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PREFACE

This document is the 2011 Vermont Commercial Building Energy Standards (CBES). It is based on the 2009 International
Energy Conservation Code (IECC) and includes many elements of ASHRAE/IESNA Standard 90.1-2007, as well as material
stemming from the process to update both the 2012 IECC and ASHRAE/IESNA Standard 90.1-2010. Amendments have been
made to suit Vermont’s climate and special needs.

The Vermont Energy Act of 2009 (Act 45) directed the Commissioner of the Department of Public Service to amend the CBES
to ensure that commercial building construction be designed and constructed in a manner that complies with ASHRAE/IESNA
Standard 90.1-2007 or the 2009 edition of the IECC.

The Vermont Energy Act of 2009 (Act 45) legislation requires that at least.every three years after January 1, 2011 the
commissioner of public service shall amend and update the CBES.

21 V.S.A. §268 of the Vermont Statutes requires certification that both the design and the construction of a commercial building
is in compliance with the CBES. Certification shall be issued by a completed and signed certificate permanently affixed to the
outside of the heating or cooling equipment, to the electrical service panel and located‘inside the building, or in a visible location
in the immediate vicinity of one of these three areas. Copies of the signed certification documents shall be sent to the local town
clerk and to the Vermont Department of Public Service.

The Vermont Division of Fire Safety may request completed certificates at the time of inspection, and certificate of occupancy
may be withheld until the CBES certificate and affidavits.are posted.

Certificates, affidavits and contact information for questions about the energy code can be found at:
http://publicservice.vermont.gov/energy-efficiency/ee_commstandards.html

The statute pertaining to CBES (21 V.S.A. §268) can be found at:
http://www.leg.state.vt.us/statutes/fullsection.cfm?Title=21&Chapter=003&Section=00268

Users of the code are encouraged toview the publicly available interpretations of the ASHRAE 90.1-2007 standard, available
online at: http://www.ashrae.org/technology/page/43



Effective Use of the
2011 Commercial Building Energy Standards

Arrangement and Format of the 2011 CBES

Before applying the requirements of the 2011 CBES it is beneficial to understand its arrangement and format. The 2011 CBES, like
other codes published by ICC, is arranged and organized to follow sequential steps that.generally. occur during a plan review or
inspection. The 2011 CBES is divided into five different parts:

Chapters Subjects
1-2 Administration and definitions
3 General Requirements
4 Reserved
5 Energy-efficiency for commereial buildings
6 Referenced standards

The following is a chapter-by-chapter synopsis of the scope and intent.of the provisions of the 2011 Commercial Building Energy
Standards:

Chapter 1 Administration. This chapter contains provisions for the application, enforcement and administration of subsequent
requirements of the code. In addition to establishing the scope of the code, Chapter 1 identifies which buildings and structures come
under its purview. Chapter 1 is largely concerned with maintaining “due process of law” in enforcing the energy conservation criteria
contained in the body of the code. Only through careful observation of the administrative provisions can the building official rea-
sonably expect to demonstrate that “equal protection under the law” has been provided.

Chapter 2 Definitions. All terms'that are defined in the code are listed alphabetically in Chapter 2. While a defined term may be
used in one chapter or another, the meaning provided in Chapter 2 is applicable throughout the code.

Where understanding of a term’s definition is especially key to or necessary for understanding of a particular code provision, theterm
is show in italics wherever it‘appears in the code. This is true only for those terms that have a meaning that is unique to the code. In
other words, the generally‘understood meaning of a term or phrase-might not be sufficient or consistent with the meaning pre-
scribed by the code; therefore, it is essential that the code-defined meaning be known.

Guidance regarding tense, gender and plurality of defined terms as well as guidance regarding terms not defined in this code is
provided.

Chapter 3 General.Requirements. Chapter 3 provides interior design conditions that are used as a basis for assumptions in
heating and cooling load calculations andprovides basic material requirements for insulation materials and fenestration materials.

Chapter 4/Reserved.

Chapter 5 Commercial Energy. Efficiency. Chapter 5 contains the energy-efficiency-related requirements for the design,
construction and renovation of most types of commercial buildings and residential buildings greater than three stories in height above
grade. The provisions withinthe chapter promote energy efficiency in the building envelope, the heating and cooling system and the
service water heating systemof the building.

Chapter 6 Referenced Standards. The code contains numerous references to standards that are used to regulate materials and
methods of construction. Chapter 6.contains a comprehensive list of all standards that are referenced in the code. The standards are
part of the code to the extent of the reference to the standard. Compliance with the referenced standard is necessary for compliance
with this code. By providing specifically adopted standards, the construction and installation requirements necessary for compliance
with the code can be readily determined. The basis for code compliance is, therefore, established and available on an equal basis to
the code official, contractor, designer and owner.

Chapter 6 is organized in a manner that makes it easy to locate specific standards. It lists all of the referenced standards, alphabeti-
cally, by acronym of the promulgating agency of the standard. Each agency’s standards are then listed in either alphabetical or
numeric order based upon the standard identification. The list also contains the title of the standard, the edition (date) of the standard
referenced, any addenda included, and the section or sections of this code that reference the standard.
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CHAPTER 1
ADMINISTRATION

I PART 1—SCOPE AND APPLICATION

SECTION 101
SCOPE AND GENERAL REQUIREMENTS
101.1 Title. This code shall be known as the Commercial
Building Energy Standards and shall be cited as such. It is
referred to herein as “this code.”
101.2 Scope. This code applies to commercial
buildings and the building site and associated systems
and equipment.

Exceptions:

1. Farm structures. This code shall not apply to
farm structures as defined in 24 V.S.A. § 4413.”

2. Process applications. This code shall not apply
to equipment or portions of building. energy
systems that use energy primarily to provide for
industrial,  manufacturing or  commercial
processes.

101.3 Intent. This code shall regulate the design and construc-
tion of buildings_for the effective use of energy. This code is
intended to provide flexibility to permit the use of innovative
approaches and techniques ‘to achieve the effective use of
energy. This code is_not intended to abridge safety, health or
environmental requirements contained in other applicable
codes or ordinances.
101.4 Applicability. Where, in any specific case, different sec-
tions 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 require-
ment and a specific requirement;. the specific requirement shall
govern.
101.4.1 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.
101.4.2 Historic buildings. Any building or structure that is
listed in the State or National Register of Historic Places;
designated as a historic property under local or state desig-
nation-law or survey; certified as a contributing resource
with a National Register listed or locally designated historic
district; or with an opinion or certification that the property
is eligible to be listed on the National or State Registers of
Historic Places either individually or as a contributing
building to a historic district/by the State Historic Preserva-
tion Officer or the Keeper<of the National Register of His-
toric Places, are exempt from this code.
101.4.3 Additions, alterations, renovations or repairs.
Additions, alterations, renovations or repairs to an existing
building, building system or portion thereof shall conform
to the provisions of this code as they relate to new construc-
tion without requiring the unaltered portion(s) of the exist-
ing building or building system to comply with this code.
Additions, alterations, renovations or repairs shall not cre-
ate an unsafe or hazardous condition or overload existing
building systems.

An addition shall be deemed to comply with this code if the
addition alone complies or if the existing building and
addition comply with this code as a single building.

Exception: The following need not comply provided the
energy use of the building is.not increased:

1. tS.torm windows installed over existing fenestra-
ion.

24 ]g;lass only replacements in‘an existing sash and
rame.

3. Existing ceiling, wall or_floor cavities exposed
during construction provided that these cavities
already are filled with insulation.

4. Construction-where the existing roof, wall or floor
cavity/is not exposed.

5. Reroofing for roofs where neither the sheathing
nor‘the insulation is exposed. Roofs without insu-
lation in the cavity and where the sheathin? or
insulation is exposed during reroofing shall be
insulated either above or below the sheathing.

6. Replacement of existing doors that separate condi-
tioned space from the exterior shall not require the
installation of a vestibule or revolving door, pro-
vided, however, that an existing vestibule that sep-
arates a conditioned space from the exterior shall
not be removed,

7. Alterations that replace less than 50 percent of the
luminaires in the space where the alteration is
taking place, provided that such alterations do not
increase the installed interior lightingpower.

8. Alterations that replace only the bulb and ballast
within the existing luminaires in a space provided
that the alteration does not increase the installed

interior lighting power.
101.4.4 Change in occupancy or use. Spaces undergoing, a
change in occupancy that would result in an increase in
demand for either fossil fuel or electrical energy shall com-
ply with this code. Where the use in a space changes from
one use in either Table 505.5.2.1 or Table 505.5.2.2 to another
use in either Table 505.5.2.1 or Table 505.5.2.2, the installed

lighting wattage shall comply with Section 505.5.

101.4.5 Change in space conditioning. Any noncondi-
tioned space_that is altered to become conditioned space
shzéll be required to be brought into full compliance with this
code.

101.4.6 Mixed occupancy. Where a building includes both
residential and commercial occupancies, each occupancy
shall be separately considered and meet the applicable pro-
visions of the Vermont Residential Building Energy
Standards for residential portions of the building and Chapter
5 of this code for commercial portions of the building.






101.5 Compliance. Residential buildings and residential
portions of the buildings shall meet the provi-
sions of the Vermont Residential Building Energy Standards.
Commercial buildings and commercial portions of the
building shall meet the provisions of Chapter 5 of this code.
101.5.1 Compliance materials. The code official or other
authority having jurisdiction shall be permitted to approve

specific computer software, worksheets, compliance manuals
and other similar materials thatmeet the intent of this code.

101.5.2 Exempt buildings. The following buildings, orportions
thereof, separated from the remainder of the building by
building thermal envelope assemblies complying with this
code shall be exempt from the building thermal
envelope provisions of this code:
1. Low energy use buildings. Those with a peak desiogn
rate of energy usage less than 3.4 Btu/h-ftz (10.7

W/mz) or 1.0 watt/ftz (10.7 W/m?) of floor area for
space conditioning purposes.

2. Unconditioned buildings. Those that do not contain
conditioned space.

3. Inflatable buildings. Those above ground portions
that are air-supported structures shall be exempt only
from the thermal envelope provisions of this code.

SECTION 102
ALTERNATE MATERIALS—METHOD
OF CONSTRUCTION, DESIGN

OR INSULATING SYSTEMS

102.1 General. This code is not intended to prevent the use of
any material, method of construction, design or insulating sys-
tern not specifically prescribed herein, provided that such con-
struction, design or insulating system has been approved hy the

code official or other authority having jurisdiction as meeting

the intent of this code.
102.1.1 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 in compliance with this code. The
requirements identified as<““mandatory” in Chapter 50f this
code, as applicable, shall be met.

PART 2—ADMINISTRATION AND ENFORCEMENT

SECTION 103

CONSTRUCTION DOCUMENTS
103.1 General. Construction documents and other supporting
data shall be submitted in one or more sets with each application
for a permit. The construction documents shall be ﬁrepared 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 or other authority
having jurisdiction is authorized /to require necessary
construction documents to be prepared by a registered design
professional.

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

103.2 Information on construction documents. Construc-
tion documents shall be drawn to scale. upon suitable material.
Electronic media documents are permitted to be submitted

when approved by the code official or other authority having
jurisdiction. Construction documentsshall be of sufficient clarity
to indicate the location, nature and extent of the work proposed,
and show in sufficient detail pertinent data and features of the
building, systems and equipment as herein governed. Details
shall include, but are not limited to, as applicable, insulation
materials and their R-values; fenestra-

tion U-factors and SHGCs; area-weighted U-factor and SHGC
calculations; design ambient temperatures; interior temperatures
for heating and cooling modes; relative humidity setpoints;
ventilation rates; mechanical system design criteria;
mechanical and service water heating system and equipment
types, sizesand efficiencies; economizer description; equipment
and systems controls; fan motor horsepower (hp) and controls;
duct sealing, duct and pipe insulation and location; lighting
fixture schedule with wattage and control narrative; and air
sealing details.

Mechanical equipment< schedules shall be included in the
submitted construction documents and shall include, but are not
limited to, the following information:

1. Equipment efficiencies

2. Fan and pump nameplate motor and brake horsepower

3. Hydronic system (if applicable) supply and return water
design temperatures for boilers and all terminal devices
(e.g. baseboards, unit ventilators, etc)

4,  Steam system (if applicable) design pressure for boilers
and all terminal devices

103.3 Examination of documents. The code official or othe
authority having jurisdiction shallexamine or cause to be examined
the accompanying construction documents and shall ascertain
whether “the construction indicated and described is in
accordance with the requirements of this code and other
pertinent laws or ordinances.

103.3.1 Approval of construction documents. When th
code official or other authority having jurisdiction issues
permit where ~construction documents are required, the
construction documents shall be endorsed in writing and
stamped “Reviewed for Code Compliance.” Such approved
construction documents shall not be changed, modified or
altered without authorization from the code official or other|
authority having jurisdiction. Work shall be done in
accordance with theapproved construction documents.

One set of construction documents so reviewed shall be
retained by the code official or other authority having
jurisdiction. 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 other authority having jurisdiction or a dul
authorized representative.

103.3.2 Previous approvals. This code shall not requir
changes in the construction documents, construction or des-
ignated occupancy of a structure for which a lawful permit]
has been heretofore issued or otherwise lawfully autho-
rized, and the construction of which has been pursued in
good faith within 180 days after the effective date of this
code and has not been abandoned.
103.3.3 Phased approval. The code official or other
authority having jurisdiction shall have the authority to issue
permit for the construction of part of anenergy conservation
system before the construction documents for the entire
system have been submitted or approved, provided
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
conservation system will be granted.

103.4 Amended construction documents. Changes made|

during construction that are not in compliance with the

approved construction documents shall be resubmitted for

aEBroval as an amended set of construction documents.

3.5 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 com-
pletion of the permitted work, or as required by state or local

laws.




SECTION 104
INSPECTIONS
104.1 General. Construction or work for which a permit is
required shall be subject to inspection by the code official or
other authority having jurisdiction.
104.2 Required approvals. Work shall not be done beyond the
point indicated in each successive inspection without first
obtaining the approval of the code official or other authority
having jurisdiction. The code official or other authority having
jurisdiction, upon notification, shall make the requested
inspections and shall either indicate the portion of the
construction that is satisfactory as completed, or notify the
permit holder or his or her agent wherein the same fails to
comply with this code. Any portions that do not comply shall
be corrected and such portion shall not be covered or
concealed until authorized by the code
Official or other authority having jurisdiction.
104.3 Final inspection. The building shall have a final
inspec-
tiorrl) and not be occupied until approved.
-1(r)]4.4 Reinspection. A building shall be reinspected
when
determined necessary by the code official or other authority
having jurisdiction.
104.5 Approved inspection agencies. The code official
or other authority having jurisdiction is
authorized to accept reports of approved inspection
agencies,
provided such agencies satisfy the requirements as to
qualifica-
tions and reliability.
104.6 Inspection requests. ]!t shall be the duty of the holder
0
the permit or their duly authc#_ized agent to notify the code
offi-
cial or other authority having jurisdiction 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.
104.7 Reinspection and testing. Where any work or
installation does not pass an .nitial test or inspection, the
necessary corrections shall<be made so as to achieve
compliance with thiscode. The work or installation-shall then
be resubmitted to the code official or other‘authority having
jurisdiction for inspection and testing.
104.8 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 or
other authority having jurisdiction.
104.8.1 Revocation. The code official or other. authority
having jurisdiction is authorized to, \in writing, suspend or
revoke'a notice of approval issued under the provisions of this
code wherever the certificate is issuedin error, or on the basis
of incarrect 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 105
VALIDITY
105.1 General. If a portion of this code is held to be illegal or
void, such a decision shall not affect the validity of the
mremainder of this code.

SECTION 106

REFERENCED STANDARDS
106.1 General. The codﬁ?ignd standards referenced in

code shall be those listed in Chapter 6, and such codes and
stan-dards shall be considered as part of the requirements
of this code to the prescribed extent of each such reference.

106.2 Conflicting requirements. Where the provisions of this
code and the referenced standards conflict, the provisions of

this code shall take precedence.

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

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



CHAPTER 2
DEFINITIONS

SECTION 201

GENERAL )

201.1 Scope. Unless stated otherwise, the following words and
t%rm? in this code shall have the meanings indicated in this
chapter. . )

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

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

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

implies.
SECTION 202

GENERAL DEFINITIONS
ABOVE-GRADE WALL. A wall more than 50 percent above
grade and enclosing conditioned space. This includes
between-floor spandrels, peripheral edges of floors, roof and
basement knee walls, dormer walls, gable end walls, walls
enclosing a mansard roof and skylight shafts.
ACCESSIBLE. Admitting close approach as a result of not
being guarded by locked doors, elevation-or. other effective
means (see “Readily accessible™).
ADDITION. An extension or increase in the conditioned

space floor area or height of a building or structure.
AIR_BARRIER. Material(s) assembled and joined together to
provide a barrier to air leakage through the building envelope.
Antal_r Ibarrler may be a single material or a‘combination of
materials.

ALTERATION. Any construction-or renovation to an existing
structure other than repair or addition that requires a permit.
Also, a change in a mechanical system that involves an exten-
sion, addition or change to the arrangement, type or purpose of
the original installation that.requires a permit..
APPROVED. Approval by the code official or other
authority having jurisdiction-as a result of investigation and tests
conducted by him or her, or by reason of accepted principles or
tests by nationally recognized organizations.
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 mechani-
cal configuration (see “Manual’).
BASEMENT WALL. A wall 50 percent or more below grade
and enclosing conditioned space.
BUILDING. Any structure used or intended for supporting or
sheltering any use or occupancy, including any mechanical
systems, service water heating systems and electric power and
lighting systems located on the building site and supporting
the building.

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

from the outside by the general_public.
BUILDING SITE. A contiguous area of land that is under the
ownership or control of one entity.
BUILDING THERMAL ENVELOPE. The basement walls,
exterior walls, floor, roof, and any other building element that
enclose conditioned space, or provides a boundary between
conditioned space and exempt or unconditioned space.

CBES. Commercial Building Energy Standards.
C-FACTOR (THERMAL CONDUCTANCE). The coeffi-
cient of heat transmission (surface to surface) through a build-
ing component or assembly, equal.to the time rate of heat flow
per unit area and the unit temperature difference between the|
warm side and cold side surfaces (Btu/hftz x °F) [W/(mz x K)].
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 build-
ings.”

CgONDITIONED FLOOR AREA. The horizontal projection
of the floors associated with the conditioned space.
CONDITIONED SPACE. An area or room within a building
being heated or cooled, containing uninsulated ducts, or with a
fixed opening directly into an adjacent conditioned space.
CONTINUOUS AIR BARRIER. A combination of
materials and assemblies that restrict or prevent the passage of
air through the building thermal envelope.

CONTINUOUS INSULATION (C.l1.). Insulation that is
uncompressed ‘and_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.
DAYLIGHT ZONE.

1. Under skylights. The area under skylights whose hori-
zontal dimension, in each direction, is equal to the sky-
light dimension in that direction plus either the floor-to-
ceiling height or the dimension to a ceiling height opaque
partition, or one-half the distance to adjacent skylights or
vertical fenestration, whichever is least.

2. Adjacent to vertical fenestration. The area adjacent to
vertical fenestration which receives daylight through the
fenestration. For purposes of this definition and unless
more detailed analysis is provided, the daylight zone
depth is assumed to extend into the space a distance of 15
feet (4572 mm) or to the nearest ceiling height opaque
partition, whichever is less. The daylight zone width is
assumed to be the width of the window plus 2 feet (610
mm) on each side, or the window width plus the distance
to an opaque partition, or the window width plus
one-half the distance to adjacent skylight or vertical fen-
estration, whichever is least.



DEFINITIONS

DEMAND CONTROL VENTILATION (DCV). A ventila-
tion system capability that provides for the automatic reduction
of outdoor air intake below design rates when the actual occu-
pancy of spaces served by the system is less than design occu-
ancy.
F[))UCT. 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 transmis-
sion 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 inde-
pendent living facilities for one or more persons, including per-
manent provisions for living, sleeping, eating, cooking and
sanitation.

ECONOMIZER, AIR. A duct and damper arrangement and
automatic control system that allows a cooling system to sup-
ply 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.

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 pur-
chased energy for the building functions regulated by this code,
including applicable demand charges.

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

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

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

EXTERIOR WALL. Walls including both above-grade walls
and basement walls.

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

FAN SYSTEM BHP. The sum of the fan brake horsepower of
all fans that are required to operate at fan system design condi-
tions to supply air from the heating or cooling source to the
conditioned space(s) and returnqt to the source or exhaust it to
the outdoors.

FAN SYSTEM DESIGN CONDITIONS. Operating condi-
tions that can be expected to occur during normal system oper-
ation that result in the highest supply fan airflow rate to
conditioned spaces served by the system.

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

FARMING. The cultivation or other use of land for
growing food, fiber, Christmas trees, maple sap, or
horticultural and orchard crops; or the raising, feeding, or

management of livestock, poultry, fish, or bees; or the
operation of greenhouses; or the production of maple
syrup; or the on-site storage, preparation and sale of
agricultural products principally produced on the farm; or
the on-site production of fuel or. power from agricultural
products or wastes produced on the farm; or the raising,
feeding, or management.of four or more equines owned
or boarded by the farmer, including training, showing,
and providing instruction and lessons in riding, training,
and the management of equines:

FARM STRUCTURE. A building, enclosure, or fence
for housing Jdivestock, raising horticultural or agronomic
plants, or.carrying out other practices associated with
accepted agricultural or farming practices, including a
silo, as “farming” is defined, but excludes a dwelling for
human habitation.”

FENESTRATION. Skylights, roof windows, vertical win-
dows (fixed or moveable), opaque doors, glazed doors, glazed
block and combination opaque/glazed doors. Fenestration
includes products with glass and nonglass glazing materials.

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. Fieldfabricated does not include site-built
fenestration.

FENESTRATION PRODUCT, SITE-BUILT,
Fenestration designed to be field-glazed or field assembled
units using specific factory cut or otherwise factory formed
framing and glazing units. Examples of site-built
fenestration include storefront systems, curtain walls, and
atrium roof systems.

F-FACTOR. The perimeter heat loss factor for slab-on-grade
floors (Btu/h x ft x °F) [W/(m x K)].
HEAT TRAP. An arrangement of piping and fittings, such as
elbows, or a commercially available heat trap that prevents
thermosyphoning of hot water during standby periods.
HEATED SLAB. Slab-on-grade construction in which the
heating elements, hydronic tubing, or hot air distribution sys-
tem is in contact with, or placed within or under, the slab.
HIGH-EFFICACY LAMPS. Compact fluorescent lamps,
T-8 or smaller diameter linear fluorescent lamps, or lamps with
a minimum efficacy of:

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

2. 50dlumens per watt for lamps over 15 watts to 40 watts,

an

3. 40 lumens per watt for lamps 15 watts or less.
HUMIDISTAT. A regulatory device, actuated by changes in
humidity, used for automatic control of relative humidity.
INFILTRATION. The uncontrolled inward air leakage into a
building caused by the pressure effects of wind or the effect of
differences in the indoor and outdoor air density or both.
INSULATING SHEATHING. An insulating board with a
core material having a minimum R-value of R-2.
LABELED. Equipment, materials or products to which have
been affixed a label, seal, symbol or other identifying mark of a
nationally recognized testing laboratory, inspection agency or
other organization concerned with product evaluation that
maintains periodic inspection of the production of the
above-labeled items and whose labeling indicates either that
the equipment, material or product meets identified standards



or has been tested and found suitable for a specified purpose.
LINER SYSTEM (Ls). A continuous membrane installed
below the purlins and uninterrupted by framing members.
LISTED. Equipment, materials, products or services included
in a list published by an organization acceptable to the code
official and concerned with evaluation of products or services
that maintains periodic inspection of production of listed
equipment or materials or periodic evaluation of services and
whose listing states either that the equipment, material, product
or service meets identified standards or has been tested and
found suitable for a specified purpose.

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



MANUAL. Capable of being operated by personal interven-
tion (see “Automatic”).

METAL FRAMING. Products with metal framing with or
without thermal break.

METAL FRAMING, ENTRANCE DOOR. Any doorway,
set of doors, turnstile, vestibule, or other form of portal that is
ordinarily used to gain access by its users and occupants to
the building or to individual tenant spaces accessed from the
exterior. (See also building entrance door.)

METAL FRAMING, FIXED. All vertical fenestration,
other than entrance door and operable, including, but not
limited to, curtain walls, window walls, fixed windows,
picture windows, glass block walls, non-openable clerestory
windows, and non-openable sidelites and transoms.
NONMETAL FRAMING. All products with framing
materials other than metal with or without metal reinforcing
or thermally broken metal cladding.

NAMEPLATE HORSEPOWER. The nominal motor horse-
power rating stamped on the motor nameplate.

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

“Accessible™).
REPAIR. The reconstruction or renewal of any part of an
exist-
ing building.
RESIDENTIAL BUILDING. For this code, includes

Group R-3buildings, as well as Group R-2 and R-4 buildings
three stories or lessin height above grade.

ROOF ASSEMBLY. A system designed to provide weather
protection and resistance to design loads. The system
consistsof 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 interiorfinish.
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.ftz. °F/Btu) [(m2. K)/W].

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

SERVICE WATER HEATING. Supply of hot water for pur-
poses other than comfort heating.

SKYLIGHT. Glass or other transparent or translucent glazing
material installed at a slope of 15 degrees (0.26 rad) or more
from vertical. Glazing material in skylights, including unit sky-
lights, solariums, sunrooms, roofs and sloped walls is included
in this definition.

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

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

DEFINITIONS

STOREFRONT. A nonresidential system of doors and win-
dows 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 commer-
cial buildings.

THERMAL ISOLATION. Physical and space conditioning
separation from conditioned space(s). The conditioned
space(s) shall be controlled as separate zones for heating and
coolinig or conditioned by separate equipment. .
THERMOSTAT. An attomatic control device used to main-
tain temperature at a fixed or adjustable set point.

U-FACTOR (THERMAL TRANSMITTANCE). The coef-
ficient of heat transmission (air to air) through a building com-
ponent 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. ft=. °F) [W/(mz K)].
VENTILATION. The natural or mechanical process of sup-
plying 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.

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



CHAPTER 3
GENERAL REQUIREMENTS

SECTION 301
DESIGN CONDITIONS
301.1 Interior design conditions. The interior design temper-
atures 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.

301.2 Climactic data.

e Heating Design Temperature: -11°F
(ASHRAE/IESNA 90.1-2007 Table D-1, 99.6%)

e  Cooling Design Temperature Dry-Bulb: 84°F
(ASHRAE/IESNA 90.1-2007 Table D-1, 1%)

e  Cooling Design Temperature Wet-Bulb: 69°F
(ASHRAE/IESNA 90.1-2007 Table D-1, 1%)

e  Heating Degree Days: 7,771
(ASHRAE/IESNA 90.1-2007 Table D-1, 65° Base)

e  Cooling Degree Days: 2,228
(ASHRAE/IESNA 90.1-2007 Table D-1, 50° Base)

Adjustments may be made only in the following cases:
1. Winter heating design temperatures for projects either:
0 Located at an elevation of 1,500 feet or higher or
0 Located in Caledonia, Essex or Orleans counties
0 Adjustments shall be made as listed in the
National Climate Data Center for the specific
weather station:
http://cdo.ncdc.noaa.gov/climatenormals/clim81
supp/CLIM81_Sup_02.pdf
2. As approved by the code official or other authority having
jurisdiction

SECTION 302

MATERIALS, SYSTEMS AND EQUIPMENT
302.1 Identification. Materlals,_slystems and equipment shall
be identified in a manner that will allow a determination of
compliance with the applicable provisions of this code.



GENERAL REQUIREMENTS

302.1.1 Building thermal envelope insulation. An R-value
identification mark shall be applied by the manufacturer to
each piece of building thermal envelope insulation 12
inches (305 mm) or greater in width. Alternately, the insula-
tion installers shall provide a certification listing the type,
manufacturer and R-value of insulation installed in each ele-
ment of the building thermal envelope. For blown or
sprayed insulation (fiberglass and cellulose), the initial
installed thickness, settled thickness, settled R-value,
installed density, coverage area and number of bags
installed shall be listed on the certification. For sprayed
polyurethane foam (SPF) insulation, the installed thickness
of the areas covered and R-value of installed thickness shall
be listed on the certification. The insulation installer shall
sign, date and post the certification in a conspicuous loca-
tion on the job site.
302.1.1.1 Blown or sprayed roof/ceiling insulation.
The thickness of blown-in or sprayed roof/ceiling insula-
tion (fiberglass or cellulose) shall be written in inches
(mm) on markers that are installed at least one for every
300 square feet (28 m2) throughout the attic space. The
markers shall be affixed to the trusses or joists and
marked with the minimum initial installed thickness with
numbers a minimum of 1 inch (25 mm) in height. Each
marker shall face the attic access opening. Spray poly-
urethane foam thickness and installed R-value shall be
listed on certification provided by the insulation installer.

302.1.2 Insulation mark installation. Insulating materials
shall be installed such that the manufacturer’s R-value mark

is readily observable upon inspection.

302.1.3 Fenestration product rating. U-factors of fenes-
tration products (windows, doors and skylights) shall be
determined in accordance with NFRC-100 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 302.1.3(1)
or 302.1.3(2). The solar heat gain coefficient (SHGC) 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 shall be assigned a default SHGC from Table

302.1.3(3).
TABLE 302:1.3(1)
DEFAULT GLAZED FENESTRATION U-FACTOR

FRAME TYPE SKYLIGHT
SINGLE | < DOUBLE -
PANE PANE Single Double
Metal 1.20 0.80 2.00 1.30

Metal with Thermal Break 1.10 0.65 1.90 1.10

Nonmetal or Metal Clad 0.95 0.55 1.75 1.05

Glazed Block 0.60

TABLE 302.1.3(2)
DEFAULT DOOR U-FACTORS

DOOR TYPE U-FACTOR
Uninsulated Metal 1.20
Insulated Metal 0.60
Wood 0.50

. 0.35
Insulated, nonmetal edge, max 45% glazing,
any glazing double pane

TABLE 302.1.3(3)
DEFAULT GLAZED FENESTRATION'SHGC

SINGLE GLAZED DOUBLE GLAZED GLAZED BLOCK
Clear Tinted Clear Tinted
0.8 0.7 0.7 0.6 0.6

303.1.4 Insulation product rating. The thermal resistance
(R-value) of insulation shall be determined in accordance
with the U.S/Federal Trade Commission R-value rule (CFR
Title 16, Part 460, May 31, 2005) in units of h X ft2 X °F/Btu
at a mean temperature of 75°F (24°C).

303.2 Installation. All materials, systems and equipment shall
be installed in accordance with the manufacturer’s installation
instructions and the International Building Code.

303.2.1 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 cover-
ing to prevent the degradation of the insulation’s thermal
performance. The protective covering shall cover the
exposed exterior insulation and extend a minimum of 6
inches (153 mm) below grade.

303.3 Maintenance information. Maintenance instructions
shall be furnished for equipment and systems that require pre-
ventive maintenance. Required regular maintenance actions
shall be clearly stated and incorporated on a readily accessible
label. The label shall include the title or publication number for
the operation and maintenance manual for that particular
model and type of product.
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CHAPTER 5

COMMERCIAL ENERGY EFFICIENCY

SECTION 501
GENERAL

501.1 Scope. The requirements contained in this chapter are
applicable to commercial buildings, or portions of commercial
buildings. These commercial buildings shall meet either the
requirements of ANSI/ASHRAE/IESNA Standard 90.1-
2007, Energy Standard for Buildings Except for Low-Rise
Residential Buildings, or the requirements contained in this
chapter.
501.2 Application. The commercial building project shall
comply with the requirements in Sections 502 (Building enve-
lope requirements), 503 (Building mechanical systems), 504
(Service water heating) and 505 (Electrical power and lighting
systems) in its entirety. As an alternative the commercial
building project shall comply with the requirements of
ANSI/ASHRAE/IESNA 90.1-2007 in its entirety.
Commercial building projects utilizing the alternative
compliance path of ANSI/ASHRAE/IESNA 90.1-2007 must
follow all applicable provisions listed in 501.2.1.

501.2.1 Applicable provisions

1. All instances of the term building official in
ASHRAE/IESNA 90.1-2007 shall be ‘replaced
with the terms code official or other authority having
jurisdiction.

2. ASHRAE/IESNA 90.1-2007 Section 5.1.4.1
United States Locations. Delete the exception
clause and replace with.the following:

Adjustments may be made only in the following cases:
a.  Winter heating design temperatures for projects either:
a. Located atan elevation of 1,500 feet or higher or
b.  Locatediin Caledonia, Essex or Orleans.counties
c.  Adjustments. shall be made as listed in the
National Climate DataCenter for the specific
weather station:
http://cdo.ncdc.noaa.gov/climatenormals/clim81
supp/CLIM81_Sup 02.pdf

b. As approved by code official or other authority
having jurisdiction

3. . ASHRAE/IESNA 90.1-2007 Section 5 Building Envelope.
All envelope requirements shall comply with the following
tables.in the 2011 Vermont' Commercial Building Energy
Standards (CBES):

a. Table 502.2(1), Building Envelope Requirements-
Opaque Assemblies and Element and,

b. Table 502.2.(2), Building Envelope Requirements-
Metal Building Assembly Descriptions and,

c. Table 502.2.(3), Assembly U-Factors for Metal
Building Roofs

d. Table 502.2.(4), Assembly U-Factors for Metal
Building Walls

e. Table 5023, Building Envelope Requirements:
Fenestration

4.

10.

ASHRAE/IESNA 90.1-2007 Section 5.5.3.1 Roof
Insulation. Delete section in its entirety and replace with
Section 502:2.1 Roof Assembly of the 2011 Vermont
CBES.

ASHRAE/IESNA 90.1-2007 Section 5.4.3Air Leakage.

Delete section inits entirety and replace with Section

502.4 Air Leakage of the 2011 Vermont CBES.

ASHRAE/IESNA 90.1-2007 Section 6.2 Compliance

Path(s). Add new section as follows:

a. Section 6.2.3 Electric Resistance.Space Heating.
Building heating with electrical resistance
units;. including baseboard radiation, heat
pump reheat coils, duct coils, boilers,
domestic hot water heaters and coils in
terminal units and air systems is
prohibited.

EXxceptions to Section 6.2.3:

1. Areas, such as stairways, that are not
permitted to be penetrated with piping or
duct and no other method of heating is
possible.

2. Replacement of electrical

resistance unit.

existing

3. Special conditions of occupancy or use that
require electrical resistance heat to
maintain health, safety or environmental
conditions.

4. Limited areas where a practical application
of resistance electrical heat is demonstrated
(e.g., small interior space such as a rest
room which is distant from the distribution
system, hazardous material storerooms,
stairwell or other means of emergency
egress).

5. Domestic hot water heaters less than 5 kW
in total unit input capacity
ASHRAE/IESNA 90.1-2007 Section 6.3.2(d) Criteria.
Delete “an electric resistance heater,”
ASHRAE/IESNA 90.1-2007 Section 6.4.3.5Heat Pump
Auxiliary Heat Control. Delete section in its entirety and
replace with Section 503.24.1.1 Heat Pump
Supplementary Heat of the 2001 Vermont CBES.
ASHRAE/IESNA 90.1-2007 Section 6.4.3.9 Ventilation
Controls for High-Occupancy Areas. Add exception (e):
Ventilation needs for process loads.
ASHRAE/IESNA 90.1-2007 Section 6.7.2.4 System
Commissioning. Delete section I its entirety and replace
with  Section 503.2.10 Systems Performance,
Verification and Completion of the 2011 Vermont
CBES.



11. ASHRAE/IESNA 90.1-2007 Section 6.5.1 Economizers.
Delete section in its entirety and replace with Section
503.3.1 Economizers of the 2011 Vermont CBES.

12.ASHRAE/IESNA 90.1-2007 Section 6.5.6.2 Heat
Recovery for Service Water Heating. Add exception (c): If
compliance with 6.5.6.2 will be detrimental to chiller
operating efficiency due to conflicts with optimized
chiller head pressure control.

13. ASHRAE/IESNA 90.1-2007 Section 7.1 General. Add
new section as follows:

a. Section 7114 Electrical Water Heating
Limitation. Individual electric service water
heating units shall be limited to a maximum of 5
kW total power input.

Exception:
Instantaneous electric water heaters used to
serve emergency showers and emergency eye
wash stations.

14. ASHRAE/IESNA 90.1-2007 Table 7.8 Performance
Requirements for Water Heating Equipment. Change first
row size category to <5 kW and delete entire second row
for electric water heaters >12 kW.

15. ASHRAE/IESNA 90.1-2007 Table 9.5.1 Lighting Power
Densities Using the Building Area Method.. Delete table in
its entirety and replace with Table 505.5.2.1 of the 2011
Vermont CBES.

16. ASHRAE/IESNA 90.1-2007 Table 9.6.1 Lighting Power
Densities Using the Space-by-Space Method.. Delete table
in its entirety and replace with Table 505.5.2.2 of the 2011
Vermont CBES.

17. ASHRAE/IESNA 90.1-2007 Section 9.6.2.b Additional
Interior Lighting Power: Delete equation for Additional
Interior Lighting Power Allowance and replace with the
following (definitions for retail areas shall remain
unchanged):

a. Additional Interior Lighting Power Allowance = 500
watts + (Retail Area 1 x 0.6 W/ft2) + (Retail Area 2 x
0.6W/ft2) + (Retail Area 3 x 1.4 W/ft2) + (Retail Area
4 x 2.5 Wift2).

18.ASHRAE/IESNA 90.1-2007 Section 10.4.1 Electric
Motors. Delete entire section and replace with Section
505.8 Electric Motors of the 2011 VVermont CBES.

19.ASHRAE/IESNA 90.1-2007 Table 10.8 Minimum
Nominal Efficiency for General Purpose Design A and
Design B Motors. Delete table in its entirety and replace
with Table 505.8(1) of the 2011 Vermont CBES.

501.3 Certificate of compliance. 21 V.S.A. 8268
requires certification that both the design and the
construction of a commercial building is in
compliance with the CBES.

Certification shall be issued by a completed and

signed certificate permanently affixed to the outside
of the heating or cooling equipment, to the
electrical service panel and located inside the
building, or in a visible location in the immediate
vicinity of one of these three areas. Copies of the
signed certification.documents shall be sent to the
local town clerk and to the Vermont Department of
Public Service.

SECTION, 502

BUILDING ENVELOPE REQUIREMENTS
502.1 General (Prescriptive).
502.14 Insulation and fenestration criteria. The
building thermal envelope shall meet the requirements
of Tables 502.2(1) and 502.3. Commercial buildings or
portions of commercial buildings enclosing Group R
occupancies shall use the R-values from the “Group R”
column of Table 502.2(1). Commercial buildings or portions
of commercial buildingsenclosing occupancies other than
Group R _shall use the R-values from the “All other”
column. of Table 502.2(1). Buildings with a vertical
fenestration area or skylight areathat exceeds that allowed
in Table 502.3 shall comply with the building envelope
provisions of ASHRAE/IESNA 90.1-2007, as modified by
Section 502.1.1.
502.1.2 U-factor alternative. An assembly with a U-
factor, C-factor, or F-factor equal or less than that
specified.in Table 502.2(1) shall be permitted as an
alternative to the R-value in Table 502.2(1). Commercial
buildings “or portions of commercial buildings enclosing
Group R occupancies shall use the U-factor, C-factor, or F-
factor from the “Group R” column of Table 502.1.2.
Commercial buildings or portions of commercial buildings
enclosing occupancies other than Group R shall use the U-
factor, C-factor or F-factor from the “All other” column of
Table 502.1.2.
502.2 Specific
(Prescriptive).
Opaque assemblies shall comply with Table 502.2(1).
502.2.1 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

insulation requirements



be as specified in Table 502.2(1), based on construction

materials used in the roof assembly. Skylight curbs shall be
insulated to the level of roofs with insulation entirely

above deck or R-5, whichever is less.

Mechanical curbs shall be insulated to the level of roofs
with insulation entirely above deck or R-5, whichever is less.

Exceptions:
1. Continuously insulated roof assemblies where the area-
weighted U-factor is equivalent to the same assembly
with the R-value specified in Table 502.2(1).
2. Unit skylight curbs included as a component of a

skylight assembly tested in accordance with NFRC 100
and 200 shall not require additional insulation.

Insulation installed on a suspended ceiling with removable
ceiling tiles shall not be considered part of the minimum
thermal resistance of the roof insulation. ) .
502.2.2 Classification of walls. Walls associated with the
building_ envelope shall be classified in accordance with
Section 502.2.2.1 or 502.2.2.2.

502.2.2.1 Above-grade ~walls. Above-grade walls are

those walls covered by Section 502.2.3 on the exterior. of the

building and completély above grade or walls that are more
than 15 percent above grade.

502.2.2.2 Below-grade walls. Below-grade walls covered

by Section 502.2.4 are basement or first-story wallsassociated

with the exterior of the building that are atleast 85 percent
below grade.

502.2.3 Above-%rade walls. The minimum thermal resis-
tance (R-value) of the insulating material(s) installed in thewall
cavity between the framing members and contmuousl¥ on the
walls” shall be as specified in Table 502.2(1), hased on framing
type and construction materials used in the wall assembly. The

-value of integral insulation installed in concrete masonry units
gCMU) shall not be used .in determining compliance with-Table

02.2(1). “Mass walls” shall include walls weighing at least (1
35 pounds per square foot (170kg/m?) of wall surface area or (2
25 pounds per square foot (120 kg/m?) of wall surface area if the
material weight is not more than 1

900 kg/ms).

502.2.4 Below-grade walls. The minimum thermal resis-
tance (R-value) of the insulating material installed in, or
continuously on, the below-grade walls shall be as specifiedin
Table 502.2(1), and shall extend to a depth of 10 feet (3048
mm% below the outside finished ground level, or to the level of
the floor, whichever is less. : Q

502.2.5 Floors over outdoor air or unconditioned space.
The minimum thermal resistance (R-value) of the insulating
material installed either between ‘the floor framing or con-

0<pounds per cubic foot

tinuously on.the floor assembly shall be as specified in Table
502.2 1{, based on construction materials used in the floor
assembly.

“Mass floors” shall include floors weighing at least (1) 35
Bounds per square foot (170 kg/m?) of floor surface area or (2_%
5 pounds per square foot (1 kg/mg of floor surface area i

the material weight is not more than 1

0 pounds per cubic foot
(1,900 kg/m).



COMMERCIAL ENERGY EFFICIENCY

TABLE 502.2(1)

BUILDING ENVELOPE REQUIREMENTS-OPAQUE ASSEMBLIES AND ELEMENTS?

Component Maximum Overall U-Factor® Minimum R-Values
Allother | GroupR All other | Group R
Roofs
Insulation entirely above deck U-0.032 R-30ci
Metal buildings®® U-0.049 See Table 502.2(2) and Table
502.2(3)for assembly descriptions and
assembly U-factors
Attic and Other U-0.027 R-38
Walls, Above grade
Mass U-0.080 | U-0.071 R-13.3ci | R-15.2ci
Metal building® U-0.054 R-11 + R-13ci or
R-19.5cCi
Metal-framed U-0.064 R-13+R-7.5ci or
R-13ci
Wood-framed and other U-0.051 R-13+R-7.5ci or
R-20+R-3.8ci or
R-23 or
R-15ci
Walls, Below Grade®
Below-grade wall C-0.092 R-10ci
Floors
Mass U-0:064 | U-0.057 R-12.5ci R-14.6ci
Joist/Framing-metal U-0.033 R-30 R-38"
Joist/Framing — Wood & Other U-0.033 R-30
Slab-on-Grade Floors
Unheated slabs F-0.480 F<0.450 R-10 for 48 in. R-15 for 48 in.
below below
Heated slabs® F-0.550 R-10 for entire slab®
Opaque Doors
Swinging U-0.37 N/A
Roll-up or sliding U-050 N/A
Upward-acting, Sectional U-0.050 R-10

For SI: 1 inch = 25.4 mm. ci = Continuous insulation.
a. U-Factors include overall F-Factors and C-Factors

b.  For all envelope categories except metal building walls and metal building roofs, the use of opaque assembly U-factors, C-factors

and F-factors from ASHRAE 90.1-2007 Appendix A, including Addendum “G”, shall be permitted, provided the construction

complies with-the.applicable construction details from such appendix. Alternatively, assembly U-factors for metal buildings may
shall be determined following ASHRAE 90.1-2007 Appendix A9 methodology.
c. Referto Table 502.2(3) for metal building roof assembly U-factors and Table 502.2(4) for metal building wall assembly U-factors
d. A minimum R-3 thermal spacer block between the purlins and the metal roof panels is required, unless compliance is shown by the

overall assembly U-factor.

. Where heated slabs are placed below grade, below-grade walls shall comply with the F-factor requirements for heated slabs
f. ~ Steel floor joist systems shall be R-38 minimum for residential structures
g. Insulation placed under entire heated slab, and around perimeter with a minimum depth of 48 inches below grade




TABLE 502.2(2)

BUILDING ENVELOPE REQUIREMENTS- METAL BUILDING ASSEMBLY DESCRIPTIONS

BUILDING ENVELOPE
REQUIREMENTS-METAL
BUILDING ASSEMBLY
DESCRIPTIONS

DESCRIPTION

REFERENCE

ROOFS

Single Layer Plus Continuous Insulation
(See Table 502.2.3
for Qualifying Assemblies)

The first rated R-value of insulation is for insulation installed
perpendicular to and draped over purlins and then compressed
when the metal roof panels are attached. A minimum R-3 thermal
spacer block between the purlins and the metal roof panels is
required, unless compliance is shown by the overall assembly U-
factor.

The second rated R-value is for continuous insulation (e.g.,
insulation boards or blankets), it is assumed that the insulation is
installed below the purlins and is uninterrupted by framing
members. Insulation exposed to'the conditioned space or
semiheated space shall have a facing, and all insulation seams
shall be continuously sealed to provide a continuous air barrier.

ANSI/ASHRAE/IESNA 90.1-
2007 including Addendum “G”
Section A2.3.2

Double Layer Plus Continuous Insulation
(See Table 502.2.3
for Qualifying Assemblies)

The first rated R-value of insulation is for insulation installed
perpendicular to and draped over purlins.

The second rated R-value of insulation is for unfaced insulation
installed above'the first layer and parallel to the purlins and then
compressed when the metal.roof panels are attached. A minimum
R-3 thermal spacer block between the purlins and the metal roof
panels is required, unless compliance is shown by the overall
assembly U-factor.

The third rated R-value is for continuous insulation (e.g.,
insulation boards or blankets), it is assumed that the insulation is
installed below the purlins and is uninterrupted by framing
members. Insulation exposed to the conditioned space or
semiheated space shall have a facing, and all insulation seams
shall be continuously sealed to provide a continuous air barrier.

ANSI/ASHRAE/IESNA 90.1-
2007 including Addendum “G”
Section A2.3.2

Liner System (Ls)
(See Table 502.2.3
for Qualifying Assemblies)

A continuous membrane installed below the purlins and
uninterrupted by framing members. Uncompressed, un-faced
insulation rests on top of the membrane between the purlins.

For multilayer installations, the last rated R-value of insulation is
for unfaced insulation draped over purlins and then compressed
when the metal roof panels are attached. A minimum R- 3
thermal spacer block between the purlins and the metal roof
panels is required, unless compliance is shown by the overall
assembly U-factor.

ANSI/ASHRAE/IESNA 90.1-
2007 including Addendum “G”
Section A2.3.2

Filled Cavity (Fc)
(See Table 502.2.3
for Qualifying Assemblies)

The first rated R-value of insulation is for faced insulation
installed parallel to the purlins.

The second rated R-value of insulation is for unfaced insulation
installed above the first layer, parallel to and between the purlins
and compressed when the metal roof panels are attached. The
face of the first layer of insulation is of sufficient width to be
continuously sealed to the top flange of the purlins and to
accommodate the full thickness of the second layer of insulation.

A supporting structure retains the bottom of the first layer at the
prescribed depth required for the full thickness of the second
layer of insulation being installed above it. A minimum R-5
thermal spacer block between the purlins and the metal roof
panels is required, unless compliance is shown by the overall
assembly U-factor.

ANSI/ASHRAE/IESNA 90.1-
2007 including Addendum “G”
Section A2.3.2




BUILDING ENVELOPE
REQUIREMENTS-METAL
BUILDING ASSEMBLY
DESCRIPTIONS

DESCRIPTION

REFERENCE

WALLS

R-11 + R-13ci

The first rated R-Value of insulation is for insulation
compressed between metal wall panels and the steel structure.

The second rated R-value is for continuous insulation (e.g.,
insulation boards).It is assumed that the insulation boards are
installed on the inside of the girts and uninterrupted by the
framing members.

Insulation exposed to the conditioned space or semiheated
space shall have a facing, and all insulation seams shall be
continuously sealed to provide a continuous air barrier.

ANSI/ASHRAE/IESNA 90.1-
2007 including Addendum “G”
Section A3.2.2

R-19.5ci

The rated R-value is for continuous insulation<(e.g., insulation
boards).It is assumed that the insulation boards are installed on
the |nb5|de of the girts and uninterrupted by the framing
members.

Insulation exposed to the conditioned.space or semiheated
space shall have a facing, and all insulation seams shall be
continuously sealed to provide a continuous air barrier.

ANSI/ASHRAE/IESNA 90.1-
2007 including Addendum “G”
Section/A3.2.2




Table 502.2(3) Assembly U-Factors for Metal Building Roofs

Rated
Insulation R-Value of Overall U-Factor Overall U-Factor for Assembly of Base Roof
System Insulation for Entire Base Roof Plus Continuous Insulation (Uninterrupted by Framing)
Assembly Rated R-Value of Continuous Insulation
Standing Seam Roofs with Thermal Spacer Blocks® R-6.5 R-13 R-19.5 R-26 R-32.5 R-39
None 1.280 0.137 0.073 0.049 0.037 0.030 0.025
R-10 0.115 0.066 0.046 0.035 0.029 0.024 0.021
Single R-11 0.107 0.063 0.045 0.035 0.028 0.024 0.021
b
Layer R-13 0.101 0.061 0.044 0.034 0.028 0.024 0.020
R-16 0.096 0.059 0.043 0.033 0.027 0.023 0.020
R-19 0.082 0.053 0.040 0.031 0.026 0.022 0.020
R-10 + R-10 0.088 0.056 0.041 0.032 0.027 0.023 0.020
R-10 + R-11 0.086 0.055 0.041 0.032 0.027 0.023 0.020
R-11 +R-11 0.085 0.055 0.040 0.032 0.026 0.023 0.020
R-10 + R-13 0.084 0.054 0.040 0.032 0.026 0.023 0.020
Doubl R-11 + R-13 0.082 0.053 0.040 0.032 0.026 0.022 0.020
ouble
Layer® R-13 + R-13 0.075 0.050 0.038 0.030 0.025 0.022 0.019
R-10 + R-19 0.074 0.050 0.038 0.030 0.025 0.022 0.019
R-11 + R-19 0.072 0.049 0.037 0.030 0.025 0.022 0.019
R-13 + R-19 0.068 0.047 0.036 0.029 0.025 0.021 0.019
R-16 + R-19 0.065 0.046 0.035 0.029 0.024 0.021 0.018
R-19 + R-19 0.060 0.043 0.034 0.028 0.023 0.020 0.018
R-19 + R-11Ls 0.035
Liner R-25+ R-11 Ls 0.031
System” R-30 + R-11 Ls 0.029
R-25 + R-11+ R-11
Ls 0.026
Filled
Cavity® R-10 + R-19 Fc 0.057 0.042 0.033 0.027 0.023 0.020 0.018
Standing Seam Roofs without Thermal Spacer Blocks
Liner
System R-19 + R-11.Ls 0.040
Thru-Fastened Roofs without Thermal Spacer Blocks
R-10 0.184
. R-11 0.182
Single
Layer R-13 0.174
R-16 0:157
R-19 0.151
Lineg R-19 + R-11 Ls 0.044
System
(Multiple R-values are listed in order from inside to outside)

& A standing seam roof clip that provides a minimum 1.5 in. distance between the top of the purlins and the underside of the metal roof panels
is required.

b A minimum R-3 thermal spacer block(is required.

¢ A minimum R-5 thermal spacer block is required.



Table 502.2(4) Assembly U-Factors for Metal Building Walls

Overall U-Factor for Assembly of Base Wall

Insulation Rated-R-Value of Overall U-Factor - : '
Plus Continuous Insulation (Uninterrupted by
System Insulation for Entire Base Roof Framing)
Assembly Rated R-Value of Continuous Insulation
Single Layer of Mineral Fiber R-65 R-13 R-195 R-26 R-325 R-39
None 1.18 0.136 0.072 0049 0037 0.030 0.025
R-10 0.186 0.084 0.054 0.040 0.032 0.026 0.023
R-11 0.185 0.084 0.054 0040 0.032 0.026 0.023
R-13 0.162 0.079  0.052 0.039 0.031 0.026 0.022
R-16 0.155 0.077 0.051 0.039 0.031.. 0.026 0.022
R-19 0.147 0.075 0.050 0.038 0.03 0:.025 0.022

502.2.6 Slabs on grade. Where the slab-on-grade is in
contact with the ground, the minimum thermal resistance
(R-value) of the insulation around the perimeter of unheated
or heated slab-on-grade floors shall be as specified in Table
502.2(1). The insulation shall be placed on the exterior of the
foundation, protected from UV light and physical damage
where exposed, and shall extend downward to the top of the
footing, or 4 feet below ground grade, whichever is greater.
Insulation extending away from the building shall be
covered by pavement or by soil a minimum of 10.in. thick:

502.2.7 Opaque doors. Opaque doors (doors having. less
than 50 percent glass area) shall meet the applicable require-
ments for doors as specified in Table 502.2(1) and be con-
sidered as part of the gross area of above-grade walls that are
part of the building envelope.

502.3 Fenestration (Prescriptive). Fenestration shall
comply with Table 502.3.

502.3.1 Maximum area. The vertical fenestration area (not
including opaque doors) shall not exceed the percentage of
the gross wall area specified in Table 502.3. The skylight
area shall not exceed the percentage of the gross roof-area

specified in Table 502.3. .
502.3.2 Maximum U-factor and SHGC. For vertical fenes-

tration, the maximum U-factor and<solar heat gain coeffi-
cient (SHGC) shall be as specified in Table 502.3, based on
the window projection factor. For skylights, the maximum
U-factor and solar heat gain coefficient (SHGC) shall be as

specified in Table 502.3. . .
The window projection factor shall be determined in
accordance with Equation 5-1.

PF=A/B

where:

PF= Projection factor (decimal).

A = Distance measured horizontally from the furthest
continuous extremity of any overhang, eave, or per-
manently attached shading device to the vertical sur-
face of the glazing.

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

Where different windows or glass doors have different
PF values, they shall each be evaluated separately, or an
area-weighted PF value shall be calculated and used for all
windows and glass doors.

502.4 Air leakage (Mandatory).

(Equation 5-1)

502.4.1 Air Barriers. A continuous air barrier shall be
provided throuﬁhout the building thermal envelope. The
air barriers shall be‘permitted to be located on the inside or
outside of the .building envelope, located within the
assemblies composing the envelope, or any combination
thereof.  The air barrier shall comply with Sections
502.4.1.2.and 502.4.1.2.

502.4.1.1 The continuous air barrier shall be constructed to
comply with all of the following:

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

2. _Air barrier-joints and seams shall be sealed including
sealing transitions in places and changes in materials. Air
barrier penetrations shall be sealed in accordance with
Section 502.4.2. The joints and seals shall be securely
installed in or on the joint for its entire length so as not to
dislodge, loosen or otherwise impair its ability to resist
positive and negative pressure from wind, stack’ effect and
mechanical ventilation.

3. Recessed lighting fixtures shall comply with Section
504.2.8.  Where similar objects are installed which
penetrate the air barrier, provisions shall be made to
maintain the integrity of the air barrier.

Exception: Buildings that comply with  Section
582.4.1.2(3) below are not required to comply with land 3
above.

502.4.1.2 Air barrier compliance options. A continuous
air barrier for the opaque building envelope shall meet the
requirements of one of the compliance options in Section
502.4.1.2(1), 502.4.1.2(2), or 502.4.1.2(3).

502.4.1.2(1) Materials. Materials with an air
permeability no greater than 0.004 cfm/ft2 (0.02 L/s-m2)
under a pressure differential of 0.3” w.g. s 5 Pa) when
tested in accordance with ASTM E2178 shall comply with
this section. Materials in items 1 through 14 shall be
deemed to comply with this section when joints are sealed
and materials are Installed as air barriers in accordance with
the manufacturer's instructions.

1. Plywood - minimum 3/8 in (10 mm)
2. Oriented strand board - minimum 3/8 in (10 mm)

3. Extruded polystyrene insulation board - minimum 3/4 %
in (19 12 mm?

4. Foil-back polyisocyanurate insulation board - minimum
¥ % in (19 12 mm)

5. Closed cell spray foam a minimum density of 1.5 pcf (2.4
kg/m3) no less than 1.5 in (36 mm)

6. Open cell spray foam with a density between 0.4 and 1.5



pcf (0.6 and 2.4 kg/m3) no less than 4.5 inches (140 76mm)

7. I)Exterior or interior gypsum board - minimum 1/2 in (12
mm

8. Cement board - minimum 1/2 in (12 mm)

9. Built up roofing membrane

10. Modified bituminous roof membrane

11. Fully adhered single-ply roof membrane

12. A Portland cement/sand parge, or gypsum plaster
minimum 5/8 in (16 mm) thick

13. Cast-in-place and precast concrete.
14. Sheet steel or aluminum

502.4.1.2(2) Assemblies. Assemblies of materials and
components with an average air leakage not to
exceed 0.04 cfm/ft2 (0.2 L/ss-m2) under a pressure
differential of 0.3” w.qg. (75 Pa) when tested in accordance
with ASTM E2357, ASTM E1677 or ASTM E283 shall
comply with this section. Assemblies listed in items 1
through 3 shall be deemed to comply when joints are
sealed and requirements of Section 502.4.4.1.1 are met.

1) Concrete masonry walls coated with one application of
block filler and two applications of a paint or sealer
coating;

2) A Portland cement/sand parge, stucco or plaster
minimum 1/2 in (12 mm) thick.

3) Concrete block masonry with all cores filled with grout

502.4.1.2(3) Building Test. The completed building
shall be tested and the air leakage rate of the building
envelope shall not exceed 0.31 cfm/per square foot of shell
area (excluding area of slab at‘or below grade) at 50 Pa in
accordance with ASTM E779 or an equivalent method
approved by the code official.

502.4.2 Air Barrier Penetrations. Penetrations of the air
barrier and paths of air leakage shall be caulked, gasketed
or otherwise sealed in a manner compatible with the
construction materials and location. Joints and seals shall
be sealed in the same _manner or taped or covered with a
moisture vapor-permeable. wrapping material. Sealing
materials shall be appropriate to the construction materials
being sealed. The joints and. seals shall be. securely
installed in or on the joint for its entire length so as not to
dislodge, loosen or otherwise impair_its ability to resist
positive and negative pressure from wind, stack effect and
mechanical ventilation.

502.4.3 Fenestration. The air leakage of fenestration
assemblies shall meet the provisions of Table 502.4.3.
Testing shall be in accordance with the applicable
reference test standard in Table 502.4.3 by an accredited
independent  testing .. laboratory labeled by the
manufacturer.

Exceptions:

1. Field-fabricated fenestration assemblies that are sealed
in accordance with Section 502.4.1

2. Fenestration in buildings that comply with Section
502.4.1.2(3) are not required to meet the air leakage
requirements in Table 502.4.3.

Table 502.4.3 Maximum Air Infiltration Rate for
Fenestration Assemblies

Fenestration Maximum Test Procedure
Assembly Rate
(cfm/ft®)
Windows 0.20°
Sliding 0.20°
Doors
Swinging 0.20° AAMA/WDMAJ/CSA10
Doors 1/1.S.2/A440
Skylights — 0.30 or
win
condensatio NFRC 400
n weepage
openings
Skylights .~ 0.20°
all other
Curtain 0.06
Walls
Storefront 0:06
Glazing NFRC 400
Commerci 1.00 or
al Glazed
Swinging ASTM E283 at 1.57 psf
Entrance (75 Pa)
Doors
Revolving 1.00
Doors
Garage 0.40 ANSI/DASMA 105,
Doors
NFRC 400, or
Rolling 1.00
doors ASTM E283 at 1.57 psf
(75 Pa)

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

\FI>VI§h AAMA/WDMA/CSA101/1.5.2/A440 at 6.24 psf (300
a).

502.4.4 Doors and Access Openings to Shafts, Chutes,
Stairways, and Elevator Lobbies. Doors and access

openings from conditioned space to shafts, chutes stairways and
elevator lobbies shall either meet the requirements of 502.4.3 or
shall be gasketed, weatherstripped, or sealed.

502.4.5 Outdoor air intakes and exhaust openings.
Stairway enclosures and 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 502.4.5.1 and 502.4.5.2.

502.4.5.1 Stair and shaft vents. Stair and shaft vents shall
be provided with Class | motorized dampers with a
maximum leakage rate of 4 cfm per square foot (6.8 L/s - C
m2) at 1.0 inch water augse 6w.g.) (1250 Pa) when tested
in accordance with AMCA 500D.

Stair and shaft vent dampers shall be installed with controls
so that they are capable of automatically opening upon:

1. The activation of any fire alarm initiating device of the
building's fire alarm system;

2. The interruption of power to the damper.

502.4.5.2 Outdoor air intakes and exhausts. Outdoor air

supply and exhaust openings shall be provided with Class

IA motorized dampers with a maximum leakage rate of 4

cfm per square foot (6.8 L/s - C m2) at 1.0 inch water
auge (w.8% (1250 Pa) when tested in accordance with
MCA 500D.




Exception: Gravity (nonmotorized) dampers are per- ilnﬁulated per the slab on grade standard in Table 502.2&1).

i i ildi e i e spaces between the pit wall and the deck skirts for the
hmelita%t atlgo?/% S?ggel.n buildings less t?1an three stories in IeveIeFr)shaII be Weather-spripped.

502.4.6 Loading dock weather-seals and thermal 502.4.7 Vestibules, All building entrances shall be protected

reuirements- g door ndloacng dosk foors sl be - wif ah enlosed vesiblc with ot aoors apening o g ou

! Jer- : ! ; of the vestibule equippedwith self-closing devices. Vestibules

yehlgﬁzs are parked in the opening. If equipped with an shall be designed so thatin passing through the vestibule it is

o
interior dock leveler the deck of theqeveler_ and rear pit wall

shall be insulated with a minimum of 1.5 inches of Sprayed not necessary for the interior and exterior doors to open at the
closed cell foam. The side pit walls and pit slab shall” be same time.
TABLE 502.3

BUILDING ENVELOPE REQUIREMENTS: FENESTRATION
\Vertical fenestration (40% maximum of above-grade wall)

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

U-factor 0.35
Metal framing with or without thermal break

Curtain wall/storefront U-factor 0.42
Entrance door U-factor 0.80
All other U-factor 0.50
SHGC-all frame types

SHGC: PF<0.25 0.40
SHGC: 0.25< PF < 0.5 0.55
SHGC: PF>0.5 NR
Skylights (3% maximum)

U-factor 0.60
SHGC 0.40

NR = No requirement.

PF = Projection factor (see Section 502.3.2).
a. All others includes operable windows, fixed windows and nonentrance doors.
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Exceptions:

1. Doors not intended to be used as a building
entrance door by the general public, such as
doors to mechanical or electrical equipment
rooms.

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

3. Doors that open directly from a space less than
3,000 square feet (298 m2) in area.

4. Revolving doors, where a required adjacent
accessible entry has a complying vestibule
enclosure.

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

6. Doors equipped with an alternative means to
separate the conditioned space from direct
communication with the building exterior or
unconditioned spaces when approved by the code
official.

502.4.7.1 Vestibule tempering. Where vestibule space
tempering is included, a maximum temperature setting
of 55°F (13°C) for heating mode shall be utilized.
Mechanical cooling of vestibules is prohibited.
502.4.7.2 Vestibule construction. Vestibules meeting
the requirements of section 502.4.7.1 shall be
constructed according to the building envelope
requirements of Section 502.1.
502.4.7.3 Vestibule thermostatic controls. Vestibules
meeting the requirements of section 502.4.7.1 shall be
zoned separately from the' conditioned | building.
Thermostats located inside<vestibules shall meet the
following requirements:

1. Programmable, and

2. Tamper-proof, and

3. Placed in a location inaccessible to the

general public.

Exception: Vestibule spaces served by radiant floor
heating may utilize a non-programmable thermostat.

502.4.8 Recessed lighting. Recessed. luminaires and any
other/ building component installed in the building thermal
envelope shall be sealed to limit air leakage between
conditioned and. unconditioned spaces. All recessed
luminaires shall be I1C-rated and labeled as having an air
leakage rate or no more 2.0 cfm (0.944 L/s) when tested in
accordance with ASTM E 283 at a 1.57 psf (75 Pa) pressure
differential. All recessed luminaires shall be sealed with a
gasket or caulk between the housing and interior wall or
ceiling covering.

SECTION 503
BUILDING MECHANICAL SYSTEMS

503.1_General. Mechanical systems and equipment serving
the building heating, cooling or ventilating needs shall comply

with Section 503.2 (referred to as the mandatory provisions)
and either:

1. Section 503.3 (Simple systems), or
2. Section 503.4 (Complex systems).

503.1.2 Electric resistance space heating. Building heating
with electrical resistance units, including baseboard radiation,
heat pump reheat coils, duct<coils, boilers, domestic hot water
heaters and coils in terminal. units and air systems, is
prohibited.

Exceptions:

1. Areas, such as stairways, that are not permitted to
be penetrated with piping or duct and no other
method of heating is possible.

2. Replacement of existing electrical resistance unit.

3. Special conditions of occupancy or use that
require <electrical resistance heat to maintain
health; safety or environmental conditions.

4. Limited areas where a practical application of
resistance electrical heat is demonstrated (e.g.
small interior space such as a rest room which is
distant from the distribution system, hazardous
material storerooms, stairwell or other means of
emergency egress).

5. Domestic hot water heaters less than 5 kW in
total unit input capacity.

503.2 Provisions applicable to all mechanical systems
(Mandatory).

503.2.1. Calculation of heating and cooling loads. Design
loads shall be determined in accordance with the procedures
described in the ASHRAE/ACCA Standard 183. The design
loads shall account for the building envelope, lighting,
ventilation and occupancy loads based on the project design.
Heating and cooling loads shall be adjusted to account for
load reductions that are achieved when energy recovery
systems are utilized in the HVAC system in accordance with
the ASHRAE HVAC Systems and Equipment Handbook.
Alternatively, design loads shall be determined by an approved
equivalent computation procedure, using the design parameters

specified in Chapter 3. o
503.2.2 Equipment and system sizing.. The output
capacity of heating and cooling equipment and systems shall
not exceed the loads calculated in accordance with Section
503.2.1. A single piece of _e?mpment prp\_/ldm]g both
heating and cooling must satisfy this provision for one
function with the capamt¥ for the other function assmall
as possible, within available equipment options.
xceptions:

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

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



503.2.3 HVAC equipment performance requirements.
Equipment shall meet the minimum efficiency require-
ments of Tables 503.2.3(1), 503.2.3(22}, 503.2.3(3),
503.2.3(4), 503.2.3(5) and 503.2.3(6) when tested and
rated in accordance with the applicable test procedure. The
efficiency shall be verified through certification under an
approved certification program or, if no certification
program exists, 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 require-
ments. Where components, such as indoor or outdoor coils,
from different manufacturers are used, calculations and
supporting data shall be furnished by the designer that dem-
onstrates that the combined efficiency of the specified com-
ponents meets the requirements herein.
Exception: Water-cooled centrifugal water-chilling
packages listed in Table 503.2.3(6) not designed for
operation at ARHI Standard 550/590 test conditions of
44°F (7°C) leaving chilled water temperature and 85°F
(29°C) entering condenser water temperature with 3
gpm/ton (0.054 "1/s.kW) condenser water flow shall have
maximum full load and NPLV ratings adjusted using the
following equations: .
Adjusted maximum full load kW/ton rating = [full
load kW/ton from Table 503.2.3(6)1/K dj
Adjusted maximum NPLV rating =TIPLV from Table

503.2.3(6)]/K.0
Wwnere:
Kag = 6.174722 - 0.303668(X) +
0.00629466(X) - 0.000045780(X)?
X = DTew + LIFT

DTsta = {524+ full load kW/ton from Table
03.2.3(6)] x 6.83|}/F|0W .
Flow = Condenser water flow (GPM)/Caoling
Full Load Capacity (tons)

LIFT = CEWT - CLWT (°F)
CEWT = Full Load Condenser Entering Water
Temperature (°F)

CLWT = Full Load Leaving Chilled Water Tem-
perature (°F)

The adjusted full load and/NPLV values are only
applicable over the following full-load design ranges:

Minimum Leaving Chilled
Water Temperature: 38°F (3.3°C)
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Maximum Condenser Entering Chillers designed to operate outside of these ranges or
Water Temperature: 102°F (38.9°C) applications utilizing fluids or solutions with secondary
Condensing Water Flow: 1 to 6 gpm/ton 0.018 to coolants (e.g., glycol solutions or brines) with a freeze point

0.1076 1/s kW) and X. 39 and . 60 of 27°F (-2.8°C) or lower for freeze protection are not cov-

ered by this code.

Q
v



ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

TABLE 503.2.3(1)

MINIMUM EFFICIENCY REQUIREMENTS:

EQUIPMENT TYPE

SIZE CATEGORY?

SUBCATEGORY OR
RATING CONDITION

MINIMUM EFFICIENCY®

TEST PROCEDURE*

Split System and

Through-the-wall, - 30,000 Btu/h ! 12.0 SEER
Air cooled Single package
Small-duct high-velocity Split system 10.0 SEER
(air cooled) - 65,000 Btw/h AHRI 210/240
Split system and
- 65,000 Btu/h single package 13.0 SEER
265,000 Btu/h Splijt system and VS
and Foingle package 117 IEER
- 135,000 Btu/h
2135,000 Btu/h Spljt system and 108 EER
and singYe package 11.0IEER
- 240,000 Btu/h
Air conditioners -
i ' Split system and
Air cooled SFi)ngIeypackage 9.8 EER
99 IEER AHRI 340/360
.240,000 Btu/h ’
an
- 760,000 Btu/h
.760,000 Btu/h o,
9.6 IEER
Split system and
single package
. 65,000 Btu/h split system and 12.1 EER
single package 12.3 IEER AHRI 210/240
11.9 EER
265’;1%0 " Spsl_irt] S esteargk%ng 12.1 IEER
i
- 135,000 Btu/h gep g
: . £ 135,000 Btu/h _ 123EER
Alr conditiopers, and Split system and 12.5 IEER
ater coole - 240,000 Btu/h single package
AHRI 340/360
.240,000 Btu/h Split system and 12.2 EER
and Sing e package 12.4 IEER
760,000 Btu/h
.760,000 Btu/h Split system and 12.0 EER
Rinars 12.2 IEER

single package

(continued)
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TABLE 503.2.3(1)-continued

MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

EQUIPMENT TYPE SIZE CATEGORY? SUBCATEGORY OR MINIMUM EFFICIENCY® TEST PROCEDURE"
RATING CONDITION
- 65,000 Btu/h Split svstem and 12.1 EER
Feinglo package 12.3 IEER AHRI 210/240
11.9 EER
265;3210 Btu/h Splt system and 12.1 IEER
135,000 Btu/h gle packag
. L . 135,000 Btu/h _ 11.8 EER
Air condltlonersi an Splijt system and 12.0'IEER
evaporatively cooled . 240,000 Btu/h single package
AHRI 340/360
.240,000 Btu/h split system and 11.7 EER
and sing e package 11.9 IEER
- 760,000 Btu/h
.760,000 Btu/h split system and 11.5EER
single package 11.7 IEER
Condensing units S 10.5 EER
. ' 135,000 Btu/h
air cooled - u n/a 11.8 IEER
Condensing units > 13.5 EER
’ 135,000 Btu/h
water cooled = ! n/a 14.0 IEER AHRI 365
Condensing units N 13.5EER
. ' 135,000 Btu/h
evaporatively cooled = u n/a 14.0 IEER

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

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

b. Integrated Energy Efficiency Ratio (IEER) expresses cooling part load efficiency

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



TABLE 503.2.3(2)

MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

EQUIPMENT TYPE SIZE CATEGORY?® MINIMUM EFFICIENCY® TEST PROCEDURE®
SUBCATEGORY OR
RATING
Through-the-wall, < 30,000 Btu/h Split System and 12.0 SEER
air cooled (cooling mode) Single package
Small-duct high-velocity < 65,000 Btu/h Split system 10.0 SEER
air cooled (cooling mode) AHRI 210/240
< 65,000 Btu/h Split system and 13.0 SEER
Single package
65,000 Btu/h i oy
< 135,000 Btu/h gle packag
Air cooled, 135,000 Btu/h 10.4 EER
cooling mode > ) tu Split system and
( : ) and single package 10.5 [EER
< 240,000 Btu/h AHRI 340/360
9.3 EER
9.41EER
Splijt system and
>240,000 Btu/h Psing % package
< 17,000.Btu/h 86°F entering water 11.2 EER AHRI/ASHRAE 13256-1
Water Source n M 86°F entering water 12.0 EER AHRI/ASHRAE 13256-1
- an
(cooling mode) <4135,000 Btu/h
59°F entering water 16.2 EER
Groundwater Source < 135,000 Btu/h AHRI/ASHRAE 13256-1
(cooling mode) 77°F entering water 13.4 EER
86°F entering water 10.6 EER
\Water-source water to water < 135,000 Btu/h _
(cooling mode) 59°F entering water 16.3 EER
77°F entering fluid 12.1 EER AHRI/ASHRAE 13256-2
Groundwater Source
Brine to Water < 135,000 Btu/h
(cooling mode)
Split system 7.7 HSPF
- 65,000 Btu/hd
(Cooling capacity) Single package 7.7 HSPF AHRI 210/240
-65,000 Btu/h 47°F db/43°F wb Outdoor air 3.3 COP
Air cooled and
(Heating mode) S,135,000 B 1 179F db/15°F wb Outdoor air 2.25 COP
(Cooling capacity) AHRI 340/360
47°F db/43°F wb Outdoor air 3.2COP
>C13?,,000 Btut/h
(Cooling capacity) | 4 70r 4p159F wh Outdoor air 2.05 COP

(continued)




TABLE 503.2.3(2)—continued
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UNITARY AIR CONDITIONERS AND CONDENSING UNITS, ELECTRICALLY OPERATED, MINIMUM EFFICIENCY REQUIREMENTS

b
EQUIPMENT TYPE SIZE CATEGORY SUBCATEGORY OR MINIMUM EFFICIENCY TEST PROCEDURE
RATING CONDITION
Split System
7.4 HSPE
Through-the-wall < 30,000 Btu/h -
; p Single package
(Air cooled, heating mode) 7 4 HSPF AHRI 210/240
Small-duct high-velocity Split System 6.8 HSPF
(air cooled, heating mode) >65,000 Btu/h
0 i -
Water source < 135,000 Btu/h 68°F entering water 4.2 COP AHRI/ASHRAE 13256-1
(Heating mode) (Cooling capacity)
50°F entering water 3.6 COP AHRI/ASHRAE 13256-1
Groundwater source < 135,000 Btu/h
(Heating mode) (Cooling capacity)
32°F entering water
Ground source < 135,000 Btu/h -
(Heating mode) (Cooling capacity) 3.1COP AHRI/ASHRAE 13256-1
68°F entering water 3.7COP
Water-a?euartc”e]é/v%tgaéts) water < 135,000 Btu/h 50°F entering water 3.1 COP
AHRI/ASHRAE 13256-2
32°F entering fluid 2.5 COP

Groundwater Source
Brine to Water
(heating mode)

< 135,000 Btu/h

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

db = dry-bulb temperature, °F; wb = wet-bulb temperature, °F.
a. Single-phase air-cooled air conditioners less than 65,000 Btu/h are regulated by NAECA. SEER values arethose set by NAECA

b. Integrated Energy Efficiency Ratio (IEER) expresses cooling part load efficiency
c. Chapter 6 contains a complete‘specification of the referenced test procedure, including the referenced year version of the test procedure.




TABLE 503.2.3(3)
PACKAGED TERMINAL AIR CONDITIONERS, PACKAGED TERMINAL HEAT PUMPS, SINGLE-PACKAGE VERTICAL AIR
CONDITIONERS, SINGLE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS AND ROOM AIR-CONDITIONER HEAT PUMPS

EQUIPMENT TYPE MINIMUM EFFICIENCY" TEST
SIZE CATEGORY SUBCATEGO o
(INPUT) RY OR Before 10/08/2012 As of 10/08/2012 PROCEDURE
RATING
— 5 - - -
PTAC (Cooling mode) All capacities 95°F db outdoor air |12.5 (O.ZI%éhCapllooo) 13.8 (O.3(I)EOE>|; Cap/1000)
New construction
— 5 - . -
PTAC (Cooling mode) All capacities 95°F db outdoor air |10.9 - (0.213. Cap/1000) | 10.9 - (0.213. Cap/1000)
Replacements: EER EER
— 5 - . =
PTHP (Cooling mode) All capacities 95°F db outdoor air |12.3 - (0.213. Cap/1000) | 14.0°- (0.300. Cap/1000)
New construction EER EER
. All capacities 95°F db outdoor air |10.8 - (0.213. Cap/1000) | 10.8 - (0.213. Cap/1000) AHRI 310/380
PTHP (Coolmg mode) EER EER
Replacements-
. All capacities — 3.2 - (0.026. Cap/1000) | 3.2 - (0.026. Cap/1000)
PTHP (Heating mode
New(constrl?ction ) cop CoP
PTHP (Heati de) All capacities — 2.9 - (0.026. Cap/1000) | 2.9 - (0.026. Cap/1000)
eating mode
Replacemegnt5c cop cop
< 65,000 Btu/h 95°F db/75°F wb
outdoor air p.0 EER 9.0 EER
SIPVAC d >65,000 Btu/h | 95°F db/75°F wh
(cooling mode) and outdoor air 8.9 EER 8.9 EER
and < 135,000 Btu/h
SPVHP > 135,000 Btu/h| 95°F db/75°F wb
i and outdoor air
8.6 EER 8.6 EER
(cooling mode) < 240,000 Btu/h
AHRI 390
< 65,000 Btu/h 47°F db/43°F whb 3.0 COP 3.0 COP
outdoor air
>65,000 Btu/h 47°F db/43°F wb 3.0 COP 3.0 CoP
and outdoor air
SPVAC < 135,000 Btu/h
(heating mode)
> 135,000 Btu/h| 47°F db/43°F wb 2.9 COP 2.9 COP

and
< 240,000 Btu/h

outdoor air

(continued)




TABLE 503.2.3(3)-continued
PACKAGED TERMINAL AIR CONDITIONERS, PACKAGED TERMINAL HEAT PUMPS, SINGLE-PACKAGE VERTICAL AIR
CONDITIONERS, SINGLE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS AND ROOM AIR-CONDITIONER HEAT PUMPS

SUBCATEGORY MINIMUM EFFICIENCY” TEsT
EQUIPMENT TYPE SIZE(,C,\‘APTUETG)ORY ORRATING Before 10/08/2012 As of 10/08/2012 PROCEDURE'
CONDITION
< 6,000 Btu/h — 9.7 SEER 9.7 SEER
> 6,000 Btu/h
and — 9.7 EER 9.7 EER
< 8,000 Btu/h
R . diti > 8,000 Btu/h -
oom air conditioners, and 9.8 EER 9.8 EER
with louvered slides < 14,000 Btu/h
> 14,000 Btu/h -
and 9.7 SEER 9.7 SEER
< 20,000 Btu/h
> 20,000 Btu/h 8.5 EER 8.5 EER
< 8,000 Btu/h 9.0 EER 9.0 EER
Room air conditioners, [ 8:00d0 Btu/h - 4 65 EER
an . .
without louvered slides | < 20,000 Btu/h ANI-%K%HIA .
> 20,000 Btu/h 8.5 EER 8.5 EER
. . < 20,000 Btu/h 9.0 EER 9.0 EER
Room air-conditioner
heat pumps —
with louvered sides 1.~ 50,000 Btuh 8.5 EER 8.5 EER
Room air-conditioner | < 14,000 Btu/h 8.5 EER 8.5 EER
heat pumps
without louvered sides |+ 14,000 Btu/h 8.0 EER 8.0 EER
Room air conditioner - -
All capacities 8.7 EER 8.7 EER
casement only
Room air conditioner - -
All capacities 9.5 EER 9.5 EER
casement-slider

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

db = dry-bulb temperature, °F.

wh =‘wet-bulb temperature, °F.

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

b. Cap means.the rated coollng capamt of the product in Btu/h. If the unit’s capacity is less than 7,000 Btu/h, use 7,000 Btu/h in the calculation. If the unit’s capacityis
reater than 15,000 Btu/h, use 15,000 Btu/h in the calculation.
lacement units must be facton labeled as follows: *“MANUFACTURED FOR REPLACEMENT APPLICATIONS ONLY: NOT TO BE INSTALLED IN
h (%?Ol\é7TRU)CTIg)N PROJECTS.” Replacement efficiencies apply only to units with existing sleeves less than 16 inches (406 mm) high and less than 42
|nc es mm) wide
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TABLE 503.2.3(4)

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

EQUIPMENT TYPE TEST PROCEDURE®
SIZE CATEGORY SUBCATEGORY OR MINIMUM
(INPUT) RATING CONDITION EFFICIENCY d.e
- 225,000 Btu/h —
! 0,
W i f 78A)§FUE DOE 10 CFR Part 430
arm air furnaces
' . or ANSI 221.47
gas fired 80% E;
> 225000 Btu/h Maximum capacity- 80% i ANSI 221.47
- 225,000 Btu/h
' 78% AFUE
Warm air £ _ or DOE 10 CFR Part 430
arm air furnaces, . or UL 727
oil fired 5% E
> 225,000 Btu/h Maximum capacity® 81% Eg UL 727
— - T 5
Warm air duct furnaces, All capacities Maximum capacity' 80% E. ANSI Z83.8
gas fired
— - —— 5
Warm air unit heaters, All capacities Maximum capacity! 80% E- ANSI Z83.8
gas fired
. . All iti Maxi ity® 0 L 731
Warm air unit heaters, capacities aximum capacity 80% E. UL 73
oil fired

For SI: 1 British thermal unit per hour = 0.2931 W. . i .
%. Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.
c

. Minimum and maximum ratin
. Combination units not covered

%s as provided for and allowe
y the National Appliance Energy Conservatl

65,000 Btu/h [19 kW]) shall comply with either rating.
. E.= Thermal efficiency. See test procedure for detailed discussion.

y the unit’s controls

ion Act of 1987 (NAECA) (3-phase power or cooling capacity greater than or equal to

d

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

f. E. =Combustion efficiency. Units must also include an 11D, have jackets 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.

g. E. = Thermal efficiency. Units must also include an 11D, 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.
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TABLE 503.2.3(5)
BOILERS, GAS- AND OIL-FIRED, MINIMUM EFFICIENCY REQUIREMENTS

EQUIPMENT TYPE' SIZE CATEGORY MINIMUM EFFICIENCY® TEST PROCEDURE
SUBCATEGORY OR RATING
CONDITION
. 300,000 Btu/h Hot water 80% AFUE
Steam 75% AFUE DQE 10GFR
Minimum capacityb 75% Erand 80% Ec

-300,000 Btu/h

an (See Note c, d)
. 2,500,000 Btu/h

Boilers, Gas-fired

DOE 10 CFR
Hot water 80% Ec OP art(z)l 3?1

(See Note c, d)

- 2,500,000 Btu/hf

Steam 80% E.
(See Note c, d)
.300,000 Btu/h — 80% AFUE DOE 10 CFR
Part 430
300,000 Btu/h Minimum.capacityb 78% Erand 83% Ec
an (See Note c, d)
. 2,500,000 Btu/h
Boilers, Oil-fired
- 2,500,000 Btu/h: Hot water 83% Ex D%Er%%ﬁFR
(See Note c, d)
Steam 83% E.
(See Note c, d)
300,000 Btu/h Minimum capacityb 78% Etrand 83% Ec
an (See Note c, d)
. 2,500,000 Btu/h
Boilers, Oil-fired . 2,500,000 Btu/h® Hot water 0 DOE 10 CFR
(Residual, 83% Ec Part 431
(See Note c, d)
Steam

83% E.
(See Note c, d)

or Sl: 1 British thermal unitPer hour = 0.2931 W

S .
Chapter 6 contains a complete specification of the referenced test Frocedure, including the referenced year version of the test procedure.
Minimum ratings as provided for and allowed by the unit’s controls.

E. = Combustion efficiency (100 percent less flue losses). See reference document for detailed information.

E, = Thermal efficiency. See reference document for detailed information. . . .
Alternative test procedures used at the manufacturer’s option are ASME PTC-4.1 for units greater than 5,000,000 Btu/h input, or ANSI Z21.13 for units greater

than or equal to 300,000 Btu/h and less than or.equal to 2,500,000 Btu/h input. . . o 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.

~h 20 O TPT
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TABLE 503.2.3(6)

WATER CHILLING PACKAGES, EFFICIENCY REQUIREMENTS*

EQUIPMENT TYPE UNITS MINIMUM EFEICIENCY®
PATH A PATH B
FULL LOAD IPLV IPLV
SIZE FULL TEST
CATEGORY LOAD PROCEDURE®
Air-cooled chillers - 150 tons EER . 9.562 . 12.500 NAd NAd
.150 tons EER . 9.562 . 12.750 NAd NAd
) ) AAir-cooled chillers without condensers must
é)lrr]de%%%lred el\glclmcc)g} All EER be rated with matching condensers and
Sporated capacities (r:g&pi;rlgn\{\grwsthe air-cooled chiller efficiency
Water cooled, kiv/ton Reciprocating units must comply with water
electrically operated, All cooled positive displacement efficiency
reciprocating capacities requirements
- 75 tons kW/ton -0.780 -0.630 -0.800| . 0.600
.75 tons
15%” kW/ton -0.775 -0.615 -0.790| - 0.586
\Water cooled, . tons 5@\5?;0
electrically operated,
Dositive displacament 150 tons | KWiton - 0.680 -0.580 | .0.718]-0.540
an
- 300 tons
. 300 tons kW/ton -0.620 -0.540 - 0.639|.0.490
- 150 tons kW/ton
150 tons P . 0.634 . 0.596 | . 0.639|.0.450
an
Water cooled, - 300 tons
electr_icall)i operated,
centrifugad . 300 tohs
and kW/ton - 0.576 - 0.549 -0.600]| - 0.400
- 600 tons
. 600 tons kW/ton -0.570 -0.539 -0.590/|.0.400
Air cooled, absorption All B - 0.600 NRe NAG NAG
single effect capacities
Mak68R Sflgle Cap'{;‘C'i'ties cop 10.700 NRe NAd | NAd
effect AHRI 560
/Absofption double All " - 1.000 - 1.0%0 NAd NAd
effect, indirect-fired capacities
IAbsorption double All Yy - 1.000 +1.000 NAd | NAd
effect, direct fired capacities

For SI: 1 ton = 3517 W, 1 British thermal unit per hour = 0.2931 W.

a. The chiller equipment requirements do not apply for chillers used in low-temperature applications where the design leaving fluid temperature is- 40°F.
b. Section 12 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.

c. Compliance with this standard can be obtained by meeting the minimum requirements of Path A or B. However, both the full load and IPLV must be met to fulfill
the requirements of Path A or B. i .

d. NA means that this requirement is not applicable and cannot be used for compliance.

e

. NR means that there are no minimum requirements for this category.



503.2.4 HVAC system controls. Each heating and cooling
system shall be provided with thermostatic controls as
required in Section 503.2.4.1, 503.2.4.2, 503.2.4.3,
503.2.4.4, 503.4.1, 503.4.2, 503.4.3 or 503.4.4. )
503.2.4.1 Thermostatic controls. The supply of heating
and cooling energy to each zone shall be controlled by
individual thermostatic controls capable of responding
to temperature within the zone. Where humidification or
dehumidification or both is provided, at least one humid-
ity control device shall be provided for each humidity
control system. )
Exception: Independent perimeter systems that are
designed to offset only building envelope heat losses
or gains or both serving one or more perimeter zones
also served by an interior system provided:

1. The perimeter system includes at least one ther-
mostatic control zone for each building expo-
sure having exterior walls facing only one
orientation (within +/- 45 degrees) (0.8 rad) for
more than 50 contiguous feet (15.2 m); and

2. The perimeter system heating and cooling sup-
ply is controlled by a thermostat(s) located
within the zone(s) served by the system.

503.2.4.1.1 Heat pump supplementary heat. Heat
pumps having supplementary electric resistance heat
are prohibited.

503.2.4.2 Setpoint overlap restriction. Where used to
control both heating and cooling, zone thermostatic con-
trols shall provide a temperature range or dead band of at
least 5°F (2.8°C) within which the sup?Ig of heating and
cooling energy to the zone is capable of being shut off or
reduced to a minimum.

Exception: Thermostats requiring manual change-
over between heating and cooling modes.
503.2.4.3 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 ﬁz kw) and having a
readily accessible manual shutoff switch.

503.2.4.3.1 Thermostatic setback /capabilities.
Thermostatic setback controls shall have the capabil-
ity 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).

503.2.4.3.2 Automatic setback and shutdown
capabilities. Automatic time clock or dprograr_nmable
controls shall be capable of starting and stopping the

system for seven different daily schedules per week
and retaining their programming and time setting dur-

ing a loss of power for at least 20 hours. Additionally,
the controls shall have a manual override that allows
temporary operation of the system for up to 2 hours; a
manually operated timer capable of being adjusted to
operate the system for up to 2 hours; or an occupancy
Sensor.
503.2.4.4 Shutoff damper.controls. Both outdoor air
supply and exhaust.ducts shall be equipped with motor-
ized dampers that will. automatically shut when the sys-
tems or spaces served are not in use.

1. Gravity dampers shall be permitted in
buildings less than three stories in height.
2. Gravity dampers shall be permitted for outside
air intake or exhaust airflows of 300 cfm (0.14
m3/s) or less.
503.2.4.5 Snow melt system controls. 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 temF_erature
is above 50°F (10°C) and no precipitation is falling and
an automatic or manual control that will allow shutoff
when the outdoor temperature is above 40°F (4°C) so

COMMERCIAL ENERGY EFFICIENCY

'g]at the potential for snow or ice accumulation is negligi-
e.

503.2.5 Ventilation. Ventilation, either natural or mechani-
cal, shall be provided in accordance with ASHRAE Standard
62.1-2007.

503.2.5.1 Outdoor air sequired. The minimum outdoor
airflow rate shall be determined in accordance with ASHRAE
Standard 62.1-2007.

Where mechanical ventilation is provided, the system shall
provide the capability to reduce the outdoor air supply to the
minimum required by ASHRAE Standard 62.1-2007. The
design professional shall utilize ventilation rates based on the
expected occupancy level of the space. Life safety. maximum
allowable occupancy density shall not be used as a ventilation
basis of design.

503.2.5.2 Demand controlled ventilation. Demand
control ventilation (DCV) is required for spaces meeting
the following three criteria:
1. Spaces larger than 500 ft* (50 m?), and
2. Spaces withan average occupant load of 40 people per
1000 ft2 (93 m?) of floor area (as established in Table
403.3 of the International Mechanical Code), and
3 Spaces served by systems with one or more of the fol-
lowing:

1. An air-side economizer; or

2. Automatic modulating control of the outdoor air

amper; i
3. A de5|pgn outdoor airflow greater than 3,000 cfm
(1400 L/s).

Exceptions: Demand control ventilation is not
equired for systems and spaces as follows:

1. Systems with energy recovery comply-
ing with Section 503.2.6.

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

3. System with a design outdoor
airflow less than 1,200 cfm (600 L/s).
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4. Spaces where the supply airflow rate
minus any makeup or oufgoing transfer
air requirement is less than 1,200 cfm
(600 L/s).

5. Velntilation provided for process loads
only.

503.2.6 Energy recovery ventilation systems. Individual
fan systems that have both a design supply air capacity of
5,000 cfm (2.36 m¥/s) or greater and a minimum outsidé air
supply of 70 percent or greater of the design supply air
quantity shall have an energ}/] recovery system that provides
a change in the enthalpy of the outdoor air supplgl of 50 per-
cent or more of the difference between the outdoor air and
return air at design conditions. Provision shall be made to
bypass or_control the energy recovery system to permit
cooll_ngdwnh outdoor air where cooling with outdoor air is
required.

Exception: An energy recovery ventilation system shall
not be required in any of the following conditions:

1.  Where energy recovery systems are prohibited by
the International Mechanical Code.

I 2. Laboratory fume hood systems that include at least
one of thé following features:

2.1. Variable-air-volume hood exhaust and
room supply systems capable of reducing
exhaust and makeup air volume to 50 per-
cent or less of design values.

2.2. Direct makeup (auxiliary) air suEpIy 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 simulta-
neous heating and cooling used for
dehumidification control.

3. Systems serving spaces that are.not cooled and are
heated to less than 60°F (15:5°C).

4. Where more than 60 percent of the outdoor heating
energy is provided from site-recovered or site
solar energy.

I 5. Cooling systems in.climates with a 1-percent cool-

ing design wet-bulb temperature less than 64-F
(18°C).

6. Systems requiring dehumidification that employ

series-style-energy-recovery coils wrapped around

the cooling coil.
503.2.7 Duct and plenum insulation and sealing. All sup-
ply and return air ducts and plenums shall be insulated with
a minimum of R-11 insulation when located in uncondi-
tioned spaces and a minimum of R-10 insulation when
located ‘outside the building. When located within a building
envelope assembly, the duct or plenum shall be separated
from the building exterior or unconditioned or exempt
spaces by a minimum of R-10 insulation.
Exceptions: o .
1. When located,within equipment.
2. When the design. temperature difference between
the interior and exterior.of the duct or plenum does
not exceed 15°F (8°C).

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

503.2.7.1 Duct construction. Ductwork shall be con-
structed and erected in accordance with the International
Mechanical Code.

503.2.7.1.1 Low-pressure duct systems. All longi-
tudinal and transverse joints,.seams and connections
of supply and return ducts operating at a static pres-
sure less than or equal to 2 inches w.g. (500 Pa) shall
be securely fastened and’ sealed with welds, gaskets,
mastics (adhesives), < mastic-plus-embedded-fabric
systems or tapes installed in accordance with the man-
ufacturer’s installation instructions. Pressure classifi-
cations specific to the duct system shall be clearly
indicated on the construction documents in accor-
dance with the/International Mechanical Code.
Exception: Continuously welded and lock-
ing-type-longitudinal joints”and seams on ducts
operating at static pressures less than 2 inches w.g.
(500 Pa) pressure classification.
503.2.7.1.2 Medium-pressure duct systems. All
ducts and plenums designed to operate at a static pres-
sure greater than 2 inches w.g. (500 Pa) but less than 3
inches w.g. (750 Pa) shall be Insulated and sealed in
accordance with/Section 503.2.7. Pressure classifica-
tions. specific to the duct system shall be clearly indi-
cated on the‘construction documents in accordance
with the International Mechanical Code.

503.2.7.1.3 High-pressure duct systems. Ducts
designed to operate at static pressures in excess of 3
inches w.g. (746 Pa) shall be insulated and sealed in
accordance with Section 503.2.7. In addition, ducts
and.plenums shall be leak-tested in accordance with
the SMACNA HVAC Air Duct Leakage Test Manual

with the rate of air leakage (CL) less than or equal to
6.0 as determined in accordance with Equation 5-2.

CL=FxP= (Equation 5-2)

where:
F = The measured leakage rate in cfm per 100
square feet of duct surface.
P = The static pressure of the test. )
Documentation shall be furnished by the designer
demonstrating that representative sections totaling at



least 25 percent of the duct area have been tested and
tha%_all tested sections meet the requirements of this
section.

503.2.8 PipinP insulation. All piping serving as part of a
heating or coo |r1rg s?/stem shall be thermally insulated in
accordance with Table 503.2.8.

Exceptions:

1. Factory-installed piping within HVAC equipment
tested and rated in accordance with a test proce-
dure 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 provi-
sions of Section 6.5 shall not apply) and 840,
respectively.

3. Piping that conveys fluids that have a desig)n oper-
ating temferatu_re range between 60°F (13°C) and
105°F (41°C), inclusive

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

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

control valve and HVAC coil.
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TABLE 503.2.8

MINIMUM PIPE INSULATIONa
(thickness in inches)

Fluid Design Insulation Conductivity Nominal Pipe or Tube Size (in.)
Operating Temp. Conductivity Mean Rating
Range (°F) Btu-in./(h-ft*>-°F) Temp. (°F) <1 1to <1-1/2 1-1/2 to <4 410 <8 >8
Heating Systems (Steam, Steam Condensate, and Hot Water)>®
>350 0.32-0.34 250 25 3.0 3.0 4.0 4.0
251 - 350 0.29-0.32 200 15 25 3.0 3.0 3.0
201 - 250 0.27-0.30 150 15 15 2.0 2.0 2.0
141 - 200 0.25-0.29 125 1.0 1.0 1.0 15 15
105 - 140 0.25-0.28 100 0.5 0.5 1.0 1.0 1.0
Domestic and Service Hot Water Systems
105+ 0.22 - 0.28 100 0.5 0.5 1 1 1
Cooling Systems (Chilled Water, Brine, and Refrigerant®

40 - 60 0.22-0.28 100 0.5 0.5 1.0 1.0 1.0
<40 0.22-0.28 100 0.5 1.0 1.0 1.0 1.5

For SI: Tinch = 25.4 mm.

a For Insulation outside the stated conductivity range, the minimum thickness (T) shall be determined as
follows:
T=r{(1+ t/)K/k - 1}
where T = minimum insulation thickness (in.), r = actual outside radius of pipe (in.), t = insulation
thickness listed in this table for applicable fluid temperature and pipe size, K = conductivity
of alternate material at mean rating temperature indicated for the applicable fluid temperature (Btu-
in./[h-ft2-°F]); and k = the upper value of the conductivity range listed in this table for
applicable fluid temperature.

These thicknesses are based on energy efficiency considerations only. Additional insulation is
sometimes required relative to safety issues/surface temperature.

c
Piping insulation is not required between the control valve and coil on run-outs when the control valve
is located within 4 ft. of the coil and the pipe size is 1 in. or less.

These thicknesses are based on energy efficiency considerations only. Issues such as water vapor
permeability or surface condensation sometimes require vapor retarders or additional
insulation.



503.2.9 HVAC system completion. Prior to the issuance
of a certificate of occupancy, the design professional shall
provide evidence of system completion in accordance with
Sections 503.2.9.1 through 503.2.9.3. Buildings greater
than 50,000 square feet shall also meet the requirements of
Section 503.2.10.

503.2.9.1 Air system 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. Dis-
charge dampers are prohibited on constant volume fans
and variable volume fans with motors 10 horsepower

g}?g &7.5 KW) and larger. . .
2.9.2 H%(dronlc system b_alancm%. Individual
hydronic heafing and cooling coils shall be equipped
with means for balancing and pressure test connections.
503.2.9.3 Manuals. The construction documents shall
require that an operating and maintenance manual be
provided to the building owner by the mechanical con-
tractor. The manual shall include, at least, the following:
1. Equipment capacity (input and output) and
required maintenance actions,
2. Equipment operation and maintenance manuals.

3. HVAC system control maintenance and' calibra-
tion information, including wiring diagrams, sche-
matics, and control sequence descriptions.
Desired or field-determined setpoints shall be"per-
manently recorded on control drawings, at control
devices or, for digital control systems, in program-
ming comments.

4. A complete written narrative of how each system
is intended to operate. \ ¥

503.2.10 Systems performance, verification and
completion.”New buildings of 50,000 g%ross square feet of
conditioned space or greater shali meet the provisions of
sections 503.2.10.1 through 503.2.10.2.

503.2.10.1 Qualifications. The. scope required by section
503.2.10.2 shall be completed by the project Commiissioning
Authority. The commissioning authority shall: .

1. "Have exgerlenc_e as a commissioning authorl% on
at least (3)-previous projects each.at least 20,000 SF
or greater, and . .

2. Be” an independent third “party . entity. The
commissioning authority shall not be an employee
of the design team, construction team, owner or
developer.

503:2.10.2 Equipment performance verification
testing.. Equipment performance ' verification testing shall
demonstrate the correct installation and operational of power
consumption of systems in accordance with energy
performance criteria noted in/the Equipment requiring
performance verification section 503.2.10.2.1

503.2.10.2.1
verification

1. Economizers (Section 503.3.1)

2. Variable Air Volume (VAV) fan control (Section
503.4.2)

3. Part Load Hydronic Controls (Section 503.4.3.4)
503.2.10.2.2 Performance verification requirements. The

Equipment ~ requiring  performance

scope of performance verification testing shall test and
record the following:
A. Economizers (Section 503.3.1)
A.1. Method of economizer control
A.2. Economizer setpoints
A.3. Economizer operates in full 100% outside air
mode when enabled.
A.4  Economizer operates with additional
mechanical cooling when 100% outside air mode is
active
A.5 When economizer is disabled, outside air
dampers revert to minimum outside air mode that
provides for the minimum_ amount of outside air
necessary.
B. Variable Air Volume (VAV) fan control (Section 503.4.2)
and Part Load Hydronic Controls (Section 503.4.3.4)
B.1. Power input (watts or kW) when system
operates in full load.mode
B.2. Power "input (watts or kW) when system
operates at 50% of design air or water flow
B.2¢/A. Verify power input at 50% of design air or
water flow is no greater than 30% of the full load
power input
B.2.B. The 50% of design flow test in B.2.A shall
be conducted with actual reduced flow and flow
measured by:
1. Hydronic flow measurement devices
such as balance valves, venturi metering
devices equipped with test ports or
permanent or temporary calibrated
electronic flow measurement devices.
2. Airflow measurement devices such as
portable direct air flow measurement
(pitot tubes) or permanent calibrated
electronic flow measurement station
devices or summation of terminal unit air
flow measurement or by fan curve
extrapolation based on measured fan speed
and pressures.
B.2.C. Reducing the fan or pump speed or pressure
control setpoint using only manual overrides for
purposes of conducting the 50% flow performance
verification is prohibited.
B.2.C Visually inspect and verify the pressure
control device is installed in a location in
accordance with sections 503.4.2 and 503.4.3.4)
B.2.D Where air systems utilizing a duct static
pressure control device, verify the static pressure
control setpoint is reset in accordance with section
503.4.2
B.2.E Power input units shall only be kW or watt
engineering units. Amperage alone is not an
acceptable unit.
B.2.F Power input shall be permitted to be
determined using kW display readout where
variable speed drives are utilized.

503.2.10.2.3 Acceptance and Documentation. The
Commissioning Authority shall submit completed, dated and
signed performance verification test documents certifying



completed and the applicable system performance conforms

the performance verification process has been successfully
to this energy code, prior to occupancy.

503.2.11 Air system design and control. Each HVAC sys-
tem having a total fan system motor nameplate horsepower
(hp) _exceedm% 5 horsepower ihf) (3.7 kW) shall meet the
provisions of Sections 503.2.11.1 through 503.2.11.2.
503.2.11.1 Allowable fan floor horsepower. Each
HVAC sxstem at fan s¥stem design conditions shall not
exceed the allowable fan sxstem motor nameplate hp
OBtlon 1) or fan system bhp (Option 2) as shown in
apble 503.2.11.1(1). This includes, sulpply_ fans, return/
relief fans, and fan-powered terminal units associated
with systems providing heating or cooling capability.
Exceptions:

1. Hospital, vivarium and laboratory systems
that utilize flow control devices on exhaust and/or
return tomaintain 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 (0.7 kW) or less.

3. Fans exhausting air from fume hoods. (Note: If
this exception Is taken, no related exhaust side
credits shall be taken from Table 503.2.11.1(2)
and the Fume Exhaust Exception Deduction
must be taken from Table 503.2.11.1(2).
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TABLE 503.2.11.1(1)
FAN POWER LIMITATION

LIMIT

CONSTANT VOLUME VARIABLE VOLUME

Option 1: Fan system motor nameplate hp

\Allowable nameplate motor hp

hp . CFMs *0.0011 hp . CFMs *0.0015

Option 2: Fan system bhp

Allowable fan system bhp

bhp » CFMs *0.00094 +A bhp < CFMs *0.0013 +A

where:

CFM. = 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 CFM, / 4131].
where:

PD = Each applicable pressure drop adjustment from Table 503.2.10.1(2) in. w.c.

TABLE 503.2.11.1(2)

FAN POWER LIMITATION

PRESSURE DROP'ADJUSTMENT

DEVICE ADJUSTMENT
Credits
Fully ducted return and/or exhaust air systems 0.5 in w.c.
Return and/or exhaust airflow control devices 0.5inw.c

Exhaust filters, scrubbers or other exhaust treatment.

The pressure drop of device calculated at fan system design
condition.

Particulate filtration credit: MERV 9 thru 12

0.5inw.c.

Particulate filtration credit: MERV 13 thru 15

0.9.in w.c.

Particulate filtration credit: MERYV 16 and greater and electronically
enhanced filters

Pressure drop calculated at 2x clean filter pressure drop at fan system
design condition.

Carbon and other gas-phase air cleaners

Clean filter pressure drop at fan system design condition.

Heat recovery device

Pressure drop of device at fan system design condition.

Evaporative humidifier/cooler in series with-another cooling coil

Pressure drop of device at fan system design conditions

Sound attenuation section

0.15in w.c.

Deductions

Fume hood exhaust exception . .
(required if Section 503.2.10.1, Exception 3, is taken)

-1.0inw.c.

503.2.11.2 Motor nameplate horsepower. For each
fan, the selected fan motor shall be no larger than the first
available motor size greater than the brake horsepower
(th). The_ fan brake horsepower (bhp) shall.be indicated
on the design documents to_ allow for compliance verifi-
cation_<by “the code official. or authority  having
jurisdiction.
Exceptions:

1. For fans less than 6 bhp, where the first avail-
able motor larger than the brake horsepower
has a nameplate rating within 50 percent of the
bhp; selection of the /next larger nameplate
motor size is allowed. ) )

. For fans 6 bhp and larger, where the first avail-
able motor larger than the bhp has a nameplate
rating within 30 percent of the bhp, selection of
the next larger nameplate motor size is allowed.

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

Such heating systems shall be controlled by an occupancy

sensing device or a timer switch, so that the system is auto-

matically deenergized when no occupants are present.
503.3 Simple HVAC systems and equipment (Prescriptive).
This section applies to buildings served by unitary or packaged
HVAC equipment listed in Tables 503.2.3(1) through
503.2.3(5), each serving one zone and controlled by a single
thermostat in the zone served. It also applies to two-pipe heat-
ing systems serving one or more zones, where no cooling sys-
tem is installed.

This section does not apply to fan systems serving multiple
zones, nonunitary or nonpackaged HVAC equipment and sys-
tems or hydronic or steam heating and hydronic cooling equip-
ment and distribution systems that provide cooling or cooling
and heating which are covered by Section 503.4.



503.3.1 Economizers Each cooling system > 54,000 Btu/h
that has a fan shall include an air economizer meeting the
requirements of Sections 503.3.1.1 through 503.4.1.4. The total
capacity of all systems without economizers shall not exceed
480,000 Btu/h per building, or 20 percent of its air economizer
capacity, whichever is greater.

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

1.  Where more than 25% of the air designed to be
supplied by the system is to spaces that are
designed to be humidified above 35°F dew-point
temperature to satisfy process needs.

2. Systems that serve residential spaces where the
system capacity is less than five times the
minimum requirement (< 270,000 Btu/h).

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

503.3.1.1 Air Economizers

503.3.1.1.1 Design Capacity. Air economizer systems
shall be capable of modulating outdoor air and return air
dampers to provide up to 100% of the design supply air
guantity as outdoor air for cooling.

503.3.1.1.2 Control Signal. Economizer dampers shall
be capable of being sequenced with the mechanical
cooling equipment and shall not be controlled by mixed
air temperature.

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

503.3.1.1.3 High-Limit Shutoff. All air economizers
shall be capable of automatically reducing outdoor air
intake to the design minimum outdoor air quantity when
outdoor air intake will'no longer reduce’ cooling energy
usage. High-limit shutoff control types for specific
climates shall be chosen from Table 503.3.1.1.3(1). High-
limit shutoff control settings for. these control types shall
be those listed in Table 503.3.1.1.3(2).



TABLE 503.3.1.1.3(1) HIGH-LIMIT SHUTOFF CONTROL OPTIONS FOR AIR ECONOMIZERS

ALLOWED CONTROL PROHIBITED
TYPES CONTROL
TYPES

Fixed dry bulb
Differential dry bulb
Fixed enthalpy
Electronic enthalpy® None
Differential enthalpy
Dew-point and dry-bulb
temperatures

a Electronic enthalpy controllers are devices that use a combination of humidity and dry-bulb temperature in their switching algorithm.

Table 503.3.1.1.3(2) HIGH-LIMIT SHUTOFF CONTROL SETTING FOR AIR ECONOMIZERS

REQUIRED HIGH LIMIT (ECONOMIZER OFF WHEN):

DEVICE TYPE

EQUATION DESCRIPTION
Fixed dry bulb TOA>70°F Outdoor air temperature exceeds 70°F
Differential dry TOASTRA Outdoor air temperature exceeds

bulb return‘air temperature

Outdoor air enthalpy/exceeds

Fixed enthalpy hOA> 28 Btu/lba 28 Btu/lb of dry aif

Electronic Enthalpy (TOA , RHOA) > B S)u}door air temperature/RH exceeds the
B" setpoint curve

Differential hOA> hRA Outdoor air enthalpy exceeds

enthalpy

return air enthalpy

Dew-point and dry R o Outdoor air dry bulb exceeds 70°F or outside
bulb temperatures DPOA>557F or TOA>70°F dew point exceeds 55°F (65 gr/Ib)




503.3.1.1.4 Relief of Excess Outdoor Air. Systems shall
be capable of relieving excess outdoor air during air
economizer operation to prevent over-pressurizing the
building. The relief air outlet shall be located to avoid
recirculation into the building.

503.3.2 Hydronic system controls. Hydronic systems of at
least 300,000 Btu/h (87,930 W) design output capacity sup-
plying heated and chilled water to comfort conditioning sys-
tems shall include controls that meet the requirements of
Section 503.4.3.
503.4 Complex HVAC systems and equipment. (Prescrip-
tive). This section applies to buildings served by HVAC equip-
ment and systems not covered in Section 503.3.

503.4.1 Economizers. Economizer systems for complex HVAC
Equipment shall be designed in accordance with Sections
503.4.1.1 through 503.4.1.4.

503.4.1.1 Design Capacity. Water economizer systems shall be
capable of cooling supply air by indirect evaporation and
providing up to 100% of the expected system cooling load at
outdoor air temperatures of 50°F dry bulb/45° wet bulb and
below.

Exception: Systems in which a water economizer is used and
where dehumidification requirements cannot be met using
outdoor air temperatures of 50°F dry bulb/ 45°F wet bulb must
satisfy 100% of the expected system cooling load at 45°F dry
bulb/40°F wet bulb.

503.4.1.2 Maximum Pressure Drop. Pre-cooling 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 ft 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
(non-economizer) mode.

503.4.1.3 Integrated Economizer Control. Economizer
systems shall be integrated with the mechanical cooling system
and be capable of providing partial cooling -evenwhen
additional mechanical cooling is.required to'meet the remainder
of the cooling load.

Exceptions:
Direct expansion systems that include controls that reduce the
quantity of .outdoor air required. to prevent coil frosting at the
lowest step of compressor unloading, provided this.lowest step
is no greater than 25% of the total system capacity.
Individual direct expansion units that have a rated cooling
capacity . less than 54,000 Btu/h and use non-integrated
economizer controls that preclude simultaneous operation of the
economizer and.mechanical cooling.
503.4.1.4° Economizer Heating System Impact. HVAC
system design and. economizer controls shall be such that
economizer operation does not increase the building heating
energy use during normal operation.

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

503.4.2 Variable air volume (VAV) fan control. Individual
\ﬁAI\I/bfanS with motors of 10 horsepower (7.5 kW) or greater
shall be:

1. Driven by a mechanical or electrical variable speed
drive; or

2. Driven by a vane-axial fan with variable pitch blades; I
or

3. The fan shall have controls or devices that will result in
fan motor demand of no more than 30 percentof their
design wattage at 50 percent of design airflow when
static pressure set point equals one-third of the total
design static pressure, based on manufacturer’s
certified fan data.

503.4.2.1 Static Pressure Sensor Location. Static pressure
sensors used to control VAV fans shall be placed in a position
such that the controller setpoint is no greater than one-third the
total design fan static pressure. ~ For sensors installed
downstream of major duct splits, at least one sensor shall be
located on each major branch to ensure that static pressure can
be maintained in<each branch. Location of the static pressure
sensor near the supply fan discharge would result in non-
compliance.

503.4.2.2 Set points for direct digital control. For systems
with direct digital control of individual zone boxes r_eportln? to
the central control panel, the static pressure set point shall be
reset based on the zone requiring the most pressure, i.e., the set
point is reset lower until one zone damper Is nearly wide open.

503.4.3 Hydronic systems controls. The heating of fluids
that have been previously mechanically cooled and the cool-
ing of fluids that have been previously mechanically heated
shall be limited in accordance with Sections 503.4.3.1
through 503.4.3.3. Hydronic heating systems comprised of
multiple-packaged. boilers and designed to deliver condi-
tioned water or steam into a common distribution system
shall include automatic controls capable of sequencing
operation of the boilers. Hydronic heating systems com-
prised of a.single boiler and greater than 500,000 Btu/h
input design capacity shall include either a multistaged or
modulating burner. . )
503.4.3.1 Three-pipe system. Hydronic systems that
use a common return system for both hot ‘water and
chilled water are prohibited.
503.4.3.2 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 band
between changeover from oneé mode to the other of at
least 15°F (8.3°C) outside air temperatures; be designed
to and provided with controls that will allow operation in
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one mode for at least 4 hours before changing over to the
other mode; and be provided with controls that allow
heating and cooling supply temperatures at the change-
over point to be no more than 30°F (16.7°C) apart.
503.4.3.3 Hydronic (water Ioop? heat um_P s%/ste_ms.
Hydronic heat pump systems shall comply with Sections
503.4.3.3.1 through 503.4.3.3.3.
503.4.3.3.1 Temperature dead band. Hydronic heat
pumps connected to a common heat pump water loop
with central devices for heat rejection and heat addi-
tion shall have controls that are capable of providing a
heat pump water supply temperature dead band of at
least 20°F (11.1°C) between initiation of heat rejec-
tion and heat addition by the central devices.
Exception: Where a system loop temperature
optimization controller is”installed and can deter-
mine the most efficient operating temperature
based on realtime conditions of demand and
capacity, dead bands of less than 20°F (11 °C) shall
be permitted. o
503.4.3.3.2 Heat rejection. If an open- or closed-circuit
cooling tower is” used, then a separate heat
exchanger shall be required to isolate the cooling tower
from the heat pump loop, and heat loss shallbe controlled
by shutting down the circulation pump on the cooling
tower loop_and providing an automatic valve to stop the
flow of fluid.
Exception: Where it can be demonstrated
that aheat pump system will be required to
reject heatthroughout the year.

503.4.3.3.3 Two position valve. Each hydronic heat
pump on the hydronjc system having a total é)um

sgstem power exceeding 10 horsepower (hp) (7.5 kW)
shall have a two-position valve.

503.4.3.4 Hydronic Variable Flow Systems.
HVAC pumping systems that include control valves
designed to modulate or step open._and close as a
function of load shall be designed for variable fluid
flow and shall be capable of.reducing pump flow
rates to 50% or less of the design flow rate.
Individual pumps serving‘ variable flow systems
having a pump head exceeding 100 ft and motor
exceeding 50 hp shall have controls and/or devices
(such as variable speed control) that will result in
pump motor demand of no more than.30% of design
wattage at 50% of design water flow. The controls or
devices shall be controlled as a function of desired
flow or to maintain a minimum required differential
pressure. Differential-pressure shall be measured at
or near thesmost remote heat exchanger or the heat
exchanger requiring  the . greatest differential
pressure.

Exceptions:

a. Systems where the minimum flow is less
than the minimum flow required by the
equipment manufacturer for the proper
operation of equipment_served by the system,
such as chillers, and where total pump system
power is 75 hp or less.

b. Systems that include no more than three
control valves.

503.4.3.5 Pump isolation. Chilled water plants includ-
ing more than one chiller shall have the capability to
reduce flow automaticaII?/ through the chiller plant whena
chiller is shut down. Chillers piped in series for the purpose

of increased temperature differential shall be considered as
one chiller. ) ) ]

Boiler plants including more than one boiler shall have
the capability to reduce flow automatically through the
boiler plant when a boiler is shut down.
503.4.3.6 Chilled- and Hot-Water Temperature
Reset Controls. Chilled< and hot-water systems with a
design capacity exceeding 300,000 Btu/h supplying chilled
or heated water (or both) to comfort conditioning systems
shall include controls that have the capability to
automatically reset  supply . water temperatures by
representative <building loads (including return water
temperature) or by outdoor air temperature.

Exceptions:
a. Where the supply temperature reset controls,cannot be
implemented without causing improper operation of
heating, cooling, humidifying, or dehumidifying systems.

b: Hydronic systems, such as those required by Section
503.4.3.4 that use variable flow to reduce pumping energy.

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

device.

Exception: Factory-installed heat rejection devices

within HVAC equipment tested and rated in accordance with

Tables 503.2.3(1) and 503.2.3(6). .

503.4.5 Requirements for complex mechanical systems
serving multiple zones. Sections 503.4.5.1 through
503.4.5.3 shall apply to complex mechanical systems serving
multiple zones. Supply air systems serving multiple zones
shall be VAV systems which, during periods of occupancy, are
designed and capable of being controlled to reduce primary
air supply to each zone to one of the following before
reheatln%, recooling or mlxm? takes place: .

. Thirty percent of the maximum supply air to each

Zone.



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

3. The minimum ventilation requirements of ASHRAE
Standard 62.1-2007.

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

1. Zones where special pressurization relationships
or cross-contamination requirements are such that
VAV systems are impractical.

2. Zones or supply air systems where at least 75 per-
cent of the enérgy for reheating or for providing
warm air in mixing systems is provided from a
site-recovered or site-solar energy source.

3. Zones where special humidity levels are required
to satisfy process needs, . ]
4. Zones with a peak supply air quantity of 300 cfm

(142 L/s) or less and where the flow rate is less than
rajttg percent of the total fan system supply airflow

5. Zones where the volume of air to be reheated,
recooled or mixed is no greater than the volume of
outside air required to meet the minimum ventila-

tion requirements of ASHRAE Standard 62.1-2007.
6. Zones or supply air systems with thermostatic.and
humidistatic controls capable of operating in
sequence the supply of heating and cooling energy
to the zone(s) and which are capable of preventing
reheating, recooling, mixing or simultaneous sup-
ply of air that has been previously cooled, either
mechanlcalcljy or through the use” of economizer
systems, and air that has been previously mechani-
cally heated. . )
503.4.5.1 Single duct variable air volume (VAV) sys-
tems, terminal devices. Single duct VAV systems shall
use terminal devices capable of reducing the supply of
plrlmary supply air before reheating or recooling takes
ace.
503.4.5.2 Dual duct and mixing VAV systems, termi-
nal devices. Systems that have one warm air duct and
one cool air duct shall use terminal devices which are
capable of reducing; the flow from one duct to a minimum
before mixing of air from the other‘duct takes place.
503.4.5.3 Single fan dual duct and mixing VAV sys-
tems, economizers. Individual dual duct or mixing heat-
ing and cooling systems with a single fan and with total
capacities-greater-than 90,000 Btu/h. [(26 375 W) 7.5
tons] shall not be equipped with air economizers.

503.4.5.4 Supply-air temperature reset controls. Mul-
tiple zone HVAC systems shall include controls that
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automatically reset the supply-air temperature in
response to representative bmldin? loads, or to outdoor
air temperature. The controls shall be capable of reset-
ting the supply air temperature at least 25 percent of the
difference between the design supply-air temperature
and the design room air temperature.

Exceptions:

1. Systemsthat prevent reheating, recooling or
mixing‘of heated and cooled supply air.

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

3."Zones with peak supply air quantities of 300

cfm (142 L/s) or less.

503.4:6 Heat recovery for service water heating. Con-
denser heat recovery shall be installed for heating or reheat-
ing of service hot water provided the chnn¥ operates 24
hours a day, the total installed heat capacity of water-cooled
systems exceeds 6,000,000 Btu/hr of heat rejection, and the

esign service water heating load exceeds 1,000,000 Btu/h.
e required heat recovéry system shall have the capacity

to provide the smaller of:

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

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 recov-
ery 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.

3. If compliance with 503.4.6 will be detrimental to
chiller operating efficiency due to conflicts with
optimized chiller head pressure control.

503.4.7 Hot gas bypass limitation. Cooling systems shall
not use hot gas bypass or other evaporator pressure control
systems unless the system is designed with multlﬂle steps of
unloadln% or continuous capacity modulation. The capacity
g](c):}hf7h gas bypass shall be limited as indicated in Table

Exception: Unitary packaged systems with cooling
capacities not greater than 90,000 Btu/h (26 379 W).

0

TABLE 503.4.7
MAXIMUM HOT GAS BYPASS CAPACITY

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

For SlI: 1 Btu/h = 0.29 watts.
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SECTION 504
SERVICE WATER HEATING
(Mandatory)
504.1 General. This section covers the minimum efficiency of,
and controls for, service water-heating equipment and insula-
tion of service hot water piping.

504.1.1 Electrical water heating limitation. Individual electric
service water heating units shall be limited to a maximum of 5
kW total power input.

Exception:
Instantaneous electric water heaters used to serve emergency
showers and emergency eye wash stations.

504.2 Service water-heating equipment performance effi-
ciency. Water-heating equipment and hot water storage tanks
shall meet the requirements of Table 504.2. The efficiency shall
be verified through data furnished by the manufacturer or
through certification under an approved certification program.
504.3 Temperature controls. Service water-heating equip-
ment shall be provided with controls to allow a setpoint of
110°F (43°C) for equipment serving dwelling units and 90°F
(32°C) for equipment serving other occupancies. The outlet
temperature of lavatories in public facility rest rooms shall-be
limited to 110°F (43°C).
504.4 Heat traps. Water-heating equipment not supplied with
integral heat traps and serving noncirculating systems shall be
provided with heat traps on the supply and discharge piping
associated with the equipment.
504.5 Pipe insulation. The following piping shall be insulated
to levels shown in Section 503, Table 503.2:8.
a. recirculating system piping, including the supply and
return piping of a circulating tank type water heater
b. the first 8 ft of outlet piping for a constant temperature
nonrecirculating storage system
c. the inlet pipe between the storage tank and a heat trap-in
a nonrecirculating storage system
d. pipes that are externally heated (such as heat trace or
impedance heating)
504.6 Hot water system controls. Automatic-circulating hot
water system pumps or heat-trace shall be arranged to be conve-
niently turned off automatically or manually when the hot
water system is not in operation.
504.7 Pools. Pools shall be provided with energy conserving
measures in accordance with Sections 504.7.1 through
504.7:3.
504.7.1 Time switches. Time switches that can
automatically turn off and on heaters and pumps according to a
preset schedule shall be installed on swimming pool heaters

and pumps.

Exceptions:

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

2. Where pumps are required to operate solar-and
waste-heat-recovery pool heating systems.

504.7.2 Pool heaters. All pool heaters shall be equipped
with a readily accessible on-off switch to allow shutting off
the heater without adjusting the thermostat setting. Pool
heaters fired by natural gas or LPG shall not have continu-
ously burning pilot lights.

504.7.3 Covers. Heated pools, hot tubs and spas shall be
provided with a vapor retardant cover. Hot tubs and spas
capable of beingheated to more than 90°F (32°C) shall be
p;owded with a cover having a minimum insulation value
0

Exception:/Pools, hot tubs and spas deriving over 60
percent of .the energy for heating from site-recovered
energy or.solar energysource.

SECTION 505
ELECTRICAL POWER AND LIGHTING SYSTEMS
(Mandatory)

505.1 General (Mandatory). This section covers lighting sys-
tem controls, the connection of ballasts, the maximum lighting
power for interior applications and minimum acceptable light-
Ing equipment for exterior applications.

Exception:

Dwelling units within commercial buildings shall not be
required to comply with Sections 505.2 through 505.5
provided that not less than 50 percent of the permanentIE/
installed light fixtures, other than low-voltage lighting, shall
be fitted for, and contain only, high efficacy lamps.

505.2 Lighting controls (Mandatory). Lighting systems
shall be provided with controls as required in ~Sections
505.2.1,505.2.2, 505.2.3 and 505.2.4.

505.2.1 Interior lighting controls. Each area enclosed by
walls or floor-to-ceiling partitions shall have at least one
manual control for the lighting serving that area. The
required controls shall be located within_the area served by
the controls or be a remote switch that identifies the lights
served and indicates their status.

Exceptions:

1. Areas designated as security or emergency areas
that must be continuously [ighted.

2. Lighting in stairways or corridors that are elements
of the means of egress.



TABLE 504.2
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MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

EQUIPMENT TYPE

Storage water heaters,
Gas

SIZE CATEGORY SUBCATEGORY OR PERFORMANCE TEST
(input) RATING CONDITION REQUIREDs, PROCEDURE
.5 kw Resistance 0.97 - 0.00132V, EF DOE 10 CFR Part 430
WatEeIrthe}eI\éers .24 amps and Heat pump 0.93 - 0.00132V, EF DOE 10 CFR Part 430
- 250 volts
-75,000 Btu/h . 20 gal 0.67 - 0.0019V, 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 V,SL, Btufh

. 155,000 Btu/h

- 4,000 Btu/h/gal

80% E.
(Q/800.110 V, SL, Btu/h

ANSI 721.10.3

- 50,000 Btu/h
and. 200,000

- 4,000 (Btu/h)/gal
and(< 2 ga] d

0.62 - 0.0019V, EF

DOE 10 CFR Part 430

Instantaneous water heaters,

~200,000 Btu/h

. 4,000 Btu/h/?al and
.10 ga

80% E.

200,000 Btu/h

- 4,000 Btu/h/(l;al and
.10 ga

80% E,
(Q/800.110 V, SL, Btu/h

ANSI 721.10.3

Storage water heaters,
Oil

- 105,000 Btu/h

. 20.gal

0.59-0.0019V, EF

DOE 10 CFR Part 430

. 105,000 Btu/h

- 4,000 Btu/h/gal

Q1/800.1g00 EySL, Btu/h

ANSI Z221.10.3

- 210,000 Btu/h

- 4,000 Btu/h/gal and

DOE 10 CFR Part 430

« ftz + °F)/Btu

-2 gal 0.59 - 0.0019V, EF
S L IUUUU Dourit 0,
Instantaneous water heaters, 4,000 Btu/h/gal and 80% E.
Oil , <10 gaﬁJ
- 210,000 Btu/h ANSI 221.10.3
- 4,000 Btu/h/gal and 78% E,
- 10 ga Q/800.110 V, SL, Btu/h
80% E,
Hot water supplg boilers, - 300,000 Btu/h and . 4,000 Btu/h/?al and
Gas and Oil 12,500,000 Btu/h -10 ga
Hot water supply.boilers, - 300,000 Btu/h and - 4,000 Btu/h/gal and 80% E,
cis 12,500,000 Btu/h 10'gal Q/800.110 V, SL, Btush | ANo! 221103
Hot water supply boilers, - 300,000 Btu/h and . 4,000 Btu/h/(l;al and 78% E,
oil -12,500,000 Btu/h - 10 ga Q/800.110 V, SL, Btu/h
All 78% E, ASHRAE 146
Pool heaters, _
Gas and Oil
Heat pump pool heaters All — 4.0 COP AHRI 1160
Unfired storage tanks (none)
Minimum insulation
All — requirement R-12.5

For SI: °C = [(°F) - 32]/1.8, 1 British thermal unit per hour = 0.2931 W, 1 gallon = 3.785 L, 1 British thermal unit per hour per gallon = 0.078 W/L.

a. Energy factor (EF) and thermal efficiency (E.) are minimum requirements. In the EF equation, V is the rated volume in gallons.
b. Standby loss (SL) is the maximum Btu/h based on a nominal 70°F temperature difference between stored water and ambient requirements. In the SL equation, Q is
the nameplate input rate in Btu/h. In the SL equation for electric water heaters, V is the rated volume in gallons. In the SL equation for oil and gas water heaters and

boilers, V is the rated volume in gallons.
c. {gatagtanﬁoug water heaters with input rates below 200,000 Btu/h must comply with these requirements if the water heater is designed to heat water to temperatures
or higher.



COMMERCIAL ENERGY EFFICIENCY

505.2.2 Additional controls. Each area that is required to

have a manual control shall have additional controls that

meet the requirements of Sections 505.2.2.1 and 505.2.2.2.
505.2.2.1 Light reduction controls. Each area that is
required to have a manual control shall also allow the
occuBant to reduce the connected lighting load in a rea-
sonably uniform illumination Battern_ by at least 50 per-
cent. Lighting reduction shall be achieved by one of the
following or other approved method:

1. Controlling all lamps or luminaires;

2. Dual switching of alternate rows of luminaires,
alternate luminaires or alternate lamps;

3. Switching the middle lamp luminaires independ-
ently of the outer lamps; or

4. Switching each luminaire or each lamp.
Exceptions:

1. Areas that have only one luminaire.

2. Avreas that are controlled by an occupant-sens-
ing device. ]
3. bC_orrldors, storerooms, restrooms or public lob-
ies.

. Sleeping unit ﬁsee Section 505.2.3).
5. Spaces that use less than 0.6 watts per square

foot (6.5 W/m2),

505.2.2.2 Automatic I&htlng shutoff. Buildings larger
than 5,000 square feet (465 m2) shall be equipped with an
automatic control device to shut off lighting in_those
a_rtehas. This automatic control device shall function on
either:

1. A scheduled basis, using time-of-day, with an
independent_program schedule that controls the
interior Ilghtm% in areas that do-not exceed 25,000
?Iquare feet (2323 m2) and-are not more than one

oor; or

2. An occupant sensor<that shall turn lighting off
within 30 minutes of an occupant leaving a space;
or

3. A signal from another control or alarm system that
indicates the area is.unoccupied.

Exception: J’he following shall .not require an auto-
matic Control device:

1. Sleeping unit (see Section 505.2.3).
2. Lightingin.spaces where patient.care is directly
rovided. .
3. Spaces where an automatic shutoff would
endantt;gr occupant safety or security. )

505.2.2.2.1 Occupant override. Where an automatic
time switch control device is installed to comply with
Section 505.2.2.2, Item 1, it shall incorporate an over-
ride switching device that:

1..Is readily accessible.

2. Is located so that a person using the device cansee

the lights or the area controlled by thatswitch, or

so that the area beingdit is annunciated.
3. Is manually operated.

4. Allows the lighting to remain on for no more
than 2 hours when an override is initiated.

5. Controls an area not exceeding 5,000 square
feet (465 m?).
Exceptions:

1. In malls and arcades, auditoriums, sin-
gle-tenant retail spaces, industrial facilities
and arenas, where captive-key override is
utilized, override time shall be permitted to
exceed 2 hours. o )

2. In malls and arcades, auditoriums, sin-
gle-tenant retail spaces, industrial facilities

and arenas, the area controlled shall not
exceed 20,000 square feet %1860 m2).
505.2.2.2.2 Holiday s_ch_edullng._l an automatic time
switch control device is installed in accordance with
Section 505.2.2.2, Item 1, it shall incorporate an auto-
matic holiday scheduling. feature that turns off all
loads for at least 24 hours, then resumes the normally
scheduled operation:
Exception: Retail stores and associated malls, res-
taurants, grocery stores, places of religious wor-
ship and theaters.
505.2.2.3 Daylight zone. control. Daylight zones, as
defined by this code, shall be provided with individual
controls that control the lights independent of general
area lighting. Contiguous daylight zones adjacent to ver-
tical fenestration are allowed to be controlled by a single
controlling device provided that they .do not include
zones facing more than two adjacent cardinal orienta-
tions (i.e., north, east, south, west). Daylight zones under
skyllﬁ ts more than 15 feet (4572 mm) from the perime-
ter shall be controlled separately from daylight zones
adjacent to vertical fenestration.
Exception: Daylight spaces enclosed by walls or
c_ellln(%_helght partitions and _containing two or fewer
light Tixtures are not required to have a separate
switch for general area Ilghtlng. . L
505.2:3 Sleeping unit controls. Sleeping units in hotels,
motels, boarding houses or similar buildings shall have at
least one master switch at the main entry door that controls
all permanently wired luminaires and switched receptacles
except those in the bathroom(s). Suites shall have a control
meeting these requirements at the entry to each room or at
the primary entry to the suite. o )
505.2.4 Exterior lighting controls. Lighting not desig-
nated for dusk-to-dawn operation shall be controlled by
either a combination of a photosensor and a time switch, or
an astronomical time switch. nghtlng designated for
dusk-to-dawn operation shall be controlled by an astronom-
ical time switch or photosensor. All time switches shall be



capable of retaining programming and the time setting dur-
ing loss of power for a period of at least 10 hours.

05.3. Tande iring (Mandatory). The followi
ﬁjn%nairegll?)cate v\\,/\lltlhi}] tﬁe(same area s aﬁ)be tar?de?n \c/)vvlvr{erclig

1. Fluorescent luminaires equipped with one, three or
odd-numbered lamp configurations, that are recess-
mounted within 10 feet (3048 mm) center-to-center of
each other.

2. Fluorescent luminaires equipped with one, three or any
odd-numbered lamp configuration, that are pendant- or
surface-mounted within 1 foot (305 mm) edge- to-edge
of each other.

Exceptions:

1.  Where electronic high-frequency ballasts are used.

2. Luminaires on emergency circuits.

3. Luminaires with no available pair in the same area.

505.4 Exit signs (Mandatory). Internally illuminated exit
signs shall not exceed 5 watts per side.

505.5 Interior lighting power requirements
(Prescriptive). A building complies with this section if its
total connected lighting power calculated under Section
505.5.1 is no greater than the interior lighting power
calculated under Section505.5.2.
505.5.1 Total connected interior li htinﬁ Power. The total
connected interior lighting power (watts) shall be the sum of
the watts of all interior lighting equipment as determined in
accordance with Sections 505.5.1.1 through 505.5.1.4.

Exceptions:

1. The connected power associated with the follow-
ing lighting equipment is not included in calcu-
lating total connected Ii(;ihting power. .
1.1."Professional sports arena playing field

lighting.

1.2. Sleeping unit lighting in hotels, motels,
boarding houses or similar buildings.

1.3. Emergency lighting automatically off dur-
ing’normal building operation.

1.4. Lighting in spaces specifically designed
for use by occupants with special lightin
needs including the visually impaire
visual impairment and other. medical and
age-related issues.

1.5. Lighting in interior spaces that have been
specifically designated as a registered inte-
rior historic landmark.

1.6. Casino gaming areas.

2. Lighting equipment used for the following shall
be exempt provided that it is in addition to gen-
eral lighting and is controlled by an independent
control device:

2.1. Task Ii%htin_g for medical and dental pur-
Sglsleesr'ize's' Display lighting for exhibits in

museums and monuments.

3. Lighting for theatrical purposes, including per-
formance, stage, film production and video pro-

duction. .
4. Lighting for photographic processes.

5. Lighting integral to equipment or instrumenta-
tion and is installed by the manufacturer.
Task lighting for plant growth or maintenance.

Advertising signage or directional signage.
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8. In restaurant buildings and areas, lighting for
food warming or integral to food preparation
equipment. .

9. Lighting equipment that is for sale.

10. Lighting demonstration equipment in lighting
education facilities.

11. Lighting approved because of safety or emer-
gency considerations, inclusive of exit lights.

12. Lighting integral to both open and glass-
enclosed refrigerator and freezer cases.

13. Lighting in retail display windows, provided the
display area is enclosed by ceiling-height parti-
tions.

14. Furniture mounted supplemental task lighting
that is controlled by automatic shutoff.

505.5.1.1 Screw lamp holders. The wattage shall be the

maximum labeled wattage of the luminaire.

505.5.1.2 Low-voltage lighting. The wattage shall be
thetspecmed wattage of the transSformer supplying the
system.

505.5.1.3 Other luminaires. The wattage of all other
lighting equipment shall be the wattage of the lighting
equipment verified through data furnished by the manu-
facturer or other.approved sources.

505.5.1.4 Line-voltage lighting track and plug-in
buswa1\_/. The wattage shall be: o
1. The specified wattage of the luminaires included

in the system with a minimum of 30 W/lin ft. (98
W/lin. m);

2. The wattage limit of the system’s circuit breaker;
or
3. The wattage limit of other permanent current limit-
ing devicé(s) on the system.
505.5.2 Interior lighting power. The total interior lighting
power allowance (watts) is determined according to Table
505.5.2.1 using the Building Area Method, or Table
505.5.2.2 using the Space-by-Space Method, forall areas in
the building covered in this permit. For the Building Area
Method, the interior lighting power allowance is the floor
area for each building area type listed in Table 505.5.2.1
times the value from Table 505.5.2.1 for that area. For the
purposes of this method, an “area” shall be defined as all
contiguous spaces that accommodate or are associated with a
single building area type as listed in Table 505.5.2.1. When
this method is used to calculate the total inte
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rior lighting power for an entire building, each building area

type shall be treated as a separate area. For the Space-by-
Space Method, the interior lighting power allowance shall
be determined by multiplying the floor area of each space
times the value for the space type in Table 505.5.2.2 that
most closely represents the proposed use of the space, and
then summing the lighting power allowances for all
spaces. Trade-offs among spaces within the building are
permitted.
TABLE 505.5.2.1
INTERIOR LIGHTING POWER ALLOWANCES-

BUILDNG AREA METHOD

BUILDING AREA TYPE
LPD (w/ft%)
AUTOMOTIVE FACILITY 0.9
CONVENTION CENTER 1.2
COURTHOUSE 1.2
DINING: BAR LOUNGE/LEISURE 1.3
DINING: CAFETERIA/FAST FOOD | 1.4
DINING: FAMILY 1.6
DORMITORY 1.0
EXERCISE CENTER 1.0
FIRE STATION 0.8
GYMNASIUM 1.1
HEALTH CARE CLINIC 1.0
HOSPITAL 1.2
HOTEL 1.0
LIBRARY 1.3
MANUFACTURING FACILITY 1.3
MOTEL 1.0
MOTION PICTURE THEATER 1.2
MULTIFAMILY 0.7
MUSEUM 1.1
OFFICE 0.9
PARKING GARAGE 0.3
PENETENTIARY 1.0
PERFORMING ARTS THEATER 1.6
POLICE STATION 10
FIRE STATION 0.8
POST OFFICE 1.1
RELIGIOUS BUILDING 1.3
RETAIL 1.4
SCHOOL/ UNIVERSITY 1.2
SPORTS ARENA 1.1
TOWN HALL 1.1
TRANSPORTATION 1.0
WAREHOUSE 0.6
WORKSHOP 14




TABLE 505.5.2.2

INTERIOR LIGHTING POWER ALLOWANCES-

SPACE-BY-SPACE METHOD

COMMON SPACE-BY-SPACE TYPES

LPD (w/ft%)

ATRIUM - First 40 ft in height 0.03 per ft. ht.
ATRIUM - Above 40 ft in height 0.02 per ft. ht.
Audience/Seating Area - Permanent
For Auditorium 0.9
For Performing Arts Theater | 2.6
For Motion Picture Theater | 1.2
Classroom/Lecture/Training 1.30
Conference/Meeting/Multipurpose 1.2
Corridor/Transition N
Dining Area
Bar/ Lounge /Leisure Dining | 1.40
Family Dining Area | 1.40
Dressing/Fitting Room Performing Arts Theater| 1.1
Electrical/Mechanical 1.10
Food Preparation 1.20
Laboratory for classrooms 1.3
Laboratory for medical/industrial/research 1.8
Lobby 1.10
Lobby for Performing Arts Theater 3.3
Lobby for Motion Picture Theater 1.0
Locker Room 0.80
Lounge Recreation 0.8
Office -enclosed 1.1
Office — Open Plan 1.0
Restroom 1.0
Sales Area 1.6 (a)
Stairway 0.70
Storage 0.8
Workshop 1.60
BUILDING SPECIFIC SPACE-BY-SPACE TYPES
CONVENTION CENTER
Exhibit Space 1.50
Audience/Seating Area 0.90
COURTHOUSE/POLICE STATION/PENETENTIARY
Courtroom 1.90
Confinement Cells 1.1
Judge Chambers 1.30
Penitentiary Audience Seating 0.5
Penitentiary Classroom 1.3
Penitentiary Dining 1.1
AUTOMOTIVE - SERVICE/REPAIR 0.70
BANK/OFFICE - banking activity area 15
DORMITORY Living Quarters 1.10
GYMNASIUM / FITNESS CENTER
Fitness area 0.9
Gymnasium Audience/Seating 0.40
Playing Area 1.40
HEALTHCARE CLINIC/HOSPITAL
Corridors /Transition 1.00
Exam/Treatment 1.70
Emergency 2.70
Public & Staff Lounge 0.80
Medical Supplies 1.40
Nursery 0.9
Nurse Station 1.00
Physical Therapy 0.90
Patient Room 0.70
Pharmacy 1.20
Radiology/Imaging 1.3
Operating Room 2.20
Recovery 1.2
Lounge/Recreation 0.8
Laundry - Washing 0.60
HOTEL
Dining Area 1.30
Guest Rooms 1.10
Hotel Lobby 2.10
Highway Lodging Dining 1.20




COMMON SPACE-BY-SPACE TYPES

LPD (w/ft%)

Highway Lodging Guest Rooms

1.10

LIBRARY

Stacks 1.70

Card File & Cataloguing 1.10

Reading Area 1.20
MANUFACTURING

Corridors /Transition 0.40

Detailed manufacturing 1.3

Equipment Room 1.

Extra High Bay (> 50 ft Floor-Ceiling height) 1.1

High Bay (25- 50 ft Floor-Ceiling ht) 1.20

Low Bay (<25 ft Floor-Ceiling height) 1.2
MUSEUM

General Exhibition 1.00

Restoration 170
PARKING GARAGE - garage areas 0.2
FIRE STATIONS

Engine Room 0.80

Sleeping Quarters 0.30
POST OFFICE

Sorting Area 0.9
RELIGIOUS BUILDING

Fellowship Hall 0.60

Audience Seating 2.40

Worship Pulpit/Choir 2.40
RETAIL

Dressing/Fitting Area 0.9

Mall Concourse 1.6

Sales Area 1.6(a)

SPORTS ARENA

Audience seating 0.4

Court Sports Area — Class 4 N

Court Sports Area — Class 3 1.2

Court Sports Area — Class 2 1.9

Court Sports Area — Class 1 3.0

Ring Sports Area 2.7
TRANSPORTATION

Air/Train/Bus Baggage Area 1.00

Airport Concourse 0.60

Terminal — Ticket Counter 1.50
WAREHOUSE

Fine Material Storage 1.40

Medium/Bulky Material 0.60

For ST: 1 foot = 304.8 mm, 1 watt per square foot = W/0:0929 m*.

a. In cases where both a general building area g/_pe and asmore specific building
area type are listed, the more specific building area type shall apply. .

b. Where &ghtlr_lg e(aulpment is specified to be installed to highlight specific

merchandise in addition to lighting %cf]unpment specified for general Tighting and

is switched or dimmed on circuits different from the circuits Tor general I_|]ght|n|g,

the smaller of the actual wattage of the lighting equipment installed specifically
for merchandise, or additional lighting power as determined

below shall be added to the interior. lighting power determined in accordance

with this line item.
Calculate the additional lighting power as follows:

cal

Additional Interior Lighting Power Allowance =500 watts + SRetaiI Area 1 x0.
W/ftg) W /(f@t)atall Area 2 x 0.6W/ft?) + (Retail Area 3 x 1.4 W/ft?) + (Retail Area

hers

6
)

Retail Area 1 = The floor area for all products not listed in Retail Area 2, 3
or 4.

Retail Area2 = 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, cos-
metics 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 includedin

Retail Areas 2 through 4 above, provided that justification documenting

the need for additional lighting power based on visual inspection, contrast,

or other critical display is approved by the authority havingjurisdiction.




505.6 Exterior lighting. (Mandatory). When the power for

exterior lighting is supplied through theé ‘energy service to the

building, all exterior lighting, other than low-voltage landscape

lighting, shall comply with Sections 505.6.1 and 505.6.2.
Exception: Where approved because of historical, safety,
signage or emergency considerations.

505.6.1 Exterior building grounds lighting. All exterior
buildin ?rounds_lumlnalres that operate at greater than 100
watts shall contain lamps having a minimum efficacy of 60
lumens per watt unless the luminaire is controlled by a
motion sensor or qualifies for one of the exceptions under
Section 505.6.2. Appropriate exterior lighting designs
including maximum exterior illuminance levels and cut-off
exterior ~ fixtures may_ be required by the District
Environmental Commission for Act 250 projects.

505.6.2 Exterior building lighting power. The total exte-
rior lighting power allowance tor all exterior building appli-
catjons is tq? sum of the base %te allowatpce plus the
individual allowances for areas that are to be ilfuminated
and are permitted in Table 505.6.2(2) for the applicable

lighting zone. Tradeoffs are allowed only among exterior
lighting applications listed in Table 505.6.2?2), Tradable
Surfaces section. The lighting zone for the building exterior
is determined from Table 505.6.2(1) unless otherwise speci-
fied by the local jurisdiction. Exterior lighting for all appli-
cations (excei)t those included in the exceptions to Section
505.6.2) shall comply with the requirements of Section
505.6.1.

Exceptions:; Lighting used for the following exterior

applications is exempt when equipped with a control

device independent of the control of the nonexempt

lighting:

1. Specialized signal, directional and marker lighting

associated with transportation; .
2. Advertising signage or directional signage;

3. Integral to equipment or instrumentation and is
installed by its manufacturer;

4. Theatrical purposes, including performance,
stage, film production and video production;

5. Athletic playing areas;

6. Temporary lighting

7. Industrial production, material handling,
7

9

transportation sites and associated storage areas;
. Theme elements in theme/amusement parks; and

. Used to highlight features of public monuments
and registered historic landmark /structures or
buildings.

TABLE 505:6.2(1)

EXTERIOR LIGHTING ZONES

DESCRIPTION

LIGHTING ZONE

Developed areas of national parks, state parks,
1 forest land, and rural areas

Areas predominantly consisting of residential
2 zoning, neighborhood business districts, light

industrial with limited nighttime use and
residential mixed use areas

3 All other areas

High-activity commercial districts in major

4 metropolitan areas as designated by the local
land use planning authority

505.7 Electrical energy consumption. (Mandatory). In
buildings having individual dwelling units, provisions shall be
made to determine the electrical energy consumed by each ten-
ant by separately metering individual dwelling units.

Exception: Housing for the elderly with fuel-fired
heating systems, with centrally operated air
conditioning systems, or without air-conditioning
systems.

505.8 Electric motors. Electric motors shall comply with the
requirements of the Energy Independence and Security Act of
2007, as shown in Table 505.8(1). Motors that are not
included in the scope of the Energy Independence and
Security Act of 2007 have no performance requirements in
this section.

505.9 Electric power distribution. Electrical distribution
systems shall be designed for the efficient distribution of
electrical energy from the service entrance to the point of use.

Exception: Emergency power.systems
505.10 Voltage drop

505.10.1 Feeders. Feeder conductors shall be sized for a
maximum voltage drop of 2% at design load.

505.10.2 Branch Circuits. Branch circuit conductors
shall’'be sized for a maximum voltage drop of 3% at design
load.

505.11 Transformers. Single-phase and three-phase dry-type
and liquid-filled distribution transformers shall be selected
based on its rating as described in Sections 505.11.1 and
503.11.2.

Exceptions:

1. Liquid-filled transformers below 10 kVVA or dry-
type transformers below 15 kVA.

2. All rectifier-transformers and transformers
designed for high-harmonic autotransformers

3. Nondistribution transformers such as UPS
transformers.

4. Special impedance, regulation and harmonic

transformers

. Sealed and nonventilated transformers.

6. Retrofit transformers, machine tool transformers

or welding transformers.

. Grounding or testing transformers.

8. Where the loading on the subject transformer can
be demonstrated to be such that a different
transformer would consume less energy.

9. Dry-type transformers below 15 kVA covered in
Item 1 above.

10. Drive transformers, both ac and dc.

11. Transformers with tap ranges greater than 15
percent or frequency other than 60 Hz.

(63}
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505.11.1 Dry-type transformers. Dry-type transformers
shall comply with the minimum efficiencies in Table 505.11(1)
as tested in accordance with 10 C.F.R. Part 431 (“Test
Procedures for Distribution Transformers).

505.11.2 Liquid-filled transformers. Liquid-filled
transformers shall comply with the minimum efficiencies in
Table 505.11.2 as tested in accordance with NEMA Standard TP
1-2002



COMMERCIAL ENERGY EFFICIENCY

Tradable Surfaces
(Lighting power
densities for uncovered
parking areas, building
grounds, building
entrances and exits,
canopies and overhangs
and outdoor sales areas
may be traded.)

.TABLE 505.6.2&2&
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS

Zone 1 Zone 2 Zone 3 Zone 4
Base Site Allowance 500 W 600 W 750 W 1300 W
(Base allowance may be
used in tradable or
nontradable surfaces.)

Uncovered Parking Areas
Parking areas and drives 0.04 W/ft: 0.06 W/ft 0.10 Wi/ft: 0.13 Wi/ft:

Building Grounds

Walkways less than
10 féet wide

0.7 W/linear foot

0.7 W/linear foot

0.8 W/linear foot

1.0 W/linear foot

Walkways 10 feet wide

or greater, plaza areas 2 2 2 2
Spegi e s A 0.14 Wit 0.14 W/t 0.16 Wi/t 0.2 Wit
Stairways 0.75 W/ft: 1.0 Wit 1.0 Wift: 1.0wWift:
Pedestrian tunnels 0.15 Wi/ft 0.5 Wift: 0.2 WIft? 0.3 Wift:

Building Entrances and Exits

Main entries

20 W/linear foot
of door width

20 W/linear foot
of door width

30 W/linear foot
of door width

30 W/linear foot
of door width

Other doors

20 W/linear foot
of door width

20 W/linear foot
of door width

20 W/linear foot
of door width

20 W/linear foot
of door width

Entry canopies 0.25 Wit 0.25 Wift 0.4 Wift: 0.4 Wift:
Sales Canopies
. 0.6 W/ft: 0.6 Wi/ft: 0.8 Wift: 1.0 Wift:
Free-standing and
attache
Outdoor Sales
. . 0.25 W/ft: 0.25 Wi/ft: 0.5 wWift: 0.7 Wift:
Open areas ﬁlncludlng
vehicle sales lots)
Street frontage for
vehicle sales Tots in
addition to“open area " No allowance 10 W/linear foot 10 W/linear foot 30 W/linear foot

allowance

Nontradable Surfaces
(Lighting power density
calculations for the
ffollowing applications
can be used only for the
specific application and
cannot be traded between
surfaces or with other
exterior lighting. The
following allowances are
in addition to any
allowance otherwise
permitted in the

“Tradabl rfaces”
sectallon 0 tilils ta%%e.)

Building facades

No allowance

0.1 W/ft: for each
illuminated wall or
surface or 2.5 W/linear

foot for each illuminated
wall or surface length

0.15 W/ft® for each

illuminated__wall  or|
surface or 3.75 W/linear|
ffoot for each illuminated
all or surface length

0.2 W/ft: for each
illuminated wall or
surface or 5.0 W/linear

foot for each illuminated
wall or surface length

Automated teller
machines and night
depositories

270 W per location plus

90 W.per additional
ATM per location

270 W\R,er location plus
90 per additional
ATM per location

270 W per location plus
90 W per additional
ATM per location

270 W per location plus
90 W per additional
ATM per location

Entrances and gatehouse
inspection stations at
guarded facilities

0.75 W/ft? of covered
and uncovered area

0.75 W/ft? of covered
and uncovered area

0.75 W/ft? of covered
and uncovered area

0.75 W/ft? of covered
and uncovered area

Loading areas for law
enforcement, fire,
ambulance and other
emergency service
vehicles

0.5 W/ft: of covered
and uncovered area

0.5 W/ft: of covered
and uncovered area

0.5 W/ft? of covered
and uncovered area

0.5 W/t of covered
and uncovered area

Drive-up windows/doors

400 W per drive-through

400 W per drive-through

400 W per drive-through

400 W per drive-through

Parking near 24-hour
retail entrances

800 W per main entry

800 W per main entry

800 W per main entry

800 W per main entry

For SlI: 1 foot = 304.8 mm, 1 watt per square foot = W/0.0929 m=.




Minimum Nominal Efficiency for General Purpose
Design A and Design B Motors Rated 600 Volts or Less?

TABLE 505.8(1)

Minimum Nominal Full Load Efficiency (%)

Open Drip-Proof Motors

Totally Enclosed Fan-Cooled Motors

Number of 2 4 6 2 4 6
Poles ==>

Synchronous 3600 1800 1200 3600 1800 1200
Speed

(RPM)==>

Motor

Horsepower

1 77 85.5 82.5 77 85.5 82.5
1.5 84 86.5 86.5 84 86.5 87.5
2 85.5 86.5 87.5 85.5 86.5 88.5
3 85.5 89.5 88.5 86.5 89.5 89.5
5 86.5 89.5 89.5 88.5 89.5 89.5
7.5 88.5 91 90.2 89.5 91.7 91
10 89.5 91.7 91.7 90.2 91.7 91
15 90.2 93 91.7 91 92.4 91.7
20 91 93 92.4 91 93 91.7
25 91.7 93.6 93 91.7 93.6 93
30 91.7 94.1 93.6 91.7 93.6 93
40 92.4 94.1 94.1 92.4 94.1 94.1
50 93 94.5 94.1 93 94.5 94.1
60 93.6 95 94.5 93.6 95 94.5
75 93.6 95 94.5 93.6 95.4 94.5
100 93.6 95.4 95 94.1 95.4 95
125 94.1 95.4 95 95 95.4 95
150 94.1 95.8 95.4 95 95.8 95.8
200 95 95.8 95.4 95.4 96.2 95.8
250 95 95.8 95.4 95.8 96.2 95.8
300 95.4 95.8 95.4 95.8 96.2 95.8
350 95.4 95.8 95.4 95.8 96.2 95.8
400 95.8 95.8 95.8 95.8 96.2 95.8
450 95.8 96.2 96.2 95.8 96.2 95.8
500 95.8 96.2 96.2 95.8 96.2 95.8

a. Nominal efficiencies shall be established in accordance with NEMA Standard MG1.
Design A and Design B are National Electric Manufacturers Association (NEMA) design
class designations for fixed frequency small and medium AC squirrel-cage induction

motors.




Table 505.11(1)
NEMA Premium Efficiency Levels for Dry-Type Distribution Transformers

Single-phase Three-phase

kVA Efficiency (%) kVA Efficiency (%)
15 98.39% 15 97.90%
25 98.60% 30 98.25%
375 98.74% 45 98.39%
50 98.81% 75 98.60%
75 98.95% 1125 98.74%
100 99.02% 150 98.81%
167 99.09% 225 98.95%
250 99.16% 300 99.02%
333 99.23% 500 99.09%
750 99.16%
1000 99.23%

NEMA Class | Efficiency Levels for Liguid-Filled Distribution Transformers

Table 505.14(2)

% OF NAMEPLATE

REFERENCE CONDITION TEMPERATURE LOAD
Load Loss 55°C 50%
No Load Loss 20°C 50%
kVA Efficiency (%) kVA Efficiency (%)

10 98.4% 15 98.1%

15 98.6% 30 98.4%

25 98.7% 45 98.6%

37.5 98.8% 75 98.7%

50 98.9% 1125 98.8%

75 99.0% 150 98.9%

100 99.0% 225 99.0%

167 99.1% 300 99.0%

250 99.2% 500 99.1%

333 99.2% 750 99.2%

500 99.3% 1000 99.2%

667 99.4% 1500 99.3%

883 99.4% 2000 99.4%




CHAPTER 6
REFERENCED STANDARDS

This chapter lists the standards that are referenced in various sections of this document. The standards are listed herein by the
promulgating agency of the standard, the standard identification, the effective date and title, and the section or sections of this

document that reference the standard. The application of the referenced standards shall be as specified in Section 107.

AAMA

American Architectural Manufacturers Association
1827 Walden Office Square

Suijte 550
Schaumburg, IL 60173-4268

Standard Referenced
reference . . incode
number Title section number
AAMA/WDMA/CSA . . . .
101/1.S.2/A c440—05 Specifications for Windows, Doors and Unit Skylights._ . .502.4.1
Association of Home Appliance Manufacturers
AH AM 1111 19th Street, NW, Suite 402
Washington, DC 20036
Standard Referenced
reference in code
number Title section number
ANSI/

AHAM RAC-1—2008

Room Air Conditioners. . . ..o e e

..................... Table 503.2.3(3)

AHRI

Air Conditioning, Heating, and Refrigeration Institute
4100 North Fairfax Drive

Suite 200

Arlington, VA 22203

Standard Referenced
reference ) _incode
number Title section number
210/240—03 Unitary Air-Conditioning-and Air-Source.Heat Pump Equipment. Table 503.2.3(1), Table 503.2.3(2)
310/380—93 Standard for Packaged Terminal Air-conditioners and Heat Pumps. . .............. ... ... Table 503.2.3(3)
340/360—2000 Commercial and Industrial Unitary Air-conditioning and Heat Pump Equipment Table 503.2.3(1), Table 503.2.3(2)
365—02 Commercial and Industrial Unitary Air-conditioning Condensing Units Table 503.2.3(1)
390—03 Performance Ratingof Single Package Vertical Air Conditioners and Heat Pumps Table 503.2.3(3)
440—05 Room Fan-coil .503.2.8
550/590—98 Water Chilling Packages Using the Vapor Compression Cycle—with Addenda Table 503.2.3(6)
560—00 Absorption Water Chilling and Water Heating Packages . ... ... i Table 503.2.3(6)
840—1998 Unit Ventilators .503.2.8
13256-1 (2005) Water-source Heat Pumps—Testing and Rating for Performance—Part 1: Water-to-air and
Brine-to-air Heat Pumps .Table 503.2.3(2)

13256-2 (1998) Water-source Heat Pumps—Testing and Rating for Performance—Part 2: Water-to-water and

Brine-to-water Heat Pumps .Table 503.2.3(2)
1160—2004 Performance Rating of Heat Pump Pool Heaters .Table 504.2

Air Movement and Control Association International
A M ‘ A 30 West University Drive

Arlington Heights; IL 60004-1806
Standard Referenced
reference . ~incode
number Title section number
500D—07 Laboratory Methods for Testing Dampers for Rating . . . . . .ottt e e et ettt e e et e e 502.4.5

ANSI

American National Standards Institute

25 West 43rd Street

Fourth Floor
New York, NY 10036



Standard Referenced
reference . . incode
number Title section number
721.10.3—01 Gas Water Heaters, Volume |11 - Storage Water Heaters with Input Ratings Above 75,000 Btu per Hour,

Circulating Tank and Instantaneous—with Addenda Z221.10.3a-2003 and Z21.10.3b-2004 ... .. ... . Table 504.2
Z21.13—04 Gas-fired Low Pressure Steam and Hot Water Boilers .Table 503.2.3(5)
Z721.47—03 Gas-fired Central FUMNACES . . . . . . oottt e e Table 503.2.3(4)
783.8—02 Gas Unit Heaters and Gas-Fired Duct Furnaces—with Addendum Z83.8 Table 503.2.3(4)




REFERENCED STANDARDS

ASHRAE

American Society ot Heating, Refrigerating and Air-Conditioning Engineers, Inc.
17?1 Tullie Circls NE
At 9-

Standard

reference
number

146—1998

ANSI/ASHRAE/ACCA
Standard 183—2007

13256-1 (2005)

90.1—2007

ASHRAE—2004
62.1-2007

anta, GA 30329-2305
Referenced
in code
Title section number
Testing and Rating Pool Heaters . . . ... ... e Table 504.2
Peak Cooling and Heating Load Calculations in Buildings Except Low-rise Residential Buildings 503.2.1

Water-source Heat Pumps—Testing and Rating for Performance—Part 1: Water-to-air and
Brine-to-air Heat Pumps (ANSI/ASHRAE/IESNA 90.1-2004)
Energy Standard for Buildings Except Low-rise Residential Buildings
(ANSI/ASHRAE/IESNA 90.1-2007) . . .. oottt 501.1, 501.2,502.1.1, Table 502.2(2)
ASHRAE HVAC Systems and Equipment Handbook-2004. . . . . ... o oo 503.2.1
Ventilation for Acceptable Indoor Air Quality...........cccovvvivi i odoniiiiie i e e eenen. ..503.2.5, 503.2.5.1, 503.4.5

Table 503.2.3(2)

ASME

American Society of Mechanical Engineers
Three Park Avenue
New York, NY 10016-5990

Standard Referenced
reference in code
number Title section number
PTC4.1- 1964 Steam Generating Units. .Table 503.2.3(5)

(Reaffirmed 1991)

ASTM

ASTM International

100 Barr Harbor Drive
West Conshohocken, PA 19428-2859

Standard Referenced
reference in code
number Title section number

C 90—06b Specification for Load-bearing Concrete Masonry UNitS. . . .. .. oottt Table 502.2(1)
E 283—04 Test.Method for Determining the Rate of Air Leakage Through Exterior Windows,

Curtain Walls and Doors Under-Specified Pressure Differences Across the Specimen 502.4.1.2(2), Table 502.4.3

E2178-03 Standard Test. Method for Air Permeance of Building Materials..................ccoooiiiii 502.4.1.2(1)
E2357-05 Standard Test Method for Determining Air Leakage of Air Barrier ASSemblies..........cccvvviiiiieiiiiiiiiiee e, 502.4.1.2(2)
E779-03 Standard Test Method for Determining Air Leakage Rate by Fan Pressurization................c...cceevevvneee.....502.4.1.2(3)

E1677-95 (2000)

Standard Specification for an Air Retarder (AR) Material or System for Low-Rise Framed Building Walls.. 502.4.1.2(2)

CSA

Canadian Standards Association

5060 Spectrum Way
Mississauga, Ontario, Canada L4W 5N6

Standard Referenced
reference . . incode
number Title section number
101/1.5.2/A440—08 Specifications for Windows, Doors and Unit Skylights. . Table 502.4.3
Door and Access Systems Manufacturers Association
1300 Sumner Avenue, Cleveland, OH 44115-2851
Standard Referenced
reference in code
number Title section number
105-92 (R 2004)Test Method for Thermal Transmittance and Air Infiltration of Garage Doors Table 502.4.3



DOE

U.S. Department of Energy
c/o_Superintendent of Documents
U.S. Government Printing Office
Washington, DC 20402-9325

Standard Referenced
reference in code
number Title section number
10 CFR Part 430, Subpart B,

Appendix E (1998) Uniform Test Method for Measuring the Energy Consumption of Water Heat Table 504.2

10 CFR Part 430, Subpart B,
Appendix N (1998)

Uniform Test Method for Measuring the Energy Consumption of Furnaces and B

. Table 503.2.3(4), Table 503.2.3(5)



REFERENCED STANDARDS

DOE—continued

10 CFR Part 431,
Subpart E 2004 Test Procedures and Efficiency Standards for Commercial Packaged Boilers Table 503.2.3(5)

International Code Council, Inc.

I ‘ ‘ 500 New Jersey Avenue, NW

6th Floor

Washington, DC 20001
Standard Referenced
reference ) ~incode
number Title section number
IBC—09 International Building Code® . .201.3, 303.2,
IFC—09 International Fire Code® o .201.3
IFGC—09 International Fuel Gas Code® .201.3
IMC—09 International Mechanical Code® . .. ... ... . . du i 503.2.6, 503.2.7.1, 503.2.7.1.1,

503.2.7.1.2,503.2.9.1,

IPC—09 International Plumbing Code® .201.3

Illuminating Engineering Society of North America

I ES N A 120 Wall Street, 17th Floor

New York, NY 10005-4001
Standard Referenced
reference . . incode
number Title section number
90.1—2007 Energy Standard for Buildings Except Low-rise Residential Buildings.. . 501.1, 501.2, 502.1.1, Table 502.2(2)

National Fenestration Rating Council, Inc.
N F RC 6305 vy Lane, Suite 140
Greenbelt, MD-20770

Standard Referenced
reference . ~incode
number Title section number
100—04 Procedure for Determining Fenestration Product U-factors—Second Edition 302.1.3, 502.2.1
200—04 Procedure for Determining Fenestration Product Solar Heat Gain Coefficients and
Visible Transmittance at Normal Incidence—Second Edition .302.1.3, 502.2.1
400—04 Procedure for Determining Fenestration Product Air Leakage—Second Edition. 402.4.2, Table 502.4.3

Sheet Metal and Air.Conditioning Contractors National Association, Inc.
S MA‘ NA4021 Lafayette Center Drive
Chantilly, VA 20151-1209

Standard Referenced
reference in code
number Title section number
SMACNA—85 HVAC Air Duct Leakage Test Manual. . . . ..ottt et e et et et et et ettt e 503.2.7.1.3
Underwriters Laboratories Inc.
l | L 333Pfingsten Road
Northbrook, IL 60062-2096
Standard Referenced
reference y ~incode
number Title section number
727—06 Oil-fired Central Furnaces .Table 503.2.3(4)

731—95 Oil-fired Unit Heaters—with Revisions through February 2006

Table 503.2.3(4)




REFERENCED STANDARDS

Window and Door Manufacturers Association

1400 East Touhy Avenue, Suite 470
WD MA Des Platnes 1L 60018

Standard Referenced
reference in code

number Title section number
AAMA/WDMA/CSA L . . .
101/1.S.2/A440—08 Specifications for Windows, Doors and Unit Skylights. . Table 502.4.3







