 500 987 99.14
— — 750 98-8 99.23
— — 1000 98:999.28

C405.8 Electric motors (Mandatery): 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.

Exception: The standards in this section shall not apply to the following exempt electric motors:

1.

Air-over electric motors.

Component sets of an electric motor.

Liquid-cooled electric motors.

Submersible electric motors.

2
3
4.
5

Inverter-only electric motors.
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GENERAL PURPOSE ELECTRIC MOTORS (SUBTYPE I) RATED 600 VOLTS OR LESS (Random Wound)®

TABLE C405.8(1)

MINIMUM NOMINAL FULL-LOAD EFFICIENCY FOR 60 HZ NEMA

/

NUMBER OF POLES OPEN DRIP-PROOF MOTORS TOTALLY ENCLOSED FAN-COOLED WOTORS
MOTO 2 a4 6 2 a4 yAD
HORSEPOW Synchronous 3600 1800 1200 3600 1800 /1200
L Speed (RPM) /
1 \ 77.0 85.5 82.5 77.0 85)/ 825
1.5 \ 84.0 86.5 86.5 84.0 6.5 875
2 \ 85.5 86.5 87.5 85.5/’ 86.5 88.5
3 N 85.5 89.5 88.5 P 89.5 89.5
5 \\ 86.5 9.5 89.5 // 88.5 89.5 89.5
715 \88.5 91.0 )o( 89.5 91.7 91.0
10 5 91.?// 91.7 90.2 91.7 91.0
15 90.2\ /94‘6 91.7 91.0 024 91.7
20 91.0 )( 93.0 92.4 91.0 93.0 91.7
25 9 y/ 6 93.0 91.7 93.6 93.0
30 /61.? 94.1 ‘\\ 93.6 91.7 93.6 93.0
40 924 94.1 R 92.4 94.1 041
50 93.0 94.5 94\ 93.0 94.5 94.1
60 / 93.6 95.0 94.5 \ 93.6 95.0 945
75 / 93.6 95.0 94.5 \ 93.6 95.4 94.5
100 / 93.6 05.4 95.0 \ 04.1 054 05.0
125 / 94,1 95.4 95.0 ‘Q.o 95.4 95.0
150 / 94.1 95.8 95.4 95! 95.8 05.8
200 / 95.0 95.8 95.4 954 \_ 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 BBK 95.8
400 / 95.8 05.8 95.8 05.8 96.2 \\ 05.8
45y 95.8 96.2 96.2 95.8 96.2 \96\8
95.8 96.2 96.2 95.8 96.2 95.8\
a. _\'W efficiencies shall be established in accordance with DOE 10 CFR 431. N
TABLE C405.8(1)
MINIMUM NOMINAL FULL-LOAD EFFICIENCY FOR NEMA DESIGN A, NEMA DESIGN B,
AND IEC DESIGN N MOTORS (EXCLUDING FIRE PUMP) ELECTRIC MOTORS AT 60 HZ*®
NOMINAL FULL-LOAD EFFICIENCY (%) AS OF JUNE 1, 2016
MOTOR HORSEPOWER
(STANDARD KILOWATT 2 Pole 4 Pole 6 Pole 8 Pole
EQUIVALENT)
Enclosed Open Enclosed Open Enclosed Open Enclosed Open
1 (0.75) 77.0 77.0 85.5 85.5 82.5 82.5 75.5 75.5
.51 84.0 84.0 86.5 86.5 87.5 86.5 8.5 77.0
2(1.5) 85.5 85.5 86.5 86.5 88.5 87.5 84.0 86.5
3(22) 86.5 85.5 89.5 89.5 89.5 88.5 85.5 81.5
53.7 88.5 86.5 89.5 89.5 89.5 89.5 86.5 88.5
7.5 (5.5) 89.5 88.5 91.7 91.0 91.0 90.2 86.5 89.5
10(7.5 90.2 89.5 91.7 91.7 91.0 91.7 89.5 90.2




15(11) 91.0 90.2 92.4 93.0 9L.7 9L.7 89.5 90.2
20 (15) 91.0 91.0 93.0 93.0 9L.7 924 90.2 91.0
25 (18.5) 91.7 91.7 93.6 93.6 93.0 93.0 90.2 91.0
30(22) 91.7 91.7 93.6 94.1 93.0 93.6 91.7 91.7
40 (30) 92.4 924 94.1 94.1 94.1 94.1 91.7 9L.7
50(37) 93.0 93.0 94.5 94.5 94.1 94.1 92.4 92.4
60 (45) 93.6 93.6 95.0 95.0 94.5 94.5 92.4 93.0
75 (55) 93.6 93.6 95.4 95.0 94.5 94.5 93.6 94.1
100 (75) 94.1 93.6 95.4 95.4 95.0 95.0 93.6 94.1
125 (90 95.0 94.1 954 954 95.0 95.0 94.1 94.1
150 (110) 95.0 94.1 95.8 95.8 95.8 954 94.1 94.1
200 (150) 95.4 95.0 96.2 95.8 95.8 95.4 94.5 94.1
250 (186) 95.8 95.0 96.2 95.8 95.8 95.8 95.0 95.0
300 (224) 95.8 95.4 96.2 95.8 95.8 95.8

350 (261 95.8 95.4 96.2 95.8 95.8 95.8 — —
400 (298) 95.8 95.8 96.2 95.8 — — — —
450 (336) 95.8 96.2 96.2 96.2 — — — —
500 (373) 95.8 96.2 96.2 96.2 — — —

a. Nominal efficiencies shall be established in accordance with DOE 10 CFR 431.
b. For purposes of determining the required minimum nominal full-load efficiency of an electric motor that has a horsepower or kilowatt rating between two
horsepower or two kilowatt ratings listed in this table, each such motor shall be deemed to have a listed horsepower or kilowatt rating, determined as follows:

1. A horsepower at or above the midpoint between the two consecutive horsepowers shall be rounded up to the higher of the two horsepowers.

2. A horsepower below the midpoint between the two consecutive horsepowers shall be rounded down to the lower of the two horsepowers.

3. A kilowatt rating shall be directly converted from kilowatts to horsepower using the formula: 1 kilowatt = (1/0.746) horsepower. The conversion should

be calculated to three significant decimal places, and the resulting horsepower shall be rounded in accordance with No. 1 or No. 2 above, as applicable.
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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® /

OPEN DRIP-PROOF MOTORS TOTALLY ENCLOSED FAN-COOLED MOTD?&

NUMBER OF POLES
TOR 2 4 6 8 2 4 6 /ﬁ
HORS ER Synchronous /
Speed (RPM) 3600 1800 1200 900 3600 1800 1200 / 900
1 ‘\ NR 82.5 0.0 74.0 75.5 82.5 y@’ 74.0
1.5 \ 82.5 84.0 84.0 75.5 82.5 84.0// 85.5 77.0

2
2 N 84.0 84.0 85.5 85.5 8.0 | sl 86.5 82.5
3 N 84.0 86.5 86.5 865 | 3% | 815 87.5 84.0
5

\\ 85.5 87.5 875 87.;/’ 87.5 875 87.5 84.0

75 \g:f.s 88.5 88.5 )(5 88.5 80.3 0.5 85.5
10 SN 89.5 90.2 /" 89.5 89.5 89.3 89.5 88.3
15 89.5 91.0 39’5 89.5 90.2 91.0 90.2 88.5
20 00.2 01.0 91.0 00.2 090.2 91.0 90.2 80.5

25 91.0 ) 917 90.2 91.0 924 91.7 89.5
30 91.0 9 \ 924 91.0 91.0 024 91.7 91.0
40 91.7 ‘_,ﬂ;n.o \gs.o 91.0 91.7 03.0 93.0 91.0
50 ‘_ﬂ( 930 ';N\ 91.7 92.4 93.0 93.0 91.7
60 / 03.0 036 936 02.4 93.0 036 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 b% 93.6 94.5 94.1 93.0
125 / 03.6 045 04.1 93.6\\94.5 045 04.1 03.6
150 / 93.6 05.0 94.5 03.6 bq-.s\ 05.0 05.0 03.6
200 / 04.5 050 94.5 03.6 95.0 "\Qo 95.0 04.1
250 / 94.5 954 95.4 94.5 95.4 95, 95.0 943
300 / 95.0 95.4 95.4 NR 95.4 95.4 95.0 NR
3;5 95.0 095.4 95.4 NR 95.4 05.4 QNJ\ NR
/4'00 95.4 954 NR NR 95.4 95.4 NR N MR
450 05.8 05.8 NR NR 95.4 05.4 NR NR
d 500 05.8 05.8 NR NR 05.4 05.8 NR NR®

NR = No requirement.
a. Nominal efficiencies shall be established in accordance with DOE 10 CFR 431.

TABLE C405.8(2) [note to reviewer - Replaces Table C405.8(2) in 2018 Code]
MINIMUM NOMINAL FULL-LOAD EFFICIENCY FOR NEMA DESIGN C AND IEC DESIGN H MOTORS AT 60 HZ*"

NOMINAL FULL-LOAD EFFICIENCY (%) AS OF JUNE 1, 2016
(STAN D'\Q\OREOI?I) Ll-ci)c\)/\?ASTETplonV\(ﬁ\F/{ALENT) 4 Pole § Pole 8 Pole
Enclosed Open Enclosed Open Enclosed Open
322 89.5 89.5 89.5 88.5 855 875




5.7 89.5 89.5 89.5 89.5 86.5 88.5
7.5(5.5) 91.7 91.0 91.0 90.2 86.5 89.5
10 (7.5 91.7 91.7 91.0 91.7 89.5 90.2
15dn 92.4 93.0 91.7 91.7 89.5 90.2
20 (15) 93.0 93.0 91.7 92.4 90.2 91.0
25 (18.5) 93.6 93.6 93.0 93.0 90.2 91.0
30(22) 93.6 94.1 93.0 93.6 91.7 91.7
40(30) 94.1 94.1 94.1 94.1 91.7 91.7
50(37) 94.5 94.5 94.1 94.1 92.4 92.4
60 (45 95.0 95.0 94.5 94.5 924 93.0
75 (55) 95.4 95.0 94.5 94.5 93.6 94.1
100 (75 95.4 95.4 95.0 95.0 93.6 94.1
125 (90) 95.4 95.4 95.0 95.0 94.1 94.1
150 (110) 95.8 95.8 95.8 95.4 94.1 94.1
200 (150) 96.2 95.8 95.8 95.4 94.5 94.1

a. Nominal efficiencies shall be established in accordance with DOE 10 CFR 431.
b. For purposes of determining the required minimum nominal full-load efficiency of an electric motor that has a horsepower or kilowatt rating between two
horsepower or two kilowatt ratings listed in this table, each such motor shall be deemed to have a listed horsepower or kilowatt rating, determined as follows:
1. A horsepower at or above the midpoint between the two consecutive horsepowers shall be rounded up to the higher of the two horsepowers.

2. A horsepower below the midpoint between the two consecutive horsepowers shall be rounded down to the lower of the two horsepowers.
3. A kilowatt rating shall be directly converted from kilowatts to horsepower using the formula: 1 kilowatt = (1/0.746) horsepower. The conversion should
be calculated to three significant decimal places, and the resulting horsepower shall be rounded in accordance with No. 1 or No. 2 above, as applicable.

TABLE C405.8(3)
MINIMUM AVERAGE FULL-LOAD EFFICIENCY POLYPHASE SMALL ELECTRIC MOTORS?

OPEN MOTORS
MOTOR HORSEPOWER Number of Poles 2 4 6

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 78.2 753
0.75 — 76.8 81.1 81.7
1 — 71.0 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

N/A = Not Applicable.
a. Average full-load efficiencies shall be established in accordance with DOE 10 CFR 431.
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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 HORSEPOWER Number of Poles 2 4 6

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
1.5 — 81.5 83.8 N/A
2 — 82.9 84.5 N/A
3 — 84.1 N/A N/A

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. 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, unoc-
cupied 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 that reduce speed as permitted in accordance with ASME A17.1/CSA B44 and applicable local code.

Whennoteconveying passengers:

Exception: A variable voltage drive system that reduces operating voltage in response to light loading conditions is an
alternative to the reduced speed function.

C405.9.2.1 Energy recovery. Escalators shall be designed to recover electrical energy when resisting overspeed in the
down direction. The escalator shall be designed to recover, on average, more power than is consumed by the power recovery
feature of its motor controller system.

C405.10 Voltage drop. The total voltage drop across the combination of customer-owned service conductors, feeder conductors
and branch circuit conductors shall not exceed 5 percent.

C405.11 Automatic receptacle control. The following shall have automatic receptacle control complying with Sec-
tion C405.11.1:

1. At least 50 percent of all 125V, 15- and 20-amp receptacles installed in enclosed offices, conference rooms, rooms
used primarily for copy or print functions, breakrooms, classrooms and individual workstations, including those in-
stalled in modular partitions and module office workstation systems.

2. Atleast 25 percent of branch circuit feeders installed for modular furniture not shown on the construction documents.

C405.11.1 Automatic receptacle control function. Automatic receptacle controls shall comply with the following:




1. FEither split controlled receptacles shall be provided with the top receptacle controlled, or a controlled receptacle shall
be located within 12 inches (304.8 mm) of each uncontrolled receptacle.

2. One of the following methods shall be used to provide control:

2.1. A scheduled basis using a time-of-day operated control device that turns receptacle power off at specific pro-
grammed times and can be programmed separately for each day of the week. The control device shall be config-
ured to provide an independent schedule for each portion of the building of not more than 5,000 square feet
(464.5 m?) and not more than one floor. The occupant shall be able to manually override an area for not more
than 2 hours. Any individual override switch shall control the receptacles of not more than 5,000 feet (1524 m).

2.2. An occupant sensor control that shall turn off receptacles within 20 minutes of all occupants leaving a space.

2.3. An automated signal from another control or alarm system that shall turn off receptacles within 20 minutes after
determining that the area is unoccupied.

3. All controlled receptacles shall be permanently marked in accordance with NFPA 70 and be uniformly distributed
throughout the space.

4. Plug-in devices shall not comply.

Exceptions: Automatic receptacle controls are not required for the following:

1. Receptacles specifically designated for equipment requiring continuous operation (24 hours per day, 365 days per
ear).

2. Spaces where an automatic control would endanger the safety or security of the room or building occupants.

3. Within a single modular office workstation, noncontrolled receptacles are permitted to be located more than 12
inches (304.8 mm), but not more than 72 inches (1828 mm) from the controlled receptacles serving that workstation.

C405.12 Energy monitoring. New buildings with a gross conditioned floor area of 20,000 square feet (2322 m?) or
larger shall be equipped to measure, monitor, record and report energy consumption data in compliance with
Sections C405.12.1 through C405.12.5.

Exception: R-2 occupancies and individual tenant spaces are not required to comply with this section provided that the space
has its own utility services and meters and has less than 5,000 square feet (464.5 m?) of conditioned floor area.

C405.12.1 Electrical energy metering. For all electrical energy supplied to the building and its associated site, in-
cluding but not limited to site lighting, parking, recreational facilities and other areas that serve the building and
its occupants, meters or other measurement devices shall be provided to collect energy consumption data for
each end-use category required by Section C405.12.2.

C405.12.2 End-use metering categories. Meters or other approved measurement devices shall be provided to col-
lect energy use data for each end-use category indicated in Table C405.12.2. Where multiple meters are used to
measure any end-use category, the data acquisition system shall total all of the energy used by that category. Not
more than 5 percent of the measured load for each of the end-use categories indicated in Table C405.12.2 shall be
permitted to be from a load that is not within that category.

Exceptions:

1. HVAC and water heating equipment serving only an individual dwelling unit shall not require end-use metering.

2. End-use metering shall not be required for fire pumps, stairwell pressurization fans or any system that operates only
during testing or emergency.

3. End-use metering shall not be required for an individual tenant space having a floor area not greater than 2,500
square feet (232 m?) where a dedicated source meter complying with Section C405.12.3 is provided.

TABLE C405.12.2
ENERGY USE CATEGORIES
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LOAD

DESCRIPTION OF ENERGY USE

CATEGORY
Heating, cooling and ventilation, including but
not limited to fans, pumps, boilers, chillers and
Total HVAC water heating. Energy used bY 120-volt equip-
— ————— |ment, or by 208/120-volt equipment that is lo-
system

cated in a building where the main service is
480/277-volt power, is permitted to be excluded
from total HVAC system energy use.

g:rﬂh_t' Lighting systems located within the building.

Exterior light- |Lighting systems located on the building site but
ing not within the building.

Devices, appliances and equipment connected to
convenience receptacle outlets.

Plug loads

Any single load that is not included in an HVAC
lighting or plug load category and that exceeds 5
percent of the peak connected load of the whole
building, including but not limited to data cen-
ters, manufacturing equipment and commercial
kitchens.

Process load

The remaining loads not included elsewhere in

Building . . - . -
; this table, including but not limited to vertical
operations and . -
transportation systems, automatic doors, motor-
- ized shading systems, ornamental fountains, or-
miscellaneous ; . ;
7103 ds namental fireplaces, swimming pools, in-ground

spas and snow-melt systems.

C405.12.3 Meters. Meters or other measurement devices required by this section shall be configured to automati-
cally communicate energy consumption data to the data acquisition system required by Section C405.12.4. Source
meters shall be allowed to be any digital-type meter. Lighting, HVAC or other building systems that can monitor
their energy consumption shall be permitted instead of meters. Current sensors shall be permitted, provided that
they have a tested accuracy of +2 percent. Required metering systems and equipment shall have the capability to
provide at least hourly data that is fully integrated into the data acquisition system and graphical energy report in
accordance with Sections C405.12.4 and C405.12.5.

C405.12.4 Data acquisition system. A data acquisition system shall have the capability to store the data from the
required meters and other sensing devices for a minimum of 36 months. The data acquisition system shall have
the capability to store real-time energy consumption data and provide hourly, daily, monthly and yearly logged
data for each end-use category required by Section C405.12.2.

C405.12.5 Graphical energy report. A permanent reporting mechanism shall be provided in the building that is
accessible to building operation and management personnel. The reporting mechanism shall have the capability
to graphically provide the energy consumption for each end-use category required by Section C405.12.2 at least
every hour, day, month and year for the previous 36 months.

SECTION C406
ADDITIONAL EFFICIENCY OPTONS REQUIREMENTS




C406.1 Additional energy efficiency credit requirements. New buildings shall achieve a total of 10 credits from Tables

C406.

1(1) through C406.1(5) where the table is selected based on the use group of the building and from credit calculations as

specified in relevant subsections of Section C406. Where a building contains multiple-use groups. credits from each use group

shall be weighted by floor area of each group to determine the weighted average building credit. Credits from the tables or
calculation shall be achieved where a building complies with one or more of the following:

More efficient HVAC performance in accordance with Section C406.2.

Reduced lighting power in accordance with Section C406.3.

Enhanced lighting controls in accordance with Section C406.4.

On-site supply of renewable energy in accordance with Section C406.5.

Provision of a dedicated outdoor air system for certain HVAC equipment in accordance with Section C406.6.
High-efficiency service water heating in accordance with Section C406.7.

Enhanced envelope performance in accordance with Section C406.8.

Reduced air infiltration in accordance with Section C406.9

O X |2 kD

Where not required by Section C405.12, include an energy monitoring system in accordance with Section C406.10.

_.
<

Where not required by Section C403.2.3, include a fault detection and diagnostics (FDD) system in accordance with

11.

Section C406.11.

Efficient kitchen equipment in accordance with Section C406.12.

C406.1.1 Tenant spaces. Tenant spaces shall comply with sufficient options from Tables C406.1(1) through C406.1(5) to

achieve a minimum number of 5 credits, where credits are selected from Section C406.2, C406.3, C406.4, C406.6, C406.7 or

C406.10. Where the entire building complies using credits from Section C406.5, C406.8 or C406.9. tenant spaces shall be
deemed to comply with this section.

Exception: Previously occupied tenant spaces that comply with this code in accordance with Section C501.

TABLE C406.1(1)
ADDITIONAL ENERGY EFFICIENCY CREDITS FOR GROUP B OCCUPANCIES

CLIMATE ZONE
SECTION
OA&1A|0B&1B| 2A | 2B | 3A | 3B | 3C | 4A | 4B | 4C | 5A | 5B | 5€C | 6A | 6B | Z | &
. g0 3

C40§.2. 1: 5 % heating NA NA 1
efficiency improvement
C406.2.2: 5% cooling

: . 4 3 2
efficiency improvement

. 0, 3

C40§.2.3. .10A> heating NA NA 2
efficiency improvement
C406.2.4: 10% cooling

: . 1 5 4
efficiency improvement
C40§.3: Reduced 9 3 7
lighting power
C406.4: Enhanced 5 5 5
digital lighting controls = = =
C406.5: On-site 9 9 9
renewable energy
C406.§: Dedicated out- 4 5 5
door air
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C406.7.2: Recovered or
renewable water heating - - -

C406.7.3: Efficient fos-
sil fuel water heater

C406.7.4: Heat pump
water heater

C406.8: Enhanced
envelope performance

C406.9: Reduced air in-
filtration

|4
oo
—_
—

C406.10: Energy moni-
toring =

C406.11: Fault
detection and 1 1 1

diagnostics system

NA = Not Applicable.

TABLE C406.1(2)
ADDITIONAL ENERGY EFFICIENCY CREDITS FOR GROUP R AND | OCCUPANCIES

CLIMATE ZONE
SECTION
OA&1A|0B&1B| 2A | 2B | 3A | 3B | 3C | 4A | 4B | 4C | 5A | 5B | 5C | 6A | 6B | 7 8
C406.2.1: 5% heating ef- | | |
ficiency improvement = = =
C406.2.2: 5% cooling ef- | 1 !
ficiency improvement = = =
C406.2.3: 10% heating
- : 1 1 2
efficiency improvement
C406.2.4: 10% cooling
. . 2 2 1
efficiency improvement
C406.3: Reduced lighting ’ ’ ’
power = = =
C406.4: Enhanced
digital lighting controls NA NA NA
C406.5: On-site 7 7 7
renewable energy
C406.6: Dedicated out-
- 4 6 8
door air system
C406.7.2: Recovered.or 13 14 14
renewable water heating
C406.7.3: Efficient fossil 8 8 9
fuel water heater = = =
C406.7.4: Heat pump wa-
S S S
ter heater
C406.8: Enhanced
PR SrSU 4 4 4
envelope performance




NA

C406.9: Reduced air infil-
tration

[}

[BN]
[Ne)

C406.10: Energy moni-
toring

C406.11: Fault detection
and diagnostics system

= Not Applicable.

TABLE C406.1(3)
ADDITIONAL ENERGY EFFICIENCY CREDITS FOR GROUP E OCCUPANCIES

CLIMATE ZONE
SECTION
o= |2a |28 |3a |38 |3c|sa |48 |4c|5a|8B|5C|6a|6B|Z |8

C406.2.1: 5% heating | | |
efficiency improvement = = =
C406.2.2: 5% cooling

: . 2 2 1
efficiency improvement
C406.2.3: 10% heating

: . 1 2 3
efficiency improvement
C406.2.4: 10% cooling

; . 5 4 2
efficiency improvement
C406.3: Reduced lighting 3 3 3
power = = =
C406.4: Enhanced digital

— 2 2 2

lighting controls
C406.5: On-site renewable 6 6 6
energy - - -
C406.6: Dedicated outdoor NA NA NA
air system
C406.7.2: Recovered or re- 1 1 1
newable water heating? = = =
C406.7.3: Efficient fossil | ) )
fuel water heater® = = =
C406.a7.4: Heat pump water NA 1 1
heater
C406.8: Enhanced envelope ’ 1 ’
performance = = =
C_406.9: Reduced air infiltra- NA NA 1
tion
C406.10: Energy monitoring 3 3 2
C406.11: Fault detection and | | |
diagnostics system = = =

NA = Not Applicable.
a. For schools with showers or full-service kitchens.
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TABLE C406.1(4)
ADDITIONAL ENERGY EFFICIENCY CREDITS FOR GROUP M OCCUPANCIES

CLIMATE ZONE
SECTION
OA&1AI0BE&1B| 2A | 2B | 3A | 3B | 3C | 4A | 4B | 4C | 5A | 5B | 5€C | 6A | 6B | Z | 8
C406.2.1: 5% heating effi- | | )
ciency improvement = = =
C406.2.2: 5% cooling effi- 3 ) !
ciency improvement = = =
C406.2.3: 10% heating ef-
. - 1 2 3
ficiency improvement
C406.2.4: 10% cooling ef-
. - 6 4 2
ficiency improvement
C406.3: Reduced lighting 16 15 2
ower
C406.4: Enhanced digital 4 4 3
lighting controls - - =
C406.5: On-site 8 8 7
renewable energy
C406.6: Dedicated out-
: 3 3 2
door air system
C406.7.2: Recovered.or NA NA NA
renewable water heating
C406.7.3: Efficient fossil NA NA NA
fuel water heater
C406.7.4: Heat pump wa- NA NA NA
ter heater
C406.8: Enhanced
3 6 4
envelope performance
C406.9: Reduced air infil-
5 1 3 3
tration
C406. 10: Energy monitor- 5 4 3
ing
C406.11: Fault detection
- ; 1 1 1
and diagnostics system

NA = Not Applicable.

TABLE C406.1(5)
ADDITIONAL ENERGY EFFICIENCY CREDITS FOR OTHER* OCCUPANCIES

CLIMATE ZONE

SECTION
OA&1A|0B&1B| 2A | 2B | 3A | 3B | 3C | 4A | 4B | 4C | 5A | 6B | 6C | 6A | 6B ¥ 8

C406.2.1: 5% heating
efficiency improvement = = =

C406.2.2: 5% cooling
efficiency improvement

Jwo
NS
—_




C406.2.3: 10% heating effi-
ciency improvement =

C406.2.4: 10% cooling ef-
ficiency improvement

19,
IS
o

C406.3: Reduced lighting
power = =

C406.4: Enhanced digital
lighting controls

[\S]
[\S]
[\S]

C406.5: On-site renewable
energy

C406.6: Dedicated outdoor

air system -

|oo
|oo
1=

B
|
93}

C406.7.2: Recovered or re-

newable water heating® 13 14 14
C406.7.3: Efficient fossil 3 g 9
fuel water heater® S S 9
C406.7.4: Heat pump water 5 5 5

heater®

C406.8: Enhanced
envelope performance

l9S)
|
|

C406.9: Reduced air infil-

|
[[o))
[}

tration

_C406. 10: Energy monitor- 3 3 2
ing

C406.11: Fault detection 1 1 1

and diagnostics system = = =

NA = Not Applicable.
a. Other occupancy groups include all groups except Groups B, E. I, M and R.
b. For occupancy groups listed in Section C406.7.1.

C406.2 More efficient HVAC equipment performance. Equipment shall exceed the minimum efficiency requirements listed
in the tables in Section C403.3.2. Variable refrigerant flow systems listed in the energy efficiency provisions of

ANSI/ASHRAE/IES 90.1 in accordance with Section C406.2.1, C406.2.2, C406.2.3 or C406.2.4 shall also meet applicable re-
quirements of Section C403. Energy efficiency credits for heating shall be selected from Section C406.2.1 or C406.2.3 and energy
efficiency credits for cooling shall be selected from Section C406.2.2, C406.2.4 or C406.2.5. Selected credits shall include a
heating or cooling energy efficiency credit or both. Equipment not listed in Tables C403.3.2(1) through C403.3.2(9) and variable
refrigerant flow systems not listed in the energy efficiency provisions of ANSI/ASHRAE/IES 90.1 shall be limited to 10 percent
of the total building system capacity for heating equipment where selecting Section C406.2.1 or C406.2.3 and cooling equipment
where selecting Section C406.2.2, C406.2.4 or C406.2.5.
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C406.2.1 Five-percent heating efficiency improvement. Equipment shall exceed the minimum heating efficiency
requirements by 5 percent.

C406.2.2 Five-percent cooling efficiency improvement. Equipment shall exceed the minimum cooling and heat
rejection efficiency requirements by 5 percent. Where multiple cooling performance requirements are provided,
the equipment shall exceed the annual energy requirement, including IEER, SEER and IPLV.

C406.2.3 Ten-percent heating efficiency improvement. Equipment shall exceed the minimum heating efficiency
requirements by 10 percent.

C406.2.4 Ten-percent cooling efficiency improvement. Equipment shall exceed the minimum cooling and heat
rejection efficiency requirements by 10 percent. Where multiple cooling performance requirements are provided,
the equipment shall exceed the annual energy requirement, including IEER, SEER and IPLV.

C406.2.5 More than 10-percent cooling efficiency improvement. Where equipment exceeds the minimum annual
cooling and heat rejection efficiency requirements by more than 10 percent, energy efficiency credits for cooling
may be determined using Equation 4-12, rounded to the nearest whole number. Where multiple cooling perfor-
mance requirements are provided, the equipment shall exceed the annual energy requirement, including IEER,
SEER and IPLV.

EECHpc=EEC)o[1 + ((CEI— 10 percent) 4 10 percent)]
(Equation 4-12)

where:

EECupc = Energy efficiency credits for cooling efficiency improvement.

EEC;y = Section C406.2.4 credits from Tables C406.1(1) through C406.1(5).

CEI = The lesser of: the improvement above minimum cooling and heat rejection efficiency requirements or 15 percent.

C406.3 Reduced lighting power by more than 10 percent. Buildings shall comply with Section C406.3.1 or C406.3.2, and
dwelling units and sleeping units within the building shall comply with Section C406.3.3.

C406.3.1 Reduced lighting power by more than 10 percent. The total connected interior lighting power calculated
in accordance with Section C405.3.1 shall be less than 90 percent of the total lighting power allowance calculated
in accordance with Section C405.3.2.

C406.3.2 Reduced lighting power by more than 15 percent. Where the total connected interior lighting power
calculated in accordance with Section C405.3.1 is less than 85 percent of the total lighting power allowance calcu-
lated in accordance with Section C405.3.2, additional energy efficiency credits shall be determined based on Equa-
tion 4-13, rounded to the nearest whole number.

AEEC1ps= AEEC g % 10 x (LPA — LPD) / LPA
(Equation 4-13)

where:

AEEC;p4= Section C406.3.2 additional energy efficiency credits.




AEEC,
LPA

Section C406.3.1 credits from Tables C406.1(1) through C406.1(5).

Total lighting power allowance calculated in accordance with Section C405.3.2.

LPD = Total connected interior lighting power calculated in accordance with Section C405.3.1.
C406.3.3 Lamp efficacy. Not less than 95 percent of the permanently installed lighting, excluding kitchen appli-
ance light fixtures, serving dwelling units and sleeping units shall be provided by lamps with an efficacy of not less
than 65 lumens per watt or luminaires with an efficacy of not less than 45 lumens per watt.

C406.4 Enhanced digital lighting controls. Interior general lighting in the building shall have the following enhanced lighting
controls that shall be located, scheduled and operated in accordance with Sections €405:2-2-C405.2.1 through C405.2.3.

Luminaires shall be eapable-ef configured for continuous dimming.

2. Luminaires shall be eapable-ef-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. 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.

6. Functional testing of lighting controls shall comply with Section C408.

C406.5 On-site renewable energy. Buildings shall comply with Section C406.5.1 or C406.5.2. U

C406.5.1 Basic renewable credit. The total minimum ratings of on-site renewable energy systems, not including
systems used for credits under Sections C406.7.2, shall be one of the following:

1. Not less than 0.86 Btu/h per square foot (2.7 W/m?) or 0.25 watts per square foot (2.7 W/m?) of conditioned floor area.

2. Notless than 2 percent of the annual energy used within the building for building mechanical and service water-heating
equipment and lighting regulated in Section C405.

C406.5.2 Enhanced renewable credit. Where the total minimum ratings of on-site renewable energy systems ex-
ceeds the rating in Section C406.5.1, additional energy efficiency credits shall be determined based on Equation 4-
14, rounded to the nearest whole nhumber.

AEECgg,=AEEC; s *x RRa/RR, (Equation 4-14)

where:

AEECggr, = Section C406.5.2 additional energy efficiency credits.
AEEC, 5 = Section C406.5 credits from Tables C406.1(1) through C406.1(5).

RRa = Actual total minimum ratings of on-site renewable energy systems (in Btu/h, watts per square foot or W/m?).
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RR; = Minimum ratings of on-site renewable energy systems required by Section C406.5.1 (in Btu/h, watts per square

foot or W/m?).

C406.6 Dedicated outdoor air system. Buildings containing equipment or systems regulated by Section C403.3.4, C403.4.3,
C403.4.4, C403.4.5, C403.6, C403.8.4, C403.8.6, C403.8.6.1, C403.10.1, C403.10.2, C403.10.3 or C403.10.4 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 total energy
recovery. The HVAC system shall include supply-air temperature controls that automatically reset the supply-air temperature in
response to representative building loads or to outdoor air temperatures. The controls shall reset the supply-air temperature not
less than 25 percent of the difference between the design supply-air temperature and the design room-air temperature.

C406.7 Reduced energy use in service water heating. Buildings shall comply with Section C406.7.1 and Section C406.7.2,
C406.7.3 or C406.7.4. "

C406.7.1 Building type. To qualify for this credit, the building shall contain one of the following use groups, and
the additional energy efficiency credit shall be prorated by conditioned floor area of the portion of the building

comprised of the following use groups:

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.
6.  Group A-3: Health clubs and spas.

7. Group E: Schools with full-service kitchens or locker rooms with showers.

8. 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.

C406.7.2 Recovered or renewable water heating. The building service water-heating system shall have one or more of the
following that are sized to provide not less than 30 percent of the building’s annual hot water requirements, or sized to provide
70 percent of the building’s annual hot water requirements if the building is required to comply with Section C403.10.5:

1. Waste heat recovery from service hot water, heat-recovery chillers, building equipment or process equipment.

2.  On-site renewable energy water-heating systems.

C406.7.3 Efficient fossil fuel water heater. The combined input-capacity weighted-average equipment rating of all
fossil fuel water-heating equipment in the building shall be not less than 95 percent Et or 0.95 EF. This option shall
receive only half the listed credits for buildings required to comply with Section C404.2.1.

C406.7.4 Heat pump water heater. Where electric resistance water heaters are allowed, all service hot water sys-
tem heating requirements shall be met using heat pump technology with a combined input-capacity weighted-
average EF of 3.0. Air-source heat pump water heaters shall not draw conditioned air from within the building,
except exhaust air that would otherwise be exhausted to the exterior.

C406.8 Enhanced envelope performance. The total UA of the building thermal envelope as designed shall be not less than 15
percent below the total UA of the building thermal envelope in accordance with Section C402.1.5.

C406.9 Reduced air leakage. Air leakage of the building thermal envelope shall be tested by an approved third

party in accordance with Section C402.5.2.1. The measured air leakage shall not exceed 0.22 cfm/ft? (1.1 L/s x m?)
of the building thermal envelope at a pressure differential of 0.3 inch water gauge (75 Pa), with the calculated sur-
face area being the sum of the above- and below-grade building thermal envelope.

Exception: Buildings tested in accordance with C402.5.2 where the weighted average of all tested unit

results is not greater than 0.15 cfm/ft2 (1.0 L/s x m2) at a pressure differential of 0.2 inch water gauge (50
Pa), or 0.20 cfm/ft? at a pressure differential of 75Pa (0.30 in w.g.) in accordance with Table C406.9.

Table C406.9
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Test pressure

Pressure Differential [Adjustment Max Air Leakage / Building
(Pa) Factor Thermal Envelope (CFM/ ft?)
75(0.30in. w.g.) 0.20 0.22
50(0.20in. w.g.) 0.752897957 0.15 0.17

Example: If maximum air leakage allowed is 0.15 cfm/ft’ of bldg
thermal envelope at 50 Pa(0.2in w.g.), the corresponding maximum
leakage rate is 0.20 cfm/SF of bldg thermal envelope if using

a higher test pressure of 75Pa(0.3in w.g.)

C406.9 Reduced air leakage. Air leakage of the building thermal envelope shall be tested by an approved third
party in accordance with Section C402.5.2.1 and shall comply with one of the following:

1. The measured air leakage shall not exceed 0.22 cfm/ft2 (1.1 L/s X m2) of the building thermal envelope at a
pressure differential of 0.3 inch water gauge (75 Pa), with the calculated surface area being the sum of the
above- and below-grade building thermal envelope. Exeeption:

2. Buildings tested in accordance with C402.5.2 shall have a weighted average of all tested unit results that is
not greater than 0.15 cfm/ft2 (1.0 L/s x m2) at a pressure differential of 0.2 inch water gauge (50 Pa), or 0.20
cfm/ft2 at a pressure differential of 75Pa (0.30 in w.g.) in accordance with Table C406.9.

C406.10 Energy monitoring. Buildings shall be equipped to measure, monitor, record and report energy consump-
tion data in compliance with Sections C406.10.1 through C406.10.5.

C406.10.1 Electrical energy metering. For all electrical energy supplied to the building and its associated site, in-
cluding but not limited to site lighting, parking, recreational facilities, and other areas that serve the building and
its occupants, meters or other measurement devices shall be provided to collect energy consumption data for
each end-use category required by Section C406.10.2.

C406.10.2 End-use metering categories. Meters or other approved measurement devices shall be provided to col-
lect energy use data for each end-use category listed in Table 406.10.2. These meters shall have the capability to
collect energy consumption data for the whole building or for each separately metered portion of the building.
Where multiple meters are used to measure any end-use category, the data acquisition system shall total all of
the energy used by that category. Not more than 5 percent of the measured load for each of the end-use catego-
ries listed in Table 406.10.2 is permitted to be from a load not within the category.

Exceptions:

1. HVAC and water-heating equipment serving only an individual dwelling unit does not require end-use metering.

2. End-use metering is not required for fire pumps, stairwell pressurization fans or any system that operates only
during testing or emergency.




TABLE C406.10.2
ENERGY USE CATEGORIES

LOAD
CATEGORY

DESCRIPTION OF ENERGY USE

Heating, cooling and ventilation, including but
not limited to fans, pumps, boilers, chillers and

water heating. Energy used by 120-volt equip-
Total HVAC ment, or by 208/120-volt equipment that is lo-
system cated in a building where the main service is
480/277-volt power, is permitted to be excluded
from total HVAC system energy use.

uterlor light Lighting systems located within the building.

ing
Exterior light- |Lighting systems located on the building site but
ing not within the building.

Devices, appliances and equipment connected to
Plug loads

convenience receptacle outlets.

Any single load that is not included in an HVAC,
lighting or plug load category and that exceeds 5
percent of the peak connected load of the whole
building, including but not limited to data cen-
ters, manufacturing equipment and commercial

Process loads

kitchens.
Building
operations and |The remaining loads not included elsewhere in
other this table, including but not limited to vertical
miscellaneous |transportation systems and automatic doors.
loads

C406.10.3 Meters. Meters or other measurement devices required by this section shall be configured to automati-
cally communicate energy consumption data to the data acquisition system required by Section C406.10.4. Source
meters shall be allowed to be any digital-type meter. Lighting, HVAC or other building systems that can monitor
their energy consumption shall be permitted instead of meters. Current sensors shall be permitted, provided that
they have a tested accuracy of +2 percent. Required metering systems and equipment shall have the capability to
provide at least hourly data that is fully integrated into the data acquisition system and graphical energy report in
accordance with Sections C406.10.4 and C406.10.5.

C406.10.4 Data acquisition system. A data acquisition system shall have the capability to store the data from the
required meters and other sensing devices for a minimum of 36 months. The data acquisition system shall have
the capability to store real-time energy consumption data and provide hourly, daily, monthly and yearly logged
data for each end-use category required by Section C406.10.2.

C406.10.5 Graphical energy report. A permanent reporting mechanism shall be provided in the building that is
accessible by building operation and management personnel. The reporting mechanism shall have the capability
to graphically provide the energy consumption for each end-use category required by Section C406.10.2 at |least
every hour, day, month and year for the previous 36 months.

C406.11 Fault detection and diagnostics system. A fault detection and diagnostics system shall be installed to
monitor the HVAC system’s performance and automatically identify faults. The system shall do all of the following:

1. Include permanently installed sensors and devices to monitor the HVAC system’s performance.
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[Deleted from proposed 2024 Code, no 2018 equivalent.]
Automatically identify and report HVAC system faults.

Automatically notify authorized personnel of identified HVAC system faults.

Al Rl Ee i

Automatically provide prioritized recommendations for repair of identified faults based on analysis of data collected from

the sampling of the HVAC system performance.

N

. Be capable of transmitting the prioritized fault repair recommendations to remotely located authorized personnel.

C406.12 Efficient kitchen equipment. For buildings and spaces designated as Group A-2 or facilities that include a

commercial kitchen with at least one gas or electric fryer, all fryers, dishwashers, steam cookers and ovens shall

comply with all of the following:

1. Achieve performance levels in accordance with the equipment specifications listed in Tables C406.12(1) through

C406.12(4) when rated in accordance with the applicable test procedure.

2. Be installed prior to the issuance of the Certificate of Occupancy.

3. Have associated performance levels listed on the construction documents submitted for permitting.

Energy efficiency credits for efficient kitchen equipment shall be independent of climate zone and determined based on Equa-

tion 4-15, rounded to the nearest whole number.

AEECk =20 X Areak/Areag

(Equation 4-15)

where:

AEECk = Section C406.12 additional energy efficiency credits.

Areax = Floor area of full-service kitchen (ft> or m?).

Areap = Gross floor area of building (ft? or m?).

For SI: 1 Btu/h =0.293/W.

TABLE C406.12(1)

MINIMUM EFFICIENCY REQUIREMENTS:

FUEL TYPE

PAN CAPACITY

COMMERCIAL FRYERS

FRYER TYPE

HEAVY-LOAD

COOKING
ENERGY

IDLE ENERGY

RATE

TEST
PROCEDURE

EFFICIENCY

Standard open
deep-fat gas fryers

>50%

<9.000 Btu/h

Standard open
deep-fat electric

>83%

< 800 watts

uyers

ASTM F1361

Large-vat open
deep-fat gas fryers

<12.000
Btu/h

Large-vat open
deep-fat electric
fryers

> 80%

< 1,100 watts

ASTM F2144

TABLE C406.12(2)
MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL STEAM COOKERS

COOKING ENERGY
EFFICIENCY®

IDLE ENERGY RATE

TEST PROCEDURE




3-pan 50%
4-pan 50% —
Electric steam
5-pan 50% —
6-pan and larger 50% —
ASTM F1484
3-pan 38% —
4-pan 38% —
Gas steam
5-pan 38% —
6-pan and larger 38%
a. Cooking energy efficiency is based on heavy load (potato) cooking capacity.
TABLE C406.12(3)
MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL DISHWASHERS
HIGH-TEMPERATURE EFFICIENCY LOW-TEMPERATURE EFFICIENCY
MACHINE TYPE REQUIREMENTS REQUIREMENTS TEST PROCEDURE
Idle energy rate® Water consumption® Idle energy rate® Water consumption®
Under counter <50 kW <0.86 GPR <0.50 kW <1.19 GPR
ﬁgaot;"“arv ligletizh <70 kW <0.89 GPR <0.60 kW <118 GPR
Pot. pan and utensil <1.20 kW <0.58 GPR <1.00 kW <0.58 GPSF
Single-tank conveyor < 1.50 kW <0.70 GPR < 1.50 kW <0.79 GPR ASTM F1696
Multiol K ASTM F1920
Multiple-tank con- <2.25kW <0.54 GPR <2.00 kW <0.54 GPR
veyor
Single-tank flight Reported GPH=2.975x + Reported GPH=2.975x +
55.00 55.00

Multiple-tank flight Reported GPH <4.96x + 17.00 Reported GPH <4.96x + 17.00

a. Idle results shall be measured with the door closed and represent the total idle energy consumed by the machine, including all tank heaters and controls.

Booster heater (internal or external) energy consumption shall not be part of this measurement unless it cannot be separately monitored.

b. GPR = gallons per rack, GPSF = gallons per square foot of rack, GPH = gallons per hour, x = maximum conveyer belt speed (feet/minute) x conveyer belt

width (feet).

TABLE C406.12(4)
MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL OVENS

COOKING-ENERGY_
FUEL TYPE CLASSIFICATION IDLE RATE EFFICIENCY. % TEST PROCEDURE
Convection ovens
Gas Full-size <12,000 Btu/h >46
Half-size <1.0 Btu/h ASTM F1496
Electric >71
Full-size <1.60 Btu/h
Combination ovens
Gas Steam mode <200P%+ 6,511 Btu/h >41 ASTM F2861
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Convection mode <150P% + 5,425 Btu/h > 56
Steam mode <0.133P*+ 0.6400 kW >55
Electric
Convection mode <0.080P* + 0.4989 kW >176
Rack ovens
Single <25.000 Btwh >48
Gas ASTM F2093
Double <30,000 Btw/h >52

For SI: 1 Btu/h = 0.293/W.
a. P =Pan Capacity: the number of steam table pans the combination oven is able to accommodate in accordance with ASTM F1495.

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.

Exception: Energy used to recharge or refuel vehicles that are used for on-road and off-site transportation purposes.

C407.2 Mandatory requirements. Compliance based on total building performance requires that the-eriteria-of See-
tions-C402.5.-C4032C404-and-C405-bemet-A proposed design meet all of the following:

The requirements of the sections indicated within Table C407.2.

2. An annual energy cost that is less than or equal to 85 percent of 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 Data System Prices and Expenditures reports. Code officials shall be permit-
ted to require time-of-use pricing in energy cost calculations. The reduction in energy cost of the proposed design asso-
ciated with on-site renewable energy shall be not more than 5 percent of the total energy cost. The amount of renewable
energy purchased from off-site sources shall be the same in the standard reference design and the proposed design.

Exception: Jurisdictions that require site energy (1 kWh = 3413 Btu) rather than energy cost as the metric of comparison.

TABLE C407.2
REQUIREMENTS FOR TOTAL BUILDING PERFORMANCE
SECTION? TITLE

Envelope

C402.5 Air leakage—thermal envelope
Mechanical

C403.1.1 Calculation of heating and cooling

EE— loads

C403.1.2 Data centers




C403.2 System design

Heating and cooling equipment effi-
ciencies

C403.3

C€403.4, except C403.4.3,
C403.4.4 and C403.4.5

Heating and cooling system controls

Economizer fault detection and diag-
nostics

C403.5.5

C403.7, except C403.7.4.1 |Ventilation and exhaust systems

C403.8, except C403.8.6 |Fan and fan controls

C403.9 Large-diameter ceiling fans

C403.11, except C403.11.3 |Refrigeration equipment performance

Construction of HVAC system ele-

C403.12

R ments

C403.13 Mechanical systems located outside
= of the building thermal envelope
C404 Service water heating

C405, except C405.3 Electrical power and lighting systems
C408 Maintenance information and system

commisionin

a. Reference to a code section includes all the relative subsections except as indicated in the table.

€407-4 C407.3 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.

€4074-1 C407.3.1 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 documen-
tation shall include the following information:

1.
2.

3.
4.

Address of the building.

An inspection checklist documenting the building component characteristics of the proposed design as specified in
Table C407.4.1(1). The inspection checklist shall show the estimated annual energy cost for both the standard refer-
ence design and the proposed design.

Name of individual completing the compliance report.

Name and version of the compliance software tool.

€407-4:2 C407.3.2 Additional documentation. The code official shall be permitted to require the following documents:

1.
2.

162

Documentation of the building component characteristics of the standard reference design.

Thermal zoning diagrams consisting of floor plans showing the thermal zoning scheme for standard reference design
and proposed design.

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.

An explanation of any error or warning messages appearing in the simulation tool output.
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5. A certification signed by the builder providing the building component characteristics of the proposed design as given
in Table C407.4.1(1).

6. Documentation of the reduction in energy use associated with on-site renewable energy.

€4075 C407.4 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.

€407:51 C407.4.1 Building specifications. The standard reference design and proposed design shall be configured and

analyzed as specified by Table €407+ C407.4.1(1). Table €4075-+H1 C407.4.1(1) shall include by reference all notes
contained in Table C402.1.4.

€407-5:2 C407.4.2 Thermal blocks. The standard reference design and proposed design shall be analyzed using identical
thermal blocks as specified in Section C407.4.2.1, C407.4.2.2 or C407.4.2.3.

€407.5:2-1 C407.4.2.1 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 that:

1. The space use classification is the same throughout the thermal block.

2. Al 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.

€407:5:2:2 C407.4.2.2 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 combi-
nation 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 per-
mitted 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.

-_C407.4.2.3 Group R-2 occupancy buildings. Group R-2 occupancy
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.

TABLE €407-5-H{1) C407.4.1(1)
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

BUILDING COMPONENT

CHARACTERISTICS STANDARD REFERENCE DESIGN PROPOSED DESIGN




The space use classification shall be chosen in accord-
ance with Table C405.3.2(1) or C405.3.2(2) for all ar-

Space use classifica- Same as proposed eas of the building covered by this permit. Where the

tion space use classification for a building is not known, the
building shall be categorized as an office building.
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
Type: Mass-wall; same as proposed As proposed
Gross area: same as proposed As proposed
Walls, above-grade U-factor: as specified in Table C402.1.4 As proposed
Solar absorptance: 0.75 As proposed
Emittance: 0.90 As proposed
Type: mass wall As proposed
Walls, below-grade Gross area: same as proposed As proposed
U-Factor: as specified in Table C402.1.4 with insulation
NSO As proposed
layer on interior side of walls
Type: joist/framed floor As proposed
Floors, above-grade Gross area: same as proposed As proposed
U-factor: as specified in Table C402.1.4 As proposed
Type: unheated As proposed
Floors, slab-on-grade
F-factor: as specified in Table C402.1.4 As proposed
Type: swinging As proposed
Opaque doors Area: Same as proposed As proposed
U-factor: as specified in Table C402.1.4 As proposed
Area
1. The proposed vertical fenestration area; where
the proposed glazing vertical fenestration area is
less than 40 percent of above-grade wall area. As proposed
2. 40 percent of above-grade wall area; where the
. . - - calf . .
Vertical fenestration proposed area is 40
percent or more of the above-grade wall area.
other than opaque
doors U-factor: as specified in Table C402.4 As proposed
SHGC: as specified in Table C402.4 except that for cli-
mates with no requirement (NR) SHGC = 0.40 shall be As proposed
used
External shading and PF: none As proposed

(continued)
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Fable-C407-5:4(1) TABLE C407.4.1(1)—continued

SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

BUILDING COMPONENT
CHARACTERISTICS

STANDARD REFERENCE DESIGN

PROPOSED DESIGN

Skylights

Area

1. The proposed skylight area; where the proposed

skylight area is less than 3%-efgress-area-ofroof
assembhy-that permitted by Section C402.1.

2. 39 ; The area

permitted by Section C402.1; where-the-propesed
1 1 0,

assembly exceeds that permitted by Section
C402.1.

As proposed

U-factor: as specified in Table C402.4

As proposed

SHGC: as specified in Table C402.4 except that for cli-
mates with no requirement (NR) SHGC = 0.40 shall be
used.

As proposed

Lighting, interior

The interior lighting power shall be determined in ac-
cordance with Section C405.3.2. Where the occupancy
of the building is not known, the lighting power density
shall be 1.0 watt per square foot based on the categoriza-
tion of buildings with unknown space classification as
offices.

As proposed

Lighting, exterior

The lighting power shall be determined in accordance
with Tables C405.5.2(1), C405.5.2(2) and C405.5.2(3).
Areas and dimensions of surfaces shall be the same as
proposed.

As proposed

Internal gains

Same as proposed

Receptacle, motor and process loads shall be modeled
and estimated based on the space use classification.
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, refriger-
ation equipment and cooking equipment.

Schedules

Same as proposed
Exception: Thermostat settings and schedules for
HVAC systems that utilize radiant heating, radiant
cooling and elevated air speed, provided that
equivalent levels of occupant thermal comfort are
demonstrated by means of equal Standard Effective
Temperature as calculated in Normative Appendix B

of ASHRAE Standard 55.

Operating schedules shall include hourly profiles for
daily operation and shall account for variations be-
tween 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 C403.2.2.

Heating systems

Fuel type: same as proposed design As proposed
Equipment type®: as specified in Tables C407.4.1(2) and
C407.4.1(3) As proposed
Efficiency: as specified in the tables in Section C403.2.3

As proposed




Capacity®: sized proportionally to the capacities in the

proposed design based on sizing runs, and shall be estab-

lished such that no smaller number of unmet heating As proposed
load hours and no larger heating capacity safety factors

are provided than in the proposed design.

(continued)

Fable-C407-5-{1)-TABLE C407.4.1(1)—continued
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

BUILDING COMPONENT

CHARACTERISTICS STANDARD REFERENCE DESIGN PROPOSED DESIGN
Fuel type: same as proposed design As proposed
Equipment type®: as specified in Tables C407.4.1(2) and
C407.4.1(3) As proposed
Efficiency: as specified in Tables C403.3.2(1), As proposed

C403.3.2(2) and C403.3.2(3)

Cooling systems Capacity®: sized proportionally to the capacities in the

proposed design based on sizing runs, and shall be estab-
lished such that no smaller number of unmet cooling As proposed
load hours and no larger cooling capacity safety factors
are provided than in the proposed design.

Economizer®: same as proposed, in accordance with Sec-

tion C403.5. As proposed
Fuel type: same as proposed As proposed
For Group R, as proposed multiplied by SWHF.
Efficiency: as specified in Table C404.2 For other than Group R, as proposed multiplied by
efficiency as provided by the manufacturer of the
Service water heating® DWHR unit.
Capacity: same as proposed
Where no service water hot water system exists or is As proposed

specified in the proposed design, no service hot water
heating shall be modeled.

For SI: 1 watt per square foot = 10.7 w/m?.
SWHF = Service Water Heat Recovery factor, DWHR = Drain Water Heat Recovery.
a. 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.
b. 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.
c. 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.
d. If an economizer is required in accordance with Table C403.5(1) 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 C403.5.
e. The SWHEF shall be applied as follows:
1. 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 x 0.36)].
2. 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 x 0.33)].
3. 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 x 0.26)].
4. Where Items 1 through 3 are not met, SWHF = 1.0.

166 20182024 NORTH CAROLINA ENERGY CONSERVATION CODE®



TFABLE-C407-5-1{2) TABLE C407.4.1(2)
HVAC SYSTEMS MAP

STANDARD REFERENCE DESIGN HVC SYSTEM TYPE®
CONDENSER COOLING HEATING SYSTEM
SOURCE? CLASSIFICATION® Single-zone Residential Single-zone 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

a. 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 to be air cooled. Systems utilizing district cooling shall be treated as if the condenser water type were “water.”
Where mechanical cooling is not 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 without 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 Group R occupancy. 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 Group R occupancy. The system under “all other”
shall be selected for all other cases.

TFable-C407-5-3) TABLE C407.4.1(3)
SPECIFICATIONS FOR THE STANDARD REFERENCE DESIGN HVAC SYSTEM DESCRIPTIONS

SYSTEM NO. SYSTEM TYPE FAN CONTROL COOLING TYPE HEATING TYPE
1 Variable air VOlumS with parallel VAV Chilled water® Electric resistance
fan-powered boxes
2 Variable air volume with reheat® VAV Chilled water® Hot water fossil fuel boiler!
3 Packaged variable air Volur?e with VAV Direct expansion® Electric resistance
parallel fan-powered boxes
4 f:hc;iged variable air volume with VAVY Direct expansion® Hot water fossil fuel boiler!
5 Two-pipe fan coil Constant volume' Chilled water® Electric resistance
6 Water-source heat pump Constant volume' Direct expansion® Electric heat pump and boiler®
7 Four-pipe fan coil Constant volume' Chilled water® Hot water fossil fuel boiler®
8 Packaged terminal heat pump Constant volume' Direct expansion® Electric heat pump"
9 Packaged rooftop heat pump Constant volume! Direct expansion® Electric heat pump"
10 Packaged terminal air conditioner Constant volume' Direct expansion Hot water fossil fuel boiler!
11 Packaged rooftop air conditioner Constant volume' Direct expansion Fossil fuel furnace

For SI: 1 foot =304.8 mm, 1 cfm =0.4719 L/s, 1 Btw/h = 0.293/W, °C = [(°F) — 32]/1.8.




[=V o]

1

. 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 C403.6.1, Item 3. Supply air temperature setpoint shall be constant at the design condition.

. VAV with reheat: Minimum volume setpoints for VAV reheat boxes shall be 0.4 cfim/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 C403.8.6 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 C407.2 and C407.4.2. Otherwise, the standard reference design’s chiller plant shall be modeled with chillers having the number as indicated in Table
C407.4.1(4) as a function of standard reference building chiller plant load and type as indicated in Table C407.4.1(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 C403.4.4. 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 where required in Section C403.4.4. The heat
rejection device shall be an axial fan cooling tower with two-speed fans where required in Section C403.10. 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 C403.4.4. 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 where required by Section C403.4.4.

TABLE €407.5-43) TABLE C407.4.1(3) - continued
SPECIFICATIONS FOR THE STANDARD REFERENCE DESIGN HVAC SYSTEM DESCRIPTIONS

. 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 C403.8.6. 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 C403.4.4. Loop pumps shall be modeled as riding the pump curve or with variable speed drives
where required by Section C403.10.

. 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.

TFable-C407-5-1{4) TABLE C407.4.1(4)
NUMBER OF CHILLERS

TOTAL CHILLER PLANT

NUMBER OF CHILLERS

CAPACITY
<300 tons 1
> 300 tons, < 600 tons 2, sized equally

2 minimum, with chillers added so that
> 600 tons all are sized equally and none is larger
than 800 tons
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For SI: 1 ton=3517 W.

TFable-C407-5-1{5) TABLE C407.4.1(5)
WATER CHILLER TYPES

INDIVIDUAL CHILLER ELECTRIC FOSSIL FUEL CHILLER
PLANT CAPACITY CHILLER TYPE TYPE

Single-effect

=100 tons Reciprocating absorption, direct fired
Double-effect

> 100 tons, = 300 tons Serew absorption, direct fired

> 300 tons Centrifugal Double-effect

absorption, direct fired

For SI: 1 ton=3517 W.

€407-6 C407.5 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.

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.

Ten or more thermal zones.
Thermal mass effects.

Hourly variations in occupancy, illumination, receptacle loads, thermostat settings, mechanical ventilation, HVAC equip-
ment availability, service hot water usage and any process loads.

Part-load performance curves for mechanical equipment.
Capacity and efficiency correction curves for mechanical heating and cooling equipment.

Printed code official inspection checklist listing each of the proposed design component characteristics from Table
C407.4.1(1) determined by the analysis to provide compliance, along with their respective performance ratings, includ-
ing but not limited to R-value, U-factor, SHGC, HSPF, AFUE, SEER and EF.

€407-6-1 C407.5.1 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 appli-
cation or limited scope.

€407-6:2 C407.5.2 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.

€407-6:3 C407.5.3 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 excep-
tional 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
MAINTENANCE INFORMATION
AND SYSTEM COMMISSIONING

C408.1 General. This section covers the provision of maintenance information and the commissioning of, and the functional
testing requirements for, building systems.

C408.1.1 Building operations and maintenance information. The building operations and maintenance documents shall be

provided to the owner and shall consist of manufacturers’ information, specifications and recommendations; programming
procedures and data points; narratives; and other means of illustrating to the owner how the building, equipment and systems

are intended to be installed, maintained and operated. Required regular maintenance actions for equipment and systems shall
be clearly stated on a readily visible label. The label shall include the title or publication number for the operation and mainte-

nance manual for that particular model and type of product.

C408.2 Mechanical systems and service water-heating systems commissioning and completion requirements. Prior to the
final mechanical and plumbing inspections. the registered design professional or approved agency shall provide evidence of
mechanical systems commissioning and completion in accordance with the provisions of this section.

Construction document notes shall clearly indicate provisions for commissioning and completion requirements in accordance
with this section and are permitted to refer to specifications 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 upon request in accordance with Section
C408.2.5.

Exceptions: The following systems are exempt:

1. Mechanical systems and service water-heating systems in buildings where the total mechanical equipment capacity is
less than 480,000 Btu/h (140.7 kW) cooling capacity and 600,000 Btu/h (175.8 kW) combined service water-heating
and space-heating capacity.
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2. Systems included in Section C403.5 that serve individual dwelling units and sleeping units.

C408.2.1 Commissioning plan. A commissioning plan shall be developed by a North Carolina registered design professional
or approved 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. A listing 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 engi-
neering 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.
Exception: 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 not 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 com-
ponents, 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 are confirmed. Testing shall
include all modes and sequence of operation, including under full-load, part-load and the following emergency conditions:

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 Fables-€40323(H-through-€403-2.3(3) the tables in Sec-

tion C403.3.2 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 speci-
fications. 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 manufacturer’s specifications. Censtraction-decuments:

C408.2.4 Preliminary commissioning report. A preliminary report of commissioning test procedures and results shall be

completed and certified by the registered design professional or approved agency and provided to the building owner or

owner’s authorized agent. The report shall be organized with mechanical and service hot water findings in separate sections

to allow independent review. The report shall be identified as “Preliminary Commissioning Report,” shall include the com-
pleted Commissioning Compliance Checklist, Figure C408.2.4, and shall identify:

1. Ttemization of deficiencies found during testing required by this section that have not been corrected at the time of
report preparation.

Deferred tests that cannot be performed at the time of report preparation because of climatic conditions.

Climatic conditions required for performance of the deferred tests.

hal R

Results of functional performance tests.

b

Functional performance test procedures used during the commissioning process, including measurable criteria for test
acceptance.

Project Project Name:

Project Address:

C ing Authority:

Commissioning Plan (Section C408.2.
] Commissioning Plan WW\ consictjah and includes all items required by Section G408.2.1

Sysl ms Agjustingand Barncing has been completed.
HVAC Equipment functional Testing has been executed. If applicable, deferred and follow-up testing is scheduled

to be providex o

CIHVAC Controls Functional Testing ha qn execljted. If applicable, deferred and follow-up testing is scheduled to
be provided on:

[JEconpmizer Functional Tegfing Mys been executed. Ifapp\lc.ahle dev nd follow-up testing is scheduled to be
provifled on.

[ Lighting trols Fiypctional Teslmg has been w ted. If aj p\rc le, deferred and follow-up testing is scheduled

to be provid

[ Service Water Heating System
is scheduled to be provided

61 PEating has been executed. If applicable, deferred and follow-up testing

[CIManual, record dd¢umentsdnd training have been completed or scheduled
[ Preliminary Commissioning Report submitted to owner and includes all items required by Section C408.2.4

1 hereby certify that the commissioning provider has provided me with evidence of mechanical, service water heating
and lighting systems commissioning in accordance with the 2021 IECC.

Signature of Building Owner or Owner's Date.

FIGURE C408.2.4COMMISSIONING COMPLIANCE CHECKLIST

C408.2.4.1 Acceptance of report. Buildings, or portions thereof, shall not be considered as acceptable for a final inspection
pursuant to Section C105.2.6 until the code official has received the Preliminary Commissioning Report from the building
owner or owner’s authorized agent.

C408.2.4.2 Copy of report. The code official shall be permitted to require that a copy of the Preliminary Commissioning
Report be made available for review by the code official.

C408.2.5 Documentation requirements. The construction documents shall specify that the documents described in this sec-
tion be provided to the building owner or owner’s authorized agent within 90 days of the date of receipt of the certificate of

occupancy.
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C408.2.5.1 System test-and balanee balancing report. A written report describing the activities and measurements com-
pleted in accordance with Section C408.2.2.

C408.2.5.2 Final commissioning report. A report of test procedures and results identified as “Final Commissioning Re-
port” shall be delivered to the building owner or owner’s authorized agent. The report shall be organized with mechanical
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system and service hot water system findings in separate sections to allow independent review. The report shall include the

following:

1.

Results of functional performance tests.

2.

Disposition of deficiencies found during testing, including details of corrective measures used or proposed.

3. Functional performance test procedures used during the commissioning process including measurable criteria for

test acceptance, provided herein for repeatability.

Exception: Deferred tests that cannot be performed at the time of report preparation due to climatic conditions.

to passing final inspection, the remstered design professmnal or approved agency shall prowde eV|dence that the

lighting control systems 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-€408-3-12 through C408.3.1.3
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 and in no case fewer 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.

A

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.
7. 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 setpoints in response to available daylight.

C408.3.2 Documentation requirements. The construction documents shall specify that the documents described in this sec-
tion be provided to the building owner or owner’s authorized agent within 90 days of the date of receipt of the certificate of

occupancy.
C408.3.2.1 Drawings. Construction documents shall include the location and catalogue number of each piece of equipment.

C408.3.2.2 Manuals. An operating and maintenance manual shall be provided and include the following:

1.  Name and address of not less than one service agency for installed equipment.

2. A narrative of how each system is intended to operate, including recommended setpoints.

3. Submittal data indicating all selected options for each piece of lighting equipment and lighting controls.

4. Operation and maintenance manuals for each piece of lighting equipment. Required routine maintenance actions,
cleaning and recommended relamping shall be clearly identified.

5. A schedule for inspecting and recalibrating all lighting controls.

C408.3.2.3 Report. A report of test results shall be provided and include the following:

1.  Results of functional performance tests.
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2. Disposition of deficiencies found during testing, including details of corrective measures used or proposed.




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.

C501.1.1 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.

** €501:4 C501.2 Compliance. Additions, alterations, repairs, and changes of occupancy to, or relocation of, existing build-

ings and structures shall comply with Sections C502, C503, C504 and C505 of this code, as applicable, and with the provisions
for alterations, repairs, additions and changes of occupancy or relocation, respectively, in the International Building Code,
International Existing Building Code, International Fire Code, International Fuel Gas Code, International Mechanical Code,
International Plumbing Code, Nerth-CarolinaExistingBuilding Code,International Property Maintenance Code, International

Private Sewage Disposal Code and NFPA 70. Changes where unconditioned space is changed to conditioned space shall comply
with Section C502.

Exception: Additions, alterations, repairs or changes of occupancy complying with ANSI/ASHRAE/IESNA 90.1.

C501.3 Maintenance. Buildings and structures, and parts thereof, shall be maintained in a safe and sanitary condition. Devices

and systems required by this code shall be maintained in conformance to the code edition under which they were installed. The

owner or the owner’s authorized agent shall be responsible for the maintenance of buildings and structures. The requirements of

this chapter shall not provide the basis for removal or abrogation of energy conservation, fire protection and safety systems and
*

devices in existing structures.

€5015 C501.4 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 that hazards to
life, health or property are not created. Hazardous materials shall not be used where the code for new construction would not
allow use of these materials in buildings of similar occupancy, purpose and location.

€501-6 C501.5 Historic buildings. Provisions of this code relating to the construction, repair, alteration, restoration and move-
ment of structures, and change of occupancy shall not be mandatory for historic buildings provided that a report has been sub-
mitted to the code official and signed by a registered design professional, or a representative of the State Historic Preservation
Office or the historic preservation authority having jurisdiction, demonstrating that compliance with that provision would
threaten, degrade or destroy the historic form, fabric or function of the building.

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 sys-
tems. 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. Additionsshall-comply-with-Seetion €5022-
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C502.2 Change in space conditioning. Any nonconditioned or low-energy space that is altered to become conditioned space
shall be required to comply with Section C502.

Exceptions:

1.

Where the component performance alternative in Section C402.1.5 is used to comply with this section, the proposed

UA shall be not greater than 110 percent of the target UA.

2. Where the total building performance option in Section C407 is used to comply with this section, the annual energy

cost of the proposed design shall be not greater than 110 percent of the annual energy cost otherwise permitted by
Section C407.2.

€5022 Preseriptive-complianee: C502.3 Compliance. Additions shall comply with Sections C502.3.1 through C502.3.6.2.

C502.3.1 Vertical fenestration area. Additions shall comply with the following:

1.

Where an addition has a new vertical fenestration area that results in a total building fenestration area less than or

equal to that permitted by Section C402.4.1, the addition shall comply with Section C402.1.5, C402.4.3 or C407.

Where an addition with vertical fenestration that results in a total building fenestration area greater than Section

C402.4.1 or an addition that exceeds the fenestration area greater than that permitted by Section C402.4.1, the fenes-
tration shall comply with Section C402.4.1.1 for the addition only.

Where an addition has vertical fenestration that results in a total building vertical fenestration area exceeding that

permitted by Section C402.4.1.1, the addition shall comply with Section C402.1.5 or C407.

C502.3.2 Skylight area. Skylights shall comply with the following:

1.

Where an addition has new skylight area that results in a total building fenestration area less than or equal to that

permitted by Section C402.4.1, the addition shall comply with Section C402.1.5 or C407.

Where an addition has new skylight area that results in a total building skylight area greater than permitted by Section

C402.4.1 or where additions have skylight area greater than that permitted by Section C402.4.1, the skylight area shall
comply with Section C402.4.1.2 for the addition only.

Where an addition has skylight area that results in a total building skylight area exceeding that permitted by Section

C402.4.1.2, the addition shall comply with Section C402.1.5 or C407.

€502:2:3 C502.3.3 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 Sections C403 and C408.

€502:2:4 C502.3.4 Service water-heating systems. New service water-heating equipment, controls and service water-heating
piping shall comply with Section C404.

€502:2.5 C502.3.5 Pools and inground permanently installed spas. New pools and inground permanently installed spas
shall comply with Section C404.9.

€502:2-6 C502.3.6 Lighting power and systems. New lighting systems that are installed as part of the addition shall comply
with Sections C405 and C408.

€502:2-6-1 C502.3.6.1 Interior lighting power. The total interior lighting power for the addition shall comply with Section
€£405-4-2 C405.3.2 for the addition alone, or the existing building and the addition shall comply as a single building.



€502:2-6:2 C502.3.6.2 Exterior lighting power. The total exterior lighting power for the addition shall comply with Sec-
tion €405-5+ C405.5.2 for the addition alone, or the existing building and the addition shall comply as a single building.

SECTION C503
ALTERATIONS

C503.1 General. Alterations to any building or structure shall-conform-to-the-provisions-ofthis—eode shall comply with the

requirements of Section C503. Alterations shall be such that the existing building or structure is not less conforming to the
provisions of this code than the existing building or structure was prior to the alteration. 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: The following alterations need not comply with the requirements for new construction, provided that the energy
use of the building is not increased:

1. Storm windows installed over existing fenestration.

2. Surface-applied window film installed on existing single-pane fenestration assemblies reducing solar heat gain, pro-

vided that the code does not require the glazing or fenestration to be replaced.

3. Existing ceiling, wall or floor cavities exposed during construction, provided that these cavities are filled with insula-

tion.

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

5. Roof'recover.

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.
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€503.3 C503.2 Building envelope. New building envelope assemblies that are part of the alferation shall comply with Sections
C402.1 through C402.5.

Exception: Where the existing building exceeds the fenestration area limitations of Section C402.4.1 prior to alteration, the
building is exempt from Section C402.4.1 provided that there is not an increase in fenestration area.

€503.31 C503.2.1 Roof replacement. Roof replacements shall comply with Section C402.1.3, C402.1.4, C402.1.5 or C407
where the existing roof assembly is part of the building thermal envelope and contains insulation entirely above the roof deck.
In no case shall the R-value of the roof insulation be reduced or the U-factor of the roof assembly be increased as part of the
roof replacement.

C503.3.2 Vertical fenestratlon

€503.3.2 C503.2.2 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 C402.1.5, C402.4.3 or C407. The addition
of vertical fenestration that results in a total building fenestration area greater than Section C402.4.1 shall comply with Section
C402.4.1.1 for the space adjacent to the new fenestration only. Alterations that result in a total building vertical fenestration
area exceeding that specified in Section C402.4.1.1 shall comply with Section C402.1.5 or C407. Provided that the vertical
fenestration area is not changed, using the same vertical fenestration area in the standard reference design as the building
prior to alteration shall be an alternative to using the vertical fenestration area specified in Table C407.4.1(1).

*%*

€503-1-1 C503 2.2.1 Appllcatlon to replacement fenestration products Wherea&em}reeaseng—fenemaﬁe&

%h%apphe&bl%reqm%eme&ﬂ—fe&%ﬁaete&aﬂd—SHG@miFab}%%%Where some or aII of an existing fenestrat/on unit is

replaced with a new fenestration product, including sash and glazing, the replacement fenestration unit shall meet
the applicable requirements for U-factor and SHGC in Table C402.4.

Exeeptions Exception:

+ 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 fenes-
tration 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.

€50333 C503.2.3 Skylight area. The-additionof New skylight area that results in a total building skv/ight area less than or
equal to that specified in Section C402.4.1 shall comply with Section C402.1.5., C402.4 or C407. The addition of skylight area
that results in a total building skylight area greater than Section C402.4.1 shall comply with Section €467 C402.4.1.2 for the
space adjacent to the new skylights. Alferations that result in a total building skylight area exceeding that specified in Section
C402.4.1 C402.4.1.2 shall comply with Section_C402.1.5 or C407. Provided that the skylight area is not changed, using the




same skylight area in the standard reference design as the building prior to alteration shall be an alternative to using the
skylight area specified in Table C407.4.1(1).

€503:4 C503.3 Heating and cooling systems. New heating, cooling and duct systems that are part of the alteration shall comply
with Sections C403 and C408.

C503.3.1 Economizers. New cooling systems that are part of alteration shall comply with Section C403.5.

€503.5 C503.4 Service hot water systems. New service hot water systems that are part of the alteration shall comply with
Sections C404 and C408.

€503-6 C503.5 Lighting systems. New lighting systems that are part of the alteration shall comply with Sections C405 and
C408.

Exception: Alterations that replace less than 58 10 percent of the luminaires in a space, provided that such alterations do not
increase the installed interior lighting power.

SECTION C504
REPAIRS

C504.1 General. Buildings and structures, and parts thereof, shall be repaired in compliance with Section C501.3 and this section.
Work on nondamaged components that is necessary for the required repair of damaged components shall be considered to be
part of the repair and shall not be subject to the requirements for alterations in this chapter. Routine maintenance required by
Section C501.3, ordinary repairs exempt from permit and abatement of wear due to normal service conditions shall not be subject
to the requirements for repairs in this section.

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 Application. For the purposes of this code, the following shall be considered to be repairs:

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

2.  Roof'repairs.

3. Air barriers shall not be required for roof repair where the repairs to the building do not include alterations, renovations
or repairs to the remainder of the building envelope.

4. Replacement of existing doors that separate conditioned space from the exterior shall not require the installation of a
vestibule or revolving door, provided that an existing vestibule that separates a conditioned space from the exterior shall
not be removed.

5. Repairs where only the bulb, the ballast or both within the existing luminaires in a space are replaced, provided that the

replacement does not increase the installed interior lighting power.
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SECTION C505
CHANGE OF OCCUPANCY OR USE

C505.1 General. Spaces undergoing a change in occupancy that would result in an increase in demand for either fossil fuel or
electrical energy shall comply with this code. Where the use in a space changes from one use in Table C405.3.2(1) or C405.3.2(2)
to another use in Table C405.3.2(1) or C405.3.2(2), the installed lighting wattage shall comply with Section C405.3. Where the

space undergoing a change in occupancy or use is in a building with a fenestration area that exceeds the limitations of Section
C402.4.1, the space is exempt from Section C402.4.1 provided that there is not an increase in fenestration area.

Exceptions:

1.  Where the component performance alternative in Section C402.1.5 is used to comply with this section, the proposed
UA shall not be greater than 110 percent of the target UA.

2. Where the total building performance option in Section C407 is used to comply with this section, the annual energy

cost of the proposed design shall not be greater than 110 percent of the annual energy cost otherwise permitted by
Section €4073. C407.2.



CHAPTER 6 [CE]
REFERENCED STANDARDS

AAMA

American Architectural Manufacturers Association
1827 Walden Office Square
Suite 550
Schaumburg, IL 60173-4268

AAMA/WDMA/CSA 101/1.S.2/A €440-H C440—17

North American Fenestration Standard/Specifications for Windows, Doors and Unit Skylights
Table C402.5.5

AHAM

Association of Home Appliance Manufacturers
1111 19th Street NW, Suite 402
Washington, DC 20036

ANSHAHAMRAC1—2008
ANSI/AHAM RAC-1—2015

Room Air Conditioners
Table C403.3.2(4)

AHRI

Air-Conditioning, Heating, & Refrigeration Institute
2111 Wilson Blvd, Suite 500
Arlington, VA22201

210/240—08-with-Addendat-and2

210/240—2017 and 2023

Performance Rating of Unitary Air-conditioning and Air-source Heat Pump Equipment
Table C403.3.2(1), Table C403.3.2(2)

310/380—04(CSA-CT44-04)

310/380—2017 (CSA-C744-17)

Packaged Terminal Air Conditioners and Heat Pumps
TFable-€40332(4
340/360—2007

340/360—2019

Performance Rating of Commercial and Industrial Unitary Air-conditioning and Heat Pump Equipment
Table C403.3.2(1), Table C403.3.2(2)

365(1-P)—2009

Commercial and Industrial Unitary Air-conditioning Condensing Units
TFable-€40332(H
390—03

390 (I-P)—2003

Performance Rating of Single Package Vertical Air-conditioners and Heat Pumps
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Table C403.3.2(3)
400 (I-P)—2015

Performance Rating of Liquid to Liquid Heat Exchangers
C403.3.2

440—2008

Performance Rating of Room Fan Coils—with Addendum 1
C403.12.3

460—2005

Performance Rating of Remote Mechanical-draft Air-cooled Refrigerant Condensers
Table C403.3.2(7)

550/590—20H-with- Addendum1

550/590 (1-P)—2018

Performance Rating of Water-chilling and Heat Pump Water-heating Packages Using the Vapor Compression Cycle
Table C403.3.2(3), Table C403.3.2(15)

560—00

560—2018

Absorption Water Chilling and Water Heating Packages
Table C403.3.2(3)

1H60d-P)-09

910—2014
Performance Rating of Indoor Pool Dehumidifiers
Table C404.2
AHRI—continued
920—2015

Performance Rating of DX-Dedicated QOutdoor Air System Units
Table C403.3.2(12) , Table C403.3.2(13)

1160 (I-P) —2014

Performance Rating of Heat Pump Pool Heaters (with Addendum 1)
Table C404.2

1200 (I-P)—2013

Performance Rating of Commercial Refrigerated Display Merchandisers and Storage Cabinets
Table C403.11.1

1230—2014

Performance Rating of Variable Refrigerant Flow (VRF) Multi-split Air-Conditioning and Heat Pump Equipment (with Addendum

1
Table C403.3.2(9)

1250 (I-P)—2014

Standard for Performance Rating in Walk-in Coolers and Freezers
Table C403.11.2.1(3)

1360—2017



Performance Rating of Computer and Data Processing Room Air Conditioners
Table C403.3.2(10) , Table C403.3.2(16)

ISO/AHRHASHRAEA3256-1-201D

ISO/AHRI/ASHRAE 13256-1 (2012)

Water-to-Air and Brine-to-Air Heat Pumps—Testing and Rating for Performance
Table C403.3.2(2)

AMCA

Air Movement and Control Association International
30 West University Drive
Arlington Heights, IL 60004-1806

208—18

Calculation of the Fan Energy Index
€403.3.3

22008 -(R2012)

220—19

Laboratory Methods of Testing Air Curtain Units for Aerodynamic Performance Rating
C402.5.9

230—15

Laboratory Methods of Testing Air Circulating Fans for Rating and Certification
C403.9

500D—18

Laboratory Methods for Testing Dampers for Rating
C403.7.7

ANSI

American National Standards Institute
25 West 43rd Street, 4th Floor
New York, NY 10036

721.10.3/CSA 4.3—17

Gas Water Heaters, Volume III—Storage Water Heaters with Input Ratings Above 75,000 Btu per Hour, Circulating Tank and
Instantaneous
Table C404.2

£2-ATESA23—12

721.47/CSA 2.3—16

Gas-fired Central Furnaces
Table C403.3.2(4)

£83:8/CSA2:6—09

783.8/CSA 2.6—16
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Gas Unit Heaters, Gas Packaged Heaters, Gas Utility Heaters and Gas-fired Duct Furnaces
Table C403.3.2(4)

APSP

Pool & Hot Tub Alliance (formerly the Association of Pool and Spa Professionals
2111 Eisenhower Avenue, Suite 580
Alexandria, VA 22314

14—2019

American National Standard for Portable Electric Spa Energy Efficiency
C404.7

ASABE

American Society of Agricultural and Biological Engineers
2950 Niles Road

St. Joseph, M1 49085

S640—2017

Quantities and Units of Electromagnetic Radiation for Plants (Photosynthetic Organisms)
C405.4

ASHRAE

ASHRAE
180 Technology Parkway NW
Peachtree Corners, GA 30092

55 2017
- L Envi | Conditions for I o
Table C407.4.1H)
9012013
90.1—2019

Energy Standard for Buildings Except Low-rise Residential Buildings
C402.1.4, C406.2

90.4—2016

Energy Standard for Data Centers
C403.1.2,C405.2.4

ASHRAE

140—2014

Standard Method of Test for the Evaluation of Building Energy Analysis Computer Programs
C407.5.1

146—2011

Testing for Rating Pool Heaters
Table C404.2

ANSHASHRAEACCA-Standard 183—(RA2007)

ANSI/ASHRAE/ACCA Standard 183—(RA2017)

Peak Cooling and Heating Load Calculations in Buildings, Except Low-rise Residential Buildings



C403.1.1
ASHRAE—2020

HVAC Systems and Equipment Handbook—2020
C403.1.1

ISO/AHRI/ASHRAE 13256-1 (2012)

Water-to-Air and Brine-to-Air Heat Pumps—Testing and Rating for Performance
Table C403.3.2(14)

ISO/AHRI/ASHRAE 13256-2 (2012)

Water-to-Water and Brine-to-Water Heat Pumps—Testing and Rating for Performance
Table C403.3.2(14)

ASME

American Society of Mechanical Engineers
Two Park Avenue
New York, NY 10016-5990

ASME-A171—CESA-B44—2013

ASME A17.1—2019/CSA B44—19

Safety Code for Elevators and Escalators
C405.9.2

ASTM

ASTM International
100 Barr Harbor Drive, P.O. Box C700
West Conshohocken, PA 19428-2959

C90—2016A

Specification for Load-bearing Concrete Masonry Units
Table C402.1.3

C1363—11

Standard Test Method for Thermal Performance of Building Materials and Envelope Assemblies by Means of a Hot Box Apparatus
C303.1.4.1, Table C402.1.4, 402.2.7

C1371—15

Standard Test Method for Determination of Emittance of Materials Near Room Temperature Using Portable Emissometers
Table C402.3

€1549—09

C1549—2016

Standard Test Method for Determination of Solar Reflectance Near Ambient Temperature Using a Portable Solar Reflectometer
Table C402.3

D1003—13

Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics
C402.4.2.2

D8052/D8052M—2017

Standard Test Method for Quantification of Air Leakage in Low-Sloped Membrane Roof Assemblies
C402.5.2.1.2
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£283—2004

E283—2004(2012)

Test Method for Determining the Rate of Air Leakage Through Exterior Windows, Curtain Walls and Doors Under Specified
Pressure Differences Across the Specimen
C402.5.2.1.2, Table C402.5.5, C402.5.11

E408—13
Test Methods for Total Normal Emittance of Surfaces Using Inspection-meter Techniques
Table C402.3

ASTM—continued
E779—10

E779—10(2018)

Standard Test Method for Determining Air Leakage Rate by Fan Pressurization
C402.5.3, C402.5.4, C406.9

£903—96

E903—2012

Standard Test Method Solar Absorptance, Reflectance and Transmittance of Materials Using Integrating Spheres (Withdrawn 2005)
Table C402.3

E1677—11

Specification for Air Barrier (AB) Material or Systems for Low-rise Framed Building Walls
C402.5.2.1.2

E1827—2011(2017)

Standard Test Methods for Determining Airtightness of Building Using an Orifice Blower Door
C402.5.3, C402.5.4, C406.9

E1918—06

E1918—06(2016)

Standard Test Method for Measuring Solar Reflectance of Horizontal or Low-sloped Surfaces in the Field
Table C402.3
E1980—11

Standard Practice for Calculating Solar Reflectance Index of Horizontal and Low-sloped Opaque Surfaces
Table C402.3

E2178—13

Standard Test Method for Air Permanence of Building Materials
C402.5.2.1.1

£E2357 2011

E2357—2018

Standard Test Method for Determining Air Leakage of Air Barriers Assemblies
C402.5.2.1.2

F1281—2017

Specification for Cross-linked Polyethylene/Aluminum/Cross-linked Polyethylene (PEX-AL _PEX) Pressure Pipe
Table C404.5.2.1




F1361—2017

Standard Test Method for Performance of Open Deep Fat Fryers
Table C406.12(1)

F1484—2018

Standard Test Method for Performance of Steam Cookers

Table C406.12(2)

F1495—2014a

Standard Specification for Combination Oven Electric or Gas Fired

Table C406.12(4)

F1496—2013

Standard Test Method for Performance of Convection Ovens

Table C406.12(4)

F1696—2018

Standard Test Method for Energy Performance of Stationary-Rack, Door-Type Commercial Dishwashing Machines

Table C406.12(3)

F1920—2015

Standard Test Method for Performance of Rack Conveyor Commercial Dishwashing Machines

Table C406.12(3)

F2093—2018

Standard Test Method for Performance of Rack Ovens
Table C406.12(4)

F2144—2017

Standard Test Method for Performance of Large Open Vat Fryers
Table C406.12(1)

F2861—2017
Standard Test Method for Enhanced Performance of Combination Oven in Various Modes
Table C406.12(4)
Cool Roof Rating Council
2435 North Lombard Street
Portland, OR 97217
ANSHCRRC-S100—2012

ANSI/CRRC-S100—2020
Standard Test Methods for Determining Radiative Properties of Materials
Table C402.3, C402.3.1

CSA

CSA Group
8501 East Pleasant Valley Road
Cleveland, OH 44131-5516

AAMAWDMA/CSA TS 2/A440—1H

AAMA/WDMA/CSA 101/1.S.2/A440—17

North American Fenestration Standard/Specification for Windows, Doors and Unit Skylights
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Table C402.5.5
CSA B55.1—2015

Test Method for Measuring Efficiency and Pressure Loss of Drain Water Heat Recovery Units
C404.7

CSA B55.2—2015

Drain Water Heat Recovery Units
C404.7

CTIl

Cooling Technology Institute
P. O. Box 681807
Houston, TX 77268

AFC1HIS—00

ATC 105—2019

Acceptance Test Code for Water Cooling Tower
Table C403.3.2(7)

ATC 105DS—2018

Acceptance Test Code for Dry Fluid Coolers
Table C403.3.2(7)

ATC 1058—11

Acceptance Test Code for Closed Circuit Cooling Towers
Table C403.3.2(7), Table C403.3.2(8)

ATC 106—11

Acceptance Test for Mechanical Draft Evaporative Vapor Condensers
Table C403.3.2(7), Table C403.3.2(8)

CTISTD 201 RS(17)

Performance Rating of Evaporative Heat Rejection Equipment
Table C403.3.2(7), Table C403.3.2(8)

DASMA

Door & Access Systems Manufacturers Association, International
1300 Sumner Avenue
Cleveland, OH 44115-2851

105 92(R2004)-13
1052017

Test Method for Thermal Transmittance and Air Infiltration of Garage Doors and Rolling Doors
C303.1.3, Table C402.5.5

DOE

US Department of Energy
c/o Superintendent of Documents
1000 Independence Avenue SW
Washington, DC 20585



10 CFR., Part 430—2015

Energy Conservation Program for Consumer Products: Test Procedures and Certification and Enforcement Requirement for
Plumbing Products; and Certification and Enforcement Requirements for Residential Appliances; Final Rule
Table C403.3.2(1), Table C403.3.2(2), Table C403.3.2(5), Table C403.3.2(6), Table C403.3.2(14),
Table C404.2

10-CER;Part431—2004

10 CFR, Part 431—2015

Energy Efficiency Program for Certain Commercial and Industrial Equipment: Test Procedures and Efficiency Standards; Final
Rules
Table C403.3.2(6), C403.8.4, C403.11, C403.11.1, Table C403.11.1, C403.11.2, C405.7, Table
C405.7, C405.8, Table C405.8(1), Table C405.8(2), Table C405.8(3), Table C405.8(4)

ICC

International Code Council, Inc.
500 New Jersey Avenue NW 6th Floor
Washington, DC 20001

IBC—21

International Building Code®
C201.3, C303.2, C402.5.6, C501.2

ICC 500—2020

Standard for the Design and Construction of Storm Shelters
C402.4.2

HECc—5

IFC—21

International Fire Code®
C201.3, C501.2

HEGC—15

IFGC—21

International Fuel Gas Code®
C201.3, C501.2

mMc—15

IMC—21

International Mechanical Code®
C403.2.2, C403.6, C403.6.6, C403.7.1, C403.7.2, C403.7.4.2, C403.7.5, C403.7.7, C403.12.1,
C403.12.2.1, C403.12.2.2, C406.6, C501.2

IPC—21
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International Plumbing Code®
C201.3, C501.2

PMC—15

IPMC—21

International Property Maintenance Code®
C501.2

w»Psbc—15

IPSDC—21

International Private Sewage Disposal Code®

C501.2

IEEE

Institute of Electrical and Electronic Engineers
3 Park Avenue, 17th Floor
New York, NY 10016

IEEE 515.1—2012

IEE Standard for the Testing, Design, Installation, and Maintenance of Electrical Resistance Trace Heating for Commercial
Applications

C404.6.2

IES

[lluminating Engineering Society
120 Wall Street, 17th Floor
New York, NY 10005-4001

ANSHASHRAEAESNA-90-1—2013

ANSI/ASHRAE/IESNA 90.1—2019

Energy Standard for Buildings, Except Low-rise Residential Buildings
C401.2, Table C402.1.3, Table C402.1.4, C406.2, C502.1, C503.1, C504.1

ISO

International Organization for Standardization
Chemin de Blandonnet 8, CP 401, 1214 Vernier
Geneva, Switzerland

ISO/AHRIASHRAE 13256-12011)

ISO/AHRI/ASHRAE 13256-1(2017)

Water-to-Air and Brine-to-Air Heat Pumps—Testing and Rating for Performance
Table C403.3.2(14)

ISOAHRIASHRAEA13256-2Q201

ISO/AHRI/ASHRAE 13256-2(2017)

Water-to-Water and Brine-to-Water Heat Pumps—Testing and Rating for Performance



Table C403.3.2(14)

NEMA

National Electrical Manufacturers Association
1300 North 17th Street, Suite 900
Rosslyn, VA 22209
MG1—1993

MG1—2016

Motors and Generators
C202

NFPA

National Fire Protection Association
1 Batterymarch Park
Quincy, MA 02169-7471

70—14

70—20

National Electrical Code C501.2

NFRC

National Fenestration Rating Council, Inc.
6305 Ivy Lane, Suite 140
Greenbelt, MD 20770

100—2009

100—2020

Procedure for Determining Fenestration Products U-factors
C303.1.3, Table 402.1.4, C402.2.1.5, C402.4.1.1

200—2009

200—2020

Procedure for Determining Fenestration Product Solar Heat Gain Coefficients and Visible Transmittance at Normal Incidence
C303.1.3,C402.4.1.1

203—2017

Procedure for Determining Translucent Fenestration Product Visible Transmittance at Normal Incidence
C303.1.3

400—2012

400—2020

Procedure for Determining Fenestration Product Air Leakage
Table C402.5.5

SMACNA
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Sheet Metal and Air Conditioning Contractors’ National Association, Inc.
4021 Lafayette Center Drive
Chantilly, VA 20151-1219

SMACNA—2012

HVAC Air Duct Leakage Test Manual Second Edition
C403.2.8.1.3

UL

UL LLC
333 Pfingsten Road
Northbrook, IL 60062-2096

710—12

Exhaust Hoods for Commercial Cooking Equipment—with Revisions through November 2013
€403.7.5

706

727—18

Oil-fired Central Furnaces
Table C403.3.2(4), Table C403.3.2(5)

73195

731—18

Oil-fired Unit Heaters
Table C403.3.2(5)

1784—15

Air Leakage Tests of Door Assemblies—with Revisions through February 2015
C402.5.6, C402.5.7

US-FTC

United States-Federal Trade Commission
600 Pennsylvania Avenue NW
Washington, DC 20580

CERTite 16-(2005)

CFR Title 16 (2015)

R-value Rule
C303.14

WDMA

Window and Door Manufacturers Association
2025 M Street NW, Suite 800
Washington, DC 20036-3309

AAMAWDMA/CSA TS 2/A440—1H

AAMA/WDMA/CSA 101/1.S.2/A440—17

North American Fenestration Standard/Specification for Windows, Doors and Unit Skylights
Table C402.5.5
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Manuals for Lighting Systems

Lighting Equipment

Lighting Controls and Operational Sequences
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APPENDIX CA
BOARD OF APPEALS—COMMERCIAL

......
app

SECTION CA101
GENERAL

Deleted. See the North Carolina Administrative Code and Policies.




APPENDIX CB
SOLAR-READY ZONE—COMMERCIAL

The provisions contained in this appendix are not mandatory.

SECTION CB101
SCOPE

CB101.1 General. These provisions shall be applicable for new construction where solar-ready provisions are required.

SECTION CB102
GENERAL DEFINITION

SOLAR-READY ZONE. A section or sections of the roof or building overhang designated and reserved for the future installa-
tion of a solar photovoltaic or solar thermal system.

SECTION CB103
SOLAR-READY ZONE

CB103.1 General. A solar-ready zone shall be located on the roof of buildings that are five stories or less in height above grade
plane, and are oriented between 110 degrees and 270 degrees of true north or have low-slope roofs. Solar-ready zones shall
comply with Sections CB103.2 through CB103.9.

Exceptions:

1. A building with a permanently installed, on-site renewable energy system.

2. A building with a solar-ready zone that is shaded for more than 70 percent of daylight hours annually.

3. A building where the licensed design professional certifies that the incident solar radiation available to the building is
not suitable for a solar-ready zone.

4. A building where the licensed design professional certifies that the solar zone area required by Section CB103.3 cannot
be met because of extensive rooftop equipment, skylights, vegetative roof areas or other obstructions.

CB103.2 Construction document requirements for a solar-ready zone. Construction documents shall indicate the solar-ready
zone.

CB103.3 Solar-ready zone area. The total solar-ready zone area shall be not less than 40 percent of the roof area calculated as
the horizontally projected gross roof area less the area covered by skylights, occupied roof decks, vegetative roof areas and
mandatory access or set back areas as required by the International Fire Code. The solar-ready zone shall be a single area or
smaller, separated sub-zone areas. Each sub-zone shall be not less than 5 feet (1524 mm) in width in the narrowest dimension.

CB103.4 Obstructions. Solar ready zones shall be free from obstructions, including pipes, vents, ducts, HVAC equipment,
skylights and roof-mounted equipment.

CB103.5 Roof loads and documentation. A collateral dead load of not less than 5 pounds per square foot (5 psf) (24.41 kg/m?)
shall be included in the gravity and lateral design calculations for the solar-ready zone. The structural design loads for roof dead
load and roof live load shall be indicated on the construction documents.

CB103.6 Interconnection pathway. Construction documents shall indicate pathways for routing of conduit or piping from the
solar-ready zone to the electrical service panel and electrical energy storage system area or service hot water system.

CB103.7 Electrical energy storage system-ready area. The floor area of the electrical energy storage system-ready area shall
be not less than 2 feet (610 mm) in one dimension and 4 feet (1219 mm) in another dimension, and located in accordance with
Section 1207 of the International Fire Code. The location and layout diagram of the electrical energy storage system-ready area
shall be indicated on the construction documents.
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CB103.8 Electrical service reserved space. The main electrical service panel shall have a reserved space to allow installation
of a dual-pole circuit breaker for future solar electric and a dual-pole circuit breaker for future electrical energy storage system

installation. These spaces shall be labeled “For Future Solar Electric and Storage.” The reserved spaces shall be positioned at the
end of the panel that is opposite from the panel supply conductor connection.

CB103.9 Construction documentation certificate. A permanent certificate, indicating the solar-ready zone and other require-
ments of this section, shall be posted near the electrical distribution panel, water heater or other conspicuous location by the

builder or registered design professional.




APPENDIX CC
ZERO ENERGY COMMERCIAL BUILDING PROVISIONS

The provisions contained in this appendix are not mandatory.

SECTION CC101
GENERAL

CC101.1 Purpose. The purpose of this appendix is to supplement the International Energy Conserva-
tion Code and require renewable energy systems of adequate capacity to achieve net zero carbon.

CC101.2 Scope. This appendix applies to new buildings that are addressed by the International En-
ergy Conservation Code.

Exceptions:

1. Detached one- and two-family dwellings and townhouses as well as Group R-2 buildings three stories or
less in height above grade plane, manufactured homes (mobile dwellings), and manufactured houses (modular

dwellings).

2. Buildings that use neither electricity nor fossil fuel.

SECTION CC102
DEFINITIONS

CC102.1 Definitions. The definitions contained in this section supplement or modify the definitions
in the International Energy Conservation Code.

ADJUSTED OFF-SITE RENEWABLE ENERGY. The amount of energy production from off-site renewable energy sys-
tems that may be used to offset building energy.

BUILDING ENERGY. All energy consumed at the building site as measured at the site boundary. Contributions from on-
site or off-site renewable energy systems shall not be considered when determining the building energy.

ENERGY UTILIZATION INTENSITY (EUI). conditioned floor area

OFF-SITE RENEWABLE ENERGY SYSTEM. Renewable energy system not located on the building project.
ON-SITE RENEWABLE ENERGY SYSTEM. Renewable energy systems on the building project.

RENEWABLE ENERGY SYSTEM. Photovoltaic, solar thermal, geothermal energy and wind systems used to generate
energy.

SEMIHEATED SPACE. 2

ZERO ENERGY PERFORMANCE INDEX (ZEPI PB/EE). The ratio of the proposed building EUI without renewables
to the baseline building EUI, expressed as a percentage.

SECTION CC103
MINIMUM RENEWABLE ENERGY

CC103.1 Renewable energy. On-site renewable energy systems shall be installed, or off-site renew-
able energy shall be procured to offset the building energy as calculated in Equation CC-1.

REonsite~REogZSiteZEbuilding (Equation CC'I)

where:
RE usite. = Annual site energy production from on-site renewable energy systems (see Section CC103.2).
RE it = Adjusted annual site energy production from off-site renewable energy systems that may be credited against

building energy use (see Section CC103.3).
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Ebuitding = Building energy use without consideration of renewable energy systems.

When Section C401.2.1(1) is used for compliance with the International Energy Conservation Code, building energy shall be
determined by multiplying the gross conditioned floor area plus the gross semiheated floor area of the proposed building by an
EUI selected from Table CC103.1. Use a weighted average for mixed-use buildings.

When Section C401.2.1, Item 2 or Section C401.2.2 is used for compliance with the International Energy Conservation Code,
building energy shall be determined from energy simulations.

TABLE CC103.1
ENERGY UTILIZATION INTENSITY FOR BUILDING TYPES AND CLIMATES (kBtu/ft?— yr)

CLIMATE ZONE
BUILDING AREA TYPE 0A/1A‘03/13‘%‘@‘%‘g‘@‘%‘@‘g‘i‘@‘@‘%‘@‘ ‘_
kBtu/ft> — yr
Healthcare/hospital (I-2) 119 120 | 119|113 [ 116|109 | 106 | 116 | 109 | 106 | 118 | 110 | 105 | 126 | 116 | 131 | 142
Hotel/motel (R-1) 3 76 | 73 | 68 | 70 | 67 | 65 | 69 | 66 | 65 | 71 | 68 | 65 | 77 | 72 | 81 | 89
Multiple-family (R-2) 43 45 | 41 | 41 | 43 | 42 | 36 | 45| 43 | 41 | 47 | 46 | 41 | 53 | 48 | 53 | 59
Office (B) 31 32 | 30|29 29|28 |25 |28 |27 |25|29 28|25 |33 |30 32| 36
Restaurant (A-2) 389 | 426 |4l1 | 408|444 | 420 | 395 | 483 | 437 | 457 | 531 | 484 | 484 | 589 | 538 | 644 | 750
Retail (M) 46 50 | 45 | 46 | 44 | 44 | 37 | 48 | 44 | 44 | 52 | 50 | 46 | 60 | 52 | 64 | 77
School (E) 42 46 | 42 | 40 | 40 | 39 | 36 | 39 | 40 | 40 | 39 | 43 | 37 | 44 | 40 | 45 | 54
Warehouse (S) 9 12 (9 | 1L (12|11 10|17 |13 | 14|23 | 17| 15|32 |23 |32 | 32
All others 55 58 | 54 | 53 | 53 |51 |48 | 54|52 |51 |57 |5 |5 |63 |57 |65 173

CC103.2 Calculation of on-site renewable energy. The annual energy production from on-site re-
newable energy systems shall be determined using the PVWatts software or other software ap-
proved by the code official.

CC103.3 Off-site renewable energy. Off-site energy shall comply with Sections CC103.3.1 and
C€C103.3.2.

CC103.3.1 Qualifying off-site procurement methods. The following are considered qualifying off-site renewable energy pro-
curement methods:

1. Community renewables: an off-site renewable energy system for which the owner has purchased or leased
renewable enerqy capacity along with other subscribers.

2. Renewable enerqy investment fund: an entity that installs renewable energy capacity on behalf of the
owner.
3. Virtual power purchase agreement: a power purchase agreement for off-site renewable enerqy where the

owner agrees to purchase renewable enerqgy output at a fixed price schedule.

4. Direct ownership: an off-site renewable energy system owned by the building project owner.

5. Direct access to wholesale market: an agreement between the owner and a renewable enerqy developer to
purchase renewable energy.

6. Green retail tariffs: a program by the retail electricity provider to provide 100-percent renewable enerqy to
the owner.




7. Unbundled Renewable Energy Cetrtificates (RECs): certificates purchased by the owner representing the
environmental benefits of renewable energy generation that are sold separately from the electric power.

CC103.3.2 Requirements for all procurement methods. The following requirements shall apply to all off-site renewable en-
ergy procurement methods:

1. The building owner shall sign a legally binding contract to procure qualifying off-site renewable energy.

2. The procurement contract shall have duration of not less than 15 years and shall be structured to survive a
partial or full transfer of ownership of the property.

3. RECs and other environmental attributes associated with the procured off-site renewable enerqy shall be
assigned to the building project for the duration of the contract.

4. The renewable energy generating source shall include one or more of the following: photovoltaic systems,
solar thermal power plants, geothermal power plants and wind turbines.

5. The generation source shall be located where the enerqy can be delivered to the building site by the same
utility or distribution entity, the same independent system operator (ISO) or regional transmission organization
(RTO), or within integrated ISOs (electric coordination council).

6. The off-site renewable energy producer shall maintain transparent accounting that clearly assigns produc-
tion to the building. Records on power sent to or purchased by the building shall be retained by the building owner
and made available for inspection by the code official upon request.

CC103.3.3 Adjusted off-site renewable energy. The process for calculating the adjusted off-site renewable energy is shown in Equation CC-2.

(Equation CC-2)

RE o fite = Adjusted off-site renewable energy.

PF; =Procurement factor for the i" renewable energy procurement method or class taken from Table CC103.3.3.

RE; =Annual energy production for the i" renewable energy procurement method or class.

n__= The number of renewable energy procurement options or classes considered.

CLASS % [PEFN }T PROCUREMENT OPTIONS ADDITIONAL REQUIREMENTS (see also Section CC103.3.2)
Community solar —
REIFs Entity must be managed to prevent fraud or misuse of funds.

1 0.75 Virtual PPA _
Self-owned off-site Provisions shall prevent the ,qenerat%on. from being sold separately from
- the building.
Green retail tariffs The offering shall not include the purchase of unbundled RECs.

. 0.2 Direct access The offering shall not include the purchase of unbundled RECs.
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Unbundled RECs The vintage of the RECs shall align with building energy use.
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CHAPTER 1 [RE]
SCOPE AND ADMINISTRATION

PART 1—SCOPE AND APPLICATION

SECTION R101
SCOPE AND GENERAL REQUIREMENTS

R101.1 Title. This code shall be known as the North Carolina Energy Conservation Code as adopted by the North Carolina
Building Code Council on December 14" 2023 to be effective January 1, 2025. References to the International Codes shall mean
the North Carolina Codes. The NCECC is referred to herein as “the code”.

R101.2 Scope. This code applies to residential buildings, 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 con-
struction 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-eccupaney: Mixed residential and commercial buildings.

Where-a-building-includes-both-residential-and-
ecommercial-oceupaneies;-each-occupaney-shall beseparately-Where a building includes both residential building and commer-
cial building portions, each portion shall be separately considered and meet the applicable provisions of the [IECC—Commer-

cial 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.

101.6 Requirements of other State agencies, occupational licensing board or commissions. -see the NC Administrative
Code and Policies

SECTION R102
ALTERNATIVE MATERIALS, DESIGN AND METHODS OF CONSTRUCTION AND EQUIPMENT

R102.1 General. The provisions of this code are not intended to prevent the installation of any material or to prohibit any design
or method of construction not specifically prescribed by this code, provided that any such alternative has been approved. The
code official shall have the authority to approve an alternative material, design or method of construction upon the written appli-
cation of the owner or the owner’s authorized agent. The code official shall first find that the proposed design is satisfactory and
complies with the intent of the provisions of this code, and that the material, method or work offered is, for the purpose intended,
not less than the equivalent of that prescribed in this code for strength, effectiveness, fire resistance, durability, energy




conservation and safety. The code official shall respond to the applicant, in writing, stating the reasons why the alternative was
approved or was not approved.

R102.1.1 Above code programs. The code official or other authority having jurisdiction shall be permitted to deem a national,
state or local energy-efficiency program to exceed the energy efficiency required by this code. Buildings approved in writing
by such an energy-efficiency program shall be considered to be in compliance with this code where such buildings also meet
the requirements identified in Table R405.2 and the building thermal envelope is greater than or equal to levels of efficiency
and solar heat gain coefficients (SHGC) in Tables 402.1.1 and 402.1.3 of the 2009 International Energy Conservation Code.

PART 2—ADMINISTRATION AND ENFORCEMENT

See the North Carolina Administrative Code and Policies for the administration and enforcement of the North Carolina State
Building Codes as adopted by the Building Code Council and enforced by State and local code enforcement officials.

SECTION R103
CONSTRUCTION DOCUMENTS

R103.1 General. Construction documents, technical reports and other supporting data shall be submitted in one or more sets, or
in a digital format where allowed by the code official, with each application for a permit. The construction documents and tech-
nical reports shall be prepared by a registered design professional where required by the statutes of the jurisdiction in which the
project is to be constructed. Where special conditions exist, the code official is authorized to require necessary construction
documents to be prepared by a registered design professional.

Exceptions:

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. Refer to NCGS 160D-1110 (b) for statutory limitations on requirements for one-and-two family dwellings and town-
houses plans.

R103.2 Information on construction documents. Construction documents shall be drawn to scale on suitable material. Elec-
tronic 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 the following as applicable:

1. Energy compliance path.

1+ 2.Insulation materials and their R-values.

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

3; 4. Area-weighted U-factor and solar heat gain coefficients (SHGC) calculations.

4- 5.Mechanical system design criteria.

5. 6.Mechanical and service water-heating systems and equipment types, sizes and efficiencies.
6. 7.Equipment and system controls.

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

8. 9.Air sealing details.

R103.2.1 Building thermal envelope depiction. The building thermal envelope shall be represented on the construction
documents.

R103.3 Examination of documents. Beleted: See the North Carolina Administrative Code and Policies.
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R103.4 Amended construction documents. Deleted: See the North Carolina Administrative Code and Policies.
R103.5 Retention of construction documents. Deleted: See the North Carolina Administrative Code and Policies.

SECTION R106R108R104
REFERENCED STANDARDS

R106:1R108-1R104.1 Referenced codes and standards. The codes and standards referenced in this code shall be those indicated
in Chapter 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 R08+4R104.1.1 and R168-+2-R104.1.2.

R106:1-1R108.1-1R104.1.1 Conflicts. Where conflicts occur between provisions of this code and referenced codes and stand-
ards, the provisions of this code shall apply.

R106:1:2R108.1.2R104.1.2 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.

R106:2R108-2R104.2 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.

R1063R108-3R104.3 Other laws. The provisions of this code shall not be deemed to nullify any provisions of local, state or
federal law.




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 fem-
inine 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 man-
sard roof and skylight shafts.

ACCESS (TO). That which enables a device, appliance or equipment to be reached by ready access or by a means that first
requires the removal or movement of a panel or similar obstruction.

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

AIR BARRIER. One or more materials joined together in a continuous manner to restrict or prevent the passage of air through
the building thermal envelope and its assemblies.

AIR BARRIER MATERIAL. Material(s) that have an air permeability not to exceed 0.004 cfm/ft> under a pressure differen-
tial of 0.3 in. water (1.57psf) (0.02 L/s.mz2 @ 75 Pa) when tested in accordance with ASTM E2178.

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. 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.

APPROVED. 2
Acceptable to the code official.

APPROVED AGENCY. An established and recognized agency that is regularly engaged in conducting tests furnishing inspec-
tion services, or furnishing product certification, where such agency has been approved by the code official.
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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”).

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

building.

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, floors, ceiling, roofs and any other building element
assemblies that enclose conditioned space or provide a boundary between conditioned space and exempt or unconditioned space.

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.

OND ONED D A A _cengce hin 2 dinoth nrovided h ho NG O
15 0 d W ad—oY < d v W d <

CONDITIONED SPACE. An area, room or space that is enclosed within the building thermal envelope and that is directly or

indirectly heated or cooled. Spaces are indirectly heated or cooled where they communicate through openings with conditioned

spaces, where they are separated from conditioned spaces by uninsulated walls, floors or ceilings, or where they contain uninsu-
lated ducts, piping or other sources of heating or cooling.

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.



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

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

DEMAND RECIRCULATION WATER SYSTEM. A water distribution system where one or more pumps prime the service
hot water piping with heated water upon demand for hot water.

DIMMER. A control device that is capable of continuously varying the light output and energy use of light sources.

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.

DWELLING UNIT ENCLOSURE AREA. The sum of the area of ceiling, floors, and walls separating a dwelling unit’s con-

ditioned space from the exterior or from adjacent conditioned or unconditioned spaces. Wall height shall be measured from the
finished floor of the dwelling unit to the underside of the floor above.

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, includ-
ing 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.

Skylights. Glass or other transparent or translucent glazing material installed at a slope of less than 60 degrees (1.05 rad) from
horizontal including unit skylights, tubular daylighting devices, and glazing materials in solariums, sunrooms, roofs and sloped
walls.

Vertical fenestration. Windows that are fixed or operable, 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 not less
than 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 inten-
tion 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-FACTORTheperimeter-heat-loss-factorforslab-on—grade
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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 Net-
work) Accredited Rating Provider and has a current certification.

HIGH-EFFICACY LIGHT SOURCES. Compact fluorescent lamps, light-emitting diode (LED) lamps, T-8 or smaller diam-
eter linear fluorescent lamps, or other lamps with an efficacy of not less than 65 lumens per watt, or luminaires with an efficacy
of not less than 45 lumens per watt.

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

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

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 an R-value of not less than R-2.

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

OCCUPANT SENSOR CONTROL. An automatic control device 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. Energy from renewable energy resources harvested at the building site.

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

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.

REGISTERED DESIGN PROFESSIONAL. An individual who is registered or licensed to practice their 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 registered design professional is not required where exempt under the registration or
licensure laws.

113 . tE)

READY ACCESS (TO). That which enables a device, appliance or equipment to be directly reached without requiring the
removal or movement of any panel or similar obstruction.

RENEWABLE ENERGY CERTIFICATE (RECQ). An instrument that represents the environmental attributes of one megawatt
hour of renewable energy; also known as an energy attribute certificate (EAC).

RENEWABLE ENERGY RESOURCES. Energy derived from solar radiation, wind, waves, tides, landfill gas, biogas, biomass
or extracted from hot fluid or steam heated within the earth.

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 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-insulationvaporretarder-and-interiorfin-

ish-and roof deck and can also include a thermal barrier, an ignition barrier, insulation or a vapor retarder.

ROOF RECOVER. The process of installing an additional roof covering over a-prepared an 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.
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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 the two surfaces, under steady state conditions, per unit
area (h x ft2 x °F/Btu) [(m? x K)/W].

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.

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 DISTRIBUTION EFFICIENCY (TDE). The resistance to changes in air heat as air is conveyed through a distance
of air duct. TDE is a heat loss calculation evaluating the difference in the heat of the air between the air duct inlet and outlet
caused by differences in temperatures between the air in the duct and the duct material. TDE is expressed as a percent difference
between the inlet and outlet heat in the duct.

THERMAL ISOLATION. Physical and space conditioning separation from conditioned spaces. The conditioned spaces 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 setpoint.

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 x ft? x °F) [W/(m? x K)].

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

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.

WHOLE HOUSE MECHANICAL VENTILATION SYSTEM. An exhaust system, supply system, or combination thereof
that is designed to mechanically exchange indoor air with outdoor air when operating continuously or through a programmed
intermittent schedule to satisfy the whole house ventilation rates.




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.
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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 for determining the applicable requirements
from Chapter 4. Locations not indicated in Table R301.1 shall be assigned a climate zone in accordance with Section R301.3.
R301.2 Warm Humid counties. In Table R301.1, Warm Humid counties are identified by an asterisk.

| ned forinf - e

SA 4A

Warm and Humid Counties are below the dashed white line




4 Dry (B) qu Moist (A)
Marine (C)

N\’g

Warm-Humid
Below White Line

All of Alaska in Zone 7 2

except for the following

Boroughs in Zone 8:

Bethel »

Dellingham outheast Fairbanks -

Fairbanks N, Wade Hampton Zone 1 includes

Nome Yukon-Koyukuk Hawaii, Guam,

North Puerto Rico, '1
and the Virgin Islands

TABLE R301.1

NORTH CAROLINA CLIMATE ZONES, MOISTURE REGIMES, AND WARM-HUMID DESIGNATIONS BY COUNTY

ORY?
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4A-MeDowel3AMeecklenburg SA-Mitchell
3A-Montgomery 3A-Moore

4ANash

3A- New Hanover:4A Neft-hampteﬂ 3 A-Onslow
4A-Orange 3APamlico

NORTH CAROLINA

3A Alamance

3A Alexander

SA Alleghany

3A Anson

5A Ashe

5A Avery

3A Beaufort

3A Bertie

3A Bladen

3A Brunswick*

4A Buncombe

4A Burke

3A Cabarrus

4A Caldwell

3A Camden

3A Carteret*

3A Caswell

3A Catawba

3A Chatham

3A Cherokee

3A Chowan
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3A Clay

3A Cleveland

3A Columbus*

3A Craven

3A Cumberland

3A Currituck

3A Dare

3A Davidson

3A Davie

3A Duplin

3A Durham

3A Edgecombe

3A Forsyth

3A Franklin

3A Gaston

3A Gates

4A Graham

3A Granville

3A Greene

3A Guilford

3A Halifax

3A Harnett

4A Haywood

4A Henderson

3A Hertford

3A Hoke

3A Hyde

3A Iredell

4A Jackson

3A Johnston

3A Jones

3A Lee
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3A Lenoir

3A Lincoln

4A Macon

4A Madison

3A Martin

4A McDowell

3A Mecklenburg

4A Mitchell

3A Montgomery

3A Moore

3A Nash

3A New Hanover*

3A Northampton

3A Onslow*

3A Orange

3A Pamlico

3 A Pasquotank

3A Pender*

3A Perquimans

3A Person

3A Pitt

3A Polk

3A Randolph

3A Richmond

3A Robeson

3A Rockingham

3A Rowan

3A Rutherford

3A Sampson

3A Scotland

3A Stanly

4A Stokes

4A Surry

4A Swain

4A Transylvania




3A Tyrrell

3A Union

3A Vance

3A Wake

3A Warren

3A Washington

5A Watauga

3A Wayne

3A 4A Wilkes

3A Wilson

4A Yadkin

5A Yancey

R301.3 Climate zone definitions. To determine the climate zones for locations not listed in this code, use the following infor-

mation to determine climate zone numbers and letters in accordance with Items 1 through 5.

1. Determine the thermal climate zone, 0 through 8, from Table R301.3 using the heating (HDD) and cooling degree-days
(CDD) for the location.

2. Determine the moisture zone (Marine, Dry or Humid) in accordance with Items 2.1 through 2.3.
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2.1.

If monthly average temperature and precipitation data are available, use the Marine, Dry and Humid definitions

2.2.

to determine the moisture zone (C, B or A).

If annual average temperature information (including degree-days) and annual precipitation (i.e., annual mean)

2.3.

are available, use Items 2.2.1 through 2.2.3 to determine the moisture zone. If the moisture zone is not Marine,
then use the Dry definition to determine whether Dry or Humid.

2.2.1. If thermal climate zone is 3 and CDD50°F < 4,500 (CDD10°C < 2500), climate zone is Marine (3C).
2.2.2. If thermal climate zone is 4 and CDD50°F < 2,700 (CDD10°C < 1500), climate zone is Marine (4C).
2.2.3. If thermal climate zone is 5 and CDD50°F < 1,800 (CDD10°C < 1000), climate zone is Marine (5C).

If only degree-day information is available, use Items 2.3.1 through 2.3.3 to determine the moisture zone. If the

moisture zone is not Marine, then it is not possible to assign Humid or Dry moisture zone for this location.

2.3.1. If thermal climate zone is 3 and CDD50°F <4.500 (CDD10°C < 2500), climate zone is Marine (3C).
2.3.2. If thermal climate zone is 4 and CDD50°F <2.700 (CDD10°C < 1500), climate zone is Marine (4C).
2.3.3. If thermal climate zone is 5 and CDD50°F < 1,800 (CDD10°C < 1000), climate zone is Marine (5C).

3. Marine (C) Zone definition: Locations meeting all the criteria in Items 3.1 through 3.4.

3.1.

Mean temperature of coldest month between 27°F (-3°C) and 65°F (18°C).

3.2.

Warmest month mean < 72°F (22°C).

3.3.

Not fewer than four months with mean temperatures over 50°F (10°C).

3.4. 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.

4. Dry (B) definition: Locations meeting the criteria in Items 4.1 through 4.4.

4.1.

Not Marine (C).

4.2.

If 70 percent or more of the precipitation, P, occurs during the high sun period, defined as April through Septem-

43.

ber in the Northern Hemisphere and October through March in the Southern Hemisphere, then the dry/humid
threshold is in accordance with Equation 3-1.

P<044 x(T-7)
[P <20.0 x (T + 14) in SI units]
(Equation 3-1)

where:
P = Annual precipitation, inches (mm).
T = Annual mean temperature, °F (°C).

If between 30 and 70 percent of the precipitation, P, occurs during the high sun period, defined as April through

44.

September in the Northern Hemisphere and October through March in the Southern Hemisphere, then the dry/hu-
mid threshold is in accordance with Equation 3-2.

P<0.44 x (T—19.5)
[P <20.0 x (T+ 7) in SI units]
(Equation 3-2)

where:
P = Annual precipitation, inches (mm).
T = Annual mean temperature, °F (°C).

If 30 percent or less of the precipitation, P, occurs during the high sun period, defined as April through September

in the Northern Hemisphere and October through March in the Southern Hemisphere, then the dry/humid thresh-
old is in accordance with Equation 3-3.

P<0.44 x(T-32)
[P <20.0 x T'in SI units]

(Equation 3-3)




where:
P = Annual precipitation, inches (mm).
T = Annual mean temperature, °F (°C).

5.  Humid (A) definition: Locations that are not Marine (C) or Dry (B).

TABLE R301.3(2) R301.3
INTERNATIONAL THERMAL CLIMATE ZONE DEFINITIONS

For SI: °C = [(°F) - 32]/1.8.

R301.4 Tropical climate region. Deleted.

ZONE_ THERMAL CRITERIA
NUMBER IP-Units ShUnits
+ 9000<CDD50%F 3000<CDbbloec
2 6300=CPDDBSOCE-< 9000 350002 < 5000
3A-and-3B 4500-<-CDD50°E-<-6300-AND-HDD65%F <5400 2500<CDDHO2C < 3500-AND-HDDI8°C-<-3000
4A-and4B CPD502E<4500-AND-HDD65 <5400 CHODBHO2C<-2500-AND-HDDI82€ <3000

3cC HDPD65%E <3600 HDD182C <2000

4C 3600-HDbD65 < 5400 2000=HPbDIs2C< 3000

5 S5400-HDbD65E <7200 3000=HDPbDIs2C <4000

6 F200<-HDD652F<-9000 4000-<-HDD182C<-5000

7 9000-<HDD65°F <2600 5000-<-HDDI8°C-<-7000

8 12600-<-HDDb65%k F000<-HDDBIsC

ZONE THERMAL CRITERIA

NUMBER IP_Units Sl Units
0 10.800 < CDD50°F 6000 < CDD10°C
1 9.000 < CDDS50°F < 10,800| 5000 < CDD10°C < 6000
2 6,300 < CDDS50°F <9,000 | 3500 < CDD10°C <5000
3 CDDS50°F < 6,300 AND | CDD10°C < 3500 AND
= HDD65°F < 3,600 HDD18°C <2000
4 CDD50°F < 6,300 AND | CDD10°C <3500 AND
- 3.600 <HDD65°F <5.400 | 2000 <HDD18°C <3000
5 CDD50°F < 6,300 AND CDD10°C <3500 AND
= 5.400 <HDD65°F < 7,200 | 3000 <HDD18°C <4000
6 7.200 < HDD65°F < 9,000 | 4000 < HDD18°C < 5000
7 9.000 < HDD65°F < 12,600 | 5000 < HDD18°C <7000
8 12,600 < HDD65°F 7000 <HDD18°C

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.
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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 com-
pliance 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 that is 12 inches (305 mm) or greater in width. Alternatively, the
insulation installers shall provide a certification that indicates the type, manufacturer and R-value of insulation installed
in each element of the building thermal envelope. For blown-in or sprayed fiberglass and cellulose insulation, the initial
installed thickness, settled thickness, settled R-value, installed density, coverage area and number of bags installed shall
be indicated on the certification. For sprayed polyurethane foam (SPF) insulation, the installed thickness of the areas
covered and the R-value of the installed thickness shall be indicated on the certification. For insulated siding, the R-value
shall be on a label on the product’s package and shall be indicated on the certification. The insulation installer shall sign,
date and post the certification in a conspicuous location on the job site.

Exception: For roof insulation installed above the deck, the R-value shall be labeled as required by the material standards
specified in Table 1508.2 of the International Building Code or Table R906.2 of the International Residential Code, as appli-
cable.

R303.1.1.1 Blown-in or sprayed roof and ceiling insulation. The thickness of blown-in or sprayed fiberglass and cellu-
lose roof and ceiling insulation shall be written in inches (mm) on markers that are installed at not less than one for every
300 square feet (28 m?) 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. The thickness and installed R-value of sprayed polyurethane foam insulation shall be indicated on the
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 at inspection. For insulation materials that are installed without an observable manufacturer’s R-value

mark, such as blown or draped products, an insulation certificate complying with Section R303.1.1 shall be left immediately
after installation by the installer, in a conspicuous location within the building, to certify the installed R-value of the insu-

lation material.

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

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

U-factors shall be determined by an accredited, 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 Table R303.1.3(2).
The solar heat gain coefficient (SHGC) and visible transmittance (VT) of glazed fenestration products such as 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).




TABLE R303.1.3(1)

DEFAULT GLAZED WINDOW, GLASS DOOR
AND SKYLIGHT U-FACTORS

WINDOW AND GLASS
SKYLIGHT
FRAME TYPE DOOR
Single pane | Double pane | Single Double
Metal 1.20 0.80 2.00 1.30
Metal with Thermal | | 0.65 190 | 1.10
Break
Nonmetal or Metal | o 0.55 175 | 1.05
Clad
Glazed Block 0.60
TABLE R303.1.3(2)
DEFAULT OPAQUE DOOR U-FACTORS
DOOR TYPE OPAQUE U-FACTOR
Uninsulated Metal 1.20
Insulated Metal 0.60
Wood 0.50
Insulated, nonmetal edge, not exceeding 035
45% glazing, 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
Part 460 of US-FTC CFR Title 16 in units of h x ft* x °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 C1363. Installation for testing shall be in accordance with the manufacturer’s instructions.

R303.1.5 Air-impermeable insulation. Insulation having an air permeability not greater than 0.004 cubic feet per minute per
square foot [0.002 L/(s x m?)] under pressure differential of 0.3 inch water gauge (75 Pa) when tested in accordance with
ASTM E2178 shall be determined air-impermeable insulation.

R303.2 Installation. Materials, systems and equipment shall be installed in accordance with the manufacturer’s instructions and
the International Building Code or the International Residential Code, as applicable.

R303.2.1 Protection of exposed foundation insulation. Insulation applied to the exterior of basement walls, crawl space
walls and the perimeter of slab-on-grade floors shall have a 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.
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R303.3 Maintenance information. Operations and maintenance instructions and manuals shall be furnished for equipment and
systems that require preventive maintenance.

CHAPTER 4 [RE]
RESIDENTIAL ENERGY EFFICIENCY

SECTION R401
GENERAL

R401.1 Scope. This chapter applies to residential buildings.

R40 01D nee—Prote h oD h one o
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R401.2 Application. Residential buildings shall comply with Section R401.2.5 and either Sections R401.2.1, R401.2.2, or
R401.2.3.

Exception: Additions, alferations, repairs and changes of occupancy to existing buildings complying with Chapter 5.

R401.2.1 Prescriptive Compliance Option. The Prescriptive Compliance Option requires compliance with Sections R401
through R404.

R401.2.2 Total Building Performance Option. The Total Building Performance Option requires compliance with Section
R405.

R401.2.3 Energy Rating Index Option. The Energy Rating Index (ERI) Option requires compliance with Section R406.

R401:2-1 R401.2.4 Tropical Climate Region Option. Deleted.

R401.2.5 Additional energy efficiency. This section establishes additional requirements applicable to all compliance ap-
proaches to achieve additional energy efficiency.

1. For buildings complying with Section R401.2., one of the additional efficiency package options shall be installed
according to Section R408.2.

2. For buildings complying with Section R401.2.2, the building shall meet one of the following:

2.1. One of the additional efficiency package options in Section R408.2 shall be installed without including such
measures in the proposed design under Section R405; or

2.2. The proposed design of the building under Section R405.3 shall have an annual energy cost that is less than or
equal to 95 percent of the annual energy cost of the standard reference design.

3.  For buildings complying with the Energy Rating Index alternative Section R401.2.3, the Energy Rating Index value
shall be at least 5 percent less than the Energy Rating Index target specified in Table R406.5.

The option selected for compliance shall be identified in the certificate required by Section R401.3. *




R401.3 Certificate. A permanent certificate shall be completed by the builder, permit holder, registered design
professional or other approved party . and-poested-onawallinthespace-where the furnaceislocatedautility
roem-oran-approved The permanent certificate shall be posted in a readily accessible location on the electrical distribution
panel, in the attic next to the attic insulation card, in a utility room or other approved location inside the building. Where
located on an electrical panel, the certificate shall not cover or obstruct the visibility of the circuit directory label,
service disconnect label or other required labels. The certificate shall indicate the following:

1. The predominant R-values of insulation installed in or on ceilings, roofs, walls, foundation components such as slabs,
basement walls, crawl space walls and floors and ducts outside conditioned spaces.

2. U-factors of fenestration and the solar heat gain coefficient (SHGC) of fenestration. Where there is more than one value
for any component of the building envelope, the certificate shall indicate both the value covering the largest area and the
area weighted average value if available.

The results from any required duct system and building envelope air leakage testing performed on the building.

4. The types, sizes and efficiencies of heating, cooling and service water-heating equipment. Where a gas-fired unvented
room heater, electric furnace or baseboard electric heater is installed in the residence, the certificate shall indicate “gas-
fired unvented room heater,” “electric furnace” or “baseboard electric heater,” as appropriate. An efficiency shall not be
indicated for gas-fired unvented room heaters, electric furnaces and electric baseboard heaters.

5. Where on-site photovoltaic panel systems have been installed, the array capacity, inverter efficiency, panel tilt and orien-
tation shall be noted on the certificate.

6. For buildings where an Energy Rating Index score is determined in accordance with Section R406, the Energy Rating
Index score, both with and without any on-site generation, shall be listed on the certificate.

7. The code edition under which the structure was permitted, and the compliance path used.
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R401.4 Additional voluntary criteria for increasing residential energy efficiency. Appendix R4 is a placeholder appendix

for adding above-minimum code requirements that can be followed at the discretion of the user.

SECTION R402
BUILDING THERMAL ENVELOPE

R402.1 General (Preseriptive): The building thermal envelope shall comply with the requirements of Sections R402.1.1 through

R402.1.5.

Exceptions:

=

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 provi-
sions of Section R402.

1.1. Those with a peak design rate of energy usage less than 3.4 Btu/h x ft? (10.7 W/m?) or 1.0 watt/ft*> of floor area
for space-conditioning purposes.

1.2. Those that do not contain conditioned space.

2.  Loghomes designed in accordance with ICC 400.

[

R40211 Rooms containing fuel-burning appliances. In Climate Zones 3 through 5, where open combustion air ducts
provide combustion air to open combustion fuel burning appliances, the appliances and combustion air opening shall
be located outside the building thermal envelope or enclosed in a room that is isolated from inside the thermal enve-
lope. Such rooms shall be sealed and insulated in accordance with the envelope requirements of Table R402.1.3, where
the walls, floors and ceilings shall meet a minimum of the basement wall R-value requirement. The door into the room
shall be fully gasketed and any water lines and ducts in the room insulated in accordance with Section R403. The
combustion air duct shall be insulated where it passes through conditioned space to an R-value of not less than R-8.

Exceptions:

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

2. Fireplaces and stoves complying with Section R402.4.2 and Section R1006 of the International Residential
Code.

R402.1.1 Vapor retarder. Deleted:- Wall assemblies in the building thermal envelope shall comply with the vapor retarder
requirements of Section R702.7 of the International Residential Code or Section 1404.3 of the International Building Code,

as applicable.

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. Assemblies shall have a U-factor equal to or less than that specified in Table

R402.1.2. Fenestration shall have a U-factor and glazed fenestration SHGC equal to or less than that specified in Table
R402.1.2.

R402.1.3 R-value alternative. Assemblies with R-value of insulation materials equal to or greater than that specified in Table
R402.1.3 shall be an alternative to the U-factor in Table R402.1.2 U

R402.1.3 R402.1.4 R-value computation. Insulati

shall-be-used-for blown-insulation. Cavity insulation alone shall be used to determine compliance with the cavity insulation
R-value requirements in Table R402.1.3. Where cavity insulation is installed in multiple layers, the R-values of the cavity

insulation layers shall be summed to determine compliance with the cavity insulation R-value requirements. The manufac-
turer’s settled R-value shall be used for blown-in insulation. Continuous insulation (ci) alone shall be used to determine




compliance with the continuous insulation R-value requirements in Table R402.1.3. Where continuous insulation is installed
in multiple layers, the R-values of the continuous insulation layers shall be summed to determine compliance with the contin-
uous insulation R-value requirements. Cavity insulation R-values shall not be used to determine compliance with the contin-
uous insulation R-value requirements in Table R402.1.3. 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 R402.1.3, the manufacturer’s labeled R-value for the insulated siding shall be reduced by R-0.6.

) 4 o oA emb or-edg o-orle han th e edn—Fable R4

R402.1.5 Total UA alternative. Where the total building thermal envelope UA, the sum of U-factor times assembly area, is
less than or equal to the total UA resulting from multiplying the U-factors in Table R402.1.2 by the same assembly area as in
the proposed building, the building shall be considered to be in compliance with Table R402.1.2. The UA calculation shall be
performed using a method consistent with the ASHRAE Handbook of Fundamentals and shall include the thermal bridging
effects of framing materials. In addition to UA compliance, the SHGC requirements of Table R402.1.2 and the maximum
fenestration U-factors of Section R402.5 shall be met.

North Carolina approved version of REScheck shall be permitted to demonstrate compliance with this eede sec-
tion. Envelope requirements may not be traded off against the use of high efficiency heating or cooling equip-
ment. No tradeoff calculations are needed for required termite inspection and treatment gaps.

R402.2 Specific insulation requirements (Preseriptive): In addition to the requirements of Section R402.1, insulation shall
meet the specific requirements of Sections R402.2.1 through R462-215 R402.2.12.

R402.2.1 Ceilings with attic spaces. Where Section R402-1-2 R402.1.3 requires R-38 R-49 insulation in the ceiling or attic
installing R-30 R-38 over 100 percent of the ceiling or attic area requiring insulation shall satisfy the requirement for R-38 R-
49 insulation wherever the full height of uncompressed R-36 R-38 insulation extends over the wall top plate at the eaves.
Where Section R402.1.3 requires R-60 insulation in the ceiling, installing R-49 over 100 percent of the ceiling area requiring
insulation shall satisfy the requirement for R-60 insulation wherever the full height of uncompressed R-49 insulation extends
over the wall top plate at the eaves. This reduction shall not apply to the U-factoralternative-the insulation and fenestration
criteria in Section R462-1-4 R402.1.2 and the Total UA alternative in Section R402.1.5.

Exception. In other details such as bay window and dormer roofs, and similar areas where the space is limited, the
available space shall be filled with insulation for unvented details, and to the insulation baffle for vented assemblies.

R402.2.2 Ceilings without attics. Where Section R402.1.3 requires insulation R-values greater than R-30 in the
interstitial space above a ceiling and below the structural roof deck, and the design of the roof/ceiling assembly
including cathedral ceilings, dormers, bay windows and other similar areas, does not allow sufficient space for the re-
quired insulation, the minimum required insulation R-value for such roof/ceiling assemblies shall be R-30.
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Insulation shall extend over the top of the wall plate to the outer edge of such plate and shall not be compressed.
This reduction of insulation from the requirements of Section R402.1.3 shall be limited to 500 square feet (46 m?)
or 20 percent of the total insulated ceiling area, whichever is less. This reduction shall not apply to the Total UA
alternative in Section R402.1.5.

R402.2.3 Soffit baffle. For air-permeable insulation in vented attics, a baffle shall be installed adjacent to soffit vents. Baffles
shall maintain a net free area opening equal to or greater than the size of the vent. The baffle shall extend over the top of the
attic insulation. The baffle shall be permitted to be any solid material. The baffle shall be installed to the outer edge of the
exterior wall top plate so as to provide maximum space for attic insulation coverage over the top plate. Where soffit venting
is not continuous, baffles shall be installed continuously to prevent ventilation air in the eave /soffit from bypassing the baffle.

TABLER468-+4—
. EQUIVALENT U-FACTORS®
CLIMATE FEW“‘&%&H&\ CEILING w:lﬂ_E MASS WALL FLOOR /BA\?JEATENT SFEEE‘:VVIALL
ZONE U-FACTOR? U-FACTO Nﬂ;@ﬂ U-FACTOR U-FACTOR® U-F R U-FACTOR U-FACTOR
3 0.35 0.55 0030 T~27__ | 0141 ¥~ 0047 0.091° 0.136
4 0.35 0.55 0.030 0.077 TP N~0.047 0.059 0.065
5 0.35 0.55 0.030 0.061 )@32 0.0 _ 0.059 0.065

——

maximum of 0.07 in Climate Zone 3, 0.07 in Climate Zone 4 and 0.054

in Climate Zone 5.
B'lsemem wall U-factor of 0.360 in warm-humid 1001['1011% as deﬁned by

documentﬁtlon of application of this no
substituted maximum U-value requir

TABLE R402.1.2

MAXIMUM ASSEMBLY U-FACTORS® AND FENESTRATION REQUIREMENTS
WOOD CRAWL
CLIMATE |FENESTRATION| SKYLIGHT FEN%ON CEILING FRAME MASS WALL FLOOR % SPACE
ZONE U-FACTOR! U-FACTOR ~ SHGCY°® U-FACTOR? WALL U-FACTOR® | U-FACTOR U.FACTOR WALL
- U-FACTOR === | U-FACTOR
3 0.30 0.55 025 0.026 0.060 0.098 0.047 0.091¢ 0.136
4 30 0.55 0.40 0.024 0.045 0.098 0.047 0.059 0.065
5 0.30 0.55 NR 0.024 0.045 0.082 0.033 0.050 0.055

For SI: 1 foot=304.8 mm.

a.

Nonfenestration U-factors shall be obtained from measurement, calculation or an approved source.

b.

Mass walls shall be in accordance with Section R402.2.5. Where more than half the insulation is on the interior, the mass wall U-factors shall not exceed 0.12

in Climate Zone 3, 0.087 in Climate Zone 4, 0.065 in Climate Zone 5

. In Warm Humid locations as defined by Figure R301.1 and Table R301.1, the basement wall U-factor shall not exceed 0.360.
. The SHGC column applies to all glazed fenestration.

Exception: In Climate Zones 0 through 3, skylights shall be permitted to be excluded from glazed fenestration SHGC requirements provided that the

SHGC for such skylights does not exceed 0.30.

. Deleted.
. A maximum U-factor of 0.32 shall apply to vertical fenestration products installed in buildings located either:

1. Above 4,000 feet in elevation above sea level, or

2. In windborne debris regions where protection of openings is required by Section R301.2.1.2 of the International Residential Code.

. Roofs insulated at the deck (above, below, or combination) shall meet the U-factors for the climate zone of the building location.




| TABLE pee-
INSULATION AND FENESTRATION|REQUIREMENTS BY COMPONENT‘/

' CRAWL
CLIMATE |FENESTRATION | SKYLIG GLAZED | cpy) NG WooD MASS Aﬁ BASEMENT™| SLAB® | cpcpe
ZONE U-FACTOR™ | U-FACTOR STRATION| g ya) ygm| FRAME WALL | WA B-VALUE |  WALL ~|R-VALUE| “yp )}
8.k R-VALUE UE! RVALUE |&DEPTH| At
™ _ -
" < < ) e n Djl_': . 2
3 0.35 0.55 0.30 3+2.5 or 5/10ci 19 5/13 0 5/13
i i 38 or el /13 i
4 0.35 0.5 3 3 15 or 1342.5" . 19 10/15 10 10/15
5 0ci h m\
19% or 1345 n
5 _)g/ 0.55 NR Bor o s ¥ 5 | 10 | 1009
30c 15438 3/12.5¢i

For SI: 1 foot=304.8 mm.

TABLE R402.1.3

INSULATION MINIMUM R-VALUES AND FENESTRATION REQUIREMENTS BY COMPONENT?
WOOD ., CRAWL
CLIMATE | FENESTRATION | SKYLIGHT® FEN%F\’E\%ON CEILING FRAME '\\/AVils_E FLOOR BASVEV'XI\E[\IT : RS\I/_:LBJE SPACE®¢
ZONE U-FACTOR®! U-FACTOR W R-VALUE! WALL Rmh R-VALUE R-VALUE &-DEPTH WALL
—_— R-VALUES |————— = —— | R-VALUE
20 or
3 30 0.55 0.25 49 13+5cior | 8/13 19 5cior 13 | 10ci, 2 ft| Scior 13F
0+15
20+ 5or
4 30 0.55 0.40 60 13 + 10ci or 8/13 19 10cior 13 | 10ci, 4 ft | 10ci or 13
0+ 15
20+ 5 or . .
5 0.30! 0.55 0.40 60 |13+ 10cior| 13/17 30 | Deorld i,y q|l3dorld
0+15 or 13 + 5ci or 13 + 5ci

For SI: 1 foot=304.8 mm.
NR = Not Required.
¢i = continuous insulation.

a. R-values are minimums. U-factors and SHGC are maximums. Where insulation is installed in a cavity that is less than the label or design thickness of the
insulation, the installed R-value of the insulation shall be not less than the R-value specified in the table.
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b. The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration.
Exception: In Climate Zones 0 through 3, skylights shall be permitted to be excluded from glazed fenestration SHGC requirements provided that the
SHGC for such skylights does not exceed 0.30.

¢. “5ci or 13” means R-5 continuous insulation (ci) on the interior or exterior surface of the wall or R-13 cavity insulation on the interior side of the wall. "10ci

or 13" means R-10 continuous insulation (ci) on the interior or exterior surface of the wall or R-13 cavity insulation on the interior side of the wall. "15c¢i or

19 or 13 + 5ci" means R-15 continuous insulation (ci) on the interior or exterior surface of the wall; or R-19 cavity insulation on the interior side of the wall;
or R-13 cavity insulation on the interior of the wall in addition to R-5 continuous insulation on the interior or exterior surface of the wall.

d. R-5 insulation shall be provided under the full slab area of a heated slab in addition to the required slab edge insulation R-value for slabs. as indicated in the
table. The slab-edge insulation for heated slabs shall not be required to extend below the slab.

e. There are no SHGC requirements in the Marine Zone.

f. Basement wall insulation is not required in Warm Humid locations as defined by Figure R301.1 and Table R301.1. U
g. The first value is cavity insulation; the second value is continuous insulation. Therefore, as an example, “13 + 5 means R-13 cavity insulation plus R-5
continuous insulation.
h. Mass walls shall be in accordance with Section R402.2.5. The second R-value applies where more than half of the insulation is on the interior of the mass
wall.
i. A maximum U-factor of 0.32 shall apply in Climate Zone 5 to vertical fenestration products installed in buildings located either:
1. Above 4,000 feet in elevation, or

2. In windborne debris regions where protection of openings is required by Section R301.2.1.2 of the International Residential Code.

j. Roofs insulated at the deck (above, below, or combination) shall meet the U-factors in Table R402.1.2.

R402.2.4 Access hatches and doors. Access hatches and doors from conditioned to unconditioned spaces such as attics and

crawl spaces shall be insulated to the same R-value required by Table R402.1.3 for the wall or ceiling in which they are
installed.

Exceptions:

1. Vertical doors providing access from conditioned spaces to unconditioned spaces that comply with the fenestration
requirements of Table R402.1.3 based on the applicable climate zone specified in Chapter 3.

2. Horizontal pull-down, stair-type access hatches in ceiling assemblies that provide access from conditioned to un-
conditioned spaces in Climate Zones 3.4, & 5 shall not be required to comply with the insulation level of the sur-
rounding surfaces provided the hatch meets all of the following:

2.1. The average U-factor of the hatch shall be less than or equal to U-0.10 or have an average insulation R-value
of R-10 or greater.




2.2. Not less than 75 percent of the panel area shall have an insulation R-value of R-13 or greater.

2.3. The net area of the framed opening shall be less than or equal to 13.5 square feet (1.25 m?).

2.4. The perimeter of the hatch edge shall be weatherstripped.
The reduction shall not apply to the total UA alternative in Section R402.1.5.

R402.2.4.1 Access hatches and door insulation installation and retention. Vertical or horizontal access hatches and
doors from conditioned spaces to unconditioned spaces such as attics and crawl spaces shall be weatherstripped. Access
that prevents damaging or compressing the insulation shall be provided to all equipment. Where loose-fill insulation is
installed, a wood-framed or equivalent baffle or retainer, or dam shall be installed to prevent the loose-fill insulation from
spilling into the living spaces, from higher to lower sections of the attic and from attics covering conditioned spaces to
unconditioned spaces. The baffle or retainer shall provide a permanent means of maintaining the installed R-value of the

loose-fill insulation. [

R402.2.5 Mass walls. Mass walls for the purposes of this chapter shall be considered walls of concrete block, concrete, insu-
lated 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 following:

e  Masonry or concrete walls having a mass greater than or equal to 30 pounds per square foot (146 kg/m).
e  Solid wood walls having a mass greater than 20 pounds per square foot (98 kg/m2).
e Any walls having a heat capacity greater than or equal to 6 Btu/ft2 - °F [266 J/(m2 - K)].

R402.2.6 Steel-frame ceilings, walls and floors. Steel-frame ceilings, walls, and floors shall meet comply with the insulation
requirements of Table R402.2.6 or the U-factor requirements of Fable R4621+4 R402.1.2. 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-VALUES

WOOD FRAME
R-VALUE
REQUIREMENT

COLD-FORMED STEEL-FRAME
EQUIVALENT R-VALUE®

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 Ceilings®

R-38in2x4o0r2x6o0r2x8R-49

R-30 . .
in any framing

R-38 R-49in2x4o0r2x6o0r2x8o0r2x10

Steel-frame Wall, 16 inches on center

R149+2 1 R-13+4.20rR-21 +2.80orR-0+9.3
R-13 or
R-15+3.8 or R-21 +3.1
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R13+3 R-13 +

|

RO+H2R-0+ 15 0orR43+61R-13+9or
R15+57R-15+8.5or
RI9+50R-19+ 8 or R21+47R-21 +7

R-13+10

R-0+200orR-13+150rR-15+ 14
orR-19+ 13 or R-21 + 13

R-20

R-0+14.00orR-13+89 0orR-15+8.5
or R-19 +7.8 orR-21 +7.5

R-20+5

R-13+12.70rR-15+ 123 0orR-19+ 11.6 or
R-21+11.3 orR-25+10.9

R-21

R-0+ 14.6 or R-13+ 9.5 or R-15+9.1 or
R-19+8.40rR-21 +8.1 orR-25+ 7.7

Steel-frame Wall, 24 inches on center

R-0+930rR-13+3.00rR-15+24

63-erR21+59

R-O+150rR13+T5er RI5+TFor
R-19+6-0rR21-+6

R-13+10

R-0+200orR-13+ 13 orR-15+12 or
R-19+ 11 orR-21+11

R-20

R-0+14.0 orR-13 +7.70r R-15+ 7.1 or
R-19+ 6.3 orR-21 +5.9

R-20+5

R-13+11.5 or R-15+10.9 or R-19 + 10.1 or
R-21+9.70rR-25+9.1

R-21

R-0+14.6 orR-13 + 83 or R-15+ 7.7 or
R-19+6.9 or R-21 + 6.5 or R-25+5.9

Steel Joist Floor

R-19in2x6,0orR-19+6in2 x8or2 x 10

R-19+6in2%x6,0orR-19+121in2 x 8 or 2 x
10

a. The first value is cavity insulation R-value; the second value is continuous insulation R-value. Therefore, for example, “R-30 + 3” means R-30 cavity insulation

plus R-3 continuous insulation.
b. Insulation exceeding the height of the framing shall cover the framing.

R402:2.8 R402.2.7 Floors. Floor cavity insulation shall comply with one of the following:
1. Installation shall be installed to maintain permanent contact with the underside of the subfloor decking in

accordance with manufacturer instructions to maintain required R-value or readily fill the available cavity space.

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.




2. Floor framing cavity insulation shall be permitted to be in contact with the top side of sheathing/gypsum separating
the cavity and the unconditioned space below. Insulation shall extend from the bottom to the top of all perimeter floor
framing members (the band boards) and the framing members shall be air sealed.

3. A combination of cavity and continuous insulation shall be installed so that the cavity insulation is in contact with the

top side of the continuous insulation that is installed on the underside of the floor framing separating the cavity and
the unconditioned space below. The combined R-value of the cavity and continuous insulation shall equal the required

R-value for floors. Insulation shall extend from the bottom to the top of all perimeter floor framing members and the
framing members shall be air sealed. "’

R402.2.8 Basement walls. Basement walls shall be insulated in accordance with Table R402.1.3.

Exception: Basement walls associated with unconditioned basements where all of the following requirements are met:

1. The floor overhead, including the underside stairway stringer leading to the basement, is insulated in accordance
with Section R402.1.3 and applicable provisions of Sections R402.2 and R402.2.7.

2. There are no uninsulated duct, domestic hot water, or hydronic heating surfaces exposed to the basement.

3. There are no HVAC supply or return diffusers serving the basement.

4. The walls surrounding the stairway and adjacent to conditioned space are insulated in accordance with Section
R402.1.3 and applicable provisions of Section R402.2.

5. The door(s) leading to the basement from conditioned spaces are insulated in accordance with Sections R402.1.3
and applicable provisions of Section R402.2, and weatherstripped in accordance with Section R402.4.

6. The building thermal envelope separating the basement from adjacent conditioned spaces complies with Section
R402.4.
R402.2.8.1 Basement wall insulation installation. Where basement walls are insulated, the insulation shall be in-
stalled from the top of the basement wall down to 10 feet (3048 mm) below grade or to the basement floor,

whichever is less. Foam plastic insulation applied to exterior of basement walls shall be provided with termite inspection and
treatment gaps in accordance with Appendix R2.

R402.2.9 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 R402.1.3.

Exception: Deleted.

R402.2.9.1 Slab-on-grade floor insulation installation. Where installed, the insulation shall extend downward
from the top of the slab on the outside or inside of the foundation wall. Insulation located below grade shall be
extended the distance provided in Table R402.1.3 or the distance of the proposed design, as applicable, by any
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combination of vertical insulation, insulation extending under the slab or insulation extending out from the build-
ing. Insulation extending away from the building shall be protected by pavement or by not less than 10 inches
(254 mm) of soil. The top edge of the insulation installed between 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 a 2-inch termite inspection gap consistent with Appendix R2 of this code.

R402:2.11 R402.2.10 Crawl space walls. Crawl space walls shall be insulated in accordance with Table R402.1.3.

Exception: Crawl space walls associated with a crawl space that is vented to the outdoors and the floor overhead is insulated
in accordance with Table R402.1.3 and Section R402.2.7.

R402.2.10.1 Crawl space wall insulation installations. Where crawl space wall insulation is installed, it shall be perma-
nently fastened to the wall and shall extend downward from the floor to the finished grade elevation and then vertically or
horizontally for not less than an additional 24 inches (610 mm). Exposed earth in unvented crawl space foundations shall
be covered with a continuous Class I vapor retarder in accordance with the International Building Code or International
Residential Code, as applicable. Joints of the vapor retarder shall overlap by 6 inches (153 mm) and be sealed or taped. The
edges of the vapor retarder shall extend not less than 6 inches (153 mm) up stem walls and shall be attached to the stem
walls.

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. Wall
insulation shall begin 3 inches (76.2 mm) below the top of the masonry foundation wall and shall extend down to 3 inches
(76.2 mm) above the top of the footing or concrete floor, 3 inches (76.2 mm) above the interior ground surface or 24 inches
(609.6 mm) below the outside finished ground level, whichever is less. (See Appendix R1.2.2 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 402.2.10. If gap width exceeds the allow-

ances, 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-aNerth-Carelinasspeeifie
version-of REScheek-or the UA Alternative method or Section R401.2.2

TABLE R402.211 R402.2.10
WALL INSULATION ALLOWANCES FOR TERMITE
TREATMENT AND INSULATION GAPS

GAP WIDTH INSULATION GAP
(inches) LOCATION DESCRIPTION
Minimum Maximum
2 3 Outside Above grade inspection be-

tween top of insulation and bot-
tom of siding
4 6 Outside Below grade treatment




32 42 Inside Wall inspection between top of
insulation and bottom of sill

32 42 Inside Clearance/wicking space
between bottom of insulation
and top of ground surface, foot-
ing, or concrete floor

a. No insulation shall be required on masonry walls of 9 inches in height or
less.

R402:212 R402.2.11 Masonry veneer. Insulation shall not be required on the horizontal portion of a foundation that supports
a masonry veneer.

R402:213 R402.2.12 Sunroom and heated garage insulation. Sunrooms enclosing conditioned space and heated garages
shall meet the insulation requirements of this code.

Exception: For sunrooms and heated garages provided with thermal isolation, and enclosed conditioned space, the follow-
ing 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 and 4 and R-24 in Climate Zone 5-

2. The minimum wall insulation R-value shall be R-13 in all c/imate zones. New-walls Walls separating a sunroom or

heated garage with thermal isolation from conditioned space shall comply with the building thermal envelope re-
quirements of this code.

R402.3 Fenestration (Preseriptive)- 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 that 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 fenestra-
tion, and area-weighted averaging with other fenestration that is not dynamic glazing shall be prohibited.

Exception: Dynamic glazing shall not be required to comply with this section where both the lower and higher labeled SHGC
comply with the requirements of Table R402.1.2.

R402.3.3 Glazed fenestration exemption. Eithertwo-glazedfenestration-assemblies-or-up-to-24-square—feet-(2:2-m?)- Not
greater than 15 square feet (1.4 m?) of glazed fenestration per dwelling unit shall be exempt from the U-factor and SHGC
requirements in Section R402.1.2. This exemption shall not apply to the Total UA alternative in Section R402.1.5.
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R402.3.4 Opaque door exemption. One side-hinged opaque door assembly not greater than 24 square feet (2.22 m?) in area
shall be exempt from the U-factor requirement in Section R402.1.2. This exemption shall not apply to the Total UA alternative
in Section R402.1.5.

R402.3.5 Sunroom and heated garage fenestration. Sunrooms and heated garages enclosing conditioned space shall comply
with the fenestration requirements of this code.

Exception: In Climate Zones 3 through 5 for sunrooms and heated garages with thermal isolation and enclosing condi-
tioned space, the fenestration U-factor shall not exceed 0.45 and the skylight U-factor shall not exceed 0.70.

New fenestration separating the a sunroom or heated garage with thermal isolation from conditioned space shall comply
with the building thermal envelope requirements of this code.

R402.4 Air leakage control (Mandatery)-The building thermal envelope shall be constructed to limit air leakage in accordance
with the requirements of Sections R402.4.1 through R462-4.6 R402.4.5.




permit-helder’suse-onby

R402.4.1 Building thermal envelope air leakage. The building thermal envelope shall comply with Sections R402.4.1.1
through R402.4.1.3. The sealing methods between dissimilar materials shall allow for differential expansion and contraction.

R402.4.1.1 Installation. The components of the building thermal envelope as indicated in Table R402.4.1.1 shall be in-
stalled in accordance with the manufacturer’s instructions and the criteria indicated in Table R402.4.1.1, as applicable to
the method of construction. Where required by the code official, an approved third party shall inspect all components and
verify compliance.

TAELE 8
AIR BARRIER INSPECTION

COMPONENT CRITERIA
Smldms or ﬁuskets Drondc‘! Commuous dlr IJ.m ier system joining the

Ceiling/attic

Windows and doors \ / Space between window and exterior door jambs and framing is sealed.
Floors (including above garage and cantilevered floom The air barrier shall be installed at any exposed edge of insulation.

Ul1||l\e Dcuctmhons lhr‘DllEh the blllldlllﬂ thfrm'll env eIoDc IIlL luding
Penetrations ,

Garage separation

N

Ceiling penetrations
Exception: Ceiling electrical boxes and ceiling mechanical
boxes not penetrating the building thermal envelope.

L Recessed light fixtures are air tight. IC-rated. and sealed to drywall,
Recessed lighting

TABLE R402.4.1.1
AIR BARRIER, AIR SEALING AND INSULATION INSTALLATION?
COMPONENT AIR BARRIER CRITERIA INSULATION INSTALLATION CRITERIA

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

Breaks or joints in the air barrier shall be sealed.

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

The air barrier in any dropped ceiling or soffit shall be
aligned with the insulation and any gaps in the air barrier

Ceiling/attic shall be sealed.

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

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

The junction of the foundation and sill plate shall be

Cavities within corners and headers of frame walls shall

sealed.

The junction of the top plate and the top of exterior walls
shall be sealed.

Knee walls shall be sealed.

be insulated by completely filling the cavity with a mate-
rial having a thermal resistance, R-value, of not less than

R-3 per inch. Exterior thermal envelope insulation for
framed walls shall be installed in substantial contact and

continuous alignment with the air barrier.

Windows, skylights
and doors

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

Rim joists

Rim joists shall include an exterior air barrier.

The junctions of the rim board to the sill plate and the
rim board and the subfloor shall be air sealed.

Rim joists shall be insulated so that the insulation main-
tains permanent contact with the exterior rim board.®

Floors, including can-
tilevered floors and
floors above garages

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

Floor framing cavity insulation shall be installed to
maintain permanent contact with the underside of sub-
floor decking. Alternatively, floor framing cavity insula-
tion shall be in contact with the top side of sheathing, or
continuous insulation installed on the underside of floor
framing and extending from the bottom to the top of all
perimeter floor framing members.

Basement crawl

space and slab foun-
dations

Exposed earth in unvented crawl spaces shall be covered
with a Class I vapor retarder/air barrier in accordance

Crawl space insulation, where provided instead of floor

with Section R402.2.10.

Penetrations through concrete foundation walls and slabs
shall be air sealed.

Class 1 vapor retarders shall not be used as an air barrier
on below-grade walls and shall be installed in accord-

insulation, shall be installed in accordance with Sec-
tion R402.2.10.

Conditioned basement foundation wall insulation shall
be installed in accordance with Section R402.2.8.1.

Slab-on-grade floor insulation shall be installed in ac-

ance with Section R702.7 of the International Residen-

cordance with Section R402.2.10.

tial Code.

Shafts, penetrations

Duct and flue shafts and other similar penetrations to ex-
terior or unconditioned space shall be sealed to allow for

expansion, contraction and mechanical vibration.

Utility penetrations of the air barrier shall be caulked.
gasketed or otherwise sealed and shall allow for expan-
sion, contraction of materials and mechanical vibration.

Insulation shall be fitted tightly around utilities passing
through shafts and penetrations in the building thermal
envelope to maintain required R-value.

Narrow cavities

Narrow cavities of 1 inch or less that are not able to be

Batts to be installed in narrow cavities shall be cut to fit
or narrow cavities shall be filled with insulation that on

insulated shall be air sealed.

installation readily conforms to the available cavity
space.

Garage separation

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

Insulated portions of the garage separation assembly
shall be installed in accordance with Sections R303 and
R402.2.7.

TABLE R402.4.1.1—continued

AIR BARRIER, AIR SEALING AND INSULATION INSTALLATION?

COMPONENT

AIR BARRIER CRITERIA

INSULATION INSTALLATION CRITERIA

Recessed lighting

Recessed light fixtures installed in the building thermal

Recessed light fixtures installed in the building thermal

envelope shall be air sealed in accordance with Section

envelope shall be airtight and IC rated, and shall be bur-

R402.4.5.

ied or surrounded with insulation.




Plumbing, wiring or

All holes created by wiring, plumbing or other obstruc-

other obstructions

tions in the air barrier assembly shall be air sealed.

Insulation shall be installed to fill the available space
and surround wiring, plumbing, or other obstructions,
unless the required R-value can be met by installing in-
sulation and air barrier systems completely to the exte-
rior side of the obstructions.

Shower/tub on exterior
wall

The air barrier installed at exterior walls adjacent to
showers and tubs shall separate the wall from the
shower or tub.

Exterior walls adjacent to showers and tubs shall be in-
sulated.

Electrical/phone box
on exterior walls

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

HVAC register boots

HVAC supply and return register boots that penetrate
building thermal envelope shall be sealed to the sub-

floor, wall covering or ceiling penetrated by the boot.

Concealed sprinklers

Where required to be sealed, concealed fire sprinklers

shall only be sealed in a manner that is recommended by

the manufacturer. Caulking or other adhesive sealants
shall not be used to fill voids between fire sprinkler

cover plates and walls or ceilings.

a. Inspection of log walls shall be in accordance with the provisions of ICC 400.

b. Air barrier and insulation full enclosure is not required in unconditioned/ventilated attic spaces and at rim joists.
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R402.4.1.2 Testing. The building or dwelling unit shall be tested for air leakage. The maximum air leakage rate for any

building or dwelling unit under any compliance path shall not exceed 4.0 air changes per hour or 0.23 cubic feet per minute
(CFM) per square foot [0.0079 m?/(s X m?)] of dwelling unit enclosure area. Testing shall be conducted in accordance with
ANSI/RESNET/ICC 380, ASTM E779. ASTM E3158 or ASTM E1827 and reported at a pressure of 0.2 inch w.g. (50
Pascals). Alternately, if using a higher test pressure of 0.30 in. w.g.(75 Pa), a maximum air leakage rate of 0.30 cubic feet
per minute per square foot of dwelling unit enclosure area shall be met. Where required by the code official, testing shall
be conducted by an approved third party. A written report of the results of the test shall be signed by the party conducting
the test and provided to the code official. Testing shall be performed at any time after creation of all penetrations of the
building thermal envelope have been sealed.

Exception: For heated, attached private garages and heated, detached private garages accessory to one- and two-family
dwellings and townhouses not more than three stories above grade plane in height, building envelope tightness and
insulation installation shall be considered acceptable where the items in Table R402.4.1.1, applicable to the method of
construction, are field verified. Where required by the code official, an approved third party independent from the in-
staller shall inspect both air barrier and insulation installation criteria. Heated, attached private garage space and heated,
detached private garage space shall be thermally isolated from all other habitable, conditioned spaces in accordance
with Sections R402.2.12 and R402.3.5. as applicable.

During testing:

1. Exterior windows and doors, fireplace and stove doors shall be closed, but not sealed, beyond the intended weath-
erstripping or other infiltration control measures.

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

Interior doors, where installed at the time of the test, shall be open.

Exterior or interior terminations for continuous ventilation systems shall be sealed.

Heating and cooling systems, where installed at the time of the test, shall be turned off.

SANN R R S

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

Exceptions:

1. When testing individual dwelling units, an air leakage rate not exceeding 0.30 cubic feet per minute
per square foot [0.008 m3/(s x m2)] of the dwelling unit enclosure area, tested in accordance with
ANSI/RESNET/ICC 380, ASTM E779 or ASTM E1827 and reported at a pressure of 0.2 inch w.g. (50 Pa),
shall be an accepted alternative permitted in all climate zones for:

a. Attached single and multiple family building dwelling units.
b. Buildings or dwelling units that are 1,500 square feet (139.4 m2) or smaller.




2. For heated, attached private garages and heated, detached private garages accessory to one and two-
family dwellings and townhouses not more than three stories above grade plane in height, building
envelope tightness and insulation installation shall be considered acceptable where the items in Table
R402.4.1.1, applicable to the method of construction, are field verified. Where required by the code
official, an approved third party independent from the installer shall inspect both air barrier and insu-
lation installation criteria. Heated, attached private garage space and heated, detached private garage
space shall be thermally isolated from all other habitable, conditioned spaces in accordance with Sec-
tions R402.2.12 and R402.3.5, as applicable.

Mechanical ventilation shall be provided in accordance with Section M1505 of the International Residential Code or
Section 403.3.2 of the International Mechanical Code, as applicable, or with other approved means of ventilation.

R402.4.1.3 Leakage rate. When complying with Section R401.2.1, the building or dwelling unit shall have an air leakage

rate not exceeding 3.0 air changes per hour in Climate Zones 3 through 5. when tested in accordance with Section
R402.4.1.2.

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

R402-4-4 R402.4.3 Fenestration air leakage. Windows, skylights and sliding glass doors shall have an air infiltration rate of
not greater than 0.3 cfim per square foot (1.5 L/s/m?), and for swinging doors, not greater than 0.5 c¢fim per square foot (2.6
L/s/m?), when tested in accordance with NFRC 400 or AAMA/WDMA/CSA 101/1.S.2/A440 by an accredited, independent
laboratory and /isted and labeled by the manufacturer.

Exception: Eield-fabrieated Site-built windows, skylights and doors.

R402:4-6 R402-4.5 R402.4.4 Recessed lighting. Recessed luminaires installed in the building thermal envelope shall be
sealed to limit air leakage between conditioned and unconditioned spaces. Recessed luminaires shall be IC-rated and labeled
as having an air leakage rate of not greater than 2.0 c¢fm (0.944 L/s) when tested in accordance with ASTM E283 at a pressure
differential of 1.57 psf (75 Pa). Recessed luminaires shall be sealed with a gasket or caulked between the housing and the
interior wall or ceiling covering.
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R402.4.5 Electrical and communication outlet boxes (air-sealed boxes). Electrical and communication outlet boxes in-
stalled in the building thermal envelope shall be sealed to limit air leakage between conditioned and unconditioned spaces.
Electrical and communication outlet boxes shall be tested in accordance with NEMA OS 4, Requirements for Air-Sealed Boxes
for Electrical and Communication Applications, and shall have an air leakage rate of not greater than 2.0 cubic feet per minute
(0.944 L/s) at a pressure differential of 1.57 psf (75 Pa). Electrical and communication outlet boxes shall be marked “NEMA
OS 4” or “OS 4” in accordance with NEMA OS 4. Electrical and communication outlet boxes shall be installed per the

manufacturer’s instructions and with any supplied components required to achieve compliance with NEMA OS 4.

R402.5 Maximum fenestration U-factor and SHGC. The area-weighted average maximum fenestration U-factor permitted
using tradeoffs from Section R402.1.5 or R405 shall be 0.48 in Climate Zones 4 and 5 for vertical fenestration, and 0.75 in
Climate Zones 4 through 5 for skylights. The area-weighted average maximum fenestration SHGC permitted using tradeoffs
from Section R405 in Climate Zone 3 shall be 0.40.

Exception: The maximum U-factor and solar heat gain coefficient (SHGC) for fenestration shall not be required in storm
shelters complying with ICC 500.

SECTION R403
SYSTEMS

R403.1 Controls (Mandatery)- Not less than one thermostat shall be provided for each separate heating and cooling system.

R403.1.1 Programmable thermostat. When-th mary-Reatin S e raec-orh wmp, The thermostat
controlling the primary heating or cooling system of the dwellmg unit shall be capable of controlhng the heating and cooling
system on a daily schedule to maintain different temperature set points at different times of day and different days of the week.
This thermostat shall include the capability to set back or temporarily operate the system to maintain zone temperatures of not
less than 55°F (13°C) to not greater than 85°F (29°C). The thermostat shall be programmed initially by the manufacturer with
a heating temperature setpoint of not greater than 70°F (21°C) and a cooling temperature setpoint of not less 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.




R403.2 Hot water boiler temperature reset. The manufacturer shall equip each gas. oil and electric boiler (other than a boiler
equipped with a tankless domestic water heating coil) with automatic means of adjusting the water temperature supplied by the
boiler to ensure incremental change of the inferred heat load will cause an incremental change in the temperature of the water
supplied by the boiler. This can be accomplished with outdoor reset, indoor reset or water temperature sensing.

R403.3 Ducts. Ducts and air handlers shall be installed in accordance with Sections R403.3.1 through R463-3-4 R403.3.7.

RA40 \

Aandatao
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R403.3.1 Ducts located outside conditioned space. Supply and return ducts located outside conditioned space shall be insu-
lated to an R-value of not less than R-8 for ducts 3 inches (76 mm) in diameter and larger and not less than R-6 for ducts
smaller than 3 inches (76 mm) in diameter. Ducts buried beneath a building shall be insulated as required per this section or

have an equivalent thermal distribution efficiency. Underground ducts utilizing the thermal distribution efficiency method
shall be listed and labeled to indicate the R-value equivalency.

R403.3.2 Ducts located in conditioned space. For ductwork to be considered inside a conditioned space, it shall comply with
one of the following:

1. The duct system shall be located completely within the continuous air barrier and within the building thermal enve-
lope.

2. Ductwork in ventilated attic spaces shall be buried within ceiling insulation in accordance with Section R403.3.3 and
all of the following conditions shall exist:

2.1. The air handler is located completely within the continuous air barrier and within the building thermal envelope.

2.2. The duct leakage, as measured either by a rough-in test of the ducts or a post-construction total system leakage
test to outside the building thermal envelope in accordance with Section R403.3.6, is less than or equal to 1.5
cubic feet per minute (42.5 L/min) per 100 square feet (9.29 m?) of conditioned floor area served by the duct

system.

2.3. The ceiling insulation R-value installed against and above the insulated duct is greater than or equal to the pro-
posed ceiling insulation R-value, less the R-value of the insulation on the duct.

3. Ductwork in floor cavities located over unconditioned space shall comply with all of the following:

3.1. A continuous air barrier installed between unconditioned space and the duct.

3.2. Insulation installed in accordance with Section R402.2.7.

3.3. A minimum R-19 insulation installed in the cavity width separating the duct from unconditioned space.

4.  Ductwork located within exterior walls of the building thermal envelope shall comply with the following:

4.1. A continuous air barrier installed between unconditioned space and the duct.

4.2. Minimum R-10 insulation installed in the cavity width separating the duct from the outside sheathing.
4.3. The remainder of the cavity insulation shall be fully insulated to the drywall side.

R403.3.3 Ducts buried within ceiling insulation. Where supply and return air ducts are partially or completely buried in
ceiling insulation, such ducts shall comply with all of the following:

1. The supply and return ducts shall have an insulation R-value not less than R-8.
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2. In Zones 4 and 5, at all points along each duct, the sum of the ceiling insulation R-value against and above the top of

the duct, and against and below the bottom of the duct, shall be not less than R-19, excluding the R-value of the duct
insulation.

3. In Climate Zone 3, the supply ducts shall be completely buried within ceiling insulation, insulated to an R-value of not
less than R-13 and in compliance with the vapor retarder requirements of Section 604.11 of the International Mechan-
ical Code or Section M1601.4.6 of the International Residential Code, as applicable.

Exception: Sections of the supply duct that are less than 3 feet (914 mm) from the supply outlet shall not be
required to comply with these requirements.

R403.3.3.1 Effective R-value of deeply buried ducts. Where using the Total Building Performance Compliance Option
in accordance with Section R401.2.2, sections of ducts that are installed in accordance with Section R403.3.3, located

directly on or within 5.5 inches (140 mm) of the ceiling, surrounded with blown-in attic insulation having an R-value of R-

30 or greater and located such that the top of the duct is not less than 3.5 inches (89 mm) below the top of the insulation,
shall be considered as having an effective duct insulation R-value of R-25.

R4033:2 R403.3.4 Sealing (Mandatery)- Ducts, air handlers and filter boxes and-buildingeavitiesused-as-duets; shall be
sealed. Joints and seams shall comply with either the International Mechanical Code or International Residential Code, as
applicable.

R403.3.4.1 Sealed air handler. Air handlers shall have a manufacturer’s designation for an air leakage of not greater than
2 percent of the design airflow rate when tested in accordance with ASHRAE 193.

R403.3.3 Duct leakage (Prescriptive) and duct testing (Mandatory). Duct testing and duct leakage shall be veri- fied 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 North Carolina licensed general contrac- tor, a North Carolina licensed HVAC contractor, a North Carolina licensed Home
Inspector, a registered design pro- fessional, a certified BPI Envelope Professional or a certi- fied 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 conduct- ing tests in accordance with ASTM E1554—07.

The duct leakage information, including duct leakage test selected and the result, tester name, date, and contact infor-
mation, 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 5 CFM25/100SF for the

29




During testing:
1 Block, if present, the ventilation air duct(s) con- nected to the condition-

ing 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 operabledampers.
7. Set up an envelope air moving/flow-regulating/
flow measurement assembly, such as a blower
door, following the manufacturer’s prescribed pro-

cedure.
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R403.3.5 Duct testing. Ducts shall be pressure tested in accordance with ANSI/RESNET/ICC 380 or ASTM E1554 to deter-
mine air leakage by one of the following methods:
1. Rough-in test: Total leakage shall be measured with a pressure differential of 0.1 inch w.g. (25 Pa) across the system

including the manufacturer’s air handler enclosure if installed at the time of the test. Registers shall be taped or other-
wise sealed during the test.

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

Exception: A duct air-leakage test shall not be required for ducts serving heating, cooling or ventilation systems that are
not integrated with ducts serving heating or cooling systems.

R403.3.6 Duct leakage. The total leakage of the ducts, where measured in accordance with Section R403.3.5, shall be as
follows:

Duct testing shall be performed and reported by the permit holder, a North Carolina licensed general contractor, a North
Carolina licensed HVAC contractor, a North Carolina licensed Home Inspector, a registered design professional, a certified
BPI Envelope Professional, a certified HERS rater, or other certified rater.

1.  Rough-in test: The total leakage shall be less than or equal to 4.0 cubic feet per minute (113.3 L/min) per 100 square
feet (9.29 m?) of conditioned floor area where the air handler is installed at the time of the test. Where the air handler
is not installed at the time of the test, the total leakage shall be less than or equal to 3.0 cubic feet per minute (85
L/min) per 100 square feet (9.29 m?) of conditioned floor area.

2. Postconstruction test: Total leakage shall be less than or equal to 4.0 cubic feet per minute (113.3 L/min) per 100
square feet (9.29 m?) of conditioned floor area.

3. Test for ducts within thermal envelope: Where all ducts and air handlers are located entirely within the building ther-
mal envelope, total leakage shall be less than or equal to 8.0 cubic feet per minute (226.6 L/min) per 100 square feet
(9.29 m?) of conditioned floor area.

—Butdimotrampe-cavibesshat ot bewsed-assapply

R403.3.7 Building cavities. Building framing cavities shall not be used as ducts or plenums.

R403.4 Mechanical system piping insulation (Mandatery): Mechanical system piping capable of carrying fluids greater than
105°F (41°C) or less than 55°F (13°C) shall be insulated to an R-value of not less than R-3.

R403.4.1 Protection of piping insulation. Piping insulation exposed to weather shall be protected from damage, including

that caused by sunlight, moisture, equipment maintenance and wind. The protection shall provide shielding from solar radia-
tion that can cause degradation of the material. Adhesive tape shall be prohibited.

R403.5 Service hot water systems. Energy conservation measures for service hot water systems shall be in accordance with
Sections R403.5.1 through R403.5.3.

R403.5.1 Heated water circulation and temperature maintenance systems. Heated water circulation systems shall be in
accordance with Section R403.5.1.1. Heat trace temperature maintenance systems shall be in accordance with Section
R403.5.1.2. Automatic controls, temperature sensors and pumps shall be in a location with access. Manual controls shall be
in a location with ready access.

R403.5.1.1 Circulation systems. Heated water circulation systems shall be provided with a circulation pump. The system
return pipe shall be a dedicated return pipe or a cold water supply pipe. Gravity and thermosyphon circulation systems shall
be prohibited. Controls for circulating hot water system pumps shall automatically turn off the pump when the water in the




circulation loop is at the desired temperature and when there is no demand for hot water. The controls shall limit the tem-
perature of the water entering the cold water piping to not greater than 104°F (40°C).

R403.5.1.1.1 Demand recirculation water systems. Where installed, demand recirculation water systems shall have

controls that start the pump upon receiving a signal from the action of a user of a fixture or appliance, sensing the
presence of a user of a fixture or sensing the flow of hot or tempered water to a fixture fitting or appliance.

R403.5.1.2 Heat trace systems. Electric heat trace systems shall comply with IEEE 515.1 or UL 515. Controls for such

systems shall automatically adjust the energy input to the heat tracing to maintain the desired water temperature in the
piping in accordance with the times when heated water is used in the occupancy.

R403.5.2 Hot water pipe insulation. Insulation for service hot water piping with a thermal resistance, R-value, of not less
than R-3 shall be applied to the following:

1. Piping %/4 inch (19.1 mm) and larger in nominal diameter located inside the conditioned space.

2. Piping serving more than one dwelling unit.

3. Piping located outside the conditioned space.

4. Piping from the water heater to a distribution manifold.

5. Piping located under a floor slab.

6.  Buried piping.

7. Supply and return piping in circulation and recirculation systems other than cold water pipe return demand recircula-
tion systems.

R403.5.3 Drain water heat recovery units. Where installed, drain water heat recovery units shall comply with CSA B55.2.
Drain water heat recovery units shall be tested in accordance with CSA B55.1. Potable water-side pressure loss of drain water
heat recovery units shall be less than 3 psi (20.7 kPa) for individual units connected to one or two showers. Potable water-side
pressure loss of drain water heat recovery units shall be less than 2 psi (13.8 kPa) for individual units connected to three or
more showers.

R403.6 Mechanical ventilation (Mandatery): As applicable, Buitdings buildings and dwelling units shall be provided with
mechanical ventilation that complies with the requirements of the International Residential Code or International Mechanical
Code, as-applieable; 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.

R403.6.1 Heat or energy recovery ventilation. Deleted.

R403.6.2 Whole-dwelling mechanical ventilation system fan efficacy. Fans used to provide whole-dwelling mechanical

ventilation shall meet the efficacy requirements of Table R403.6.2 at one or more rating points. Fans shall be tested in accord-
ance with HVI 916 and listed. The airflow shall be reported in the product listing or on the label. Fan efficacy shall be reported

in the product listing or shall be derived from the input power and airflow values reported in the product listing or on the label.
Fan efficacy for fully ducted HRV, ERC, balanced, and in-line fans shall be determined at a static pressure of not less than
0.2 inch w.c. (49.85 Pa). Fan efficacy for ducted range hoods, bathroom and utility room fans shall be determined at a static

pressure of not less than 0.1 inch w.c. (24.91 Pa). "

TABLE R403.6.2

WHOLE-DWELLING MECHANICAL VENTILATION
SYSTEM FAN EFFICACY?

AIRFLOW MINIMUM

FAN LOCATION RATE MINIMUM EFFICACY
(CEM) (CEM/WATT)
HRV, ERV__ " Any 1.2 cfm/watt
In-line supply or exhaust fan Any 3.8 cfim/watt
Other exhaust fan <90 2.8 cfim/watt
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Other exhaust fan >90 3.5 cfim/watt
Air-handler that is integrated to

tested and listed HVAC equip- Any 1.2 cfim/watt
ment

For SI: 1 cubic foot per minute = 28.3 L/min.
a. Design outdoor airflow rate/watts of fan used.

R403.6.3 Testing. Mechanical ventilation systems shall be tested and verified to provide the minimum ventilation flow rates
required by Section R403.6. Testing shall be performed according to the ventilation equipment manufacturer’s instructions,

or by using a flow hood or box, flow grid, or other airflow measuring device at the mechanical ventilation fan’s inlet terminals
or grilles, outlet terminals or grilles, or in the connected ventilation ducts. Where required by the code official, testing shall
be conducted by an approved third party. A written report of the results of the test shall be signed by the party conducting the
test and provided to the code official.

Exception: Kitchen range hoods that are ducted to the outside with 6-inch (152 mm) or larger duct and not more than one
90—degree (1.57 rad) elbow or equivalent in the duct run.

Heating and cooling equrpment shaII be sized in
accordance W|th ACCA Manual S based on bu1/d/ng loads calculated in accordance with ACCA Manual J or other
approved heating and cooling calculation methodologies. New or replacement heating and cooling equipment
shall have an efficiency rating equal to or greater than the minimum required by federal law for the geographic
location where the equipment is installed.

R403.8 Systems serving multiple dwelling units {Mandatery): Building mechanical systems and service water heating

Systems. Systems serving multiple dwelling units shall comply with Sections C403 and C404 of the International Energy Con-
servation Code—Commercial Provisions instead of Section R403.

R403.9 Snow melt and ice system controls (Mandatery)—Snow- and ice-melting systems, supplied through energy service to
the building, shall include automatic controls capable of shutting off the system when the pavement temperature is greater than

50°F (10°C) and precipitation is not falling, and an automatic or manual control that will allow shutoff when the outdoor tem-
perature is greater than 40°F (4.8°C).

R403.10 Pes

). Energy consumption of pools and spas. The

energy consumptlon of pools and permanent spas shaII be controlled by the requirements in Sections R403.10.1
through R403.10.3.
R403.10.1 Heaters. A

R403.10.1 Heaters. The electric power to heaters shall be controlled by an on-off switch that is an integral part of the heater
mounted on the exterior of the heater in a location with ready access, or external to and within 3 feet (914 mm) of the heater.
Operation of such switch shall not change the setting of the heater thermostat. Such switches shall be in addition to a circuit
breaker for the power to the heater. Gas-fired heaters shall not be equipped with continuously burning ignition pilots.

R403.10.2 Time switches. Time switches or other control methods that can automatically turn heaters and pump motors off
and on according to a preset schedule shall be installed for heaters and pump motors. Heaters and pump motors that have built-
in time switches shall be in compliance with this section.

Exceptions:
1. Where public health standards require 24-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 Sass+ vapor-retardant cover
or other approved vapor-retardant means.



Exception: Where more than 75 percent of the energy for heating, computed over an operation season of not fewer than 3
calendar months, is from a heat pump or an on-site renewable energy system, covers or other vapor-retardant means shall

not be required.

R403.11 Portable spas. The energy consumption of electric-powered portable spas shall be controlled by the requirements of

APSP 14.

R403.12 Residential pools and permanent residential spas. Where installed, the energy consumption of residential swimming
pools and permanent residential spas shall be controlled in accordance with the requirements of APSP 15.

SECTION R404
ELECTRICAL POWER AND LIGHTING SYSTEMS

R404.1 Lighting equipment. All permanently installed lighting fixtures, excluding kitchen appliance lighting fixtures, shall
contain only high-efficacy light sources.

R404.1.1 Exterior lighting. Connected exterior lighting for residential buildings shall comply with Section C405.4.

Exceptions:
1. Detached one- and two- family dwellings.

. Townhouses.

Solar-powered lamps not connected to any electrical service.

2
3
4. TLuminaires controlled by a motion sensor.
5

Lamps and luminaires that comply with Section R404.1.

R40411 Lightingequipment-(Mandatery)R404.1.2 Fuel gas lighting equipment. Fuel gas lighting systems shall not have

continuously burning pilot lights.

R404.2 Interior lighting controls. Permanently installed lighting fixtures shall be controlled with either a dimmer, an occupant
sensor control or other control that is installed or built into the fixture.

Exception: Lighting controls shall not be required for the following:

1. Bathrooms.

2. Hallways.
3. Exterior lighting fixtures.

4. Lighting designed for safety or security.

R404.3 Exterior lighting controls. Where the total permanently installed exterior lighting power is greater than 30 watts, the
permanently installed exterior lighting shall comply with the following:
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1. Lighting shall be controlled by a manual on and off switch which permits automatic shut-off actions.

Exception: Lighting serving multiple dwelling units.

2. Lighting shall be automatically shut off when daylight is present and satisfies the lighting needs.

Controls that override automatic shut-off actions shall not be allowed unless the override automatically returns automatic
control to its normal operation within 24 hours.

SECTION R405
SIMULATED-PERFORMANCE ALTERNATIVE (PERFORMANCE)TOTAL BUILDING PERFORMANCE
R405.1 Scope. This section establishes crlterla for comphance using 5|-ma4a!eed—eﬂe+=g-y total building performance
analysis. Such analysis shall include ;

desien-professionaiisreguiredto-perform-the-analyvsisi
GEStgH ProfesStonad IS TEqH pertormtncanarysiS+

chanical ventilation and service water-heating energy only.

R405.3 R405.2 Performance-based compliance. Compliance based on total building performance requires that a proposed
design meets all of the following:

The requirements of the sections indicated within Table R405.2.

2. The building thermal envelope greater than or equal to levels of efficiency and solar heat gain coefficients in Table
R402.1.1 or R402.1.3 of the 2009 International Energy Conservation Code.

3. 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 Ad-

ministration’s State Energy Data System Prices and Expenditures reports. 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 R405.3 Documentation. Documentation of the software used for the performance design and the parameters for the
building shall be in accordance with Sections R465-4+ R405.3.1 through R465-4-3 R405.3.2.2.

R405:4-1 R405.3.1 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 R405.3.2 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 submitted with the application for
the building permit. Upon completion of the building, a confirmed compliance report based on the_confirmed condition of the
building shall be submitted to the code official before a certificate of occupancy is issued.

Compliance reports shall include information in accordance with Sections R405.3.1 and R405.3.2.2.
TABLE R405.2

REQUIREMENTS FOR TOTAL BUILDING PERFORMANCE
SECTION® TITLE




General

R401.2.5 Additional energy efficiency

R401.3 Certificate

Building Thermal Envelope

R402.1.1 Vapor retarder

R402.2.3 Eave baffle

R402.2.4.1 Access hatches and doors

R402.2.10.1 Crgwl space wall insulation instal-

T lations

R402.4.1.1 Installation

R402.4.1.2 Testing

R402.5 xzxéﬁlé}né fenestration U-factor
Mechanical

R403.1 Controls

R403.3, including R403.3.1,
except Sections R403.3.2, Ducts
R403.3.3 and R403.3.6

Mechanical system piping insula-

R403.4 .
tion

R403.5.1 Heated watgr circulation and tem-
EEE— perature maintenance systems
R403.5.3 Drain water heat recovery units
R403.6 Mechanical ventilation
R403.7 Eq}upment sizing and efficiency
- rating
R403.8 Sy_stems serving multiple dwelling
E— units
R403.9 Snow melt and ice systems
R403.10 Energy consumption of pools and
E— spas
R403.11 Portable spas
R403.12 Regden?lal pools and permanent
—— residential spas

Electrical Power and Lighting Systems
R404.1 Lighting equipment
404.2 Interior lighting controls

a. Reference to a code section includes all the relative subsections except as indicated in the table.
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R405.3.2.1 Compliance report for permit application. A compliance report submitted with the application for building
permit shall include the following:

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

2. The name of the individual performing the analysis and generating the compliance report.

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

4. Documentation of all inputs entered into the software used to produce the results for the reference design and/or the
rated home.

5. A certificate indicating that the proposed design complies with Section R405.3. The certificate shall document the
building components’ energy specifications that are included in the calculation including: component-level insula-
tion R-values or U-factors; duct system and building envelope air leakage testing assumptions; and the type and
rated efficiencies of proposed heating, cooling, mechanical ventilation and service water-heating equipment to be
installed. If on-site renewable energy systems will be installed, the certificate shall report the type and production
size of the proposed system.

6. Where a site-specific report is not generated, the proposed design shall be based on the worst-case orientation and

configuration of the rated home.

R405.3.2.2 Compliance report for certificate of occupancy. A compliance report submitted for obtaining the certificate
of occupancy shall include the following:

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

2. Declaration of the total building performance path on the title page of the energy report and the title page of the
building plans.

3. A statement, bearing the name of the individual performing the analysis and generating the report, indicating that
the as-built building complies with Section R405.3.

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

5. A site-specific energy analysis report that is in compliance with Section R405.3.

6. A final confirmed certificate indicating compliance based on inspection, and a statement indicating that the con-
firmed rated design of the built home complies with Section R405.3. The certificate shall report the energy features
that were confirmed to be in the home, including component-level insulation R-values or  U-factors; results from




any required duct system and building envelope air leakage testing; and the type and rated efficiencies of the heat-
ing, cooling, mechanical ventilation and service water-heating equipment installed.

7. When on-site renewable energy systems have been installed, the certificate shall report the type and production size
of the installed system.

R405.4 Calculation procedure. Calculations of the performance design shall be in accordance with SectionsR4085-5+ R405.4.1
and R465-5:2 R405.4.2.

d.

R405:5-1 R405.4.1 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-R405.4.2 Residence specifications. The standard reference design and proposed design shall be configured and

analyzed as specified by Table R405-5:2(1 R405.4.2(1). Table R405-5-2(1)>-R405.4.2(1) shall include, by reference, all notes
contained in Table R4021+-2 R402.1.3.

TFable-R405:5:2(2) TABLE R405.4.2(2)
DEFAULT DISTRIBUTION SYSTEM EFFICIENCIES FOR PROPOSED DESIGNS?

DISTRIBUTION SYSTEM FORCED AIR | HYDRONIC
CONFIGURATION AND CONDITION SYSTEMS SYSTEMS®

Distribution system components lo-

cated in unconditioned space o 0.95

Untested distribution systems en-

tirely located in conditioned space® 0.88 !

“Ductless” systems? 1 —

. Default values in 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 R405.5 Calculation software tools. Calculation software, where used, shall be in accordance with Sections R405-6-+
R405.5.1 through R465-6:3 R405.5.3.

R405:6-1 R405.5.1 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
R405.4.2(1) determined by the analysis to provide compliance, along with their respective performance ratings such
as R-value, U-factor, SHGC, HSPF, AFUE, SEER and EF.
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R405:6:2 R405.5.2 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 such tools for a specified application or limited scope.

R405:6:3 R405.5.3 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.

TABLE o
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS
BUILDING COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN

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

Gross area: same as proposed / As proposed

Above-grade walls U-factor: as specified in Table R402.1.4 / As proposed
Solar absorptance = 0.75 / As proposed

\Emitt:mce =0.90 / As proposed

T}p{ same as proposed / As proposed

Basement and crawl space GrossSNea: same as “sed As proposed
walls ITOSS WEa: S¢ ./pf(p.t S proposed
U-factor: Mble R402.1.4, with insulation layer on interior side of walls As proposed

Type: w f[ﬁh& As proposed

Above-grade floors Grnyr‘h’rea: same :19\}&{05&1 As proposed
/Mﬂt“m[': as specified in MJA)Z 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

Gross area: same as proposed As proposed

Roofs .L }LI.J . \ proposes
Solar absorptance = 0.75 \ As proposed

Emittance = 0.90 N As proposed

A ##inn Termns wrnntad mith nnasties — 1 F2 mne 200 &2 anilina nenn PP |

Note to Rule Review Reviewer: Table R405.4.2(1) below, to replace Table R405.5.2(1) above, of the 2018 NC Energy Code

TABLE R405.4.2(1)

SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS
BUILDING COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN
Type: mass where the proposed wall is a mass wall; otherwise As proposed
wood frame. A8 proposed
Gross area: same as proposed. As proposed
Above-grade walls U-factor: as specified in Table R402.1.2. As proposed
Solar absorptance = 0.75. As proposed
Emittance = 0.90. As proposed
Type: same as proposed. As proposed
Basement and crawl Gross area: same as proposed. As proposed
space walls
U-factor: as specified in Table R402.1.2, with the insulation As proposed
layer on the interior side of the walls. A8 proposed
Above-grade floors Type: wood frame. As proposed




Gross area: same as proposed. As QI‘OQOSGd

U-factor: as specified in Table R402.1.2. As proposed
Type: wood frame. As proposed
Ceilings Gross area: same as proposed. As proposed
U-factor: as specified in Table R402.1.2. As proposed
Type: composition shingle on wood sheathing. As proposed
Gross area: same as proposed. As proposed
Roofs
Solar absorptance = 0.75. As proposed
Emittance = 0.90. As proposed
Attics :rx‘;r;('e: vented with an aperture of 1 ft? per 300 ft? of ceiling As proposed
Type: same as proposed. As proposed
Foundations Foundation wall area above and below grade and soil charac-
teristics: same as proposed. As proposed
Area: 40 fi?. As proposed
Opaque doors Orientation: North. As proposed
U-factor: same as fenestration as specified in Table R402.1.2. As proposed

Total area® =
(a) The proposed glazing area, where the proposed glazing
area is less than 15 percent of the conditioned floor
area. As proposed
(b) 15 percent of the conditioned floor area, where the

proposed glazing area is 15 percent or more of the
conditioned floor area.

Orientation: equally distributed to four cardinal compass ori-

. A d
Vertical fenestration entations (N, E, S & W). AS propose
other than opaque doors ) ]
U-factor: as specified in Table R402.1.2. As proposed
SHGC: as specified in Table R402.1.2 except for climate
zones without an SHGC requirement, the SHGC shall be equal As proposed
t0 0.40.
Interior shade fraction: 0.92 — (0.21 x SHGC for the standard Interior shade fraction:
reference design). 0.92 —(0.21 x SHGC as proposed)
External shading: none As proposed
(continued)
(continued)

TABLE R405.4.2(1)—continued
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS
BUILDING COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN
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Skylights None As proposed
Thermally isolated sun- Hrop
Thermally isolated sun None As proposed

rooms

Air exchange rate

The air leakage rate at a pressure of 0.2 inch w.g. (50 Pa) shall

be Climate Zones 3 through 5: 3.0 air changes per hour.

The measured air exchange rate.?

The mechanical ventilation rate shall be in addition to the air
leakage rate and shall be the same as in the proposed design,
but not greater than 0.01 x CFA + 7.5 X (Np-+ 1)

where:

CFA = conditioned floor area, fi2.

Ny = number of bedrooms.

The mechanical ventilation system type shall be the same as in

the proposed design. Energy recovery shall not be assumed for

mechanical ventilation.

The mechanical ventilation rate® shall be
in addition to the air leakage rate and shall

be as proposed.

Mechanical ventilation

Where mechanical ventilation is not specified in the proposed
design: None
Where mechanical ventilation is specified in the proposed de-

sign, the annual vent fan energy use, in units of kWh/yr, shall
equal (1/e) x[0.0876 x CFA + 65.7 x (Np-+ 1)]

where:

er= the minimum exhaust fan efficacy, as specified in
Table 403.6.2, corresponding to the system type at a flow

rate of 0.01 x CFA + 7.5 X (Nor-+ 1)
CFA = conditioned floor area, ft*.

Npr= number of bedrooms.

As proposed

Internal gains

IGain, in units of Btu/day per dwelling unit, shall equal 17,900

+23.8 XCFA + 4,104 X Npr

where:
CFA = conditioned floor area, ft.
Npr= number of bedrooms.

Same as standard reference design.

Internal mass

Internal mass for furniture and contents: 8 pounds per square
foot of floor area.

Same as standard reference design, plus any ad-

ditional mass specifically designed as a
thermal storage element® but not integral 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 As proposed
room air.
For masonry basement walls: as proposed, but with insulation
as specified in Table R402.1.3, located on the interior side of As proposed
the walls.
For other walls, ceilings, floors, and interior walls: wood

As proposed

frame construction.




For other than electric heating without a heat pump: as pro-

posed.
Where the proposed design utilizes electric heating without a
Heating systems® heat pump, the standard reference design shall be an air source As proposed

heat pump meeting the requirements of Section C403 of the
IECC—Commercial Provisions.

Capacity: sized in accordance with Section R403.7.

) As proposed.
Cooling systems® o ) ) As proposed
Capacity: sized in accordance with Section R403.7.

(continued)
(continued)

TABLE R405.4.2(1)—continued
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS
BUILDING COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN

As proposed

Use, in units of gal/day =
25.5 + (8.5 X Np) x (1 — HWDS)

where:

Npr= number of bedrooms.

HWDS = factor for the compactness of the hot

As proposed. water distribution system.
) o Use, in units of gal/day =30 + (10 X Np) i
Service water heating® ¢ Compactness ratio' factor HWDS
where:
Nir = number of bedrooms. 1 story 2 or more stories
> 60% >30% 0
>30% to < 60% | > 15% to <30% 0.05
>15%t0<30% |>7.5%to<15% 0.10
<15% <7.5% 0.15
Duct insulation: in accordance with Section R403.3.1.
A thermal distribution system efficiency (DSE) of 0.88 shall
be applied to both the heating and cooling system efficiencies
for all systems other than tested duct systems.
. . Duct insulation: as proposed.
Thermal distribution Duct location: same as proposed design.
systems Exception: For nonducted heating and cooling systems As tested or, where not tested, as specified in

that do not have a fan, the standard reference design Table R405.4.2(2).

thermal distribution system efficiency (DSE) shall be 1.
For tested duct systems, the leakage rate shall be 4 cfm
(113.3 L/min) per 100 ft?> (9.29 m?) of conditioned floor
area at a pressure of differential of 0.1 inch w.g. (25 Pa).

Type: Manual, cooling temperature setpoint = 75°F;

Thermostat ) ] Same as standard reference design.
Heating temperature setpoint = 72°F.
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Where a mechanical ventilation system with latent heat recov-
ery is not specified in the proposed design:

None.
Where the proposed design utilizes a mechanical ventilation
Dehumidistat system with latent heat recovery: Same as standard reference design.
Dehumidistat type: manual, setpoint = 60% relative
humidity.

Dehumidifier: whole-dwelling with integrated energy
factor = 1.77 liters/kWh.

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) = 3.785 L, °C = (°F-32)/1.8, 1 degree =

0.79 rad.

a. 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.

b. 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.

c. Thermal storage element shall mean a component that is 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 shall be in the same room as fenestration that faces
within 15 degrees (0.26 rad) of true south, or shall be connected to such a room with pipes or ducts that allow the element to be actively charged.

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

e. For a proposed design without a proposed heating system, a heating system having the prevailing federal minimum efficiency shall be assumed for both the
standard reference design and proposed design.

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

g. For a proposed design with a nonstorage-type water heater, a 40-gallon storage-type water heater having the prevailing federal minimum energy factor for the
same fuel as the predominant heating fuel type shall be assumed. For a proposed design without a proposed water heater, a 40-gallon storage-type water heater

having 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.

TABLE R405.4.2(1)—continued
SPECIFICATIONS FOR THE STANDARD REFERENCE AND PROPOSED DESIGNS

i._The factor for the compactness of the hot water distribution system is the ratio of the area of the rectangle that bounds the source of hot water and the fixtures
that it serves (the “hot water rectangle”) divided by the floor area of the dwelling.
1. Sources of hot water include water heaters, or in multiple-family buildings with central water heating systems, circulation loops or electric heat traced

pipes.
2. The hot water rectangle shall include the source of hot water and the points of termination of all hot water fixture supply piping.

. The hot water rectangle shall be shown on the floor plans and the area shall be computed to the nearest square foot.
. Where there is more than one water heater and each water heater serves different plumbing fixtures and appliances, it is permissible to establish a
separate hot water rectangle for each hot water distribution system and add the area of these rectangles together to determine the compactness ratio.

5. The basement or attic shall be counted as a story when it contains the water heater.

REN9%]




6. Compliance shall be demonstrated by providing a drawing on the plans that shows the hot water distribution system rectangle(s), comparing the area of
the rectangle(s) to the area of the dwelling and identifying the appropriate compactness ratio and HWDS factor.

SECTION R406
ENERGY RATING INDEX COMPLIANCE ALTERNATIVE

R406.1 Scope. This section establishes criteria for compliance using an Energy Rating Index (ERI) analysis.

R 406 Mandata agHEremen omplisance h I e on e
b6 andateo W

R406.2 ERI compliance. Compliance based on the ERI requires that the rated design meets all of the following:

1. The requirements of the sections indicated within Table R406.2.
2.  Maximum ERI of Table R406.5.

TABLE R406.2
REQUIREMENTS FOR ENERGY RATING INDEX

SECTION? TITLE
General
R401.2.5 Additional efficiency packages
R401.3 Certificate

Building Thermal Envelope

R402.1.1 Vapor retarder
R402.2.3 Eave baffle
R402.2.4.1 Access hatches and doors
R402.2.10.1 S;wl space wall insulation installa-
R402.4.1.1 Installation
R402.4.1.2 Testing
Mechanical
R403.1 Controls

R403.3 except Sections
R403.3.2,R403.3.3 and  |Ducts

R403.3.6
R403.4 Mechanical system piping insulation
R403.5.1 Heated water calculation and temper-

ature maintenance systems
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R403.5.3 Drain water heat recovery units
R403.6 Mechanical ventilation
R403.7 Equlpment sizing and efficiency rat-
ing
R403.8 Sv§tems serving multiple dwelling
E— units
R403.9 Snow melt and ice systems
R403.10 Energy consumption of pools and
E— spas
R403.11 Portable spas
R403.12 Rem_dentlal pools and permanent resi-
—— dential spas
Electrical Power and Lighting Systems
R404.1 Lighting equipment
404.2 Interior lighting controls
R406.3 Building thermal envelope

a. Reference to a code section includes all of the relative subsections except as indicated in the table.




2005 nergy Code
R406.2 ManWgry requirements. (200901 Item B-15)

R406.2 Mandatory requirem . Compliance with this section requires that thggfovisions identified in
Sections R401 through R404 labeled ™ mandatory™ be met. The building thgsfal envelope shall be
greater than or equal to levels of efficienc™Ngnd Sular Heat Gan Coefficigetin Table R406.2.1 or Table
R406.2.2. Tab 2 13 et N el Caralina B < Minirmiem
standards associated "r'r]“'l u_‘n:nphdncl sh,:n]] b-L th? IC'IC' Stdndanl 301 "[J] 4 ‘Standard for
the Calculation and Labeling of the Energy Performa} 0y -Rise Residential Buildings using an
Energy Rating Index.” A North Carolina registered ddeef professional or certified HERS rater is required
to perform the analysis of required by North Caeedffia hodgsure laws.

Exception: Supply and return dugiefn unconditioned space amhguidoors shall be insulated to a minimum
R-8. Supply ducts inside semp#Onditioned space shall be insulate a mitimum B-4; return ducts inside
conditioned and semi-copdhoned space are not required to be insulated®NQuets located inside conditioned
space are not requised o be insulated other than as may be necessary for prevesgg the formation of
condensgluesr®n the extenor of cooling ducts.

TABLE R406.2.1
YT ——— . e e TON REOU
INDEX COMPLIANSS

|  FENESTRATIONVALUES | C
IMATE FENESTRA- | SKYLIGHT® | GLAZED |CEILI UNVENTED? UNVENTED® W ASS |[FLOOR | BASE- [SLAE® | CRAWL
IOME TIDN U-FACTOR | FENSTRMA- ! MENT== SPACE"
U- TION ASSEM WALL WALL WALL
EACTOR™ ATTICS
SHGCE
D RE, AIR-
IMPERMEAELE
7 ™~
3 235 065 w1 2 ] D\ | ze | » [ww| o | s
4 0.35 )//M 38 or e 2 15-10% 15 13 w013 | 10 1013
B
— 180,
5 0.35 0E NE |38 or 30ei 28 15.20° 13988, | 13117 wis | 10 10113
or 15+3" N
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insti|ation.

q. The e for air-permeable insulation 15 shown first and that for air-impermeable insulation second.
Thus, B-15 + ygdicates that the mumimum value for arr-permeable insulation 15 B-15. and the
mnimum value for air-if eable insulation 1s R-10. Awr-impenmeable insulation shall be installgd#in
direct contact with the underside Qg structural roof sheathing. The air-permeable insu]atiuml be
installed directly under the air-ampermeabhsgsulaton. Exposed rafiers shall be cov UNMR-?
insulation.

TABLE R406.2.2
EQUIVALENT U-FACTORS FOR TABLE R406.2.1°

CLUMATE |FENESTRA- | SKYLIGHT | CEILING . UNVENTED® N MASS |ELOORE | BASE- | CREAWL
ZONE TIOMN U-FACTOR RAFT EMBELIES RAFTER WALLE MENT® | SPACE:
IN ATTICS ASSEMELIES IN WALL | WALL
CONTAINING ATTICS \
DUCTWORK, AR~ CONTAINING
IMPERMEAELE DUCTWORK, AlR-
PERMIABLE!
IMPERMEABLE
3 0.35 0. é 0.0350 0.08 0.0437 LOBZ | 0941 | 0.047 | D.059NNL136
4 0.35 JBD 0.0300 0.08 0.043 0077 | pidt | 00 0.059 E
5 35 0.60 0.0300 0.037 0.034" D.0B1 | popB2 | 0.033 0.059 0G5S

7. MNonMsestration [-factors shall be obtained from measurement. caleulation or an approved SUJ(L'.
b. When mMn half the insulation is on the intenor, the mass wall D-factors shall be a my
0,07 in Climate Zm{i.'ﬂ? in Climate Zone 4 and 0,054 in Climate fone 5.

. Baseiment wall [ '-l;-mhﬁ&.jm i warmi-huid locations as defined by Figurg

1.1 and Table

R301.1.

d. A maximum of two glazed fenestration uct assemblies hav inﬂ%ﬂ greater than 0.55 amd a
SHGC no greater than 0.70 shall be permitied to ubstituted ferfrinimum code compliant fenesiration
prodduct assemblies without penalty. When applving the® and using the RESCheck "UA Trade-off”
compliance method (o allow continwed use of the sofpwfre, the licable fenestration products shall be
modeled as meeting the U-factor of (.35 and lhi;/ﬂerC' of (L300, u:-M‘ab]c. but the fenestration products’
actual U-factor and actual SHGC ﬁ]mlw'm the comments section oPe software for documentation
of application of this note to the appliga#fe products. Compliance for these suPspute products shall be
venfied compared 1o the a]lu'.'rumtilutud maximim U-value requirement and 1
requirement. as a 3

August 13, 2021

R406.3 Building thermal envelope. Building and portions thereof shall comply with Section R406.3.1 or R406.3.2.

R406.3.1 On-site renewables are not included. Where on-site renewable energy is not included for compliance using the
ERI analysis of Section R406.4, the proposed total building thermal envelope UA, which is sum of U-factor times assembly
area, shall be less than or equal to the building thermal envelope UA using the prescriptive U-factors from Table R402.1.2

multiplied by 1.15 in accordance with Equation 4-1. The area-weighted maximum fenestration SHGC permitted in Climate
Zones 0 through 3 shall be 0.30.

UAProposed design = 1.15 UAPrescriptive reference design
(Equation 4-1)

R406.3.2 On-site renewables are included. Where on-site renewable energy is included for compliance using the ERI anal-
ysis of Section R406.4, the building thermal envelope shall be greater than or equal to the levels of efficiency and SHGC in

R A0

h I o % ationa g eroy; o Va1 0 ode

R406.3.1 ERI reference design. The ER/ reference design shall be configured such that it meets the minimum



requirements of the 2006 International Energy Conservation Code prescriptive requirements. The proposed residential build-

ing shall be shown to have an annual total normalized modified load less than or equal to the annual total loads of the ERI ref-
erence design.

ln | 14 | 190
1R IR |18

——R406.4.2
includi lculation of on-si b }
CLIMATE ZONE Jan1.2019- Jan1.2023
=anLo Dec 31,2022 and forward
3 5t H
4 54 50
5 55 5t

R406-3 R406.4 Energy Rating Index. The Energy Rating Index (ERI) shall be determined in accordance with RESNET/ICC
301 except for buildings covered by the International Residential Code, the ERI reference design ventilation rate shall be in
accordance with Equation 4-2.

Ventilation rate, CFM = (0.01 x total square foot area of house) + [7.5 X (number of bedrooms + 1)]
(Equation 4-2)

Energy used to recharge or refuel a vehicle used for transportation on roads that are not on the building site shall not be
included in the ERI reference design or the rated design. For compliance purposes, any reduction in energy use of the rated design
associated with on-site renewable energy shall not exceed 5 percent of the total energy use.

R406.5 ERI-based compliance. Compliance based on an ERI analysis requires that the rated proposed design and confirmed
built dwelling be shown to have an ERI less than or equal to the appropriate value indicated in Table R406.5 when compared to

the ERI reference design.

Fable R406.4.1 TABLE R406.5
MAXIMUM ENERGY RATING INDEX
CLIMATE ZONE ENERGY RATING INDEX

3 51
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R406.5 R406.6 Verification by approved agency. Verification of compliance with Section R406 as outlined in Sections R406.4
and R406.6 shall be completed by an approved third party. Verification of compliance with Section R406.2 shall be completed
by the authority having jurisdiction or an approved third-party inspection agency in accordance with Section R105.4.

R406:6 R406.7 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 R406.7.1 through R466-6-3 R406.7.4.

R406-6-1 R406.7.1 Compliance software tools. Compliancesoftware-toolsfor-this-sectionshall-be-in-comphance-with

ANSIRESNET1CCStandard 30H—20644 . Software tools used for determining ERI shall be Approved Software Rating Tools
in accordance with RESNET/ICC 301.




R406.6:2 R406.7.2 Compliance report. Compliance software tools shall generate a report that documents that the home and
the ERI score of the rated design complies with Sections R406.2, R406.3 and R406.4. Compliance documentation shall be

created for the proposed design and shall be submitted with the application for the building permit. Confirmed compliance

documents of the built dwelling unit shall be created and submitted to the code official for review before a certificate of

occupancy is issued. Compliance reports shall include information in accordance with Sections R406.7.2.1 and R406.7.2.2.

R406.7.2.1 Proposed compliance report for permit application. Compliance reports submitted with the application for

a building permit shall include the following:

1.

Building street address, or other building site identification.

Declare ERI on title page and building plans.

The name of the individual performing the analysis and generating the compliance report.

The name and version of the compliance software tool.

2
3
4,
5

Documentation of all inputs entered into the software used to produce the results for the reference design and/or the

rated home.

A certificate indicating that the proposed design has an ERI less than or equal to the appropriate score indicated in

Table R406.5 when compared to the ERI reference design. The certificate shall document the building component
energy specifications that are included in the calculation, including: component level insulation R-values or U-
factors; assumed duct system and building envelope air leakage testing results; and the type and rated efficiencies
of proposed heating, cooling, mechanical ventilation, and service water-heating equipment to be installed. If on-
site renewable energy systems will be installed, the certificate shall report the type and production size of the pro-

posed system.

When a site-specific report is not generated, the proposed design shall be based on the worst-case orientation and

configuration of the rated home.

R406.7.2.2 Confirmed compliance report for a certificate of occupancy. A confirmed compliance report submitted for

obtaining the certificate of occupancy shall be made site and address specific and include the following:

1.

Building street address or other building site identification.

2.

Declaration of ERI on title page and on building plans.

3. The name of the individual performing the analysis and generating the report.

4.

The name and version of the compliance software tool.

5.

Documentation of all inputs entered into the software used to produce the results for the reference design and/or the

6.

rated home.

A final confirmed certificate indicating that the confirmed rated design of the built home complies with Sections

R406.2 and R406.4. The certificate shall report the energy features that were confirmed to be in the home, including:
component-level insulation R-values or U-factors; results from any required duct system and building envelope
air leakage testing; and the type and rated efficiencies of the heating, cooling, mechanical ventilation, and service
water-heating equipment installed. Where on-site renewable energy systems have been installed on or in the home,
the certificate shall report the type and production size of the installed system.

R406.7.3 Renewable energy certificate (REC) documentation. Where on-site renewable energy is included in the calcula-

tion of an ERI, one of the following forms of documentation shall be provided to the code official:

1.

Substantiation that the RECs associated with the on-site renewable energy are owned by, or retired on behalf of, the

homeowner.
2. A contract that conveys to the homeowner the RECs associated with the on-site renewable energy, or conveys to the
homeowner an equivalent quantity of RECs associated with other renewable energy.
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R406-6:3 R406.7.4 Additional documentation. The code official shall be permitted to require the following documents:

1.  Documentation of the building component characteristics of the ERI reference design.

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

3. Documentation of the actual values used in the software calculations for the rated design.

. R406.7.5 Specific approval. Performance analysis tools meeting the applicable subsec-

tions of Section R406 shall be approved. Documentation demonstrating the approval of performance analysis tools in accordance
with Section R406.7.1 shall be provided.

R406.73 Input-values-Deleted—R406.7.6 Input values. Where calculations require input values not specified by
Sections R402, R403, R404 and R405, those input values shall be taken from RESNET/ICC 301.

*%*

SECTION R407
TROPICAL CLIMATE REGION COMPLIANCE PATH

This section is unchanged, it is not used.

SECTION R408
ADDITIONAL EFFICIENCY PACKAGE OPTIONS

R408.1 Scope. This section establishes additional efficiency package options to achieve additional energy efficiency in accord-
ance with Section R401.2.5.

R408.2 Additional efficiency package options. Additional efficiency package options for compliance with Section R401.2.1
are set forth in Sections R408.2.1 through R408.2.5.

R408.2.1 Enhanced envelope performance option. The total building thermal envelope UA, the sum of U-factor times
assembly area, shall be less than or equal to 95 percent of the total UA resulting from multiplying the U-factors in Table
R402.1.2 by the same assembly area as in the proposed building. The UA calculation shall be performed in accordance
with Section R402.1.5. The area-weighted average SHGC of all glazed fenestration shall be less than or equal to 95
percent of the maximum glazed fenestration SHGC in Table R402.1.2.

R408.2.2 More efficient HVAC equipment performance option. Heating and cooling equipment shall meet one of the
following efficiencies:

1. Greater than or equal to 95 AFUE natural gas furnace and 16 SEER air conditioner.

2. Greater than or equal to 10 HSPF/16 SEER air source heat pump.

3.  Greater than or equal to 3.5 COP ground source heat pump.

For multiple cooling systems, all systems shall meet or exceed the minimum efficiency requirements in this section and
shall be sized to serve 100 percent of the cooling design load. For multiple heating systems, all systems shall meet or exceed

the minimum efficiency requirements in this section and shall be sized to serve 100 percent of the heating design load.

R408.2.3 Reduced energy use in service water-heating option. The hot water system shall meet one of the following effi-
ciencies:

1. Greater than or equal to 82 EF fossil fuel service water-heating system.

2.  Greater than or equal to 2.0 EF electric service water-heating system.

3.  Greater than or equal to 0.4 solar fraction solar water-heating system.

R408.2.4 More efficient duct thermal distribution system option. The thermal distribution system shall meet one of the
following efficiencies:

1. 100 percent of ducts and air handlers located entirely within the building thermal envelope.




2. 100 percent of ductless thermal distribution system or hydronic thermal distribution system located completely inside
the building thermal envelope.

3. 100 percent of duct thermal distribution system located in conditioned space as defined by Section R403.3.2.

R408.2.5 Improved air sealing and efficient ventilation system option. The measured air leakage rate shall be less than or
equal to 3.0 ACHS50, with either an Energy Recovery Ventilator (ERV) or Heat Recovery Ventilator (HRV) installed. Mini-
mum HRV and ERV requirements, measured at the lowest tested net supply airflow, shall be greater than or equal to 75
percent Sensible Recovery Efficiency (SRE), less than or equal to 1.1 cubic feet per minute per watt (0.03 m?*/min/watt) and
shall not use recirculation as a defrost strategy. In addition, the ERV shall be greater than or equal to 50 percent Latent
Recovery/Moisture Transfer (LRMT).
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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.

R501.1.1 Add}m)ns—alteltaﬂens—er—repaws— General

not be used to require the removal alteratzon or abandonment of, nor prevent the continued use and malntenance of, an
existing building or building system lawfully in existence at the time of adoption of this code. Unaltered portions of the

existing building or building supply system shall not be required to comply with this code.

R501.2 Compliance. Additions, alterations, repairs or changes of occupancy to, or relocation of, an existing building, building
system or portion thereof shall comply with Section R502, R503, R504 or R505, respectively, in this code. Changes where
unconditioned space is changed to conditioned space shall comply with Section R502.

R501.3 Maintenance. Buildings and structures, and parts thereof, shall be maintained in a safe and sanitary condition. Devices
and systems that are required by this code shall be maintained in conformance to the code edition under which installed. The

owner or the owner’s authorized agent shall be responsible for the maintenance of buildings and structures. The requirements of
this chapter shall not provide the basis for removal or abrogation of energy conservation, fire protection and safety systems and

devices in existing structures.

R501.4 Compliance. Alterations, repairs, additions and changes of occupancy to, or relocation of, existing buildings and struc-
tures shall comply with the provisions for alterations, repairs, additions and changes of occupancy or relocation, respectively,
in this code and the International Residential Code, International Building Code, International Existing Building Code, Interna-
tional Fire Code, International Fuel Gas Code, International Mechanical Code, International Plumbing Code, the North-Caro-
linaExistine Buildine Code, International Property Maintenance Code, International Private Sewage Disposal 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 that hazards to life,
health or property are not created. Hazardous materials shall not be used where the code for new construction would not allow
their use in buildings of similar occupancy, purpose and location.

R501.6 Historic buildings. Provisions of this code relating to the construction, repair, alteration, restoration and movement of
structures, and change of occupancy shall not be mandatory for historic buildings provided that a report has been submitted to
the code official and signed by the owner, a registered design professional, or a representative of the State Historic Preservation
Office or the historic preservation authority having jurisdiction, demonstrating that compliance with that provision would
threaten, degrade or destroy the historic form, fabric or function of the building.

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 sys-
tems. 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 does not use more energy than the

existing building. Additions shall be in accordance with Section R502++ R502.2 or R5621+-2 R502.3.

R502.2 Change in space conditioning. Any unconditioned or low-energy space that is altered to become conditioned space
shall be required to be brought into full compliance with this code.

Exceptions:

1. Where the simulated performance option in Section R405 is used to comply with this section, the annual energy cost
of the proposed design is permitted to be 110 percent of the annual energy cost otherwise allowed by Section R405.2.

2. Where the Total UA, as determined in Section R402.1.5, of the existing building and the addition, and any alterations
that are part of the project, is less than or equal to the Total UA generated for the existing building.

3.  Where complying in accordance with Section R405 and the annual energy cost or energy use of the addition and the
existing building, and any alterations that are part of the project, is less than or equal to the annual energy cost of the
existing building. The addition and any alterations that are part of the project shall comply with Section R405 in its

entirety.

R502-11 R502.3 Prescriptive compliance. Additions shall comply with Sections R5021++4+-R502.3.1 through R502-1+-1-4
R502.3.4.

R502-111 R502.3.1 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.

Exception: New envelope assemblies are exempt from the requirements of Section R402.4.1.2.

R502.3.2 Heating and cooling systems. HVAC ducts newly installed as part of an addition shall comply with Section R403.

Exception: Where ducts from an existing heating and cooling system are extended to an addition.

R502-113 R502.3.3 Service hot water systems. New service hot water systems that are part of the addition shall comply
with Section R403.5.

R502-11-4 R502.3.4 Lighting. New lighting systems that are part of the addition shall comply with Section R404.1.

1 M od Pe on-<sh oD h o on-R40
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SECTION R503
ALTERATIONS

R503.1 General. Alterations to any building or structure shall comply with the requirements of the code for new construction,
without requiring the unaltered portions of the existing building or building system to comply with this code. Alterations shall be
such that the existing building or structure is not less conforming to the provisions of this code than the existing building or
structure was prior to the alteration.

Alterations shall not create an unsafe or hazardous condition or overload existing building systems. Alterations shall be such
that the existing building or structure does not use more energy than the existing building or structure prior to the alteration.
Alterations to existing buildings shall comply with Sections R503.1.1 through R503.1.4.

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 R402:215, R402.2.12, R402.3.1, R402.3.2, R462.4.4 R402.4.3 and R4624-6
R402.4.5.

270 20182024 NORTH CAROLINA ENERGY CONSERVATION CODE®



Exception: The following alterations to conditioned spaces shall not be required to comply with the requirements for new
construction provided that the energy use of the building is not increased:

1. Storm windows installed over existing fenestration.
2.Existing ceiling, wall or floor cavities exposed during construction provided that these cavities are filled
with insulation. Reefsy iring air Spa ventilationsha ain-the-ventilation-spa ired:

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

4, Roof recover. a

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

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

R503.1.1.1 Replacement fenestration. Where some or all of an existing fenestration unit is replaced with a new fenestra-
tion product, including sash and glazing, the replacement fenestration unit shall meet the applicable requirements for U-
factor and SHGC as specified in Table R402.1.3. Where more than one replacement fenestration unit is to be installed, an
area-weighted average of the U-factor, SHGC or both of all replacement fenestration units shall be an alternative that can

be used to show compliance.

R503.1.2 Heating and cooling systems. HVAC ducts newly installed as part of an alteration shall comply with Section R403.

Exception: Where ducts from an existing heating and cooling system are extended to an addition.

R503.1.3 Service hot water systems. New service hot water systems that are part of the alteration shall comply with Section
R403.5.

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 58 10 percent of the luminaires in a space, provided that such alterations do
not increase the installed interior lighting power.




SECTION R504
REPAIRS

R504.1 General. Repairofthe buildine systemsshall notmake the building le onformingthan-it-was-before-the repair-wa
undertaken- Buildings, structures and parts thereof shall be repaired in compliance with Section R501.3 and this
section. Work on nondamaged components necessary for the required repair of damaged components shall be
considered to be part of the repair and shall not be subject to the requirements for alterations in this chapter.
Routine maintenance required by Section R501.3, ordinary repairs exempt from permit, and abatement of wear
due to normal service conditions shall not be subject to the requirements for repairs in this section.

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

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

2. Roof repairs.

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

SECTION R505
CHANGE OF OCCUPANCY OR USE

R505.1 General. Any space that is converted to a dwelling unit or portion thereof from another use or occupancy shall comply
with this code.

Exception: Where the simulated performance option in Section R405 is used to comply with this section, the annual energy
cost of the proposed design is permitted to be 110 percent of the annual energy cost allowed by Section R405.2.

R505.1.1 Unconditioned space. Any unconditioned or low-energy space that is altered to become a conditioned space shall
comply with Section R502.
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CHAPTER 6 [RE]
REFERENCED STANDARDS

AAMA

American Architectural Manufacturers Association
1827 Walden Office Square
Suite 550

Schaumburg, IL 60173-4268

AAMAIWDMA/CSAI0HS2/A-C440—11

AAMA/WDMA/CSA 101/1.S.2/A C440—17

North American Fenestration Standard/Specifications for Windows, Doors and Unit Skylights
R402.4.4

ACCA

Air Conditioning Contractors of America
1330 Braddock Place, Suite 350
Alexandria, VA 22314

ANSI/ACCA 2 Manual J—16

Residential L.oad Calculation
R403.7

ANSI/ACCA 3 Manual S—14

Residential Equipment Selection
R403.7

APSP

Pool & Tub Alliance (formerly the APSP)
2111 Eisenhower Avenue, Suite 500
Alexandria, VA 22314

ANSI/APSP/ICC 14—2019

American National Standard for Portable Electric Spa Energy Efficiency
R403.11

ANSHAPSPACCH5a—2013

ANSI/APSP/ICC 15a—2011

American National Standard for Residential Swimming Pool and Spas—Includes Addenda A Approved January 9, 2013
R403.12

ASHRAE

ASHRAE
180 Technology Parkway NW

ASHRAE 193—2010(RA 2014)

Method of Test for Determining the Airtightness of HVAC Equipment




R403.3.4.1

ASHRAE—2001

2001 ASHRAE Handbook of Fundamentals
Table R405.5.2(1)

ASHRAE—2013

ASHRAE—2021

ASHRAE Handbook of Fundamentals
R402.1.5

ASTM

ASTM International
100 Barr Harbor Drive, P.O. Box C700
West Conshohocken, PA 19428-2959

C1363—11

Standard Test Method for Thermal Performance of Building Materials and Envelope Assemblies by Means of a Hot Box Apparatus
R303.1.4.1

£283—2004

E283—2004(2012)

Test Method for Determining the Rate of Air Leakage Through Exterior Windows, Curtain Walls and Doors Under Specified
Pressure Differences Across the Specimen
R402.4.4

E779—2010

E779—2010(2018)

Standard Test Method for Determining Air Leakage Rate by Fan Pressurization
R402.4.1.2

E1554/E1554M—E2013

Standard Test Methods for Determining Air Leakage of Air Distribution Systems by Fan Pressurization
R403.3.5

E1827—2011

E1827—2011(2017)

Standard Test Methods for Determining Airtightness of Building Using an Orifice Blower Door
R402.4.1.2

E2178—2013

Standard Test Method for Air Permanence of Building Materials
R303.1.5

CSA

CSA Group

8501 East Pleasant Valley Road

Cleveland-OH44H34-5516———
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AAMAWDMA/CSATHAS2/A440—1H

AAMA/WDMA/CSA 101/1.S.2/A440—17

North American Fenestration Standard/Specification for Windows, Doors and Unit Skylights R402.4.3

CSA B55.1—2015

Test Method for Measuring Efficiency and Pressure Loss of Drain Water Heat Recovery Units
R403.5.3

CSA B55.2—2015

Drain Water Heat Recovery Units
R403.5.3

DASMA

Door & Access Systems Manufacturers Association
1300 Sumner Avenue
Cleveland, OH 44115-2851

105 92(R2004)-13
1052017

Test Method for Thermal Transmittance and Air Infiltration of Garage Doors and Rolling Doors
R303.1.3

HVI

Home Ventilating Institute
1740 Dell Range Blvd, Ste H, PMB 450
Cheyenne, WY 82009

916—18

Airflow Test Procedure Table R403.6.2

ICC

International Code Council, Inc.
500 New Jersey Avenue NW6th Floor
Washington, DC 20001

ANSI/APSP/ICC 14—2019

American National Standard for Portable Electric Spa Energy Efficiency
R403.11

ANSI/APSP/ICC 15a—2020

American National Standard for Residential Swimming Pool and Spa Energy Efficiency
R403.12

ANSHRESNEFACC3H—14

ANSI/RESNET/ICC 301—2019

Standard for the Calculation and Labeling of the Energy Performance of Dwelling and Sleeping Units using an Energy Rating Index
R406.4

ICC—continued



ANSI/RESNET/ICC 380—2019

Standard for Testing Airtightness of Building, Dwelling Unit and Sleeping Unit Enclosures; Airtightness of Heating and Cooling Air
Distribution Systems, and Airflow of Mechanical Ventilation Systems
R402.4.1.2

IBC—21

International Building Code®
R201.3, R303.1.1, R303.2, R402.1.1, R501.4

ICC 400—17

Standard on the Design and Construction of Log Structures
R402.1

ICC 500—2020

ICC/NSSA Standard for the Design and Construction of Storm Shelters

R402.5

HEBC—15

IEBC—21

International Existing Building Code®
R501.4

IECC—06

2006 International Energy Conservation Code®
R202

IECC—09

2009 International Energy Conservation Code®
R406.2

IECC—15

2015 International Energy Conservation Code®
Table R406.5

HFC—I15

IFC—21

International Fire Code®
R201.3,R501.4

HEGC15
IFGC—21

International Fuel Gas Code®
R201.3,R501.4

mMc-15
IMC—21

International Mechanical Code®
R201.3, R403.3.3, R403.3.4, R403.6, R501.4

PCc-15
IPC—21

International Plumbing Code®
R201.3,R501.4
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IPMC—21

International Property Maintenance Code®

R501.4

IPSDC—21

International Private Sewage Disposal Code®
R501.4

Re—15

IRC—21

International Residential Code®
R201.3,R303.1.1, R303.2, R402.1.1, R402.2.10.1, R403.3.3, R403.3.4, R403.6, R501.4

IEEE

Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, 17th Floor

New York, NY 10016-5997

515.1—2012

IEEE Standard for the Testing, Design, Installation and Maintenance of Electrical Resistance Trace Heating for Commercial
Applications

R403.5.1.2
OS 4-2016 Requirements for Air-Sealed Boxes for Electrical and Communication Applications R402.4.6

NFPA

National Fire Protection Association
1 Batterymarch Park

Quincy, MA 02169-7471

70—20

National Electrical Code
R501.4

NFRC

National Fenestration Rating Council, Inc.
6305 Ivy Lane, Suite 140
Greenbelt, MD 20770

100—2009

100—2020

Procedure for Determining Fenestration Products U-factors
R303.1.3

200—2009

200—2020

Procedure for Determining Fenestration Product Solar Heat Gain Coefficients and Visible Transmittance at Normal Incidence
R303.1.3

400—2009
400—2020



Procedure for Determining Fenestration Product Air Leakage
R402.4.3

RESNET

Residential Energy Services Network, Inc.
P.O. Box 4561

Oceanside, CA 92052-4561

ANSI/RESNET/ICC 301—2019

Standard for the Calculation and Labeling of the Energy Performance of Dwelling and Sleeping Units using an Energy Rating Index
R406.4, R406.7.1, R406.7.6

ANSI/RESNET/ICC 380—2019

Standard for Testing Airtightness of Building, Dwelling Unit and Sleeping Unit Enclosures; Airtightness of Heating and Cooling Air
Distribution Systems, and Airflow of Mechanical Ventilation Systems
R402.4.1.2, R403.3.5

UL

ULLLC

333 Pfingsten Road
Northbrook, IL 60062

127—2011
Standard for Factory-Built Fireplaces—with Revisions through July 2016
R402.4.2
515—2015
Standard for Electrical Resistance Trace Heating for Commercial Applications
R403.5.1.2
United States-Federal Trade Commission
600 Pennsylvania Avenue NW
Washington, DC 20580
CER Titde 16Ol 312005

CFR Title 16 (2015)

R-value Rule
R303.1.4

WDMA

Window and Door Manufacturers Association
2025 M Street NW, Suite 800
Washington, DC 20036-3309

AAMAWDMA/CSAT01AS2/A440—11

AAMA/WDMA/CSA 101/1.S.2/A440—17

North American Fenestration Standard/Specification for Windows, Doors and Unit Skylights
R402.4.4
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APPENDIX R1
RESIDENTIAL REQUIREMENTS

(Appendix exclusive to the State of North Carolina)

Appendix R1.1 Energy Efficiency Certificate (Section R401.3)

TABLE R401.3
ENERGY EFFICIENCY CERTIFICATE — 2018 To be deleted

Builder, Permit Holder or Registered Design Professional
Print Name:

Signature:

Property Address:

Ceiling/roof:

Wall: /
Floor: /

Closed craw] space :

Closed craw] space floor:
Slab:

Basement wall:

U-Factor
Solar Heat Gain Coefficient (SHGC)

I Visually inspected according to R402.4.2.1 OR

I Building air leakage test results
(Sec. R402.4.2.2)
ACHS0 [Target: 5.0] or
CEMS50/SFESA [Target: 0.30]

Name of Tester/Company:

Date:

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:

Diate: Phone:

Certificate to be displayed parmanantly
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TABLE R401.3
ENERGY EFFICIENCY CERTIFICATE — 2024 Shown below

Energy Efficiency Certificate — Code Edition Permitted under:

Energy Code Compliance path used (Circle one): 1.Prescriptive 2.Total Building Performance 3.ERI

Builder, Permit Holder or Registered Design Professional:

Print Name:

Signature:

Property Address:

Date:

Insulation Rating — List the value covering largest area to all that apply R-value
Ceiling/roof: R-

Wall: R-

Floor: R-

Closed crawl space wall: R-

Closed crawl space floor: R-

Slab: R-

Basement wall: R-

Fenestration

Fenestration (excluding skylights) U- Uwa-
Fenestration (Skylights) U- Uwa-
Solar Heat Gain Coefficient (SHGC)(All glazed fenestration) SHGC - SHGC,, 5 -
Building Air Leakage

Building air leakage test results (See N1102.4.1.2, R402.4.1.2)

Target value:

4.0 ACH@50; or see N1102.4 (R402.4.1.2) for alternate test pressures and leak-

age allowance values.

Name of Tester/Company:

Date of test: Phone:

Ducts:

Insulation R-

Total Duct leakage test result (N1103.3.6, R403.3.6)

Target value:

4.0 CFM per 100 sq. ft. of conditioned floor area, at test pressure of 0.1 inch of
w.g. (25 Pascals); or

8.0 CFM per 100 sq. ft. of conditioned floor area, at test pressure of 0.1 inch of
w.g. (25 Pascals) if all ductwork is within building thermal envelope

Name of Tester or Company:

Date of Test: Phone:

Heating/Cooling Equipment

Type(s):
Size(s) Btu/hr: Fuel-fired Efficiency: Heat pump and/or AC SEER, HSPF:

Water heating

Type(s)
Size(s) (Watts or Btu/hr): Fuel fired efficiency: Heat pump Water heater COP:

Where a gas-fired unvented room heater, electric furnace or baseboard electric heater is installed in the resi-
dence, the certificate shall indicate “gas-fired unvented room heater,” “electric furnace” or “baseboard electric
heater,” as appropriate:




Energy Rating Index:
If, and only if the ERI pathway was used, write the ERI Score:
Without On-Site generation: With On-Site generation (if applicable):

Certificate to be displayed permanently- per N1101.14 (R401.3)

APPENDIX R1.2

INSULATION AND AIR SEALING DETAILS
APPENDIX R1.2.1 (Section R402.2.1)

R402.2.1 Ceilings with attic spaces: Exception for fully enclosed attic floor systems.

RIGID MATERIAL
A ABOVE INSULATION

~~_ R-30 INSULATION
CONDITIONED
SPACE .

BLOCKING AROUND
EDGE OF
NCLOSED AREA

\.’A
SECTION VIEW OF CEILING WITH ATTIC SPACE
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R402.2.1 Ceilings with attic spaces: Allowance for reduced insulation if full-height insulation is provided over the wall top

plate at the eaves.

APPENDIX R1.2.1 (Section R402.

2.1) [ 2024]

UNCONDITIONED

ATTIC /

RIGID MATERIAL
ABOVE INSULATION

rel

Roof ventilation

gap per Section

R806 of Residen-
tial Code

CONDITIONED
SPACE

Blocking or air-
baffle at edge

Ym
: [ R-38 Zone 3

\\[ R-49 Zone 4

)
)
Jo

{ R-49 Zone 5

vV

R402.2.1 Ceilings with attic spaces: Allowance for reduced insulation if full-height insulation is provided over the walls eaves

— Optional method, Formerly “Fully enclosed enclosed attic floor assembly-2018 NC ECC”

UNCONDITIONED

ATTIC /

RIGID MATERIAL
ABOVE INSULATION

e

(optional)

A

[ R-38 Zone 3 ]

Roof ventilation

gap per Section

R806 of Residen-
tial Code

CONDITIONED
SPACE

Blocking or air-
baffle at edge

R-49 Zone 4 ]

[ R-49 Zone 5 ]
T BLOCKING AROUND
EDGE OF

ENCLOSED AREA
(optional)

vV

R402.2.1 Ceilings with attic spaces:

Exception for fully enclosed attic floor systems.



APPENDIX R1.2.2 (Section R402.2.11 R402.2.10)
R402:2:11 R402.2.10 Closed crawl space walls. Insulation illustrations._[Note to Reviewer — No Changes in diagram]
FOAM OR PORQUS INSULATION HAS 3" TO 4" TOP

INSPECTION GAP AND EXTENDS DOWN 3" TO 4"
ABOVE TOP OF WALLFOOTING OR CONCRETE FLOOR

WALL INSULATION
WICKING AND

3 ;, TREATMENT GAP
s !_ ai 7 ', . :;
S| = e R = =
FOAM OR POROUS INSULATION HAS 3" TO 1= = et g 8 _I%U
4" TOP INSPECTION GAP AND EXTENDS ZMI;‘“' & sl gli=
DOWN 24" BELOVYY GRADE :%ﬁ_—_i_ll i_li |—Eﬂf__ e
=i == == =1

FOAM OR POROUS INSULATION HAS 3" TO 4"
TOP INSPECTION GAP AND EXTENDS DOVYN 3"
TO 4" ABOVE INTERIOR GROUND SURFACE

INSPECTION GAP

WALLI | .

INSPECTION GAP

CRAWL SPACE
WALL INSULATION

WICKING AND
TREATMENT GAP

24" MIN. BELOWY GRADE

=|[:
{ll

il
I

|| =
11

1
Il

T
11I
T
1t
T
{11

I
i
!
i

1l
|

-
1T
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APPENDIX R1.2.3 (Section R402.2.14 R402.4.1.1, Table R402.2.15 R402.4.1.1)
Fable R402-2.14 R402.4.1.1 Air Barrier, Air Sealing and Insulation Installation. Shower/Tub on exterior wall

[Note to reviewer — no change to diagram

/ EXTERIOR WALL
TUB \

RIGID MATERIAL OR

X AR BARRIER
ENCLOSING
CAVITY INSULATION
BEHIND TUB

[\

SECTION VIEW OF BATH TUB ON EXTERIOR WALL




R402:2-14 Table R402.4.1.1 Air Barrier, Air Sealing and Insulation Installation. Shower/tub on exterior wall
[Note to reviewer — no change to diagram]

KRR RN RK

—

EXTERIOR WALL

-

SHOWER ———— ==

AAAAAAAANAX

"?'

x RIGID MATERIAL OR

AR BARRIER
ENCLOSING
CAVITY INSULATION
BEHIND SHOWER

Hi
<

SECTION VIEW OF SHOWER ON EXTERIOR WALL
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R402:2-14 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — General Requirements
[Note to reviewer — no change to diagram]

WALL CAVITIES WITH
INSULATION (EXTERIOR WALL)

PLATFORM FRAMING

WALL STUD

RIGID MATERIAL OR AIR BARRIER
INSTALLED UNDER AND BESIDE
THE STAIRCASE TO ENCLOSE
THE INSULATION IN THE CAVITIES

SECTION VIEW OF INTERIOR STAIRCASE ON EXTERIOR WALL (OPTION 1)




R402:2-14 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — General Requirements
[Note to reviewer — no change to diagram]

WALL CAVITIES FILLED WITH RIGID MATERWL OR AIR BARREER TO
INSULATION (EXTERIOR WALL)
CREATE CONTINUOUS AR SEAL

PLATFORM FRAMING

., WALL STUD

L)

RIGID MATERIAL OR AIR BARRIER
INSTALLED UNDER AND BESIDE THE
STAIRCASE TO ENCLOSED THE
INSULATION IN THE CAVITIES

SECTION VIEW OF INTERIOR STAIRCASE ON EXTERIOR WALL (OPTION 2)
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R402:2-14 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Shafts, penetrations. Flue Shaft.
[Note to reviewer — no changes to diagram]

- RIGID MATERIAL TO -
ENCLOSE INSULATION AND g
1

PROVIDE AIR BARRIER

- HEAT-RESISTANT COLLAR
q N l {l

HEAT-RESISTANT
SEALANT AT COLLAR

M
i
14

GAS
APPLIANCE

AN
i
! |
==
r—-—.r—~—~—_r‘—-——._r‘—~—~—_r‘—-—~—q_r‘—~——_r‘—~——.r——~—.r‘1
L

PREFERRED
METHOD

SECTION VIEW OF DIRECT VENT GAS FIREPLACE




R402:2-15 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Walls, Knee walls, stick framed roof

TOP PLATE OF STUD
CAVITY BLOCKED

FURR OUT AS RE-
QUIRED TO PRO-

VIDE REQUIRED
INSULATION

~  THICKNESS

L RIGID MATERIAL OR AIR BARRIER

BACKING ON KNEE WALL, WITH

UNCONDITIONED SEALED EDGES, SEAMS, JOINTS,
ATTIC AND PENETRATIONS

CONDITIONED SPACE

<"/— SEALED BLOCKING
UNDER KNEE WALL

—— VWALL INSULATION IN
BETWEEN FLOOR AREA

|

CONDITIONED SPACE EXAMPLE FOR UNCONDITIONED
SPACE BELOW ATTIC

SECTION VIEW OF WALL ADJOINING ATTIC SPACE WITH STICK FRAMED ROOF

290 20182024 NORTH CAROLINA ENERGY CONSERVATION CODE®



R402:2-15 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Walls, Knee walls, trusses
[Note to Reviewer — no change to diagram]|

TOP OF STUD CAVITY BLOCKED
NAILER ADDED
UNDER TOP TOP CHORD OF TRUSS
CHORD, AS

< MNEEDED, TO

PROVIDE SPACE
FOR CEILING \__ RIGID MATERIAL OR AIR BARRIER
INSULATION BACKING ON KNEE WALL, WITH

SEALED EDGES, SEAMS, JOINTS,
AND PENETRATIONS
<

[ — SEALED BLOCKING
UNDER KNEE WALL

ATTIC INSULATION OVER
//‘_ UNCONDITIONED SPACE
(IF BELOWY)

-— BOTTOM CHORD OF TRUSS

CONDITIONED SPACE EXAMPLE OF CONDITIONED
SPACE BELOWATTIC

SPACES
SECTION VIEW OF WALL ADJOINING ATTIC SPACE WITH TRUSS ROOF




R402-4-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Cantilevered floor — dimensional lum-
ber
[note to reviewer — diagram unchanged]

FLEXIBLE SEALANT
ONALL 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
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R4024-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Cantilevered floor — floor trusses
[Note to reviewer — No Changes to Diagram]

WOOD OPEN
WEB TRUSS

RIGID BLOCKING
MATERIAL TO
CREATE AIR
BARRIER

(E.G., OSB)

AIR SEALANT (E.G.,
FOAM) AROUND
PERIMETER OF
BLOCKING AND
PENETRATIONS

AIR SEALANT (E.G.,
BOARD OR

FOAM) BETWEEN
SECTIONS OF
BLOCKING

COMMON WALL
BETWEEN
UNCONDITIONED
SPACE AND
CONDITIONED
SPACE

ISOMETRIC VIEW OF WOOD TRUSS FLOOR/CEILING SYSTEM ABOVE
COMMON WALL BETWEEN UNCONDITIONED AND CONDITIONED SPACE




R402:4-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Cantilevered floor — I-joists
[Note to Reviewer diagram unchanged]

1-JOIST

BLOCKING

(E.G., I-JOIST N

MATERIAL)

FOAM OR FLEXIBLE
SEALANT AROUND
PERIMETER

5
COMMON WALL BETWEEN
UNCONDITIONED SPACE
AND CONDITIONED SPACE

ISOMETRIC VIEW OF 1-JOIST FLOOR/CEILING SYSTEMABOVE COMMON
WALL BETWEEN UNCONDITIONED AND CONDITIONED SPACE
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R402:4-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Shafts, penetrations
[Note to Reviewer — diagram unchanged]

RIGID MATERIAL AND
\/\ SEALANT PROVIDE FIRE
SAFETY DRAFT STOP
UNCONDITIONED
ATTIC SPACE  \ buct
RIGID MATERIAL W/
DUCT CUT OUT
CEILING INSULATION

CONDITIONED —/ \
SPACE

FIRE-RESISTANT-
FLEXIIBLE SEALANT

~ ALL SIDES

k VERTICAL

CHASE

RIGID MATERIAL AND
SEALANT PROVIDE FIRE

SAFETY DRAFT STOP
UNCONDITIONED

ATTIC SPACE | — bucT

RIGID MATERIAL W/
DUCT CUT OUT
CEILING INSULATION /7
\ )
/
/
X Y

s
CONDITIONED
SPACE

TS FIRE-RESISTANT-
~ FLEXIBLE SEALANT
ALL SIDES

\ VERTICAL

CHASE

v

SECTION VIEWS OF DUCT PENETRATING INTO ATTIC




R402:4-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Ceiling/attic — dropped soffit
[Note to reviewer — diagram unchanged]

INSULATION OVER
""" SOFFIT CAPPING
e FLEXIBLE SEALANT TO
S0 Cat """ CREATE AR BARRIER
AN T -
= /N \ / \/ ,S?f// ONALL FOUR SIDES
/ /
A A e
[ AR BARRIER, SUCH
i _ AS CONTINUATION OF
| ~—— CEILING SHEETROCK
i i~ OR RIGID MATERIAL
3 h INSTALLED OVER
. OPEN CAVITY
o SOFFIT
CABINET
——— 1
K ml
INTERIOR WALL

v

SECTION VIEW OF SOFFIT OVER CABINET
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R402:4-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation —- HVAC register boots — floor
[Note to reviewer — diagram unchanged]

CONDITIONED
SPACE

FLEXIBLE
SEALANT ON
ALLFOUR SIDES

SUBFLOOR

HVAC SUPPLY
DUCT

\_ CRAWL SPACE

\/\

SECTION VIEW OF FLOOR HVAC BOOT PENETRATION




R402:4-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — HVAC register boots — ceiling
[Note to reviewer — no changes to diagram]

HVAC SUPPLY BOOT

)

HVAC SUPPLY DUCT

FLEXIBLE SEALANT
ONALL FOUR SIDES

CONDITIONED
SPACE

SECTIEN VIEW OF CEILING HVAC BOOT PENETRATION
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R402:41 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — General requirements — housewrap
option
[Note to Reviewer — diagram unchanged]

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

—— ALLTEARS IN
HOUSEWRAP

ALL VERTICAL SEAMS
WITH SPECIFIED
OVERLAP

"4

<—4—— ALL HORIZONTAL
SEAMS WITH SPECIFIED
OVERLAP INSTALLED
“SHINGLE STYLE”

ALL HOLES AND
PENETRATIONS

DO NOT SEAL BOTTOM
—— SEAMTO ALLOW FOR
DRAINAGE




R402:4-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — General requirements — sealed sheath-
ing option
[Note to reviewer — No changes to diagram]

SEALALL SEAMS BETWEEN
EDGES OF EXTERIOR
SHEATHING AND FRAMING

SEAL BETWEEN SUBFLOOR
AND BOTTOM PLATE

SEAL BAND JOIST TO
SUBFLOOR ABOVE

SEAL BAND JOIST TO TOP
PLATE BELOW

SEAL BETWEEN PIECES
OF SHEATHING

SEALALL HOLES AND
PENETRATIONS

SEAL SHEATHINGTO
BOTTOM PLATE OF WALL

1) IF FIRST FLOOR IS SLAB-CN-GRADE, INSTALL SEAL SEALER
UNDER BOTTOM PLATE OF EXTERIOR WALL.

2) IF FIRST FLOOR IS OVER UNCONDITIONED CRAWL SPACE OR
BASEMENT, INSTALL SEAL SEALER UNDER BOTTOM PLATE
AND SEAL SUBFLOOR TO BAND JOIST.

3) IF FIRST FLOCR 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.
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R402.4.2-1 Table R402.4.1.1 Air Barrier, Air Sealing, and Insulation Installation — Plumbing, wiring, or other obstruc-
tions — Exhaust fan

[Note to Reviewer - Diagram unchanged]

L~
EXHAUSTFAN
FLEXIBLE SEALANT
ONALL FOUR SIDES
CEILING EXHAUST

SECTION VIEW OF SEALING EXHAUST FAN BOXES

R402.4.2-1 R402.4.6 Electrical and communication outlet boxes — field-sealed

/ =<
ELECTRICAL BOX
FLEXBLE SEALANT Air barrier isolat-
ONALL FOUR SIDES ing electrical box
or box openings
sealed

CEILING ELECTRICAL BOX v




R402.4.6 Electrical and communication outlet boxes —- NEMA OS 4

NEMA OS 4 Box

CEILING ELECTRICAL BOX A
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APPENDIX R2
FOAM PLASTIC DIAGRAMS

(Sections R402.2.9 and R402.2.10)
R402.2.9 Basement walls. Insulation illustrations (Includes detailing from Section R462:2-+ R402.2.10)
[Note to reviewer — diagram unchanged]

COVER EDGE
INSULATION g_
AS F&EQUlREcT\
e
1

4 1 el
=4
=
" \
INSPECTION GAP
\ BASEMENT WALL
o INSULATION
o
Dw
oo
a9 TREATMENT GAP
Q Q
-
i_
o
L
=]

SECTION VIEW OF EXTERIOR FOAM INSULATION LOCATION
FOR BASEMENT WALLS




R402:2:10 R402.2.9.1 Slab-on-grade floors. Insulation illustrations
[Note to reviewer — no change to diagrams]

COVER EDGE
INSULATION
AS REQUIRED

CONCRETE SLAB ON GRADE

3"MIN

24" OR BOTTOM OF
FOOTING
WHICHEVER IS LESS

/— INSPECTION GAP

EDGE INSULATION

SECTION VIEW OF EDGE INSULATION FOR MONOLITHIC SLAB-ON-GRADE FLOORS

8" MIN

24" OR TOP

OF FOOTING,

WHICHEVER
IS LESS

CONCRETE SLAB
ON GRADE

3

EDGE INSULATION

FOUNDATION WALL

EXAMPLE FOR SLAB EDGE INSULATION LOCATION BEHIND
BRICK, STONE, OR MASONRY FACING
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R402:2-10 R402.2.9.1 Slab-on-grade floors. Insulation illustrations — Floating Slab with Stem Wall
[Note to reviewer — no change to diagrams]

CONCRETE SLAB
ON GRADE

FACE BRICK

24" OR TOP OF
FOOTING
WHICHEVER IS LESS
l.I.I 2000
w)
®
m
=
w
c
=
o
=

FOUNDATION WALL

FACE BRICK —\ 7 CONCRETE SLAB
ON GRADE

. Z
"=
— SLAB INSULATION
EXTENDS 24"
UNDER SLAB
.'-""-u
T~ FounDATION
. WALL
ad a I.:] P .
e o ]
& % :r . e
= - 4

EXAMPLES FOR SLAB INSULATION LOCATION
FOR FLOATING SLAB WITH STEM WALL
(Options for brick facing are shown)




SAMPLE WORKSHEETS FOR RESIDENTIAL AIR

AND DUCT LEAKAGE TESTING

APPENDIX R3

APPENDIX R3A

Not Used

¢ 0}
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APPENDIX R3B
Air sealing: Testing (Section R402.4.1.2)
Sample Worksheet — 4.0 ACH Requirement

R402.4.1.2 Testing. The building or dwelling unit shall be tested for air leakage. Testing shall be conducted in accordance with
ANSI/RESNET/ICC 380, ASTM E779 or ASTM E1827 and reported at a pressure of 0.2 inch w.g. (50 Pascals). If testing at a
pressure of 75 Pa (0.30 in w.g.), Table Appendix R3B R402.4.1.2 shall be used for corresponding maximum allowed leakage.
Where required by the code official, testing shall be conducted by an approved third party. A written report of the results of the

test shall be signed by the party conducting the test and provided to the code official. Testing shall be performed at any time after

creation of all penetrations of the building thermal envelope have been sealed.

e The maximum air leakage rate for any building or dwelling unit under any compliance path shall not ex-
ceed 4.0 air changes per hour (Test Criteria 1) or 0.23 cubic feet per minute (CFM) per square foot [0.0079
m3/(s x m?)] (Test Criteria 2) of dwelling unit enclosure area.

o Warning: The 4.0 ACH threshold is a maximum for any compliance path, if following Section
R401.2.1, 4.0 ACH is not allowed. See following section for requirements of R401.2.1

eWhen complying with Section R401.2.1, the building or dwelling unit shall have an air leakage rate not exceeding 3.0 air
changes per hour in Climate Zones 3 through 5 when tested in accordance with Section R402.4.1.2. See APPENDIX
R3B1 for Sample.

Table Appendix R3B R402.4.1.2 Adjustment for different test pressures

Test pressure
Pressure Differential [Adjustment

(Pa) Factor Max Air Leakage / Building Thermal Envelope (CFM/ ft?)
75(0.30in. w.g.) 0.25 0.28 0.30 0.35 0.372 0.40
50(0.20in. w.g.) 0.752897957 0.19 0.21 0.23 0.26 0.28 0.30

Example: If maximum air leakage allowed is 0.28 cfm/SF of bldg thermal envelope at 50 Pa(0.2in w.g.), the corresponding maximum
leakage rate is 0.372 cfm/SF of bldg thermal envelope if using a test pressure of 75 Pa(0.3in w.g.)

Testing shall be reported by the permit holder, a North Carolina licensed general
contractor, a North Carolina licensed HVAC contractor, a North Carolina licensed Home Inspector, a registered design profes-
sional, 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 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 [4.0 ACH50] the envelope tightness is acceptable.

For Test Criteria 2 above, the report shall be produced in the following manner: Perform the blower door test and record the

CFEM50 . 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 CFM50 by the
total square feet and record the result below. If the result is less than or equal to [0.23 CFM50/SFSA] the envelope tightness is
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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)




APPENDIX R3B1
Air sealing: Testing (Section R402.4.1.2)
Sample Worksheet — 3.0 ACH Requirement

R402.4.1.2 Testing. The building or dwelling unit shall be tested for air leakage. Testing shall be conducted in accordance with
ANSI/RESNET/ICC 380, ASTM E779 or ASTM E1827 and reported at a pressure of 0.2 inch w.g. (50 Pascals). Where required
by the code official, testing shall be conducted by an approved third party. A written report of the results of the test shall be
signed by the party conducting the test and provided to the code official. Testing shall be performed at any time after creation of
all penetrations of the building thermal envelope have been sealed.

eNotice: When complying with Section R401.2.1, the building or dwelling unit shall have an air leakage rate not exceeding
3.0 air changes per hour in Climate Zones 3 through 5 when tested in accordance with Section R402.4.1.2.

Testing shall be reported by the permit holder, a North Carolina licensed general contractor, a North Carolina licensed HVAC
contractor, a North Carolina licensed Home Inspector, a registered 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.

The report shall be produced in the following manner: Perform a blower door test and record the CFM50 . Multi-
ply 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 [3.0 ACH50] 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 R3C
Duct sealing. Duct air leakage test (Sections R403.3.2, Section R403.3.3)
Sample Worksheet
R403.3.4 Sealing (Mandatory). 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.
Exception: Air-impermeable spray foam products shall be permitted to be applied without additional joint seals.

R403.3.5 Duct testing. Ducts shall be pressure tested in accordance with ANSI/RESNET/ICC 380 or ASTM E1554 to deter-
mine air leakage by one of the following methods:

1. Rough-in test: Total leakage shall be measured with a pressure differential of 0.1 inch w.g. (25 Pa) across the system

including the manufacturer’s air handler enclosure if installed at the time of the test. Registers shall be taped or other-
wise sealed during the test.

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

Exception: A duct air-leakage test shall not be required for ducts serving heating, cooling or ventilation systems
that are not integrated with ducts serving heating or cooling systems.

R403.3.6 Duct leakage. The total leakage of the ducts, where measured in accordance with Section R403.3.5, shall be as
follows:

1. Rough-in test: The total leakage shall be less than or equal to 4.0 cubic feet per minute (113.3 L/min) per 100 square
feet (9.29 m?) of conditioned floor area where the air handler is installed at the time of the test. Where the air handler
is not installed at the time of the test, the total leakage shall be less than or equal to 3.0 cubic feet per minute (85
L/min) per 100 square feet (9.29 m?) of conditioned floor area.

2. Postconstruction test: Total leakage shall be less than or equal to 4.0 cubic feet per minute (113.3 L/min) per 100
square feet (9.29 m?) of conditioned floor area.

3. Test for ducts within thermal envelope: Where all ducts and air handlers are located entirely within the building ther-
mal envelope, total leakage shall be less than or equal to 8.0 cubic feet per minute (226.6 L/min) per 100 square feet
(9.29 m?) of conditioned floor area.

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 han-
dler.

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.
Testing shall be performed and reported by the permit holder, a North Carolina licensed general contractor, a North
Carolina licensed HVAC contractor, a North Carolina licensed home inspector, a registered 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 rec-
ord the CFM25. Calculate the total square feet of Conditioned Floor Area (CFA) served by that system.

e (1)Rough-in test: The total leakage shall be less than or equal to 4.0 cubic feet per minute (113.3 L/min) per 100
square feet (9.29 m?) of conditioned floor area where the air handler is installed at the time of the test. Where the air
handler is not installed at the time of the test, the total leakage shall be less than or equal to 3.0 cubic feet per minute




(85 L/min) per 100 square feet (9.29 m?) of conditioned floor area. Multiply CFM25 by 100, divide the result by the
CFA and record the result. If the result is less than or equal to 3.0 CFM25/100SF (without airhandler, 4.0 with air han-
dler) for the Total duct leakage test, then the HVAC system air tightness is acceptable.

e  (2)Postconstruction test: Multiply CFM25 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, then the HVAC system air tightness is accepta-
ble.

e  (3)Test for ducts within thermal envelope: Where all ducts and air handlers are located entirely within the building
thermal envelope, total leakage shall be less than or equal to 8.0 cubic feet per minute (226.6 L/min) per 100 square
feet (9.29 m?) of conditioned floor area. Multiply CFM25 by 100, divide the result by the CFA and record the result.

If the result is less than or equal to 8.0 CFM25/100SF for the Total duct leakage test, then the HVAC system air tight-
ness is acceptable.

Complete one duct leakage report for each HVAC system serving the home:

Property Address:

Test Performed: (1) Rough-in test, (2) Postconstruction test, (3) Ducts within thermal envelope test (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.g. 100 CFM25 [0 100/ 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,
Registered Design Professional, Certified BPI Envelope Professional, or Certified HERS Rater

(circle one)
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APPENDIX R4

ADDITIONAL VOLUNTARY CRITERIA
FOR INCREASING ENERGY EFFICIENCY
(High-Efficiency Residential Option)
Table RAC
Not used

TABLE 4A
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENTa/

wooD | c, 0 CRAWL

CLIMATE | FENESTRATION | SKYLIG GI;#EIEAE'ION CEILING FRAME MﬁLL FLOOR BAS‘EVH:ETT sLABY SPACE®

ZONE U-FACTORY:i U-FACTOR k R-VALUE™ W i | A-VALUE R-VALUE WALL
SH VALUE R-VALUE!' R-VALUE

"%\\/ R-VALUE
3 0.32 0.55 /0':;/ :g E'l[' ‘H.LQ:L 5/13 or 19 5713

or 1543 Q@ci
, ., 38or [ 19,1345, | S5/13 00N

4 0.32 1/0&/ 0.25 Soul | orisma | Sion \K 10/15 10 10/15

- . 38 or 19,1345, | 13/17 or o

5 /0/ 0.55 (NR) 300l | or15eab 13712505 | 30 15 10 10/19

tn

5/13
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TABLE 4B
EQUIVALENT U-FACTORS?

o~ — CRAWL
CLIMATE FENESTRATI&)N S CEILING Iiﬁ::lME WALL FLOOR BA‘?VIEATENT SPACE
ZONE U-FACTOR U-FACTOR . Tr 1 b U-FACTOR 1 WALL
FACTOR U-FACTOR U-FACTOR® U-FACTOR
i 2T 055 0.030 s 0.091 0.136
~ 4 0.32 055 0.030 0.061 0.141 0.04T =~ _0.059 0.065
5 32 055 0.030 0.061 0.082 0.033 0.0y 0.065
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Table R4C

Sample Confirmation Form for
ADDITIONAL VOLUNTARY CRITERIA FOR INCREASING ENERGY EFFICI
(High-Efficiency Residential Option)

NORTH CAROLINA ENERGY CONSERVATION CODE: PROPOSED
HIGH-EREICIENCY RESIDENTIAL OPTION, INSULATION AND FENESTRATION VAL PROJECT VALUES
{Hotes correlate to Table R4A)
climw 3 / 5

Fenestration [-Factor™ N 032_A 032 0.32
Skylight [/-Factor” N\ 5 0.55 0.55

ared Fenastrati bk 5 > -
Glazed Fenestration SHGC \ J 025 0.25 (NR)
Ceiling R-value™ 38or30ci! | 38or30c | 3Ror30d

. W 1 h | 3+5, or 19 13+5 or 19 13+5. o1
Wood Frame Wall R-value / G 153 1503

. N

Mass Wall R-valuei / 5/13 or 5710ci ch;ci o
Floor R-value / 19 19 \\ 308
Basement Wall R-valugs/” 5/13° 10/15 NS

. , . o
Slab R-value and Dyffih 5 10 10 \\
Crawl Space Wall R-value® 5/13 10/15 10/19

* Note: cf = continuous insulation

High Efficad™~Jghting

% of lighting that is high™w{gacy according to /
R404.1 (90% required)
Building Air Leakage

Building Air Leakage Test according to R-LE)N /

{check box). Show test value: \

ACHS0 [Target: 4.0], or )y

CFMS5(0/SFSA [Target: 0.24]

Mame of Tester / Company: /

Date: Phone: L~

Duct Insulation and Sealing

Insulation Value / R-

Duct Leakage Test Result [S&y}.‘\] \

(CEM25 Total/1 i)[]S[-'JW: 4 Total/ 3 Toexterior] | [J Total duct leakage or [ Duct leakage IQN exterior

Name of Tester op@bmpany: \

Date: / Phone: \




Sample Confirmation Form for ADDITIONAL VOLUNTARY CRITERIA FOR INCREASING ENERGY EFFICIENCY (High-
Efficiency Residential Option)
Not Used
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R4D:
SAMPLE WORKSHEETS FOR RESIDENTIAL AIR AND DUCT LEAKAGE TESTING
R4D.1
Air sealing: Testing (Section R402.4.2.2)
Sample Worksheet for Alternative Residential Energy 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 Energy Code for Higher Efficiency

Not used in 2024 Proposed Code
R4D:
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APPENDIX RA
BOARD OF APPEALS—RESIDENTIAL
Deleted — No change from 2018

APPENDIX RB
SOLAR-READY PROVISIONS—DETACHED ONE- AND TWO-FAM-
ILY DWELLINGS AND TOWNHOUSES

The provisions contained in this appendix are not mandatory.

SECTION RB101
SCOPE

RB101.1 General. These provisions shall be applicable for new construction where solar-ready provisions are required.

SECTION RB102
GENERAL DEFINITION

SOLAR-READY ZONE. A section or sections of the roof or building overhang designated and reserved for the future installa-
tion of a solar photovoltaic or solar thermal system.

SECTION RB103
SOLAR-READY ZONE

RB103.1 General. New detached one- and two-family dwellings, and townhouses with not less than 600 square feet (55.74 m?)

of roof area oriented between 110 degrees and 270 degrees of true north shall comply with Sections RB103.2 through RB103.8.

Exceptions:

1. New residential buildings with a permanently installed on-site renewable energy system.

2. A building where all areas of the roof that would otherwise meet the requirements of Section RB103 are in full or
partial shade for more than 70 percent of daylight hours annually.

RB103.2 Construction document requirements for solar-ready zone. Construction documents shall indicate the solar-ready
Zone.

RB103.3 Solar-ready zone area. The total solar-ready zone area shall be not less than 300 square feet (27.87 m?) exclusive of
mandatory access or setback areas as required by the International Fire Code. New townhouses three stories or less in height
above grade plane and with a total floor area less than or equal to 2.000 square feet (185.8 m?) per dwelling shall have a solar-
ready zone area of not less than 150 square feet (13.94 m?). The solar-ready zone shall be composed of areas not less than 5 feet
(1524 mm) in width and not less than 80 square feet (7.44 m?) exclusive of access or setback areas as required by the International
Fire Code.

RB103.4 Obstructions. Solar-ready zones shall be free from obstructions, including but not limited to vents, chimneys, and roof-
mounted equipment.

RB103.5 Shading. The solar-ready zone shall be set back from any existing or new permanently affixed object on the building
or site that is located south, east or west of the solar zone a distance not less than two times the object’s height above the nearest
point on the roof surface. Such objects include, but are not limited to, taller portions of the building itself, parapets, chimneys,
antennas, signage, rooftop equipment, trees and roof plantings.

RB103.6 Capped roof penetration sleeve. A capped roof penetration sleeve shall be provided adjacent to a solar-ready zone
located on a roof slope of not greater than 1 unit vertical in 12 units horizontal (8-percent slope). The capped roof penetration
sleeve shall be sized to accommodate the future photovoltaic system conduit, but shall have an inside diameter of not less than

1!/4 inches (32 mm).




RB103.7 Roof load documentation. The structural design loads for roof dead load and roof live load shall be clearly indicated
on the construction documents.

RB103.8 Interconnection pathway. Construction documents shall indicate pathways for routing of conduit or plumbing from
the solar-ready zone to the electrical service panel or service hot water system.

RB103.9 Electrical service reserved space. The main electrical service panel shall have a reserved space to allow installation
of a dual pole circuit breaker for future solar electric installation and shall be labeled “For Future Solar Electric.” The reserved
space shall be positioned at the opposite (load) end from the input feeder location or main circuit location.

RB103.10 Construction documentation certificate. A permanent certificate, indicating the solar-ready zone and other require-
ments of this section, shall be posted near the electrical distribution panel, water heater or other conspicuous location by the
builder or registered design professional.
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APPENDIX RC-Reserved




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

