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PREFACE

Introduction

The 2024 City of Boulder Energy Conservation Code (COBECC) prescribes minimum energy efficiency
and conservation standards for new buildings and for additions and alterations to existing buildings.
The requirements of the COBECC are intended to promote public health, safety and welfare by
requiring the design and construction of buildings in the City of Boulder consistent with the city’s
energy, climate and sustainability goals; national safety standards; and best practices for engineer-
ing and construction technology.

The COBECC introduces new energy efficiency measures and improves the energy performance
requirements for residential buildings and prescriptive requirements for commercial buildings.

The COBECC is based on the 2021 edition of the International Energy Conservation Code®
(IECC®), published by the International Code Council®ICC®), and incorporates local amendments to
the model code. The COBECC eliminates portions_of the,mddel code that do not apply to Boulder
and incorporates Boulder’s local energy conservatignyeguirements in one document.

Since 1996, the city has adopted local andfendments to the IECC to impose more stringent energy
efficiency requirements than the modelwncode. Like previous local amendments, the COBECC
imposes more stringent energy efficienty requirements than the model code. The COBECC require-
ments support the climate action pldp adopted by the City of Boulder in 2021:

e 70 percent reduction of the,community’s greenhouse gas emissions below 2018 levels by
2030.

e Net Zero carbon emissions by 2035*
e  Carbon/ClimatePesitive by 2040

In support of thesé"goals, Bolldemhas set a target of reaching net zero energy construction by
2031 for new’bUildings and majonalterations through building and energy code requirements. Boul-
der has developed a strategy to achieve that target; adopting increasingly aggressive energy codes
is a keygpart ofith€ strategy.

Adoption
The¥2024 City of Boulder Energy Conservation Code was adopted at reading by the City
Council of the City of Boulder on , 2024, with the passage of City of Boulder Ordinance
No. 8629.

Information regarding the adoption of Ordinance No. 8629 can be reviewed at the City of Boul-
der Central Records Office as part of the City Council agenda materials for ,2024.

Marginal Markings

Indicates a City of Boulder amendment has been made to the 2018 International
Energy Conservation Code.

>

Indicates model code language deleted by the City of Boulder.

Italicized Terms

Selected words and terms defined in Chapter 2, Definitions, are italicized where they appear in code
text and the Chapter 2 definition applies. Where such words and terms are not italicized, common-
use definitions apply. The words and terms selected have code-specific definitions that the user
should read carefully to facilitate better understanding of the code.
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EFFECTIVE USE OF THE
INTERNATIONAL ENERGY CONSERVATION CODE

The 2024 City of Boulder Energy Conservation Code (COBECC) is a model code that regulates mini-
mum energy conservation requirements for new buildings and for additions, alterations, and repairs
of existing buildings. This code addresses energy conservation requirements for all aspects of
energy uses in both commercial and residential construction, including heating and ventilating,
lighting, water heating, and power usage for appliances and building systems.

This code is a design document. For example, before one constructs a building, the designer must
determine the minimum insulation R-values and fenestration U-factors for the building exterior
envelope. Depending on whether the building is for residential use or for commercial use, the
COBECC sets forth minimum requirements for exterior envelope insulation, window and door U-fac-
tors and SHGC ratings, duct insulation, lighting and power efficiency, and water distribution insula-
tion.

Arrangement and Format of the 2024 COBECG

The COBECC contains two separate setsgof phovisions—one for commercial buildings and one for
residential buildings. Each set of provisions istapplied separately to buildings within their scope. The
Commercial Provisions apply to all buildings €xcept for residential buildings three stories or less in
height. The Residential Provisions’apply t0 detached one- and two-family dwellings and multiple
single-family dwellings as well a Ggoup‘R-3 and R-4 buildings three stories or less in height. These
scopes are based on the definitions%f “Commercial building” and “Residential building,” respec-
tively, in Chapter 2 of each set offpsovisions. Note that the Commercial Provisions therefore contain
provisions for R-2 buildings,and occupanéiessiot included as per the definition of residential build-
ing. Each set of provisiens is divided into six different parts:

Chapters Subjects
1-2 Administration and Definitions
3 General Materials Requirements
4 Energy Efficiency Requirements
5 Existing Buildings
6 Referenced Standards

The following is a chapter-by-chapter synopsis of the scope and intent of the provisions of the
City of Boulder International Energy Conservation Code and applies to both the commercial and res-
idential energy provisions:

Chapter 1 Scope and Administration. This chapter contains provisions for the application, enforce-
ment 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 con-
servation criteria contained in the body of this code. Only through careful observation of the admin-
istrative provisions can the code official reasonably expect to demonstrate that “equal protection
under the law” has been provided.

Chapter 2 Definitions. Chapter 2 is the repository of the definitions of terms used in the body of the
code. Codes are technical documents and every word, term and punctuation mark can impact the
meaning of the code text and the intended results. The code often uses terms that have a unique
meaning in the code and the code meaning can differ substantially from the ordinarily understood
meaning of the term as used outside of the code.

The terms defined in Chapter 2 are deemed to be of prime importance in establishing the mean-
ing and intent of the code text. The user of the code should be familiar with and consult this chapter
because the definitions are essential to the correct interpretation of the code and the user may not
be aware that a term is defined.

Where understanding of a term’s definition is especially key to or necessary for understanding of
a particular code provision, the term is shown in jtalics. This is true only for those terms that have a
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EFFECTIVE USE

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 prescribed 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, and provides basic material require-
ments for insulation materials and fenestration materials.

Chapter 4 Energy Efficiency. Chapter 4 of each set of provisions contains the technical requirements
for energy efficiency.

Commercial Energy Efficiency. Chapter 4 of the Commercial Provisions contains the energy-effi-
ciency-related requirements for the design and construction of most types of commercial build-
ings, including buildings with residential uses and occupancies that do not meet the definition of
a residential building. This chapter defines requirements for the portions of the building and
building systems that impact energy use in new commercial construction and promote the effec-
tive use of energy. In addition to energy conservation#equirements for the building envelope,
this chapter contains requirements that impact energy effigienCy for the HVAC systems, the elec-
trical systems and the plumbing systems. It should \beJneted, however, that requirements are
contained in other codes that have an impact oh, _eRergy conservation. For instance, require-
ments for water flow rates are regulated by thesaternational Plumbing Code.

Residential Energy Efficiency. Chapter 4/0f the Residential Provisions contains the energy-effi-
ciency-related requirements for the design and construction of residential buildings regulated
under this code. It should be notedfthat the”definition of a residential building in this code is
unique for this code, a residentialgbtiilding%s defined as detached one- and two-family dwellings
and townhouses, and Group R:3 and Rs4 buildings three stories or less in height above grade
plane with separate means of ‘egfess, All other buildings, including those containing Group R-2
occupancies, shall be regulated by the energysednservation requirements in the Commercial Pro-
visions. The applicable portians,of a residential building must comply with the provisions within
this chapter for energy“effielency. This“ehapter defines requirements for the portions of the
building and buildifg systems that impact'esfergy use in new residential construction and pro-
mote the effective Usé of €nergy. The Provisions within the chapter promote energy efficiency in
the building efivelopenthe heatingtand, cooling system and the service water heating system of
the building.

Chapter 5 Existing Buildings. Chapter 5 of each set of provisions contains the technical energy effi-
ciency requirements for existing buildings. Chapter 5 provisions address the maintenance of build-
ings ing€empliance with the code as well as how additions, alterations, repairs and changes of
occupaney, need to be addressed from the standpoint of energy efficiency. Specific provisions are
provided,for historic buildings.

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, alphabetically, by acronym of the promulgating agency of the standard.
Each agency’s standards are then listed in either alphabetical or numeric order based on the stan-
dard identification. The list also contains the title of the standard; the edition (date) of the standard
referenced; any addenda included as part of the ICC adoption; and the section or sections of this
code that reference the standard.

Appendix CA, Boulder Modified Appendix G Protocol. This appendix is part of this code for the
commercial provisions as referenced in Section C407. This appendix provides guidance on modifica-
tions to the ASHRAE 90.1-2022, Appendix G for the purpose of energy modeling for compliance
with C407.3.
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Abbreviations and Notations

EFFECTIVE USE

The following is a list of common abbreviations and units of measurement used in this code. Some
of the abbreviations are for terms defined in Chapter 2. Others are terms used in various tables and

text of the code.
AFUE
bhp

Btu
Btu/h-ft’
C-factor
CDD

cfm
cfm/ft?
ci

cop
DCV

°C

°F
DWHR
DX

Annual fuel utilization efficiency
Brake horsepower (fans)

British thermal unit

Btu per hour per square foot

See Chapter 2—Definitions

Cooling degree days

Cubic feet per minute

Cubic feet per minute per square foot

Continuous insulation

Coefficient of performance VV

Demand control ventilatio
Degrees Celsius

Degrees Fahrenheit: O
Drain water he&&y

Direct expaw !

Energy rating index

Energy use intensity

See Chapter 2—Definitions
Fault detection and diagnostics
Fan efficiency grade

Full load

Square foot

Gallons per minute

Heating degree days
Horsepower

Heating seasonal performance factor

Heating, ventilating and air conditioning

Integrated energy efficiency ratio
Integrated Part Load Value
Kilograms per square meter

Kilowatt

Light power density (lighting power allowance)
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EFFECTIVE USE

L/s Liters per second

Ls Liner system

m? Square meters

MERV Minimum efficiency reporting value
NAECA National Appliance Energy Conservation Act
NPLV Nonstandard Part Load Value

Pa Pascal

PF Projection factor

pcf Pounds per cubic foot

psf Pounds per square foot

PTAC Packaged terminal air conditioner
PTHP Packaged terminal heat pump

R-value See Chapter 2—Definitions

SCOP Sensible coefficient of performanc v
SEER Seasonal energy efficiency ratio

SEER2 Seasonal energy efficiency ratio 2
SHGC Solar Heat Gain Coefficj \
SPVAC Single packaged verticalair conditioner
SPVHP Single packaged ical heat pu

SRI Solar reflecta % i
SWHF Service treco act
U-factor See —Definiti

VAV ir volu

VRF m e refriger@w
VT QVisible transmittance

w % Watts

w.cC. Water column

w.g. Water gauge
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CHAPTER 1 [CE]
SCOPE AND ADMINISTRATION

User note:

About this chapter: Chapter 1 establishes the limits of applicability of the code and describes how the code is to be applied and enforced.
Chapter 1 includes two parts: Part —Scope and Application and Part 2—Administration and Enforcement. Section 101 identifies what build-
ings, systems, appliances and equipment fall under its purview and references other I-Codes as applicable. Standards and codes are scoped

to the extent referenced.

The provisions of Chapter 1 establish the authority and duties of the code official appointed by the authority having jurisdiction and also estab-
lish the rights and privileges of the design professional, contractor and property owner.

PART 1—SCOPE AND APPLICATION

SECTION C101
SCOPE AND GENERAL REQUIREMENTS

C101.1 Title. This code shall be known as the 2024 City of
Boulder Energy Conservation Code and shall be cited as
such. It is referred to herein as “this code.”

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

C101.3 Intent. This code shall regulate the design ‘and
construction of buildings for the -effectiveiwuse “Yand
conservation of energy over the useful life of Gachhbuilding.
This code is intended to provide flexibility“to permit the us€
of innovative approaches and technigtiesytoy achievegsthis
objective. This code is not intended,tojabridge safety, health
or environmental requirements comtaincdsin’ other applicable
codes or ordinances.

C101.4 Applicability. Whef@=insany specific case, different
sections of this code specify, different materials, methods of
construction or other requirements, the most restrictive shall
govern. Where there is a conflict between a general
requirement and a specific requirement, the specific
requirement shall govern.

C101.4.1 Mixed residential and commercial buildings.
Where a building includes both residential building and
commercial building portions, each portion shall be
separately considered and meet the applicable Commercial
Provisions of this code or Residential Provisions of this
code.

C101.5 Compliance. Residential buildings shall meet the
Residential Provisions of this code. Commercial buildings
shall meet the Commercial Provisions of this code.

C101.5.1 Compliance materials. The code official is
authorized to require compliance documentation,
certificates, or reports prior to issuance of the building
permit, the certificate of occupancy, or prior to passing
inspections. The production of this documentation shall be
in support of demonstrating compliance with the
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applicable requirements, construction installation method,
or the energy compliance path being utilized.

SECTION C102
AETERNATIVE MATERIALS, DESIGN AND
METHODS OF CONSTRUCTION AND EQUIPMENT

€1024 General. The provisions of this code are not intended
te prevent the installation of any material or to prohibit any
design or method of construction not specifically prescribed
by thi§ code, provided that any such alternative has been
approved. The chief building official shall have the authority
to appreye an alternative material, design or method of
construction upon the written application of the owner or the
ownet’s authorized agent. The chief building official shall
first find that the proposed design is satisfactory and complies
with the intent of the provisions of this code, and that the
material, method or work offered is, for the purpose intended,
not less than the equivalent of that prescribed in this code in
quality, strength, effectiveness, fire resistance, durability,
energy conservation and safety. The code official shall
respond to the applicant in writing, stating the reasons why
the alternative was approved or was not approved.

C102.1.1 Above code programs. The chief building
official shall be permitted to deem a national, state or local
energy efficiency program exceeding the energy
efficiency required by this code. Buildings approved in
writing by such an energy efficiency program shall be
considered to be in compliance with this code. The
requirements identified in Table C407.2 shall still be met.

C102.1.2 Technical infeasibility. The chief building
official has the authority to modify this code where
equipment, as mandated by this code, is unavailable.

C102.1.3 Compliance with federal and state law and
regulations. The chief building official may modify, for
individual cases, the provisions of this code to allow a
design, installation, or construction not in compliance with
the provisions of this code, if otherwise the provisions of
this code would result in a violation of federal or state
legislation or regulations and the modification would be
the minimum modification that provides relief.

C-1



SCOPE AND ADMINISTRATION

PART 2—ADMINISTRATION AND ENFORCEMENT

SECTION C103
CONSTRUCTION DOCUMENTS

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

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

C103.2 Information on construction documents.
Construction documents shall be drawn to scale on suitable
material. Electronic media documents are permitted to be
submitted where approved by the code official. Construction
documents shall be of sufficient clarity to indicate the
location, nature and extent of the work proposed, and show in
sufficient detail pertinent data and features of the building,
systems and equipment as herein governed. Details shall
include, but are not limited to, the following as applicablef

1. Energy compliance path.
2. Insulation materials and their R-values.

3. Fenestration U-factors and solar heat gain‘egefficients
(SHGCs).

4. Area-weighted U-factor andy” solar gheat gain
coefficient (SHGC) calculatior,

5. Mechanical system design critegia:

6. Mechanical and servicé,water heating systems and
equipment types, sizes, andhefficiencies.

7. Economizer description.
8. Equipment and system controls.
Fan motor horsepower (hp) and controls.
10. Duct sealing, duct and pipe insulation and location.

11. Lighting fixture schedule with wattage and control
narrative.

12. Location of daylight zones on floor plans.

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

14. Details of additional electric infrastructure, including
branch circuits, conduit, or pre-wiring, and panel
capacity in compliance with the provisions of this
code.

15. Location and size of the solar-ready zone.

16. Structural design loads of roof dead load and roof live
load.

17. Pathways for routing of conduit from the solar-ready
zone to the electrical service panel.

18. Number and location of EV capable light spaces.

19. Number and location of EV capable spaces.
20. Number and location of EV ready spaces.
21. Number and location of EVSE installed spaces.

22. Locations of conduit and termination points serving
the aforementioned parking spaces.

23. Location for condensate drainage where combustion
equipment for space heating and water heating is

installed.
24. Additional Conservation measures selected for
compliance with C406.

C103.2.1 Building thermal envelope depiction. The
building thermal envelope shall be represented on the
construction drawings in both plan and trans-sectional
views and shall outline the extent of the building thermal
envelope.

C103.3 Examinatiomyof decuments. The code official shall
examine or causeyto¥'be examined the accompanying
construction “documents and shall ascertain whether the
constructionsindicated and described is in accordance with
the reguigethents of this code and other pertinent laws or
ordinances\I'he code official is authorized to utilize a
registered design professional, or other approved entity not
affiltated with the building design or construction, in
conducting the review of the plans and specifications for
compliancewith the code.

C103:3.1 Approval of construction documents. When
the code™wfficial issues a permit where construction
doguments are required, the construction documents shall
be, ehidorsed in writing and stamped “Reviewed for Code
Coémpliance.” Such approved construction documents
shall not be changed, modified or altered without
authorization from the code official. Work shall be done in
accordance with the approved construction documents.

One set of construction documents so reviewed shall be
retained by the code official. The other set shall be
returned to the applicant, kept at the site of work and shall
be open to inspection by the code official or a duly
authorized representative.

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

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

C103.4 Amended construction documents. Changes made
during construction that are not in compliance with the
approved construction documents shall be resubmitted for
approval as an amended set of construction documents.
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C103.5 Retention of construction documents. One set of
approved construction documents shall be retained by the
code official for a period of not less than 180 days from date
of completion of the permitted work, or as required by state
or local laws.

C103.6 Building documentation and closeout submittal
requirements. The construction documents shall specify that
the documents described in this section be provided to the
building owner or owner’s authorized agent within 90 days of
the date of receipt of the certificate of occupancy.

C103.6.1 Record documents. Construction documents
shall be updated to convey a record of the completed
work. Such updates shall include mechanical, electrical
and control drawings that indicate all changes to size, type
and location of components, equipment, and assemblies.

C103.6.2 Compliance documentation. Energy code
compliance documentation and supporting calculations
shall be delivered in one document to the building owner
as part of the project record documents or manuals, or as a
standalone document. This document shall include the
specific energy code edition utilized for compliance
determination  for each  system, documentation
demonstrating compliance with Section C303.1.3 for each
fenestration product installed, and the interior lighting
power compliance path, building area or space-by-space
used to calculate the lighting power allowance.

For projects complying with the Prescriptive Patliway
per Section C401.2, the documentation shall include:

1. The envelope insulation compliance path,

2. All  compliance calculations ineluding“®those
required by Sections C402.1.5, €403.8,1,>C405.3
and C405.5.

C103.6.3 Systems operation control. Training shall be
provided by the builder or design preféssional to those
responsible for maintaining ‘and operating equipment
included in the manuals required By Section C103.6.2.

The training shall inélude:
1. Review of manuals and permanent certificate.

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

3. Training completion report.

SECTION C104
FEES

C104.1 Fees. A permit shall not be issued until the fees
prescribed in Section C104.2 have been paid, nor shall an
amendment to a permit be released until the additional fee, if
any, has been paid.

C104.2 Schedule of permit fees. A fee for each permit shall
be paid as required, in accordance with the schedule as
established by the applicable governing authority.

C104.3 Work commencing before permit issuance. Any
person who commences any work before obtaining the
necessary permits shall be subject to an additional fee
established by the code official that shall be in addition to the
required permit fees.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE
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C104.4 Related fees. The payment of the fee for the
construction, alteration, removal or demolition of work done
in connection to or concurrently with the work or activity
authorized by a permit shall not relieve the applicant or
holder of the permit from the payment of other fees that are
prescribed by law.

C104.5 Refunds. The code official is authorized to establish
a refund policy.

SECTION C105
INSPECTIONS

C105.1 General. Construction or work for which a permit is
required shall be subject to inspection by the code official, his
or her designated agent or an approved agency, and such
construction or work shall remain visible and able to be
accessed for ingpection purposes until approved. Approval as
a result ofgan mspe€tion shall not be construed to be an
approval offa yielation of the provisions of this code or of
other ordimanges of the jurisdiction. Inspections presuming to
give authemty to violate or cancel the provisions of this code
of of¥ether ordinances of the jurisdiction shall not be valid. It
shall be the duty of the permit applicant to cause the work to
retain visible and able to be accessed for inspection
purposes. Neither the code official nor the jurisdiction shall
be liable for the expense entailed in the removal or
replacement of any material, product, system or building
compenent required to allow inspection to validate
compliance with this code.

C105.2 Required inspections. The code official, his or her
designated agent or an approved agency, upon notification,
shall make the inspections set forth in Sections C105.2.1
through C105.2.6.

C105.2.1 Footing and foundation insulation.
Inspections shall verify the footing and foundation
insulation R-value, location, thickness, depth of burial and
protection of insulation as required by the code, approved
plans and specifications.

C105.2.2 Thermal envelope. Inspections shall verify the
correct type of insulation, R-values, location of insulation,
fenestration, U-factor, SHGC and VT, and that air leakage
controls are properly installed, as required by the code,
approved plans and specifications.

C105.2.3 Plumbing system. Inspections shall verify the
type of insulation, R-values, protection required, controls
and heat traps as required by the code, approved plans and
specifications.

C105.2.4 Mechanical system. Inspections shall verify the
installed HVAC equipment for the correct type and size,
controls, insulation, R-values, system and damper air
leakage, minimum fan efficiency, energy recovery and
economizer as required by the code, approved plans and
specifications.

C105.2.5 Electrical system. Inspections shall verify
lighting system controls, components, meters, and
additional electric infrastructure as required by the code,
approved plans, and specifications.

C-3



SCOPE AND ADMINISTRATION

C105.2.6 Solar ready. As required by the code, approved
plans and specifications, inspections shall verify the
location and size of the solar-ready zone or the capacity of
an installed on-site renewable energy system and the
electrical capacity and reserved physical space for circuit
breakers in the main electrical service panel that are
properly labeled.

R105.2.7 Electric Vehicle Ready. As required by this
code, approved plans and specifications, inspections shall
verify the EV power transfer infrastructure requirements,
the branch circuits, conduit and/or raceway, junction
boxes, receptacles and EVSE are properly labeled and
installed for each parking space type. The electrical
capacity and reserved physical space for circuit breakers in
the main electrical service panel are properly labeled, if
applicable shall also be verified.

R105.2.8 Electric ready. As required by this code,
approved plans and specifications, inspections shall verify
the branch circuits, conduit and/or raceways, wiring,
junction boxes and receptacles for future electric
equipment or appliances are properly labeled and installed,
as applicable. Reserved physical space for future electric
equipment or appliances as well as electrical capacity and
reserved physical space for circuit breakers in the main
electrical service panel are properly labeled shall also be
verified.

C105.2.9 Final inspection. The final inspection shall
include verification of the installation and proper operatioh
of all required building controls, proper labeling, “and
documentation verifying activities associated with required
building commissioning have been _condéicted” in
accordance with Section C408.

C105.3 Reinspection. A building shalLpe reinspected whera
determined necessary by the code officials

C105.4 Approved inspection agencies. The code official is
authorized to accept reports of thirdsparty inspection agencies
not affiliated with the building, design or construction,
provided that such agencies are approved as to qualifications
and reliability relevant to the building components and
systems that they are inspecting.

C105.5 Inspection requests. It shall be the duty of the holder
of the permit or their duly authorized agent to notify the code
official when work is ready for inspection. It shall be the duty
of the permit holder to provide access to and means for
inspections of such work that are required by this code.

C105.6 Reinspection and testing. Where any work or
installation does not pass an initial test or inspection, the
necessary corrections shall be made to achieve compliance
with this code. The work or installation shall then be
resubmitted to the code official for inspection and testing.

SECTION C106
NOTICE OF APPROVAL

C106.1 Approval. After the prescribed tests and inspections
indicate that the work complies in all respects with this code,
a notice of approval shall be issued by the code official.

C106.2 Revocation. The code official is authorized to
suspend or revoke, in writing, a notice of approval issued
under the provisions of this code wherever the certificate is
issued in error, or on the basis of incorrect information
supplied, or where it is determined that the building or
structure, premise, or portion thereof is in violation of any
ordinance or regulation or any of the provisions of this code.

SECTION C107
VALIDITY

C107.1 General. If a portion of this code is held to be illegal
or void, such a decision shall not affect the validity of the
remainder of this code.

SECTION C108
REFERENCED STANDARDS

C108.1 Referencédycodes and standards. The codes and
standards refegen¢€d in this code shall be those listed in
Chapter 6fgand,Such codes and standards shall be considered
as papp#of, the requirements of this code to the prescribed
extenit of sach such reference and as further regulated in
Seetions, CGA08.1.1 and C108.1.2.

C108.1.1 Conflicts. Where conflicts occur between
provisions of this code and referenced codes and
standards, the provisions of this code shall apply.

C108.1.2%Rrovisions in referenced codes and standards.
Wihere the extent of the reference to a referenced code or
Standafd includes subject matter that is within the scope of
thsbcode, the provisions of this code, as applicable, shall
take precedence over the provisions in the referenced code
or standard.

C108.2 Application of references. References to chapter or
section numbers, or to provisions not specifically identified
by number, shall be construed to refer to such chapter, section
or provision of this code.

C108.3 Other laws. The provisions of this code shall not be
deemed to nullify any provisions of local, state, or federal
law. This code is intended to comply with and be interpreted
and enforced so as to comply with 42 U.S.C. Section
6297(f)(3) and any other federal requirements to avoid pre-
emption. For purposes of 42 U.S.C. Section 6297(f)(3), “new
construction” shall be interpreted to include all work that trig-
gers the requirements established by this code.

SECTION C109
STOP WORK ORDER

C109.1 Authority. Where the code official finds any work
regulated by this code being performed in a manner contrary
to the provisions of this code or in a dangerous or unsafe
manner, the code official is authorized to issue a stop work
order.

C109.2 Issuance. The stop work order shall be in writing and
shall be given to the owner of the property, the owner’s
authorized agent, or the person performing the work. Upon
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issuance of a stop work order, the cited work shall immedi-
ately cease. The stop work order shall state the reason for the
order and the conditions under which the cited work is autho-
rized to resume.

C109.3 Emergencies. Where an emergency exists, the code
official shall not be required to give a written notice prior to
stopping the work.

C109.4 Failure to comply. Any person who shall continue
any work after having been served with a stop work order,
except such work as that person is directed to perform to
remove a violation or unsafe condition, shall be subject to
fines established by the authority having jurisdiction.

SECTION C110
BOARD OF BUILDING APPEALS

C110.1 General. Appeals of orders, decisions or determina-
tions made by the code official relative to the application and
interpretation of this code, shall be heard by the board of
building appeals established under Section 2-3-4, “Board of
Building Appeals,” B.R.C. 1981, unless the city manager
determines that, due to the nature of the issues in a particular
appeal, to appoint a hearing officer under Section 1-3-5,
“Hearings and Determinations,” B.R.C. 1981.

C110.2 Limitations on authority. An application for appeal
shall be based on a claim that the provisions of this ¢
the rules legally adopted thereunder have been i
interpreted or applied or that an equally good o
rial, design, or method of construction is prop
or hearing officer has no authority to waiv

of this code.

date of refusal of the building pe
the work performed under the
sion of the building permi
tificate of completion statin

it Or revocation or suspen-
ate of occupancy or cer-
basis for appeal.

C110.4 Fee. An applicant for an appeal shall pay the fee pre-
scribed by Section 4-20-47, “Zoning Adjustment and Build-
ing Appeals Filing Fees,” B.R.C. 1981. The fee for an appeal
heard by a hearing officer shall be the same as the fee for an
appeal heard by the board of building appeals.
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SECTION C111
VIOLATIONS
C111.1 General. The provisions for violations set forth in
Chapter 1 of the City of Boulder Building Code as part of
Chapter 10-5, “Building Code,” B.R.C 1981, shall apply to
violations of this code.

O
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CHAPTER 2 [CE]
DEFINITIONS

User note:

About this chapter: Codes, by their very nature, are technical documents. Every word, term and punctuation mark can add to or change the
meaning of a technical requirement. It is necessary to maintain a consensus on the specific meaning of each term contained in the code.
Chapter 2 performs this function by stating clearly what specific terms mean for the purposes of the code.

SECTION C201
GENERAL

C201.1 Scope. Unless stated otherwise, the following words and
terms in this code shall have the meanings indicated in this
chapter and Section R202 when applicable.

C201.2 Interchangeability. Words used in the present tense
include the future; words in the masculine gender include the
feminine and neuter; the singular number includes the plural
and the plural includes the singular.

C201.3 Terms defined in other codes. Terms that are not
defined in this code but are defined in the International
Building Code, International Fire Code, International Fuel
Gas Code, International Mechanical Code, Internatiowal
Plumbing Code or the International Residential Code shallshave
the meanings ascribed to them in those codes.

C201.4 Terms not defined. Terms not defined by, this\Chapter
shall have ordinarily accepted meanings such_as“thesgontext
implies.

SECTION C202
GENERAL DEFINITIONS

ABOVE-GRADE WALL. See{ Wdll, above-grade.”

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

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

AIR BARRIER. One or more materials joined together in a
continuous manner to restrict or prevent the passage of air
through the building thermal envelope and its assemblies.

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

ALL-ELECTRIC. Refers to an energy source for a system,
appliance or piece of equipment that is fueled by electricity.

ALL-ELECTRIC BUILDING. A building that uses a
permanent supply of electricity as the source of energy for all
space heating, water heating (including pools and spas),
cooking appliances, and clothes drying appliances, and has
no natural gas, propane or fuel-oil plumbing installed in the
building.
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ALTERATION. Any construction, retrofit or renovation to
an existing structure other than repair or addition. Also, a
change in a building, electrical, gas, mechanical or plumbing
system that involves an extension, addition or change to the
arrangement, type or purpose of the original installation.

ALTERATION, LEYEL 1. An alteration that includes the
removal affdgreplaCement or the covering of existing
materialg, cleMmctits, equipment or fixtures using new
mategials, elempents, equipment or fixtures that serve the same
purpose.

ALTERATION, LEVEL 2. An alteration that includes the
reconfiguration of space, the addition or elimination of any
door or window, the reconfiguration or extension of any
system, or the installation of any additional equipment.

ALTERATION, LEVEL 3. An alteration where the work
exeeeds 50 percent of the building floor area.

APPROVED. Acceptable to the code official.

ARPROVED AGENCY. An established and recognized
agency that is regularly engaged in conducting tests or
furnishing inspection services, or furnishing product

certification, where such agency has been approved by the
code official.

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

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

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

BIOMASS. Nonfossilized and biodegradable organic material
originating from plants, animals and/or microorganisms,
including products, by-products, residues and waste from
agriculture, forestry, and related industries as well as the
nonfossilized and biodegradable organic fractions of industrial
and municipal wastes, including gases and liquids recovered
from the decomposition of nonfossilized and biodegradable
organic material.

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

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

BUBBLE POINT. The refrigerant
temperature at a specified pressure.

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

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

BUILDING SITE. A contiguous area of land that is under
the ownership or control of one entity.

BUILDING THERMAL ENVELOPE. The basement walls,
exterior walls, floors, ceilings, roofs and any other building
element assemblies that enclose conditioned space or provide a
boundary between conditioned space and exempt or
unconditioned space.

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

CAVITY INSULATION.
between framing members.

C-FACTOR (THERMAL CONDUCTANCE). The
coefficient of heat transmission (surface to surface) throughya
building component or assembly, equal to the time rategef heat
flow per unit area and the unit temperature differeneesbctyéen
the warm side and cold side surfaces (Btu/h « ft* «€F)3\/(t? «
K)].

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

Insulating material located

1. A change of occupancy classification.

2. A change from one group%o ‘apother group within an
occupancy classification.

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

CHIEF BUILDING OFFICIAL. The authority responsible
for the administration and enforcement of building codes as
well as interpretation of policy and procedure as adopted by
the city; head code official.

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

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

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

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

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

COMBUSTION EQUIPMENT. Any equipment or
appliances used for space heating, cooling, water heating
(including pools and spas), cooking, clothes drying or
lighting that uses natural gas, propane, other fuel gas, or fuel
oil.

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

COMMISSIONING. See building commissioning.

COMPUTER ROOM. A room whose primary function is to
house equipmentsfor the grocessing and storage of electronic
data which jhasy @ 'design total information technology
equipment (ITE) ®quipment power density greater than or
equal to 20 Wateiper square foot (20 watts per 0.092 m?®) of
conditionéd agea or a design total ITE equipment load less
than or equal to 10 kW.

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

CONDEFIONED FLOOR AREA. The horizontal projection
ofthelfloors associated with the conditioned space.

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

CONSTRUCTION VALUATION. The total value of work
requiring building, mechanical, plumbing and electrical
permits; to be determined consistent with the standards of
Subsection 4-20-4(d), B.R.C. 1981. The higher of the two
valuations considered under Subsection 4-20-4(d), B.R.C.
1981, shall be the total value of work.

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

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

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

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

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

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

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

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

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

DIRECT CURRENT FAST CHARGER (DCFC) EVSE.
Equipment capable of fast charging on a 100A or higher
480VAC three-phase branch circuit. AC power is converted
into a controlled DC voltage and current within the EVSE
that will then directly charge the electric vehicle.

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

DUCT. A tube or conduit utilized for(conveying air. The air
passages of self-contained systemsgire ot to'be construed as
air ducts.

DUCT SYSTEM. A coutinuous® passageway for the
transmission of air that, in addiffor to ducts, includes duct
fittings, dampers, plenums,¥an$, and accessory air-handling
equipment and appliances.

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

DWELLING UNIT ENCLOSURE AREA. See “Testing
Unit Enclosure Area”.

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

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

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

ELECTRIC VEHICLE (EV). A motorized vehicle
registered for on-road use, powered by an electric motor that
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draws current from rechargeable storage that is charged by
being plugged into an electrical source.

ELECTRIC VEHICLE CAPABLE LIGHT SPACE (EV
CAPABLE LIGHT SPACE). A designated vehicle parking
space that has conduit and/or raceway installed to support
future implementation of electric vehicle charging
installation and has sufficient physical space adjacent to the
existing electrical equipment for future electric upgrades.

ELECTRIC VEHICLE CAPABLE SPACE (EV
CAPABLE SPACE). A designated vehicle parking space
that has the electric panel capacity and conduit and/or
raceway installed to support future implementation of electric
vehicle charging.

ELECTRIC VEHICLE READY SPACE (EV READY
SPACE). A designated vehicle parking space that has the
electric panel capacity, raceway wiring, receptacle, and
circuit overprgtection devices installed to support future
implementationof elgetrical vehicle charging.

ELECTRIG VEHICLE SUPPLY EQUIPMENT (EVSE).
An electrig vehicle charging system or device that is used to
provid€=electricity to a plug-in electric vehicle or plug-in
hybrid “electric vehicle, is designed to ensure that a safe
connegction has been made between the electrical grid and the
vehiele, and is able to communicate with the vehicle’s control
Syistem so that electricity flows at an appropriate voltage and
current level.

ELECTRIC VEHICLE SUPPLY EQUIPMENT (EVSE)
INSPALLED SPACE. A vehicle parking space that is
provided*with a dedicated EVSE connection and a circuit
capable of supplying a minimum current of 40 amps at 208/
220'volt.

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

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

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

ENERGY IMPACT OFFSET FUND. A city-approved and
city-managed offset fund providing a payment option in lieu
of complying with city program renewable energy and/or
offset requirements.

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

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

ENERGY USE INTENSITY (EUI). The annual building
site energy use per square foot of gross floor area in units of
kBTU/sq ft.

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

ENTRANCE DOOR. A vertical fenestration product used for
occupant ingress, egress and access in nonresidential
buildings, including, but not limited to, exterior entrances
utilizing latching hardware and automatic closers and
containing over 50 percent glazing specifically designed to
withstand heavy-duty usage.

EQUIPMENT POWER DENSITY (EPD). The power per
unit area of equipment serving plug and process loads of the
building or space, expressed in W/ft* of building gross floor
area.

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

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

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

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

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

FAN ENERGYH INDEX (FEI). The ratio of the electrical
input power of a reference fan to the electric input pGwer ‘of
the actual fan as calculated in accordance with AMCHA 268.

FAN NAMEPLATE ELECTRICAL INPUTNPOWER.
The nominal electrical input power rating stamped“en a fan
assembly nameplate.

FAN SYSTEM BHP. The sum of the fap prake horsepower of
all fans that are required to operatcNat©an system design
conditions to supply air from the heatinglor cooling source to
the conditioned spaces and returmiit toythe source or exhaust it
to the outdoors.

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

FAN SYSTEM ELECTRICAL INPUT POWER. The sum
of the fan electrical power of all fans that are required to
operate at fan system design conditions to supply air from the
heating or cooling source to the conditioned spaces and/or
return it to the source or exhaust it to the outdoors.

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

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

FENESTRATION. Products classified as either skylights or
vertical fenestration.

Skylights. Glass or other transparent or translucent
glazing material installed at a slope of less than 60 degrees
(1.05 rad) from horizontal, including unit skylights,
tubular daylighting devices and glazing materials in
solariums, sunrooms, roofs and sloped walls.

Vertical fenestration. Windows that are fixed or
operable, opaque doors, glazed doors, glazed block and
combination opaque and glazed doors composed of glass
or other transparent or translucent glazing materials and
installed at a slope of not less than 60 degrees (1.05 rad)
from horizontal.

FENESTRATION PRODUCT, FIELD-FABRICATED.
A fenestration _product gwhose frame is made at the
construction sitejofpstandard dimensional lumber or other
materials that@wet€ not previously cut, or otherwise formed
with the §peeifie, "intention of being used to fabricate a
feneswation product or exterior door. Field fabricated does
not include site-built fenestration.

FENESTRATION PRODUCT, SITE-BUILT. A
fenestration designed to be made up of field-glazed or field-
assémbled qunits using specific factory cut or otherwise
factory- forined framing and glazing units. Examples of site-
built fenestration include storefront systems, curtain walls,
and4atrium roof systems.

F-FACTOR. The perimeter heat loss factor for slab-on-grade
floots”(Btu/h  ft « °F) [W/(m * K)].
FLOOR AREA, NET. The actual occupied area not

including unoccupied accessory areas such as corridors,
stairways, toilet rooms, mechanical rooms and closets.

GENERAL LIGHTING. Interior lighting that provides a
substantially uniform level of illumination throughout a
space.

GREENHOUSE. A structure or a thermally isolated area of
a building that maintains a specialized sunlit environment
exclusively used for, and essential to, the cultivation,
protection or maintenance of plants. Greenhouses are those
that are erected for a period of 180 days or more.

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

1. Group R-1.

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

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

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

HEATED SLAB. Slab-on-grade construction in which the
heating elements, hydronic tubing, or hot air distribution
system is in contact with, or placed within or under, the slab.
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HIGH-END TRIM. Also known as “Task Tuning”, this is a
strategy that utilizes the built-in dimming features found in
the majority of LED lighting to allow for customization of
light level to match the task needs of the occupant
preferences.

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

HISTORIC BUILDING, DESIGNATED. Any building or
structure that is locally designated by ordinance as an
individual landmark or recognized as a contributing resource
within a historic district.

HORTICULTURAL LIGHTING. Electric lighting used
for horticultural production, cultivation or maintenance.

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

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

. It contains a cage rotor.

. It has four, six or eight poles.
. It is rated from 0.4 kW to 1600 kW at a frequency ©f60
hertz.

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

2
3. It is capable of direct-on-line starting.
4
5

1. It is an induction motor designed fonusc™with threcs
phase power.

2. It contains a cage rotor.

3. Itis capable of direct-on-linSsfarting.
4. It has two, four, six oreight poles.
5

. It is rated from 0.4 kWitoN.600 kW at a frequency of 60
hertz.

INDUSTRY-WIDE TYPE III ENVIRONMENTAL
PRODUCT DECLARATION (IW-EPD). Type III
environmental product declaration (EPD) that estimates the
average global warming potential of a specific product within
an industry. Complies with the goal and scope for the
production stage of at least cradle-to-gate in accordance with
ISO Standards 14025 and 21930 and be available in a publicly
accessible database. The EPD results represent production
weighted average data across multiple manufacturers.

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

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

INTEGRATED PART LOAD VALUE (IPLV). A single-
number figure of merit based on part-load EER, COP or kW/ton
expressing part-load efficiency for air-conditioning and heat
pump equipment on the basis of weighted operation at various
load capacities for equipment.
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INTEGRATED CURTAIN SYSTEM. A system consisting of
movable panels of fabric or plastic film used to cover and
uncover the space enclosed in a greenhouse on a daily basis.

ISOLATION DEVICES. Devices that isolate HVAC zones
so that they can be operated independently of one another.
Isolation devices include separate systems, isolation dampers,
and controls providing shutoff at terminal boxes.

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

LARGE DIAMETER CEILING FAN. A ceiling fan that is
greater than 7 feéet (2134 mm) in diameter. These fans are
sometimes fefSrred to as High-Volume, Low-Speed (HVLS)
fans.

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

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

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

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

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

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

LUMINAIRE-LEVEL LIGHTING CONTROLS. A
lighting system consisting of one or more luminaires with
em-bedded lighting control logic, occupancy and ambient
light sensors, wireless networking capabilities and local
override switching capability, where required.

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

MIXED-FUEL BUILDING. A building and building site that
contains combustion equipment, or plumbing for combustion
equipment, for space heating, cooling, water heating (including
pools and spas), cooking, or clothes drying.



DEFINITIONS

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

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

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

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

3. It has breakdown torque not less than the values shown
in paragraph 12.39.1 of NEMA MG 1.

4. Tt has a locked-rotor current higher than the values
shown in paragraph 12.35.1 of NEMA MG 1 for 60
hertz and paragraph 12.35.2 of NEMA MG 1 for 50
hertz.

5. It has a slip at rated load of less than 5 percent for
motors with fewer than 10 poles.

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

1. It is designed to withstand full-voltage starting.

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

3. It draws locked-rotor current not to exceed the values
shown in Section 12.35.1 for 60 hertz and Section
12.35.2 for 50 hertz of NEMA MG1.

4. It has a slip at rated load of less than 5gperecentyfor
motors with fewer than 10 poles.

NEMA DESIGN C MOTOR. A squirrel-cageymotor thaf
meets all of the following:

1. Designed to withstand full-voltagestarting and develop
locked-rotor torque for high-torqueNapplications up to
the values shown in paragraph 12°38.2 of NEMA MGl
(incorporated by reference,sec¥A§431.15).

2. It has pull-up torque not less than the values shown in
paragraph 12.40.2 of NEMA MG]1.

3. It has breakdown torque not less than the values shown
in paragraph 12.39.2 of NEMA MGI.

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

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

NETWORKED GUESTROOM CONTROL SYSTEM. A
control system, with access from the front desk or other
central location associated with a Group R-1 building, that is
capable of identifying the rented and unrented status of each
guestroom according to a timed schedule, and is capable of
controlling HVAC in each hotel and motel guestroom
separately.

NONSTANDARD PART LOAD VALUE (NPLV). A
single-number part-load efficiency figure of merit calculated
and referenced to conditions other than IPLV conditions, for
units that are not designed to operate at AHRI standard rating
conditions.
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OCCUPANT SENSOR CONTROL. An automatic control
device or system that detects the presence or absence of
people within an area and causes lighting, equipment or
appliances to be regulated accordingly.

ON-SITE RENEWABLE ENERGY. Energy from
renewable energy resources harvested at the building project
site.

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

PHOTOSYNTHETIC PHOTON EFFICACY (PPE).
Photosynthetic photon flux emitted by a light source divided
by its electrical input power in units of micromoles per second
per watt, or micromoles per joule (umol/J) between 400-
700nm as defined by ANSI/ASABE S640.

PHOTOVOLTAIC MODULE. A complete,
environmentally prgtected unit consisting of solar cells,
optics, and otheg,componefits, exclusive of tracker, designed
to generate DC powet

PHOTOYOLTAIC PANEL. A collection of modules
mechanically fastened together, wired, and designed to
provide a figld*installable unit.

PHOTOYOLTAIC PANEL SYSTEM. A system that
wcorperates discrete photovoltaic panels, that converts solar
radiation into electricity, including rack support systems.

POWER RURCHACE AGREEMENT (PPA). A contract
for the pufchase of power and associated renewable energy
fromya specific renewable energy generator to a purchaser of
renewablefClectricity.

RLUG:IN HYBRID ELECTRIC VEHICLE. An electric
wchicle having a second source of  motive
power PHOTOSYNTHETIC PHOTON EFFICACY (PPE).
Photosynthetic photon flux emitted by a light source divided
by its electrical input power in units of micromoles per second
per watt, or micromoles per joule (umol/J) between 400-
700nm as defined by ANSI/ASABE S640.

PHOTOVOLTAIC MODULE. A complete,
environmentally protected unit consisting of solar cells,
optics, and other components, exclusive of tracker, designed
to generate DC power.

PHOTOVOLTAIC PANEL. A collection of modules

mechanically fastened together, wired, and designed to
provide a field-installable unit.

PHOTOVOLTAIC PANEL SYSTEM. A system that
incorporates discrete photovoltaic panels, that converts solar
radiation into electricity, including rack support systems.

POWER PURCHACE AGREEMENT (PPA). A contract
for the purchase of power and associated renewable energy
from a specific renewable energy generator to a purchaser of
renewable electricity.

PLUG-IN HYBRID ELECTRIC VEHICLE. An electric
vehicle having a second source of motive power.

POWERED ROOF/WALL VENTILATORS. A fan
consisting of a centrifugal or axial impeller with an integral
driver in a weather-resistant housing and with a base designed
to fit, usually by means of a curb, over a wall or roof opening.
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PROCESS HEAT. The thermal energy used directly in the
preparation or production of basic materials and commodities;
excludes space and water heating.

PRODUCT-SPECIFIC TYPE III, ENVIRONMENTAL
PRODUCT DECLARATION aka EPD. Also known as
manufacturer specific EPD. Type III environmental product
declaration (EPD) complying with the goal and scope for the
production stage of at least cradle-to-gate in accordance with
ISO Standards 14025 and 21930 and be available in a publicly
accessible database. The data can represent the impacts of a
specific design and manufacturers across multiple facilities or
be facility specific.

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

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

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

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

REFRIGERATED WAREHOUSE COOLER. | An
enclosed storage space capable of being refrigérated(to
temperatures above 32°F (0°C), that can be walked mtoyand
has a total chilled storage area of not less tham3,000%quare
feet (279 m?).

REFRIGERATED WAREHOUSE" FRREEZER. & An
enclosed storage space capable of ‘being)refrigerated to
temperatures at or below 32°F (03C),ghatean be walked inté
and has a total chilled storagéNarea of not less than 3,000
square feet (279 m?).

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

REFRIGERATION SYSTEM, MEDIUM
TEMPERATURE. Systems for maintaining food product
above freezing in refrigeration applications.

REGISTERED DESIGN PROFESSIONAL. An individual
who is registered or licensed to practice their respective
design profession as defined by the statutory requirements of
the professional registration laws of the state or jurisdiction in
which the project is to be constructed.

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

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

REROOFING. The process of recovering or replacing an
existing roof covering. See “Roof recover” and “Roof
replacement.”
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RESIDENTIAL BUILDING. For this code, includes
detached one- and two-family dwellings and townhouses, and
Group R-3 and R-4 buildings three stories or less in height
above grade plane with separate means of egress.

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

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

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

ROOF REPIPACMENT. The process of removing the
existing ro@fycovesing, repairing any damaged substrate and
installing a new teof covering.

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

R-VALUE (THERMAL RESISTANCE). The inverse of the
tihesrte of heat flow through a body from one of its bounding
strfaces to the other surface for a unit temperature difference
between the two surfaces, under steady state conditions, per
unit akea (h ¢ ft?« °F/Btu) [(m?* K)/W].

SATURATED CONDENSING TEMPERATURE. The
saturation temperature corresponding to the measured
refrigérant pressure at the condenser inlet for single
cemponent and azeotropic refrigerants, and the arithmetic
average of the dew point and bubble point temperatures
corresponding to the refrigerant pressure at the condenser
entrance for zeotropic refrigerants.

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

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

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

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

SOLAR-READY ZONE. A section or sections of the roof or
building overhang designated and reserved for future
installation of a solar photovoltaic system or solar thermal
system.

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

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

SUBSTANTIAL THERMAL ENVELOPE
ALTERATION. An alteration greater than or equal to 50
percent of the building thermal envelope.

SUBSTANTIAL MECHANICAL ALTERATION. An
alteration in which the space conditioning equipment or
service water heating equipment is replaced.

TESTING UNIT ENCLOSURE AREA. The area sum of
all the boundary surfaces that define the dwelling unit,
sleeping unit, or occupiable conditioned space including top/
ceiling, bottom/floor, and all side walls. This does not include
interior partition walls within the dwelling unit, sleeping unit,
or occupiable conditioned space. Wall height shall be
measured from the finished floor of the conditioned space to
the finished floor or ceiling/roof above if the unit separation
walls and corridor wall have blocking above in the ceiling/
roof cavity. If blocking is not present then the wall height
shall be measured to the unit ceiling.

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

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

TIME SWITCH CONTROLSNAMautomatic control device
or system that controls lighting®er*other loads, including
switching off, based on time schedules.

U-FACTOR (THERMAL TRANSMITTANCE). The
coefficient of heat transmission (air to air) through a building
component or assembly, equal to the time rate of heat flow per
unit area and unit temperature difference between the warm
side and cold side air films (Btu/h « ft* « °F) [W/(m? « K)].

UNIVERSAL VEHICLE CHARGING SPACES. Parking
spaces provided for electric vehicle charging stations that can
be utilized for all users and complies with Chapter 11 of the
International Building Code as amended by the City of
Boulder.

VARIABLE REFRIGERANT FLOW SYSTEM. An
engineered direct-expansion (DX) refrigerant system that
incorporates a common condensing unit, at least one variable-
capacity compressor, a distributed refrigerant piping network
to multiple indoor fan heating and cooling units each capable
of individual zone temperature control, through integral zone
temperature control devices and a common communications
network. Variable refrigerant flow utilizes three or more steps
of control on common interconnecting piping.
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VEGETATIVE ROOF. An assembly of interacting
components designed to waterproof a building’s top surface
that includes, by design, vegetation, and related landscape
elements.

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

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

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

VISIBLE TRANSMITTANCE, ANNUAL (VT,,,..)- The
ratio of visible \light entering the space through the
fenestratioi™preduct assembly to the incident visible light,
whichgfeludes the effects of glazing material, frame, and light
well @r tubular conduit, and is expressed as a number between
O and

VOLTAGE DROP. A decrease in voltage caused by losses
in the wiring systems that connect the power source to the
I6ad.

WALK-IN COOLER. An enclosed storage space capable of
béing wefrigerated to temperatures above 32°F (0°C) and less
than 95°F (12.8°C) that can be walked into, has a ceiling
height of not less than 7 feet (2134 mm) and has a total
¢hilled storage area of less than 3,000 square feet (279 m?).

WALK-IN FREEZER. An enclosed storage space capable
of being refrigerated to temperatures at or below 32°F (0°C)
that can be walked into, has a ceiling height of not less than 7
feet (2134 mm) and has a total chilled storage area of less
than 3,000 square feet (279 m?).

WALL, ABOVE-GRADE. A wall associated with the
building thermal envelope that is more than 15 percent above
grade and is on the exterior of the building or any wall that is
associated with the building thermal envelope that is not on
the exterior of the building. This includes, but is not limited
to, between-floor spandrels, peripheral edges of floors, roof
knee walls, dormer walls, gable end walls, walls enclosing a
mansard roof and skylight shafts.

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

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

ZONE. A space or group of spaces within a building with
heating or cooling requirements that are sufficiently similar so
that desired conditions can be maintained throughout using a
single controlling device.
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CHAPTER 3 [CE]
GENERAL REQUIREMENTS

User note:

About this chapter: Chapter 3 addresses broadly applicable requirements that would not be at home in other chapters having more specific
coverage of subject matter. This chapter contains product rating, marking and installation requirements for materials such as insulation,

windows, doors and siding.

SECTION C301
LOCATION

C301.1 General. This code applies to projects located in the
City of Boulder and the City Boulder is located in Climate
Zone 5B.

SECTION C302
DESIGN CONDITIONS

C302.1 Interior design conditions. The interior design
temperatures used for heating and cooling load calculation§
shall be a maximum of 72°F (22°C) for heating and mininfum
of 75°F (24°C) for cooling.

SECTION C303
MATERIALS, SYSTEMS AND EQUIPMENT

C303.1 Identification. Materials, systems{and equipmeng
shall be identified in a manner that will alloy @ determination
of compliance with the applicablegproxisions of this cade.

C303.1.1 Building thermal ‘envelope insulation. An R-
value identification mark Sshall be applied by the
manufacturer to eachepieee of building thermal envelope
insulation 12 inches @05 mm) or greater in width.
Alternatively, the insulation installers shall provide a
certification listing the type, manufacturer and R-value of
insulation installed in each element of the building thermal
envelope. For blown-in or sprayed fiberglass and cellulose
insulation, the initial installed thickness, settled thickness,
settled R-value, installed density, coverage area and number
of bags installed shall be listed on the certification. For
sprayed polyurethane foam (SPF) insulation, the installed
thickness of the areas covered and R-value of installed
thickness shall be listed on the certification. For insulated
siding, the R-value shall be labeled on the product’s
package and shall be listed on the certification. The
insulation installer shall sign, date and post the certification
in a conspicuous location on the job site.

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

C303.1.1.1 Blown-in or sprayed roof/ceiling
insulation. The thickness of blown-in or sprayed
fiberglass and cellulose roof/ceiling insulation shall be
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written in inches (mm) on markers and one or more of
such markers shall be installed for every 300 square
feet (28 m?) of attic area throughout the attic space. The
markers shall be affixed to the trusses or joists and
markedNyith the minimum initial installed thickness
witinumbers not less than 1 inch (25 mm) in height.
EachypiarKer shall face the attic access opening. Spray
polyurethane foam thickness and installed R-value shall
be listed on certification provided by the insulation
installer.

(303.1.2 Insulation mark installation. Insulating
materials shall be installed such that the manufacturer’s R-
value mark is readily observable upon inspection. For
ilsulation materials that are installed without an observable
manufacturer’s R-value mark, such as blown or draped
products, an insulation certificate complying with Section
C303.1.1 shall be left immediately after installation by the
installer, in a conspicuous location within the building, to
certify the installed R-value of the insulation material.

C303.1.3 Fenestration product rating. U-factors of
fenestration products shall be determined as follows:

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

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

U-factors shall be determined by an accredited,
independent laboratory, and /abeled and certified by the
manufacturer.

Products lacking such a labeled U-factor shall be
assigned a default U-factor from Table C303.1.3(1) or
C303.1.3(2). The solar heat gain coefficient (SHGC) and

TABLE C303.1.3(1)

DEFAULT GLAZED WINDOW,
GLASS DOOR, AND SKYLIGHT U-FACTORS
WINDOW AND
SKYLIGHT
FRAME TYPE GLASS DOOR
Single Double 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
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TABLE C303.1.3(2)

DEFAULT OPAQUE DOOR U-FACTORS

OPAQUE
DOOR TYPE U-FACTOR

Uninsulated Metal 1.20
Insulated Metal (Rolling) 0.90
Insulated Metal (Other) 0.60
Wood 0.50
Insulated, nonmetal edge, max 45% glazing,

. 0.35

any glazing double pane

TABLE C303.1.3(3)

DEFAULT GLAZED FENESTRATION SHGC AND VT

SINGLE GLAZED DOUBLE GLAZED GLAZED

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

visible transmittance (VT) of glazed fenestration products
(windows, glazed doors and skylights) shall be determined
in accordance with NFRC 200 by an accredited,

independent laboratory, and labeled and certified by thv

C303.1.3(3).

manufacturer. Products lacking such a labeled SHGG, 0
VT shall be assigned a default SHGC or VT from T
10C a

C303.1.4 Insulation product rating.
resistance (R-value) of insulation shall b,
accordance with the U.S. Federal Trad

value rule (CFR Title 16, Part 460) i

Btu at a mean temperature of 75°
C303.1.4.1 Insulated sidi

accordance with ASTM C

&

T
1

CA

e %hermal resistance

be determined in
Installation for testing

(R-value) of insulated s&
shall be in accordance with the manufacturer’s

instructions.

C303.2 Installation. Materials, systems and equipment shall
the manufacturer’s
recommended installation instructions and the International
Building Code.

C303.2.1 Protection of exposed foundation insulation.
Insulation applied to the exterior of basement walls, crawl
space walls and the perimeter of slab-on-grade floors shall
have a rigid, opaque and weather-resistant protective
covering to prevent the degradation of the insulation’s
thermal performance. The protective covering shall cover
the exposed exterior insulation and extend not less than 6
inches (153 mm) below grade.

be installed

in accordance with

C303.2.2 Multiple layers of continuous insulation
board. Where two or more layers of continuous insulation
board are used in a construction assembly, the continuous
insulation boards shall be installed in accordance with
Section C303.2. Where the continuous insulation board

manufacturer’s instructions do not address installation of
two or more layers, the edge joints between each layer of
continuous insulation boards shall be staggered.

O
-
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CHAPTER 4 [CE]
COMMERCIAL ENERGY EFFICIENCY

User note:

About this chapter: Chapter 4 presents the paths and options for compliance with the energy efficiency provisions. Chapter 4 contains
energy efficiency provisions for the building envelope, mechanical and service water-heating systems, lighting, and other conservation
requirements that reduce carbon emission overall. A prescriptive alternative is also provided for projects meeting the required criteria.

SECTION C401
GENERAL

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

C401.2 Application. Commercial buildings shall comply
with the requirements of Section C407. New buildings with a
construction valuation less than $500,000 may alternatively
follow the Prescriptive Pathway which requires compliance
with Sections C401, C402, C403, C404, C405, C406, Table
C407.2 and Section C408.

C401.2.1 Core and shell buildings. Commercial core and
shell buildings may take credit for energy efficiency thatfis
part of the future interior tenant finish design, progided
that the efficiency measures are shown on the final tepant
build-out drawings. A Letter of Completion shall betissued
upon completion of the core and shell ‘blulding? A
permanent certificate of occupancy shall/be)issued once
the tenant build out is completed and anyefant finishe§
that were credited towards the guildingls efficiefioy
requirements are complete.

C401.3 Existing buildings. AltesatiOns, repairs, additions,
and changes of use to existing buildings shall comply with
the requirements of Chapter 5,6 this code.

C401.4 Thermal envelope certificate. A permanent thermal
envelope certificate shall be completed by an approved party.
Such certificate shall be posted on a wall in the space where
the space conditioning equipment is located, a utility room or
other approved location. If located on an electrical panel, the
certificate shall not cover or obstruct the visibility of the
circuit directory label, service disconnect label or other
required labels. A copy of the certificate shall also be
included in the construction files for the project. The
certificate shall include the following:

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

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

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

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

SECTION C402
BUILDING ENVELOPE REQUIREMENTS

C402.1 Geneéral. Building thermal envelope assemblies for
building§ythatfare intended to comply with the code on a pre-
scriptive,basisiin accordance with the prescriptive compliance
pathydsscribed in Section C401.2, shall comply with the fol-
lowing;
l#The opaque portions of the building thermal envelope
shall comply with the specific insulation requirements of
Section C402.2 and the thermal requirements of either the
R-value-based method of Section C402.1.3; the U-, C-
and F-factor-based method of Section C402.1.4; or the
component performance alternative of Section C402.1.5.

2 gFenestration in building envelope assemblies shall
comply with Section C402.4.

3. Air leakage of building envelope assemblies shall com-
ply with Section C402.5.

Alternatively, where buildings have a vertical fenestration
area or skylight area exceeding that allowed in Section
C402.4, the building shall comply with Section C407.

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

C402.1.1 Low-energy buildings and greenhouses. The
following low- energy buildings, or portions thereof sepa-
rated from the remainder of the building by building ther-
mal envelope assemblies complying with this section, shall
be exempt from the building thermal envelope provisions
of Section C402.

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

2. Those that do not contain conditioned space.

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

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

Exception: Low energy greenhouses that
comply with Section C402.1.1.
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TABLE C402.1.3
OPAQUE THERMAL ENVELOPE INSULATION COMPONENT
MINIMUM REQUIREMENTS, R-VALUE METHOD?

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

C402.4.3 and C402.4.5. ALL OTHER GROUP R
. . . Roofs
3. Fenestration assemblies t},lat comply. with the Insulation entirely above roof deck R-33ci R-33ci
thermal envelope requirements in Table
C402.1.1.1. The U-factor for a roof shall be for Metal buildings® R-19 + R-19 +
the roof assembly of a roof that includes the R-ITLS R-1I'LS
assembly and an internal curtain system. Attic and other R-53 R-53
Exception: Unconditioned greenhouses. Walls, above grade
TABLE C402.1.1.1 Mass® R-13.3ci R-13.3ci
FENESTRATION THERMAL ENVELOPE MAXIMUM — I3+ RI3+
REQUIREMENTS Metal building R-19 5¢i R-13ci
COMPONENT U-FACTOR (BTU/h x ft* x °F) I3+ I3
Skylight 05 Metal framed R-1lci R-1lci
Vertical Fenestration 0.7 1}{193 * 1%‘193 *
K . . Wood framed and other R_ 1c91 + R_ 1C91 .
C402.1.2 Equipment buildings. Buildings that comply OrR—-SCi o RoSei
with the following shall be exempt from the building e =
thermal envelope provisions of this code: \ alls, below grade
g . Below-gradﬂ‘ | R-7.5¢ci R-10ci
1. Are separate buildings with floor area not more than
1,200 square feet (110 m?). N\ Floors
2. Are intended to house electric equipment with MRS ) ) R-15ci R-16.7ci
installed equipment power totaling not less than 7 &15 a R-30 R-30
watts per square foot (75 W/m?) and not intended for hd Slab-on-grade floors
human occupancy. Untlated slal‘ R-1 s {or 24 R-1 tf for 24
3. Have a heating system capacity not greater than Rzoefow48” Rzoefow48”
(17,000 Btu/h) (5 kW) and a heating thermo § belgzv § belng
setpoint that is restricted to not more thai
(10°C).

4. Have an average wall and roof
0.120.

U-
C402.1.3 Insulation component R% d

Building thermal envelope opaque,al lies shall comply
with the requirements of Sections and C402.4. For
opaque portions of the buildj, [ envelope intended

to comply on an insulation cc& nt R-value basis, the R-

values for cavity insulation and Centinuous insulation shall c
be not less than that specified in Table C402.1.3. Where
cavity insulation is installed in multiple layers, the cavity
insulation R-values shall be summed to determine
compliance with the cavity insulation R-value
requirements. Where continuous insulation is installed in
multiple layers, the continuous insulation R-values shall be
summed to determine compliance with the continuous
insulation R-value requirements. Cavity insulation R-
values shall not be used to determine compliance with the
continuous insulation R-value requirements in Table
C402.1.3. Commercial buildings or portions of commercial
buildings enclosing Group R occupancies shall use the R-

Heafed slabs" RS RS
full slab full slab
ess than SI: Tinch=25.4 mm, 1 pound per square foot = 4.88 kg/m?, 1 pound per

e
bie foot = 16 kg/m’.
method: = Continuous insulation, NR = No Requirement, LS = Liner System.

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

b. Where using R-value compliance method, a thermal spacer block shall be
provided, otherwise use the U-factor compliance method in Table
C402.1.4.

. R-5.7ci is allowed to be substituted with concrete block walls complying
with ASTM C90, ungrouted or partially grouted at 32 inches or less on
center vertically and 48 inches or less on center horizontally, with
ungrouted cores filled with materials having a maximum thermal
conductivity of 0.44 Btu-in/h-f* °F.

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

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

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

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

. The first value is for perimeter insulation and the second value is for full,

under-slab insulation. Perimeter insulation is not required to extend below
the bottom of the slab.

Sue th O

values from the “Group R” column of Table C402.1.3.
Commercial buildings or portions of commercial buildings
enclosing occupancies other than Group R shall use the R-
values from the “All other” column of Table C402.1.3.

C402.1.4 Assembly U-factor, C-factor, or F-factor-
based method. Building thermal envelope opaque
assemblies shall meet the requirements of Sections C402.2
and C402.4. Building thermal envelope opaque assemblies
intended to comply on an assembly U-, C- or F-factor

C-18

basis shall have a U-, C- or F-factor not greater than that
specified in Table C402.1.4. Commercial buildings or
portions of commercial buildings enclosing Group R
occupancies shall use the U-, C- or F-factor from the
“Group R” column of Table C402.1.4. Commercial
buildings or portions of commercial buildings enclosing
occupancies other than Group R shall use the U-, C- or F-
factor from the “All other” column of Table C402.1.4
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C402.1.4.1 Roof/ceiling assembly. The maximum
roof/ceiling assembly U-factor shall not exceed that
specified in Table C402.1.4 based on construction
materials used in the roof/ceiling assembly.

C402.1.4.1.1 Tapered, above-deck insulation
based on thickness. Where used as a component of
maximum roof/ ceiling assembly U-factor calcula-
tion, the sloped roof insulation R-value contribution

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

ALL OTHER GROUP R
Roofs
Insulation entirely above roof deck U-0.030 U-0.030
Metal buildings U-0.035 U-0.035
Attic and other U-0.020 U-0.020

Walls, above grade

Mass’ U-0.086
Metal building U-0.048
Metal framed U-0.052
Wood framed and other® U-0.048

Walls, below grade

Below-grade wall* ‘ C-0.119 ‘
Floors

Mass* U-0.057 3
Joist/framing U-0.033 0.033

Slab-on-grade floorﬁ
Unheated slabs F-0052 F-0.
Heated slabs® +“ -0.62 F-0.62

Op 3} A

Nonswinging door” \\‘ U-0.31 U-0.31
Swinging door » U-0.37 U-0.37

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

ci
a.

= Continuous insulation, NR = No Requirement, LS = Liner System.

Where assembly U-factors, C-factors, and F-factors are established in
ANSI/ASHRAE/IESNA 90.1 Appendix A, such opaque assemblies shall
be a compliance alternative where those values meet the criteria of this
table, and provided that the construction, excluding the cladding system on
walls, complies with the appropriate construction details from ANSI/
ASHRAE/ISNEA 90.1 Appendix A.

. Where U-factors have been established by testing in accordance with

ASTM C1363, such opaque assemblies shall be a compliance alternative
where those values meet the criteria of this table. The R-value of
continuous insulation shall be permitted to be added to or subtracted from
the original tested design.

. Where heated slabs are below grade, below-grade walls shall comply with

the U-factor requirements for above-grade mass walls.

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

. The first value is for perimeter insulation and the second value is for full

under-slab insulation.
“Mass walls” shall be in accordance with Section C402.2.2.

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

100.

. Garage doors having a single row of fenestration shall have an assembly

U-factor less than or equal to 0.44, provided that the fenestration area is
not more than 25 percent of the total door area.
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to that calculation shall use the average thickness in
inches (mm) along with the material R-value-per-
inch (per-mm) solely for U-factor compliance as
prescribed in Section C402.1.4.

C402.1.4.1.2 Suspended ceilings. Insulation
installed on suspended ceilings having removable
ceiling tiles shall not be considered part of the
assembly U-factor of the roof/ceiling construction.

C402.1.4.1.3 Joints staggered. Continuous insula-
tion board shall be installed in not less than two lay-
ers, and the edge joints between each layer of
insulation shall be staggered, except where insula-
tion tapers to the roof deck at a gutter edge, roof
drain or scupper.

C402.1.4.2 Thermal resistance of cold-formed steel
walls. U-factors of walls with cold-formed steel studs
shall be permitted to be determined in accordance with
Equati

Us 1/\B/+TER)]

s

(Equation 4-1)

&= The cumulative R-value of the wall components
along the path of heat transfer, excluding the

cavity insulation and steel studs.

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

.1.5 Component performance alternative. Build-
ing eavelope values and fenestration areas determined in
accordance with Equation 4-2 shall be an alternative to
mpliance with the U-, F- and C-factors in Tables
C402.1.4 and C402.4 and the maximum allowable fenes-
tration areas in Section C402.4.1. Fenestration shall meet
the applicable SHGC requirements of Section C402.4.3.

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

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

UA Dif = UA Proposed - UA Table.

UA Proposed = Proposed U-value x Area.

UA Table = (U-factor from Table
C402.1.4 or C402.4) x Area.

B = Sum of the (FL Dif) values for each distinct slab-
on-grade perimeter condition of the building
thermal envelope.

FL Dif = FL Proposed - FL Table.
FL Proposed = Proposed F-value x Perimeter length.

FL Table = (F-factor specified in Table C402.1.4)
x Perimeter length.

C = Sum of the (CA Dif) values for each distinct
below-grade wall assembly type of the building
thermal envelope.

CA Dif = CA Proposed - CA Table.
CA Proposed = Proposed C-value x Area.
CA Table

C402.1.3,

= (Maximum allowable C-factor
specified in Table C402.1.4) x Area.

C-19



COMMERCIAL ENERGY EFFICIENCY

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

D = (DA x UV) - (DA x U Wall), but not
less than zero.

DA = (Proposed Vertical Glazing Area) -
(Vertical Glazing Area allowed by
Section C402.4.1).

UA Wall = Sum of the (UA Proposed) values for
each opaque assembly of the exterior
wall.

U Wall = Area-weighted average U-value of all
above-grade wall assemblies.

UAV = Sum of the (UA Proposed) values for
each vertical glazing assembly.

uv = UAV/total vertical glazing area.

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

E = (EA x US) - (EA x U Roof), but not
less than zero.

EA = (Proposed Skylight  Area) -
(Allowable Skylight Area as specified

in Section C402.4.1).

= Area-weighted average U-value o
roof assemblies.

= Sum of the (UA Proposed
each skylight assembly.

(0N = UAS/total skylight area
C402.2 Specific building thermal V'nsulatio
requirements. Insulation in buildi eriial envelope

opaque assemblies shall comply ections C402.2.1

through C402.2.8 and Table C40
C402.2.1 Roof assembly. X inimum thermal resis-
tance (R-value) of the insulating material installed either
between the roof framing or continuously on the roof
assembly shall be as specified in Table C402.1.3, based on
construction materials used in the roof assembly.

U Roof

UAS

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

HQ
ity betwe
wll be as specified in Table C402.1.3, based on
g type and construction materials used in the wall

assembly R-value calculation, the sloped roof insula-
tion R-value contribution to that calculation shall use
the average thickness in inches (mm) along with the
material R-value-per-inch (per-mm) solely for R-value
compliance as prescribed in Section 402.1.3.

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

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

C402.2.1.4 Joists staggered. Continuous insulation
board shall be installed in not less than two layers and
the edge joint$between each layer of insulation shall be
staggered,
deck at,a

0 the level of roofs with insulation entirely
e deck or R-5, whichever is less.

ception: Unit skylight curbs included as a com-
ponent of a skylight listed and labeled in accordance
with NFRC 100 shall not be required to be insulated.
C402.2.
resi

Above-grade walls. The minimum thermal
(R-value) of materials installed in the wall cav-
framing members and continuously on the

ssembly. The R-value of integral insulation installed in

oncrete masonry units shall not be used in determining
compliance with Table C402.1.3 except as otherwise
noted in the table. In determining compliance with Table
C402.1.4, the use of the U-factor of concrete masonry
units with integral insulation shall be permitted.

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

1. Weigh not less than 35 pounds per square foot (171
kg/m?) of wall surface area.

TABLE C402.1.4.2
EFFECTIVE R-VALUES FOR STEEL STUD WALL ASSEMBLIES

NOMINAL STUD DEPTH SPACING OF FRAMING CAVITY R-VALUE CORRECTION FACTOR EFFECTIVE R-VALUE (ER)
(inches) (inches) (insulation) (F,) (Cavity R-Value x F)
1 13 0.46 5.98
3Y, 16
15 0.43 6.45
. 13 0.55 7.15
3Y, 24
15 0.52 7.80
19 0.37 7.03
6 16
21 0.35 7.35
19 0.45 8.55
6 24
21 0.43 9.03
g 16 25 0.31 7.75
24 25 0.38 9.50
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2. Weigh not less than 25 pounds per square foot (122
kg/m?) of wall surface area where the material
weight is not more than 120 pcf (1900 kg/m?).

3. Have a heat capacity exceeding 7 Btu/ft*« °F (144
kJ/m? « K).

4. Have a heat capacity exceeding 5 Btu/ft* « °F (103
kJ/m? « K), where the material weight is not more
than 120 pcf (1900 kg/m?).

C402.2.3 Floors. The thermal properties (component R-
values or assembly U-, C- or F-factors) of floor assemblies
over outdoor air or unconditioned space shall be as speci-
fied in Table C402.1.3 or C402.1.4 based on the construc-
tion materials used in the floor assembly. Floor framing
cavity insulation or structural slab insulation shall be
installed to maintain permanent contact with the underside
of the subfloor decking or structural slabs.

“Mass floors” where used as a component of the ther-
mal envelope of a building shall provide one of the follow-
ing weights:

1. 35 pounds per square foot (171 kg/m?) of floor sur-
face area.

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

Exceptions:

1. The floor framing cavity insulation or structutal
slab insulation shall be permitted to be ingegntact
with the top side of sheathing or contipmeus\inSu-
lation installed on the bottom side offloot.asseém-
blies where combined with insulatien*that meets
or exceeds the minimum R=valug) in Tabl¢
C402.1.3 for “Metal framed” om “Wood framed
and other” values for “Walls gAbove Grade” and
extends from the bottom te, the top of all perime-
ter floor framing or flogfassembly members.

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

C402.2.4 Slabs-on-grade. The minimum thermal resis-
tance (R-value) of the insulation for unheated or heated
slab-on-grade floors designed in accordance with the R-
value method of Section C402.1.3 shall be as specified in
Table C402.1.3.

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

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

C402.2.5 Below-grade walls. The C-factor for the below-
grade exterior walls shall be in accordance with Table
C402.1.4. The R-value of the insulating material installed
continuously within or on the below-grade exterior walls
of the building envelope shall be in accordance with Table
C402.1.3. The C-factor or R-value required shall extend to
a depth of not less than 10 feet (3048 mm) below the out-
side finished ground level, or to the level of the lowest
floor of the @enditientd space enclosed by the below-
grade wall, whichcVer is less.

C402.2%6"Insulation of radiant heating systems. Radiant
heatifigy syistem panels, and their associated components
that are tnstalled in interior or exterior assemblies shall be
istlated to an R-value of not less than R-3.5 on all sur-
faces not facing the space being heated. Radiant heating
system panels that are installed in the building thermal
envelopé shall be separated from the exterior of the build-
ing emugiconditioned or exempt spaces by not less than the
R-value of¥insulation installed in the opaque assembly in
which they are installed or the assembly shall comply with
Section C402.1.4.

Exception: Heated slabs on grade insulated in accor-
dance with Section C402.2.4.

C402.2.7 Airspaces. Where the R-value of an airspace is
used for compliance in accordance with Section C402.1,
the airspace shall be enclosed in an unventilated cavity
constructed to minimize airflow into and out of the
enclosed airspace. Airflow shall be deemed minimized
where the enclosed airspace is located on the interior side
of the continuous air barrier and is bounded on all sides by
building components.

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

C402.3 Reserved.

C402.4 Fenestration. Fenestration shall comply with Sec-
tions C402.4.1 through C402.4.5 and Table C402.4. Daylight
responsive controls shall comply with this section and Sec-
tion C405.2.4.

C402.4.1 Maximum area. The vertical fenestration area, not
including opaque doors and opaque spandrel panels, shall be
not greater than 30 percent of the gross above-grade wall
area. The skylight area shall be not greater than 3 percent of
the gross roof area.
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TABLE C402.4

BUILDING ENVELOPE FENESTRATION MAXIMUM U-FACTOR
AND SHGC REQUIREMENTS

VERTICAL FENESTRATION

U-factor for vertical curtain walls, storefronts
and site-built fenestration products

Fixed fenestration 0.36
Operable fenestration 0.45
U-factor for entrance doors
0.63
U-factor for all other vertical fenestration
0.30
SHGC
Orientation Fixed Operable
PF<0.2 0.38 0.33
0.2<PF<0.5 0.46 0.40
PF=0.5 0.61 0.53
Skylights
U-factor 0.50
SHGC 0.40

PF = Projection Factor.

C402.4.1.1 Increased vertical fenestration area with
daylight responsive controls. Not more than 40 per-
cent of the gross above-grade wall area shall be vertical
fenestration, provided that all of the following require-
ments are met:

is within a daylight zone.

2. In buildings three or more stories abao
less than 25 percent of the net fl
a daylight zone.

G

ea is within

3. Daylight responsive contr e
light zones.

led in day-

4. Visible transmittanc vertical fenestra-
tion is not less than imes solar heat gain coef-
ficient (SHGC).

Exception: Fenestration that is outside the
scope of NFRC 200 is not required to comply
with Item 4.

C402.4.1.2 Increased skylight area with daylight
responsive controls. The skylight area shall be not more
than 6 percent of the roof area provided that daylight
responsive controls are installed in foplit daylight zones.

C402.4.2 Minimum skylight fenestration area. Sky-
lights shall be provided in enclosed spaces greater than
2,500 square feet (232 m?) in floor area, directly under a
roof with not less than 75 percent of the ceiling area with a
ceiling height greater than 15 feet (4572 mm), and used as
an office, lobby, atrium, concourse, corridor, storage
space, gymnasium/exercise center, convention center,
automotive service area, space where manufacturing
occurs, nonrefrigerated warehouse, retail store, distribu-
tion/sorting area, transportation depot or workshop. The
total toplit daylight zone shall be not less than half the
floor area and shall comply with one of the following:

1. A minimum skylight area to foplit daylight zone of
not less than 3 percent where all skylights have a VT
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1. In buildings not greater than two stories ab@ve
grade, not less than 50 percent of the net floor
ad ot

E Vht well depth =

of not less than 0.40, or VT, ., of not less than 0.26
as determined in accordance with Section C303.1.3.

2. A minimum skylight effective aperture, determined in
accordance with Equation 4-3, of:

2.1. Not less than 1 percent, using a skylight’s
VT or

2.2. Not less than 0.66 percent using a Tubular
Daylighting Device’s VT, ., rating.

Skylight Effective Aperture =
0.85 x Skylight Area X Skylight VT x WF

Toplit Zone
(Equation 4-3)
where:
Skylight a = Total fenestration area of
skylights.

Skyligh = Area weighted average visible
transmittance of skylights.

= Area weighted average well
factor, where well factor is 0.9
if light well depth is less than 2
feet (610 mm), or 0.7 if light
well depth is 2 feet (610 mm) or
greater, or 1.0 for Tubular
Daylight Devices with VT
ratings.

annual

Measure vertically from the
underside of the lowest point of
the skylight glazing to the
ceiling plane under the skylight.

Exception: Skylights above daylight zones of enclosed
spaces are not required in:

1. Spaces where the designed general lighting power
densities are less than 0.5 W/ft (5.4 W/m?).

2. Areas where it is documented that existing struc-
tures or natural objects block direct beam sun-
light on not less than half of the roof over the
enclosed area for more than 1,500 daytime hours
per year between 8 a.m. and 4 p.m.

3. Spaces where the daylight zone under rooftop
monitors is greater than 50 percent of the
enclosed space floor area.

4. Spaces where the total area minus the area of
sidelit daylight zones is less than 2,500 square
feet (232 m?), and where the lighting is controlled
in accordance with Section C405.2.4.

5. Spaces designed as storm shelters complying
with ICC 500.

C402.4.2.1 Lighting controls in toplit daylight zones.
Daylight responsive controls shall be provided in toplit
daylight zones.

C402.4.2.2 Haze factor. Skylights in office, storage,
automotive service, manufacturing, nonrefrigerated
warehouse, retail store and distribution/sorting area
spaces shall have a glazing material or diffuser with a
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haze factor greater than 90 percent when tested in
accordance with ASTM D1003.

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

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

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

PF =A/B

where:

(Equation 4-4)

PF= Projection factor (decimal).

A = Distance measured horizontally from the farthest
continuous extremity of any overhang, eave or
permanently attached shading device to the vertical
surface of the glazing.

B = Distance measured vertically from the bottom of the

glazing to the underside of the overhang, eave or ‘
permanently attached shading device. «

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

above daylight zones provided with d. onsive V
controls.
C402.4.3.2 Increased skylight @ Wher

rov1de
aximum U- facto

lights are installed above da
daylight responsive contr
0.75 shall be permitted.

C402.4.3.3 Dynami Where dynamic glazing
is intended to satisf‘% GC and VT requirements
of Table C402.4, the rati® of the higher to lower labeled
SHGC shall be greater than or equal to 2.4, and the
dynamic glazing shall be automatically controlled to
modulate the amount of solar gain into the space in
multiple steps. Dynamic glazing shall be considered
separately from other fenestration, and area-weighted
averaging with other fenestration that is not dynamic
glazing shall not be permitted.

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

C402.4.3.4 Area-weighted U-factor. An area-
weighted average shall be permitted to satisfy the U-
factor requirements for each fenestration product cate-
gory listed in Table C402.4. Individual fenestration
products from different fenestration product categories
listed in Table C402.4 shall not be combined in calcu-
lating area-weighted average U-factor.

C402.4.4 Daylight zones. Daylight zones referenced in
Sections C402.4.1.1 through C402.4.3.2 shall comply with
Sections C405.2.4.2 and C405.2.4.3, as applicable. Day-

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

COMMERCIAL ENERGY EFFICIENCY

light zones shall include toplit daylight zones and sidelit
daylight zones.

C402.4.5 Doors. Opaque swinging doors shall comply
with Table C402.1.4. Opaque nonswinging doors shall
comply with Table C402.1.4. Opaque doors shall be con-
sidered as part of the gross area of above-grade walls that
are part of the building thermal envelope. Opaque doors
shall comply with Section C402.4.5.1 or C402.4.5.2.
Other doors shall comply with the provisions of Section
C402.4.3 for vertical fenestration.

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

C402.4.5.2 Nonswinging doors. Opaque nonswinging
doors that are horizontally hinged sectional doors with
a single row of fenestration shall have an assembly U-
factor less than or equal to 0.440 provided that the fen-
estration“area is not less than 14 percent and not more
than T of the total door area.
%: Other doors shall comply with the pro-
ionis of Section C402.4.3 for vertical fenestration.

5 Air leakage—thermal envelope. The building ther-
elope shall comply with Sections C402.5.1 through

C402.5.1 Air barriers. A continuous air barrier shall be

proyided throughout the building thermal envelope. The
ntinuous air barrier shall be located on the inside or
outs

of the building thermal envelope, located within
the_assemblies composing the building thermal envelope,
any combination thereof. The air barrier shall comply
with Sections C402.5.1.1, C402.5.1.2 and C402.5.1.3.

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

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

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

3. Penetrations of the air barrier shall be caulked, gas-
keted or otherwise sealed in a manner compatible
with the construction materials and location. Seal-
ing shall allow for expansion, contraction and
mechanical vibration. Joints and seams associated
with penetrations shall be sealed in the same man-
ner or taped. Sealing materials shall be securely
installed around the penetration so as not to dis-
lodge, loosen or otherwise impair the penetrations’
ability to resist positive and negative pressure from
wind, stack effect and mechanical ventilation. Seal-
ing of concealed fire sprinklers, where required,
shall be in a manner that is recommended by the
manufacturer. Caulking or other adhesive sealants
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shall not be used to fill voids between fire sprinkler
cover plates and walls or ceilings.

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

C402.5.1.2 Building thermal envelope testing. The
building thermal envelope shall be tested in accordance
with ASTM E779, ANSI/RESNET/ICC 380, ASTM
E3158 or ASTM EI1827 or an equivalent method
approved by the code official. The measured air leak-
age shall not exceed 0.25 cfm/ft* (1.27 L/s * m?) of the
building thermal envelope area at a pressure differential
of 0.3 inch water gauge (75 Pa). Alternatively, portions
of the building shall be tested and the measured air
leakages shall be area weighted by the surface areas of
the building thermal envelope in each portion. The
weighted- average test results shall not exceed the
whole building leakage limit. In the alternative
approach, the following portions of the building shall
be tested:

1. The entire envelope area of all stories that have
any spaces directly under a roof.

2. The entire envelope area of all stories that have a
building entrance, exposed floor or loading dock,
or are below grade.

3. Representative above-grade sections of the build-

ing totaling at least 25 percent of the a
enclosing the remaining conditioned s .

4. For R-2 occupancies, dwelling unit. ted
in accordance with Section C40 3

results shall be signed by the onducting the test
] esting shall be per-

and provided to the code o

formed at any time after % tion of all penetrations

of the building thermal envelope.
Exception: Where the measured air leakage rate
exceeds 0.25cfm/ft* (1.27 L/s x m?) but does not
exceed 0.40 cfm/ft* (2.03 L/s x m?), a diagnostic
evaluation using smoke tracer or infrared imaging
shall be conducted while the building is pressurized
along with a visual inspection of the air barrier. Any
leaks noted shall be sealed where such sealing can
be made without destruction of existing building
components. An additional report identifying the
corrective actions taken to seal leaks shall be sub-
mitted to the code official and the building owner
and shall be deemed to comply with the require-
ments of this section.

Testing and inspection shall be nby a thirdo
party approved agency. A Wri%ep t of the test

C402.5.1.3 Dwelling and sleeping unit enclosure
installation. The components of the dwelling unit
enclosure as indicated in Table R402.4.1.1 shall be
installed in accordance with the manufacturer’s instal-
lation instructions and the criteria indicated in Table
R402.4.1.1, as applicable to the method of construc-
tion. The enclosure shall also be tested per section
C402.5.1.2 or C402.5.1.4. Where required by the code

,g\

official, an approved third party shall inspect all com-
ponents and verify compliance.

C402.5.1.4 Dwelling and sleeping unit enclosure
testing. The dwelling or sleeping unit envelope shall be
tested in accordance with ASTM E779, ANSI/RES-
NET/ICC 380, ASTM E1827 or an equivalent method
approved by the code official. The measured air leak-
age shall not exceed 0.20 cfm/ft* (1.02 L/s * m?) of the
testing unit enclosure area at a pressure differential of
0.2-inch water gauge (50Pa). Where multiple dwelling
units or sleeping units or other occupiable conditioned
spaces are contained within one building thermal enve-
lope, each unit shall be considered an individual testing
unit, and the building air leakage shall be the weighted
average of all testing unit results, weighted by each
unit’s enclosure area. Units shall be tested separately
with an unguarded blower door test as follows:

1. Where,thebuildings have fewer than eight testing
it%esting unit shall be tested.

dings with eight or more testing units, the

eater of seven or 20 percent of the testing units

in the building shall be tested evenly across all

floors and shall encompass each unique unit type

in the building. For each unit that exceeds the

maximum air leakage rate, an additional two
units shall be tested.

C4 2\Air leakage of fenestration. The air leakage of
fi estratlo assemblies shall meet the provisions of Table
M Testing shall be in accordance with the applica-

eference test standard in Table C402.5.2 by an accred-
ited, independent testing laboratory and /abeled by the
manufacturer.

Exceptions:

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

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

C402.5.3 Rooms containing fuel-burning appliances.
Where combustion air is supplied through openings in an
exterior wall to a room or space containing a space-condi-
tioning fuel-burning appliance, one of the following shall
apply:
1. The room or space containing the appliance shall be
located outside of the building thermal envelope.

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

2.1. The walls, floors and ceilings that separate
the enclosed room or space from conditioned
spaces shall be insulated to be not less than
equivalent to the insulation requirement of
below-grade walls as specified in Table
C402.1.3 or C402.1.4.
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2.2. The walls, floors and ceilings that separate
the enclosed room or space from conditioned
spaces shall be sealed in accordance with
Section C402.5.1.1.

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

2.4. Water lines and ducts in the enclosed room
or space shall be insulated in accordance
with Section C403.

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

Exception: Fireplaces and stoves complying with Sec-
tions 901 through 905 of the International Mechanical
Code, and Section 2111.14 of the International Build-
ing Code.

TABLE C402.5.2

MAXIMUM AIR LEAKAGE RATE
FOR FENESTRATION ASSEMBLIES

MAXIMUM
FENESTRATION ASSEMBLY RATE (CFM/FT?) TEST PROCEDURE
Windows 0.20°
Sliding doors 0.20°
Swinging doors 0.20* AAMA/WDMA/
: CSA101/1.8.2/
Skylights — with or
condensation weepage 0.30 NFRC
openings
Skylights — all other 0.20*
Curtain walls 0.06
Storefront glazing 0.06
Commerplal glazed NFRC 400
swinging entrance 1.0 or
doors ASTM E283 at 1.57 psf
Power-operated sliding (75 Pa)
doors and power- \
operated folding doors
Revolving doors 1.00
Garage doors 0.40 ANSI/DASMA 105,
Rolling doors 1.00 NFRC 400, or
- ASTM E283 at 1.57 psf
High-speed doors 1.30 (75 Pa)

For SI: 1 cubic foot per minute = 0.47 L/s, 1 square foot = 0.093 m?.

a. The maximum rate for windows, sliding and swinging doors, and skylights is

permitted to be 0.3 cfm per square foot of fenestration or door area when tested
in accordance with AAMA/WDMA/CSA101/1.S.2/A440 at 6.24 psf (300 Pa).
C402.5.4 Doors and access openings to shafts, chutes,
stairways and elevator lobbies. Doors and access open-
ings from conditioned space to shafts, chutes stairways
and elevator lobbies not within the scope of the fenestra-
tion assemblies covered by Section C402.5.2 shall be gas-
keted, weatherstripped or sealed.

Exceptions:

1. Door openings required to comply with Section
716 of the International Building Code.

2. Doors and door openings required to comply with
UL 1784 by the International Building Code.
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C402.5.5 Air intakes, exhaust openings, stairways and
shafts. Stairway enclosures, elevator shaft vents and other
outdoor air intakes and exhaust openings integral to the
building envelope shall be provided with dampers in
accordance with Section C403.7.7.

C402.5.6 Loading dock weather seals. Cargo door open-
ings and loading door openings shall be equipped with
weather seals that restrict infiltration and provide direct
contact along the top and sides of vehicles that are parked
in the doorway.

C402.5.7 Vestibules. Building entrances shall be protected
with an enclosed vestibule, with all doors opening into and out
of the vestibule equipped with self-closing devices. Vesti-
bules shall be designed so that in passing through the vesti-
bule it is not necessary for the interior and exterior doors to
open at the same time. The installation of one or more
revolving dagrs in the building entrance shall not eliminate

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

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 m?) in area.
V 4. Revolving doors.
5

. Doors used primarily to facilitate vehicular
movement or material handling and adjacent per-
sonnel doors.

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

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

1. IC-rated.

2. Labeled as having an air leakage rate of not more 2.0
cfm (0.944 L/s) when tested in accordance with
ASTM E283 ata 1.57 psf (75 Pa) pressure differential.

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

C402.5.9 Operable openings interlocking. Where occu-
pancies utilize operable openings to the outdoors that are
larger than 40 square feet (3.7 m?) in area, such openings
shall be interlocked with the heating and cooling system
so as to raise the cooling setpoint to 90°F (32°C) and
lower the heating setpoint to 55°F (13°C) whenever the
operable opening is open. The change in heating and cool-
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ing setpoints shall occur within 10 minutes of opening the
operable opening.

Exceptions:

1. Separately zoned areas associated with the prepa-
ration of food that contain appliances that con-
tribute to the HVAC loads of a restaurant or
similar type of occupancy.

2. Warehouses that utilize overhead doors for the
function of the occupancy, where approved by
the code official.

3. The first entrance doors where located in the
exterior wall and are part of a vestibule system.

C402.5.9.1 Operable Controls. Controls shall comply
with Section C403.14.

SECTION C403
BUILDING MECHANICAL SYSTEMS

C403.1 General. Mechanical systems and equipment serving
the building’s heating, cooling, ventilating or refrigerating
needs shall comply with this section.
Exception: Data center systems are exempt from the
requirements of Sections C403.4 and C403.5.

C403.1.1 Calculation of heating and cooling loads.
Design loads associated with heating, ventilating and ai
conditioning of the building shall be determined in a
dance with ANSI/ASHRAE/ACCA Standard 183
approved equivalent computational procedure
design parameters specified in Chapter 3. &
cooling loads shall be adjusted to accountse

tions that are achieved where energy rec @

utilized in the HVAC system in @aCco e with th
ASHRAE HVAC Systems and Equi t Handbook by an

C403.1.2 Data centers. Data,c
with Sections 6 and 8 of Asm

changes:

0.4 with the following

1. Replace design mechanical load component (MLC)
values specified in Table 6.2.1.1 of the ASHRAE
90.4 with maximum 0.23 Design MLC at 100% and
at 50% ITE load.

2. Replace annualized MLC values specified in Table
6.2.1.2 of the ASHRAE 90.4 with maximum 0.16
HVAC annualized MLC at 100% and at 50% ITE
load.

C403.2 System design. Mechanical systems shall be designed
to comply with Sections C403.2.1 through C403.2.3. Where ele-
ments of a building’s mechanical systems are addressed in Sec-
tions C403.3 through C403.13, such elements shall comply with
the applicable provisions of those sections.

C403.2.1 Zone isolation required. HVAC systems serv-
ing zones that are over 25,000 square feet (2323 m?) in floor
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area or that span more than one floor and are designed to
operate or be occupied nonsimultaneously shall be divided
into isolation areas. Each isolation area shall be equipped
with isolation devices and controls configured to automat-
ically shut off the supply of conditioned air and outdoor air
to and exhaust air from the isolation area. Each isolation
area shall be controlled independently by a device meeting
the requirements of Section C403.4.2.2. Central systems
and plants shall be provided with controls and devices that
will allow system and equipment operation for any length
of time while serving only the smallest isolation area served
by the system or plant.

Exceptions:

1. Exhaust air and outdoor air connections to isola-
tion areas where the fan system to which they
connect is not greater than 5,000 cfm (2360 L/s).

2. Exhausttairfloy from a single isolation area of
ercent of the design airflow of the

ystem to which it connects.

areas intended to operate continuously
intended to be inoperative only when all other
solation areas in a zone are inoperative.

Xl Ventilation. Ventilation, either natural or
&le anical, shall be provided in accordance with Chapter
of the Jnternational Mechanical Code. Where mechani-

cal ventilation is provided, the system shall provide the

to reduce the outdoor air supply to the minimum

required by Chapter 4 of the International Mechanical
0

3.2.3 Fault detection and diagnostics. New build-
ings with an HVAC system serving a gross conditioned
floor area of 25,000 square feet (2,322.5 m?) or larger shall
include a fault detection and diagnostics (FDD) system to
monitor the HVAC system's performance and automati-
cally identify faults. The FDD system shall:

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

2. Sample the HVAC system's performance at least
once every 15 minutes.

3. Automatically identify and report HVAC system
faults.

4. Automatically notify authorized personnel of identi-
fied HVAC system faults.

5. Automatically provide prioritized recommendations
for repair of identified faults based on analysis of
data collected from the sampling of HVAC system
performance.

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

Exception: R-1 and R-2 occupancies.
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C403.3 Mechanical system energy source. All mechanical
systems such as for heating, cooling, water heating, clothes
drying and cooking shall be all-electric or fueled by other
non-fossil fuel derived energy sources.

Exceptions:
1. systems serving laboratories.
2. systems serving hospitals.

3. systems serving large industrial S-1 occupancies,
with constant vehicle traffic

4. emergency generators
5. commercial cooking equipment

For all systems serving the exceptions listed where the
energy source is not electric, fossil fuel energy usage shall be
100 percent offset by on-site renewable energy. The power
generated to offset the fossil fuel energy source for the excep-
tions shall not offset greater than 10 percent of the building’s
total energy use for the purposes of complying with Section

COMMERCIAL ENERGY EFFICIENCY

ment efficiency ratings shall be supported by data fur-
nished by the manufacturer. Where multiple rating
conditions or performance requirements are provided,
the equipment shall satisfy all stated requirements.
Where components, such as indoor or outdoor coils, from
different manufacturers are used, calculations and sup-
porting data shall be furnished by the designer that
demonstrates that the combined efficiency of the speci-
fied components meets the requirements herein.

C403.3.3.1 Water-cooled centrifugal chilling pack-
ages. Equipment not designed for operation at AHRI
Standard 550/590 test conditions of 44°F leaving and
54°F entering chilled fluid temperatures and with 85°F
entering and 94.3°F leaving condenser fluid tempera-
tures shall have maximum full-load kW/ton (FL) and
part-load ratings requirements adjusted using the

following equations:
F .n;Vdj (Equation 4-5)

C407. Fossil fuel energy sources for emergency generators, - PLV/K, " (Equation 4-6)
commercial cooking appliances and scientific or industrial )
process loads are exempt from the offset requirements. ' _ AXB
C403.3.1 Heating .and cooling equipment gfficiencigs O dej _ Full-load kW/ton value from
(Mandatory). Heating and cooling equipment installed in \ Table C403.3.2(3).
mechanical systems shall be sized in accordance with S FL _ Maxi full-load KW/
tion C403.3.2 and shall be not less efficient in the use of adj aximum - Tutl-loa Witon
energy than as specified in Section C403.3.3. rating, adjusted for nonstandard
conditions.
C403..3.2 Equip.ment sizing' (Mandatory). The Yeutput PLY _ Value from Table C403.3.2(3).
capacity of heating and cooling equipment be . . .
greater than that of the smallest availabl ipment size V PLV,; = Maximum NPLV rating, adjusted
that exceeds the loads calculated in acc ith Se for nonstandard conditions.
tion C403.1.1. A single piece of equipment providingHoth A = 0.00000014592 x (LIFT)* -
heating and cooling shall satis Vision f 0.0000346496 x (LIFT)® +
function with the capacity forghe otherfunction as sm 0.00314196  x  (LIFTY
as possible, within available gquipgment options. 0.147199 x (LIFT) +3.9302
Exceptions; B = 0.0015 x ngEWlp +0.934
1. Required stanN uipment and systems pro- LIFT = L,Cond-L.E,,
vided with control$ and devices that allow such L, Cond = Full-load condenser leaving fluid
systems or equipment to operate automatically temperature (°F).
only when the primary equipment is not operating. LE., = Full-load evaporator leaving

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

C403.3.3 HVAC equipment performance require-
ments. Equipment shall meet the minimum efficiency
requirements of  Tables C403.3.2(1) through
C403.3.2(16) when tested and rated in accordance with
the applicable test procedure. Plate-type liquid-to-liquid
heat exchangers shall meet the minimum requirements of
AHRI 400. The efficiency shall be verified through certi-
fication under an approved certification program or,
where a certification program does not exist, the equip-
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temperature (°F).

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

* 36°F<L,E,, <60°F.

* 115°F.

* 20°F < LIFT < 80°F.

Manufacturers shall calculate the FL,, and PLV,,
before determining whether to label the chiller. Centrif-

ugal chillers designed to operate outside of these ranges
are not covered by this code.
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TABLE C403.3.2(1)
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUBCATEGORY OR MINIMUM TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION EFFICIENCY PROCEDURE?
Air conditioners, air cooled Split system® 13.0 SEER®
i plit system 13.4 SEER2 |before 1/1/2023
< 65,000 Btu/h All . - 14.0 SEER? AHRI 210/240-
Single package 13.4 SEER? 2017
; - ; ; r
Space constrained, air cooled < 30,000 Btu/h® All Split Sy;;irl?aar;g Single 1112;) SS}IEEIIEEII{QZ after 1/1/2023
& : —_ | AHRI 210/240-
Small-duct high-velocity, b . b 12.0 SEER 2023
air cooled < 65,000 Btu/h All Split System 12.1 SEER2
Air conditioners, air cooled . . 11.2 EER¢
Electric Resistance d
(or None) 12.9 IEER
> 65,000 Btu/h and 14.8 IEER
< 135,000 Btu/h 11.0 EER¢
All other 12.7 IEER¢
Split Sys 14.6 IEER
Electric Resist Single,Pagkage 11.0 EER?
ec (r;i Ngflls)ance 12.4 IEER®
> 135,000 Btwh and 14.2 IEER
< 240,000 Btu/h \ 10.8 EER¢
All other \ 12.2 IEER¢
14.0 IEER AHRI
. ! 10.0 EER* 340/360
Electrlc e 11.6 IEER
> 240,000 Btwh and 13.2 IEER
; 11.42 TEERY
7 Split System and 12.51IEER
‘ Single Package 9.8 EERY
11.4 IEER¢
13.0 IEER
> 760,
9.5 EER?
All other 11.0 IEER¢
12.3 IEER
Air conditioners, water cooled b 12.1 EER AHRI
< 65,000 Btwh All 12.3 IEER 210/240
Electric Resistance 12.1 EER
> 65,000 Btwh and (or None) 13.9 IEER
< 135,000 Btu/h 11.9 EER
All other 13.7 [EER
Electric Resistance 12.5 EER
> 135,000 Btu/h and (or None) 13.9 IEER
< 240,000 Btu/h i
All other Spht System and 12.3 EER
Single Package 13.7 IEER AHRI
Electric Resistance 12.4 EER 340/360
> 240,000 Btu/h and (or None) 13.6 IEER
< 760,000 Btu/h 12.2 EER
All other 13.4 IEER
Electric Resistance 12.2 EER
(or None) 13.5 IEER
2 760,000 Btu/h 5 0EER
All other 133 [EER
(continued)
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TABLE C403.3.2(1)—continued
MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

COMMERCIAL ENERGY EFFICIENCY

HEATING SUB-CATEGORY OR MINIMUM TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION EFFICIENCY PROCEDURE?
Air conditioners, b 12.1 EER AHRI
evaporatively cooled < 65,000 Btw/h All 12.3 IEER 210/240
Electric Resistance 12.1 EER
> 65,000 Btw/h and (or None) 12.3 IEER
< 135,000 Btu/h 11.9 EER
All other 12.1 IEER
Electric Resistance 12.0 EER
> 135,000 Btu/h and (or None) 12.2 IEER
< 240,000 Btu/h i
All other Spht System and 11.8 EER
Single Package 12.0 IEER AHRI
Electric Resistance 11.9 EER 340/360
> 240,000 Btu/h and (or None) V 12.1 IEER
< 760,000 Btu/h 11.7 EER
All other v 11.9 IEER
Electric Resistance % 11.7 EER
or None I 11.9 IEER
> 760,000 Btu/h ( ) > TSEER
All othe \\ 117 [EER
Condensing units, air cooled g 10.5 EER
> — _
> 135,000 Btu/h « 11.8 IEER
Condensing units, water 13.5 EER AHRI
) S =) _
cooled 2 135,000 Btw/h \ R '\ 14.0 [EER 365
Condensing units, \ / 13.5 EER
evaporatively cooled o 14.0 IEER

R

> 135,000 Btu/] t —
For SI: 1 British thermal unit per hour = 0.293
0

a. Chapter 6 contains a complete specificati
b. Single-phase, US air-cooled air conditi
Regulations DOE 10 CFR 430. SEER a
c. This table is a replica of ASHRA
Requirements less the values
d. This efficiency value shall be

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

ferenced test , including the reference year version of the test procedure.

an 65,000 Btu/Masesregulated as consumer products by the US Department of Energy Code of Federal
ER2 values for single-phase products are set by the US Department of Energy.
able 6.8.1-1 Electrically Operated Unitary Air Conditioners and Condensing Units-Minimum Efficiency
for applications outside the US.

equipment manufactured prior to January 1, 2023.
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TABLE C403.3.2(2)

MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED AIR-COOLED UNITARY HEAT PUMPS

C-30

EQUIPMENT TYPE SIZE CATEGORY SECr AN oE A TE SO IR | el | TEST PROCEDURE®
Air cooled (cooling mode) . b 14.0 SEER!
6,000 Bt o Split System” | 14 3SEER2 | before 1/1/2023
’ Single Package® 14.0 SEER® | AHRL 310240
£ £ | 13.4 SEER2 2017
Space constrained, air cooled Split System and | 12.0 SEER*
: ’ < 30,000 Btu/h All X b after 1/1/2023
(cooling mode) Single Package 11.7 SEER2 AHRI 210/240-
Single-duct high-velocity, air cooled . b 12.0 SEER? 2023
(cooling mode) < 65,000 Btu/h All Split System 12.0 SEER?2
- : r
Air cooled (cooling mode) Electric Resistance Split System and 1122 201]}531;:51;(1
(or None) Single Pa e '
> 65,000 Btu/h and 14.1 IEER
< 135,000 Btu/h em and 10.8 EER!
All other b ace 12.0 IEER
,- & 13.9 IEER
- d
Electric Resis&k)plit System and llf«66 I];é];jilf{d
or e Single Package .
> 135,000 Btu/h and ( K) £ & 13.5 IEER AHRI
< 240,000 Btu/h N plit System and 10.4 EER¢ 340/360
. 11.4 IEER?
‘&gle Package |3 3 1pER
d
ic Resi Vplit System and 1?)2 ]I%E;Rd
00 (or Single Package 12.5 IEER
- e Split Syst d 9.3 EER’
per ol Pakans | 104 IEER!
N & & 12.3 IEER
- - v
Air cooled (heating mode) All Split System” 8.2 HSPF
7.5 HSPF2 before 1/1/2023
N
65,000 Btu/h
\ N Sinoto backane® | SUHSPEY | AHRI210240-
fhgie Fackage” | 67 HSPF2 2017
Space constrained, air cooled Split System and 7.4 HSPF!
: <30,000 Btu/h All . after 1/1/2023
h t s b
(heating mode) Single Package 6.3 HSPF2 AHRI 210/240-
Small-duct high velocity . b 7.4 HSPF¢ 2023
(air cooled, heating mode) < 65,000 Btw/h All Split System 6.1 HSPF2
(continued)
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COMMERCIAL ENERGY EFFICIENCY

TABLE C403.3.2(2)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

HEATING SUBCATEGORY OR MINIMUM TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION | EFFICIENCY | PROCEDURE®
Air cooled (heating mode) 47°F db/43°F wb 3.30 Cop,¢
> 65,000 Btu/h and outdoor air 3.40 COP,,
< 135,000 Btu/h All e TS o
(cooling capacity) W 2.25 COP,

outdoor air
47°F db/43°F wb 3.20 COP,¢

>135,000 Btu/h

outdoor air 3.30 COP, AHRI
< 240,000 Btu/h All 17°F db/15°F wh 340/360
(cooling capacity) v 2.05 COP,
outdoor air H
47°F db/43 Ewb 320 COP,
>240,000 Btu/h All ﬁutdoor air
l' 1 (Y o
(cooling capacity) 5 F wb 2,05 COP,
door air

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

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

b. Single-phase, US air-cooled heat pumps less than 65,000 Btu/h are regulated @ r products by the US Department of Energy Code of Federal
Regulations DOE 10 CFR 430. SEER, SEER2 and HSPF values for single-phascyp gts are set by the US Department of Energy.

c. This table is a replica of ASHRAE 90.1 Table 6.8.1-2 Electrically Ope; t& 66led Unitary Heat Pumps-Minimum Efficiency Requirements less the
values for equipment for applications outside the US.

d. This efficiency value shall be used for equipment manufactured prior to Jan 1,2023.

\:1.
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COMMERCIAL ENERGY EFFICIENCY

TABLE C403.3.2(3)
WATER CHILLING PACKAGES—EFFICIENCY REQUIREMENTS? &

EQUIPMENT TYPE SIZE CATEGORY UNITS PATHA PATH B PRO-(I-:EE?)LREQ
Air-cooled chillers >10.100 FL >9.700 FL
< 150 Tons > 13.700 IPLV.IP | 15.800 IPLV IP
st EER (Btw/Wh) >10.100 FL >9.700 FL
2 ons
> 14.000 IPLV.IP |>16.100 IPLV.IP
Air cooled without condenser, Air-cooled chillers without condenser
Acapciies || BER (B | e et wih g onteren
ciency requirements.
Water cooled, electrically operated <0.750 FL <0.780 FL
positive displacement <75 Tons <0.600 IPLV.IP | <0.500 IPLV.IP
and < 150 tons <0.560 IPLV.IP | <0.490 IPLV.IP
> 150 tons <0.680 FL
and < 300 tons kWiton <0440 TPLV.IP
> 300 tons <0.625 FL AHRI 550/590
and < 600 tons <0.410 IPLV.IP
0.560 FL <0.585 FL
> 600 t \\
ons 0.500 IPLV.IP | <0380 IPLV.IP
Water cooled, electrically operated <0.610 FL <0.695 FL
centrifugal < 150 Tons <0550 IPLV.IP | <0.440 IPLV.IP
> 150 tons \ <0.610 FL <0.635FL
and <300 tons =<0.550 IPLV.IP [ <0.400 IPLV.IP
> 300 tons Wit <0.560 FL <0.595FL
and <400 t <0.520IPLV.IP | <£0.390 IPLV.IP
> 400.tons <0.560 FL <0.585 FL
and <600 tdns O <0.500 IPLV.IP | <0.380 IPLV.IP
v <0.560 FL <0.585 FL
> 600
\ ns <0500 IPLV.IP | <0.380 IPLV.IP
Air cooled, absorption, single effectﬂ)&pacities COP (W/W) >0.600 FL NA¢
g;et;r cooled absorption, single \\\ All capacities COP (W/W) >0.700 FL NA¢
Absorption, double effect, indirect N >1.000 FL
sorprion, double etect, mndiree All capacities COP (W/W) NA¢ AHRI 560
fired >0.150 IPLV.IP
Absorption, double effect direct . >1.000 FL P
All capacities COP (W/W) NA
fired >1.000 IPLV

a.

b.

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

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

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

Path A or Path B for any application.

. NA means the requirements are not applicable for Path B and only Path A can be used for compliance.
. FL is the full-load performance requirements and IPLV.IP the part-load performance requirements.

This table is a replica of ASHRAE 90.1 Table 6.8.1-3 Water-Chilling Packages- Minimum Efficiency Requirements less the values for equipment for
applications outside the US.
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TABLE C403.3.2(4)

COMMERCIAL ENERGY EFFICIENCY

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

SUBCATEGORY OR TEST
EQUIPMENT TYPE SIZE CATEGORY (INPUT) RATING CONDITION MINIMUM EFFICIENCY® PROCEDURE®
PTAC (cooling mode) < 7,000 Btu/h 11.9 EER
standard size > 7,000 Btu/h and o ° ‘e d
<'15.000 Btw/h 95°F/75°F wb outdoor air 14.0 - (0.300 x Cap/1000) EER’
> 15,000 Btu/h 9.5 EER
PTAC (cooling mode) < 7,000 Btu/h 4 EER
nonstandard size® > 7,000 Btu/h and op /750 - e
<'15,000 Btuh 95°F/75°F wb outdoor air 10.9 - (0.213 x Cap/1000) EER?
> 15,000 Btu/h 7.7 EER
PTHP (cooling mode) < 7,000 Btu/h 11.9 EER
standard size > 7,000 Btu/h and o0 e f
< 15,000 Btw/h 95°F/75°F wb outdoor air 14.0 - (0.300 x Cap/1000) EER'
> 15,000 Btu/h 9.5 EER AHRI
PTHP (cooling mode) < 7,000 Btu/h \ » 93EER 310/380
nonstandard size® > 7,000 Btu/h and om0 . g
< 15,000 Btw/h 95°F/75°F wb outdoor air - (0.213 x Cap/1000) EER
> 15,000 Btu/h 7.6 EER
PTHP (heating mode) < 7,000 Btu/h 3.3 COP,
standard size >7,000 Btu/h and o o c d
< 15,000 Btu/h 95°F/75°F wb or 3.7 - (0.052 x Cap/1000) COP,;
> 15,000 Btw/h \ 2.90 COP,,
PTHP (heating mode) < 7,000 Btu/h 2,7 COP,
nonstandard size” > 7,000 Btu/h and d
<'15.000 Btwh 95° b outdoor 2.9 - (0.026 x Cap/1000) COPy,
> 15,000 Btu/h A\ 2.5COP,,
SPVAC (cooling mode) < 65,000 Btu/h W52Rdb/75°F whyutdoor air 11.0 EER
single and three phase > 65,000 Btu/h and
< 135,000 Btu/h OOr air 10.0 EER
2 135,000 Br 95°F db/7 \) outdoor air 10.0 EER
SPVHP (cooling mode) 95°F wb outdoor air 11.0 EER AHRI 390
i, 95°F db/75°F wb outdoor air 10.0 EER
X 1000 Btu/h 95°F db/75°F wb outdoor air 10.1 EER
SPVHP (heating mode) <%5,000 Btu/h 47°F db/43°F wb outdoor air 3.3 COP,
> 65,000 Btu/h and o o .
< 135,000 Btu/h 47°F db/43°F wb outdoor air 3.0 COP, AHRI 390
> 135,000 Btu/h and o o .
<240,000 Btwh 47°F db/75°F wb outdoor air 3.0 COP,
Room air conditioners, < 6.000 Btu/h o 10.0 CEER
without louvered sides e O(’)O .
>6, tu/h an
<8000 Btu/h — 10.0 CEER
> 8,000 Btu/h and
< 11,000 Btw/h - 9.6 CEER ANSI/
> 11,000 Btu/h and AHAM RAC-1
< 14,000 Btwh - 9.5 CEER
> 14,000 Btu/h and
< 20,000 Btuh — 9.3 CEER
>20,000 Btu/h — 9.4 CEER
(continued)
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TABLE C403.3.2(4)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED PACKAGED TERMINAL AIR CONDITIONERS,
PACKAGED TERMINAL HEAT PUMPS, SINGLE-PACKAGE VERTICAL AIR CONDITIONERS,
SINGLE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS AND ROOM AIR-CONDITIONER HEAT PUMPS

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

“Cap” = The rated cooling capacity of the project in Btu/h. Where the unit’s capacity is less than 7000 Btu/h, use 7000 Btu/h in the calculation. Where the unit’s

capacity is greater than 15,000 Btu/h, use 15,000 Btu/h in the calculations.

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

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

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

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

e. This table is a replica of ASHRAE 90.1 Table 6.8.1-4 Electrically Operated Packaged Terminal Air Conditioners, Packaged Terminal Heat Pumps, Single-
Package Vertical Air Conditioners, Single-Package Vertical Heat Pumps, Room Air Conditioners, and Room Air-Conditioner Heat Pumps—Minimum
Efficiency Requirements less the values for equipment for applications outside the US.

TABLE C403.3.2(5)

WARM-AIR FURNACES AND COMBINATION WARM-AIR FURNAGES -CONDITIONING UNITS,
WARM-AIR DUCT FURNACES AND UNIT HEATERS, MINIMUM E NCY REQUIREMENTS?®
SIZE CATEGORY SUBCATEGORY OR MINIMUM a
EQUIPMENT TYPE (INPUT) RATING CONDITIO| EFFICIENCY®® TEST PROCEDURE
Warm-air furnaces, \ ' before 1/1/2023
gas fired < 225,000 Btw/h Maxi \ 80% E* ANSI 721.47
’ MUY After 1/1/2023 :
81%E 1
Warm-air furnaces, before 1/1/2023
oil fired N . 80% E Section 42, Combustion
< C t b 9
225,000 Btu/h AyIMuin capagity After 1/1/2023 UL 727
82%E !
Warm-air duct furnaces, All capaciti Maxi city® 80%E ° . )
gas fired ' Section 2.10, Efficiency
eT— ANSI 783.8
Warme-air unit heaters, Maxi Apacity’ QO%E &
gas fired c
Warm-air unit heaters, . - o) e f Section 40, Combustion,
oil fired Maximum capacity 80%E, UL 731

For SI: 1 British thermal unit per hour = 0. 3 PW.
a. Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.

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

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

d. Et = Thermal efficiency. Units must also include an interrupted or intermittent ignition device (IID), have jacket losses not exceeding 0.75 percent of the input
rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is
drawn from the conditioned space.

e. Ec = Combustion efficiency (100% less flue losses). See test procedure for detailed discussion.
Units must also include an interrupted or intermittent ignition device (IID) and have either power venting or an automatic flue damper.

g. This table is a replica of ASHRAE 90.1 Table 6.8.1-5 Warm-Air Furnaces and Combination Warm-Air Furnaces/Air-Conditioning Units, Warm-Air Duct
Furnaces, and Unit Heaters—Minimum Efficiency Requirements less the values for equipment for applications outside the US.
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TABLE C403.3.2(6)
MINIMUM EFFICIENCY REQUIREMENTS: GAS- AND OIL-FIRED BOILERS
SUBCATEGORY OR MINIMUM EFFICIENCY a
EQUIPMENT TYPE® RATING CONDITION SIZE CATEGORY (INPUT) EFFICIENCY AS OF 3/2/2022 TEST PROCEDURE
> 300,000 Btwh and o o
Gas-fired < 2,500,000 Btu/h® 80% E, 80% £,
. > 2,500,000 Btu/h® 82% E° 82%ES’
Boilers, hot water 300,000 Bro/h and
P A t an 0 d 0 d
Oil-fired" <2,500,000 Btu/h" 8% E, 82N E,
> 2,500,000 Btu/h* 84% E* 84% E*
> 300,000 Btu/h and
Gas-fired- all, except <2.500.000 Btu/h® 79% E,d 9% Ezd DOE 10 CFR
natural draft = Part 431.86
>2.500,000 Btu/h* 79% E,d 79% E,d
> 300,000 Btu/h and
g 77% E ¢ 79% E ¢
Boilers, steam | Gas-fired-natural draft <2,500,000 Btu/h® o o
> 2,500,000 Btu/h* 77% E,d N 79% E,d
>300,000 Btu/h and . N o
Oil-fired" <2,500,000 Btu/h® 81% E y 8I% E,
> 2,500,000 Btu/h* 81%%E ! 81% E,d

For SI: 1 British thermal unit per hour = 0.2931 W.
a. Chapter 6 contains a complete specification of the referenced standards, whi

g

procedure.

b. These requirements apply to boilers with rated input of 8,000,000 Btu/h or,
requirements for boilers cover all capacities of packaged boilers.
. Ec = Combustion efficiency (100 percent less flue losses).

S|

st procedures, including the reference year version of the test

t packaged boilers and to all packaged boilers. Minimum efficiency

. Et = Thermal efficiency.
. Maximum capacity — minimum and maximum ratings as provi
. Includes oil-fired (residual).

%\owed W th!unit’s controls.

50 o oo

—-

. Boilers shall not be equipped with a constant-burning pilo

. A boiler not equipped with a tankless domestic wateghecati
that an incremental change in inferred heat load pro

. This table is a replica of ASHRAE 90.1 Tab

applications outside the US.

N
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an automatic means for adjusting the temperature of the water such
change in the temperature of the water supplied.

oilers—Minimum Efficiency Requirements less the values for equipment for
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TABLE C403.3.2(7)
MINIMUM EFFICIENCY REQUIREMENTS:
HEAT REJECTION EQUIPMENT '

TOTAL SYSTEM
a HEAT REJECTION PERFORMANCE ae
EQUIPMENT TYPE CAPACITY AT RATED SUBCATEGORY OR RATING CONDITION" REQUIRED®: & &9 TEST PROCEDURE
CONDITIONS
Propeller or axial fan 95°F entering water
open-circuit cooling All 85°F leaving water > 60 gpm/hp CC]"LII/;:IF"S-;((;SI 2Il{lsd
towers 75°F entering wb
Centrifugal fan 95°F entering water
open-circuit cooling All 85°F leaving water >20.0 gpm/hp %];Illg;r,g:égsl i‘{lsd
towers 75°F entering wb
Propeller or axial fan 102°F entering water
closed-circuit cooling All 90°F leaving water >16.1 gpm/hp C(;F%A ST]%}S(?]S I:Iéd
towers 75°F entering wb
Centrifugal fan 102°F entering water
closed- circuit cooling All 90°F leaving water >7.0 gpm/hp Cg% IASTTCD-} 3313 Ie;réd
towers 75°F entering wb y.
Propeller or axial fan dry 115°F entering water N4
coqlers (air-cooled All 105°F leaving water > 4.5 gpm/hp CTI ATC-105DS
fluid coolers) 95°F entering wb
Propeller or axial fan R-448A test fluid \
t. © 1 D)
evaporative condensers All 165°F entering gas (¢ > 160,000 Btwh x hp | CTI ATC-106
105°F condensingrtempe
75°F e%v
Propeller or axial fan R-4 test fluid
ti d °
evaporative ConCensers All 140°F egte temperatu > 134,000 Btwh X hp | CTI ATC-106
sing temp¢e
tering (b
Centrifugal fan my
i
evaporative condensers All rature >137,000 Btwh x hp |  CTI ATC-106
perature
» 75°F entering wb
Centrifugal fan b AmmoniasTest Fluid
evaporative condensers ° i
VapOTatY All 140°F entering gas temperature > 110,000 Btwh xhp | CTI ATC-106
96.3°F condensing temperature
\N 75°F entering wb
Air-cooled condensers \ - 125°F Condensing Temperature
190°F Entering Gas Temperature
All 5 . > 176,000 Btu/h X hp AHRI 460
15°F subcooling
95°F entering db

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

b.
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For purposes of this table, open circuit cooling tower performance is defined as the water flow rating of the tower at the thermal rating condition listed in the
table, divided by the fan motor nameplate power.

. For purposes of this table, closed-circuit cooling tower performance is defined as the water flow rating of the tower at the thermal rating condition listed in the

table, divided by the sum of the fan motor nameplate power and the spray pump motor nameplate power.

. For purposes of this table, dry-cooler performance is defined as the process water-flow rating of the unit at the thermal rating condition listed in the table

divided by the total fan motor nameplate power of the unit, and air-cooled condenser performance is defined as the heat rejected form the refrigerant divided
by the total fan motor nameplate power of the unit.

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

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

. All cooling towers shall comply with the minimum efficiency listed in the table for that specific type of tower with the capacity effect of any project-specific

accessories or options included in the capacity of the cooling tower.

. For purposes of this table, evaporative condenser performance is defined as the heat rejected at the specified rating condition in the table divided by the sum

of the fan motor nameplate power and the integral spray pump nameplate power.

. Requirements for evaporative condensers are listed with ammonia (R-717) and R-448A as test fluids in the table. Evaporative condensers intended for use

with halocarbon refrigerants other than R-448A shall meet the minimum efficiency requirements listed in this table with R-448A as the test fluid. For
Ammonia, the condensing temperature is defined as the saturation temperature corresponding to the refrigerant pressure at the condenser entrance. For R-
448A, which is a zeotropic refrigerant, the condensing temperature is defined as the arithmetic average of the dew point and the bubble point temperatures
corresponding to the refrigerant pressure at the condenser entrance.

This table is a replica of ASHRAE 90.1 Table 6.8.1-7 Performance Requirements for Heat Rejection Equipment—Minimum Efficiency Requirements.
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TABLE C403.3.2(8)
ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AIR CONDITIONERS—MINIMUM EFFICIENCY REQUIREMENTS®

COMMERCIAL ENERGY EFFICIENCY

HEATING SECTION

SUBCATEGORY OR

EQUIPMENT TYPE SIZE CATEGORY TYPE RATING CONDITION MINIMUM EFFICIENCY TEST PROCEDURE?
< 65,000 Btu/h All VRF multisplit system 13.0 SEER
. . 11.2 EER
> 65,000 Btu/h and Electric resistance ltispli 131
<135.000 Btuw/h (or none) VRF multisplit system .1 IEER
’ 15.5 IEER
VREF air conditioners, . . 11.0 EER
: led > 135,000 Btu/h and | Electric resistance - AHRI 1230
air coole <540.000 Btu/h (or none) VRF multisplit system 12.9 IEER
’ 14.9 IEER
Electri st 10.0 EER
> 240,000 Btu/h CCNC IESISNCE | yRE multisplit system 11.6 IEER
(or none) 13.9 [EER

For SI: 1 British thermal unit per hour = 0.2931 W.
a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test

procedure.

b. This table is a replica of ASHRAE 90.1 Table 6.8.1-8 Electrically Operated Variable-Refrigerant-F leitionersMinimum Efficiency Requirements.

TABLE C403.3.2(9)
E

ELECTRICALLY OPERATED VARIABLE-REFRI LOW AND APPLIED
HEAT PUMPS—MINIMUM EFFICIEN EMENTS"
HEATING SECTION ORY OR MINIMUM a
EQUIPMENT TYPE SIZE CATEGORY TYPE X ATING CONDITION EFFICIENCY TEST PROCEDURE
< 65,000 Btu/h All {X 13.0 SEER
VRF multisplit system I1.0 EER
12.9 IEER
> 65,000 Btu/h and b ‘ 14.6 IEER
< 135,000 Btu/h _ﬂp ] 10.8 EER
R ltsssen | 127t
14.4 IEER
10.6 EER
. VRF multisplit syst 12.3 IEER
VRF air cooled ic resi @ NVRE mltisplitsysten 13.9 IEER AHRI 1230
(cooling mode) >135,000B aj lectric resiSta .
< 240,000t (or none) o 10.4 EER
VRF multisplit system
with heat recovery 12.1 IEER
- 13.7 IEER
\\ 9.5 EER
VRF multisplit system 11.0 IEER
12.7 IEER
> 240,000 Btu/h 93 EER
VRF multisplit system ’
with heat recove 10.8 [EER
v 12.5 IEER
VRF multisplit systems 12.0 EER
86°F entering water 16.0 IEER
< 65,000 Btu/h ispli
: e e | 8B
recovery 15.8 [EER
entering water
VRF multisplit systems 12.0 EER
86°F entering water 16.0 IEER
VRF water source > 65,000 Btu/h and All _ .g i AHRI 1230
(cooling mode) < 135,000 Btu/h VR}fhmultlspllt systseg:; 11.8 EER
with heat recovery 15.8 IEER
entering water
VRF multisplit systems 10.0 EER
86°F enteri t 14.0 IEER
> 135,000 Btw/h and crering warer
< 240,000 Btu/h VRF multisplit systems 9.8 EER
with heat recovery 86°F ’
- 13.8 IEER
entering water
(continued)
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TABLE C403.3.2(9)
ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AND APPLIED
HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS —continued

EQUIPMENT TYPE SIZE CATEGORY HEATINr($§§CTION g:?lﬁnggb?;Yﬂgﬁ E;nll:‘g?nElr{l“gY TEST PROCEDURE?
VRF multisplit systems 10.0 EER
VRF water source 86°F entering water 12.0 IEER
(cooling mode) > 240,000 Btu/h All VRF multisplit systems 9.8 EER AHRI 1230
(cont.) i ° :
with heat recovery 86°F 11.8 IEER
entering water
VRF multisplit systems
59°F entering water 16.2 EER
< 135,000 Btw/h VRF multisplit systems
with heat recovery 59°F 16.0 EER
VRF groundwater entering water
source (cooling Ttisoli AHRI 1230
mode) VRFOmu tlsp 1t systems 13.8 EER
59°F entering water
2 135,000 Btu/h VRF multisplit systems Y
with heat recovery 3.6 EER
entering wa(
VRF multls
77°F e 13.4 EER
<135,000 Btu/h 1sp11 systems
ery 77°F 13.2 EER
water
VRF grpund source g AHRI 1230
(cooling mode) ult1sp11t systems 11.0 EER
NT’F enterlrt water :
> 135,000 Btu/h VRF mul stems
with heat recovery 77°F 10.8 EER
i ater
< 65,000 Bru/h I isplit system 7.7 HSPF
(cooling capacity)
< V’F multisplit systems
> 65,000 Btu/h a lp 47°F db/ 43°F wb 3.3 COP,
<135,000 Bt outdoor air
. 1 1 o o
VRE air cooled (cooling ¢ 17°F db/ 15°F wb 595 COP AHRI 1230
(heating mode) \ outdoor air H
N VRF multisplit systems
47°F db/ 43°F wb 3.2 COP,
> 135,000 Btu/h outdoor air
(cooling capacity T7°F do/ 15°F wh
7 Fw 2.05 COP,,
outdoor air
< 65,000 Btu/h VRF multisplit systems 4.2 COP,
(cooling capacity) 68°F entering water 4.3 COP,
>
—fsif;)%(%‘gl;ujfd VRF multisplit systems 42 COP,
o . 68°F entering water 4.3 COP,
VRF water source (cooling capacity)
(heating mode) | > 135,000 Btu/h and o AHRTI230
T 2:‘0 000 Btu/h VRF multisplit systems 3.9 COP,
L . 68°F entering water 4.0 COP
(cooling capacity) H
> 240,000 Btw/h VRFOmultlspht systems 3.9 COP,,
68°F entering water

(continued)
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TABLE C403.3.2(9)
ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AND APPLIED
HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS"—continued

COMMERCIAL ENERGY EFFICIENCY

HEATING SECTION SUBCATEGORY OR MINIMUM a
EQUIPMENT TYPE SIZE CATEGORY TYPE RATING CONDITION EFFICIENCY TEST PROCEDURE
< 135,000 Btu/h VRF multisplit systems
VRF groundwater (cooling capacity) 50°F entering water 3.6 COP
source (heating — AHRI 1230
mode) >135,000 Btu/h VRF multisplit systems 33 COP
(cooling capacity) All 50°F entering water ) H
< 135,000 Btu/h VRF multisplit systems
; . o . 3.1 COP,
VRF ground source | (cooling capacity) 32°F entering water AHRI 1230
(heating mode) > 135,000 Btu/h VRF multisplit systems 28 COP
(cooling capacity) 32°F entering water ) H

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

procedure.

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

Requirements.

TABLE C

\%

403.3.2(10) ?~
FLOOR-MOUNTED AIR CONDITIONERS AND CON NG UNITS SERVING
COMPUTER ROOMS—MINIMUM EFFIC UIREMENTS®

RATING
NET SENSIBLE M } SENSIBLE CONDITIONS a
EQUIPMENT TYPE STANDARD MODEL COOLING CAPACITY oP RETURN AIR (dry TEST PROCEDURE
\ bulb/dew point)
< 80,000 Btu/ T 270
A 4
Downflow > 80,000 Bm];v 58
a 236 85°F/52°F
2 ; £2.67 (Class 2)
Upflow-ducted \ 2.55
) > 295,000 Btu/h 2.33
Air cooled
< 65,000 Btu/h 2.16
> 65,000 Btu/h and 75°F/52°F
Upfl ted | " 254,000 Btu/h 2.04 (Class 1)
\ >240,000 Btu/h 1.89
< 65,000 Btu/h 2.65
. > 65,000 Btu/h and 95°F/52°F
Horizontal < 240,000 Btu/h 2.55 (Class 3) AHRI 1360
> 240,000 Btu/h 2.47
< 80,000 Btu/h 2.70
> 80,000 Btu/h and
Downflow <295.000 Btwh 2.58
>295,000 Btu/h 2.36 85°F/52°F
< 80,000 Btu/h 2.67 (Class 1)
Air cooled with fluid > 80,000 Btu/h and
economizer Upflow-ducted <295,000 Btu/h 2.3
>295,000 Btu/h 2.33
< 65,000 Btu/h 2.09
> 65,000 Btu/h and 75°F/52°F
Upflow-nonducted | =_%% 100 Bu/h 1.99 (Class 1)
> 240,000 Btu/h 1.81
(continued)
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COMMERCIAL ENERGY EFFICIENCY

TABLE C403.3.2(10)
FLOOR-MOUNTED AIR CONDITIONERS AND CONDENSING UNITS SERVING
COMPUTER ROOMS—MINIMUM EFFICIENCY REQUIREMENTS"—continued

RATING
NET SENSIBLE MINIMUM NET SENSIBLE CONDITIONS a
EQUIPMENT TYPE STANDARD MODEL COOLING CAPACITY COP RETURN AIR (dry TEST PROCEDURE
bulb/dew point)
< 65,000 Btu/h 2.65
Air cooled with fluid Horizontal > 65,000 Btu/h and 255 95°F/52°F
economizer (cont.) < 240,000 Btu/h ’ (Class 3)
> 240,000 Btu/h 247
< 80,000 Btu/h 2.82
> 80,000 Btu/h and
Downflow <295.000 Btwh 2.73
2>295,000 Btu/h 2.67 85°F/52°F
< 80,000 Btu/h 2.79 (Class 1)
> 80,000 Btu/h and
Upflow-ducted <295,000 Btwh 2.70 \v
Water cooled > 295,000 Btu/h 264
economizer < 65,000 Btu/h 2.43 F
> 65,000 Btu/h and 75°F/52°F
Upflow-nonducted | =_%% 100 Bu/h : (Class 1)
> 240,000 Btu/h \
< 65,000 Btu/h /( .79
. > 65,000 Btu/h an. - 95°F/52°F
Horizontal < 240,000 Bt 2.68 (Class 3)

>240,000 Bt 2.60

< 3u/h :
T N

28(&, :Wx
Downflow 900 Btu/h o~ .68 AHRI 1360

21 §,2295.000 Btwh ) 2l 85°F/52°F
P <80,000 Bwh = 274 (Class 1)
> 80,000 Btw/h and
Upﬂow'@ <295,000 Btu/h 2.65
Water cooled with \ 2 295,000 Btu/h 2.58
fluid economizer - < 65,000 Btu/h 2.35
265,000 Btu/h and 75°F/52°F
Upflow-nonducted < 240,000 Btw/h 2.24 (Class 1)
> 240,000 Btu/h 2.12
< 65,000 Btu/h 2.71
. 265,000 Btu/h and 95°F/52°F
Horizontal < 240,000 Btu/h 2.60 (Class 3)
> 240,000 Btu/h 2.54
< 80,000 Btu/h 2.56
> 80,000 Btw/h and
Downflow <295,000 Btwh 2.24
>295,000 Btu/h 221 85°F/52°F
Glycol cooled
< 80,000 Btu/h 2.53 (Class 1)
> 80,000 Btu/h and
Upflow-ducted <295.000 Btuh 2.21
>295,000 Btu/h 2.18
(continued)
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COMMERCIAL ENERGY EFFICIENCY

TABLE C403.3.2(10)
FLOOR-MOUNTED AIR CONDITIONERS AND CONDENSING UNITS SERVING
COMPUTER ROOMS—MINIMUM EFFICIENCY REQUIREMENTS —continued

RATING
NET SENSIBLE MINIMUM NET SENSIBLE CONDITIONS a
EQUIPMENT TYPE STANDARD MODEL COOLING CAPACITY COP RETURN AIR (dry TEST PROCEDURE

bulb/dew point)

< 65,000 Btu/h 2.08
> 65,000 Btu/h and 75°F/52°F
Upflow-nonducted <240,000 Btw/h 1.90 (Class 1)
Glycol cooled > 240,000 Btu/h 1.81
(cont.) < 65,000 Btu/h 2.48
Horizontal > 65,000 Btu/h and 218 95°F/52°F
< 240,000 Btu/h ) (Class 3)
> 240,000 Btu/h 2.18
< 80,000 Btu/h 2.51
Downflow > 80,000 Btu/h and
< 295,000 Btu/h
>295,000 Btu/h ° °
8F/S2°F AHRI 1360
< 80,000 Btu/h (Class 1)
> 80,000 Btu/h and
Upflow-ducted <295,000 Btu/h
Glycol cooled with 2 295,000 Btu/h
fluid economizer < 65,000 Btu/x\
d 75°F/52°F
Upflow-nonducted I .82 (Class 1)
2.44
. 95°F/52°F
Horizontal N 2.10 (Class 3)

240,000 !tu/h ) - 2.10
o€ = [(oF)-32]/1.8, = (Btw/h x hp)/(2,550.7).

For SI: 1 British thermal unit per hour = A
of the referenced standards, which include test procedures, including the reference year version of the test

a. Chapter 6 contains a complete spe
procedure.

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

TABLE C403.3.2(11)
VAPOR-COMPRESSION-BASED INDOOR POOL DEHUMIDIFIERS—MINIMUM EFFICIENCY REQUIREMENT®

EQUIPMENT TYPE SUBCATEGORY OR RATING CONDITION MINIMUM EFFICIENCY TEST PROCEDURE?

.Slngle package 1nd00.r Rating Conditions: A or C 3.5MRE
(with or without economizer)

Slnglg P ackage indoor watet cooled Rating Conditions: A, B or C 3.5MRE
(with or without economizer)

St ", - 1od AHRI 910

INgle package mdoor air coole Rating Conditions: A, B or C 3.5MRE
(with or without economizer)

Sp IAIt system indoor air cqoled Rating Conditions: A, B or C 3.5MRE
(with or without economizer)

a. Chapter 6 contains a complete specification of the referenced standards, which include test procedures, including the reference year version of the test
procedure.
b. This table is a replica of ASHRAE 90.1 Table 6.8.1-12 Vapor-Compression-Based Indoor Pool Dehumidifiers—Minimum Efficiency Requirements.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE C-41




COMMERCIAL ENERGY EFFICIENCY

TABLE C403.3.2(12)
ELECTRICALLY OPERATED DX-DOAS UNITS, SINGLE-PACKAGE AND REMOTE CONDENSER,
WITHOUT ENERGY RECOVERY—MINIMUM EFFICIENCY REQUIREMENT"

EQUIPMENT TYPE SUBCATEGORY OR RATING CONDITION MINIMUM EFFICIENCY TEST PROCEDURE?
Air cooled anflizgilfr_l—cs;?(r)ienlllgzi §>umps (dehu- o 4.0 ISMRE
L . Cooling tower condenser water 4.9 ISMRE
Water cooled (dehumidification mode) -

Chilled water 6.0 ISMRE

Air-source heat pump (heating mode) — 2.7 ISCOP AHRI920
. ) Ground source, closed loop 4.8 ISMRE
Water-source heat Iﬁgﬁg (dehumidification Ground-water source 5.0 ISMRE
Water source 4.0 ISMRE
Ground source, closed loop 2.0 ISCOP

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

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

Recovery—Minimum Efficiency Requirements.

TABLE C408.3.2(
ELECTRICALLY OPERATED DX-DOAS UNITS, Q&P CKAGE AND REMOTE CONDENSER,
WITH ENERGY RECOVERY— UM EFFICIENCY REQUIREMENT®

EQUIPMENT TYPE SUBCATEGORX O CON% MINIMUM EFFICIENCY TEST PROCEDURE?
Air cooled and Air-source heat pumps AHRI 920

- . 5.2 ISMRE
(dehumidification mode) P N AHRI 920
ywer coNt T 5.3 ISMRE
Water cooled (dehumidification mode) - AHRI 920
Chil e Wager\, 6.6 ISMRE

Air-source heat pump (heating mode) S ’ v 3.3 ISCOP AHRI 920
6 G

round source, closed loop 5.2 ISMRE
Water-;ot}rce heat pump 3 Ground-water source 5.8 ISMRE AHRI 920
(dehumidification mode
Water source 4.8 ISMRE
A Ground source, closed loop 3.8 ISCOP
Water-source heat pump (heating mode) Ground-water source 4.0 ISCOP AHRI 920
Water source 4.8 ISCOP

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

b. This table is a replica of ASHRAE 90.1 Table 6.8.1-14 Electrically Operated DX-DOAS Units, Single-Package and Remote Condenser, with Energy
Recovery—Minimum Efficiency Requirements.
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TABLE C403.3.2(14)
ELECTRICALLY OPERATED WATER-SOURCE HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS®
HEAT SECTION SUBCATEGORY OR MINIMUM a
EQUIPMENT TYPE SIZE CATEGORY® TYPE RATING CONDITION EFFICIENCY TEST PROCEDURE
< 17,000 Btu/h 86°F entering water 12.2 EER
. > 17,000 Btu/h and
Water-to-glr, water loop < 65,000 Btu/h All 13.0 EER 1SO 13256-1
(cooling mode)
> 65,000 Btu/h and
< 135,000 Btu/h 13.0EER
Water-to-air, ground water 59°F entering water 18.0 EER
(cooling mode) ' 1SO 13256.1
Brine-to-air, ground loop 77°F entering water 14.1 EER
(cooling mode)
Water-to-water, water loop < 135,000 Btw/h All 86°F entering water 10.6 EER
(cooling mode)
Water-to-water, ground water 59°F entering water 16.3 EER 1SO 13256-2
(cooling mode) N
Brine-to-water, ground loop 779F en or 12.1 EER
(cooling mode) '
Water-to-water, water loop
(heating mode) f@mg water 4.3 COPy
. hd
Water-to-air, ground water SQPF entering water 37 COP
(heating mode) \ . - ISO 13256-1
Brine-to-air, ground loop & 32°F entering water 3.2CO0P,
(heating mode) < 135,000 Btw/h )
Water-to-water, water loop (cooling capacity) entering water 37 COP
(heating mode) & ’ H
Water-to-water, ground water \ °Fventerin water 31 COP
(heating mode) \? ¢ . ’ 1SO 13256-2
Brine-to-water, ground loop 32°F entering water 2.5 COP,

(heating mode)

For SI: 1 British thermal unit per hour = 0.2931 °C
a. Chapter 6 contains a complete speci

procedure.

b. Single-phase, US air-cooled hea

values for single-phase produ&

c. This table is a replica of ASHRA

(°F)-32]/1.
tioft’ of the referenced stan

s, which include test procedures, including the reference year version of the test

s'than 19 kW are regulated as consumer products by DOE 10 CFR 430. SCOPC, SCOP2C, SCOPH and SCOP2H

et by the USDOE.

Table 6.8.1-15 Electrically Operated Water-Source Heat Pumps—Minimum Efficiency Requirements.
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COMMERCIAL ENERGY EFFICIENCY

TABLE C403.3.2(15)—continued
HEAT-PUMP AND HEAT RECOVERY CHILLER PACKAGES- MINIMUM EFFICIENCY REQUIREMENTS®

For SI: °C = [(°F)-32)/1.8.

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

b. Cooling-only rating conditions are standard rating conditions defined in AHRI 550/590, Table 1.

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

d. For water-cooled heat recovery chillers that have capabilities for heat rejection to a heat recovery condenser and a tower condenser, the COPHR applies to
operation at full load with 100 percent heat recovery (no tower rejection). Units that only have capabilities for partial heat recovery shall meet the
requirements of Table C403.3.2(3).

e. Outdoor air entering dry-bulb (db) temperature and wet-bulb (wb) temperature.

f. Source-water entering and leaving water temperature.

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

TABLE C403.3.2(16)
CEILING-MOUNTED COMPUTER-ROOM AIR CONDITIONERS—MINIMUM EFFICIENCY REQUIREMENTS"

RATING CONDITIONS
RETURN AIR (dry
bulb/dew point

STANDARD NET SENSIBLE IMUM NET
MODEL COOLING CAPACITY

TEST

EQUIPMENT TYPE PROCEDURE*

<29,000 Btu/h o~

Ducted >29,000 Btu/h and < 65,0
Air cooled with free air > 65,000 Bt % 1.92
discharge condenser < 29,000 é 2.08
Nonducted >29,000 Btu/hand s Btu/h 2.05
> 6{0&tu/ﬁ 1.94
Buwh | 2.01
Ducted | 29,000\t4h and < 65,000-u/h 1.97

Air cooled with free air
discharge condenser with
fluid economizer

>%5,000, Btwh 1.87

29,000 W < 65,000 Btu/h 2.00

Nondux
P g 65,0,0 Btuh 1.89
% <9900 Btu'h 1.86

ed >29,000 Btu/h and < 65,000 Btu/h 1.83

i i > 65,000 Btu/h 1.73
Alr cooled with ducted N 75°F/52°F (Class 1)| AHRI 1360
condenser < 29,000 Btu/h 1.89
Nonducted >29,000 Btu/h and < 65,000 Btu/h 1.86
> 65,000 Btu/h 1.75
<29,000 Btu/h 1.82
Ducted > 29,000 Btu/h and < 65,000 Btu/h 1.78
Air coqled with fluid > 65,000 Btw/h 1.68
economizer and ducted
condenser < 29,000 Btu/h 1.85
Nonducted >29,000 Btu/h and < 65,000 Btu/h 1.81
> 65,000 Btu/h 1.70
< 29,000 Btu/h 2.38
Ducted > 29,000 Btu/h and < 65,000 Btu/h 2.38
> 65,000 Btu/h 2.18
Water cooled
< 29,000 Btu/h 2.41
Nonducted >29,000 Btu/h and < 65,000 Btu/h 2.31
> 65,000 Btu/h 2.20
(continued)
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TABLE C403.3.2(16)—continued
CEILING-MOUNTED COMPUTER-ROOM AIR CONDITIONERS—MINIMUM EFFICIENCY REQUIREMENTS"

coupwenTTvee | STARGARD | L | NS | RETURN AR (bl | ot e
< 29,000 Btu/h 2.33
Ducted >29,000 Btu/h and < 65,000 Btu/h 2.23
Water cooled with > 65,000 Btu/h 2.13
fluid economizer <29,000 Btuw/h 2.36
Nonducted |>29,000 Btu/h and < 65,000 Btu/h 2.26
> 65,000 Btu/h 2.16
<29,000 Btu/h 1.97
Ducted >29,000 Btu/h and < 65,000 Btu/h 1.93
Glycol cooled > 65,000 Btu/h 1.78 75°F/52°F (Class 1) | AHRI 1360
<29,000 Btu/h 2.00
Nonducted |>29,000 Btu/h and < 65,000 Btu/h 1.9 »
> 65,000 Btu/h
<29,000 Btw/h A
Ducted > 29,000 Btu/h and < 65,000 Bt 88
Glycol cooled with fluid econ- > 65,000 Btu/h ( 1.73
omizer <29,000 Btu/ X\‘." 1.95
Nonducted |>29,000 Btu/h and &0 /h 1.93

procedure.
b. This table is a replica of ASHRAE 90.1 Table 6.8.1-17 C % e Computer— Conditioners—Minimum Efficiency Requirements.

C403.3.3.2 Positive displaceme @-d wate\O The system turndown requirement shall be met through
cooled) chilling packages. Equd a leaving the use of multiple single-input boilers, one or more modu-

(0°C) and water-
ing packages with a

fluid temperature higher than
cooled positive displacem
condenser leaving fluid te ture below 115°F (46°C)
shall meet the requirement the tables in Section
C403.3.2 when tested or certified with water at standard
rating conditions, in accordance with the referenced test
procedure.

C403.3.3.3 Hot gas bypass limitation. Cooling systems
shall not use hot gas bypass or other evaporator pressure
control systems unless the system is designed with mul-
tiple steps of unloading or continuous capacity modula-
tion. The capacity of the hot gas bypass shall be limited
as indicated in Table C403.3.3, as limited by Section
C403.5.1.

TABLE C403.3.3
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 SI: 1 British thermal unit per hour = 0.2931 W.

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

C-46

> 65,0 " 1.76
For SI: 1 British thermal unit per hour = 0.2931 W, oC = [(0F)-32]/1.8, X hp)/ 7).
a. Chapter 6 contains a complete specification of the referenced stan thh 1nclude test cedures, including the reference year version of the test

lating boilers or a combination of single-input and modu-
lating boilers.

TABLE C403.3.4
BOILER TURNDOWN

MINIMUM
BOILER SYSTEM DESIGN INPUT (Btu/h) TURNDOWN
RATIO
> 1,000,000 and < 5,000,000 3tol
> 5,000,000 and < 10,000,000 4tol
>10,000,000 S5tol

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

C403.4 Heating and cooling system controls. Each heating
and cooling system shall be provided with controls in accor-
dance with Sections C403.4.1 through C403.4.5.

C403.4.1 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, not fewer than one humidity control device
shall be provided for each humidity control system.

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

1. The perimeter system includes not fewer than one
thermostatic control zone for each building expo-
sure having exterior walls facing only one orien-
tation (within £ 45 degrees) (0.8 rad) for more
than 50 contiguous feet (15 240 mm).

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

C403.4.1.1 Climate-appropriate equipment. Equip-
ment that provides heating and cooling shall be able to
adequately function in Boulder’s climate zone, includ-
ing demonstrated performance of at least 70 percent
capacity with outdoor temperatures of 5°F.

C403.4.1.2 Heat pump supplementary heat. Heat
pumps having supplementary electric resistance heat
shall have controls that limit supplemental heat
operation to only those times when one of the following
applies:

1. The vapor compression cycle cannot provide the
necessary heating energy to satisfy the thermostat
setting.
2.
3.
The thermostat malfunctions.

C403.4.1.3 Deadband. Where used to
heating and cooling, zone thermostatic
configured to provide a temperature

of not less than 5°F (2.8°C) withinswhi
heating and cooling energy to l@ e 1S shut
reduced to a minimum.

The heat pump is operating in defrost mode.
The vapor compression cycle malfunctions.

Exceptions:
1.  Thermostat wing manual changeover
between and cooling modes.

t
Occupan& applications requiring preci-
sion in indoor temperature control as
approved by the code official.

C403.4.1.4 Setpoint overlap restriction. Where a zone
has a separate heating and a separate cooling thermostatic
control located within the zone, a limit switch, mechanical
stop or direct digital control system with software
programming shall be configured to prevent the heating
setpoint from exceeding the cooling setpoint and to
maintain a deadband in accordance with Section
C403.4.1.3.

C403.4.1.5 Heated or cooled vestibules. The heating
system for heated vestibules and air curtains with
integral heating shall be provided with controls
configured to shut off the source of heating when the
outdoor air temperature is greater than 45°F (7°C).
Vestibule heating and cooling systems shall be
controlled by a thermostat located in the vestibule
configured to limit heating to a temperature not greater
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than 60°F (16°C) and cooling to a temperature not less
than 85°F (29°C).
Exception: Control of heating or cooling provided
by site-recovered energy or transfer air that would
otherwise be exhausted.

C403.4.1.6 Hot water boiler outdoor temperature
setback control. Hot water boilers that supply heat to
the building through one- or two-pipe heating systems
shall have an outdoor setback control that lowers the
boiler water temperature based on the outdoor tempera-
ture.

C403.4.2 Off-hour controls. Each zone shall be provided
with thermostatic setback controls that are controlled by
either an automatic time clock or programmable control sys-
tem.
Exceptions:
1. Zones, thapwill be operated continuously.
2. ¥@? esy, with a full HVAC load demand not
exceeding 6,800 Btu/h (2 kW) and having a man-

shutoff switch located with ready access.

3.4.2.1 Thermostatic setback. Thermostatic set-

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

\Oack controls shall be configured to set back or tempo-

403.4.2.2 Automatic setback and shutdown. Auto-
atic time clock or programmable controls shall be

capable of starting and stopping the system for seven

shall have a manual override that allows temporary
operation of the system for up to 2 hours; a manually
operated timer configured to operate the system for up
to 2 hours; or an occupancy sensor.

C403.4.2.3 Automatic start and stop. Automatic
start controls shall be provided for each HVAC
system. The automatic start controls shall be
configured to automatically adjust the daily start time
of the HVAC system in order to bring each space to
the desired occupied temperature immediately prior to
scheduled occupancy. Automatic stop controls shall
be provided for each HVAC system with direct digital
control of individual zones. The automatic stop
controls shall be configured to reduce the HVAC
system’s heating temperature setpoint and increase
the cooling temperature setpoint by not less than 2°F
(-16.6°C) before scheduled unoccupied periods based
on the thermal lag and acceptable drift in space
temperature that is within comfort limits.

all be ifferent daily schedules per week and retaining their
adband programming and time setting during a loss of power
5 for not fewer than 10 hours. Additionally, the controls

C403.4.3 Hydronic systems controls. The heating of
fluids that have been previously mechanically cooled and
the cooling of fluids that have been previously
mechanically heated shall be limited in accordance with
Sections C403.4.3.1 through C403.4.3.3. Hydronic heating
systems comprised of multiple-packaged boilers and
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designed to deliver conditioned water or steam into a
common distribution system shall include automatic
controls configured to sequence operation of the boilers.
Hydronic heating systems composed of a single boiler and
greater than 500,000 Btu/h (146.5 kW) input design
capacity shall include either a multistaged or modulating
burner.

C403.4.3.1 Three-pipe system. Hydronic systems that
use a common return system for both hot water and
chilled water are prohibited.

C403.4.3.2 Two-pipe changeover system. Systems
that use a common distribution system to supply both
heated and chilled water shall be designed to allow a
deadband between changeover from one mode to the
other of not less than 15°F (8.3°C) outside air tempera-
tures; be designed to and provided with controls that
will allow operation in one mode for not less than 4
hours before changing over to the other mode; and be
provided with controls that allow heating and cooling
supply temperatures at the changeover point to be not
more than 30°F (16.7°C) apart.

C403.4.3.3 Hydronic (water loop) heat pump sys-
tems. Hydronic heat pump systems shall comply with
Sections C403.4.3.3.1 through C403.4.3.3.3.

C403.4.3.3.1 Temperature deadband. Hydroni
heat pumps connected to a common heat pump
water loop with central devices for heat rejec
and heat addition shall have controls that ar -
ured to provide a heat pump water supp,
ture deadband of not less than 20°F (1
initiation of heat rejection and he
central devices.

Exception: Where a sy 00p temperature
optimization controller iS\installed and can deter-
mine the most effici ting temperature
based on real-tim
capacity, deadbands
shall be permitted.

C403.4.3.3.2 Heat rejection. The following shall
apply to hydronic water loop heat pump systems:

ess than 20°F (11°C)

1. Where a closed-circuit cooling tower is used
directly in the heat pump loop, either an
automatic valve shall be installed to bypass
the flow of water around the closed-circuit
cooling tower, except for any flow necessary
for freeze protection, or low-leakage posi-
tive-closure dampers shall be provided.

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

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

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

C403.4.3.3.3 Two-position valve. Each hydronic
heat pump on the hydronic system having a total
pump system power exceeding 10 hp (7.5 kW) shall
have a two-position automatic valve interlocked to
shut off the water flow when the compressor is off..

C403.4.4 Part-load controls. Hydronic systems greater than
or equal to 300,000 Btu/h (87.9 kW) in design output capac-
ity supplying heated or chilled water to comfort conditioning
systems shall include controls that are configured to do all of
the following:

1. Automatic reset the supply-water temperatures

in resp t ing building heating and cooling

de (@coil valve position, zone-return water

tempe , building-return water temperature or

ide air temperature. The temperature shall be

t'by not less than 25 percent of the design sup-
-to-return water temperature difference.

«\ Automatically vary fluid flow for hydronic systems

with a combined pump motor capacity of 2 hp (1.5

kW) or larger with three or more control valves or

devices by reducing the system design flow

I

ate by not less than 50 percent or the maximum
uction allowed by the equipment manufacturer

ulate or turn on and off as a function of load.

3 I
en or proper operation of equipment by valves that
by thO modulate or step open and close, or pumps that mod-

3. Automatically vary pump flow on heating-water
systems, chilled-water systems and heat rejection
loops serving water-cooled unitary air conditioners
as follows:

3.1. Where pumps operate continuously or oper-
ate based on a time schedule, pumps with
nominal output motor power of 2 hp or more
shall have a variable speed drive.

3.2. Where pumps have automatic direct digital
control configured to operate pumps only
when zone heating or cooling is required, a
variable speed drive shall be provided for
pumps with motors having the same or
greater nominal output power indicated in

Table C403.4.4 based on the system served.

4. Where a variable speed drive is required by Item 3
of this Section, pump motor power input shall be not
more than 30 percent of design wattage at 50 percent
of the design water flow. Pump flow shall be con-
trolled to maintain one control valve nearly wide
open or to satisfy the minimum differential pressure.

Exceptions:
1. Supply-water temperature reset is not required
for chilled-water systems supplied by off-site dis-
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trict chilled water or chilled water from ice stor-
age systems.

Variable pump flow is not required on dedicated
coil circulation pumps where needed for freeze
protection.

Variable pump flow is not required on dedicated
equipment circulation pumps where configured
in primary/secondary design to provide the mini-
mum flow requirements of the equipment manu-
facturer for proper operation of equipment.

Variable speed drives are not required on heating

water pumps where more than 50 percent of

annual heat is generated by an electric boiler.
TABLE C403.4.4

VARIABLE SPEED DRIVE (VSD) REQUIREMENTS
FOR DEMAND-CONTROLLED PUMPS

TYPES OF DEMAND CONTROLLED | VSD REQUIRED FOR MOTORS
PUMPS WITH RATED OUTPUT OF:

Chilled water and heat rejection

>
loop pumps =75 hp

Heating water pumps 210 hp

C403.4.5 Pump isolation. Chilled water plants including
more than one chiller shall be capable of and configured t
reduce flow automatically through the chiller plant wher'a
chiller is shut down. Chillers piped in series for the p
of increased temperature differential shall be consi
one chiller.

N

through the boiler system when a boilg

X

ling systems:

Boiler systems including more than one,bo be
capable of and configured to reduce tommaticall
issshut down.

C403.5 Economizers. Economizers s
tions C403.5.1 through C403.5.5.
shall be provided for the followi

o]

i
V1

1. Chilled water syste
less cooling capaci
specified in Table C4

. Individual fan systems with cooling capacity greater
than or equal to 36,000 Btu/h (10.5 kW) in buildings
having other than a Group R occupancy,

a‘otal cooling capacity,
d with air economizers

TABLE C403.

01
O%rated casework.

COMMERCIAL ENERGY EFFICIENCY

The total supply capacity of all fan cooling units not
provided with economizers shall not exceed 20 percent
of the total supply capacity of all fan cooling units in
the building or 300,000 Btu/h (88 kW), whichever is
greater.

Individual fan systems with cooling capacity greater
than or equal to 270,000 Btu/h (79.1 kW) in buildings
having a Group R occupancy.

The total supply capacity of all fan cooling units not
provided with economizers shall not exceed 20 percent
of the total supply capacity of all fan cooling units in
the building or 1,500,000 Btu/h (440 kW), whichever is
greater.

Exceptions: Economizers are not required for the follow-

ing systems.
1. Where more than 25 percent of the air designed to
be supplied ,by the system is to spaces that are

d ¢ humidified above 35°F (1.7°C) dew-

emperature to satisfy process needs.

s serving supermarket areas with open refrig-

Systems that include a heat recovery system in
accordance with Section C403.9.5.

4. VRF systems installed with a dedicated outdoor air
ystem.

e S
:Q% .5.1 Integrated economizer control. Economizer
systelps shall be integrated with the mechanical cooling

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

Units that include an air economizer shall comply with
the following:

1. Unit controls shall have the mechanical cooling
capacity control interlocked with the air economizer
controls such that the outdoor air damper is at the

5

MINIMUM CHILLED-WATER SYSTEM COOLING CAPACITY FOR DETERMINING ECONOMIZER COOLING REQUIREMENTS
TOTAL CHILLED-WATER SYSTEM CAPACITY LESS CAPACITY OF COOLING UNITS WITH AIR ECONOMIZERS
Local Water-cooled Chilled-water Systems
1,320,000 Btu/h
For SI: 1 British thermal unit per hour = 0.2931 W.

Air-cooled Chilled-water Systems or District Chilled-Water Systems

1,720,000 Btu/h

TABLE C403.5.1
DX COOLING STAGE REQUIREMENTS FOR MODULATING AIRFLOW UNITS

MINIMUM NUMBER MINIMUM COMPRESSOR
RATING CAPACITY OF MECHANICAL COOLING STAGES DISPLACEMENT?
> 65,000 Btu/h and < 240,000 Btu/h 3 stages < 35% of full load
> 240,000 Btu/h 4 stages < 25% of full load

For SI: 1 British thermal unit per hour = 0.2931 W.
a. For mechanical cooling stage control that does not use variable compressor displacement, the percent displacement shall be equivalent to the mechanical cooling
capacity reduction evaluated at the full load rating conditions for the compressor.
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100-percent open position when mechanical cooling
is on and the outdoor air damper does not begin to
close to prevent coil freezing due to minimum com-
pressor run time until the leaving air temperature is
less than 45°F (7°C).

2. Direct expansion (DX) units that control 75,000 Btu/
h (22 kW) or greater of rated capacity of the capac-
ity of the mechanical cooling directly based on

C403.5.3.4 Relief of excess outdoor air. Systems shall
be capable of relieving excess outdoor air during air
economizer operation to prevent overpressurizing the
building. The relief air outlet shall be located to avoid
recirculation into the building.

C403.5.3.5 Economizer dampers. Return, exhaust/
relief and outdoor air dampers used in economizers
shall comply with Section C403.7.7.

occupied space temperature shall have not fewer

. . ; C403.5.4 Water-side economizers. Where economizers
than two stages of mechanical cooling capacity.

are required by Section C403.5, water-side economizers
3. Other DX units, including those that control space shall comply with Sections C403.5.4.1 and C403.5.4.2.

temperature by modulating the airflow to the space,
shall be in accordance with Table C403.5.1.

C403.5.2 Economizer heating system impact. HVAC
system design and economizer controls shall be such that
economizer operation does not increase building heating
energy use during normal operation.

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

C403.5.3 Air economizers. Where economizers are
required by Section C403.5, air economizers shall comply

with Sections C403.5.3.1 through C403.5.3.5.
C403.5.3.1 Design capacity. Air economizer systems «

shall be configured to modulate outdoor air and retu
air dampers to provide up to 100 percent of the design
supply air quantity as outdoor air for cooling.
C403.5.3.2 Control signal. Economizer con
dampers shall be configured to sequence 3
with the mechanical cooling equipment.and Sh
controlled by only mixed-air tempera a O
Exception: The use of mixed¢air, tSmp€rature limi
control shall be permitted fi ms controlled from
space temperature (such as single-zone systems).

C403.5.3.3 High-limit shutoff. Air economizers shall
be configured to automatieally reduce outdoor air
intake to the design minimum outdoor air quantity
when outdoor air intake will not reduce cooling energy
usage. High-limit shutoff control types shall be chosen
from Table C403.5.3.3. High-limit shutoff control set-
tings for these control types shall be those specified in
Table C403.5.3.3.

C403.5.4.1 Design capacity. Water economizer sys-
tems shall be configured to cool supply air by indirect
evaporation and providing up to 100 percent of the
expected system cooling load at outdoor air tempera-
tures of not greater than 50°F (10°C) dry bulb/45°F

(7°C) wet bulw
Except
1.\ Systems primarily serving computer rooms
which 100 percent of the expected system

cooling load at 40°F (4°C) dry bulb/35°F
(1.7°C) wet bulb is met with evaporative

water economizers.

. Systems primarily serving computer rooms
with dry cooler water economizers that sat-
isfy 100 percent of the expected system cool-
ing load at 35°F (1.7°C) dry bulb.

peratures of 50°F (10°C) dry bulb/45°F
(7°C) wet bulb and where 100 percent of the
expected system cooling load at 45°F (7°C)
dry bulb/40°F (4°C) wet bulb is met with
evaporative water economizers.

V& Systems where dehumidification require-
ments cannot be met using outdoor air tem-

C403.5.4.2 Maximum pressure drop. Precooling
coils and water-to-water heat exchangers used as part
of a water economizer system shall either have a water-
side pressure drop of less than 15 feet (45 kPa) of water
or a secondary loop shall be created so that the coil or
heat exchanger pressure drop is not seen by the circu-
lating pumps when the system is in the normal cooling
(noneconomizer) mode.

TABLE C403.5.3.3
HIGH-LIMIT SHUTOFF CONTROL SETTING FOR AIR ECONOMIZERS®

REQUIRED HIGH LIMIT
DEVICE TYPE (ECONOMIZER OFF WHEN):
Equation Description
Fixed dry bulb T,,>75°F Outdoor air temperature exceeds 75°F
Differential dry bulb T Outdoor air temperature exceeds
04 > TRA 1
return air temperature

Differential enthalpy with fixed dry-bulb hoy> hy, or Outdoor air enthalpy exceeds return air enthalpy OR

temperature T,,>75°F Outdoor air temperature exceeds 75°F

For SI: 1 foot =305 mm, °C = (°F - 32)/1.8, 1 Btu/lb = 2.33 kJ/kg.

a. At altitudes substantially different than sea level, the fixed enthalpy limit shall be set to the enthalpy value at 75°F and 50-percent relative humidity. As an
example, at approximately 6,000 feet elevation, the fixed enthalpy limit is approximately 30.7 Btu/lb.
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C403.5.5 Economizer fault detection and diagnostics
(Mandatory). Air-cooled unitary direct-expansion units
listed in the tables in Section C403.3.2 and variable refrig-
erant flow (VRF) units that are equipped with an econo-
mizer in accordance with Sections C403.5 through
C403.5.4 shall include a fault detection and diagnostics
system complying with the following:

1. The following temperature sensors shall be perma-
nently installed to monitor system operation:

1.1. Outside air.
1.2. Supply air.
1.3. Return air.

2. Temperature sensors shall have an accuracy of +2°F
(1.1°C) over the range of 40°F to 80°F (4°C to
26.7°C).

. Refrigerant pressure sensors, where used, shall have
an accuracy of £3 percent of full scale.

. The unit controller shall be configured to provide
system status by indicating the following:

4.1.
4.2.
4.3.
44.
4.5.
4.6.

. The unit controller shall be capable @
tiating each operating mode so tha
compressors, economizers, fanssan
tem can be independently tes

. The unit shall be configused
management applicati
day-to-day operati
ciated locally on zong&th

. The fault detectk&d diagnostics system shall be
configured to detect the following faults:

7.1.

7.2.

Free cooling available.
Economizer enabled.
Compressor enabled. «

Heating enabled.
Mixed air low limit cycle active.

The current value of each senso

port faults to a
ailable for access by
e personnel, or annun-

Air temperature sensor failure/fault.

Not economizing when the unit should be
economizing.

7.3. Economizing when the unit should not be
economizing.

7.4.
7.5.

C403.6 Requirements for mechanical systems serving
multiple zones. Sections C403.6.1 through C403.6.9 shall
apply to mechanical systems serving multiple zones.

Damper not modulating.
Excess outdoor air.

C403.6.1 Variable air volume and multiple-zone sys-
tems. Supply air systems serving multiple zones shall be
variable air volume (VAV) systems that have zone controls
configured to reduce the volume of air that is reheated,
recooled or mixed in each zone to one of the following:

1. Twenty percent of the zone design peak supply for
systems with direct digital control (DDC) and 30
percent for other systems.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

O

COMMERCIAL ENERGY EFFICIENCY

2. Systems with DDC where all of the following apply:

2.1. The airflow rate in the deadband between
heating and cooling does not exceed 20 per-
cent of the zone design peak supply rate or
higher allowed rates under Items 3, 4 and 5
of this section.

2.2. The first stage of heating modulates the zone
supply air temperature setpoint up to a maxi-
mum setpoint while the airflow is main-

tained at the deadband flow rate.

The second stage of heating modulates the
airflow rate from the deadband flow rate up to
the heating maximum flow rate that is less
than 50 percent of the zone design peak sup-

2.3.

ply rate.
3. The outdoor airflow rate required to meet the mini-
mum Wion requirements of Chapter 4 of the
In joial Mechanical Code.

4. igher rate that can be demonstrated to reduce
| system annual energy use by offsetting re-
eat/recool energy losses through a reduction in out-
door air intake for the system as approved by the

code official.

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

Exeeption: The following individual zones or entire air

y ini- v
cration
n@

istribution systems are exempted from the require-
ment for VAV control:

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

. Systems that prevent reheating, recooling, mixing
or simultaneous supply of air that has been previ-
ously cooled, either mechanically or through the
use of economizer systems, and air that has been
previously mechanically heated.

C403.6.2 Single-duct VAV systems, terminal devices.
Single-duct VAV systems shall use terminal devices capa-
ble of and configured to reduce the supply of primary sup-
ply air before reheating or recooling takes place.

C403.6.3 Dual-duct and mixing VAV systems, terminal
devices. Systems that have one warm air duct and one cool
air duct shall use terminal devices that are configured to
reduce the flow from one duct to a minimum before mix-
ing of air from the other duct takes place.

C403.6.4 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 [(26.4 kW) 7.5 tons]
shall not be equipped with air economizers.

C403.6.5 Supply-air temperature reset controls. Multi-
ple-zone HVAC systems shall include controls that are
capable of and configured to automatically reset the sup-
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ply-air temperature in response to representative building
loads, or to outdoor air temperature. The controls shall be
configured to reset the supply air temperature not less than
25 percent of the difference between the design supply-air
temperature and the design room air temperature. Controls
that adjust the reset based on zone humidity are allowed.
HVAC zones that are expected to experience relatively
constant loads, shall have maximum airflow designed to
accommodate the fully reset supply-air temperature.

Exceptions:

1. Systems that prevent reheating, recooling or mix-
ing of heated and cooled supply air.

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

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

C403.6.6 Multiple-zone VAV system ventilation optimi-
zation control. Multiple-zone VAV systems with direct
digital control of individual zone boxes reporting to a cen-
tral control panel shall have automatic controls configured
to reduce outdoor air intake flow below design rates in
response to changes in system ventilation efficiency (£)) as
defined by the International Mechanical Code.

Exceptions:

1. VAV systems with zonal transfer fans that r
culate air from other zones without direc
ing it with outdoor air, dual-duct dual;
systems, and VAV systems with fan
minal units.

2. Systems where total design, e @ airflow i
more than 70 percent of t esign’ outdoor ai

intake flow requirement
C403.6.7 Parallel-flow fan-

AV air terminal

1. Turn off the terminal fan except when space heating
is required or where required for ventilation.

2. Turn on the terminal fan as the first stage of heating
before the heating coil is activated.

3. During heating for warmup or setback temperature
control, either:

3.1. Operate the terminal fan and heating coil
without primary air.

3.2. Reverse the terminal damper logic and pro-
vide heating from the central air handler by
primary air.

C403.6.8 Setpoints for direct digital control. For sys-
tems with direct digital control of individual zones report-
ing to the central control panel, the static pressure setpoint
shall be reset based on the zone requiring the most pres-
sure. In such case, the setpoint is reset lower until one zone
damper is nearly wide open. The direct digital controls
shall be capable of monitoring zone damper positions or
shall have an alternative method of indicating the need for
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static pressure that is configured to provide all of the fol-
lowing:
1. Automatic detection of any zone that excessively
drives the reset logic.

2. Generation of an alarm to the system operational
location.

3. Allowance for an operator to readily remove one or
more zones from the reset algorithm.

C403.6.9 Static pressure sensor location. Static pressure
sensors used to control VAV fans shall be located such that
the controller setpoint is not greater than 1.2 inches w.c.
(299 Pa). Where this results in one or more sensors being
located downstream of major duct splits, not less than one
sensor shall be located on each major branch to ensure that
static pressure can be maintained in each branch.

C403.7 Ventilatiomyand exhaust systems. In addition to
other requireme Non C403 applicable to the provi-
sion of ventilati r the exhaust of air, ventilation and
exhaust syste hall be in accordance with Sections
C403.7.1

emand control ventilation. Demand control

C40
en (DCV) shall be provided for all single-zone
systems required to comply with Sections C403.5 through
403.5.3 and spaces larger than 500 square feet (46.5 m?)

nd withl an average occupant load of 15 people or greater
ir- per square feet (93 m?) of floor area, as established
in Table .3.1.1 of the International Mechanical Code,

ang served by systems with one or more of the following:
.¥An air-side economizer.

2. Automatic modulating control of the outdoor air
damper.

3. A design outdoor airflow greater than 3,000 cfm
(1416 L/s).

Exceptions:

1. Systems with energy recovery complying with
Section C403.7.5.2.

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

3. Multiple-zone systems with a design outdoor air-
flow less than 750 cfm (354 L/s).

4. Spaces where more than 75 percent of the space
design outdoor airflow is required for makeup air
that is exhausted from the space or transfer air
that is required for makeup air that is exhausted
from other spaces.

5. Spaces with one of the following occupancy clas-
sifications as defined in Table 403.3.1.1 of the
International Mechanical Code: correctional
cells, education laboratories, barber, beauty and
nail salons, and bowling alley seating areas.

C403.7.2 Dwelling unit mechanical ventilation. Dwell-
ing units shall be provided with mechanical ventilation
that complies with the requirements of the International
Mechanical Code, as applicable, or with other approved
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means of ventilation. Outdoor air intakes and exhausts

shall have automatic or gravity dampers that close
the ventilation system is not operating.

when

COMMERCIAL ENERGY EFFICIENCY

not more than one 90-degree (1.57 rad) elbow or
equivalent in the duct run.

C403.7.2.1 Whole-dwelling mechanical ventilation
system fan efficacy. Fans used to provide whole-
dwelling mechanical ventilation shall meet the efficacy
requirements of Table C403.7.2.1 at one or more rating
points. Fans shall be tested in accordance with HVI 916
and listed. The airflow shall be reported in the product
listing or on the label. Fan efficacy shall be reported in
the product listing or shall be derived from the input
power and airflow values reported in the product listing
or on the label. Fan efficacy for fully ducted HRV,
ERC, balanced, and in-line fans shall be determined at
a static pressure of not less than 0.2-inch w.c. (49.85
Pa). Fan efficacy for ducted range hoods, bathroom and
utility room fans shall be determined at a static pressure
of not less than 0.1-inch w.c. (24.91 Pa).
TABLE C403.7.2.1

WHOLE-DWELLING MECHANICAL
VENTILATION SYSTEM FAN EFFICACY®

C403.7.3 Enclosed parking garage ventilation controls.
Enclosed parking garages used for storing or handling
automobiles operating under their own power shall
employ carbon monoxide detectors applied in conjunction
with nitrogen dioxide detectors and automatic controls
configured to stage fans or modulate fan average airflow
rates to 50 percent or less of design capacity, or intermit-
tently operate fans less than 20 percent of the occupied
time or as required to maintain acceptable contaminant
levels in accordance with International Mechanical Code
provisions. Failure of contamination-sensing devices shall
cause the exhaust fans to operate continuously at design
airflow.

Exceptions:

1. GaWith a total exhaust capacity of less than
m (3,755 L/s) with ventilation systems

thét do not utilize heating or mechanical cooling.

arages that have a garage area to ventilation
system motor nameplate power ratio that exceeds
1125 cfm/hp (710 L/s/kW) and do not utilize
heating or mechanical cooling.

O

C403.7.4 Ventilation air heating control. Units that pro-

vid¢ ventilation air to multiple zones and operate in con-
j ion with zone heating and cooling systems shall not
use

S ting or heat recovery to warm supply air to a tem-

Wture greater than 60°F (16°C) when representative

1lding loads or outdoor air temperatures indicate that the

AIRFLOW RATE
FAN LOCATION MINMUM MINIMUM EFFICACY
(CFM) (CEM/WATT)
HRYV, ERV Any 1.2 cfim/watt ‘
. v
In-line Sup%lé/l or exhuast Any 3.8 ofin/w \
Other exhaust fan <90 2.8 cfmw
Other exhaust fan >90 3.5 t
Air-handler integrated to
tested and listed HVAC Any watt
equipment

For SI: 1 cubic foot per minute = 28.3 L/mi

OO

iCal ventilation systems
vide the minimum ven-
ction C403.7.2 and shall

C403.7.2.2 Testing. M
shall be tested and verified

tilation flow rates requi
meet the efficacy re% nts as per Table C403.7.2.1.

Testing shall be performed according to the ventilation
equipment manufacturer's instructions, or by using a
flow hood or box, flow grid, or other airflow measuring
device at the mechanical ventilation fan's inlet terminals
or grilles, outlet terminals or grilles, or in the connected
ventilation ducts. Where required by the code official,
testing shall be conducted by an approved third party. A
written report of the results of the test shall be signed by
the party conducting the test and provided to the code
official. Units shall be tested as follows:

1. Where the buildings have fewer than eight testing
units, each unit shall be tested.

. For buildings with eight or more units, the greater
of seven or 20 percent of the units in the building
shall be tested evenly across all floors and shall
encompass each unique unit type in the building.
For each unit that does not meet the required ven-
tilation/exhaust rate, an additional two units shall
be tested.

Exception: Kitchen range hoods that are ducted to
the outside with 6-inch (152 mm) or larger duct and
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majority of zones require cooling.

C403.7.5 Energy recovery systems. Energy recovery
ventilation systems shall be provided as specified in either
Section C403.7.5.1 or C403.7.5.2, as applicable.

C403.7.5.1 Nontransient dwelling units. Nontransient
dwelling units shall be provided with outdoor air
energy recovery ventilation systems with an enthalpy
recovery ratio of not less than 60 percent at heating
design condition.

C403.7.5.2 Spaces other than nontransient dwelling
units. Where the supply airflow rate of a fan system
serving a space other than a nontransient dwelling unit
exceeds the values specified in Table C403.7.4.2, the
system shall include an energy recovery system. The
energy recovery system shall provide an enthalpy
recovery ratio of not less than 50 percent at design con-
ditions. Where an air economizer is required, the
energy recovery system shall include a bypass or con-
trols that permit operation of the economizer as
required by Section C403.5.

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

1. Where energy recovery systems are prohib-
ited by the International Mechanical Code.

Laboratory fume hood systems that include
not fewer than one of the following features:

C-53



COMMERCIAL ENERGY EFFICIENCY

2.1.

2.2.

Variable-air-volume hood exhaust and
room supply systems configured to
reduce exhaust and mt warmer than
2°F (1.1°C) above room setpoint,
cooled to not cooler than 3°F (1.7°C)
belakeup air volume to 50 percent or
less of design values.

Direct makeup (auxiliary) air supply
equal to or greater than 75 percent of
the exhaust rate, heated noow room
setpoint, with no humidification
added, and no simultaneous heating
and cooling used for dehumidification
control.

C403.7.6 Kitchen exhaust systems. Replacement air
introduced directly into the exhaust hood cavity shall not be
greater than 10 percent of the hood exhaust airflow rate.
Conditioned supply air delivered to any space shall not
exceed the greater of the following:

1. The ventilation rate required to meet the space heat-
ing or cooling load.

2. The hood exhaust flow minus the available transfer
air from adjacent space where available transfer air
is considered to be that portion of outdoor ventila-
tion air not required to satisfy other exhaust needs,
such as restrooms, and not required to maintain pres-
surization of adjacent spaces.

Where total kitchen hood exhaust airflow rate is greater

3. IS ystemns serv:ng P acf s that are heated to than 5,000 cfm (2360 L/s), each hood shall be a factory-
ess than 60°F (15.5°C) and that are not . . . :
cooled. bu11F comme'rmal exhaust hqod llsted. by a na'tlonally rec-

ognized testing laboratory in compliance with UL 710.

4. Where more than 60 percent of the outdoor Each hood s maximum exhaust rate as specified
heating energy is provided from site-recov- in Table nd shall comply with one of the fol-
ered or site-solar energy. lowing:

3. Enthalpy recovery rath yeqmrements are at ofiless than 50 percent of all replacement air shall
the cooling design condition. @ ransfer air that would otherwise be exhausted.

6. Systems requiring dehqmldlﬁcatlor} that “"Pemand ventilation systems on not less than 75 per-
emp}oy Chergy recovery in series with the & cent of the exhaust air that are configured to provide
cooling coil. not less than a 50-percent reduction in exhaust and

7. Where the largest source of air exhausted a replacement air system airflow rates, including con-
a single location at the building exteriogh necessary to modulate airflow in response to
less than 75 percent of the design out [ appliance operation and to maintain full capture and
flow rate. tainment of smoke, effluent and combustion

8. Systems exhausting toxic, flam =paint products during cooking and idle.
or corrosive fumes or dust. 3. Listed energy recovery devices with a sensible heat

9. Commercial kitchen hogds or collec recovery effectiveness of not less than 40 percent on
ing and removing grero and smoke. not less than 50 percent of the total exhaust airflow.

5 TABLE C403.7.4.2

ENERGY RECOVERY REQUIREMENT
(Ventilation systems operating not less than 8,000 hours per year)
PERCENT (%) OUTDOOR AIR AT FULL DESIGN AIRFLOW RATE
210% and 2>20% and 2>30% and 2> 40% and 2> 50% and 2> 60% and 270% and >80%
<20% <30% <40% <50% < 60% <70% <80%
Design Supply Fan Airflow Rate (cfm)
>2,500 >2,000 > 1,000 =500 2> 140 =120 =100 =80
For SI: 1 cfm =0.4719 L/s.
TABLE C403.7.5

MAXIMUM NET EXHAUST FLOW RATE,
CFM PER LINEAR FOOT OF HOOD LENGTH

e oF ooo oo e | o
Wall-mounted canopy 140 210 280 385
Single island 280 350 420 490
Double island (per side) 175 210 280 385
Eyebrow 175 175 NA NA
Backshelf/Pass-over 210 210 280 NA

For SI:1 cfm = 0.4719 L/s; 1 foot = 305 mm.

NA = Not Allowed.
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Where a single hood, or hood section, is installed over
appliances with different duty ratings, the maximum
allowable flow rate for the hood or hood section shall be
based on the requirements for the highest appliance duty
rating under the hood or hood section.

Exception: Where not less than 75 percent of all the
replacement air is transfer air that would otherwise be
exhausted.

C403.7.7 Automatic control of HVAC systems serving
guestrooms. In Group R-1 buildings containing more than
50 guestrooms, each guestroom shall be provided with
controls complying with the provisions of Sections
C403.7.6.1 and C403.7.6.2. Card key controls comply
with these requirements.

C403.7.7.1 Temperature setpoint controls. Controls
shall be provided on each HVAC system that are capa-
ble of and configured with three modes of temperature
control.

1.  When the guestroom is rented but unoccupied,
the controls shall automatically raise the cool-
ing setpoint and lower the heating setpoint by
not less than 4°F (2°C) from the occupant set-
point within 30 minutes after the occupants
have left the guestroom.

2.  When the guestroom is unrented and u
pied, the controls shall automatically rais
cooling setpoint to not lower than 80°
and lower the heating setpoint t
than 60°F (16°C). Unrented
guestroom mode shall be i

©)
er

ccupied

1thin 1
hours of the guestroo n y contm
occupied or where » ed gues

control system indi
unrented and the gu
more than 20 minu

e guestro 1

oom is unoccupied for

networked guestroom
control syst capable of returning the
thermostat % s to default occupied set-
points 60 minutes prior to the time a gues-
troom is scheduled to be occupied is not
precluded by this section. Cooling that is capa-
ble of limiting relative humidity with a set-
point not lower than 65-percent relative
humidity during unoccupied periods is not pre-
cluded by this section.

3. When the guestroom is occupied, HVAC set-
points shall return to their occupied setpoints
once occupancy is sensed.

C403.7.7.2 Ventilation controls. Controls shall be
provided on each HVAC system that are capable of and
configured to automatically turn off the ventilation and
exhaust fans within 20 minutes of the occupants leav-
ing the guestroom, or isolation devices shall be pro-
vided to each guestroom that are capable of
automatically shutting off the supply of outdoor air to
and exhaust air from the guestroom.

Exception: Guestroom ventilation systems are not
precluded from having an automatic daily pre-occu-
pancy purge cycle that provides daily outdoor air
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ventilation during unrented periods at the design
ventilation rate for 60 minutes, or at a rate and dura-
tion equivalent to one air change.

C403.7.8 Shutoff dampers. Outdoor air intake and
exhaust openings and stairway and shaft vents shall be
provided with Class I motorized dampers. The dampers
shall have an air leakage rate not greater than 4 cfm/ft’
(20.3 L/s » m?) of damper surface area at 1.0 inch water
gauge (249 Pa) and shall be labeled by an approved
agency when tested in accordance with AMCA 500D for
such purpose.

Outdoor air intake and exhaust dampers shall be
installed with automatic controls configured to close when
the systems or spaces served are not in use or during unoc-
cupied period warm-up and setback operation, unless the
systems served require outdoor or exhaust air in accor-
dance withSthe International Mechanical Code or the

Md to provide intentional economizer

ay and shaft vent dampers shall be installed
Nautomatic controls configured to open upon the acti-
pn of any fire alarm initiating device of the building’s

m alarm system or the interruption of power to the
damper.

xception: Nonmotorized gravity dampers shall be an
ternative to motorized dampers for exhaust and relief
nings as follows:

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

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

Nonmotorized gravity dampers shall have an air leak-
age rate not greater than 20 cfm/ft* (101.6 L/s * m*) where
not less than 24 inches (610 mm) in either dimension or 40
cfm/ft* (203.2 L/s » m*) where less than 24 inches (610
mm) in either dimension. The rate of air leakage shall be
determined at 1.0 inch water gauge (249 Pa) when tested
in accordance with AMCA 500D for such purpose. The
dampers shall be labeled by an approved agency.

C403.7.9 Occupied standby controls. Occupied standby
controls are required for zones and systems serving zones
where all spaces served by the zone are required to have
occupancy sensor lighting controls by Section C405.2.1
and are an ASHRAE Standards 62.1 occupancy category
where the ASHRAE Standard 62.1 Ventilation Rate Pro-
cedure allows the ventilation to be reduced to zero when
the space is in occupied standby mode. Spaces meeting
these criteria include:

1. Post-secondary classrooms/lecture/training rooms
2. Conference/meeting/multipurpose rooms

3. Lounges/breakrooms

4. Enclosed offices

5. Open plan office areas

6

. Corridors
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C403.7.9.1 Occupied standby zone controls. For
zones meeting the occupied-standby control criteria,
within five (5) minutes of all rooms in that zone enter-
ing occupied-standby model, the zone control shall
operate as follows:

1. Active heating setpoint shall be setback at least 1
°F.

2. Active cooling setpoint shall be setup at least 1°F.

3. All airflow supplied to the zone shall be shut off
whenever the space temperature is between the
active heating and cooling setpoints.

C403.7.9.2 Occupied standby system controls. Multi-
ple zone systems that can automatically reset the effec-
tive minimum outdoor setpoint and that serve zones
with occupied-standby zone controls shall reset the
effective minimum outdoor air setpoint based on a zone
outdoor air requirements of zero for all zones in occu-
pied standby mode. Sequences of operation for system
outside air reset shall comply with an approved
method.

C403.8 Fans and fan controls. Fans in HVAC systems shall
comply with Sections C403.8.1 through C403.8.6.1.

C403.8.1 Allowable fan horsepower. Each HVAC sys-
tem having a total fan system motor nameplate horse-
power exceeding 5 hp (3.7 kW) at fan system desig
conditions shall not exceed the allowable fan system m
nameplate hp (Option 1) or fan system bhp (Opti
shown in Table C403.8.1(1). This includes supp
exhaust fans, return/relief fans, and fan-pow
units associated with systems providing heati
capability. Single-zone variable air vol
comply with the constant volume fan

r

Exceptions:

1. Hospital, vivarium ory systems that
utilize flow contro ices on exhaust or return
to maintain space p ¢ relationships neces-
sary for occupant health and safety or environ-

mental control shall be permitted to use variable
volume fan power limitation.

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

C403.8.2 Motor nameplate horsepower. For each fan,
the fan brake horsepower shall be indicated on the con-
struction documents and the selected motor shall be not
larger than the first available motor size greater than the
following:

1. For fans less than 6 bhp (4476 W), 1.5 times the fan
brake horsepower.

2. For fans 6 bhp (4476 W) and larger, 1.3 times the
fan brake horsepower.

Exceptions:

1. Fans equipped with electronic speed control
devices to vary the fan airflow as a function of
load.

2. Fans with a fan nameplate electrical input power
of less than 0.89 kW.

3. SystemsWying with Section C403.8.1 fan
ameplate hp (Option 1).

th motor nameplate horsepower less than
6 W).

C403.8'3 Ean efficiency. Each fan and fan array shall

a % energy index (FEI) of not less than 1.00 at the

point of operation, as determined in accordance

&v{it AMCA 208 by an approved, independent testing lab-

atory and labeled by the manufacturer. Each fan and fan

for a variable-air-volume system shall have an

ess than 0.95 at the design point of operation as

in accordance with AMCA 208 by an

independent testing laboratory and labeled by

anufacturer. The FEI for fan arrays shall be calcu-
ated in accordance with AMCA 208 Annex C.

Exceptions: The following fans are not required to
have a fan energy index:

array us
FEI 0
termine

1. Fans that are not embedded fans with motor
nameplate horsepower of less than 1.0 hp (0.75
kW) or with a nameplate electrical input power of
less than 0.89 kW.

2. Embedded fans that have a motor nameplate
horsepower of 5 hp (3.7 kW) or less, or with a fan
system electrical input power of 4.1 kW or less.

3. Multiple fans operated in series or parallel as the
functional equivalent of a single fan that have a
combined motor nameplate horsepower of 5 hp

TABLE C403.8.1(1)
FAN POWER LIMITATION

LIMIT CONSTANT VOLUME VARIABLE VOLUME
Option 1: Fan system motor nameplate hp Allowable nameplate motor hp hp < CFM x 0.0011 hp < CFM; % 0.0015
Option 2: Fan system bhp Allowable fan system bhp bhp < CFM x 0.00094 +4 | bhp < CFM x 0.0013 + 4

For SI: 1bhp=735.5W, 1 hp=745.5W, 1 c¢fm=0.4719 L/s.
where:

CFMg = 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 C403.8.1(2) in. w.c.

CFM,, = The design airflow through each applicable device from Table C403.8.1(2) in cubic feet per minute.
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1(2)

FAN POWER LIMITATION PRESSURE DROP ADJUSTMENT

DEVICE ADJUSTMENT
CREDITS
Return air or exhaust systems required by code or accreditation
standards to be fully ducted, or systems required to maintain |0.5 inch w.c. (2.15 inches w.c. for laboratory and vivarium systems)
air pressure differentials between adjacent rooms
Return and exhaust airflow control devices 0.5 inch w.c.
Exhaust filters, scrubbers or other exhaust treatment The pressure drop of device calculated at fan system design condition
Particulate filtration credit: MERV 9 thru 12 0.5 inch w.c.
Particulate filtration credit: MERV 13 thru 15 0.9 inch w.c.
Particulate filtration credit: MERV 16 and greater and Pressure drop calculated at 2x clean filter pressure drop at fan system design
electronically enhanced filters condition.

Carbon and other gas-phase air cleaners

Clean filter pressure drop at fan system design condition.

Biosafety cabinet

Pressure drop of device at fan system design condition.

Energy recovery device, other than coil runaround loop

For each airstream, (2. Zvergz recovery effectiveness — 0.5) inch w.c.

Coil runaround loop 0.6 inch w.

c. for eac

Evaporative humidifier/cooler in series with another
cooling coil

Pressure drowt fan system design conditions.

Sound attenuation section (fans serving spaces with design
background noise goals below NC35)

0.15 inch w.c.

:N..

Exhaust system serving fume hoods 0
Laboratory and vivarium exhaust systems in high-rise buildings [0.25 ch w.c./100 feet of vertical duct exceeding 75 feet.
UCTIONS
Systems without central cooling device - 0.6 inch W&
V-03imhwe T

Systems without central heating device

Systems with central electric resistance heat

- 0.2 hgh Wy

Noise criterion.

For SI: 1 inch w.c. =249 Pa, 1 inch=254 mm.O :

w.c. = water column, NC =
a fan system electrical
ess.

(3.7 kW) or less o
input power of

1. Fans t% art of equipment covered in
Section C403.3.3.

Fans included in an equipment package
certified by an approved agency for air or
energy performance.

Ceiling fans, which are defined as non-
portable devices suspended from a ceiling
or overhead structure for circulating air
via the rotation of the blades.

Fans used for moving gases at tempera-
tures above 425°F (250°C).

Fans used for operation in explosive
atmospheres.

Reversible fans used for tunnel ventila-
tion

Fans that are intended to operate only
during emergency conditions.

8. Fans outside the scope of AMCA 208.

C403.8.4 Fractional hp fan motors. Motors for fans that
are not less than '/,, hp (0.062 kW) and less than 1 hp

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

(0.746 kW) shall be electronically commutated motors or
shall have a minimum motor efficiency of 70 percent,
rated in accordance with DOE 10 CFR 431. These motors
shall have the means to adjust motor speed for either bal-
ancing or remote control. The use of belt-driven fans to
sheave adjustments for airflow balancing instead of a
varying motor speed shall be permitted.

Exceptions: The following motors are not required to
comply with this section:

1. Motors in the airstream within fan coils and ter-
minal units that only provide heating to the space
served.

. Motors in space-conditioning equipment that
comply with Section C403.3.3 or Sections
C403.8.1. through C403.8.3.

3. Motors that comply with Section C405.8.

C403.8.5 Low-capacity ventilation fans. Mechanical
ventilation system fans less than '/, horsepower (0.062
kW) in capacity shall meet the efficacy requirements of
Table C403.8.5 at one or more rating points.

Exceptions:

1. Where ventilation fans are a component of a
listed heating or cooling appliance.
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2. Dryer exhaust duct power ventilators, domestic
range hoods and domestic range booster fans that
operate intermittently.

TABLE C403.8.5
LOW-CAPACITY VENTILATION FAN EFFICACY®
FAN AIR FLOW RATE MINIMUM AIR FLOW RATE
LOCATION MINIMUM EFFICACY MAXIMUM

(CFM) (CEM/WATT) (CFM)

HRV or ERV Any 1.2 cfim/watt Any

In-line fan Any 3.8 cfm/watt Any

Bathroom, 10 2.8 cfm/watt <90
utility room

Bathroom, 90 3.5 cfm/watt Any
utility room

For SI: lcfm/ft=47.82 W

a. Airflow shall be tested in accordance with HVI 916 and listed. Efficacy
shall be listed or shall be derived from listed power and airflow. Fan
efficacy for fully ducted HRV, ERV, balanced and in-line fans shall be
determined at a static pressure not less than 0.2-inch w.c. Fan efficacy for
ducted range hoods, bathroom and utility room fans shall be determined at
a static pressure not less than 0.1-inch w.c.

C403.8.6 Fan control. Controls shall be provided for fans
in accordance with Section C403.8.6.1 and as required for
specific systems provided in Section C403.

C403.8.6.1 Fan airflow control. Each cooling system
listed in Table C403.8.6.1 shall be designed to vary th
indoor fan airflow as a function of load and shall -
ply with the following requirements:

1. Direct expansion (DX) and chilled w 1
units that control the capacity of th ical
cooling directly based on space re shal
have not fewer than two stages ontrol.

t be greater than
low or minimum
not more than 40

2. Low or minimum speed shall
66 percent of full spee
speed, the fan syste
percent of the fan powemnat full fan speed. Low or
minimum speed shall“be used during periods of
low cooling load and ventilation-only operation.

3. Other units including DX cooling units and
chilled water units that control the space tempera-
ture by modulating the airflow to the space shall
have modulating fan control. Minimum speed
shall be not greater than 50 percent of full speed.
At minimum speed the fan system shall draw not
more than 30 percent of the power at full fan
speed. Low or minimum speed shall be used
during periods of low cooling load and ventila-
tion-only operation.

4. Units that include an air-side economizer in
accordance with Section C403.5 shall have not

fewer than two speeds of fan control during econ-
omizer operation.

Exceptions:

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

2. Where the volume of outdoor air required to
comply with the ventilation requirements of
the International Mechanical Code at low
speed exceeds the air that would be delivered
at the speed defined in Section C403.8.6, the
minimum speed shall be selected to provide
the required ventilation air.

TABLE C403.8.6.1
COOLING SYSTEMS

COOLING FAN MECHANICAL
SYSTEM TYPE MOTOR SIZE COOLING CAPACITY
DX cooling Any 265,000 Btu/h
Chilled water and |
>
evaporative cooling =Yy hp Any

For SI: 1 British thermalvmur= 0.2931 W; 1 hp = 0.746 kW.

C403.9 Large- ceiling fans. Where provided,

ing fans shall be tested and labeled in
CA 230.

C40 rejection equipment. Heat rejection equip-

m t, ing air-cooled condensers, dry coolers, open-cir-

itNcooling towers, closed-circuit cooling towers and
porative condensers, shall comply with this section.

xception: Heat rejection devices where energy usage is
incl in the equipment efficiency ratings listed in
ables C403.3.2(1) and C403.3.2(3).

.1 Fan speed control. Each fan system powered
n’individual motor or array of motors with connected
ower, including the motor service factor, totaling 5 hp
3.7 kW) or more shall have controls and devices config-
ured to automatically modulate the fan speed to control the
leaving fluid temperature or condensing temperature and
pressure of the heat rejection device. Fan motor power
input shall be not more than 30 percent of design wattage
at 50 percent of the design airflow.

Exceptions:

1. Fans serving multiple refrigerant or fluid cooling
circuits.

2. Condenser fans serving flooded condensers.

C403.10.2 Multiple-cell heat rejection equipment. Mul-
tiple-cell heat rejection equipment with variable speed fan
drives shall be controlled to operate the maximum number
of fans allowed that comply with the manufacturer’s
requirements for all system components and so that all
fans operate at the same fan speed required for the instan-
taneous cooling duty, as opposed to staged on and off
operation. The minimum fan speed shall be the minimum
allowable speed of the fan drive system in accordance with
the manufacturer’s recommendations.

C403.10.3 Limitation on centrifugal fan open-circuit
cooling towers. Centrifugal fan open-circuit cooling tow-
ers with a combined rated capacity of 1,100 gpm (4164 L/
m) or greater at 95°F (35°C) condenser water return, 85°F
(29°C) condenser water supply, and 75°F (24°C) outdoor
air wet-bulb temperature shall meet the energy efficiency
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requirement for axial fan open-circuit cooling towers
listed in Table C403.3.2(8).

Exception: Centrifugal open-circuit cooling towers
that are designed with inlet or discharge ducts or
require external sound attenuation.

C403.10.4 Tower flow turndown. Open-circuit cooling
towers used on water-cooled chiller systems that are config-
ured with multiple- or variable-speed condenser water
pumps shall be designed so that all open- circuit cooling
tower cells can be run in parallel with the larger of the flow
that is produced by the smallest pump at its minimum
expected flow rate or at 50 percent of the design flow for the
cell.

C403.10.5 Heat recovery for service water heating.
Condenser heat recovery shall be installed for heating or
reheating of service hot water provided that the facility
operates 24 hours a day, the total installed heat capacity of
water-cooled systems exceeds 6,000,000 Btu/hr (1758
kW) of heat rejection, and the design service water heating

COMMERCIAL ENERGY EFFICIENCY

recovery design exceeding 30 percent of the peak
water-cooled condenser load at design conditions.

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

C403.11 Refrigeration equipment performance. Refrigera-
tion equipment performance shall be determined in accor-
dance with Sections C403.11.1 and C403.11.2 for
commercial refrigerators, freezers, refrigerator-freezers,
walk-in coolers, walk-in freezers, and refrigeration equip-
ment. The energy use shall be verified through certification
under an approved certification program or, where a certifica-
tion program does not exist, the energy use shall be supported
by data furnished by the equipment manufacturer.

Exception: Walk-in coolers and walk-in freezers regu-
lated under federal law in accordance with Subpart R of

DOE 10 Cw
C403.11v mercial refrigerators, refrigerator-
, \n

d refrigeration. Refrigeration equipment,

OE 10 CFR Part 431.62, shall have an energy
kWh/day not greater than the values of Table

load exceeds 1,000,000 Btu/h (293 kW).
The required heat recovery system shall have the i

capacity to provide the smaller of the following: 1.1 when tested and rated in accordance with AHRI

dard 1200.

1. Sixty percent of the peak heat rejection load a
design conditions. C403 11.2 Walk-in coolers and walk-in freezers. Walk-

2. The preheating required to raise the peak servi t in cooler and walk-in freezer refrigeration systems, except
' water draw to 85°F (29°C) v for§\walk-in process cooling refrigeration systems as

d in DOE 10 CFR 431.302, shall meet the require-

Exceptions:

ents” of Tables C403.11.2.1(1), C403.11.2.1(2) and
1. Facilities that employ condenser reegvery for EV3 11.2.1(3).
space heating or reheat purp ith a he
Q c403 1.1
INIMUM E CY REQUIREMENTS:
c Q:w_ REFRIGERATORS AND FREEZERS AND REFRIGERATION
COND MAXIMUM DAILY
Saurue &E T e oS | ey ENERGYCONSUMPTION | ¢ TEST,
Vertical Open | 38 (M) >32 VOP.RC.M 0.64 x TDA + 4.07
(VOP) 0(L) <32 VOP.RC.L 2.20 x TDA + 6.85
Semivertical open | 38 (M) >32 SVO.RCM 0.66 x TDA +3.18
(SVO) 0(L) <32 SVO.RC.L 2.20 x TDA +6.85
Horizontal open | 38 (M) >32 HZO.RC.M 0.35 x TDA +2.88
(HZO) 0(L) <32 HZO.RC.L 0.55 x TDA + 6.88
Remote condensing Vertical closed | 38 (M) >32 VCT.RC.M 0.15x TDA + 1.95
commercial transparent (VCT)| 0 (L) <32 VCT.RC.L 0.49 X TDA +2.61
. Remote (RC) AHRI 1200

refrigerators and Horizontal closed | 38 (M) >32 HCT.RC.M 0.16 x TDA +0.13
commercial freezers transparent (HCT)[™ 0 (L) <32 HCT.RC.L 0.34 x TDA + 0.26

Vertical closed | 38 (M) >32 VCS.RC.M 0.10 X V +0.26

solid (VCS) 0(L) <32 VCS.RC.L 021 x V+0.54

Horizontal closed | 38 (M) >32 HCS.RC.M 0.10x V +0.26

solid (HCS) 0 (L) <32 HCS.RC.L 021 x V+0.54
Service over 38 (M) >32 SOC.RC.M 0.44 x TDA +0.11
counter (SOC) 0 (L) <32 SOC.RC.L 0.93 x TDA +0.22

(continued)
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TABLE C403.11.1—continued
MINIMUM EFFICIENCY REQUIREMENTS:
COMMERCIAL REFRIGERATORS AND FREEZERS AND REFRIGERATION

C-60

CONDENSING MAXIMUM DAILY
EQUIPMENT EQUIPMENT RATING | OPERTING EQUIPMENT TEST
UNIT o o a.c | ENERGY CONSUMPTION
CATEGORY CONFIGURATION FAMILY TEMP. °F | TEMP. °F | CLASSIFICATION KWhiday®® STANDARD
Vertical open | 38 (M) >32 VOP.SC.M 1.69 x TDA +4.71
(VOP) 0(L) <32 VOP.SC.L 425 x TDA + 11.82
Semivertical open | 38 (M) >32 SVO.SC.M 1.70 x TDA + 4.59
(S8vO) 0(L) <32 SVO.SC.L 426 x TDA + 11.51
Horizontal open | 38 (M) >32 HZO.SC.M 0.72 x TDA + 5.55
(HZO) 0(L) <32 HZO.SC.L 1.90 x TDA + 7.08
Sihﬁ;‘;ﬂ?ﬁ?‘i Vertical closed | 38(M) | >32 VCT.SCM 0.10x V +0.86
refrigerators and Self-contained |transparent (VCT)[ o (L) <32 VCT.SC.L 0.29 XV +2.95 AHRI 1200
con}nﬁerC(iial friezers (80) Vertical closed | 38 (M) >32 VCS.SCM 0.05x V + 136
wit aéloo‘r‘;“ out solid (VCS) 0(L) <32 VCS.SC.L 022xV+138
Horizontal closed | 38 (M) >32 H . 0.06 XV +0.37
transparent (HCT)| ¢ (L) <32 ) 0.08xV+1.23
Horizontal closed | 38 (M) >32 M 0.05xV+0.91
solid (HCS) 0 (L) < 0.06 X V+1.12
Service over 33M) | SOC.SC.M 0.52 x TDA + 1.00
counter (SOC) 0(L) A< SOC.SC.L 1.10 x TDA +2.10
Self-contained \
commercial
refrigerators with . S
ransparent doors for | Soh-cont@ined |5 1 4own (PD >32 \‘D.SC.M 0.11xV+0.81 | AHRI 1200
(SO
pull-down ,
temperature
applications
Y
VOP.RC.I 2.79 x TDA + 8.70
4 SVO.RC.I 2.79 x TDA + 8.70
rizontal open
\ L Z0) HZO.RC.I 0.70 x TDA + 8.74
Vertical closed
VCT.RC.I 0.58 x TDA + 3.05
ial i transparent (VCT
i‘r):;gl‘eéz‘;l;: Remote (RC) |- P — (1 d) 150 | <-5b AHRI 1200
orizontal Close
ransparent (HCT) HCT.RC.I 0.40 x TDA + 0.31
Vertical closed
solid (VCS) VCS.RC.I 0.25x V +0.63
Horizontal closed
solid (HCS) HCS.RC.I 0.25 X V + 0.63
Service over
counter (SOC) SOC.RC.I 1.09 x TDA + 0.26
(continued)
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TABLE C403.11.1—continued
MINIMUM EFFICIENCY REQUIREMENTS:
COMMERCIAL REFRIGERATORS AND FREEZERS AND REFRIGERATION

CONDENSING MAXIMUM DAILY
EQUIPMENT CATEGORY UNIT EQUIPMENT RATING | OPERTING EQUIPMENT ENERGY TEST
CONFIGURATION FAMILY TEMP. °F TEMP. °F | CLASSIFICATION®*¢ | CONSUMPTION kWh/ | STANDARD
day®®
Vertical open
(VOP) VOP.SC.I 5.40 x TDA + 15.02
Semivertical open
(SVO) SVO.SC.I 541 x TDA + 14.63
Horizontal open
(HZO) HZO.SC.1 2.42 x TDA +9.00
. . Vertical closed VCT.SCI | 0.62x TDA +3.29
Commercial ice cream | Self-contained |transparent (VCT)
freezers (cont.) (SO) Horizontal closed | 15 <-5b AHRI 1200
orizontal ¢ 08¢ HCT.SC.I 0.56 X TDA +0.43
transparent (HCT)
Vertical closed
solid (VCS) S.SC.I 0.34xV+0.88
Horizontal closed
solid (HCS) \ HCS.SC.I 0.34 X V +0.88
Service over
counter (SOC) ; SOC.SC.I 1.53 x TDA + 0.36

For SI: 1 square foot = 0.0929 m2, 1 cubic foot = 0.02832 m3, °C = (°F — 32

a. The meaning of the letters in this column is indicated in the columns to

b. Ice cream freezer is defined in DOE 10 CFR 431.62 as a commercial freez
markets or intends for the storing, displaying, or dispensing of ice

c. Equipment class designations consist of a combination [in seq
*  (AAA)—An equipment family code (VOP = vertical open,
VCS = vertical closed solid doors, HCT = horizontal clos
* (BB)—An operating mode code (RC = remote co;
*  (C)—A rating temperature code [M = medium
* For example, “VOP.RC.M” refers to the “verti

d. V is the volume of the case (ft3) as measured i

e. TDA is the total display area of the case (ft2) a

e%

at is designed to operate at or below -5 °F and that the manufacturer designs,

tia

er Separated by periods (AAA).(BB).(C)] of the following:
semivertical opel

Z0 = horizontal open, VCT = vertical closed transparent doors,
t doors,

CS = horizontal closed solid doors, and SOC = service over counter);
ntained); and
rature (0°F), or I = ice cream temperature (-15°F)].

TABLE C403.11.2.1(1)
COOLER AND FREEZER DISPLAY DOOR EFFICIENCY REQUIREMENTS?

CLASS DESCRIRTOR

CLASS MAXIMUM ENERGY CONSUMPTION (kWh/day)*
Display door, medium temperature DD, M 0.04 x A, +0.41
Display door, low temperature DD, L 0.15x Ay, +0.29

a. A, is the surface area of the display door.

TABLE C403.11.2.1(2)
WALK-IN COOLER AND FREEZER NONDISPLAY DOOR EFFICIENCY REQUIREMENTS®

CLASS DESCRIPTOR CLASS MAXIMUM ENERGY CONSUMPTION (kWh/day)*
Passage door, medium temperature PD,M 0.05xA +1.7
Passage door, low temperature PD,L 0.14x A ,+4.8
Freight door, medium temperature FD,M 0.04 xA,+19
Freight door, low temperature FD, L 0.12xA +5.6

a. A, is the surface area of the nondisplay door.
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TABLE C403.11.2.1(3)
WALK-IN COOLER AND FREEZER REFRIGERATION SYSTEM EFFICIENCY REQUIREMENTS

MINIMUM ANNUAL WALK-IN TEST
CLASS DESCRIPTOR CLASS ENERGY FACTOR AWEF PROCEDURE
(Btu/W-h)?
Dedicated condensing, medium temperature, indoor system DCM.I 5.61
Dedicated condensing, medium temperature, outdoor system DC.M.O 7.60
Dedicated cpndensmg, medium temperature, indoor system, DC.LL < 6,500 Btu/h 9.091 x 10-5 x q__ + 1.81
net capacity (q,,,,) net
Dedicated cpndensmg, low temperature, indoor system, DC.LL > 6,500 Btwh 240
net capacity (q,,,)
Dedicated cpndensmg, low temperature, outdoor system, DC.L.O, < 6,500 Btw/h 6.522 % 10-5 x q__. + 2.73 AHRI 1250
net capacity (q,,,) net
Dedicated cpndensmg, medium temperature, outdoor system, DC.L.O, > 6.500 Btwh 315
net capacity (q,,,)
Unit cooler, medium UC.M 9.00
Unit cooler, low temperature, net capacity (q,,,) UC.L, < 15,500 Btu/h NS x 10-5 % q,, +3.91
Unit cooler, low temperature, net capacity (q,,,,) UC.L, > 15,500 Btu/h w 4.15

For SI: 1 British thermal unit per hour = 0.2931 W.
a. q,,, is net capacity (Btu/h) as determined in accordance with AHRI 1250.

C403.11.2.1 Performance standards. Walk-in cool-
ers and walk-in freezers shall meet the requirements of
Tables C403.11.2.1(1), C403.11.2.1(2) and

C403.11.2.1(3). ?\

C403.11.3 Refrigeration systems. Refrigerated dis
cases, walk-in coolers or walk-in freezers that argese
by remote compressors and remote condensers
in a condensing unit, shall comply wi
C403.11.3.1 and C403.11.3.2.

Exception: Systems where the WO
refrigeration cycle goes throug@ ritical an

ctrons

super-critical states (transcriti that use ammonia
refrigerant are exempt.

C403.11.3.1 Condens
systems. Fan-powered con

the following:

erving refrigeration
ers shall comply with

1. The design saturated condensing temperatures
for air-cooled condensers shall not exceed the
design dry-bulb temperature plus 10°F (5.6°C)
for low-temperature refrigeration systems, and
the design dry- bulb temperature plus 15°F (8°C)
for medium temperature refrigeration systems
where the saturated condensing temperature for
blend refrigerants shall be determined using the
average of liquid and vapor temperatures as
converted from the condenser drain pressure.

. Condenser fan motors that are less than 1 hp
(0.75 kW) shall use electronically commutated
motors, permanent split-capacitor-type motors, or
3-phase motors.

. Condenser fans for air-cooled condensers,
evaporatively cooled condensers, air- or water-
cooled fluid coolers or cooling towers shall
reduce fan motor demand to not more than 30
percent of design wattage at 50 percent of design

C-62

,g\
\/
5.

Oa%‘

ir volume, and incorporate one of the following
continuous  variable speed fan  control
approaches:

3.1. Refrigeration system condenser control for
air-cooled condensers shall use variable
setpoint control logic to reset the
condensing temperature  setpoint  in

response to ambient dry-bulb temperature.

Refrigeration system condenser control for
evaporatively cooled condensers shall use
variable setpoint control logic to reset the
condensing temperature  setpoint in
response to ambient wet-bulb temperature.

4. Multiple fan condensers shall be controlled in
unison.

5. The minimum condensing temperature setpoint
shall be not greater than 70°F (21°C).

C403.11.3.2 Compressor systems. Refrigeration
compressor systems shall comply with the following:

1. Compressors and multiple-compressor system
suction groups shall include control systems that
use floating suction pressure control logic to reset
the target suction pressure temperature based on
the temperature requirements of the attached
refrigeration display cases or walk-ins.

Exception: Controls are not required for the
following:

1. Single-compressor systems that do not

have variable capacity capability.

Suction groups that have a design
saturated suction temperature of 30°F
(-1.1°C) or higher, suction groups that
comprise the high stage of a two-stage
or cascade system, or suction groups
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that primarily serve chillers for
secondary cooling fluids.

Liquid subcooling shall be provided for
all low-temperature compressor systems
with a design cooling capacity equal to or
greater than 100,000 Btu/h (29.3 kW)
with a  design-saturated  suction
temperature of -10°F (-23°C) or lower.
The sub-cooled liquid temperature shall
be controlled at a maximum temperature
setpoint of 50°F (10°C) at the exit of the
subcooler using either compressor
economizer (interstage) ports or a
separate compressor suction group
operating at a saturated suction
temperature of 18°F (-7.8°C) or higher.

2.1. Insulation for liquid lines with a
fluid operating temperature less
than 60°F (15.6°C) shall comply
with Table C403.11.3.

3. Compressors that incorporate internal
or external crankcase heaters shall
provide a means to cycle the heaters off

during compressor operation.
C403.12 Construction of HVAC system elements. Ducts,

plenums, piping and other elements that are part of an
system shall be constructed and insulated in accordance

Sections C403.12.1 through C403.12.4.1.

C403.12.1 Duct and plenum insulation
Supply and return air ducts and plenum g, insulat
with not less than R-6 insulation

unconditioned spaces and wherd outsid
building with not less than R-12"insulatie
underground beneath buildings# shall be 1nsu1ated as
required in this section or n equivalent thermal
distribution efficiency und ducts utilizing the
thermal distribution eff& method shall be listed and
labeled to indicate the R-value equivalency. Where
located within a building envelope assembly, the duct or
plenum shall be separated from the building exterior or
unconditioned or exempt spaces by not less than R-12
insulation.

Exceptions:
1. Where located within equipment.

2. Where the design temperature difference between
the interior and exterior of the duct or plenum is
not greater than 15°F (8°C).

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

C403.12.2 Duct construction. Ductwork shall be
constructed and erected in accordance with the
International Mechanical Code.

C403.12.2.1 Low-pressure duct systems.
Longitudinal and transverse joints, seams and
connections of supply and return ducts operating at a
static pressure less than or equal to 2 inches water
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gauge (w.g.) (498 Pa) shall be securely fastened and
sealed with welds, gaskets, mastics (adhesives), mas-
tic-plus-embedded-fabric systems or tapes installed in
accordance with the manufacturer’s instructions.
Pressure classifications specific to the duct system shall
be clearly indicated on the construction documents in
accordance with the International Mechanical Code.

Exception: Locking-type longitudinal joints and
seams, other than the snap-lock and button-lock
types, need not be sealed as specified in this section.

C403.12.2.2 Medium-pressure duct systems
(Mandatory). Ducts and plenums designed to operate at
a static pressure greater than 2 inches water gauge (w.g.)
(498 Pa) but less than 3 inches w.g. (747 Pa) shall be
insulated and sealed in accordance with Section
C403.12.1. Pressure classifications specific to the duct
system shall be clearly indicated on the construction
accordance with the International

2.3 High-pressure duct systems. Ducts and
nums designed to operate at static pressures equal to
eater than 3 inches of water gauge (747 Pa) shall
e insulated and sealed in accordance with Section
C403.12.1. In addition, ducts and plenums shall be leak
tested in accordance with the SMACNA HVAC Air
uct Leakage Test Manual and shown to have a rate of
r leakage (CL) less than or equal to 4.0 as determined
ccordance with Equation 4-7.

L F/P°%

where:

(Equation 4-7)

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 demonstrating
that representative sections totaling not less than 25
percent of the duct area have been tested and that all
tested sections comply with the requirements of this
section.

C403.12.3 Dwelling and sleeping unit duct systems. The
dwelling or sleeping unit duct system shall be tested in
accordance with ANSI/RESNET/ICC 380 or an equivalent
method approved by the code official. Buildings with fewer
than eight dwelling or sleeping units, each unit shall be
tested. Buildings with eight or more dwelling or sleeping
units, the greater of seven or 20 percent of the units shall be
tested. Ducts shall be pressure tested to determine the air
leakage by one of the following methods.:

1. Rough-in: Total leakage shall be less than or equal
to 4.0 cubic feet per minute (113.3 L/min) per 100
square feet (9.29m?) of conditioned floor area when
measured with a pressure differential of 0.1-inch
w.g. (25 Pa) across the system. Where the air
handlers is NOT installed at the time of the test, the
total leakage shall be less than or equal to 3 cubic
feet per minute (85L/min) per 100 square feet
(9.29m?) of conditioned floor area. Registers shall
be taped or otherwise sealed during the test.
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2. Postconstruction test: Total leakage shall be less
than or equal to 4.0 cubic feet per minute (113.3 L/
min) per 100 square feet (9.29m?) of conditioned
floor area when measured with a pressure
differential of 0.1-inch w.g. (25 Pa) across the entire
system, including the manufacturer’s air handler
enclosure. All portions of the duct system, including
air handler, filter box, supply and return boots shall
be tested. Registers shall be taped or otherwise
sealed during the test.

3. Test for ducts within unit envelope: Where all ducts
and air handlers are located entirely within the
building thermal envelope, total leakage shall be less
than or equal to 8.0 cubic feet per minute (226.6 L/
min) per 100 square feet (9.29 m?) of conditioned
floor area.

Exception: A duct-leakage test shall not be required
for ducts serving a ventilation system that is not
integrated with the heating or cooling system(s).

A written report of the results of the test shall be signed

by the party conducting the test and provided to the code
official.

C403.12.4 Piping insulation. Piping serving as part of a
heating or cooling system shall be thermally insulated in
accordance with Table C403.11.3.

Exceptions:

1. Factory-installed  piping  within A%
equipment tested and rated in accorda
test procedure referenced by this code

2. Factory-installed piping withi
and unit ventilators tested and

e

building thermal envelope. Mechanical systems providing

AHRI 440 (except that the sampling and
variation provisions of Section 6.5 shall not
apply) and AHRI 840, respectively.

3. Piping that conveys fluids that have a design
operating temperature range between 60°F
(15°C) and 105°F (41°C).

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

5. Strainers, control valves, and balancing valves
associated with piping 1 inch (25 mm) or less in
diameter.

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

7. In radiant heating systems, sections of piping

insulati sed to the weather shall be protected from

ding that caused by sunlight, moisture,

nt maintenance and wind, and shall provide

@ ing from solar radiation that can cause degradation
g material. Adhesive tape shall not be permitted.

intende@ign to radiate heat.
C403.12.4W tion of piping insulation. Piping
) on o

Mechanical systems located outside of the

of the thermal envelope of a building shall
Sections C403.13.1 through C403.13.3.

eating outside a building. Systems installed
ide heat outside a building shall be radiant systems.

ch heating systems shall be controlled by an
ccupancy sensing device or a timer switch, so that the

system is automatically de-energized when occupants are

TABLE C403.12.4
g UM PIPE INSULATION THICKNESS (in inches)**

FLUID OPERATING LATION CONDUCTIVITY NOMINAL PIPE OR TUBE SIZE (inches)
TEMPERATURE RANGE Conduetivity - O ) ;

AND USAGE (°F) Btﬁh < £+ oF) Mean Rating Temperature, °F <1 1to<1', [1',to<4| 4to<8 =8
> 350 0.32-0.34 250 4.5 5.0 5.0 5.0 5.0
251 -350 0.29-0.32 200 3.0 4.0 4.5 4.5 4.5
201 -250 0.27-0.30 150 2.5 2.5 25 3.0 3.0
141 -200 0.25-0.29 125 1.5 1.5 2.0 2.0 2.0
105 - 140 0.21-0.28 100 1.0 1.0 1.5 1.5 1.5
40 - 60 0.21-0.27 75 0.5 0.5 1.0 1.0 1.0
<40 0.20 —0.26 50 0.5 1.0 1.0 1.0 1.5

For SI: 1 inch =25.4 mm, °C = [(°F) - 32]/1.8.
a. For piping smaller than 1Y/, inches and located in partitions within conditioned spaces, reduction of these thicknesses by 1 inch shall be permitted (before

thickness adjustment required in footnote b) but not to a thickness less than 1 inch.

b. For insulation outside the stated conductivity range, the minimum thickness (T) shall be determined as follows:
T = r[(1+tr)¥*-1]

wh

ere:

T = minimum insulation thickness,

r = actual outside radius of pipe,

t =
K=

insulation thickness listed in the table for applicable fluid temperature and pipe size,
conductivity of alternate material at mean rating temperature indicated for the applicable fluid temperature (Btu * in/h * ft* « °F) and

k = the upper value of the conductivity range listed in the table for the applicable fluid temperature.
c. For direct-buried heating and hot water system piping, reduction of these thicknesses by 1'/, inches (38 mm) shall be permitted (before thickness adjustment
required in footnote b but not to thicknesses less than 1 inch.
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not present. Energy use by an exterior radiant system shall
be offset by on-site renewable energy generation
equivalent to the energy use by the system. Plans shall be
submitted that detail the type, size, and location of the on-
site renewable energy generation equipment.

C403.13.2 Snow- and ice-melt system controls. Snow-
and ice-melting systems shall include automatic controls
configured to shut off the system when the pavement
temperature is above 50°F (10°C) and precipitation is not
falling, and an automatic or manual control that is
configured to shut off when the outdoor temperature is
above 40°F (4°C).

C403.13.3 Freeze protection system controls. Freeze
protection systems, such as heat tracing of outdoor piping
and heat exchangers, including self-regulating heat
tracing, shall include automatic controls configured to shut
off the systems when outdoor air temperatures are above
40°F (4°C) or when the conditions of the protected fluid
will prevent freezing.

C403.14 Operable opening interlocking controls. The
heating and cooling systems shall have controls that will
interlock these mechanical systems to the set temperatures
of 90°F (32°C) for cooling and 55°F (12.7°C) for heating
when the conditions of Section C402.5.8 exist. The contro

shall configure to shut off the systems entirely when the
outdoor temperatures are below 90°F (32°C) or abov
(12.7°C).

COMMERCIAL ENERGY EFFICIENCY

C404.2 Service water-heating energy source. All service
water-heating systems shall be all-electric or fueled by other
non-fossil fuel derived energy source.

Exceptions:
1. Systems serving laboratories
2. Systems serving hospitals

3. Systems serving large industrial S-1 occupancies,
with constant vehicle traffic.

For the exceptions where an energy source is not electric,
fossil fuel energy usage shall be 100 percent offset by onsite
renewable energy. The power generated to offset the fossil
fuel energy source shall not offset greater than 10 percent of
the building’s total energy use for the purposes of complying
with Section C407.

C404.2.1 Service water-heating equipment
performance, efficiency. Water-heating equipment and
hot wat r tanks shall meet the requirements of
TableyC404.2."The efficiency shall be verified through

ished by the manufacturer of the equipment or
h certification under an approved certification
. Water-heating equipment intended to be used

ogr
provide space heating shall meet the applicable

provisions of Table C404.2.

C404.2.2 High input service water-heating systems.
Gas-fired water-heating equipment installed in new
ildings shall be in compliance with this section. Where a

C403.14.1 Overhead door HVAC shu S. singular piece of water-heating equipment serves the
Overhead doors, cargo doors, sliding dooss and Vre building and the input rating of the equipment is
accordion-style wall systems, and other l¢adin k-sty ,000,000 Btu/h (293 kW) or greater, such equipment
doors that open to the outdoors shakimbe i Vi shall have a thermal efficiency, E, of not less than 92
interlock controls that disable the @ g, cooling percent. Where multiple pieces of water-heating
humidity control equipment that”seryesgthe area or'zone equipment serve the building and the combined input

adjacent to the door. The shut
door being 25 percent open.
to be used when vehicles
be included on doors equi
override must automaticall
removed.

all activate prior to
shutoff override, designed
ed in the doorway, may
d with weather seals. The
eactivate when the vehicle is

Exceptions:

1. Areas where HVAC equipment must remain on
for safety, sanitation or other health-related rea-
sons.

2. Areas heated by radiant heating systems.

3. The shutoff override shall activate within 5 min-
utes in groups U, SI, and B motor vehicle show-
room occupancies.

SECTION C404
SERVICE WATER HEATING (MANDATORY)

C404.1 General. This section covers the minimum efficiency
of, and controls for, service water-heating equipment and
insulation of service hot water piping.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

rating of the water-heating equipment is 1,000,000 Btu/h
(293 kW) or greater, the combined input-capacity-
weighted-average thermal efficiency, E,, shall be not less
than 90 percent.

Exceptions:

1. Where not less than 25 percent of the annual
service water-heating requirement is provided by
on-site renewable energy or site-recovered
energy, the minimum thermal efficiency
requirements of this section shall not apply.

2. The input rating of water heaters installed in
individual dwelling units shall not be required to
be included in the total input rating of service
water-heating equipment for a building.

3. The input rating of water heaters with an input
rating of not greater than 100,000 Btu/h (29.3
kW) shall not be required to be included in the
total input rating of service water-heating
equipment for a building.
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TABLE C404.2

MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

<250 volts

> 55 gallons and < 120 gallons

2.057-0.00113V, EF

SIZE CATEGORY SUBCATEGORY OR PERFORMANCE TEST
EQUIPMENT TYPE (input) RATING CONDITION REQUIRED? PROCEDURE"®©
Water heaters, electric Tabletop®
220 gallons and < 120 gallons Thi . 1
) Resistance is category is regulated as a DOE 10 CFR
<12kW > 20 oallons and < 55 callons | SCPSUMer product by the U.S. Part 430
= ~1 gations and = 5o g DOE as defined in 10 CFR 430
Grid-enabled
> 75 gallons and < 120 gallons
> 12 kW Resistance (0.3+27/V,), %/h ANSI 721.10.3
< 24 amps and Heat pump DOE 10 CFR Part

430

Storage water heaters, gas

< 75,000 Btu/h

2 20 gallons and < 55 gallons

> 55 gallons and < 100 gallons

0.675 - 0.0015V, EF

0.80 0.00078V, EF

> 75,000 Btu/h and
< 105,000 Btu/h

<4,000 Btu/h/gal

DOE 10 CFR Part
430

% E

t

+1104/V)SL, Btu/h

> 105,000 Btu/h

< 4,000 Btu/h/gal

80% E,
(Q/800 + 110,/V)SL, Btw/h

ANSI721.10.3

gas

Instantaneous water heaters,

(Q/800 + 110./V)SL, Btw'h

I
> 50,000 Btwh and \g DOE 10 CFR Part
9 > -
200000 Bt | 24000 Btu/h/& al 0.82 - 0.00197, EF 230
>200,000 Btwh | > 4,000 “? and < 10 80% E,
Q ANSI 721.10.3
%E
> 200,000 Btu/h 0'Btu/h/gal anﬁw’ B0% E,

Storage water heaters, oil

Instantaneous water heaters,

d< }llons

0.68 - 0.0019V, EF

DOE 10 CFR Part
430

<4,000 Btu/h/gal

80% E,
(Q/800 + 110./V)SL, Btwh

ANSI 721.10.3

DOE 10 CFR Part

<12,500,000 Btw/h

> 4,000 Btu/h/gal and > 10 gal

(Q/800 + 110./V)SL, Btwh

oil 24,000 Btu/h/gal and < 2 gal 0.59 - 0.0019V, EF 430
>210,000 Btw/h | 24,000 Btu/h/gal and < 10 gal 80% E,
ANSI Z21.10.3
78% E,
>210,000 Btw/h | 24,000 Btu/h/gal and = 10 gal
(Q/800 + 110./)SL, Btu/h
Hot water supply boilers, > 300.000 Btu/h and
‘1e - bl > 0
gas, and oil <12.500,000 Btw/h | > 4,000 Btu/h/gal and < 10 gal 80% E,
Hot water supply boilers, >300.000 Btwh and 80% E
e A 24,000 Btu/h/gal and = 10 gal ! ANSI Z21.10.3
g < 12,500,000 Btwh (Q/800 + 110./¥)SL, Btu/h
Hot water supply boilers, oil | - 300,000 Btu/h and 8% E,

Pool heaters, gas, and oil

This category is regulated as
a consumer product by the

M N U.S. DOE as defined in 10 ASHRAE 146
CFR 430
Heat pump pool heaters All — o con ——
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TABLE C404.2—continued
MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

SIZE CATEGORY SUBCATEGORY OR PERFORMANCE TEST
EQUIPMENT TYPE (input) RATING CONDITION REQUIRED? PROCEDURE"*
Unfired storage tanks Minimum insulation
All — requirement R-12.5 (none)
(h « ft*s °F)/Btu

For SI: 1 foot = 304.8 mm, 1 square foot = 0.0929 m?,°C = [(°F) - 32]/1.8, 1 British thermal unit per hour = 0.2931 W, 1 gallon=3.785 L,
1 British thermal unit per hour per gallon = 0.078 W/L.

a. Thermal efficiency (E,) is a minimum requirement, while standby loss is a maximum requirement. In the EF standby loss equation, V" is the rated volume in
gallons and Q is the nameplate input rate in Btu/h. V is the measured volume in the tank in gallons, Standby loss for electric water heaters is in terms of %/h
and denoted by the term “S,” and standby loss for gas and oil water heaters is in terms of Btu/h and denoted by the term “SL.” Draw pattern (DP) refers to the
water draw profile in the uniform energy factor (UEF) test. UEF and energy factor (EF) are minimum requirements. In UEF standard equations, V, refers to
the rated volume in gallons.

b. ASHRAE 90.1, section 13 contains a complete specification, including the year version, of the referenced test procedure.

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

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

e. Refer to section C402.2.2 for additional requirements for gas storage and instantaneous water heaters and gas hot-water supply boilers.

f. A tabletop water heater is a water heater that is enclosed in a rectangular cabinet with a flat top surface notmore than 3 feet in height. A grid-enabled water
heater is an electric resistance water heater that meets all of the following:

1. Has a rated storage tank volume of more than 75 gallons.

2. Was manufactured on or after April 16, 2015.

3. Is equipped at the point of manufacture with an activation lock.

4. Bears a permanent label applied by the manufacturer that complies with all o ing:

4.1. Is made of material not adversely affected by water.

4.2. Is attached by means of nonwater-soluble adhesive.

4.3. Advises purchasers and end users of the intended and appro
Bold font: “IMPORTANT INFORMATION: This water heater
program. It will not provide adequate hot water unles olled
operator. Confirm the availability of a program in your

te usolef the product with the following notice printed in 16.5-point Arial Narrow
intended only for use as part of an electric thermal storage or demand response

alves, pumps, strainers and threaded unions in pip-

2.
at have PV ing that is 1 inch (25 mm) or less in nominal diameter.

3. Piping from user-controlled shower and bath mixing
valves to the water outlets.

tank shall be provided with integral he &

4. Cold-water piping of a demand recirculation water
system.

s. Pank inlets an
lets associated with solar wat
loops shall not be required t traps. 5. Tubing from a hot drinking-water heating unit to the

C404.4 Insulation of pipin ing from a water heater to the water outlet.

termination of the heated water fixture supply pipe shall be 6. Piping at locations where a vertical support of the
insulated in accordance with Table C403.12.3. On both the piping is installed.

inlet and outlet piping of a storage water heater or heated water 7
storage tank, the piping to a heat trap or the first 8 feet (2438

mm) of piping, whichever is less, shall be insulated. Piping that

. Piping surrounded by building insulation with a
thermal resistance (R-value) of not less than R-3.

is heat traced shall be insulated in accordance with Table
C403.12.3 or the heat trace manufacturer’s instructions. Tubu-
lar pipe insulation shall be installed in accordance with the
insulation manufacturer’s instructions. Pipe insulation shall be
continuous except where the piping passes through a framing
member. The minimum insulation thickness requirements of
this section shall not supersede any greater insulation thickness
requirements necessary for the protection of piping from freez-
ing temperatures or the protection of personnel against external
surface temperatures on the insulation.

Exception: Tubular pipe insulation shall not be required
on the following:

1. The tubing from the connection at the termination of
the fixture supply piping to a plumbing fixture or
plumbing appliance.
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C404.5 Heated water supply piping. Heated water supply
piping shall be in accordance with Section C404.5.1 or
C404.5.2. The flow rate through '/,-inch (6.4 mm) piping
shall be not greater than 0.5 gpm (1.9 L/m). The flow rate
through °/,-inch (7.9 mm) piping shall be not greater than 1
gpm (3.8 L/m). The flow rate through */g-inch (9.5 mm) pip-
ing shall be not greater than 1.5 gpm (5.7 L/m).

C404.5.1 Maximum allowable pipe length method. The
maximum allowable piping length from the nearest source
of heated water to the termination of the fixture supply pipe
shall be in accordance with the following. Where the piping
contains more than one size of pipe, the largest size of pipe
within the piping shall be used for determining the maxi-
mum allowable length of the piping in Table C404.5.1.

1. For a public lavatory faucet, use the “Public lavatory
faucets” column in Table C404.5.1.
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2. For all other plumbing fixtures and plumbing appli-
ances, use the “Other fixtures and appliances” col-
umn in Table C404.5.1.

C404.5.2 Maximum allowable pipe volume method. The
water volume in the piping shall be calculated in accor-
dance with Section C404.5.2.1. Water heaters, circulating
water systems and heat trace temperature maintenance sys-
tems shall be considered to be sources of heated water.

The volume from the nearest source of heated water to
the termination of the fixture supply pipe shall be as follows:

1. For a public lavatory faucet: not more than 2 ounces
(0.06 L).

2. For other plumbing fixtures or plumbing appliances;
not more than 0.5 gallon (1.89 L).

C404.5.2.1 Water volume determination. The volume
shall be the sum of the internal volumes of pipe, fittings,
valves, meters and manifolds between the nearest source
of heated water and the termination of the fixture supply
pipe. The volume in the piping shall be determined from
the “Volume” column in Table C404.5.1 or from Table
C404.5.2.1. The volume contained within fixture shut-

off valves, within flexible water supply connectors to a
fixture fitting and within a fixture fitting shall not be
included in the water volume determination. Where
heated water is supplied by a recirculating system or
heat-traced piping, the volume shall include the portion
of'the fitting on the branch pipe that supplies water to the
fixture.

C404.6 Heated-water circulating and temperature main-
tenance systems. Heated-water circulation systems shall be
in accordance with Section C404.6.1. Heat trace temperature
maintenance systems shall be in accordance with Section
C404.6.2. Controls for hot water storage shall be in accor-
dance with Section C404.6.3. Automatic controls, tempera-
ture sensors and pumps shall be in a location with access.
Manual controls shall be in a location with ready access.

C404.6.1 Circulation systems. Heated-water circulation
systems shall beyprovided with a circulation pump. The
system return,pip be a dedicated return pipe or a
ipc. Gravity and thermo-syphon circu-
all be prohibited. Controls for circulating
pumps shall automatically turn off the
the water in the circulation loop is at the

TABLE C4 x
PIPING VOLUME AND MA%JM ING LENGTHS
NOMINAL PIPE SIZE VOLUME \ ‘ MAXIMUM ZISF::‘;G LENGTH
(inches) (liquid ounces per foot length) _ . .
Public lavatory faucets Other fixtures and appliances
7, N 50
.6 \/ 4 50
g =) 3 50
A \ 2 43
5/8 1 32
Y, 05 21
7, 4 0.5 16
1 N 5 0.5 13
1, > 8 0.5 8
17, A 11 05
2 or larger 18 0.5 4
For SI: 1 inch =25.4 mm, 1 foot =304.8 mm, 1 liquid ounce = 0.030 L, 1 gallon = 128 ounces.
TABLE C404.5.2.1
INTERNAL VOLUME OF VARIOUS WATER DISTRIBUTION TUBING
OUNCES OF WATER PER FOOT OF TUBE
No(rir:‘i:::’ss)ize Copp:’ll' Type Coppelz-r Type Coppe'z(r Type CI;\[I"Ca ?;I‘S CPVC SCH 40 | cPVC sCH 80| PERT SDR Acsz.:crnlclp'?:;tg‘l PEX C1E;S SDR
3/8 1.06 0.97 0.84 N/A 1.17 N/A 0.64 0.63 0.64
', 1.69 1.55 1.45 1.25 1.89 1.46 1.18 1.31 1.18
, 3.43 3.22 2.90 2.67 3.38 2.74 2.35 3.39 2.35
1 5.81 5.49 5.17 4.43 5.53 4.57 3.91 5.56 391
1Y, 8.70 8.36 8.09 6.61 9.66 8.24 5.81 8.49 5.81
1/, 12.18 11.83 11.45 9.22 13.20 11.38 8.09 13.88 8.09
2 21.08 20.58 20.04 15.79 21.88 19.11 13.86 21.48 13.86

For SI: 1 foot = 304.8 mm, 1 inch = 25.4 mm, 1 liquid ounce = 0.030 L, 1 oz/ft = 305.15 g/m?.

N/A =Not Available.
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hot water. The controls shall limit the temperature of the
water entering the cold-water piping to not greater than
104°F (40°C).

C404.6.1.1 Demand recirculation controls. Demand
recirculation water systems shall have controls that
start the pump upon receiving a signal from the action
of a user of a fixture or appliance, sensing the presence
of a user of a fixture, or sensing the flow of hot or tem-
pered water to a fixture fitting or appliance.

C404.6.2 Heat trace systems. Electric heat trace systems
shall comply with IEEE 515.1. Controls for such systems
shall be able to automatically adjust the energy input to the
heat tracing to maintain the desired water temperature in the
piping in accordance with the times when heated water is
used in the occupancy. Heat trace shall be arranged to be
turned off automatically when there is not a demand for hot
water.

C404.6.3 Controls for hot water storage. The controls
on pumps that circulate water between a water heater and a
heated-water storage tank shall limit operation of the
pump from heating cycle startup to not greater than 5 min-
utes after the end of the cycle.

water heaters with a rated water storage volume of 40 gallo

C404.7 Demand responsive water heating. Electric storag(?«

(150 L) to 120 gallons (450 L) and a nameplate input rating
equal to or less than 12kW shall be provided with de@
0

responsive controls in accordance with Table C404,1
another equivalent approved standard.
Exceptions:

1. Water heaters that provide a hotawater delivery tem-
perature of 180F (82C) or gre

2. Water heaters that co heSection 1V,
HLW or Section X ofyt SME Boiler and Pres-
sure Vessel Code.

3. Water heaters thaxn-phase electric power.

C404.8 Water heating equipment location. Water heaters
with combustion equipment shall be located in a space meet-
ing the following requirements:

1. Minimum dimensions of 3 feet by 3 feet by 7 feet high.

2. Minimum volume of 760 cubic feet, or the equivalent
of one 16-inch by 24-inch grill to a heated space and
one 8-inch duct of no more than 10 feet in length for
cool exhaust air.

3. Contains a condensate drain that is no more than 2
inches higher than the base of the installed water heater
and allows natural draining without pump assistance,
installed within 3 feet of the water heater.

Exceptions:

1. Instantaneous water heaters located within 10 feet of
the point of use.

2. Water heats with an input capacity of more than
300,000 Btu/h.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE
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C404.9 Drain water heat recovery units. Drain water heat
recovery units shall comply with CSA B55.2. Potable water-
side pressure loss shall be less than 10 psi (69 kPa) at maxi-
mum design flow. For Group R occupancies, the efficiency of
drain water heat recovery unit efficiency shall be in accor-
dance with CSA B55.1.

C404.10 Energy consumption of pools and permanent
spas. The energy consumption of pools and permanent spas
shall be controlled by the requirements in Sections C404.10.1
through C404.10.3.

TABLE 404.10
DEMAND RESPONSIVE CONTROLS FOR WATER HEATING
CONTROLS
EQUIPMENT TYPE
BEFORE 7/1/2025° AFTER 7/1/2025°
Electric storage | ANSI/CTA and also

ANSI/CTA-2045,
except “Price Stream
Communication”
functionality as defined
in the standard.

water heaters capable of initiating

4|, water heating to meet
Vemperamre set
int in response to a
demand response
signal.
}ure date.

04.10.1 Heaters. The electric power to all heaters shall

\ be controlled by an on-off switch that is an integral part of

the heater, mounted on the exterior of the heater, or exter-
nalfto and within 3 feet (914 mm) of the heater in a loca-
A{v}th ready access. Operation of such switch shall not
hangge the setting of the heater thermostat. Such switches
Wl be in addition to a circuit breaker for the power to the
ater. Only equipment that utilizes a non-fossil fuel
derived energy source are permitted. Any heat pump shall

be able to adequately function in Boulder’s climate zone,
5b.

C404.10.2 Time switches. Time switches or other control
methods that can automatically turn off and on heaters and
pump motors according to a preset schedule shall be
installed for heaters and pump motors. Heaters and pump
motors that have built-in time switches shall be in compli-
ance with this section.

Exceptions:

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

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

C404.10.3 Covers. Outdoor heated pools and outdoor per-
manent spas shall be provided with a vapor-retardant
cover or other approved vapor-retardant means.

Exception: Where more than 75 percent of the energy
for heating, computed over an operating season of not
fewer than 3 calendar months, is from a heat pump or
an on-site renewable energy system, covers or other
vapor-retardant means shall not be required.

C404.11 Energy consumption of portable spas. The energy
consumption of electric-powered portable spas shall be con-
trolled by the requirements of APSP 14.
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SECTION C405
ELECTRICAL POWER AND LIGHTING SYSTEMS

C405.1 General. Lighting system controls, the maximum light-
ing power for interior and exterior applications and electrical
energy consumption shall comply with this section. Sleeping
units shall comply with Section C405.2.4 and with either Sec-
tion C405.1.1 or C405.3. General lighting shall consist of all
lighting included when calculating the total connected interior
lighting power in accordance with Section C405.3.1 and which
does not require specific application controls in accordance with
Section C405.2.5. Transformers, uninterruptable power sup-
plies, motors and electrical power processing equipment in data
center systems shall comply with Section 8 of ASHRAE 90.4 in
addition to this code.

C405.1.1 Lighting for dwelling units. Dwelling units
shall comply with Section R404.1.

C405.2 Lighting controls. Lighting systems shall be pro-
vided with controls that comply with one of the following.

1. Lighting controls as specified in Sections C405.2.1
through C405.2.8.

2. Luminaire level lighting controls (LLLC) and lighting
controls as specified in Sections C405.2.1, C405.2.5
and C405.2.6. The LLLC luminaire shall be inde-
pendently capable of:

2.1. Monitoring occupant activity to brighten or d1
lighting when occupied or unoccupied, respec-

tively.

2.2. Monitoring ambient light, both ele
and daylight, and brighten or dim ht
to maintain desired light level.

2.3. For each control strategy, u ation an
reconfiguration of per parameter

—_

including; bright and
dimming fade rates, sefigso

tpornts timeouts,
ensitivity adjust-
onfigurations.

ments, and wirele
Exceptions: Lighting contr(&: ot required for the fol-
lowing:
1. Areas designated as security or emergency areas that
are required to be continuously lighted.

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

3. Emergency egress lighting that is normally off.

4. Emergency lighting required by the International
Building Code in exit access components which are
not provided with fire alarm systems.

5. Up to 0.02 Watts per square foot (0.06 W/m2) of
lighting in exit access components which are pro-
vided with fire alarm systems.

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

1. Classrooms/lecture/training rooms.

2. Conference/meeting/multipurpose rooms.

3. Copy/print rooms.

4. Lounges/breakrooms.
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. Enclosed offices.

. Open plan office areas.
. Restrooms.

. Storage rooms.

O o0 3 N W

. Locker rooms.
10. Corridors.
11. Warehouse storage areas.

12. Other spaces 300 square feet (28 m?) or less that
are enclosed by floor-to-ceiling height partitions.

Exception: Luminaires that are required to have spe-
cific application controls in accordance with Section
C405.2.5.

C405.2.1.1 Occupant sensor control function. Occu-
pant sensor controls in warehouses shall comply with
Section C405vccupant sensor controls in open

plan offic

11 comply with Section C405.2.1.3.
sor controls in corridors shall comply
405.2.1.4. Occupant sensor controls for
spaces specified in Section C405.2.1 shall com-
h the following:

” They shall automatically turn off lights within 20
minutes after all occupants have left the space.

They shall be manual on or controlled to auto-
atlcally turn on the lighting to not more than 50-
cent power.

They shall incorporate a manual control to allow
occupants to turn off lights.

Exception: Full automatic-on controls with
no manual control shall be permitted in corri-
dors, interior parking areas, stairways,
restrooms, locker rooms, lobbies, library
stacks and areas where manual operation
would endanger occupant safety or security.

C405.2.1.2 Occupant sensor control function in
warehouse storage areas. Lighting in warehouse stor-
age areas shall be controlled as follows:

1. Lighting in each aisleway shall be controlled
independently of lighting in all other aisleways
and open areas.

2. Occupant sensors shall automatically reduce
lighting power within each controlled area to an
occupied setpoint of not more than 50 percent
within 20 minutes after all occupants have left the
controlled area.

3. Lights that are not turned off by occupant sensors
shall be turned off by time-switch control com-
plying with Section C405.2.2.1.

4. A manual control shall be provided to allow
occupants to turn off lights in the space.

C405.2.1.3 Occupant sensor control function in
open plan office areas. Occupant sensor controls in
open plan office spaces less than 300 square feet (28
m?) in area shall comply with Section C405.2.1.1.
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Occupant sensor controls in all other open plan office
spaces shall comply with all of the following:

1.

The controls shall be configured so that general
lighting can be controlled separately in control
zones with floor areas not greater than 600 square
feet (55 m?) within the open plan office space.

. General lighting in each control zone shall be

permitted to automatically turn on upon occu-
pancy within the control zone. General lighting in
other unoccupied zones within the open plan
office space shall be permitted to turn on to not
more than 20 percent of full power or remain
unaffected.

. The controls shall automatically turn off general

lighting in all control zones within 20 minutes after
all occupants have left the open plan office space.

Exception: Where general lighting is turned
off by time-switch control complying with
Section C405.2.2.1.

. General lighting in each control zone shall turn

off or uniformly reduce lighting power to an
unoccupied setpoint of not more than 20 percent

of full power within 20 minutes after all occu
pants have left the control zone.

C405.2.1.4 Occupant sensor control function i -

formly reduce lighting power to not mgore

percent of full power within 20 minute

ridors. Occupant sensor controls in corridors HQI- v
gi & 0

ocCcu-

pants have left the space.

Exception: Corridors provided

footcandles of illumination o

est point with all lights o
C405.2.2 Time-switch cont
that is not provided wit

ach area of the building
sensor controls com-

plying with Section C4052.1.1" shall be provided with
time-switch controls complying with Section C405.2.2.1.

Exceptions:

1.

Luminaires that are required to have specific
application controls in accordance with Section
C405.2.4.

2. Spaces where patient care is directly provided.

4.
5.

Spaces where an automatic shutoff would endan-
ger occupant safety or security.

Lighting intended for continuous operation.

Shop and laboratory classrooms.

C405.2.2.1 Time-switch control function. Time-
switch controls shall comply with all of the following:

1.

Automatically turn off lights when the space is
scheduled to be unoccupied.

2. Have a minimum 7-day clock.

3. Be capable of being set for seven different day

types per week.
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. Incorporate an automatic holiday “shutoff” fea-

ture, which turns off all controlled lighting loads
for not fewer than 24 hours and then resumes nor-
mally scheduled operations.

. Have program backup capabilities, which prevent

the loss of program and time settings for not
fewer than 10 hours, if power is interrupted.

. Include an override switch that complies with the

following:

6.1. The override switch shall be a manual
control.

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

6.3. Any individual override switch shall con-

trol the lighting for an area not larger than

00 square feet (465 m?).
%s: Within mall concourses, auditoriums,
svareas, manufacturing facilities and sports are-

nas:

The time limit shall be permitted to be
greater than 2 hours, provided that the switch
is a captive key device.

1

2. The area controlled by the override switch
shall not be limited to 5,000 square feet (465
m?) provided that such area is less than
20,000 square feet (1860 m?).

V)S.Z._” Light-reduction controls. Where not provided
with occupant sensor controls complying with Section
C405.2.1.1, general lighting shall be provided with light-
reduction controls complying with Section C405.2.3.1.

Exceptions:

1. Luminaires controlled by daylight responsive

controls complying with Section C405.2.4.

. Luminaires controlled by special application con-

trols complying with Section C405.2.5.

. Where provided with manual control, the follow-

ing areas are not requirefd to have light-reduction
control:

3.1. Spaces that have only one luminaire with

a rated power of less than 60 watts.

3.2. Spaces that use less than 0.45 watts per

square foot (4.9 W/m?).

Corridors, lobbies, electrical rooms and
or mechanical rooms.

3.3.

C405.2.3.1 Light-reduction control function. Spaces
required to have light-reduction controls shall have a
manual control that allows the occupant to reduce the
connected lighting load by not less than 50 percent in a
reasonably uniform illumination pattern with an inter-
mediate step in addition to full on or off, or with contin-
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uous dimming control, using one of the following or
another approved method:

1. Continuous dimming of all luminaires from full
output to less than 20 percent of full power.

2. Switching all luminaires to a reduced output of
not less than 30 percent and not more than 70 per-
cent of full power.

3. Switching alternate luminaires or alternate rows
of luminaires to achieve a reduced output of not
less than 30 percent and not more than 70 percent
full power.

C405.2.4 Daylight responsive controls. Daylight-respon-
sive controls complying with Section C405.2.4.1 shall be
provided to control the general lighting within daylight
zones in the following spaces:

1. Spaces with a total of more than 150 watts of general
lighting within primary sidelit zones complying with
Section C405.2.4.2.

2. Spaces with a total of more than 300 watts of general
lighting within sidelit daylight zones complying with
Section C405.2.4.2.

3. Spaces with a total of more than 150 watts of gen-
eral lighting within toplit daylight zones complying
with Section C405.2.4.3.

Exceptions: Daylight responsive controls are no

required for the following:

2. Sidelit daylight zones on the first ﬂo
in Group A-2 and Group M occu

3. New buildings where the tot d hghtm
power calculated in acc@rdamce™with Section

C405.3.1 is not greater e adjusted interior
lighting power allo 4,;) calculated in

accordance with Equat :
LPA,, [LPA,,% % (1 0-0.4 x UDZFA /

TBFA)]

1. Spaces in health care facilities where pati
is directly provided. E

(Equation 4-8)
where:
LPA_, =

adj

Adjusted building interior lighting
power allowance in watts.

LPA =

norm

Normal building lighting power
allowance in watts calculated in
accordance with section C405.3.2
and reduced in accordance with
section C406.2.5.6 where used to
comply with the requirements of
section C406.

Uncontrolled daylight zone floor
area is the sum of all sidelit and
toplit zones, calculated in accor-
dance with sections C405.2.4.2

UDZFA
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and C405.2.4.3, that do not have
daylight responsive controls.

TBFA = Total building floor area is the
sum of all floor areas included in
the lighting power allowance

calculation in section C405.3.2.

C405.2.4.1 Daylight-responsive control function.
Where required, daylight-responsive controls shall be
provided within each space for control of lights in that
space and shall comply with all of the following:

1. Lights in toplit daylight zones in accordance with
Section C405.2.4.3 shall be controlled inde-
pendently of lights in sidelit daylight zones in
accordance with Section C405.2.4.2.

2. Lights in the primary sidelit daylight zone shall
be controlled independently of lights in the sec-
elit daylight zone.

onsive controls within each space
configured so that they can be calibrated
thin that space by authorized personnel.

ibration mechanisms shall be in a location

ith ready access.
\ . Daylight responsive controls shall dim lights con-
tinuously from full light output to 15 percent of

full light output or lower.

ayhght responsive controls shall be configured
ompletely shut off all controlled lights.

7 When occupant sensor controls have reduced the
lighting power to an unoccupied setpoint in accor-
dance with Sections C405.2.1.2 through
C405.2.1.4, daylight responsive controls shall
continue to adjust electric light levels in response
to available daylight, but shall be configured to
not increase the lighting power above the speci-
fied unoccupied setpoint.

8. Lights in sidelit zones in accordance with Section
C405.2.4.2 facing different cardinal orientations
[within 45 degrees (0.79 rad) of due north, east,
south, west] shall be controlled independently of
each other.

Exceptions:

1. Within each space, up to 150 watts of light-
ing within the primary sidelit daylight zone
is permitted to be controlled together with
lighting in a primary sidelit daylight zone
facing a different cardinal orientation.

2. Within each space, up to 150 watts of light-
ing within the secondary sidelit daylight
zone is permitted to be controlled together
with lighting in a secondary sidelit daylight
zone facing a different cardinal orientation.
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C405.2.4.2 Sidelit daylight zone. The sidelit daylight
zone is the floor area adjacent to vertical fenestration
that complies with all of the following:

1.

Where the fenestration is located in a wall, the
sidelit daylight zone shall extend laterally to the
nearest full-height wall, or up to 1.0 times the height
from the floor to the top of the fenestration, and lon-
gitudinally from the edge of the fenestration to the
nearest full-height wall, or up to 0.5 times the height
from the floor to the top of the fenestration, which-
ever is less, as indicated in Figure C405.2.4.2(1).

. Where the fenestration is located in a rooftop

monitor, the sidelit daylight zone shall extend lat-
erally to the nearest obstruction that is taller than
0.7 times the ceiling height, or up to 1.0 times the
height from the floor to the bottom of the fenes-
tration, whichever is less, and longitudinally from
the edge of the fenestration to the nearest obstruc-
tion that is taller than 0.7 times the ceiling height,
or up to 0.25 times the height from the floor to
the bottom of the fenestration, whichever is less,

20xH

SECONDARY SIDELIT ZONE

(@)

(a) Section view O O

FIGURE C405.2.4.2(1)

COMMERCIAL ENERGY EFFICIENCY

as indicated in Figures C405.2.4.2(2) and
C405.2.4.2(3).

. The secondary sidelit daylight zone is directly

adjacent to the primary sidelit daylight zone and
shall extend laterally to 2.0 times the height from
the floor to the top of the fenestration or to the
nearest full height wall, whichever is less, and
longitudinally from the edge of the fenestration to
the nearest full height wall, or up to 0.5 times the
height from the floor to the top of the fenestra-
tion, whichever is less, as indicated in Figure
C405.2.4.2(1). The area of secondary sidelit
zones shall not be considered in the calculation of
the daylight zones in Section C402.4.1.1.

. The area of the fenestration is not less than 24

square feet (2.23 m?).

5. Tthe from the fenestration to any build-
0

eological formation that would block

p of the building or geologic formation.

%to daylight is greater than one-half of the
% ight from the bottom of the fenestration to the

FULL-HEIGHT WALL
\ E 5xH

SECONDARY SIDELIT ZONE PRIMARY SIDELIT ZONE I
05xH

IO.SXH

2.0xH

1.0xH

PRIMARY SIDELIT ZONE _ f 05 %H

SECONDARY SIDE_LIT ZONE

(b) Plan view

PRIMARY AND SECONDARY SIDELIT DAYLIGHT ZONES

ROOFTOP
MONITOR

OBSTRUCTION TALLER THAN

OBSTRUCTION
>0.7CH

DAYLIGHT ZONE

(a) Section view
(b) Plan view of daylight zone under a
rooftop monitor

FIGURE C405.2.4.2(2)

0.7 CEILING HEIGHT
(CH)

ROOFTOP
MONITOR
ABOVE

| DAYLIGHT ZONE

T
©
N
o

DAYLIGHT ZONE UNDER A ROOFTOP MONITOR
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OBSTRUCTION TALLER THAN

ROOFTOP
MONITOR
H

=z

9] I
(a) o 5

8 o

ES

B

[4s]

o DAYLIGHT ZONE

(a) Section view
(b) Plan view of daylight zone under a
rooftop monitor

FIGURE C405.2.4.2(3)

DAYLIGHT ZONE UNDER A SLOPED ROOFTOP wv
.1 1

6. The visible transmittance of the fenestration is
not less than 0.20.

7. The projection factor (determined in accordance

with Equation 4-5) for any overhanging projec-
tion that is shading the fenestration is not greater &

than 1.0 for fenestration oriented 45 degrees or
less from true north and not greater than 1.5 fo
all other orientations.

C405.2.4.3 Toplit daylight zone. The toplzt
zone is the floor area underneath a roof
assembly that complies with all of the foll

1. The toplit daylight zone shall e lly an
longitudinally beyond the ed Oof fene
tration assembly to the ne dction that 18
taller than 0.7 times th e g helght, or up to
0.7 times the ceiling ichever is less, as
indicated in Figure 43.

2. Direct sunlight is &locked from hitting the

roof fenestration assembly at the peak solar angle

on the summer solstice by buildings or geological
formations.

3. The product of the visible transmittance of the
roof fenestration assembly and the area of the
rough opening of the roof fenestration assembly
divided by the area of the foplit zone is not less
than 0.008.

C405.2.4.4 Atriums. Daylight zones at atrium spaces
shall be established at the top floor surrounding the
atrium and at the floor of the atrium space, and not on
intermediate floors, as indicated in Figure C405.2.4.4.

C405.2.5 Specific application controls. Specific applica-
tion controls shall be provided for the following:

1. The following lighting shall be controlled by an
occupant sensor complying with Section C405.2.1.1
or a time-switch control complying with Section
C405.2.2.1. In addition, a manual control shall be
provided to control such lighting separately from the
general lighting in the space:
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ROOFTOP

0.7 CEILING HEIGHT
(CH) \
MONITOR

(b) ‘ ABOVE

H

T
L &
DAYLIGHT ZONE o

inaires for which additional lighting
wer 1s claimed in accordance with Section
C405.3.2.2.1.

1.2. Display and accent.
1.3. Lighting in display cases.

1.4. Supplemental task lighting, including per-
! manently installed under-shelf or under-cab-

inet lighting.

1.5. Lighting equipment that is for sale or
? demonstration in lighting education.

1.6. Display lighting for exhibits in galleries,
museums and monuments that is in addition
to general lighting.

2. Sleeping units shall have control devices or systems

that are configured to automatically switch off all
permanently installed luminaires and switched
receptacles within 20 minutes after all occupants
have left the unit.

Exceptions:

1. Lighting and switched receptacles con-
trolled by card key controls.

2. Spaces where patient care is directly pro-
vided.

3. Permanently installed luminaires within
dwelling units shall be provided with con-
trols complying with Section C405.2.1.1
or C405.2.3.1.

. Lighting for nonvisual applications, such as plant

growth and food warming, shall be controlled by a
time switch control complying with Section
C405.2.2.1 that is independent of the controls for
other lighting within the room or space.

. Task lighting for medical and dental purposes that is

in addition to general lighting shall be provided with
a manual control.
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(CH)

0.7 CH

ROOF
FENESTRATION
ASSEMBLY
ABOVE

0.7 CH

0.7 CH

0.7 CH

DAYLIGHT ZONE

FIGURE C405.2.4.3

TOPLIT DAYLIGHT ZONE

ROOF
FENESTRATION
ASSEMBLY

—

0.7 CH1 0.7 CH1

DAYLIGHT
ZONE

<0.7 CH2

< 0.7 CH2

DAYLIGHTZONE

(a) Section view of roof fenestration
assembly at atrium

CH2

ROOFTOP
MONITOR

H1

DAYLIGHT ZONE

H2

<H2

DAYLIGHT ZONE

C405.2.4.4

(b) Section view of roof monitor
at atrium

DAYLIGHT ZONES AT A MULTISTORY ATRIUM

C405.2.6 Manual controls. Where required by this code,
manual controls for lights shall comply with the following:

1. They shall be in a location with ready access to

occupants.

2. They shall be located where the controlled lights are
visible, or shall identify the area served by the lights

and indicate their status.

C405.2.7 Exterior lighting controls. Exterior lighting
systems shall be provided with controls that comply with

Sections C405.2.7.1 through C405.2.7.4.
Exceptions:

1. Lighting for covered vehicle entrances and exits
from buildings and parking structures where

required for eye adaptation.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

2. Lighting controlled from within dwelling units.

C405.2.7.1 Daylight shutoff. Lights shall be automati-
cally turned off when daylight is present and satisfies
the lighting needs.

C405.2.7.2 Building facade and landscape lighting.
Building fagade and landscape lighting shall automati-
cally shut off from not later than 1 hour after business
closing to not earlier than 1 hour before business open-
ing.

C405.2.7.3 Lighting setback. Lighting that is not con-
trolled in accordance with Section C405.2.7.2 shall
comply with the following:

1. Be controlled so that the total wattage of such
lighting is automatically reduced by not less than

C-75



COMMERCIAL ENERGY EFFICIENCY

50 percent by selectively switching off or dim-
ming luminaires at one of the following times:

1.1. From not later than midnight to not ear-
lier than 6 a.m.

1.2. From not later than one hour after busi-
ness closing to not earlier than one hour
before business opening.

1.3. During any time where activity has not
been detected for 15 minutes or more.

2. Luminaires serving outdoor parking areas and
having a rated input wattage of greater than 78
watts and a mounting height of 24 feet (7315
mm) or less above the ground shall be controlled
so that the total wattage of such lighting is auto-
matically reduced by not less than 50 percent
during any time where activity has not been
detected for 15 minutes or more. Not more than
1,500 watts of lighting power shall be controlled
together.

C405.2.7.4 Exterior time-switch control function.
Time-switch controls for exterior lighting shall comply
with the following:

1. They shall have a clock capable of being pro-
grammed for not fewer than 7 days.

2. They shall be capable of being set for seven
ferent day types per week.

3. They shall incorporate an automatic
back feature.

a period of not less than 1 e event tha

power is interrupted.
C405.2.8 Parking garage
garage lighting shall be con& by an occupant sensor
complying with Section C405.2%].1 or a time-switch con-
trol complying with Section C405.2.2.1. Additional light-
ing controls shall be provided as follows:

control. Parking

1. Lighting power of each luminaire shall be automati-
cally reduced by not less than 50 percent when there
is no activity detected within a lighting zone for 20
minutes. Lighting zones for this requirement shall be
not greater than 3,600 square feet.

Exception: Lighting zones provided with less
than 1.5 footcandles of illumination on the floor
at the darkest point with all lights on are not
required to have automatic light-reduction con-
trols.

2. Where lighting for eye adaptation is provided at
covered vehicle entrances and exits from buildings
and parking structures, such lighting shall be sepa-
rately controlled by a device that automatically
reduces lighting power by at least 50 percent from
sunset to sunrise.

3. The power to luminaires within 20 feet (6096 mm)
of perimeter wall openings or fenestration shall
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if- TC

iy P =
4. They shall have program backup’Capa a
prevent the loss of program and % ettings ng VL
(<o%s

automatically reduce in response to daylight by at
least 50 percent.

Exceptions:

1. Where the opening-to-wall-ratio is less
than 40 percent as viewed from the inte-
rior and encompasses the vertical distance
from the driving surface to the lowest
structural element.

2.  Where the distance from the opening to
any exterior daylight blocking obstruction
is less than one-half the height from the
bottom of the opening or fenestration to
the top of the obstruction.

3.  Where openings are obstructed by perma-
nent screens or architectural elements
estricting daylight entering the interior

inng power requirements. A building
section where its total connected interior
culated under Section C405.3.1 is not
e interior lighting power allowance calculated

C405.3 Interio

lighting

otal connected interior lighting power shall be deter-
ined i accordance with Equation 4-9.

greatef”thag
unde % n C405.3.2.
&‘ 5.3.1 Total connected interior lighting power. The
t

=JlLVL + BLL + LED + TRK + Other]
(Equation 4-9)

Total connected lighting power (watts).

For luminaires with lamps connected directly to
building power, such as line voltage lamps, the
rated wattage of the lamp.

BLL = For luminaires incorporating a ballast or
transformer, the rated input wattage of the ballast

or transformer when operating that lamp.

LED = For light-emitting diode luminaires with either
integral or remote drivers, the rated wattage of

the luminaire.

TRK = For lighting track, cable conductor, rail
conductor, and plug-in busway systems that
allow the addition and relocation of luminaires
without rewiring, the wattage shall be one of

the following:

1. The specified wattage of the luminaires,
but not less than 8 W per linear foot (25
W/lin m).

2. The wattage limit of the permanent
current-limiting devices protecting the
system.

3. The wattage limit of the transformer

supplying the system.
Other = The wattage of all other luminaires and lighting
sources not covered previously and associated
with interior lighting verified by data supplied

by the manufacturer or other approved sources.
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The connected power associated with the following
lighting equipment and applications is not included in cal-
culating total connected lighting power.

BUILDING AREA TYPE LPD (wift?)
1. Television broadcast lighting for playing areas in Automotive facility 0.64
sports arenas. Convention center 0.64
2. Emergency lighting automatically off during nor- Courthouse 074
mal building operation. — .
3. Lighting ; ficallv desiened fi b Dining: bar lounge/leisure 0.69
- Lighting in spaces spectiically designed for use by Dining: cafeteria/fast food 0.66
occupants with special lighting needs, including — :
those with visual impairment and other medical Dining: family 0.61
and age-related issues. Dormitory™® 0.52
4. Casino gaming areas. Exercise center 0.65
5. Mirror lighting in dressing rooms. Fire station® 0.50
6. Task lighting for medical and dental purposes that Gymnasium 0.65
is in addition to general lighting. Health care clinjc 0.68
7. Display lighting for exhibits in galleries, museums Hospital® 0.86
and monuments that is in addition to general lighting. Hotel/ Mgtel” 053
8. Lighting for theatrical purposes, including perfor- Libr 0.70
mance, stage, film production and video production. Vamugiequring facility 0.60
9. Lighting for photographic processes. otioNicturc theater 044
10. Lighting integral to equipment or instrumentatio Mﬂyc 045
d installed by th facturer.
an 1n's a .e y the manufacturer . K 'y f— 0355
11. Task lighting for plant growth or maintenanc TOffice 0.62
12. Advertising signage or directional signag Pa arage 012
13. Lighting for food warming. ’ﬂenitennary 0.65
14. Lighting equipment that is for sa >cHérming arts theater 0.82
15. Lighting demonstration equi lighting —: olice station 0.64
cation facilities. Q Post office 0.62
16. nghtlng approved begau afety con Religious building 0.66
ations. -
o L ) ) Retail 0.78
17. nght.mg in retail w1ndow§, proylded tha}t School/university 065
the display area t§,enelosed by ceiling-height parti-
tions. Sports arena 0.73
18. Furniture-mounted supplemental task lighting that Town hall 0.67
is controlled by automatic shutoff. Transportation 0.50
19. Exit signs. Warehouse 041
20. Antimicrobial lighting used for the sole purpose of Workshop 0.83

disinfecting a space.

C405.3.2 Interior lighting power allowance. The total
interior lighting power allowance (watts) for an entire
building shall be determined according to Table
C405.3.2(1) using the Building Area Method, or Table
C405.3.2(2) using the Space-by-Space Method. The inte-
rior lighting power allowance for projects that involve
only portions of a building shall be determined according
to Table C405.3.2(2) using the Space-by-Space Method.
Buildings with unfinished spaces shall use the Space-by-
Space Method.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE
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TABLE C405.3.2(1)
INTERIOR LIGHTING POWER ALLOWANCES:
BUILDING AREA METHOD

For SI: 1 watt per square foot = 10.76 W/m?.

a.

Where sleeping units are excluded from lighting power calculations by
application of Section C405.1.1, neither the area of the sleeping units nor
the wattage of lighting in the sleeping units is counted.

. Where dwelling units are excluded from lighting power calculations by

application of Section C405.1.1, neither the area of the dwelling units nor
the wattage of lighting in the dwelling units is counted.

. Where dwelling units are excluded from lighting power calculations by

application of Section C405.1.1, neither the area of the dwelling units nor
the wattage of lighting in the dwelling units shall be counted. Where
dwelling units are included in the lighting power calculations, only the
area served by hardwired lighting shall be included.
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TABLE C405.3.2(2)

INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD

TABLE C405.3.2(2)—continued
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD

COMMON SPACE TYPES® | LPD (watts/sq ft) COMMON SPACE TYPES® LPD (watts/sq ft)
Atrium Food preparation area 0.92
Less than 40 feet in height 0.41 Guestroom® ¢ 0.41
Greater than 40 feet in height 0.51 Laboratory
Audience seating area In or as a classroom 1.04
In an auditorium 0.57 Otherwise 1.21
In a convention center 0.65 Laundry/washing area 0.43
In a gymnasium 0.23 Loading dock, interior 0.51
In a motion picture theater 0.27 Lobby
In a penitentiary 0.56 For an elevator 0.52
In a performing arts theater 1.10 In a facility fqr thg visually 1mpa1£ed (and 1.44
: ROy % not used primarily by the staff)
n a religious building .
In a hotel . 0.48
In a sports arena 027 In a motion pic e 0.20
Otherwise 0.23 In a perfo %ater 0.82
Banking activity area 0.56 Otherw v 0.80
Breakroom (See Lounge/breakroom) Lockmro N\ 0.43
Classroom/lecture hall/training room Leunge/breakroom
In a penitentiary 0.74 In®yhealthcare facility 0.42
Otherwise 0.71 therwise 0.44
Computer room 0.75 ffice ‘
Conference/meeting/multipurpose room 0.88 h EnCl(m 0.73
Confinement cells 051 N plap 0.56
Copy/print room 0. Al inglafca, interior 0.11
Corridor ,\ armacy area 1.23
In a facility for the visually impaired (and \ l) 7 estroom
not used primarily by the staff)’ lp ) In a facility for the visually impaired (and 0.96
In a hospital 061 not u.sed primarily by the staff’
In a manufacturing facility a 0.28 Otherwise 0.63
- Sales area 0.85
In a primary or secondary school 071 _
not used primarily by the staff) ’ Seating area, general 0.21
Otherwise 041 Stairway (see Space containing stairway)
Courtroom 1.06 Stairwell 0.47
Dimi Storage room 0.38
ining area - -
In bar/lounge or leisure dining 0.62 \\;]ehll:ullar maintenance area (1)33
: — orkshop .
In cafet fast fi .
1 cate .eljla orfas O.Od dlanlg - 0.36 BUILDING TYPE SPECIFIC SPACE TYPES® LPD (watts/sq ft)
In a facility fqr thq visually 1mpa1£ed (and 1.22 Automotive (see Vehicular maintenance area)
not used primarily by the staff) _ __
— Convention Center—exhibit space 0.50
In family dining 0.52 - —
: - 033 Dormitory—living quarters®¢ 0.43
CI;E P en‘1 Aty 0'42 Facility for the visually impaired”
therwise ; In a chapel (and not used primarily by the 0.58
Dwelling unit 0.43 staff) :
Electrical/mechanical room 0.39 In a recreation room (and not used primarily 1.20
Emergency vehicle garage 0.41 by the staff) '
o Fire Station—sleeping quarters® 0.19
(continued) Gymnasium/fitness center
In an exercise area 0.50
In a playing area 0.75
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TABLE C405.3.2(2)—continued
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD

BUILDING TYPE SPECIFIC SPACE TYPES®

| LPD (watts/sq ft)

Healthcare facility

In control room (MRI/CT/radiology/PET) 0.78

In an exam/treatment room 1.16

In an imaging room 0.94

In a medical supply room 0.54

In a nursery 0.87

In a nurse’s station 0.75

In an operating room 1.87

In a patient room* 0.45

In a physical therapy room 0.82

In a recovery room 0.89
Library

In a reading area 0.77

In the stacks 1.18
Manufacturing facility

In a detailed manufacturing area 0.75

In an equipment room 0.61 x

In an extra-high-bay area (greater than 50 0.73 -

floor-to-ceiling height)

In a high-bay area (25-50” floor-to-ceiling
height)

In a low-bay area (less than 25’ floor-to-
ceiling height)

Museum

\\Zlass 1I facilities consist of collegiate and semiprofessional facilities with

In a general exhibition area

y4

In a restoration room ‘Y 0.77
Performing arts theater—dressing ro 0.35
Post office—sorting area \ 0.66
Religious buildings N

In a fellowship hall 0.50

In a worship/pulpit/choir area 0.75
Retail facilities

In a dressing/fitting room 0.45

In hair care salon 0.65

In nail care salon 0.75

In massage clinic 0.81

In a mall concourse 0.57
Sports arena—playing area

For a Class I facility® 2.26

For a Class II facility’ 1.45

For a Class III facility® 1.08

For a Class IV facility" 0.72

(continued)
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TABLE C405.3.2(2)—continued
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD

BUILDING TYPE SPECIFIC SPACE TYPES® | LPD (watts/sq ft)

Transportation facility

In a baggage/carousel area 0.28

In an airport concourse 0.25

At a terminal ticket counter 0.40
Warehouse—storage area

For medium to bulky, palletized items 0.33

For smaller, hand-carried items 0.69

For SI: 1 foot = 304.8 mm, 1 watt per square foot = 10.76 W/m®.

a. In cases where both a common space type and a building area specific
space type are listed, the building area specific space type shall apply

b. A ‘Facility for the Visually Impaired’ is a facility that is licensed or will be
licensed by local or state authorities for senior long-term care, adult

e of lighting in the dwelling units is counted.
facilities consist of professional facilities; and semiprofessional,
giate, or club facilities with seating for 5,000 or more spectators.

seating for fewer than 5,000 spectators; club facilities with seating for

n 2,000 and 5,000 spectators; and amateur league and high-school

s with seating for more than 2,000 spectators.

facilities consist of club, amateur league, and high-school
facilities with seating for 2,000 or fewer spectators.

WIV facilities consist of elementary school and recreational facilities;
and amateur league and high-school facilities without provision for
spectators.

C405.3.2.1 Building Area Method. For the Building
Area Method, the interior lighting power allowance is
calculated as follows:

1. For each building area type inside the building,
determine the applicable building area type and
the allowed lighting power density for that type
from Table C405.3.2(1). For building area types
not listed, select the building area type that most
closely represents the use of that area. For the
purposes of this method, an “area” shall be
defined as all contiguous spaces that accommo-
date or are associated with a single building area
type.

2. Determine the floor area for each building area
type listed in Table C405.3.2(1) and multiply this
area by the applicable value from Table
C405.3.2(1) to determine the lighting power
(watts) for each building area type.

3. The total interior lighting power allowance
(watts) for the entire building is the sum of the
lighting power from each building area type.

C405.3.2.2 Space-by-Space Method. Where a build-
ing has unfinished spaces, the lighting power allowance
for the unfinished spaces shall be the total connected
lighting power for those spaces, or 0.2 watts per square
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Space Method, the interior lighting power allowance is
calculated as follows:

1.

For each space enclosed by partitions that are not
less than 80 percent of the ceiling height, deter-
mine the applicable space type from Table
C405.3.2(2). For space types not listed, select the
space type that most closely represents the pro-
posed use of the space. Where a space has multi-
ple functions, that space may be divided into
separate spaces.

. Determine the total floor area of all the spaces of

each space type and multiply by the value for the
space type in Table C405.3.2(2) to determine the
lighting power (watts) for each space type.

. The total interior lighting power allowance

(watts) shall be the sum of the lighting power
allowances for all space types.

C405.3.2.2.1 Additional interior lighting power.
Where using the Space-by-Space Method, an
increase in the interior lighting power allowance is
permitted for specific lighting functions. Additional
power shall be permitted only where the specified
lighting is installed and controlled in accordance
with Section C405.2.5. This additional power shall
be used only for the specified luminaires and shal with Section C405.5.1 shall not be greater than the exterior
not be used for any other purpose. An increase in the htin% allowance calculated in accordance with Sec-
interior lighting power allowance is permitted in

following cases:

1. For lighting equipment to be ginst in

dise, the additional lighting
determined in accorda
10.

Additional interior lig ower allowance =
1 x 045 W/ft*) +

1000 W + (Retai
(Retail Area 2 X& /ft*) + (Retail Area 3 x
1.05 W/ft?) + (Retail ‘Area 4 x 1.87 W/ft?)

For ST units:

Additional interior lighting power allowance =
1000 W + (Retail Area 1 x 4.8 W/m?) +
(Retail Area 2 x 4.84 W/m?) + (Retail Area
3 x 11 W/m?) + (Retail Area 4 x 20 W/m?)

(Equation 4-10)

where:

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

Retail Area 2 = The floor area used for the
sale of wvehicles, sporting
goods and small electronics.

Retail Area 3 = The floor area used for the
sale of furniture, clothing,
cosmetics and artwork.

Retail Area 4 = The floor area used for the sale

of jewelry, crystal and china.

Exception: Other merchandise categories
are permitted to be included in Retail Areas
2 through 4, provided that justification doc-
umenting the need for additional lighting
power based on visual inspection, contrast,
or other critical display is approved by the
code official.

2. For spaces in which lighting is specified to be
installed in addition to the general lighting for
the purpose of decorative appearance or for
highlighting art or exhibits, provided that the
additional lighting power shall be not more
than 0.9 W/ft* (9.7 W/m?) in lobbies and not
more than 0.75 W/ft* (8.1 W/m?® in other
spaces.

C405.4 Horticultural lighting. Not less than 95 percent of
the permanently installed luminaires for horticultural lighting

minaires for horticultural lighting shall be

controlle ce that that can be programmed to turn on
at speg s and that can automatically turn off the lumi-
naire utficient daylight is available.

4( Exterior lighting power requirements. The total
nected exterior lighting power calculated in accordance

tion C405.5:

Total connected exterior building exterior

ighting that is powered through the energy service for the
building.

Exception: Lighting used for the following applica-
tions shall not be included.

1. Lighting approved because of safety consider-
ations.

2. Emergency lighting automatically off during
normal business operation.

3. Exit signs.

4. Specialized signal, directional and marker light-
ing associated with transportation.

5. Advertising signage or directional signage.

6. Integral to equipment or instrumentation and
installed by its manufacturer.

7. Theatrical purposes, including performance,
stage, film production and video production.

8. Athletic playing areas.
9. Temporary lighting.

10. Industrial production, material handling, trans-
portation sites and associated storage areas.

11. Theme elements in theme/amusement parks.

12. Used to highlight features of art, public monu-
ments, and the national flag.
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13. Lighting for water features and swimming
pools.

14. Lighting controlled from within dwelling units,
where the lighting complies with Section
C405.1.1.

C405.5.2 Exterior lighting power allowance. The exte-
rior lighting power allowance (watts) is calculated as fol-
lows:

1. Determine the Lighting Zone (LZ) for the building
according to Table C405.5.2(1), unless otherwise
specified by the code official.

2. For each exterior area that is to be illuminated by
lighting that is powered through the energy service
for the building, determine the applicable area type
from Table C405.5.2(2). For area types not listed,
select the area type that most closely represents the
proposed use of the area.

3. Determine the total area or length of each area type
and multiply by the value for the area type in Table
C405.5.2(2) to determine the lighting power (watts)
allowed for each area type.

4. The total exterior lighting power allowance (watts) \
is the sum of the base site allowance determin&
m

according to Table C405.5.2(2), plus the watts_fro
each area type.
TABLE C405.5.2(1)

EXTERIOR LIGHTING ZONES

LIGHTING
ZONE DESCRIPTION
| Developed areas of national pa;
land, and rural areas Yy
Areas predominantly conSistisfg of residential zoning,
2 neighborhood business,districts, light industrial with

limited nighttime sidential mixed-use areas

3 All other areas not N'led as lighting zone 1, 2 or 4

High-activity commerdial districts in major
4 metropolitan areas as designated by the local land
use planning authority

C405.5.2.1 Additional exterior lighting power. Addi-
tional exterior lighting power allowances are available
for the specific lighting applications listed in Table
C405.5.2(3). These additional power allowances shall
be used only for the luminaires serving these specific
applications and shall not be used to increase any other
lighting power allowance.

C405.5.3 Gas lighting. Gas-fired lighting is prohibited.

C405.6 Dwelling electrical meter. Each dwelling unit
located in a Group R-2 building shall have a separate electri-
cal meter.

C405.7 Electrical transformers. Low-voltage dry-type distri-
bution electric transformers shall meet the minimum efficiency
requirements of Table C405.7 as tested and rated in accordance
with the test procedure listed in DOE 10 CFR 431. The effi-
ciency shall be verified through certification under an approved
certification program or, where a certification program does
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not exist, the equipment efficiency ratings shall be supported
by data furnished by the transformer manufacturer.

Exceptions: The following transformers are exempt:

1. Transformers that meet the Energy Policy Act of
2005 exclusions based on the DOE 10 CFR 431
definition of special purpose applications.

N

Transformers that meet the Energy Policy Act of
2005 exclusions that are not to be used in general
purpose applications based on information pro-
vided in DOE 10 CFR 431.

3. Transformers that meet the Energy Policy Act of
2005 exclusions with multiple voltage taps where
the highest tap is not less than 20 percent more
than the lowest tap.

&

Drive transformers.
Rec@nsformers.
formers.

NUninterruptible power system transformers.

Q

1

SN

edance transformers.
Regulating transformers.
Sealed and nonventilating transformers.

—_—

Machine tool transformers.
. Welding transformers.

. Grounding transformers.

B

14." Testing transformers.

.8 Electric motors. Electric motors shall meet the mini-
m efficiency requirements of Tables C405.8(1) through
C405.8(4) when tested and rated in accordance with the DOE
10 CFR 431. The efficiency shall be verified through certifi-
cation under an approved certification program or, where a
certification program does not exist, the equipment efficiency
ratings shall be supported by data furnished by the motor
manufacturer.

Exception: The standards in this section shall not apply to
the following exempt electric motors:

1. Air-over electric motors.

2. Component sets of an electric motor.
3. Liquid-cooled electric motors.

4. Submersible electric motors.

5. Inverter-only electric motors.

C405.9 Vertical and horizontal transportation systems
and equipment. Vertical and horizontal transportation sys-
tems and equipment shall comply with this section.

C405.9.1 Elevator cabs. For the luminaires in each eleva-
tor cab, not including signals and displays, the sum of the
lumens divided by the sum of the watts shall be not less
than 35 lumens per watt. Ventilation fans in elevators that
do not have their own air-conditioning system shall not
consume more than 0.33 watts/cfm at the maximum rated
speed of the fan. Controls shall be provided that will de-
energize ventilation fans and lighting systems when the
elevator is stopped, unoccupied and with its doors closed
for over 15 minutes.
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TABLE C405.5.2(2)
LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS
LIGHTING ZONES
Zone 1 Zone 2 Zone 3 Zone 4
Base Site Allowance 160 W 280 W 400 W 560 W
Uncovered Parking Areas
Parking areas and drives 0.015 W/ft? 0.026 W/ft* 0.037 W/ft? 0.052 W/ft?
Building Grounds

W:tiél:lvzl}(l)s fzgfvrv?g;ps less 0.50 W/linear foot 0.50 W/linear foot 0.55 W/linear foot 0.60 W/linear foot
Walkways and ramps 10

feet wide or greater, 0.10 W/t 0.10 W/t 0.11 W/ 0.14 W/fe

plaza areas, special

feature areas
Plaza areas 0.028 W/ft? 0.049 W/ft* 0.070 W/ft* 0.098 W/ft*
Roof terraces and special 0.04 W/ 0.07 W/ 0.19 Wit 0.140 W/
Dinning areas 0.156 W/ft? 0.273 W/t 2 0.546 W/ft?
Stairways 0.60 W/ft* 0.70 W/ft* 0 W/t 0.70 W/ft?
Pedestrian tunnels 0.063 W/ft’ 0.11 W/t 14 W/e 0.21 W/t
Landscaping 0.014 W/f2 0.025s Wit ([ \ N 0.036 W/t 0.04 W/ft?

Building Entrancej its

Pedestrian and vehicular 5.6 W/linear foot 9.8 W/li oot 14 W/linear foot 19.6 W/linear foot

entrances and exits of opening of openin of opening of opening
Entry canopies 0.072 W/ft? 0.1 = ‘ 0.18 W/ft? 0.252 W/ft?
Loading docks 0.104 W/ NSAW/E TN, 0260 WP 0.35 W/t

ales Canopi&s\ .
Free-standing and attached| 0.20 W/t N 0.50 W/f 0.70 W/ft?
S

Open areas (including 0.072 2" 0.180 W/’ 0.252 W/t

vehicle sales lots) ’ . ) ’
Street frontage for

Zfilcﬂtcil:nsﬁée‘?olget;I::rea” ce 7 W/linear foot 7 W/linear foot 14.4 W/linear foot

allowance \

For SI: 1 foot =304.8 mm, 1 watt per squarevfoot =W/0.0929 m”.
W = watts.
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INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS
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LIGHTING ZONES

Zone 1

Zone 2

Zone 3

Zone 4

Building fagades

No allowance

0.075 W/ft* of gross
above-grade wall area
or 1.8 W/linear ft of

0.113 W/ft? of gross
above-grade wall area
or 2.7 W/linear ft of

0.15 W/ft* of gross
above-grade wall area
or 3.6 W/linear ft of

type from Table C405.3.2(2) as modified

by the factor in this row. allowance value

fagades length fagades length fagades length
Au;?g???sp?:;fér?;:Chlnes (ATM) and 90 W per location plus 35 W per additional ATM per location
Uncovered entrances and gatehouse 0.144 W/fe 0.252 W/ 0.36 W/ 0.504 W/fe
inspection stations at guarded facilities
Uncovered loading areas for law
enforcement, fire, ambulance and other 0.104 W/ft? 0.182 W/ft? 0.260 W/ft? 0.364 W/ft?
emergency service vehicles
Drive-through windows and doors 53 W per 92 W per 132 W per 185 W per
drive-through drive-through \ dgve-through drive-through
Parking near 24-hour retail entrances 80 W per 140 W per V200w per 280 W per
main entry main entry \ main entry main entry
For areas that are not listed in the table or o o N
are not comparable to areas listed in the | . 22.A) (1)f tﬁle . SS.A) ?f t}llle . 77.4 (l)f t}ll'le
table, use the comparable interior space interior lighting nterior lighting interior lighting
y power power power

allowance value

allowance value

Uncovered entrances and gatehouse
inspection stations at guarded facilities

‘ 0.50 W/ft? of area

Uncovered loading areas for law

=

enforcement, fire, ambulance, and other 0.35 W/ft? of area
emergency service vehicles
Drive-up windows and doors p 200 W per drive through
Parking near 24-hour retail entrances. g \‘ 400 W per main entry
V'S

For SI: 1 watt per square foot = W/0.09294m°.
W = watts.

TABLE C405.7

MINIMUM NOMINAL AIENCY LEVELS FOR 10 CFR 431 LOW-VOLTAGE DRY-TYPE DISTRIBUTION TRANSFORMERS

SINGLE-PHASE TRANSFORMERS THREE-PHASE TRANSFORMERS

kVA- Efficiency (%)° kVA® Efficiency (%)
15 97.70 15 97.89
25 98.00 30 98.23
37.5 98.20 45 98.40
50 98.30 75 98.60
75 98.50 112.5 98.74
100 98.60 150 98.83
167 98.70 225 98.94
250 98.80 300 99.02
333 98.90 500 99.14
— — 750 99.23
— — 1000 99.28

a. kiloVolt-Amp rating.

b. Nominal efficiencies shall be established in accordance with the DOE 10 CFR 431 test procedure for low-voltage dry-type transformers.
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MINIMUM NOMINAL FULL-LOAD EFFICIENCY FOR NEMA DESIGN A, NEMA DESIGN B,
AND /EC DESIGN N MOTORS (EXCLUDING FIRE PUMP) ELECTRIC MOTORS AT 60 HZ*"

TABLE C405.8(1)

NOMINAL FULL-LOAD EFFICIENCY (%) AS OF JUNE 1, 2016
MOTOR HORSEPOWER 2 Pole 4 Pole 6 Pole 8 Pole
(STANDARD KILOWATT EQUIVALENT)

Enclosed Open Enclosed Open Enclosed Open Enclosed Open
1 (0.75) 77.0 77.0 85.5 85.5 82.5 82.5 75.5 75.5
1.5(1.1) 84.0 84.0 86.5 86.5 87.5 86.5 78.5 77.0
2(1.5) 85.5 85.5 86.5 86.5 88.5 87.5 84.0 86.5
3(2.2) 86.5 85.5 89.5 89.5 89.5 88.5 85.5 87.5
5@3.7) 88.5 86.5 89.5 89.5 89.5 89.5 86.5 88.5
7.5(5.5) 89.5 88.5 91.7 91.0 91.0 90.2 86.5 89.5
10 (7.5) 90.2 89.5 91.7 91.7 91.0 91.7 89.5 90.2
15(11) 91.0 90.2 92.4 93.0 91.7 91.7 89.5 90.2
20 (15) 91.0 91.0 93.0 93.0 91.7 92.4 90.2 91.0
25 (18.5) 91.7 91.7 93.6 93.6 93 93.0 90.2 91.0
30 (22) 91.7 91.7 93.6 24. .0 93.6 91.7 91.7
40 (30) 92.4 92.4 94.1 9 94.1 94.1 91.7 91.7
50 (37) 93.0 93.0 94.5 4. 94.1 94.1 92.4 92.4
60 (45) 93.6 93.6 95 95.0 94.5 94.5 92.4 93.0
75 (55) 93.6 93.6 " 95.0 94.5 94.5 93.6 94.1
100 (75) 94.1 93.6 4 5.4 95.4 95.0 95.0 93.6 94.1
125 (90) 95.0 95.4 ‘ 95.4 95.0 95.0 94.1 94.1
150 (110) 95.0 95.8 “mminl 95.8 95.8 95.4 94.1 94.1
200 (150) 95.4 35.8 95.8 95.4 94.5 94.1
250 (186) 95.8 95.8 95.8 95.0 95.0
300 (224) . 95.8 95.8 95.8 — —
350 (261) 6.2 95.8 95.8 95.8 — —
400 (298) . 96.2 95.8 — — — —
450 (336) 95.8 96.2 96.2 96.2 — — — —
500 (373) « 95.8 96.2 96.2 96.2 — — — —

a. Nominal efficiencies shall be establishetlin 8ccordance with DOE 10 CFR 431.
b. For purposes of determining the required minimum nominal full-load efficiency of an electric motor that has a horsepower or kilowatt rating between two
horsepower or two kilowatt ratings listed in this table, each such motor shall be deemed to have a listed horsepower or kilowatt rating, determined as follows:
1. A horsepower at or above the midpoint between the two consecutive horsepowers shall be rounded up to the higher of the two horsepowers.
2. A horsepower below the midpoint between the two consecutive horsepowers shall be rounded down to the lower of the two horsepowers.
3. A kilowatt rating shall be directly converted from kilowatts to horsepower using the formula: 1 kilowatt = (1/0.746) horsepower. The conversion should
be calculated to three significant decimal places, and the resulting horsepower shall be rounded in accordance with No. 1 or No. 2 above, as applicable.
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TABLE C405.8(2)
MINIMUM NOMINAL FULL-LOAD EFFICIENCY FOR NEMA DESIGN C AND /EC DESIGN H MOTORS AT 60 HZ*®

NOMINAL FULL-LOAD EFFICIENCY (%) AS OF JUNE 1, 2016
MOTOR HORSEPOWER 4Pole 6 Pole 8 Pole
(STANDARD KILOWATT EQUIVALENT)

Enclosed Open Enclosed Open Enclosed Open
1 (0.75) 85.5 85.5 82.5 82.5 75.5 75.5
1.5 (1.1) 86.5 86.5 87.5 86.5 78.5 77.0
2(1.5) 86.5 86.5 88.5 87.5 84.0 86.5
3(2.2) 89.5 89.5 89.5 88.5 85.5 87.5
53.7) 89.5 89.5 89.5 89.5 86.5 88.5
7.5(5.5) 91.7 91.0 91.0 90.2 86.5 89.5
10 (7.5) 91.7 91.7 91.0 91.7 89.5 90.2
15(11) 92.4 93.0 91.7 91.7 89.5 90.2
20 (15) 93.0 93.0 91.7 92.4 90.2 91.0
25 (18.5) 93.6 93.6 N 93.0 93.0 90.2 91.0
30 (22) 93.6 94 .0 93.6 91.7 91.7
40 (30) 94.1 4.1%.1 94.1 91.7 91.7
50 (37) 94.5 \J 94.1 94.1 92.4 92.4
60 (45) 94.5 94.5 92.4 93.0
75 (55) 94.5 94.5 93.6 94.1
100 (75) 95.0 95.0 93.6 94.1
125 (90) 95.0 95.0 94.1 94.1
150 (110) 95.8 95.4 94.1 94.1
200 (150) 95.8 95.4 94.5 94.1

a. Nominal efficiencies shall be established in accordance
b. For purposes of determining the required minimum
horsepower or two kilowatt ratings listed in this tab

1. A horsepower at or above the midpoint bgfw

ca uch motor s med to have a listed horsepower or kilowatt rating, determined as follows:
the eofitiveyh powers shall be rounded up to the higher of the two horsepowers.
2. A horsepower below the midpoint betyween 0 consecutiwers shall be rounded down to the lower of the two horsepowers.
3. A kilowatt rating shall be directly gonvested™#fom kilowatts to hémsepower using the formula: 1 kilowatt = (1/0.746) horsepower. The conversion should
be calculated to three signiﬁcange al places, and the resulting horsepower shall be rounded in accordance with No. 1 or No. 2 above, as applicable.

N

TABLE C405.8(3)
MINIMUM AVERAGE FULL-LOAD EFFICIENCY POLYPHASE SMALL ELECTRIC MOTORS?
OPEN MOTORS
MOTOR Number of Poles 2 4 6
HORSEPOWER Synchronous 3600 1800 1200
Speed (RPM)

0.25 — 65.6 69.5 67.5
0.33 — 69.5 73.4 71.4
0.50 — 73.4 78.2 75.3
0.75 — 76.8 81.1 81.7
1 — 77.0 83.5 82.5
1.5 — 84.0 86.5 83.8
2 — 85.5 86.5 N/A
3 — 85.5 86.9 N/A

a. Average full-load efficiencies shall be established in accordance with DOE 10 CFR 431.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE C-85



COMMERCIAL ENERGY EFFICIENCY

TABLE C405.8(4)

MINIMUM AVERAGE FULL-LOAD EFFICIENCY FOR
CAPACITOR-START CAPACITOR-RUN AND CAPACITOR-START INDUCTION-RUN SMALL ELECTRIC MOTORS*

OPEN MOTORS
MOTOR Number of Poles 2 4 6
HORSEPOWER Synchronous 3600 1800 1200
Speed (RPM)

0.25 — 66.6 68.5 62.2
0.33 — 70.5 724 66.6
0.50 — 72.4 76.2 76.2
0.75 — 76.2 81.8 80.2
1 — 80.4 82.6 81.1
1.5 — 81.5 83.8 N/A
2 — 82.9 84.5 N/A
3 — 84.1 N/A N/A

a. Average full-load efficiencies shall be established in accordance with DOE 10 CFR 431.

C405.9.2 Escalators and moving walks. Escalators and
moving walks shall comply with ASME A17.1/CSA B44
and shall have automatic controls that reduce speed as per-
mitted in accordance with ASME A17.1/CSA B44 and
applicable local code.

C405.10 Voltage drop. The total vdlta
combination of customer-owned servic
conductors and branch circuit ¢

Exception: A variable voltage drive system that reduces
operating voltage in response to light loading condition
is an alternative to the reduced speed function.

C405.9.2.1 Energy recovery. Escalators shall
designed to recover electrical energy when resisti -
speed in the down direction. The escalaj h e
designed to recover, on average, more powe

sumed by the power recovery feature o
ler system.

on-

rop across the
onductors, feeder
shall not exceed 5

percent.

C405.11 Automatic receptacl%rol. The following shall
have automatic receptacle control complying with Section
C405.11.1:

1.

At least 50 percent of all 125V, 15- and 20-amp recep-
tacles installed in enclosed offices, conference rooms,
rooms used primarily for copy or print functions, break-
rooms, classrooms, and individual workstations,
including those installed in modular partitions and
module office workstation systems.

At least 25 percent of branch circuit feeders installed
for modular furniture not shown on the construction
documents.

C405.11.1 Automatic receptacle control function. Auto-
matic receptacle controls shall comply with the following:

C-86

1. Either split controlled receptacles shall be provided
with the top receptacle controlled, or a controlled
receptacle shall be located within 12 inches (304.8
mm) of each uncontrolled receptacle.

2. One of One of the following methods shall be used
to provide control:

A

4
v
controlO

Exceptions:

O

.wduled basis using a time-of-day oper-
control device that turns receptacle
wer off at specific programmed times and
can be programmed separately for each day
of the week. The control device shall be con-
figured to provide an independent schedule
for each portion of the building of not more
than 5,000 square feet (464.5 m2) and not
more than one floor. The occupant shall be
able to manually override an area for not
more than 2 hours. Any individual override
switch shall control the receptacles of not
more than 5,000 feet (1524 m).

An occupant sensor control that shall turn
off receptacles within 20 minutes of all
occupants leaving a space.

2.2.

2.3. An automated signal from another control or
alarm system that shall turn off receptacles
within 20 minutes after determining that the

area is unoccupied.

3. All controlled receptacles shall be permanently
marked in accordance with NFPA 70 and be uni-
formly distributed throughout the space.

4. Plug-in devices shall not comply.

Automatic receptacle controls are not

required for the following:

1. Receptacles specifically designated for equipment
requiring continuous operation (24 hours per day,
365 days per year).

2. Spaces where an automatic control would endanger
the safety or security of the room or building occu-
pants.

3. Within a single modular office workstation, noncon-
trolled receptacles are permitted to be located more
than 12 inches (304.8 mm), but not more than 72
inches (1828 mm) from the controlled receptacles
serving that workstation.
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TABLE C405.12.2
ENERGY USE CATEGORIES

conditioned floor area of 25,000 square feet (2322 m2) or
larger shall be equipped to measure, monitor, record, and

LOAD CATGEROGY DESCRIPTION OF ENERGY USE

report energy consumption data in compliance with Sections
C405.12.1 through C405.12.5.

Exception: R-2 occupancies and individual tenant spaces
are not required to comply with this section provided that
the space has its own utility services and meters and has
less than 5,000 square feet (464.5 m2) of conditioned floor
area.

Heating, cooling, and ventilation, including
but not limited to fans, pumps, boilers,
chillers, and water heating. Energy used by
Total HVAC 120-volt equipment, or by 208/120-volt

system equipment that is located in a building where
the main service is 480/277-volt power, is
permitted to be excluded from total HVAC
system energy use.

C405.12.1 Electrical energy metering. For all electrical

Interior lighting | Lighting systems located within the building.

energy supplied to the building and its associated site,
including but not limited to site lighting, parking, recre-

Lighting systems located on the building site

Exterior lighting |y /" ot within the building.

ational facilities, and other areas that serve the building
and its occupants, meters or other measurement devices

Devices, appliances, and equipment con-

Plug loads nected to convenience receptacle outlets.

shall be provided to collect energy consumption data for
each end-use category required by Section C405.12.2.

C405.12.2 End-use metering categories. Meters or other
approved measurement devices shall be provided to col-
lect energy use data for each end-use category indicated in
Table C405.12.2. Where multiple meters are used to mea-

Any single load that is not included in an
HVAC, lighting or plug load category and
Process at exceeds 5 percent (_)f th@ peak. connected
load of the whole building, including, but not
limited to data centers, manufacturing equip-
ment and commercial kitchens.

sure any end-use category, the data acquisition system
shall total all of the energy used by that category. Not
more than 5 percent of the measured load for each of t

end-use categories indicated in Table C405.12.2 shall be
permitted to be from a load that is not within that cat .

S The remaining loads not included elsewhere

in this table, including but not limited to ver-
ing operations |tical transportation systems, automatic doors,
and other motorized shading systems, ornamental foun-

tems.

miscellaneous loads |tains, ornamental fireplaces, swimming
pools, in-ground spas, and snow-melt sys-

Exceptions:
1. HVAC and water heating equipmen ing only
an individual dwelling unit shal require end-

use metering.

Electrit Vehicle |Loads associated with charging an electric
harging vehicle.

Energy produced from on-site renewable

Solar Production
energy system

2. End-use metering shall 'ﬁ- ired fq

@

pumps, stairwell pressutiza ans or an
tem that operates o ring testing or eniet-
gency.

3. End-use meteging,s not be required for an
individual tetela\ ce having a floor area not

greater than 2,500%quare feet (232 m?) where a
dedicated source meter complying with Section
C405.12.3 is provided.

C405.12.3 Meters. Meters or other measurement devices
required by this section shall be configured to automati-
cally communicate energy consumption data to the data
acquisition system required by Section C405.12.4. Source

provide hourly, daily, monthly, and yearly logged data for
each end-use category required by Section C405.12.2.

C405.12.5 Graphical energy report. A permanent and
readily accessible reporting mechanism shall be provided
in the building that is accessible by building operation and
management personnel. The reporting mechanism shall
have the capability to graphically provide the energy con-
sumption for each end-use category required by Section
C405.12.2 at least every hour, day, month, and year for the
previous 36 months.

meters shall be allowed to be any digital-type meter. C405.13 Electric vehicle (EV) charging for new construc-
Lighting, HVAC, or other building systems that can moni- tion. The building shall be provided with electric vehicle (EV)

tor their energy consumption shall be permitted instead of ~ charging in accordance with this section and the National
meters. Current sensors shall be permitted, provided that Electrical Code (NFPA 70). Where parking spaces are added
they have a tested accuracy of £2 percent. Required meter- or modified without an increase in bulldlng SiZe, Only the new
ing systems and equipment shall have the capability to parking spaces are subject to this requirement. The number of

provide at least hourly data that is fully integrated into the required EVSE installed spaces, EV ready spaces, E V capable
data acquisition System and graphical energy report in spaces, and EVC'apable llght spaces shall be (!etermlned based
accordance with Sections C405.12.4 and C405.12.5. on the total number of provided vehicle parking spaces or the

system shall have the capability to store the data from the
required meters and other sensing devices for a minimum
of 36 months. The data acquisition system shall have the
capability to store real-time energy consumption data and
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C405.12.4 Data acquisition system. A data acquisition r61umber of vehicle parking spaces required under Section 9-9-

“Parking Standards,” B.R.C. 1981 prior to any approved

parking reductions.

C405.13.1 Group R occupancies. Group R occupancies
with three or more dwelling units and/or sleeping units

Cc-87



COMMERCIAL ENERGY EFFICIENCY

shall be provided with EV charging in accordance with
Table C405.13.1. Calculations for the number of spaces

TABLE C405.13.2
GROUP A, B, E, I, M AND S-2 OCCUPANCIES

shall be rounded up to the nearest whole number. The fol- 4 OF NU':?/EE OF | NUMBER OF NUME\E/R OF gnyEEB?_E
lowing substitutions shall be applicable: SPACES | INSTALLED EgPE\EcpEDsY CAPABLE LIGHT
1. R-2 Occupancies shall be permitted to substitute a SPACES SPACES SPA_C'?S
DCFC EVSE for up to 5 spaces. 1-10 2 spaces 2 spaces 0 remaining
. . . spaces
2. All attached garages with direct connection to a .
dwelling unit shall have one EV ready space. >10 | az e/; (Orrf1in
. . including E) dual port 10% of 10% of 20% of
3. When spaces exceed the minimum required for a parking o 11:1 spaces spaces spaces*
specified space in Table C405.12.1, additional: garages stati% n)g

a. EVSE installed spaces are permitted to be
used to meet the minimum requirements for

*For parking garage, once spaces have been allocated, any remaining spaces
in a parking garage shall, at a minimum, be EV capable light spaces.

EVready spaces, EV capable spaces, and EV
capable light spaces.

b. EV ready spaces are permitted to be used to
meet the minimum requirements for EV
capable spaces and EV capable light spaces.

c. EV-capable spaces are permitted to be used
to meet the minimum requirements for EV-

capable light spaces.

TABLE C405.13.1

GROUP R OCCUPANCIES

C405.13.3 Identification. Construction documents shall
designate all EV_ capable light, EV capable spaces, EV
ready spaces anw installed spaces and indicate the
locations of it @nd termination points serving them.
The circu spaces reserved for the circuits for EV
capab EV ready spaces, and EVSE installed

sp | be clearly identified in the panel or subpanel
i

NUMBER OF NUMBER OF | NUMBER OF NUMBER OF
# OF EVSE EV CAPABLE
EV READY |EV CAPABLE
SPACES | INSTALLED SPACES SPACES LIGH
SPACES
1-10 0 100% 0
5% of spaces
(min. 1 dual o o
> 10 port 1ssa/oceosf 4;0 /oc spaces
charging P P
station)
&

he raceway and/or conduit for EV capable
capable and EV ready spaces shall be clearly
identified at both the panel or subpanel and the termination
oint at the parking space.

C405.13.4 EVSE installation. EVSE shall be installed in
accor with NFPA 70 and shall be listed and labeled
> ifyaccordance with UL 2202 or UL 2594. When serving an
We parking space, EVSE shall be accessible in
rdance with City of Boulder Building Code, Chapter
1, Accessibility, and Section C405.13.5. EVSE shall

meet all of the following requirements:

1. A power capacity of at least 8.3 kVa (or 40A at 208/

C405.13.2 Group A, B, E

Group A, B, E, I, M and op%&closed parking garage

under an S-2 occupancy shall
vehicle charging in accordance with Table C405.13.2.

Calculations for the number of spaces shall be rounded up
to the nearest whole number. The following substitutions

shall be applicable:

1. Commercial buildings other than R-2 Occupancies
shall be permitted to substitute a DCFC EVSE for up

to 10 spaces.

S-2 occupancies.

provided with electric

240V) and has the ability to connect to the internet
OR an inductive charging system for battery-pow-
S ered electric vehicles that is ENERGY STAR certi-
fied and has the ability to connect to the internet.

2. An electric vehicle charging system shall be wall-
mounted or pedestal style and may provide multiple
cords to connect with electric vehicles.

3. An electric vehicle charging system shall be listed
and labeled for EV charging and must comply with
the current version of Article 625 of the National
Electrical Code.

2. When spaces exceed the minimum required for a
specified space in Table C405.12.1, additional:

C-88

a. EVSE installed spaces are permitted to be
used to meet the minimum requirements for
EVready spaces, EV capable spaces, and EV

capable light spaces.

b. EV ready spaces are permitted to be used to
meet the minimum requirements for EV
capable spaces and EV capable light spaces.

c. EV-capable spaces are permitted to be used
to meet the minimum requirements for E£V-

capable light spaces.

C405.13.4.1 EVSE minimum charging rate. Each
installed EVSE shall comply with one of the following:

1. Be capable of charging at a minimum rate of 6.2
kVA (or 30A at 208/240V).

2. When serving multiple EVSE installed spaces
and controlled by an energy management system
providing load management, be capable of simul-
taneously sharing each EVSE installed space at a
minimum charging rate of no less than 3.3 kVA.

C405.13.5 EV parking space requirements. Spaces des-
ignated for EVSE installed, EV ready, EV capable and EV
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capable light shall meet the applicable requirements of
Sections C405.13.5.1 through C405.13.5.4

C405.13.5.1 EVSE installed spaces. An installed
EVSE with multiple output connections shall be per-
mitted to serve multiple EVSE installed spaces. Each
EVSE installed serving either a single EVSE installed
space or multiple EVSE installed spaces, shall comply
with all of the following:

1. Be installed
C405.13.4.

2. Be located within 3 feet of each EVSE installed
space it serves.

in accordance with Section

3. Have a minimum circuit capacity of 8.3 kVA
(40A 2 208/240V).

C405.13.5.2 EV Ready Spaces. Each EV ready space
shall have a branch circuit that complies with all of the
following:

1. Terminates at a receptacle or junction box located
within 3 feet of each EV ready space it serves.
EV ready includes two adjacent parking spaces if

COMMERCIAL ENERGY EFFICIENCY

C405.13.5.4 EV Capable Light Spaces. Each EV
capable light space shall comply with all of the follow-
ing:

1. A continuous raceway and/or conduit shall be
installed between a suitable electrical panel or
other electrical distribution equipment and termi-
nate within 3 feet of the EV capable light space
and shall be capped. EV capable light includes
two adjacent parking spaces if the raceway and/or
conduit terminates adjacent to and between both
parking spaces.

2. Installed raceway and/or conduit shall be sized
and rated to supply a minimum of 208 volts and a
minimum of 40-ampere rated circuits.

3. Dedicated physical space to accommodate all

equipment necessary for electrical service to
utuWE.

ting of the raceway and/or conduit must

bg noted on the construction documents and the

ceway shall be permanently and visibly marked

“EV CAPABLE” at the load center and termina-
tion point locations.

the receptacle is installed adjacent to and between
both parking spaces. & C405.13.6 Accessible parking. Where new EVSE
A

2. Has a minimum circuit capacity of 8.3 kVA
208/240V).

shall
supp

3. The electrical panel, electrical distri
ment directory, and all outlets or
be marked “For future electri
equipment (EVSE).”

C405.13.5.3 EV Capable S
space shall comply with all%

1. A continuous race d/or conduit shall be
installed betwge able electrical panel or
other electrica&0 ution equipment and termi-
nate within 3 feet®f the EV capable space and
shall be capped. EV capable includes two adja-
cent parking spaces if the raceway and/or conduit
terminates adjacent to and between both parking
spaces.

2. The installed raceway and/or conduit shall be
sized and rated to supply a minimum of 208 volts
and a minimum of 40-ampere rated circuits.

3. The electrical panel or other electrical distribu-
tion equipment to which the raceway and/or con-
duit connects shall have sufficient dedicated
space and spare electrical capacity to supply a
minimum of 208 volts and a minimum of 40-
ampere rated circuits.

4. The termination point of the conduit and/or race-
way and the electrical distribution equipment
directory shall be marked: “For future electric
vehicle supply equipment (EVSE).”

5. Reserved capacity shall be no less than 8.3 kVA
(40A 208/240V) for each EV capable space.
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wing:

installed spaces and/or new EV ready spaces and new
accessible parking, as defined by the City of Boulder

Iding Code, Chapter 11, “Accessibility,” are both pro-
videdy parking facilities shall be designed so that at least

Waccessible parking space shall be an EV ready space or
SE installed space.

C405.13.7 Number and features of universal vehicle
charging spaces. Where electric vehicle charging stations
are provided for public use, the number of universal vehi-
cle charging stations shall be provided in accordance with
Table C405.13.5. Vehicle space size shall be 132 inches
(3350 mm) minimum in width with an adjoining access
aisle that is 60 inches (1525 mm) minimum in width.
Additionally, the features of universal vehicle spaces and
equipment shall comply with ICC A117.1 Sections 502.3
through 502.5, and Section 502.11, except that an EVSE
installed space is permitted to be located at the end of the
access aisle opposite the drive aisle.

Exception: For parking facilities of more than 100 total
parking spaces, or 200 total parking spaces for Group I
occupancies, the number of required universal vehicle
charging stations may be reduced to 10 plus 5% of all
required EVSE installed spaces. The total number of
universal vehicle charging stations need not exceed 40.
TABLE C405.13.5

ELECTRIC VEHICLE CHARGING STATION FOR PUBLIC USE
NUMBER OF ELECTRIC VEHICLE | MINIMUM NUMBER OF UNIVERSAL

CHARGING STATIONS REQUIRED | VEHICLE CHARGING STATIONS

1 1

2t025 2
26 to 50 4
51 to 100 6
Over 100 8, plus 4 for each additional 200
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C405.14 Solar Readiness. All newly constructed commer-
cial buildings shall comply with the requirements of Sections
C405.15 through C405.18.

C405.15 Solar-ready zone. Solar zones shall be clearly indi-
cated on the construction documents.

C405.15.1 Location and size of solar zone. The solar-
ready zone shall have a minimum total area described as
follows. The solar-ready zone shall comply with access,
pathway, smoke ventilation, and spacing requirements as
specified in the Boulder Revised Code. The solar-ready
zone total area shall be comprised of one or more rectan-
gular areas. For sloped roofs each area must be not less
than 200 square feet and no side of any rectangular area
shall be less than 11 feet in length. For low-sloped or flat
roofs, each area must be not less than 330 square feet, with
a minimum length running generally north to south of 15'
and a minimum length running generally east to west of
22" and no side of any rectangular area shall be less than
11 feet in length. The solar-ready zone shall be located on
one or more of the following areas:

1. The roof or overhang of the building.

2. The roof or overhang of another structure located
within 250 feet of the building on the same parcel or
lot.

3. Covered parking installed with the building proj

4. A facade of the building that is within 15 de
true south.

The total solar-ready zone area shall notbe in siz
than an area that equals 40 percent of tk @ roof are
calculated as the horizontally projec ossar0of area les 405.16 Interconnection pathways.

the area covered by skylights, o
tative roof areas, and mandat
as required by the Boulder
roof areas will be excluded w
area of the building:

roof decks, vege-
or set back areas
ode. The following
Iculating the total roof

a

1. Areas with a permanently installed on-site
renewable energy systems that meets the following
criteria:

a. The system produces the energy output
equivalent to covering 40 percent of the net
roof area with solar photovoltaic calculated
as the horizontally projected gross roof area
less the area covered by skylights, occupied
roof decks, vegetative roof areas, and man-
datory access or set back areas as required by
the Boulder Revised Code.

b. The system is located on the roof or over-
hang of the building or on the roof or over-
hang of another structure located within 250
feet of the building, on the building prem-
ises, on covered parking, or another
approved location installed with the building
project and under the same property owner-
ship
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2. Roof areas where the annual solar access is less than
70 percent. For the purposes of this code, solar
access means the ratio of solar insolation including
shade to the solar insolation without shade. Shading
from obstructions located on the roof or any other
part of the building shall not be included in the
determination of annual solar access.

Exception: Solar zones are not required in
buildings where the roof is designed and
approved to be used for vehicular traffic or
parking or for a heliport.

C405.15.2 Orientation. All sections of the solar zone
located on steep sloped roofs shall be oriented between
110 degrees and 270 degrees of true north.

C405.15.3 Obstructions. No obstructions, including, but
not limited to, vents, chimneys, architectural features, and
Wt, shall be located in the solar

ocated on the roof or any other part

at projects above a solar zone shall be
twice the distance, measured in the

horizen lane, of the height difference between the

hiomt of the obstruction and the horizontal

ojection of the nearest point of the solar zone, measured
&1 e vertical plane.

Exception: Any roof obstruction, located on the roof or
er part of the building, that is oriented north of
s on the solar zone.

5.15.4 Roof loads and documentation. The
al design loads for roof dead load and roof live
shall be clearly indicated on the construction
oc

uments.

an
a

The construction
documents shall indicate at least one potential pathway for
routing of conduit and/or raceway from the solar-ready zone
to the point of interconnection with the electrical service
panel and electrical storage system area.

C405.17 Documentation. A copy of the construction
documents or a comparable document indicating the
information from Sections C405.15 and C405.16 shall be
provided to and maintained by the building owner. The
building owner shall provide a copy of the construction
documents or a comparable document indicating the
information from Sections C405.15 and C405.16 to any
purchasers and subsequent owners of the building or any part
thereof.

C405.18 Electrical services reserved space. The main
electrical service panel shall have a minimum bus bar rating
of not less than 200 amps. The main electrical service panel
shall have reserved spaces to allow for the installation of
double pole circuit breakers for a future solar electric
installation and a double pole circuit breaker for future
electrical storage system installation. The reserved spaces
shall be positioned at the opposite (load) end from the input
feeder location or main circuit location. The reserved spaces
shall be permanently marked as “For Future Solar Electric
and Storage.”. The minimum reserved amperage shall be
determined from Table C405.18.
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TABLE C405.18
MINIMUM RESERVED AMPERAGE
PER SQUARE FOOT OF PLANNED SOLAR AREA

INVERTER SYSTEM AMPERAGE PER
VOLTAGE SQUARE FOOT
120 0.125
240 0.063
208 0.042
277 0.054
480 0.018

C405.19 Electrical energy storage system-ready area. The
building shall have an area allocated of not less than 2 feet
(610 mm) in one dimension and 4 feet (1219 mm) in another
dimension and located in accordance with Section 1207 of
the International Fire Code for future installation of an
energy storage system. The location and layout diagram of
the electrical energy storage system-ready area shall be indi-
cated on the construction documents.

C405.20 Electric ready. These provisions shall be applicable
for all new buildings, additions and first tenant finish permits
that utilize combustion equipment. In the event of a first
tenant finish to a commercial core and shell building or,
unfinished space is credited towards meeting the requipé~
ments of this chapter, the code official shall not issue a certif-
icate of occupancy to the tenant until the requirements of:
Section C405.20.1 or C405.20.2 have met as applicable.

C405.20.1 Commercial building less than 107000, sq.ft.
and all R-occupancies. Commercial buildings that have a
gross floor area of less than 10,000 sq.ft:\afid @t R-occu=
pancies of any size, shall comply§ with Segfions
C405.20.1.1 through C405.20.1.5

C405.20.1.1 Combustign\equipment. Combustion
equipment shall be provided,with all of the following:

1. A dedicated, dppropriately phased branch circuit
sized to accommdate future electric equipment
or appliances to serve a comparable capacity to
meet the heating load.

2. An electric receptacle or junction box that meets
the requirements of Section C405.20.1.1.5, and is
connected to the electrical panel through the
branch circuit. Each electrical receptacle or junc-
tion box shall have reasonable access to the com-
bustion equipment or dedicated physical space
for future electric equipment with no obstructions
other than the current combustion equipment.

3. Where combustion equipment is used for space
or water heating, dedicated space shall be pro-
vided for all future electric equipment including
an electric resistance backup coil for ducted sys-
tems if applicable.

Exception: Buildings with installed air conditioning
systems are not required to provide additional dedi-
cated physical space for an outdoor heat pump.

C405.20.1.2 Electrical panel space. The electrical
panel shall have reserved physical space for a minimum
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two-pole or three-pole circuit breaker for each branch
circuit provided for future electric equipment or appli-
ances. The physical space in the electrical panel for
each circuit breaker shall be sized with sufficient
breaker capacity to meet the electrical demand of the
future electric equipment or appliance that is sized to
serve a comparable capacity to meet the heating load.

C405.20.1.3 Labeling. The junction box or receptacle
and the dedicated circuit breaker space serving future
electric equipment or appliances in the electrical panel
shall be labeled for their intended use.

C405.20.1.4 Adjacency. The electrical receptacle or
junction box must be provided within 3 feet of the com-
bustion equipment or appliances or within 3 feet of the
dedicated physical space for future electric equipment
or appliances.

Exception: Eor combustion equipment dedicated to
spacewer Water heating, the electrical receptacle or
juncgion box shall be located not more than 6 feet
from¥the combustion equipment or the dedicated
physical space for future electric equipment.

€405.20.1.5 Condensate drain. Where combustion
equipment dedicated to space heating and water heating
is installed, a location shall be provided for condensate
drainage.

C405.20.2 Commercial building 10,000 sq.ft. and
greater excluding R-occupancies. Commercial build-
ings excluding R-occupancies that have a gross floor area
greater than or equal to 10,000 sq.ft., shall comply with
Sections C405.20.2.1 through C405.20.2.4.

C405.20.2.1 Combustion equipment and appliances.
Combustion equipment shall be provided with all of the
following:

1. A junction box that is located in the same physi-
cal space as the combustion equipment and is rea-
sonably accessible, and that is connected to the
electrical panel by continuous conduit and/or
raceways.

2. Dedicated electrical panel space for an appropri-
ately phased branch circuit sized to accommodate
future electric equipment or appliances to serve a
comparable capacity to meet the heating load.

3. Where combustion equipment is used for space
and water heating, dedicated physical space shall
be provided for all future electric equipment.

C405.20.2.2 Electrical panel space. The electrical
panel shall have reserved physical space for a minimum
two-pole or three-pole circuit breaker for each branch
circuit provided for future electric equipment or appli-
ances. The physical space in the electrical panel for
each circuit breaker shall be sized with sufficient
breaker capacity to meet the electrical demand of the
future electric equipment or appliance that is sized to
serve a comparable capacity to meet the heating load.

C405.20.2.3 Labeling. The dedicated circuit breaker
space serving future electric equipment or appliances in
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the electrical panel shall be labeled “For future electric
equipment”.

C405.20.2.4 Physical space. Dedicated physical space
shall be provided for additional electric equipment,
including but not limited to transformers and cabinets,
necessary for electrical service to future electric equip-
ment or appliances.

SECTION C406
ADDITIONAL CONSERVATION REQUIREMENTS

C406.1 Compliance. Section C406 establishes additional
conservation requirements for buildings. Buildings shall
comply as follows with the conservation requirements of this
Section C406:

1. Buildings with greater than 2,000 square feet (186 m?)
shall comply with Section C406.1.1. Buildings over
25,000 square feet is required to choose a minimum of
one measure from C406.3.

2. Build-out construction with greater than 1,000 square
feet (93 m?) conditioned floor area that does not have
final lighting or final HVAC systems installed under a
prior building permit shall comply with Section
C406.1.1.1

Exceptions: Core and shell buildings where no less tha
20 percent of the net floor area is without final lightin ov

final HVAC and that comply with all of the following:

1. Buildings with greater than 5,000 square
m?®) of conditioned floor area that ¢
Section C406.1.1.

with Section C406.1.1.1.

3. Portions of the building whe net floor area has
final lighting and fin stems that comply
with Section C406.1.1.

C406.1.1 Additional conservation credit requirements.
Buildings shall achieve the minimum building
conservation credit requirements established in Table
C406.1.1 for their occupancy type with measures from
Section C406.2 or C406.3 or both sections. Where a
building contains multiple occupancies, credits under
Table C406.1.1 from each building occupancy type shall
be weighted by the gross floor area of each type to
determine the weighted average project energy credits
required. Associated supporting occupancies shall be
included with the primary occupancy group for purposes
of Section C406.

Exceptions:

2. Portions of the building where thg @ OOt area i
without final lighting or ﬁnq A at compl

1. Unconditioned parking garages that achieve 50%
of the credits required for occupancy types S-1
and S-2 in Table C406.1.1.

2. Portions of buildings devoted to manufacturing
or industrial uses.
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TABLE C406.1.1
BUILDING CONSERVATION CREDIT REQUIREMENTS BY

OCCUPANCY TYPE
OCCUPANCY TYPE Mgﬂf&fﬁ? ALBLGTLL;%I;EIC
R-2 105 65
-2 58 18
B 98 58
A2 87 47
M 87 62
E 92 42
S-1,8-2 97 57
All other 40 n/a

C406.1.1.1 New construction less than 5,000 square
feet & building core/shell and initial build-out con-

w construction less than 5,000 square feet,
ore and shell buildings or portions of buildings
\ initially built-out shall comply with one of the

following:

1.1. Where the scope of work includes a new
or previously installed central HVAC
system or service water heating system
with chillers, heat pumps, boilers, or

tion, the project shall achieve at least 50
percent of the energy credits required in
Table C406.1.1.

1.2. Where the scope of work does not
include those systems listed in 1.1 above,
the project shall achieve at least 33 per-
cent of the energy credits required in
Table C406.1.1.

2. 5,0000 square feet, core and shell buildings or
portions of buildings initially built-out, the
energy credits achieved shall be subject to the
following:

PV loop pumping systems with heat rejec-

2.1. Lighting measure credits shall be deter-
mined only for areas with final lighting
installed.

2.2. Where HVAC or service water heating
systems are designed to serve the entire
building, full HVAC or service water
heating measure credits shall be
achieved.

2.3. Where HVAC or service water heating
systems are designed to service individ-
ual areas, HVAC or service water heat-
ing measure credits achieved shall be
reduced in proportion to the floor area

2024 CITY OF BOULDER ENERGY CONSERVATION CODE



with final HVAC systems or final ser-
vice water heating systems installed.

Exception: Buildings less than 2,000 square feet are
exempt from these requirements.

C406.1.2 Conservation credits determination. Overall
conservation credits achieved for the project shall be the
sum of the conservation credits for individual measures
included in the building. Credits are available for the mea-
sures listed in Section C406.2 and C406.3. Base energy
credits are shown in Tables C406.2 and C406.3 based on
building occupancy type. Conservation credits achieved
shall be determined in one of three ways, depending on the
measure:

1. The conservation credit shall be the base energy
credit for the measure where no adjustment factor or
formula is shown in the measure description in Sec-
tion C406.2.

2. The conservation credit shall be the base energy
credit for the measure adjusted by a factor or for-
mula where an adjustment factor or formula is stated
in the measure description in Section C406.2. Where

COMMERCIAL ENERGY EFFICIENCY

C406.2.1.1 EO1 Reserved.

C406.2.1.2 E02 Total UA envelope reduction. Credit
will be achieved if the total UA of the building thermal
envelope as designed is at leastl5 percent below the
total UA of the building thermal envelope in accor-
dance with Section C402.1.5.

C406.2.1.3 E03 Reduced air leakage. Credit will be
achieved if the tested building air leakage is at least 15
percent lower than the maximum leakage permitted by
Section C402.5 provided the building is tested in accor-
dance with the applicable methods in Section C402.5.

C406.2.1.4 E04 Reserved.
C406.2.1.5 E05 Reserved.

C406.2.1.6 E06 Improved fenestration. Credit will be
achieved if the energy performance characteristics of

all vertical fenestration in the project meet the require-
406.2.1.6 and Section C406.2.1.3.

ment
TABLE C406.2.1.6
| (o) ENESTRATION EFFICIENCY REQUIREMENTS

WINDOWS
TION METRIC ENTRANCE
. . . . Fixed Operable DOORS
adjustments are applied, each conservation credit :
shall be rounded to the nearest whole number. \M um U-factor 0.31 0.38 0.54
3. The conservation credit shall be determined by .X_lmum SHbGC 0.34 0.28 0.33

direct formula as stated in the measure descriptidmui Minimum VT 0.41 0.41 0.41

Section C406.2. Where the direct formula isfapp eat Gain Coefficient.

each individual measure credit shall be ro b VisibleNgransmittance.

the nearest whole number. 622 More efficient HVAC performance. To
C406.2 Additional conservation credlt ¥ Credi 1eve credits for more efficient HVAC performance, all
are available for the measures listed i 10n C406 heating and cooling systems shall meet the minimum
Each conservation measure used to mée Jit requlr requirements of Section C403 and efficiency improve-
for the project shall meet or excegd the rements 1n ments shall be referenced to minimum efficiencies listed
tions C402 through C405. Credi easures installed in the in tables referenced by Section C403.3.3. Where multiple
project shall be determined b of three approaches efficiency requirements are listed, equipment shall meet

defined in C406.1.2.

Conservation credits req& for the project shall be the
sum of the individual conservation credit measures. Credits
are available for the measures listed in section C406.2. Where
a project contains multiple building occupancy types:

1.

Credits achieved for each occupancy type shall be
summed and then weighted by the floor area of each
occupancy type to determine the weighted average
project conservation credits achieved.

. Credits for improved envelope efficiency and lighting

reduction (L06) shall be determined for the building or
permitted floor area as a whole. Credits for other mea-
sures shall be taken from applicable tables or calcula-
tions weighted by the building occupancy type floor
area.

C406.2.1 More efficient building envelope. A project
will achieve credits for improved envelope performance
by complying with one or several of following measures:

1. Section C406.2.1.2, E02
2. Section C406.2.1.3, E03
3. Section C406.2.1.6, E06
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the seasonal or part-load efficiencies, including SEER/
SEER2, EER/integrated energy efficiency ratio (IEER),
integrated part load value (IPLV), or AFUE. Equipment
that is larger than the maximum capacity range indicated
in tables referenced by Section C403.3.3shall meet the
efficiencies listed for the largest capacity for the associ-
ated equipment type shown in the table. Where multiple
individual heating or cooling systems serve a project, the
HVAC performance improvement of the project shall be
the weighted average improvement based on individual
system capacity. Projects will achieve HVAC efficiency
credits for one or several of the following measures:

1. C406.2.2.2 HO2
2. C406.2.2.3 HO3
3. C406.2.2.4 HO4
4. C406.2.2.5 HOS
C406.2.2.1 HO1. Reserved.

C406.2.2.2 H02 More efficient HVAC equipment
heating performance. Credit for more efficient HVAC
equipment heating performance will be achieved if at
least 90 percent of the total HVAC capacity serving the
total conditioned floor area of the entire building, or
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TABLE C406.2
BASE CREDIT FOR ADDITIONAL CONSERVATION MEASURES

OCCUPANCY TYPE
ID ENERGY CREDIT MEASURE SECTION R-2, R4, 2 B A2 " E s1.52 | other
and I-1
EO01 |Reserved —
E02 |UA reduction (15%) C406.2.1.2 15 3 6 11 6 21 10
EO03 |Envelope Leak reduction C406.2.1.3 16 3 4 9 13 25 9
E04 |Reserved —
EO05 |Reserved —
E06 |Improved Fenestration C406.2.1.6 18 1 5 2 5 18 1 7
HO1 |Reserved —
HO2 |Heating efficiency C406.2.2.2 5 8 4 11 17 11 31 11
HO03 |Cooling efficiency C406.2.2.3 2 1 1 1 1 1 1 X
HO04 |Residential HVAC Control C406.2.2.4 27 X X X X X X X
HO5 |DOAS Fan Control C406.2.2.5 36 56 38 5 ’91 65 132 61
HO6 |Reserved —
HO7 |Central space heating heat pump| C406.2.2.7 30 30 30 |, 90 30 30 30 30
WO1 |SHW preheat recovery C406.2.3.1 111 6 1?&4'0 19 14 6 8
W02 [Heat pump water heater C406.2.3 96 3 N 28 5 10 2 20
WO03 |Reserved —
W04 |SHW pipe insulation C406.2.3.4 8 4 3 4 5 2 23
WO05 |Point of use water heaters C406.2.3.5 X N X\ 20 . X X 5 X
WO06 | Thermostatic balancing valves C406.2.3.6 1 1 1 2 1 4
W07 |SHW heat trace system C406.2.3.7 1 2 R A 4 5 6 2 13
W08 [SHW submeters C406.2.3.8 X X X X X 1
W09 |Reserved
W10 |Shower heat recovery C4 3 X 3 X 20
P01 [Energy monitoring }4 j 2 5 5 54
LO1 |Reserved —
L02 |Lighting dimming & tuning 6.2.5.2 1 5 6 2 7 5 6 3
L03 |Increase occ sensor \ 406.2.5.3 2 5 6 1 7 4 7 X
L04 |Increase daylight area \ C406.2.5.4 3 6 7 2 9 5 8 4
LO5 |Res light control C406.2.5.5 7 X X X X X X 5
L06 |Light Power reduction C406.2.5.6 1 6 8 2 6 7 8 6
Q01 |Reserved —
Q02 |Commercial kitchen equipment C406.2.6.2 X 15 X 40 X X X 5
Q03 |Reserved —
tenant space in accordance with Section C406.1.1, determined using Equation 4-11 rounded to the
complies with the following requirements: nearest whole number.
1. Equipment installed shall be types that are listed ACCy; = ACCy; x (HEL/0.05)  (Equation 4-11)
ig tabl;s referencgd by Sect.ion C 403.3..3.. Elec- Where-
tric resistance heating capacity shall be limited to
20% of system capacity with the exception of ACCy. = additional conservation credit for
heat pump supplemental heating. heating efficiency improvement
2. Equipment shall exceed the minimum heating ACC,; = base credits from Table C406.2 for
efficiency requirements listed in tables refer- applicable occupancy type
enced by seption C403.3.3 by at l.eellst 5 percent. HEI — the efficiency improvement (percent)
Whgre equipment exces:ds the minimum annual of the system as designed
heating efficiency requirements by 5 percent or
more, credit for heating performance shall be
C-94 2024 CITY OF BOULDER ENERGY CONSERVATION CODE



C406.2.2.3 H03 More efficient HVAC equipment
cooling and fan performance. Credit for more effi-
cient HVAC equipment cooling and fan performance
will be achieved if at least 90 percent of the total
HVAC capacity serving the total conditioned floor area
of the entire building, or tenant space in accordance
with Section C406.1.1, complies with the following
requirements:

1. Equipment installed shall be types that are listed
in tables referenced by Section C 403.3.3.

2. Equipment shall exceed the minimum cooling
efficiency requirements listed in tables refer-
enced by Section C403.3.3 by 5 percent or more.
For water-cooled chiller plants, heat rejection
equipment efficacy shall also be increased by at
least the chiller efficiency improvement. Where
equipment exceeds the minimum annual cooling
efficiency requirements by more than 5 percent,
energy efficiency credits for cooling shall be
determined using Equation 4-12 rounded to the
nearest whole number.

Where fan energy is not included in pack-
aged equipment rating or it is and the fan size has
been increased from the as-rated equipment co
dition, fan power or horsepower shall be no mdre
than 5 percent of the allowed fan power i
tion C403.8.1.

ACC,; =ACC.x (CEI/0.05) (Eq
Where:

)

ACC.; = base cooli y credits
Table C or applicable occupancy

type. Itiple types of HVAC
equi installed with different
coolin ficiencies, the capacity-

average efficiency
improvement shall be used. Where
multiple  equipment  performance
requirements apply, the equipment
shall exceed the annualized energy or
part-load requirement. Meeting both
part-load and full-load efficiency
percentage improvements is not
required.

CEI = cooling efficiency improvement, the
incremental improvement in efficiency
over the minimum efficiency for the
class of equipment, expressed as a
fraction. For HVAC equipment classes
with both full-load and part-load
(seasonal) metrics, the part-load metric
should be used.

(Equation 4-13)
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ACC.; = additional consenva credits %
cooling efﬁcien ment
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For metrics that increase as efficiency increases,
CEI shall be calculated as follows:

CEI = (CMdes/CMmin) — 1

For metrics that decrease as efficiency increases,
CEI shall be calculated as follows:

CEI = (CMmin/CMdes) - 1

Where:

CMdes = design cooling efficiency, part-load, or
annualized metric where available

CMmin = minimum required cooling efficiency,

part-load, or annualized rating where
available from Section C403.3.3

For Data Centers using ASHRAE Standard 90.4,
CEI shall be calculated as follows:

CEI %Cmax/AMLCdes) -1
W .

des = as-designed Annualized Mechanical
Load Component calculated in

accordance with ASHRAE Standard
O 90.4, Section 6.5
\ AMLCmax = maximum annualized mechanical

load component from ASHRAE

Standard 90.4, Table 6.5
%)6.2.2.4 HO04 Residential HVAC Control. Credit

residential HVAC controls will be achieved if

VVAC systems serving dwelling units or sleeping units

are controlled to automatically activate a setback of at
least 5°F (3°C) for both heating and cooling modes
during occupied sleep periods and during unoccupied
periods. The temperature controller shall be configured
to provide setback during occupied sleep periods. The
unoccupied setback mode shall be configured to oper-
ate in conjunction with one of the following:

1. Occupancy sensors in each room of the dwelling
unit contained with a door switch to initiate set-
back and non-ventilation mode for all HVAC
units in the dwelling within 20 minutes of all
spaces being vacant immediately after a door
switch operation. Where separate room HVAC
units are used, an individual occupancy sensor on
each HVAC unit that is configured to provide set-
back shall meet this requirement.

2. An advanced learning thermostat or controller
that recognizes occupant presence and automati-
cally creates a schedule for occupancy and pro-
vides a dynamic setback schedule based on when
the spaces are generally unoccupied.

3. An automated control and sensing system that
uses geo fencing connected to the dwelling unit
occupants’ cell phones and initiates the setback
condition when all occupants are away from the
building.
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C406.2.2.5 HO5 Dedicated outdoor Air System.
Credit for dedicated outdoor air systems (DOAS) can
be achieved only for single zone HVAC units that are
not required to have multi-speed or variable speed fan
control in accordance with Section C403.8.6.1. To
achieve this credit, HVAC controls and ventilation sys-
tems shall include all the following:

1. Zone controls that cycle the heating/cooling unit
fans off when not providing required heating/
cooling or limit fan power to 0.12 Watts per cfm
of zone outdoor air.

2. Outdoor air supplied by an independent ventila-
tion system designed to provide no more than 110
percent of the minimum outdoor air to each indi-
vidual occupied zone, as specified by the Interna-
tional Mechanical Code.

3. Ventilation systems have energy recovery with
an enthalpy recovery ratio of 65 percent or more
at heating design conditions.

4. For ventilation system serving multiple zones and
the system is not in a latent recovery outside air
dehumidification mode, partial economizer cool-
ing through an outdoor air bypass or wheel speed
control automatically does one of the following:

a. Sets the energy recovery leaving air
perature 55°F or 100% outdoor air by;
when the majority of zones requi
ing and outdoor air tempera
70°F.

(0)

?\

C406.2.3 Reduced Energy Use for Service Water Heat-
ing. Projects with service water-heating equipment that
serves the whole building, a building addition or a tenant
space shall achieve credits for reduced energy use for ser-
vice water heating through compliance with the require-
ments of this section. Systems achieve credit by meeting
one of the following requirements, combinations of mea-
sures achieve credit only if expressly listed:

1. By selecting one of the following measures:
C406.2.3.1 W01, C406.2.3.2 W02 or C406.2.3.4
W04

2. By selecting one following measures: C406.2.3.5
W05, C406.2.3.6 W06, or C406.2.3.7 W07,

C406.2.3.83 W08,
C406.2.3.9 W09,
C406.2.3.1 1

Any,co ton of measures in C406.2.3.1 through
EI4O§; 3510 as long no more than one measure from

AR

406.2.3.1 through C406.2.3.4 and no more

one measure from C406.2.3.5
6.2.3.7 are selected.

406.2.3.1 W01 Recovered or renewable water-

«\heating. Credits for recovered or renewable water heat-
ing Will be achieved if the building complies with the
reguitements of this section. The building service
water-heating system shall have one or more of the fol-
wing that are sized to provide not less than 30 percent

ofwthe building’s annual hot water requirements, or

zed to provide 70 percent of the building’s annual hot

through

b. The HVAC ventilatio %‘ nclud water requirements if the building is required to comply
supply air temperatufe controls that auto with Section C403.10.5:

matically reset t
in response to out

y air temperature
ir temperatures.

5. Ventilation systemS\proyiding mechanical dehu-
midification use recoyered energy for reheat
within the limits of item 4, above. This shall not
limit the use of latent energy recovery for dehu-
midification.

The energy credit achieved for this measure is deter-
mined by multiplying the base energy credit from Table
C406.2 by the fraction of system cooling capacity
(nominal tons) that includes variable speed fan control.

C402.2.2.6. HO6 Reserved.

C402.2.2.7. HO7 Central space heating heat pump.
Credit for this measure may be achieved only when the
building uses all-electric systems for central space heat-
ing. Credits for this measure will be achieved if sys-
tems serve multiple spaces and use only electricity for
space heating and reheat. Supplemental electric resis-
tance heating capacity shall be limited to a maximum of
50% of rated capacity. Systems that qualify for this
requirement include, but are not limited to, variable
refrigerant flow (VRF) systems, air-to-water heat
pumps, water-to-water heat pumps, and ground-source
heat pump systems.
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1.1. Waste heat recovery from service hot water,
recovery chillers, building equipment, or pro-
cess equipment.

1.2. A water-to-water heat pump that precools
chilled water return for building cooling.

1.3. On-site renewable energy water-heating sys-
tems.

C406.2.3.2. W02 Heat pump water heater. Credits
for heat pump water heaters will be achieved if air-
source heat pump water heaters do not draw condi-
tioned air from within the building, except exhaust air
that would otherwise be exhausted to the exterior. Any
recirculating system and final heating shall be met with
a separate non-heat pump heating source. The design
shall also comply with the following as applicable:

2.1. For multi-family, dormitories, and healthcare
occupancies with a recirculating system, at least
30% of design end use service water heating
requirements shall be met using heat pump pre-
heat with a COP of not less than 4.0 tested at
50°F (10°C) entering air and 70°F (21°C) enter-
ing water in accordance with AHRI standard
1300. A preheat storage tank equal to 25% of
peak demand shall be included in the design.
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2.2. For office, restaurant, and school occupancies
with piping temperature maintenance, at least
30% of design end use service water heating
requirements shall be met using heat pump pre-
heat with a combined input-capacity-weighted-
average UEF of 3.0 with a medium draw pattern
for unitary equipment with either a heat trace
system or a separate water heater in series for
recirculating system and final heating.

2.3. For retail, small office, and warehouse occupan-
cies with no recirculating system, at least 30%
of design end use service water heating require-
ments shall be met using the heat pump portion
of a hybrid water heater with a combined input-
capacity-weighted-average UEF of 3.0 with a
medium draw pattern for unitary equipment,
including electric resistance heating to meet
peak loading.

Where the heat pump capacity at S0°F (10°C) enter-
ing air and 70°F (21°C) entering water exceeds 50% of
the design end use load excluding recirculating system
losses, the base credits from Table C406.2 shall be pro-
rated based on Equation 4-16.

WO02 credit = base W02 table credit x HPLLLL 50%

Where:

HPLF = Heat pump capacity as a fractie
design end wuse service
requirements
system losses, not to ex

C406.2.3.3. W03 Reserved.

C406.2.3.4 W04 Water-hea
Credits for water-heati

achieved if service hot V&, provided by a central
water-heating system and the*hot water pipe insulation
thickness is at least 1.5 times the thickness required in
Table C403.12.3. All service hot water piping shall be
insulated from the hot water source to the fixture shut-
off. For Group S (warehouse and storage) and Group M
(retail) buildings, this measure is only available where

a recirculation or heat trace system is used and piping
length exceeds 80 lineal feet.

C406.2.3.5 W05 Point of use water heaters. Credits
for point of use water heaters are available only for
office or school buildings larger than 10,000 ft2 (930
m?2). Credits are achieved if fixtures requiring hot water
are supplied from a localized source of hot water with
no recirculating system or heat trace piping. Supply
piping from the water heater to the termination of the
fixture supply pipe shall be insulated to the levels
shown in Table C403.12.3 without exception. The vol-
ume from the water heater to the termination of the fix-
ture supply pipe shall be limited as follows:

ter

5.1. Nonresidential lavatories: not more than 2 oz
(60 mL)
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5.2. All other plumbing fixtures or appliances: not
more than 0.25 gallons (0.95 L)

Exception: Where all remotely located hot water
uses meet the requirements for measure W05, sepa-
rate water heaters serving commercial kitchens or
showers in locker rooms shall be permitted to have a
local recirculating system or heat trace piping.

C406.2.3.6 W06 Thermostatic balancing valves.
Credits for thermostatic balancing valves are available
only where service water heating is provided centrally
and distributed throughout the building. Credits will be
achieved if each recirculating system branch return
connection to the main service hot water supply piping
has an automatic thermostatic balancing valve set to a
minimal return water flow when the branch return tem-
perature is greater than 115°F (46°C).

C406.2.3.7 \Wt trace system. Credits for heat
trace syst ¢ohly available for projects with gross
floor a ter than 10,000 square feet and a central
wa ing system. Credits will be achieved if the
S includes self-regulating electric heat cables,
tion kits, and electronic controls. The cable shall
pStalled directly on the hot water supply pipes
derneath the insulation to replace standby losses.

Credits for water heating system submeters are avail-
a

n
(Equation 4-16‘ « C406,2.3.8 W08 Water heating system submeters.

ly to Group R-2 occupancies where each indi-

vidual dwelling unit is served by a central service water

Wg system has a service hot water meter connected

o'a reporting system that reports actual domestic hot

water use of the individual dwelling unit. Preheated

water serving the cold-water inlet to showers need not

be metered. Credits cannot be achieved for this measure

where other codes or regulations require individual

dwelling unit hot water metering use of the individual

dwelling unit. Preheated water serving the cold-water

inlet to showers need not be metered. Credits cannot be

achieved for this measure where other codes or regula-

tions require individual dwelling unit hot water meter-
ing.

C406.2.3.9 W09 Reserved.

C406.2.3.10 W10 Shower drain heat recovery. Cred-
its for shower drain heat recovery will be achieved if
cold water serving building showers are be preheated
by shower drain heat recovery units that comply with
Section C404.7. The efficiency of drain water heat
recovery units shall be 54 percent or greater, measured
in accordance with CSA B55.1. Full credits are avail-
able only for the following occupancy types: 1-2, 1-4,
R-1, R-2, and group E. Credits are only available only
where there are more than eight showers. Credit is
achieved only for buildings that utilize drain water heat
recovery on at least 75% of shower drains in the build-
ing.
C406.2.4 P01 Energy monitoring. Credit may be
achieved for this measure only if the project is not
required to comply with Section C405.12. If eligible,
credits will be achieved for installation of an energy
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monitoring system that complies with all the requirements
of Sections C405.12.1 through C405.12.5.

C406.2.5 Energy savings in lighting systems. Credits

will

be achieved for increased lighting system

performance if the building complies with one or several
of the following measures:

1.

C406.2.5.2 L02

2. C406.2.5.3 L03
3. C406.2.5.4 L04
4.
5

C406.2.5.5 LO5
C406.2.5.6 L06

C406.2.5.1 LO01 Reserved.

C406.2.5.2 L02 Enhanced digital lighting controls.
Credit will be achieved if at least 50 percent of the
gross floor area within the project complies with the
following requirements:
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1. Interior general lighting shall be located,
scheduled, and operated in accordance with the
lighting control standards in Section C405.2 and
shall be configured with the following enhanced
control functions:

1.1. Luminaires shall be configured for

continuous dimming.
1.2. Each luminaire shall have luminaice

level lighting controls.

1.3. No more than eight luminai

2. Luminaires shall be contsbll
control system configur

capabilities:

2.1. Reconfigurati scheduling and
illuminatioN Is of individual and
groups of luminaires.

2.2. Load shedding.

2.3. Occupancy sensors and daylight
responsive controls are capable of being
reconfigured through the system.

3. Construction documents shall include submittal
of a sequence of operations, including a
specification outlining each of the functions
required by this section.

4. Luminaires shall be initially configured
consistent with the following:

4.1. High-end trim, setting the maximum
light output of individual luminaires or
groups of luminaires to support visual
needs of a space or area, shall be
implemented such that maximum light
output or power of controlled lighting is
initially reduced by rate of at least 15
percent from full output. The average
maximum light output or power of the

controlled lighting shall be documented
without high end trim and with high end
trim to verify reduction of light output or
power by at least 15 percent when tuned.

4.2. Where lumen maintenance control is
used, controls shall be configured to
limit the initial maximum lumen output
or maximum lighting power to 85
percent or less of full light output or full
power draw aluminum maintenance
controls shall be limited to increasing
lighting power by 1% per year.

4.3. High-end trim and lumen maintenance
controls shall be accessible only to
authorized personnel.

C406.2.5.3 L03 Increase occupancy sensor. Credit
will be achicyed for this measure if the project

complies

Sectio

O

lighting control requirements of
.2.5.3.1, C406.2.5.3.2, and C406.2.5.3.3.

.1 Occupant sensor controls. Occupant
controls shall be installed to control lights in

C

following space types:
1. Courtroom
2.

Electrical/mechanical room

Food preparation area

Laboratory

Elevator lobby

Pharmacy areca

Vehicular maintenance area

Workshop

Chapel in a facility for the visually impaired

Recreation room in a facility for the visually
impaired

. Exercise area in a fitness center
. Playing area in a fitness center
. Exam/treatment room in a health care

facility

. Imaging room in a health care facility
. Physical therapy room in a healthcare

facility

. Library reading area

. Library stacks

. Detailed manufacturing area

. Equipment room in a manufacturing facility
. Low-bay Area in a manufacturing facility
. Post office sorting area

. Religious fellowship hall

. Religious worship area

. Hair salon

. Nail salon

. Banking activity area
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27. Computer room, data center

28. Laundry washing area

29. Medical supply room in a healthcare facility
30. Telemedicine room in a healthcare facility
31. Museum restoration room

C406.2.5.3.2 Occupant sensor control function.
Occupant sensor controls shall automatically turn
lights off within 10 minutes after all occupants have
left the space. If a manual control complying with
Section C405.2.6 allows occupants to turn off lights,

COMMERCIAL ENERGY EFFICIENCY

TABLE C406.2.5.4

DLAtyp AND DLAmax VALUES BY BUILDING USE TYPE

BUILDING USE TYPE DLAtyp DLAmax
Group B: Office <5000 ft* 10% 20%
Group B: Office > 5000 ft* 21% 31%
Group M: Retail, < 1,000 ft? of roof area 0% 20%
Group M: Retail, >1,000 ft* of roof area 60% 80%
Group E: Education 42% 52%
Groups S-1 and S-2: Warehouse 50% 70%
Group I-2, R, and other NA NA

time-switch controls are not required.

Exception: In spaces where an automatic shutoff
could endanger occupant safety or security,
occupant sensor controls shall uniformly reduce
lighting power to not more than 20 percent of full
power within 10 minutes after all occupants have
left the space. Time-switch controls complying
with Section C405.2.2.1 shall only automatically
turn lights off.

C406.2.5.3.3 Occupant sensor time function.
Occupant sensor controls installed in accordance
with Sections C405.2.1.1, C405.2.1.2 C405.2.1.3,

reduce lighting power within 10 minutes after all

occupants have left the space. When the sp
unoccupied, the lighting power shall be reddeed by a
g

minimum of 20 percent below the full
power. In egress areas the lighting
reduced to the power level requir,
light levels.

C406.2.5.4 L04 Increase dayli. redit %
achieved for this measure ifgthe totaldaylit area 0f the

project (DLADIdg) has i immi
meeting the requirements

least 5 percent great
(DLAtyp). Credit f:&
based Equation 4-14:

ACCDL = ACC,, x 20 x [ (DLAbIdg/GLFA) -

1 be
egres

the typical daylit area
re L04 shall be determined

DLAtyp] (Equation 4-14)
Where:
ACCDL = additional conservation credit
daylighting
ACC,,, = Section C406.2.5.4 base credits from
Table C406.2
GLFA = project gross lighted floor area, ft* or
2
m

DLAtyp = typical % of building area with
daylight control (as a fraction) from
Table C406.2.5.4

DLAbldg = the % building area with daylight
control, but limited to no greater than
DLAmax in Table C406.2.5.4
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O

and C405.2.1.4 shall automatically turn lights off ?Q

C406.2.5.5 LO0S Residential light control. Credit for
this measure is only available in buildings containing
group R-2 occupancy spaces. Credit will be achieved
for this measure if interior lighting systems comply
with the following:

1. ¢€om area restrooms, laundry rooms, storage
and utility rooms shall have automatic
hold off occupancy sensor controls that comply

ith the requirements for Section C405.2.1.1.
Each additional device shall control no more than

5,000 square feet of floor area.

2. Each dwelling unit shall have a main control by
the main entrance that turns off all the lights and

all switched receptacles in the dwelling unit. Two
switched receptacles shall be provided in living

\%

and keeping rooms or areas and shall be clearly
identified. All switched receptacles shall be
located within 12 inches of an unswitched recep-
tacle. The main controls may have two controls,
one for permanently wired lighting and one for
receptacles. The main controls shall be identified
as “lights master off” and “switched outlets mas-
ter off.

C406.2.5.6 L06 Reserved.

C406.2.6 Efficient Equipment Credits.

C406.2.6.1 Q01 Reserved.

C406.2.6.2 Q02 Efficient commercial kitchen equip-
ment. Credit for this measure is only available for
buildings and spaces designated as occupancy type A-
2, or facilities whose primary business type involves
the use of a commercial kitchen.  Credits will be
achieved for this measure if at least one electric fryer is
installed before the issuance of the certificate of occu-
pancy and all fryers, dishwashers, steam cookers, and
ovens installed before the issuance of the certificate of
occupancy shall comply with all of the following:

1. Achieve performance levels in accordance with
the equipment specifications listed in Tables
C406.2.6.2(1) through C406.2.6.2(3) when rated
in accordance with the applicable test procedure.

2. Have associated performance levels listed on the
construction documents submitted for permitting.
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TABLE C406.2.6.2(1)
MINIMUM EFFICIENCY REQUIREMENTS:
COMMERCIAL FRYERS
HEAVY-LOAD IDLE
TYPE COOKING ENERGY TEST
ENERGY RATE PROCEDURE
EFFICIENCY (watts)
Standard Open Deep- o ASTM
Fat Electric Fryers > 83% <800 F1361
Large Vat Open Deep- o ASTM
Fat Electric Fryers > 80% <1,100 F2144
TABLE C406.2.6.2(2)
MINIMUM EFFICIENCY REQUIREMENTS:
COMMERCIAL STEAM COOKERS
IDLE
PAN COOKING TEST
TYPE CAPACITY |ENERGY EFF E:i?gY PROCEDURE
3 pan 50% 400 W
. 4 pan 50% 530 W ASTM
Electric
5 pan 50% 670 W F1484
6 pan + 50% 800 W

TABLE C406.2.6.2(3)
MINIMUM EFFICIENCY REQUIREMENTS:
COMMERCIAL DISHWAHERS (HIGH TEMPERATURE)'

IDLE ENERGY WASHING WATER
MACHINE TYPE RATE ENERGY CONSUMPTION
Under Counter <0.30kW |[<0.35kWh/rack| <0.86 GPR
Stationary Single
Tank Door <0.55kW [<0.35 kWh/rack
Pot, Pan, and <0.55+0.05x
Utensil <090 kw SFrack )
Single Tank
Conveyor <1.20 kW
Multiple Tank <1.85kW [<0.36 kWh/sacke=Z 0.54 GPR
Conveyor N
Single Tank GPH <2.975¢
Flight Type Reported \@ +55.0
Multiple Tank N GPH < 4.96¢
Flight Type Reported \eponed 170

1 Ratings shall follow test procedures ASTM F1696 and ASTM F1920 as
applicable.

C406.3 Additional load management and carbon credit
requirements. Credits achieved through the measures in Sec-
tions C406.3.1 through C406.3.9.12 count towards the total

<0.89G ?\
o

credit requirements for the specified occupancy in Table
C406.1.1. Credits amounts for measures in Sections C406.3.1
through C406.3.9.12 shall be determined by Table C406.3.

C406.3.1 GO01 Lighting load management. Credits for
lighting load management will be achieved if luminaires
have dimming control capability and automatic motion
controllers that gradually reduce generating power during
peak periods. The load management controls shall reduce
lighting power in 75% of the building area with at least
20% of the luminaires being capable of continuous dim-
ming over a period longer than 15 minutes.

C406.3.2 G02 HVAC load management. Credit for this
measure will be achieved if automatic load management
controls are configured as follows:

1. Where electric cooling is used to gradually increase

the cooling setpoint by at least three degrees Fahren-

m of three hours or reduce effec-

city to 60% of installed capacity
period.

tric heating is used to gradually decrease
ating setpoint by at least three degrees Fahren-
over a minimum or reduce effective heating

2.
acity to 60% of its installed capacity during the

peak period.

3. Where HVAC systems are serving multiple zones
and have less than 70 percent outdoor air required,
de controls that provide excess outdoor air pre-

ceding the peak period and reduce outdoor air by at
VSt 30% during the peak period in accordance with

analysis per the International Mechanical Code Sec-
tion C403.3.1.1, Outdoor Air Flowrates.

C406.3.3 G03 Automated shading load management.
Credit for this measure will be achieved where fenestra-
tion on east, south, and west exposures exceeds 20% of the
wall area and meets all of the following:

ASHRAE Standard 62.1, section 6.2.5.2 short term
<0.36 kWh/rrﬁ 0 GPR O conditions, or provisions for approved engineering

1. Automatic exterior shading devices or dynamic
glazing that are capable of reducing solar gain
(SHGC) through sunlit fenestration by at least 50
percent when fully closed shall receive the full cred-
its in Table C406.3. The exterior shades shall have

TABLE TABLE C406.3
LOAD MANAGEMENT AND CARBON CREDITS
ID Energy Credit Measure Section Ra'rzlalT_': ’ 1-2 B A-2 M E $-1, S-2

GO1 |Lighting Load Management C406.3.1 11 14 18 4 21 14 23
G02 |HVAC Load Management C406.3.2 22 14 11 14 19 31 13
G03 [Automated Shading C406.3.3 13 2 10 n/a 10 15 n/a
G04 |Electric Energy Storage C406.3.4 13 15 30 15 40 15 24
G05 |[Cooling Energy Storage C406.3.5 17 18 15 10 19 28 1
G06 |Reserved

G07 |Building Thermal Mass C403.3.7 58 53 9 18 24 60 20
G08 [Embodied Carbon Credits C403.3.8 30 30 30 30 30 30 30
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fully open and fully closed SHGC determined in
accordance with AERCI1.

2. Automatic interior shading devices with a minimum
solar reflectance of 0.50 for the surface facing the
fenestration shall receive 40 percent of the credits in
Table C406.3.

3. All shading devices, dynamic glazing, or shading
attachments shall:

3.1. Provide at least 90 percent coverage of the
total fenestration on east, south, and west
exposures in the building.

3.2. Be automatically controlled and shall modu-
late in multiple steps or continuously the
amount of solar gain and light transmitted
into the space in response to peak period and
either daylight levels or solar intensity.

C406.3.3 G03 Automated shading load management.
Credits for automated shading load management are avail-
able only where fenestration on the east, west and south
elevations exceeds 20% of the wall area. Credits will be
achieved for this measure as follows:

1. Automatic exterior shading devices or dynamic
glazing capable of reducing solar gain (SHG«

through sunlit fenestration by at least 50 percent

when fully closed will receive the full credits s
for this measure in Table C406.3. The(extctior
C

shades shall have fully open and fully e
determined in accordance with AER

2. Automatic interior shading device

e facing”the
e credits @

amic glazing, or shading

3. All shading devices,
attachments shall:

3.1 Provide aNs 90 percent coverage of the
total fenestration on east, south, and west

exposures in the building.

3.2 Be automatically controlled and modulate in
multiple steps or continuously the amount of
solar gain and light transmitted into the
space in response to peak period and either
daylight levels or solar intensity.

3.3 Include a manual override located in the
same enclosed space as the shaded vertical
fenestration. The manual override shall be
configured so that override operation of
automatics controls last no longer than an
hour. The manual override shall be locked
out during peak periods.

C406.3.4 G04 Electric energy storage. Credit for electric
energy storage will be achieved if the electric storage
devices meet the requirements of this section. Electric
energy storage devices shall be charged and discharged by
automatic load management controls to store energy
during non-peak periods and use stored energy during
peak periods to reduce building demand. To achieve cred-
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its for this measure, electric storage devices shall have a
minimum capacity of 1.5 Wh/ft* of gross building area.
The credits shown in Table C406.3 for this measure are
achieved for installed electric storage of 5 Wh/ft?. Credits
achieved for this measure is determined by prorating the
credits shown in Table C406.3 for actual installed storage
capacity. Prorated credits are limited to a storage capacity
of 15 Wh/ft’, although larger capacity systems may be
installed.

C406.3.5 G05 Cooling energy storage. Credits for cool-
ing energy storage will be achieved if automatic load man-
agement controls are capable of activating ice or chilled
water storage equipment to reduce demand during summer
peak periods. Storage tank standby loss shall be demon-
strated through analysis to be no more than two percent of
storage capacity over a 24-hour period for the cooling
design day.,The base credits shown in Table C406.3 are
achieved for Storage capacity of the design peak hour cool-
ing mo i 1.15 sizing factor. Credits achieved for
this asgre are determined by prorating the credits
s ble C406.3 for installed storage system sizes
b n 0.5 and 4.0 times the design day peak hour cool-
@ oad, rounded to the nearest whole credit. Prorated
gdits are limited to this range, although larger storage

\systems may be installed. Credit shall be determined from

Equation 4-15.

ACC,=EC1.0x(1.44x SR+0.71)/2.15
(Equation 4-15)

here:
inimu,%\{:,cc“ = cooling storage credits achieved for the

project

EC1.0 = GO5 base energy credit, based on 1.0 ton-
hours storage per design-day ton of cooling
load

SR = storage ratio in ton-hours storage per

design day ton (kWh/kW) of cooling load,
limited to 0.5< SR< 4.0

C406.3.6 G06 Reserved.

C406.3.7 G07 Building thermal mass. Credit for build-
ing thermal mass is available only to projects where at
least 80 percent of the gross floor area is unoccupied
between midnight and 6:00 a.m.. Credit for building ther-
mal mass is achieved if the project has additional passive
interior mass and a night flush control of the HVAC sys-
tem. To achieve this credit the project shall meet the fol-
lowing requirements:

1. Interior to the building envelope insulation, provide
10 1b per square foot of passive thermal mass. Ther-
mal mass construction shall have mass surfaces
directly contacting the air in the conditioned spaces;
directly attached gypsum panels area allowed. Mass
with carpet or furred gypsum panels for exterior
wall mass that is on the exterior of the insulation
layer may not be counted toward the required build-
ing mass.

2. HVAC units for 80 percent of the supply air flow in
the project shall (a) be equipped with outdoor air
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economizers and fans that have variable or are capa-
ble of operating at 66% or lower air flow and (b) be
included in the night flush control sequence

3. Night flush controls shall be configured with the fol-
lowing sequence flush strategy:

3.1. Summer mode shall be activated when out-
door air temperature exceeds 70°F and shall
continue uninterrupted until deactivated
when outdoor air temperature falls below
45°F. During summer mode, the occupied
cooling setpoint shall be set at least 2°F
higher than normal and the occupied heating
set point shall be reset at least 2°F lower
than normal.

3.2. When all the following conditions exist,
night flush shall be activated:

3.2.1. Summer mode 1is active in
accordance with item 3.1.

3.2.2. Outdoor air temperature is 5°F or
more below indoor average zone
temperature.

3.2.3. Indoor average zone temperature
is greater than morning occupied
heating setpoint.

3.2.4. Local time is between 10:00 pm
and 6:00 am.

C406.3.8 G08 Embodied carbon (CO2e) creditss, Fo
achieve credits for reduction of embodied 4€arbony, all
materials or products of the type chosen to meet thiS¥eredit
option used in the construction of the building Shall meet
the requirements of this section. The,c@nstrugtion docug
ments shall identify the products gropeséd=for the con-
struction of the building and demonstrate compliance of
the proposed products with thestequirements of this sec-
tion. A minimum of three fhatSsials or products selected
from the options in Sectigns’ C406.3.8.1 through
C406.2.8.11 must be chosen to achieve the credit set forth
in Table C406.3; alternatively, one selection from the
options in Sections C406.3.8.1 through C406.3.8.11 and
compliance with Section C406.3.9.12 will also achieve the
credit.

C406.3.8.1 Embodied CO2e of insulation products.
75 percent of mineral wool (heavy density, light, and
loose-fill), and cellulose insulation products used in the
building, based on product cost or area, do not exceed
125 percent of IW-EPD’s kgCO2e/m2-RSI. Products
shall have a product-specific Type IlI EPD. Documen-
tation of the product’s kgCO2e/m2-RSI and product
specific Type III EPDs shall be verified by a registered
design professional on the project, and a summary shall
be submitted upon application for building permit and
shall include a list of each product and its associated
kgCO2e/m2-RSI, per the product-specific Type III
EPD.

C406.3.8.2 Embodied CO2e of interior finishes.
CO,e of interior finishes shall meet the requirements in
this section, and products used for compliance shall
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have a product-specific Type III EPD. Documentation
of the product’s kgCO2e/unit and product-specific
Type Il EPDs shall be verified by a registered design
professional on the project, and a summary shall be
submitted upon application for building permit and
shall include a list of each product and associated
kgCO2e¢/unit, per the product-specific Type 11l EPD.

C406.3.8.2.1 Embodied CO2e of interior floor
covering products. 80 percent of solid and engi-
neered flooring, ceramic tile, natural stone floor, and
resilient flooring (homogeneous and heterogeneous
vinyl, and rigid core) used in the building, based on
cost or area, shall not exceed 125% of IW-EPD’s
kgCO2e/m2.

C406.3.8.2.2 Embodied CO2e of acoustical ceil-
ing systems. 80 percent of all acoustical ceiling
products used in the building, based on cost or
weight,gshallaotexceed 125 percent of /W-EPD’s
kgCO2¢lkg:

C406.3.8-3, Embodied CO2e of insulated metal pan-
elsypreducts. 80 percent of all insulated metal panel
siding used in the building, based on cost or area, shall
not exceed 125 percent of IW-EPD’s kgCO2e/m2, and
products shall have a product-specific Type Il EPD.
Documentation of the product’s kgCO2e/unit and prod-
uct-specific Type III EPDs shall be verified by a regis-
texed\\ design professional on the project, and a
summagy shall be submitted upon application for build-
ing permit and shall include a list of each product and
associated kgCO2e/m2, per the product-specific Type
W1 EPD.

C406.3.8.4 Embodied CO2e of roof assemblies and
rooftop structures products. CO2e of roofing assem-
blies and rooftop structures products shall meet the
requirements in this section, and products used for
compliance shall have a product-specific Type IIl EPD.
Documentation of the product’s kgCO2e/m2 and prod-
uct-specific Type III EPDs shall be verified by a regis-
tered design professional on the project, and a
summary shall be submitted upon application for build-
ing permit and shall include a list of each product and
associated kgCO2e/m2, per the product-specific Type
111 EPD.

C406.3.8.4.1 Embodied CO2e of roofing prod-
ucts. 80 percent of all built-up, PVC, and asphalt
roofing products used in the building, based on
product cost or area, shall not exceed 125 percent of
IW-EPD’s kgCO2e/m2.

C406.3.8.4.2 Embodied CO2e of insulated metal
panels products. 80 percent of insulated metal
panel products used in the building, based on prod-
uct cost or area, shall not exceed 125 percent of /WW-
EPD’s kgCO2e/m2.

C406.3.8.5 Embodied CO2e in concrete products.
CO2e of ready-mix and precast concrete shall meet the
requirements in this section, and products used for
compliance shall have a product-specific Type Il EPD.
Documentation of the product’s kgCO2e/unit and prod-
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uct-specific Type III EPDs shall be verified by a regis-
tered design professional on the project, and a summary
shall be submitted upon application for building permit
and shall include a list of each product and associated
kgCO2e/unit, per the product-specific Type Il EPD.

C406.3.8.5.1 Embodied CO2e in ready-mix con-
crete products. 90 percent of all ready-mix concrete
mixes used in the building’s primary structural
frame, secondary members, seismic force-resisting
system, and foundations shall not exceed the project
limit (CO2emax, see Equation 4-16) determined by
125 percent of IW-EPD’s kgCO2e/y3.

Exceptions: Precast, shotcrete, or auger cast con-

crete.

CO2eproj < CO2emax (Equation 4-16)

where:

CO2eproj = X(CO2en) (vn)|CO2emax =
2(CO2elim) (vn)

n = the total number of concrete
mixtures for the project

CO2en = the global warming potential for

mixture n per mixture produc
specific Type III EPD, kgCO2ely

CO2elim= the global warming potential
for mixture n per 125%

EPD’s kgCOZe/y3
vn = the volume of m1 crete to
be placed in the in cub

yards (y3)
C406.3.8.5.2 Embodled ecast co Q

products. 75 percent 0 precast concrete prod-
ucts used as ordinary t structural walls and
foundations, bas t or weight, shall not
exceed 125 perce IW-EPD’s kg-CO2e/metric
ton.

C406.3.8.6 Embodied CO2e in masonry construc-
tion products. CO,e of clay bricks and cement prod-
ucts shall meet the requirements in this section, and
products used for compliance shall have a product-spe-
cific Type III EPD. Documentation of the product’s
kgCO2e/unit and product-specific Type III EPDs shall
be verified by a registered design professional on the
project, and a summary shall be submitted upon appli-
cation for building permit and shall include a list of
each product and associated kgCO2e/unit, per the prod-
uct-specific Type 11l EPD.

C406.3.8.6.1 Embodied CO2e of clay bricks. 50
percent of all clay brick products used in the build-
ing, based on cost or volume, shall not exceed 125
percent of IW-EPD’s kgCO2e/m3.

C406.3.8.6.2 Embodied CO22e of masonry
cement. 50 percent of all masonry cement used in
the building, based on cost or weight, shall not
exceed 125 percent of IW-EPD’s kgCO2e/metric
ton.
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C406.3.8.7 Embodied CO2e in steel products. CO2e
of primary and secondary steel products shall meet the
requirements in this section, and products shall have a
product-specific Type III EPD. Documentation of the
product’s kgCO2e/metric ton and product-specific
Type III EPDs shall be verified by a registered design
professional on the project, and a summary thereof by
the registered design professional shall be submitted
with the building permit application and shall include a
list of each product and associated kgCO2e/metric ton,
per the product-specific Type III EPD.

Exceptions: When a minimum of 90 percent of steel
products listed in this section, based on cost or
weight, are produced in a facility or facilities that
complies with one of the following and independent,
third-party documentation is submitted with the
building permit application demonstrating such
compli

the date of procurement, the facility is
independently, or as part of an aggregation
of facilities, a Green Power Partner in the
United States Environmental Protection
Agency (U.S. EPA) Green Power Partner-
ship program or listed in an equivalent
renewable power procurement registry, as
approved by the chief building official.

2. Not less than 50 percent of the energy
sourced for production at the facility is a
renewable energy resource provided through
one or more of the following:

2.1. On-site renewable energy system

2.2. Off-site renewable energy system
owned by the production facility
owner

2.3. Community renewable energy facility
2.4. Power Purchase Agreement (PPA)

C406.3.8.7.1 Embodied CO2e of structural steel
products. 90 percent of all hollow structural steel
sections, hot rolled structural steel sections and steel
plate products used in the building’s primary struc-
tural frame, secondary members, seismic force-
resisting system, and foundations, steel decking, and
roll-formed cladding shall not exceed 125 percent of
IW-EPD’s kgCO2e/metric ton.

C406.3.8.7.2 Embodied CO2e of steel reinforcing
bar Products. 90 percent of all concrete reinforcing
bars used in the building shall not exceed 125 per-
cent of IW-EPD’s kgCO2e/metric ton.

C406.3.8.7.3 Embodied CO2e of steel joist prod-
ucts. 50 percent of all open web steel joists and joist
girder products used in the building shall not exceed
125 percent of IW-EPD’s kgCO2e/metric ton.

C406.3.8.7.4 Embodied CO2e of cold formed
steel products. 50 percent of all cold formed steel
construction decking, secondary structural steel
frame components, and nonstructural framing com-
ponents for walls, floors, ceilings, and roofs used in

C-103



COMMERCIAL ENERGY EFFICIENCY

C-104

the building shall not exceed 125 percent of IW-
EPD’s kgCO2e/metric ton.

C406.3.8.8 Embodied CO2e of wood products. CO,e
of wood products shall meet the requirements in this
section, and products used for compliance shall have a
product-specific Type III EPD. Documentation of the
product’s kgCO2e/unit and product-specific Type 11l
EPDs shall be verified by a registered design profes-
sional on the project, and a shall be submitted upon
application for building permit and shall include a list
of each product and associated kgCO2e/unit, per the
product-specific Type I1I EPD.

Exceptions:
1. Fire-retardant-treated wood
2. Preservative-treated wood
3. Furniture and cabinetry

C406.3.8.8.1 Embodied CO2e of grade lumber
products. 10 percent of all softwood and redwood
lumber products used in the building, based on cost
or volume, shall not exceed 125 percent of /W-
EPD’s kg-CO2e/m3.

C406.3.8.8.2 Embodied CO2e of prefabricated
joist products. 50 percent of all prefabricated wood
I-joist products used in the building, based on cost og
length, shall not exceed 125 percent of IW-EPD'’s
kgCO2e/m.

C406.3.8.8.3 Embodied CO2e of glued cross:lam:
inated timber products. 90 percent of all glued
laminated timber products used in_the¢building,
based on cost or volume, shall notfexcéed 25 perd
cent of IW-EPD’s kgCO2e/m3,

C406.3.8.8.4 Embodied CO2e6f wood structural
panel products. 50 percent ofallysoft plywood, ori-
ented strand board pgoducts™ased in the building,
based on cost or volumey, shall not exceed 125 per-
cent of IW-EPD’s kgCO2¢e/m3.

C406.3.8.8.5 Embodied CO2e of structural com-
posite lumber products. 50 percent of all laminated
veneer lumber and laminated strand lumber products
used in the building, based on cost or volume, shall
not exceed 125 percent of IW-EPD’s kgCO2e/m3.

C406.3.8.8.6 Embodied CO2e of particleboard
and fiberboard products. 50 percent of all medium
density fiberboard, cellulosic fiberboard, and parti-
cleboard products used in the building, based on cost

or volume, shall not exceed 125 percent of /W-
EPD’s kgCO2e/m3.

C406.3.8.9 Embodied CO2e of glazing products. 50
percent of all flat glass used in window products
installed in the building, based on cost or weight, shall
not exceed 125 percent of IW-EPD’s kgCO2e/metric
ton. Products shall meet the requirements in this sec-
tion, and products used for compliance shall have a
product-specific Type III EPD. Documentation of the
product’s kgCO2e/metric ton and product-specific
Type III EPDs shall be verified by a registered design

professional on the project, and a summary shall be
submitted upon application for building permit and
shall include a list of each product and associated
kgCO2e/metric ton, per the product-specific Type 111
EPD.

Exceptions:
1. Plastic glazing
2. Fire-rated glazing
3. Interior partition walls
4. Skylights
5. Guards and railings
6. Glazing in athletic facilities
7. Floor/ceiling walking surfaces
8. Eleyator hoist way glazing

C406.3.8.10, Embedied CO2e of gypsum products.
80 percent ofall*gypsum board, gypsum sheathing, and
glass-matygypsum board products used in the building,
basedyon €ost or area, shall not exceed 125 percent of
TW-BPDys kgCO2e/m2. Products shall have a product-
specific Type 111 EPD. Confirmation of the product’s
kgCO2e/m2 and EPDs shall be verified by a registered
design professional on the project, and a summary shall
be submitted upon application for building permit and
shall {include a list of each product and associated
kgCO2e/m2, per the product-specific Type 11l EPD.

C406.3.8.11 Embodied CO2e of foam plastic insula-
tion products. 50 percent of all insulation products,
thcluding expanded polystyrene (EPS) and polyure-
thane foam insulation (HFC or HFO) used in the build-
ing, based on cost and area, shall not exceed 125
percent of IW-EPD’s kgCO2e/m2-RSI. Products shall
have a product-specific Type 11l EPD. Documentation
of the product’s kgCO2e/m2-RSI and product-specific
Type III EPDs shall be verified by a registered design
professional on the project, and a summary shall be
submitted upon application for building permit and
shall include a list of each product and associated
kgCO2e/m2-RSI., per the product-specific Type III
EPD.

C406.3.8.12 Whole building lifecycle analysis (WB
LCA). Conduct a whole building life-cycle assessment,
including operating energy, against a baseline building
that demonstrates a minimum of 10% reduction for at
least three of the six impact categories listed below, one
of which must be global warming potential. The build-
ing envelope, structural elements including footings
and foundations, interior ceilings, walls, and floors; and
exterior finishes shall be studied for the assessment.
The baseline and proposed buildings must be of compa-
rable size, function, complexity, orientation, and oper-
ating energy performance. The service life of the
baseline and proposed buildings must be the same and
at least 60 years. The same life-cycle assessment soft-
ware tools and data sets shall be used to evaluate both
the baseline building and the proposed building. The
construction documents shall report all listed impact
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categories. Data sets must comply with the standards of
ISO 14044.

Impact Categories:

1. Global warming potential (greenhouse gases), in
kg CO2e.

2. Depletion of the stratospheric ozone layer, in kg
CFC-11e.

3. Acidification of land and water sources, in moles
H+ or kg SO2e.

4. Eutrophication, in kg nitrogen eq or kg phosphate
eq.

5. Formation of tropospheric ozone, in kg NOx, kg
03 eq, or kg ethene; and

6. Depletion of nonrenewable energy resources, in
MJ using CML/depletion of fossil fuels in
TRACI.

SECTION C407
TOTAL BUILDING PERFORMANCE

C407.1 Scope. This section establishes criteria for

2022 Appendix G, as modified by this code. Require
modifications to this standard are included in this sectio
in Appendix CA, “Boulder Modified Appendix G 1
to this code. All end use load components€ i nd
associated with the building shall be modele
Exception: Energy used to recharge o %icles tha
are used for on-road and off-site tgansportation pugpose
shall be excluded from end use lgad ance mode

Energy supplied to vehicle charging Squipment shall*ht
submetered per section C407%

C407.2 Mandatory requi
total building performance‘%
compliance with the section
C407.2.

C407.3 Performance-based compliance. Compliance based
on building performance shall be determined in accordance
with Section C407.3.1, C407.3.2 or C407.3.3. Energy use for
the proposed design shall be reported to the code official as
energy use intensity (EUI) in kBtu/sf/yr.

C407.3.1 Modeled baseline. Projects shall comply with
Section 4.2.1.1 of ASHRAE Standard 90.1-2022, as
modified in Section C407.4. Projects complying using this
Section C407.3.1 to demonstrate compliance shall use a
site energy index as defined in Appendix I of ASHRAE
90.1-2022 and as defined in Section C407.4.

C407.3.2 Fixed performance target. Only project types
listed in Table C407.3.2 may use this section for
compliance with Section C407.3. Eligible projects may
demonstrate compliance by meeting the EUI targets
identified in the Table C407.3.2. The proposed building
model predicted performance shall be demonstrated using
the energy modeling procedures for the proposed building
performance in Appendix G of ASHRAE 90.1-2022, as

=+

g

Compliance under the
of Section C407 requires
this code identified in Table
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TABLE C407.2
MANDATORY REQUIREMENTS
SECTION TITLE
C401 General
C402.5 Air leakage—thermal envelope
C403.1 General
C403.2 System design
C403.3 Mechanical system energy source
C403.4 Heating and cooling system controls
C403.5.5 Economizer fault detection and diagnostics
gjgg;(;)l(; ept Ventilation and exhaust systems
gjggjg(g;xcep t Fans and fan controls
C403.9 Large-diameter ceiling fans

&

Construction of HVAC system elements

«
C403.11 (ex ept\ o .
C403.11.3) v / Refrigeration equipment performance

Mechanical systems located outside
of the building thermal envelope

Service Water Heating

C405.3) Electrical Power and Lighting Systems

Reser*d
Maintenance information and

A0,
system commissioning
erence to a code section includes all the relative subsections except as

indicated in the table.

modified in Section C407.4. Buildings with multiple
occupancy types listed in Table C407.3.2 shall develop a
performance target based on area weighted-average EUI
calculated by floor area of each occupancy type.

C407.3.3 Measured performance outcome. With
approval of the chief building official, projects may
demonstrate compliance with this code by documenting
that the building has achieved the EUI target calculated
per C407.3.1 or C407.3.2 within 10 percent based on
metered energy use after occupancy.

C407.3.3.1 Excluded energy use. Energy used for data
centers and EV charging equipment may be excluded
from the total EUI of the building, provided that this
energy use is separately metered per the requirements
of Section C407.6.

C407.3.3.2 Demonstration of operating energy use.
Metered energy data shall be reported to the code official
using Energy Star Portfolio Manager and adjusted for the
percentage of occupied floor area. The applicant shall
demonstrate that, while at least 75 percent occupied, the
building operates at or below its assigned EUI target
established in Section C407.3.2 for any recording period
of 12 consecutive months that is completed within three
years of the date of the Certificate of Occupancy. The
owner shall notify the code official when this 12-month
period has been successfully completed.
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TABLE C407.3.2
FIXED EUI TARGETS
BUILDING PERFORMANCE TARGETS
TYPE (kBtu/ft?)
Medium office (5,000-50,000 sf) 23
Mid-rise apartment (Type R2) 32
Primary school 34
Large Office (> 50,000 sf) 40
Small office (< 5000 sf) 19
Secondary school 31
Warehouse 11
Retail Store 40
Small Hotel 35
Hospital 76
Restaurant 200
Strip Mall 40

C407.3.3.3 Adjustments to EUI targets. The chief
building official may approve an adjustment to a build-
ing’s EUI target based on unanticipated changes to
building operation and conditions as set forth in Items 1
through 3 below. The applicant shall demonstrate the
need for adjustment based on the standards set fort

Items 1 through 3 with specific documentation o
need:

€

the occupancy of the building or a p
building changes from that assumedi
ccupanc
listed in Section
ial shall assign it
an EUI target base st-performing local
examples of that 0& cy type, or a metering
system shall be provided that excludes the energy

loads for the additional occupancy.

assigned EUI target to refle
If the new occupancy js
C407.3.2, either the co

2. Adjustment for unusually cold years. If the
heating degree days (HDD) recorded by the
National Weather Service for the Denver
International Airport exceeds the average HDD
value identified in local TMY3 data for the 12-
month demonstration period, the code official
will adjust the assigned EUI target by 1 percent
for each 4-percent increase of HDD from average
HDD for that period.

3. Adjustment for other factors. The chief
building official may approve adjustments to the
assigned EUI target for conditions other than
those identified in this section if the chief
building official finds that the conditions
represent reasonable changes impacting the
building use characteristics that were not
anticipated when the EUI target was assigned.

C407.3.3.4 Financial security. The applicant shall
provide a financial security to be used if the building
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fails to achieve an operating EUI at or lower than the
building’s EUI target according to Section C407.3.2.
The financial security shall be submitted to and
approved by the chief code official prior to issuance of
the building permit. The financial security requirement
shall be fulfilled by an escrow of funds with the city for
an amount equal to $2.00 per square foot of gross floor
area. If the owner provides evidence that the building
has operated at or below its target energy performance
level, as provided in Section C407.3.3.2, the financial
security provided by the applicant shall be returned to
the applicant and the applicant will have no further
obligations under this section.

C407.3.3.5 Procedure for noncompliance. If the
owner fails to provide evidence that the building has
operated as required under Section C407.3.3.2, the
chief building official shall require the applicant to
draw down the financial security of Section
C407.3.3. r the operating energy use of the

buildin®, m€luding recommissioning, repairs, and
im| to the existing energy-consuming sys-
¢ rovision of additional energy efficiency mea-
to reduce the building’s energy use. Such
expefiditures shall be approved in advance by the chief
ilding official, and the work shall be fully completed

within one year of the date when a financial security
has bgen drawn down.

C407. fications to Appendix G. Compliance with this

section requires the use of ASHRAE Standard 90.1-2022
W, as modified by Appendix I to that standard,
references to “energy cost” are replaced with “site

Afppe
rgy”’, and as modified here-in Section C407.4 and by

st ﬂ;le endix CA “Boulder Modified Appendix G Protocol” of

is code. Modifications to the Appendix G protocol include
the following:

C407.4.1 Building performance requirement. The Site
Energy Index target shall be calculated in accordance with
Appendix I and Section 4.2.1.1(c) of ASHRAE 90.1-2022
with the following modifications:

1. The required Performance Index (Site Energy) shall
be reduced by 15 percent for mixed-fuel buildings
and 10 percent for all-electric buildings.

2. The building performance factors in Table 4.2.1.1 of
Standard 90.1 shall be replaced by those listed in
Table C407.4.1.

C407.4.2 Performance backstop. All elements of the
building envelope and HVAC system must meet the
mandatory requirements of ASHRAE Standard 90.1-2016,
Sections 5.5 and 6.8. No individual component tradeoffs
below these prescriptive requirements will be allowed in
the proposed building performance model. Exceptions to
the 40 percent window-to-wall area may be approved by
the code official provided that the project can still meet the
required building energy performance requirements of
Section C401.

C407.4.3 Fixed schedules. All projects using the
performance pathway must use the mandatory building
schedules and equipment power density schedules
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TABLE C407.4.1
BUILDING PERFORMANCE FACTORS (BPF) SITE ENERGY

BUILDING AREA TYPE BU'SL[":':gTF;ERR(F;T:';"ANCE
Office 052
Retail 047
School 050
Healthcare 0.63
Restaurant 0.69
Hotel 0.66
Warehouse 0.45
Apartment 0.67
All others 0.50

provided in Appendix CA, “Boulder Modified Appendix
G Protocol” of this code for both the baseline and
proposed building model.

Exceptions:

1. The code official may approve alternate
schedules prior to submittal to account for special
use conditions.

2. The code official may approve altéfnate
schedules for unregulated loads in the propes€d
building design that reflect plug and process,load
management strategies.

C407.4.4 Appendix G mandatory requizements. The
mandatory sections of ASHRAE Standard{90.1-2022_are
superseded by the mandatory réquircments listéd in
Section C407.2: Sections 5.4, 6.4, 74, 8.4, 9.4 and 10:4.

C407.5 Solar requirements. Thepfoject must meet the fol-
lowing solar requirements:

C407.5.1 Minimum installed solar capacity. The project
must install an on-site rengwable energy system sized to
meet at least 5 percent of annual proposed design energy
consumption. Projects pursuing C407.3.2 for compliance
are exempt from this requirement.

C407.5.2 Solar readiness. The project must also meet the
requirements of Section C405.14, Solar Readiness.

C407.6 Performance feedback. Applicants using the
performance path to show compliance are required to submit
an analysis comparing the modeled design to actual energy
use of the building for a consecutive 12-month period within
two years of project occupancy. This analysis shall use billing
data and submetered data from the building meters to identify
the accuracy of the energy model and any areas of
performance divergence from predicted energy use. The
applicant shall provide a narrative summary describing areas
of alignment and misalignment of predictive modeling and
compliance modeling following ASHRAE 90.1 with actual
energy use patterns, including modeled EUI and actual EUI
from metered use. This analysis shall be designed to support
the ongoing commissioning or retro-commissioning process
required in Section C408.
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SECTION C408
MAINTENANCE INFORMATION
AND SYSTEM COMMISSIONING

C408.1 General. This section covers the provision of
maintenance information and the commissioning of, and the
functional testing requirements for, building systems.

C408.1.1 Building operations and maintenance
information. The building operations and maintenance
documents shall be provided to the owner and shall consist
of manufacturers’ information, specifications and
recommendations; programming procedures and data
points; narratives; and other means of illustrating to the
owner how the building, equipment and systems are
intended to be installed, maintained and operated. Required
regular maintenance actions for equipment and systems
shall be clearly stated on a readily visible label on the
equipment dgappliance. The label shall include the title or
publicatien numb€r for the operation and maintenance
manual for thavparticular model and type of product.

C408.1.2, Energy use monitoring plan. As part of the
epcrations manual, the project must provide a written
deseription of what metered data is collected, how
mefering data is collected and stored, and how the data can
be accessed for project analysis by the building operator.

C408.2 Mechanical systems and service water-heating
systems commissioning and completion requirements.
Priofo, the final mechanical and plumbing inspections, the
registered design professional or approved agency shall
previde evidence of mechanical systems commissioning and
gompletion in accordance with the provisions of this section.

Construction document notes shall clearly indicate
provisions for commissioning and completion requirements
in accordance with this section and are permitted to refer to
specifications for further requirements. Copies of all
documentation shall be given to the owner or owner’s
authorized agent and made available to the code official upon
request in accordance with Sections C408.2.4 and C408.2.5.

Exceptions: The following systems are exempt:

1. Mechanical systems and service water heater
systems in buildings where the total mechanical
equipment capacity is less than 480,000 Btu/h (140.7
kW) cooling capacity and 600,000 Btu/h (175.8 kW)
combined service water-heating and space-heating
capacity.

2. Systems included in Section C403.3.1 that serve
individual dwelling units and sleeping units.

C408.2.1 Commissioning plan. A commissioning plan
shall be developed by a registered design professional or
approved agency and shall include the following items:

1. A narrative description of the activities that will be
accomplished during each phase of commissioning,
including the personnel intended to accomplish each
of the activities.

2. A listing of the specific equipment, appliances, or
systems to be tested and a description of the tests to
be performed.
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3. Functions to be tested including, but not limited to,
calibrations and economizer controls.

4. Conditions under which the test will be performed.
Testing shall affirm winter and summer design
conditions and full outside air conditions.

5. Measurable criteria for performance.

C408.2.2 Systems adjusting and balancing. HVAC
systems shall be balanced in accordance with generally
accepted engineering standards. Air and water flow rates
shall be measured and adjusted to deliver final flow rates
within the tolerances provided in the product
specifications. Test and balance activities shall include air
system and hydronic system balancing.

C408.2.2.1 Air systems balancing. Each supply air
outlet and zone terminal device shall be equipped with
means for air balancing in accordance with the
requirements of Chapter 6 of the International
Mechanical Code. Discharge dampers used for air-
system balancing are prohibited on constant-volume
fans and variable- volume fans with motors 10 hp (18.6
kW) and larger. Air systems shall be balanced in a
manner to first minimize throttling losses then, for fans
with system power of greater than 1 hp (0.746 kW), fan
speed shall be adjusted to meet design flow conditions.

for air balancing.

C408.2.2.2 Hydronic systems balancing. In
hydronic heating and cooling coils shall u
O

with means for balancing and mea OW.

Hydronic systems shall be proportionat€ nced i
@ 5, then th
pespeed shall b

a manner to first minimize throttling

adjusted to meet design flow
system shall have either
pressure across the pum
each pump.

ability to measure
orts at each side of

Exception: The following equipment is not required
to be equipped with a means for balancing or
measuring flow:

1.  Pumps with pump motors of 5 hp (3.7 kW)
or less.

2.  Where throttling results in not greater than 5
percent of the nameplate horsepower draw
above that required if the impeller were
trimmed.

C408.2.3 Functional performance testing. Functional
performance testing specified in Sections C408.2.3.1
through C408.2.3.3 shall be conducted.

C408.2.3.1 Equipment. Equipment functional
performance testing shall demonstrate the installation
and operation of components, systems, and system-to-
system interfacing relationships in accordance with
approved plans and specification such that operation,
function, and maintenance serviceability for each of the
commissioned systems is confirmed. Testing shall
include all modes and sequence of operation, including
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Exception: Fans with fan motors of 1 hp (0.74 kW
or less are not required to be provided with a mean:

under full-load, part-load, and the following emergency
conditions.

1. All modes as described in the sequence of
operation.

2. All modes as described in the sequence of
operation.

3. Redundant or automatic back-up mode.
4. Performance of alarms.

5. Mode of operation upon a loss of power and
restoration of power.

Exception: Unitary or packaged HVAC equipment
listed in the tables in Section C403.3.3 that do not
require supply air economizers.

C408.2.3.2 Controls. HVAC and service water-heating
control systenis,shall be tested to document that control
devices, onents, equipment and systems are
calibrated adjusted and operate in accordance with
ns and specifications. Sequences of

ope all be functionally tested to document they
operate %in accordance with approved plans and
D cations.

408.2.3.3 Economizers. Air economizers shall
undergo a functional test to determine that they operate
rdance with the manufacturer’s specifications.

C4 Preliminary commissioning

report of commissioning test procedures and

report. A

limina
W&ll be completed and certified by the registered
igh professional or approved agency and provided to

he building owner or owner’s authorized agent. The report
shall be organized with mechanical and service hot water
findings in separate sections to allow independent review.
The report shall be identified as “Preliminary
Commissioning Report,” shall include the completed
Commissioning Compliance Checklist, Figure C408.2.4,
and shall identify:

1. Itemization of deficiencies found during testing
required by this section that have not been corrected
at the time of report preparation.

2. Deferred tests that cannot be performed at the time
of report preparation because of climatic conditions.

3. Climatic conditions required for performance of the
deferred tests.

4. Results of functional performance tests.

5. Functional performance test procedures used during
the commissioning process, including measurable
criteria for test acceptance.

C408.2.4.1 Acceptance of report. Buildings, or
portions thereof, shall not be considered as acceptable
for a final inspection pursuant to Section C105.2.6 until
the code official has received the Preliminary
Commissioning Report from the building owner or
owner’s authorized agent.

C408.2.4.2 Copy of report. The code official shall be
permitted to require that a copy of the Preliminary
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Commissioning Report be made available for review
by the code official.

C408.2.5 Documentation requirements. The
construction documents shall specify that the documents
described in this section be provided to the building owner
or owner’s authorized agent within 90 days of the date of
receipt of the certificate of occupancy.

C408.2.5.1 System balancing report. A written report
describing the activities and measurements completed
in accordance with Section C408.2.2.

C408.2.5.2 Final commissioning report. A report of
test procedures and results identified as “Final
Commissioning Report” shall be delivered to the
building owner or owner’s authorized agent. The report
shall be organized with mechanical system and service
hot water system findings in separate sections to allow
independent review. The report shall include the
following:

1. Results of functional performance tests.

2. Disposition of deficiencies found during testing,
including details of corrective measures used or
proposed.

3. Functional performance test procedures us
during the commissioning process 1nclud1ng
measurable criteria for test acceptance, pro
herein for repeatability.

Exception: Deferred tests that cannot
at the time of report preparation
conditions.

C matlc V
C408.3 Functional testing of lighting 0 Aut
lighting controls required by this code ¢ mply Wl

section.

C408.3.1 Functional testi
inspection, the register rofessional or approved
agency shall provide evidenge that the lighting control
systems have been tested to ensure that control hardware
and software are calibrated, adjusted, programmed and in
proper working condition in accordance with the
construction documents and manufacturer’s instructions.
Functional testing shall be in accordance with Sections
C408.3.1.1 through C408.3.1.3 for the applicable control

type.
C408.3.1.1 Occupant sensor controls. Where

occupant sensor controls are provided, the following
procedures shall be performed:

ior to passing final

1. Certify that the occupant sensor has been located
and aimed in accordance with manufacturer
recommendations.

2. For projects with seven or fewer occupant
sensors, each sensor shall be tested. For projects
with more than seven occupant sensors, testing
shall be done for each unique combination of
sensor type and space geometry. Where multiples
of each unique combination of sensor type and
space geometry are provided, not less than 10
percent and in no case fewer than one, of each
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combination shall be tested unless the code official
or design professional requires a higher percentage
to be tested. Where 30 percent or more of the tested
controls fail, all remaining identical combinations
shall be tested.

. For occupant sensor controls to be tested, verify

the following:

3.1. Where occupant sensor controls include
status indicators, verify correct operation.

3.2. The controlled lights turn off or down to
the permitted level within the required
time.

3.3. For auto-on occupant sensor controls, the
lights turn on to the permitted level when
an occupant enters the space.

3%, For, manual-on occupant sensor controls,
lights turn on only when manually
ctivated.

5. The lights are not incorrectly turned on by
movement in adjacent areas or by HVAC
operation.

408.3.1.2 Time-switch controls. Where time-switch
controls are provided, the following procedures shall be
erformed:

. Confirm that the time-switch control is
programmed with accurate weekday, weekend and
holiday schedules.

. Provide documentation to the owner of time-
switch controls programming including weekday,
weekend, holiday schedules, and set-up and
preference program settings.

. Verify the correct time and date in the time switch.

. Verify that any battery back-up is installed and

energized.

. Verify that the override time limit is set to not

more than 2 hours.

occupied condition.
document the following:

6.1. All lights can be turned on and off by their
respective area control switch.

Verify and

6.2. The switch only operates lighting in the
enclosed space in which the switch is
located.

Verify and
document the following:

7.1. Nonexempt lighting turns off.

7.2. Manual override switch allows only the
lights in the enclosed space where the
override switch is located to turn on or
remain on until the next scheduled shutoff
occurs.

. Additional testing as specified by the registered

design professional.
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C408.3.1.3 Daylight responsive controls. Where day-
light responsive controls are provided, the following
shall be verified:

1. Control devices have been properly located, field
calibrated and set for accurate setpoints and
threshold light levels.

2. Daylight controlled lighting loads adjust to light
level setpoints in response to available daylight.

3. The calibration adjustment equipment is located
for ready access only by authorized personnel.

C408.3.2 Documentation requirements. The
construction documents shall specify that the documents
described in this section be provided to the building owner
or owner’s authorized agent within 90 days of the date of
receipt of the certificate of occupancy.

C408.3.2.1 Drawings. Construction documents shall

include the location and catalogue number of each ‘V

piece of equipment.
C408.3.2.2 Manuals. An operating and maintenance

manual shall be provided and include the following:
1. Name and address of not less than one service O
agency for installed equipment. \
2. A narrative of how each system is intended to &
operate, including recommended setpoints.
3. Submittal data indicating all selected optlon rQ 4
each piece of lighting equipment and light
controls. V
4, Operatlon and maintenance manu
piece of lighting equipment. routlne
maintenance actions, cleaning 4 @ mmende
relamping shall be clearly i ified

d recalibrating all

5. A schedule for inspecti
lighting controls.

C408.3.2.3 Report. A r% f test results shall be
provided and include the followi

1. Results of functional performance tests.

2. Disposition of deficiencies found during testing,
including details of corrective measures used or
proposed.
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Project Information: Project Name:

Project Address:

Commissioning Authority:

Commissioning Plan (Section C408.2.1)

[J Commissioning Plan was used during construction and includes all items required by Section C408.2.1
[JSystems Adjusting and Balancing has been completed.

[CJ HVAC Equipment Functional Testing has been executed. If applicable, deferred and follow-up testing is scheduled
to be provided on:

[CJHVAC Controls Functional Testing has been executed. If applicable, and follow-up testing is scheduled to
be provided on:

[J] Economizer Functional Testing has been executed. If appl e) deferred and follow-up testing is scheduled to be
provided on:

to be provided on:

[ Lighting Controls Functional Testing has been executed! fappls’ able, deferred and follow-up testing is scheduled

[ Service Water-Heating System Functio g has

Wuted. If applicable, deferred and follow-up testing
is scheduled to be provided on:

[J Manual, record documents a{ have bepleted or scheduled

rt submitted to owner and included all items required by Section C408.2.4

[ Preliminary Commissiopi

| hereby certify that the coXuissioning provider has provided me with evidence of mechanical, service water heating
and lighting systems commissioning in accordance with the 2018 IECC.

Signature of Building Owner or Owner’s Representative Date

FIGURE C408.2.4
COMMISSIONING COMPLIANCE CHECKLIST
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CHAPTER 5 [CE]
EXISTING BUILDINGS

User note:

About this chapter: Many buildings are renovated or altered in numerous ways that could affect the energy use of the building as a whole.
Chapter 5 requires the application of certain parts of Chapter 4 in order to maintain, if not improve, the conservation of energy by the

renovated or altered building.

SECTION C501
GENERAL

C501.1 Scope. The provisions of this chapter shall control
the alteration, repair, addition and change of occupancy of
existing buildings and structures.

C501.1.1 Existing buildings. Except as specified in this
chapter, this code shall not be used to require the removal,
alteration or abandonment of, nor prevent the continued
use and maintenance of, an existing building or building
system lawfully in existence at the time of adoption of this
code.

C501.2 Compliance. Additions, alterations, repairs, apd
changes of occupancy to, or relocation of, existing buildings
and structures shall comply with Sections C502, C503, €504
and C505 of this code, as applicable, and with the proyisions
for alterations, repairs, additions and changes aefsQccuparicy
or relocation, respectively, in the Interngtional Building
Code, International Existing Building Code flnternational
Fire Code, International Fuel Gas gCoden International
Mechanical  Code, International| Plumbing (Code,
International Property Maintengfice “Code, Internatignal
Private Sewage Disposal Code andNFPA 70. Changes where
unconditioned space is changed“o ‘eonditioned space shall
comply with Section C§02, Where both additions and
alterations are included inSthévscope of work, the larger
portion of work shall govern the compliance method.

Exception: Additions, alterations, repairs, or changes of
occupancy complying with ANSI/ASHRAE/IESNA 90.1.

C501.3 Maintenance. Buildings and structures, and parts
thereof, shall be maintained in a safe and sanitary condition.
Devices and systems required by this code shall be
maintained in conformance to the code edition under which
they were installed. The owner or the owner’s authorized
agent shall be responsible for the maintenance of buildings
and structures. The requirements of this chapter shall not
provide the basis for removal or abrogation of energy
conservation, fire protection and safety systems and devices
in existing structures.

C501.4 New and replacement materials. Except as
otherwise required or permitted by this code, materials
permitted by the applicable code for new construction shall
be used. Like materials shall be permitted for repairs,
provided that hazards to life, health or property are not
created. Hazardous materials shall not be used where the code
for new construction would not allow use of these materials
in buildings of similar occupancy, purpose and location.
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C501.5 Designated Historic buildings. The provisions of this
code relating to the construction, repair, alteration,
restoration and movement of structures, and change of
occupancy shall apply to designated historic buildings. The
code official ghall have the authority to waive certain
requirements for\a désignated historic building if the code
official finds, thatscompliance with a requirement would have
an adverse \Impact upon the historic character of the
individ@alelandmark or, if the building is contributing to a
hiStonic N\ district, upon the historic character of the
contributing building or historic district.

SECTION C502
ADDITIONS

C5021\General. Additions to an existing building, building
system or portion thereof shall conform to the provisions of
this sf0de as those provisions relate to new construction
subject to the following:

1. Additions with a construction valuation of $500,000 or
more shall comply with Section C407.

2. Additions with a construction valuation less than
$500,00 shall comply with Section C502.2 or C407.

Additions shall not create unsafe or hazardous conditions
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.

C502.2 Prescriptive compliance. Additions with a
construction valuation less than $500,000 shall comply with
Sections C502.2.1 through C502.2.6.3. Additions complying
with Section C407 are exempt from the requirements of
Section C502.2.

C502.2.1 Vertical fenestration area. Additions shall
comply with the following:

1. Where an addition has a new vertical fenestration
area that results in a total building fenestration area
less than or equal to that permitted by Section
C402.4.1, the addition shall comply with Section
C402.1.5, C402.4.3 or C407.

2. Where an addition with new vertical fenestration
that results in a total building fenestration area
greater than permitted by Section C402.4.1 or an
addition that, itself, exceeds the fenestration area
permitted by Section C402.4.1, the fenestration shall
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comply with Section C402.4.1.1 for the addition
only.

3. Where an addition has new vertical fenestration that
results in a total building vertical fenestration area
exceeding that permitted by Section C402.4.1.1, the
addition shall comply with Section C402.1.5 or
C407.

C502.2.2 Skylight area. Skylights shall comply with the
following:

1. Where an addition has new skylight area that results
in a total building fenestration area less than or
equal to that permitted by Section C402.4.1, the
addition shall comply with Section C402.1.5 or
C407.

2. Where an addition has new skylight area that results
in a total building skylight area greater than
permitted by C402.4.1 or where additions have
skylight area greater than that permitted by Section
C402.4.1, the skylight area shall comply with
Section C402.4.1.2 for the addition only.

3. Where an addition has new skylight area that results
in a total building skylight area exceeding that
permitted by Section C402.4.1.2, the addition shall
comply with Section C402.1.5 or C407.

C502.2.3 Building mechanical systems. New mechanica
systems and equipment that are part of the addition
serve the building heating, cooling and ventilati e
shall comply with Section C403.

C502.2.3.1 Mechanical systems accepta ing.

New mechanical systems that servef additions shal

comply with Sections C408.2.2, C408 &
Exceptions:

1. Mechanical sy S service water-
heating systems, im\buildings where the total
mechanical equi t capacity is less than
480,000 Btu/h (140.7 kW) cooling capacity
and 600,000 Btu/h (175.8 kW) combined
service water-heating and space-heating
capacity.

2. Systems included in Section C403.3.1 that
serve individual dwelling units and sleeping
units.

C502.2.4 Service water-heating systems. New service
water-heating equipment, controls and service water
heating piping shall comply with Section C404.
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C502.2.4.1 Service hot water systems acceptance
testing. New service hot water systems that serve
additions shall comply with Sections C408.2.3 and
C408.2.5.

Exceptions:

1. Service water-heating systems in buildings
where the total mechanical equipment
capacity is less than 600,000 Btu/h (175.8
kW) combined service water-heating and
space-heating capacity.

2. Systems included in Section C403.3.1 that
serve individual dwelling units and sleeping
units.

C502.2.5 Pools and inground permanently installed
spas. New pools and inground permanently installed spas
shall comply with Section C404.10.

C502.2.6 Lighting power and systems. New lighting
systems that are installed as part of the addition shall
comply with Section C405.

C502.2.6.1 Interior lighting power. The total interior
lighting power for the addition shall comply with
Section C405.3.2 for the addition alone, or the existing
building and the addition shall comply as a single
building.

C502.2.6.2 Exterior lighting power. The total exterior

lighting power for the addition shall comply with
Section C OSwthe addition alone, or the existing

addition shall comply as a single

‘3°Lighting acceptance testing. New lighting
hat serve additions shall comply with Section

SECTION C503

ALTERATIONS
C503.1 General. Alterations to any building or structure

comply with the requirements of Section C503.
shall be such that the existing building or
¢ is not less conforming to the provisions of this code
the existing building or structure was prior to the
Iteration. Alterations to an existing building, building
system or portion thereof shall conform to the provisions of
this code as those provisions relate to new construction.
When calculating alteration level, only previously
conditioned floor area shall count as existing building floor
area. Alterations shall not create an unsafe or hazardous
condition or overload existing building systems. Level 3
alterations shall also comply with Section C503.8.

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

1. Storm windows installed over existing fenestration.

2. Surface-applied window film installed on existing
single-pane fenestration assemblies reducing solar
heat gain, provided that the code does not require the
glazing or fenestration to be replaced.

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

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

5. Roof recover.

5.1. Air barriers shall not be required for roof
recover and roof replacement where the
alterations or renovations to the building do
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not include alterations, renovations or
repairs to the remainder of the building
envelope.

C503.2 Change in space conditioning. Any nonconditioned
or low-energy space that is altered to become conditioned
space shall be required to be brought into full compliance
with this code as if new construction.

Exceptions:

1. Where the component performance alternative in
Section C402.1.5 is used to comply with this
section, the proposed total UA of the existing
building, the addition, and any alterations shall be
less than or equal to the total UA of the existing
building.

2. Where the total building performance option in
Section C407 is used to show compliance with this
section, the annual energy cost of the proposed
design shall be not greater than 110 percent of the
annual energy cost otherwise permitted by Section
C407.3.

C503.3 Building envelope. New building envelope
assemblies that are part of the alferation shall comply with

are exempt from the requirement of Sections C402.5.1.
C402.5.1.3 and C402.5.1.4.

Exception: Where the existing building exc
fenestration area limitations of Section C40
alteration, the building is exempt from
provided that there is not an increase in

C503.3.1 Roof replacement. Rodf replaéements |

comply with Section C402.1.3¢ C4 4, C402. %
C407 where the existing ro embly is part of tht

building thermal envelope and,contains insulation entirely
above the roof deck. In all the R-value of the
roof insulation be red& r the U-factor of the roof
assembly be increased as past of the roof replacement.

C503.3.2 Vertical fenestration. The addition of vertical
fenestration that results in a total building fenestration
area less than or equal to that specified in Section
C402.4.1 shall comply with Section C402.1.5, C402.4.3 or
C407. The addition of vertical fenestration that results in a
total building fenestration area greater than Section
C402.4.1 shall comply with Section C402.4.1.1 for the
space adjacent to the new fenestration only. Alterations
that result in a total building vertical fenestration area
exceeding that specified in Section C402.4.1.1 shall
comply with Section C402.1.5 or C407. Provided that the
vertical fenestration area is not changed, using the same
vertical fenestration area in the standard reference design
as the building prior to alteration shall be an alternative to
using the vertical fenestration area specified in Table G3.1
of Appendix G of ASHRAE 90.1-2022.

C503.3.3 Skylight area. New skylight area that results in
a total building skylight area less than or equal to that
specified in Section C402.4.1 shall comply with Section
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\Q)(ceptions:

Sections C402.1 through C402.5. Level 1 and 2 alteratio&
2,

'y

EXISTING BUILDINGS

C402.1.5, C402.4 or C407. The addition of skylight area
that results in a total building skylight area greater than
Section C402.4.1 shall comply with Section C402.4.1.2
for the space adjacent to the new skylights. Alterations
that result in a total building skylight area exceeding that
specified in Section C402.4.1.2 shall comply with Section
C402.1.5 or C407. Provided that the skylight area is not
changed, using the same skylight area in the standard
reference design as the building prior to alteration shall be
an alternative to using the skylight area specified in Table
G3.1 of Appendix G of ASHRAE 90.1-2022.

C503.4 Heating and cooling systems. New heating, cooling
and duct systems that are part of the alteration shall comply
with Sections C403. Level 1, 2 and 3 alterations are exempt
from the requirements of Section C403.3. New combustion
equipment shall not be installed where there was not one

previously installed.
C503.4. Nzers. New cooling systems that are part
of altgra 1 comply with Section C403.5.

C

echanical system acceptance testing. New
nical systems that serve alterations shall comply
ections C408.2.2, C408.2.3 and C408.2.5.

1. Mechanical systems and service water-heating
systems in buildings where the total mechanical
equipment capacity is less than 480,000 Btu/h
(140.7 kW) cooling capacity and 600,000 Btu/h
(175.8 kW) combined service water-heating and
space-heating capacity.

2. Systems included in Section C403.3.1 that serve
individual dwelling units and sleeping units.

C503.5 Service hot water systems. New service hot water
systems that are part of the alteration shall comply with
Section C404. Level 1, 2 and 3 alterations are exempt from
the requirements of Section C404.2.

C503.5.1 Service hot water system acceptance testing.
New service hot water systems that serve alterations shall
comply with Sections C408.2.3 and C408.2.5.

Exceptions:

1. Service water-heating systems in buildings where
the total mechanical equipment capacity is less
than 600,000 Btu/h (175.8 kW) combined service
water-heating and space-heating capacity.

2. Systems included in Section C403.3.1 that serve
individual dwelling units and sleeping units.

C503.6 Lighting systems. New lighting systems that are part
of the alteration shall comply with Section C405.

Exception. Alferations that replace less than 10 percent of
the luminaires in a space, provided that such alferations do
not increase the installed interior lighting power.

C503.6.1 Lighting acceptance testing. New lighting
systems that serve alterations shall comply with Section
C408.3.
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EXISTING BUILDINGS

C503.7 Electric Ready (Level 3 alterations only). In the
case of a level 3 alteration that is a first tenant finish, the
requirements of Section C405.20 shall also be met.

C503.8 Level 3 alterations. In addition to the other
requirements of this section, Level 3 alterations shall also
comply with Section C407.3 except that EUI target shall be
not greater than 125 percent of the EUI otherwise permitted
by Section C407.3. For Level 3 alterations that also include
both substantial mechanical alteration and substantial
thermal envelope alteration, the principle/primary space
conditioning equipment shall be all-electric or fueled by an
energy source other than fossil fuels.

SECTION C504
REPAIRS

C504.1 General. Buildings, and structures, and parts thereof
shall be repaired in compliance with Section C501.3 and this
section. Work on nondamaged components that is necessary
for the required repair of damaged components shall be
considered to be part of the repair and shall not be subject to
the requirements for alterations in this chapter. Routine
maintenance required by Section C501.3, ordinary repairs
exempt from permit and abatement of wear due to normal
service conditions shall not be subject to the requirements for
repairs in this section.

Where a building was constructed to comply with A
ASHRAE/IESNA 90.1, repairs shall comply with
standard and need not comply with Sections C40
C404 and C405.

C504.2 Application. For the purposes of this\Code, the
following shall be considered to be repairs:

1. Glass-only replacements in an existi

2. Roof repairs.

2.1. Air barriers shall no ired for roof repair
where the repairsNﬂ uilding do not include
alterations, renovations or repairs to the
remainder of the building envelope.

3. Replacement of existing doors that separate
conditioned space from the exterior shall not require
the installation of a vestibule or revolving door,
provided that an existing vestibule that separates a
conditioned space from the exterior shall not be
removed.

4. Repairs where only the bulb, the ballast or both within
the existing luminaires in a space are replaced,
provided that the replacement does not increase the
installed interior lighting power.
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SECTION C505
CHANGE OF OCCUPANCY OR USE

C505.1 General. Spaces undergoing a change in occupancy
that would result in an increase in demand for either fossil
fuel or electrical energy shall comply with this code. Where
the use in a space changes from one use in Table C405.3.2(1)
or C405.3.2(2) to another use in Table C405.3.2(1) or
C405.3.2(2), the installed lighting wattage shall comply with
Section C405.3. Where the space undergoing a change in
occupancy or use is in a building with a fenestration area that
exceeds the limitations of Section C402.4.1, the space is
exempt from Section C402.4.1 provided that there is not an
increase in fenestration area.

Exceptions:

1. Where the component performance alternative in
Section C402.1.5 is used to comply with this

section, th@ypropgsed UA shall be not greater than
0 target UA.

formance-based compliance in Section
quired to comply with this section, the

rgy) shall be not greater than 110 percent of the

Section C407.3.

Q@j or PI (Site Energy) otherwise permitted by
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CHAPTER 6 [CE]
REFERENCED STANDARDS

User note:

About this chapter: Chapter 6 lists the full title, edition year and address of the promulgator for all standards that are referenced in the code.
The section numbers in which the standards are referenced are also listed.

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
Suite 550
Schaumburg, IL 60173-4268
AAMA/WDMA/CSA 101/1.S.2/A C440—17: North American Fenestration Standard/Specifications for Windows, Doors and Unit
Skylights
Table C402.5.2

AHAM Association of Home Appliance Manufacturers
1111 19th Street NW, Suite 402
Washington, DC 20036
ANSI/AHAM RAC-1—2015: Room Air Conditioners
Table C403.3.2(4)

AHAM HRF-1—2016: Energy, Performance and*€apacity of Household Refrigerators, Refrigerator-Freezers and Freezers
Table C403.11.1

AHRI Air-Conditioning, Heating, & Refrigeration Institute
2111 Wilson Blvd, Suite 500
Arlington, VA 22201

ISO/AHRI/ASHRAE 13256s1 (1998 RA2014): Water-to-Air and Brine-to-Air Heat Pumps—Testing and Rating for Performance
Table C403%8.2(2)

ISO/AHRI/ASHRAE 13256-2 (1998 RA2014): Water-to-Water and Brine-to-Water Heat Pumps —Testing and Rating for Performance
Table C403.3.2(2)

210/240—2017 and 2023: Performance Rating of Unitary Air-conditioning and Air-source Heat Pump Equipment
Table C403.3.2(1), Table C403.3.2(2)

310/380—2017 (CSA-C744-17): Standard for Packaged Terminal Air Conditioners and Heat Pumps
Table C403.3.2(4)

340/360—2019: Performance Rating of Commercial and Industrial Unitary Air-conditioning and Heat Pump Equipment
Table C403.3.2(1), Table C403.3.2(2)

365(1-P)—2009: Commercial and Industrial Unitary Air-conditioning Condensing Units
Table C403.3.2(1)

390 (I-P)—2003: Performance Rating of Single Package Vertical Air-conditioners and Heat Pumps
Table C403.3.2(4)

400 (I-P)—2015: Performance Rating of Liquid-to-Liquid Heat Exchangers

440—2008: Performance Rating of Room Fan Coils—with Addendum 1
C403.12.3

460—2005: Performance Rating of Remote Mechanical-draft Air-cooled Refrigerant Condensers
Table C403.3.2(7)

2024 CITY OF BOULDER ENERGY CONSERVATION CODE C-117



REFERENCED STANDARDS

AHRI—continued

550/590 (I-P)—2018: Performance Rating of Water-chilling and Heat Pump Water-heating Packages Using the Vapor Compression Cycle
C403.3.2.1, Table C403.3.2(3)

560—2018: Absorption Water Chilling and Water Heating Packages
Table C403.3.2(3)

910—2014: Performance Rating of Indoor Pool Dehumidifiers
Table C403.3.2(11)

920—2015: Performance Rating of DX-Dedicated Outdoor Air System Units
Table C403.3.2(12), Table C403.3.2(13)

1160 (I-P) —2014: Performance Rating of Heat Pump Pool Heaters (with Addendum 1)
Table C404.2

1200 (I-P)—2013: Performance Rating of Commercial Refrigerated Display Merchandisers and Storage Cabinets
C403.11, Table C403.11.1(1), Table C403.11.1(2)

1230—2014: Performance Rating of Variable Refrigerant Flow (VRF) Multi-split Air-Conditioning and Heat Pump Equipment (with
Addendum 1)
Table C403.3.2(9)

1250 (I-P)—2014: Standard for Performance Rating in Walk-in Coolers and Freezexs
Table C403.11.2.1(3)

1360—2017: Performance Rating of Computer and Data Processing Room Afir Gonditioners
Table C403.3.2(10), Table C403.3.2(16)

AMCA Air Movement and Control Association International
30 West University Drive
Arlington Heights, IL 60004-1806

208—18: Calculation of the Fan Energy Index

C403.8.3
220—19 (R2012): Laboratory Methods of Testing Alg/Curtain Units for Aérédynamic Performance Rating
C402.5.6
230—15: Laboratory Methods of TestinggAir Cixculating Fans fox Rating and Certification
C403.9
500D—18: Laboratory Methods foggEesting Dampers for Rating
C403.7.7
AN SI American National Standards Institute

25 West 43rd Street, 4™ Floor
New York, NY 10036
721.10.3/CSA 4.3—17: Gas Water Heaters, Volume III—Storage Water Heaters with Input Ratings Above 75,000 Btu per Hour,
Circulating Tank and Instantaneous
Table C404.2

721.47/CSA 2.3—16: Gas-fired Central Furnaces
Table C403.3.2(5)

7.83.8/CSA 2.6—16: Gas Unit Heaters, Gas Packaged Heaters, Gas Utility Heaters and Gas-fired Duct Furnaces
Table C403.3.2(5)

APSP The Association of Pool & Spa Professionals
2111 Eisenhower Avenue, Suite 580
Alexandria, VA 22314

14—2019: American National Standard for Portable Electric Spa Energy Efficiency
C404.9
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ASABE American Society of Agricultural and Biological Engineers
2950 Niles Road
St. Joseph, MI 49085
S640—2017: Quantities and Units of Electromagnetic Radiation for Plants (Photosynthetic Organisms)
C405.4

ASHRAE ASHRAE

1791 Tullie Circle NE
Atlanta, GA 30329

ANSI/ASHRAE/ACCA Standard 183—(RA2017): Peak Cooling and Heating Load Calculations in Buildings, Except Low-rise
Residential Buildings
C403.1.1

ASHRAE—2020: ASHRAE HVAC Systems and Equipment Handbook—2020
C403.1.1

ISO/AHRI/ASHRAE 13256-1 (1998 RA2014): Water-to-Air and Brine-to-Air Heat Pamps—Testing and Rating for Performance
Table C403.3.2(2)

ISO/AHRI/ASHRAE 13256-2 (1998 RA2014): Water-to-Water and Brine-to-WateriHeéat Pumps—Testing and Rating for Performance
Table C403.3.2(2)

55—2017: Thermal Environmental Conditions for Human Occupancy
Table C407.5.1

90.1—2022: Energy Standard for Buildings Except Low-rise ResidentialBafildings
C401.2, Table C402.1.3, Table C402.1.4, Tabje'€407.68, C502.1, C503.1, C504.1

90.4—2016: Energy Standard for Data Centers
C403.1.2,C405.2.4

140—2014: Standard Method of Test for the Evaluation\ofi\Building Energy Analysis Computer Programs

C407.6.1
146—2011: Testing and Rating Pool Heaters
Table C404.2
ASME American Society of Mechanical Engineers

Two Park Avenue
New York, NY 10016-5990
ASME A17.1—2019/CSA B44~—19: Safety Code for Elevators and Escalators
C405.8.2

A S TM ASTM International

100 Barr Harbor Drive, P.O. Box C700
West Conshohocken, PA 19428-2959

C90—2016A: Specification for Load-bearing Concrete Masonry Units
Table C401.3
C1363—11: Standard Test Method for Thermal Performance of Building Materials and Envelope Assemblies by Means of a Hot Box
Apparatus
C303.1.4.1, Table C402.1.4, 402.2.7
C1371—15: Standard Test Method for Determination of Emittance of Materials Near Room Temperature Using Portable
Emissometers
Table C402.3
C1549—2016: Standard Test Method for Determination of Solar Reflectance Near Ambient Temperature Using a Portable Solar
Reflectometer
Table C402.3
D1003—13: Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics
C402.4.2.2
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REFERENCED STANDARDS

ASTM—continued
D8052/D8052M—2017: Standard Test Method for Quantification of Air Leakage in Low-Sloped Membrane Roof Assemblies
C402.5.1.4

E283—2004(2012): Test Method for Determining the Rate of Air Leakage Through Exterior Windows, Curtain Walls and Doors
Under Specified Pressure Differences Across the Specimen
Table C402.5.2, C402.5.7
E408—13: Test Methods for Total Normal Emittance of Surfaces Using Inspection-meter Techniques
Table C402.3
E779—10(2018): Standard Test Method for Determining Air Leakage Rate by Fan Pressurization
C402.5
E903—2012: Standard Test Method Solar Absorptance, Reflectance and Transmittance of Materials Using Integrating Spheres
(Withdrawn 2005)
Table C402.3
E1827—2011(2017): Standard Test Methods for Determining Airtightness of Building Using an Orifice Blower Door
C402.5, C606.4
E1918—06(2016): Standard Test Method for Measuring Solar Reflectance of Horizontal og Low-sloped Surfaces in the Field
Table C402.3
E1980—11: Standard Practice for Calculating Solar Reflectance Index of Horizontal and JLow=sloped Opaque Surfaces
Table C402.3, C402.3.2
E2357—2018: Standard Test Method for Determining Air Leakage of Air Bankiers,Assemblies
C402.5.1.4
E3158—2018: Test Method for Measuring the Air Leakage Rate of a Liarge oxMultizone Building
C402.5.3
F1281—2017: Specification for Cross-linked Polyethylene/Aluminum/Creoss-linked Polyethylene (PEX-AL-PEX) Pressure Pipe
Table C404.5.2.1
F1361—2017: Standard Test Method for Performance of OpemDeep Fat Fryers
Table C406.12(1)
F1484—2018: Standard Test Method for Performafice of Steam Cookers
Table C406.12(2)
F1495—2014a: Standard Specification for Combination Oven Electri¢\or’Gas Fired
Table C406.12(4)
F1496—2013: Standard Test Method for Pérformance of Convection Ovens
Table C406.12(4)
F1696—2018: Standard Test Method¥or Energy Performance of Stationary-Rack, Door-Type Commercial Dishwashing Machines
Table C406.12(3)
F1920—2015: Standard Test Method for Performance of Rack Conveyor Commercial Dishwashing Machines
Table C406.12(3)
F2093—2018: Standard Test Method for Performance of Rack Ovens
Table C406.12(4)
F2144—2017: Standard Test Method for Performance of Large Open Vat Fryers
Table C406.12(1)
F2861—2017: Standard Test Method for Enhanced Performance of Combination Oven in Various Modes
Table C406.12(4)

CRRC Cool Roof Rating Council

2435 North Lombard Street
Portland, OR 97217

ANSI/CRRC-S100—2020: Standard Test Methods for Determining Radiative Properties of Materials
Table C402.3, C402.3.1
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C SA CSA Group

8501 East Pleasant Valley Road
Cleveland, OH 44131-5516
AAMA/WDMA/CSA 101/1.S.2/A440—17: North American Fenestration Standard/Specification for Windows, Doors, and Unit
Skylights
Table C402.5.2
CSA B55.1—2015: Test Method for Measuring Efficiency and Pressure Loss of Drain Water Heat Recovery Units

C404.7
CSA B55.2—2015: Drain Water Heat Recovery Units
C404.7
C TI Cooling Technology Institute

P. O. Box 681807
Houston, TX 77268
ATC 105—2019: Acceptance Test Code for Water Cooling Tower
Table C403.3.2(7)
ATC 105DS—2018: Acceptance Test Code for Dry Fluid Coolers
Table C403.3.2(7)
ATC 1055—11: Acceptance Test Code for Closed Circuit Cooling Towers
Table C403.3.2(7)

ATC 106—11: Acceptance Test for Mechanical Draft Evaporatiye Vapor ‘Condensers
Table C403.3.2(7)

STD 201—11: Standard for Certification of Water Cooling Tewers ThermallPerformances
Table C403.3.2(7)

CTI STD 201 RS(17): Performance Rating of Evapekative Heat Rejection Equipment
Table C403.3.2(7)

DASMA Door & Access Systems Manufacturers Association, International
1300 Sumner Avenue
Cleveland, OH 44115-2851

105—2017: Test Method for Thermal Transmittance and Air Infiltration of Garage Doors and Rolling Doors
C303.1.34Table C402.5.2

DOE U.S. Department of Energy

c/o Superintendent of Documents
1000 Independence Avenue SW
Washington, DC 20585
10 CFR, Part 430—2015: Energy Conservation Program for Consumer Products: Test Procedures and Certification and Enforcement
Requirement for Plumbing Products; and Certification and Enforcement Requirements for Residential Appliances; Final Rule
Table C403.3.2(5), Table C403.3.2(6), Table C404.2

10 CFR, Part 430, Subpart B, Appendix N—(2015): Uniform Test Method for Measuring the Energy Consumption of Furnaces and
Boilers

C202

10 CFR, Part 431—2015: Energy Efficiency Program for Certain Commercial and Industrial Equipment: Test Procedures and
Efficiency Standards; Final Rules
Table C403.3.2(6), C405.6, Table C405.6, C405.7

10 CFR 431 Subpart B App B: Uniform Test Method for Measuring Nominal Full Load Efficiency of Electric Motors
C403.8.4, Table C405.7(1), Table C405.7(2), Table C405.7(3), C405.7(4)

NAECA 87—(88): National Appliance Energy Conservation Act 1987 [Public Law 100-12 (with Amendments of 1988-P.L. 100-357)]
Table C403.3.2(1), Table C403.3.2(2), Table C403.3.2(5)
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HVI Home Ventilating Institute
1740 Dell Range Blvd. Ste H PMB 45
Cheyenne, WY 82009

916—18: Airflow Test Procedure
C403.8.5

ICC International Code Council, Inc.
500 New Jersey Avenue NW
6th Floor
Washington, DC 20001
ANSI/RESNET/ICC 380—19: Standard for Testing Airtightness of Buildings, Dwelling Unit and Sleeping Unit Enclosures;
Airtightness of Heating and Cooling Air Distribution Systems, and Airflow of Mechanical Ventilation Systems
C402.5.2,C402.5.3

IBC—21: International Building Code®
C201.3, C303.2, C402.5.3, C501.2
ICC 500—2020: Standard for the Design and Construction of Storm Shelters
C402.4.2
IFC—21: International Fire Code®
C201.3,C501.2
IFGC—21: International Fuel Gas Code®
C201.3,C501.2

IMC—21: International Mechanical Code®
C201.3, C402.5.3, C403.2.2, C403.7.1, C403.7.2, C403.7.4,4 C403.7.5, C403.7.7, C403.12.1,
C403.12.2.1, C403.12.2.2, C403.6, C403.6.6, C50142

IPC—21: International Plumbing Code®
C201.3, C501.2

IPMC—21: International Property Maintenance Gode?

C501.2
IPSDC—21: International Private Sewage Disposal Code®
C501.2
IEEE Institute of Electrical and Electronic Engineers

3 Park Avenue, 17" Floor
New York, NY 10016
IEEE 515.1—2012: IEE Standard for the Testing, Design, Installation, and Maintenance of Electrical Resistance Trace Heating for

Commercial Applications
C404.6.2

IE S Illuminating Engineering Society
120 Wall Street, 17th Floor
New York, NY 10005-4001
ANSI/ASHRAE/IESNA 90.1—2022: Energy Standard for Buildings, Except Low-rise Residential Buildings
C401.2, Table C402.1.3, Table C402.1.4, C502.1, C503.1, C504.1

ISO International Organization for Standardization
Chemin de Blandonnet 8, CP 401, 1214 Vernier
Geneva, Switzerland
ISO/AHRI/ASHRAE 13256-1(2017): Water-to-Air and Brine-to-Air Heat Pumps -Testing and Rating for Performance
Table C403.3.2(2)
ISO/AHRI/ASHRAE 13256-2(2017): Water-to-Water and Brine-to-Water Heat Pumps -Testing and Rating for Performance
C403.3.2(2)
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NBI New Buildings Institute
151 SW 1st Ave, Suite 300
Portland, OR 97204

Embodied Carbon Building Code (2023): An overlay o model code language for limiting the climate impact of building products
C406.3.8

NEMA National Electrical Manufacturers Association
1300 North 17th Street, Suite 900
Rosslyn, VA 22209
MG1—2016: Motors and Generators
C202

NFPA National Fire Protection Association

1 Batterymarch Park
Quincy, MA 02169-7471

70—20: National Electrical Code
C501.2

NFRC National Fenestration Rating Council, Inc.
6305 Ivy Lane, Suite 140
Greenbelt, MD 20770
100—2020: Procedure for Determining Fenestration Produets U-factors
C303.1.3,C402.2.1.1

200—2020: Procedure for Determining Fenestration Produet Solar Heat Gain Coefficients and Visible Transmittance at Normal
Incidence
C303.1.3,C402.4.1.1

203—2017: Procedure for Determining Translu€ent FenestratiomProduct Visible Transmittance at Normal Incidence
C303.1.3

400—2020: Procedure for Determinifig Fenestration Produet Air Leakage
Table C402.5.2

SMACNA Sheet Metal and Air Conditioning Contractors’ National Association, Inc.
4021 Lafayette Center Drive
Chantilly, VA 20151-1219
SMACNA—2012: HVAC Air Duct Leakage Test Manual Second Edition
C403.2.11.2.3

UL UL LLC

333 Pfingsten Road
Northbrook, IL 60062-2096

710—12: Exhaust Hoods for Commercial Cooking Equipment—with Revisions through November 2013
C403.7.5

727—06: Oil-fired Central Furnaces—with Revisions through October
Table C403.3.2(5)

731—95: Oil-fired Unit Heaters
Table C403.3.2(5)

1784—151: Air Leakage Tests of Door Assemblies—with Revisions through February 2015
C402.5.3
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US'FTC United States-Federal Trade Commission

600 Pennsylvania Avenue NW
Washington, DC 20580
CFR Title 16 (2015): R-value Rule
C303.1.4

WDMA Window and Door Manufacturers Association

2025 M Street NW, Suite 800

Washington, DC 20036-3309

AAMA/WDMA/CSA 101/1.S.2/A440—17: North American Fenestration Standard/Specification for Windows, Doors and Unit Skylights
Table C402.5.2
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APPENDIX CA
BOULDER MODIFIED APPENDIX G PROTOCOL

User note:

About this appendix: This appendix contains sections of ASHRAE 90.1-2022 Normative Appendix G that have been modified to reflect
specific requirements of the 2024 City of Boulder Energy Conservation Code (CoBECC). Only sections of Appendix G that have been

modified from the original language are included in this document.

Section G1
GENERAL

Section G1.2. Performance Rating

G1.2.1 Mandatory Provisions

This performance rating method requires conformance

with the following provisions:

a. All mandatory requirements of Chapter 4 of the
2024 City of Boulder Energy Conservation Code
(COBECC) must be met. These supersede the
mandatory requirements in Sections 5.4, 6.4, 7.4,
8.4,9.4, and 10.4 of ASHRAE Standard 90.1-2022f

b. The interior lighting power shall not excee@sthe
interior lighting power allowance determined usifig
either:

1. Tables G3.7-1 and G37=2 \and the
methodology described in §ection 9:5.2, or

2. Table G3.8 and the methddolegy described
in Section 9.5.1.

c. Energy efficiency levels ¢f ipstall€d components‘and
systems shall meet orexceed the efficiency levels
used to calculatessy,the © proposed  building
performance.

d. The proposed envelope U factors shall not exceed
the performance requirements of ASHRAE 90.1-
2016 listed in Table 5.5-5. No tradeoffs of envelope
performance below these levels are allowed.

e. Verification, testing and commissioning
requirements of Section C408 of the 2024 City of
Boulder Energy Conservation Code shall supersede
the requirements of Section 4.2.5.

f. The proposed HVAC equipment efficiencies at a
minimum shall meet the performance requirements
determined in Tables 6.8.1-1 through Table 6.8.1-
21.

G1.2.2 Performance Rating Calculation

All new construction in Boulder with a construction value
of $500,000 or more must comply with Section G1.2.2.1,
G1.2.2.2 or G1.2.2.3, below.

G1.2.2.1 Modeled Baseline

Compliance with Section C407.3.1 of the 2024
CoBECC, Modeled Baseline path requires that the
Performance Index target (PI) (site energy) for the

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

proposed design be reduced by 15 percent for mixed-
fuel buildings and 10 percent for all-electric buildings
from a PI, (site energy) target that complies with the
ASHRAE 90.1-2022 as modified by Appendix I for
“site energy’”’.

The Jperformance of the proposed design is
caleulated in accordance with the provisions of this
proteco!l” using the equation G1.2.2.1.1 or G1.2.2.1.2
below as applicable. Both the proposed building
performance and baseline building performance shall
include all end-use load components within and
associated with the building when calculation the
Performance EUI for Site Energy.

Mixed Fuel Buildings:

Ply,, = 085 x (BBUE + (BPF,, x BBRE)
BBP
(Eq. G1.2.2.1.1)
All Electric Buildings:
Plt,, = 090 x (BBUE + (BPF, x BBRE)
BBP
(Eq. G1.2.2.1.2)
where:
PIt;, =The maximum Performance Index (Site

Energy) for the proposed design to comply
with the Boulder Energy Code

BBUE = Baseline Building Unregulated Site Energy,
the portion of the annual site energy of a
baseline building design that is due to
unregulated energy use.

BBRE = Baseline Building Regulated Site Energy. The
portion of the annual site energy of a baseline
building design that is due to regulated
energy use.

BPF . = Building Performance Factor (BPF) from
Table G1.2 below. For building area types not
listed in the table, use “All Others.” Where a
building includes multiple building area
types, the required BPF shall be equal to the
area-weighted average of the building area
types. (Table G1.1 replaces Table 4.2.1.1 in

90.1-2022)

BBP = Baseline Building Performance. The annual
site energy of the baseline building design

site
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including both regulated and unregulated

energy use.
TABLE G1.1
BUILDING PERFORMANCE FACTORS FOR SITE ENERGY USE
(BPFgre)

USE TYPE BPF
Office 0.52
Retail 0.47
School 0.50
Healthcare 0.63
Restaurant 0.69
Hotel 0.66
Warehouse 0.45
Apartment 0.67
All Others 0.50

G1.2.2.2 Fixed Performance Target

Projects of the types listed in Table G1.2 may use the
site EUI targets identified in the Table G1.2 in lieu of
baseline modeling of performance index (PI) (site
energy). The proposed building model predicted
performance will be demonstrated not to exceed the
values in this table, using the energy modeling
procedures described in this appendix. Buildings with

G1.2.2.1 or G1.2.2.2, based on metered energy use after
occupancy. Section C407.3.3 of the 2024 CoBECC
outlines how projects comply with this path.

Section G1.3 Documentation Submittal Requirements

The building permit application for performance rating shall
include all building and mechanical drawings and
information necessary to verify that the building envelope
and mechanical design for the project corresponds with the
annual energy analysis. This includes, but is not limited to,
equipment and material cut sheets, specifications, and
sequences of operations. If credit for lighting energy savings
is proposed to be taken, then electrical drawings and
proposed lighting power density calculation shall be
submitted. If credit is proposed to be taken for energy savings
from plug-in equipment or control measures, then such
measures should be pre-approved by the code official.
Measures of the preject that are not approved as part of the
building permit application’shall be modeled the same way in
both the propos i/ding and baseline design and shall

2 formance shall be documented, and

atiorr shall be submitted to the building official. The

ation’ shall be submitted in a report and shall include
owing:

. The performance path chosen per Section C407.3 of the

multiple occupancy types listed in Table G1.2 (only 20244 CoBECC, the simulation program used, the
may develop a performance target based on an deca vession of the simulation program, and the results of

weighted average EUI calculated by floor area of e
occupancy type.

TABLE G1.2

TABLE G1.2
SITE EUI TARGET,

FIXED PERFORMANCE TARGETS FOR PE N
PATHWAY O

BUILDING TYPE Rg'tﬁ#g;;‘:;*GETs
Medium Office (5,000-50,000 sf) \ 23
Mid-rise Apartment N 32
Primary School 34
Large Office (> 50,000 sf) 40
Small Office (< 5,000 sf) 19
Secondary School 31
Warehouse 11
Retail Store 40
Small Hotel 35
Hospital 76
Restaurant 200
Strip Mall 40

G1.2.2.3 Measured Performance Outcome

With approval of the chief building official, projects
may demonstrate compliance with the 2024 CoBECC
by proving that the building has achieved the modeled
performance calculated in accordance with Section
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the en analysis, including the calculated values for
WSeline building unregulated site energy (BBUE),
line building regulated site energy (BBRE),
uilding performance factor (BPF,, ), baseline building
performance, the proposed building performance,
proposed Performance Index for site energy (PL,.), and
target Performance Index for site energy (Plt,.) and the
percentage improvement. A brief description of the
project, the key energy efficiency improvements
compared with the requirements in Sections 5 through
10, the simulation program used, the version of the
simulation program, the performance pathway used
(per 2024 CoBECC, Section C407.3), and the results of
the energy analysis. This summary shall contain the
calculated values for the baseline building performance
(or EUI target), the proposed building performance,
and the percentage improvement.

b. An overview of the project that includes the number of
stories (above and below grade), the typical floor size,
the uses in the building (e.g., office, cafeteria, retail,
parking, etc.), the gross area of each use, and whether
each use is conditioned space.

c. A list of the energy-related features that are included in
the design and on which the performance rating is
based. This list shall document all energy features that
differ between the models used in the baseline building
performance and proposed building performance cal-
culations.
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d. A list showing compliance for the proposed design
with all the mandatory provisions in Table C407.2 of
the 2024 CoBECC.

Documentation of compliance with the backstop values
found in of Table 5.5-5 and Tables 6.8.1 to 6.8.1.7 of
the ASHRAE 90.1-2016 (Identified in Section
C407.4.2 of the 2024 CoBECC)

A table with a summary by end use of the proposed
building performance energy use intensity (EUI) and
the baseline building performance EUI, with each end-
use separated into regulated and unregulated compo-
nents.

A site plan showing all adjacent buildings and
topography that may shade the proposed building (with
estimated height or number of stories).

. Building elevations and floor plans (schematic is
acceptable).

. A diagram showing the thermal blocks used in the com-
puter simulation.

i. An explanation of any significant modeling assump-
tions.

BOULDER MODIFIED APPENDIX G PROTOCOL

r. For any exceptional calculation methods employed,
document the predicted energy savings by energy type,
the energy use intensity savings, a narrative explaining
the exceptional calculation method performed, and the-
oretical or empirical information supporting the accu-
racy of the method.

. The reduction in proposed building performance asso-
ciated with on-site renewable energy.

t. The version of the software and the link to the website
that contains the ASHRAE Standard 140 results for the
version used in accordance with Section G2.2.4 of
ASHRAE 90.1-2022.

The Commercial Energy Modeling Summary Report tem-
plate can be found at www.BoulderEnergyCode.com.

Section G2
SIMULA GENERAL REQUIREMENTS
Section 2.er ormance Calculations

ased building performance and baseline building
nce shall be calculated using the following:

he same simulation program.

j- Backup calculations and material to support data inputs \
(e.g., U-factors for building envelope assembli« b. The same weather data.
in

NFRC ratings for fenestration, end-uses identified i
Table G3.1(1)(a) of ASHRAE 90.1-2022.

puter simulation.

.An explanation of any signiﬁc@d
tions.
t

. Backup calculations and
(e.g., U-factors for 1
NFRC ratings for

ing as

al to support data inputs
envelope assemblies,
tion, end-uses identified in

. Input and output reports from the simulation program
or compliance software, including a breakdown of
energy use by at least the following components: lights,
internal equipment loads, service water- heating equip-
ment, space-heating equipment, space-cooling and heat
rejection equipment, fans, and other HVAC equipment
(such as pumps). The output reports shall also show the
amount of unmet load hours for both the proposed
design and baseline building design.

. Purchased energy rates used in the simulations.

. An explanation of any error messages noted in the sim-
ulation program output.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

Building elevations and floor plans (schematicy is :
acceptable). V
l. A diagram showing the thermal bloc@ € com-
e

c. The same energy rates.

he same required building schedules (unless changes
re-approved by the building official).

he same required equipment power densities (unless
changes are pre-approved by the building official).

Section G2.4
Renewable, Recovered, and Purchased Energy

G2.4.1 On-site Renewable Energy and Site-Recovered
Energy

Site-recovered energy shall not be considered purchased
energy and shall be subtracted from the proposed design
energy consumption prior to calculating the proposed build-
ing performance. On-site renewable energy generated by sys-
tems included on the building permit that is used by the
building shall be subtracted from the proposed design energy
consumption prior to calculating the proposed building per-
Jformance. The reduction in proposed building site energy
performance (EUI) associated with on-site renewable energy
systems shall be at least 5 percent of the calculated proposed
building performance when following Section C407.3.1 of
the 2024 CoBECC and Section G1.2.2.1 of this protocol.
Where the proposed design includes electricity generated
from sources other than on-site renewable energy, the base-
line design shall include the same generation system.
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Section G3
CALCULATION OF THE PROPOSED DESIGN AND
BASELINE BUILDING PERFORMANCE

TABLE G3.1
MODELING REQUIREMENTS FOR CALCULATING PROPOSED AND BASELINE BUILDING PERFORMANCE

NO. 4 SCHEDULES

No. Proposed Building Performance

Baseline Building Performance

4. Schedule

Schedules capable of modeling hourly variations in occupancy, lighting
power, miscellaneous equipment power, thermostat set points, infiltration
service hot water usage and HVAC system operation shall be used.
Projects are required to use the schedules provided in Table G.4.

Exception: For buildings where non-standard operations are
anticipated, projects may propose specific schedule modifications for

pre-approval by the chief building official. The-schedulesshall-be-

Temperature and Humidity Schedules. Temperature and humidity
control set points and schedules as well as temperature control throttling
range shall be the same for proposed design and baseline building design.

HVAC Fan Schedules. Schedules for HVAC fans that provide outdooA
air for ventilation shall run continuously whenever spaces are occufi

and shall be cycled ON and OFF to meet heating and cooling loads
unoccupied hours.
Exceptions:

nd a

1. Where no heating and/or cooling system is to be
heating or cooling system is being simulated g
requirements described in this table, heating
fans shall not be simulated as running ¢
hours but shall be cycled ON and OF
loads during all hours.

eet the

eet heating and cooling

Same as proposed design.

Exceptions:

1. Set points and schedules for HVAC systems that automatically
provide occupant thermal comfort via means other than
directly controlling the air dry-bulb and wet-bulb temperature
may be allowed%g differ, provided that equivalent levels of

are demonstrated via the

E Standard 55, Section 5.3.3,

“Elevate eed,” or Standard 55, Appendix B,

“Co ram for Calculation of PMV-PPD.”

may be allowed to differ between proposed design
eline building design when necessary to model

ard efficiency measures, provided that the revised
hedules have been approved by the chief building official
i tty. Measures that may warrant use of different

schedules include but are not limited to automatic lighting

, automatic natural ventilation controls, automatic

ontrol ventilation controls, and automatic controls
that reduce service water-heating loads or process loads. In no

Wall schedules differ where the controls are manual

e.g., manual operation of light switches or manual operation

of windows).

HVAC system fan schedules may be allowed to differ when

Section G3.2.1.2(a) of ASHARE 90.1-2022 applies.

For systems 6 and 8, only terminal-unit fan and reheat coil

shall be energized to meet heating sef point during unoccupied

hours.

ir

2.

P

2. HVAC fans shall remain on duri ied and unoccupied hours in
spaces that have health- and s andated minimum ventilation
requirements during unoccupied S.

3. HVAC fans shall remain on during occupied and unoccupied hours in
systems primarily serving computer rooms.

4. Dedicated outdoor air supply fans shall stay off during unoccupied
hours.

(continue,
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TABLE G3.1
MODELING REQUIREMENTS FOR CALCULATING PROPOSED AND BASELINE BUILDING PERFORMANCE—continued

NO. 12 RECEPTACLE AND OTHER LOADS

No. Proposed Building Performance

Baseline Building Performance

12. Receptacle and Other Loads

Receptacle and process loads such as those for ofﬁce and other
equipment, shat-be-e base : e etreaepe
%yp&eategefy—&ﬁd shall be assumed to be 1dentlca1 in the proposed deszgn
and baseline building design, except as specifically approved by the

buzldmg oﬁ' czal eﬂly—w%eﬂ—qxﬁﬂ&fymg—peffeﬁnaﬂee—tbat—exeeeds—th&

..... d o andard

aeeefdaﬁee—w%h—See&e&4—2—l—l—"Phese—}eads Receptacle and process
loads shall always be included in simulations of the building. These loads
shall be included when calculating the proposed building performance
and the baseline building performance as required by Section G1.2.1.

Exception: When receptacle controls installed in spaces where not
required by Section C405.11 of the 2024 CoBECC, are included in
the proposed building design, the hourly receptacle shall be reduced
as follows:

RPC=RCx 10%

Where:

RPC = receptacle power credit

EPS,, = EPS,, x (1 - RPC)

RC  =percentage of all controlled receptacles

EPS, , = baseline equipment power hourly schedule (
EPS,,, = Proposed equipment power hourly schedule )
a. Where power and other systems covered and 10 0
ASHRAE 90.1-2022 have been designe itted wi

design documents, those systems sh
accordance with Sections 8 and 10
b. Where power and other systems cov
ASHRAE 90.1-2022 have no
documents, those systems sh
requirements of those,s
c. Equipment controls (e. puter Power Management,
Advanced Power Strips ete.) designed to improve energy
erformance shall be modeled in the proposed design usin

Sections of
submitted with design

ply with but not exceed the

equipment schedule adjustments approved by the rating authority.

Equipment power density in the baseline building design shall be
determined using the whole building or space-by-space values in
Table G.5.1 and Table G.5.2 of this protocol. The default values
cover energy used for equipment that is normally plugged into
convenience outlets and does not include process equipment such

as commercial refrigeration cases, walk-in freezers and

e | refrigerators, cooking equipment, elevators, and other devices.

Standardized receptacle hourly schedules shall be used with the
specified power densities.

Motors shall have minimum efficiency ratings found in Table
G3.9.1. Other systems covered by Section 10 of ASHRAE 90.1-
2022 and miscellaneous loads shall be modeled as identical to

those in the propesed d szgn melrudmg—sehedt&es—e{lepef&aeﬂ—&ﬁd—

v 610 SsegiipHit p s 00

Exceptions When quantifying performance that exceeds the

requirements of Standard 90.1, variations of the power
réquirements, schedules, or control sequences of the

ipment modeled in the baseline building design from those

in the proposed design shall be approved by the building
official based on documentation that the equipment installed
n the proposed design represents a significant verifiable
departure from documented current conventional practice.
The burden of this documentation is to demonstrate that
accepted conventional practice would result in baseline
building equipment different from that installed in the
proposed design. Occupancy and occupancy schedules shall
not be changed.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE
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Section G4
REQUIRED SCHEDULES (New Section)

All projects using the performance pathway shall use the
mandatory building schedules and equipment power density

schedules provided Table G4 below.

Exceptions:

1) The chief building official may approve alternate

schedules prior to submittal to account for special

use conditions. The same values must be used in the

baseline and proposed building model.

2) The code official may approve alternate schedules

for unregulated loads in the proposed building

ADDITION TO APPENDIX G: TABLE G.5.1
PLUG LOAD MODELING REQUIREMENTS
WHOLE BUILDING—continued

DEFAULT
WHOLE BUILDING CATEGORIES POEI?EURIPI;VIEI;NS.II-TY
(WIFt?)
Town Hall 0.75
Transportation 0.52
Warehouse 0.3
Workshop 0.43

ADDITION TO APPENDIX G: TABLE G.5.2
PLUG LOAD MODELING REQUIREMENTS

SPACE-BY-SPACE

design that reflect plug and process load Egﬁf:#;;_r
management strategies. SPACE-BY-SPACE CLASSIFICATIONS POWER DENSITY
ADDITION TO APPENDIX G: TABLE G.5.1 (Wift2)
PLUG LOA?N“III-I%?.IIEE%TJ?L[R)FNQGUIREMENTS Audience Seating Are rium 0.75
DEFAULT Audience Sea@g igious Building 0.73
EQUIPMENT Audience Seati a, Sports Arena 0.74
WHOLE BUILDING CATEGORIES POWER DENSITY : : p : _
(WIFt?) Auduﬂ ng Area, Transportation Facility 0.75
Automotive Facility 0.5 Audience S)}ti?lg Area, Other 0.75
Convention Center 0.75 trium, E€ss than or equal to 40 ft n.a.
Courthouse 1.67 iunf More than 40 ft n.a.
Dining: Bar Lounge/Leisure 1.32 B arYking Ac‘ivity Area 1.72
Dining: Cafeteria/Fast Food 1.37 Classro cture/Training, Penitentiary 0.59
Dining: Family oom/Lecture/Training, K-12, laboratory, 0.59
Dormitory
Exercise Center m/Lecture/Training, Other 0.59
Fire Station &ference/Meeting/Multipurpose 0.73
y 4
Gymnasium 0.67 onfinement Cells 1.49
Healthcare Clinic 1.22 Copy/Print Room,* UWBD*
Hospital N 1.25 Corridor, Assisted Living 1.4
Hotel \\ 156 Corridor, Hospital 1.25
Library 0.94 Corridor, Manufacturing 0.34
Manufacturing Facility 034 Corridor, Other* UWBD*
Motel 1.56 Courtroom 1.49
Motion Picture Theater 0.74 Computer Room n.a.
Multifamily 142 Dining Area, Penitentiary 1.26
Museum 0.74 Dining Area, Assisted Living 1.32
Office 0.75 Dining Area, Bar Lounge/Leisure 1.26
Parking Garage na Dining Area, Cafeteria or Fast Food 1.37
Penitentiary 1.49 Dining Area, Family Dining 1.32
Performing Arts Theater 0.74 Dining Area, Other 1.32
Police Station 1.54 Electrical/Mechanical, * UWBD?
Post Office 0.91 Emergency Vehicle Garage 0.58
Religious Building 0.3 Food Preparation 1.32
Retail 0.7 Guest Room 1.56
School/University 0.69 Judge’s Chambers 1.49
Sports Arena 0.75 Laboratory, Classrooms 3.34

(continued)
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ADDITION TO APPENDIX G: TABLE G.5.2
PLUG LOAD MODELING REQUIREMENTS

BOULDER MODIFIED APPENDIX G PROTOCOL

ADDITION TO APPENDIX G: TABLE G.5.2
PLUG LOAD MODELING REQUIREMENTS

SPACE-BY-SPACE—continued SPACE-BY-SPACE—continued
DEFAULT DEFAULT
SPACE-BY-SPACE CLASSIFICATIONS POEI?EUI{PISIIIEENNS-II-TY SPACE-BY-SPACE CLASSIFICATIONS PO%SI:I{P[')VIEENNS-II-TY

(WIft?) (WIft?)
Laboratory, Other 3.34 Healthcare, Recovery Room 1.25
Laundry/Washing Area 0.52 Library, Reading Area 0.94
Loading Dock, Interior n.a. Library, Stacks 0.94
Lobby, Assisted Living 1.4 Manufacturing Facility, Detailed Manufacturing 0.34
Lobby, Elevator* UWBD* Manufacturing Facility, Equipment Room 0.34
Lobby, Hotel 1.56 Manufacturing Fac.il.ity, ExFra High Bay 034
Lobby, Motion Picture Theater 0.74 (>50 ft Floor to Ceiling Height)
Lobby, Performing Arts Theater 0.74 ggglslga;tt%rll(l)logr l:g%g%’nl;l_gllglgﬁg 0.34
Lobby, Other* UWBD?
Locker Room n.a. 0.34
Lounge/Break, Healthcare 1.25 0.74
Lounge/Break, Other* UWBD* 0.43
Office, Enclosed 0.75 , Sorting Area 1.67
Office, Open Plan 0.75 ' eligigus Building, Fellowship Hall 0.3
Parking Area, Interior n.a. \eTgious Building, Worship/Pulpit/Choir 0.3
Pharmacy Area 055 " | "\, |Retail, Dressing/Fitting Room 0.82
Restrooms, Assisted Living 1.4 Retail)Mall Concourse 0
Restrooms, Other* UWBR' Fpo"rtana Playing Arca, Class [ 0.67
Sales Area - §porty Arena Playing Area, Class 11 0.67
Seating Arca General, * D* ports Arena Playing Area, Class I1I 0.67
Stairway, * UWBD; Sports Arena Playing Area, Class IV 0.67
Storage, Hospital y. ¥ 1.25 Transportation, Baggage/Carousel Area 0.76
Storage, >= 50 ft* N % 0.31 Transportation, Concourse 0.76
Storage, < 50 ft* 0.31 Transportation, Ticket Counter 0.76
Vehicular Maintenance AN 0.5 Warehouse, Medium/Bulky Items on Pallets 0.31
Workshop \‘ 0.43 Warehouse, Smaller Hand Carried Items 0.31
Assisted Living, Chapel 1.4 a. UWBD = Use whole building data.
Assisted Living, Recreation Room 1.4
Convention Center, Exhibit Space 0.75
Dormitory, Living Quarters 1.96
Fire Station, Sleeping Quarters 1.54
Gymnasium/Fitness Center, Exercise Area 0.67
Gymnasium/Fitness Center, Playing Area 0.67
Healthcare, Emergency Room 1.25
Healthcare, Exam/Treatment 1.25
Healthcare, Supply Room 1.25
Healthcare, Nursery 1.25
Healthcare, Nurses’ Station 1.25
Healthcare, Operating Room 1.25
Healthcare, Patient Room 1.25
Healthcare, Physical Therapy 1.25

(continued)
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ADDITIONS
Defined........... .. .. ... ... .. . ..... C202
Historic buildings ................... ... C501.6
Requirements........................... C502
ADMINISTRATION . . .................. Chapter 1
AIRBARRIER.......................... C402.5
Accessopenings . ........... .. ... C402.54
Construction . ...................... C402.5.1.1
Dampers................... C402.5.5, C403.7.7
Doors other than fenestration. .. ......... C402.54
Fenestration ........... C402.5.2, Table C402.5.2
Penetrations . ...................... C402.5.1.1
Recessed lighting. . ................... C402.5.8
Rooms with fuel burning appliances. . ... .. C402.5%8
Testing .. ... ©402.5
Vestibules. . .......................Q €402%.7
AIR CONDITIONERS
Efficiency requirements . ... .. Tables'€403.3.2(1, 3)
AIR CURTAIN
Defined.......... ... ... £ N ....... G202
Vestibules. .. ......... .. ......... C402.5.7
AIR ECONOMIZERS
Defined.......... . NN C202
Requirements........ G403.5, C403.5.1, C403.5.2,

C403.5.3, C403.5.4
AIR INFILTRATION (see AIR BARRIER)

Defined.......... ... . ... ... ... ... .. ..., C202
AIR INTAKES AND EXHAUSTS. ... ... ... C402.5.5,
C403.7.7

AIR LEAKAGE—THERMAL ENVELOPE
(see AIR BARRIER)

AIR SYSTEM BALANCING ............ C408.2.21,
C408.2.2.2, C408.2.5.3

ALTERATIONS
Defined.......... ... . . i C202
Historic buildings ...................... C501.6
Replacement fenestration. . .. ........... C401.21
Requirements. . ......................... C503

ALTERNATE MATERIALS . ................. C102

APPROVED
Defined.......... ... . . i C202

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

APPROVED AGENCY
Defined......... ... ... .. ... .. ....... C202
Inspections . . ........ .. ... ... ... C105.4

AREA-WEIGHTED U-FACTOR. ......... C402.4.3.4

AUTOMATIC
Defined......... .. .. .. .. .. .. ... ... C202

B

BASEMENT WALLS (see WALL, BELOW GRADE)

Requirements . ...................... C303.2.1

BELOW-GRADE WALLS
(see WALL,"BELOW GRADE)

BOARD OF ARPEALS .................... C109
Limitations,on authority. . . . .............. C109.2
Qualifications of members ............... C109.3

BOILERS
Defined............. ... .. ... .. ....... C202
Requirements . . . .. .. Table C403.3.2(5), C403.3.4,

C403.4.3, C404.2, Table C404.2
Setbackcontrols . . . ................. C403.4.1.5
TurAdown controls . .................. C403.3.4

BUILDING
Réfined . ........ .. .. .. C202
Multifamily residential . . . ............. C407.5.2.3

BUILDING COMMISSIONING
Defined......... ... ... . . ... C202
Requirements . ......................... C408

BUILDING ENTRANCE
Defined......... ... .. ... . .. .. ... C202
Exterior lighting. . ............. Table C405.4.2(2)
Lightingcontrols . .. ................. C405.2.1.1
Vestibules. . .............. ... ... ... C402.5.7

BUILDING ENVELOPE
Compliance documentation . .. ... C103.2, C103.2.1
Defined......... ... ... .. ... . ... .. C202
Exemptions................. C402.1.1, C402.1.2
Insulation. . . .......... ... ... .. ... C303.1.1
Insulation and

...C402.1.3, Table C402.1.3,
C402.1.4, Table C402.1.4

fenestration criteria .

Requirements .. .......... ... .. ... ..... C402

Performance method ................... C407.3
BUILDING THERMAL ENVELOPE

Air leakage and barriers . . ............... C402.5

Defined............. ... .. ... .. ....... C202

Doors . ... C402.4.5

Low-energy buildings . ................ C402.1.1
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Performance ................. C402.1, C402.1.3,
C402.1.4, C402.1.5
Rooms with fuel-burning appliances . . . . .. C402.5.3
Specific insulation .. ...... ... ... ... ... C402.2
C
C-FACTOR

Defined ........... .. ... .. ... ... ... .... C202
Assembly U-, C- or F-factor method . . . ... C402.1.4,
Table C402.1.4

CAULKING AND
WEATHERSTRIPPING . . . .. ......... C402.5.11,

C402.5.3, C402.5.4,
C402.5.6, C402.5.8
CHANGE OF OCCUPANCY ......... C501.4, C505
CHILLERS .. .. Table C403.3.2(7), Table C407.5.1(4)

Positive displacement
chilingpackages .................. C403.3.2.2
Water-cooled centrifugal
chillerpackages . ................. C403.3.2.1,

Table C403.3.2(7), Table C407.5.1(5)
CIRCULATING HOT WATER SYSTEM

Defined ........... .. ... .. ... ... ... .... C202
Requirements ............... C404.6.1, C4046.3
CIRCULATINGPUMPS . ............... C403.4.3.3
CIRCULATING SYSTEMS . . .. ......... C4063.4.3'3,
©404.6
CLIMATE ZONES
Defined .....................6.%. ..4... C202
Established ................ € #. ... ... C301
CODE OFFICIAL
Approval of alternate methods, ™= . . ... .. .. Cc102
Defined ........ ... .. .. 8% . . ... ... .. C202
Examination of construction documents . . . .. C103.3
Inspections. . . ....... ... .. . L. C105
COEFFICIENT OF PERFORMANCE (COP)
Defined ........ ... .. ... .. ... ... ... .... C202
Requirements ............... Table C403.3.2(2),
Table C403.3.2(7)
COMMERCIAL BUILDINGS
Compliance .................. C101.2,C101.4 1,
C101.5, C401.1, C401.2, Chapter 5
Defined ....... ... . .. i C202
Total building performance . ............... C407
COMMISSIONING ........................ C408
COMPLIANCE AND ENFORCEMENT
General ........ ... .. ... .. C101.5
Existing buildings. . . ........... ... .. ..., C501.4
COMPRESSOR (REFRIGERATION)
SYSTEMS ........................ C403.10.4.2
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COMPONENT PERFORMANCE

APPROACH. ........................ C402.1.5
COMPUTER ROOM
Air conditioning. . . ............. Table C403.3.2(9)
Defined. . ....... ... ... . . C202
CONDENSING UNITS
Defined. . ......... ... .. ... . . . .. C202
Efficiency requirements . . . ... Tables C403.3.2(1, 6)
CONDITIONED FLOOR AREA
Defined. . ....... .. i C202
CONDITIONED SPACE
Defined. . ......... .. ... . . .. . . C202
Change from nonconditioned
orlowenergy ............ ... .. ...... C503.2
Roof solar reflectance . ................. C402.3
Rooms containing\fuelsburning
appliancesy ™. ¥ . . ... L C402.5.3
CONSTRUCTION DOCUMENTS ... .......... C103
Amended™ =X . ... ... ... ... ... . ... C103.4
Approval.™. . .. ... C103.3.1
Examination. . ........... ... ... .. ... C103.3
Infekmation required. ... ............. ... C103.2
Rhasedapprovals .................... C103.3.3
Previous approvals. . .. ................ C103.3.2
Retentioy. . ............ ... .. ..... C103.5
Revocation. ......................... C105.71
CONTINUOUS AIR BARRIER
Defined. . ......... ... . . C202
Required. ........................... C402.5.1
CONTINUOUS INSULATION
Defined. . .......... ... ... ... .. C202
Requirements. ... ........... C303.2.2,C402.1.3,
Table C402.1.3, C402.2.2, C402.2.3
CONTROLS
Capabilities. ... ........ C403, C403.3.1, C403.4.1,
C403.4.1.2,C403.4.21,
C403.4.2.2,C403.4.3.31,
C403.4.5, C403.7.1, C404.6, 404.7
Chilled waterplants . . ................. C403.4.5
Economizers ....... C403.5, C403.5.1, C403.5.3.2,
C403.5.3.3, Table C403.5.3.3
Energy recovery systems. .............. C403.7.4
Fanspeed ....... C403.8.1, C403.8.5, C403.8.5.1,
C403.9
Freeze protection system. ... .......... C403.12.3
Glazing. . ...... ..o C402.4.3.3
Heatpump ............... C403.4.1.1,C403.4.3.3
Heatingand cooling............ C403.3.1, C403 .4,
C403.5.1
Hotwatersystem...................... C404.6
Humidity. . ......... C403.4.1, C403.5.1, C403.7.4
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HVAC . ...... ... ... ... ... C403.4, C408.2.3.2
Hydronicsystems . ................. ... C403.4.3
Lighting.................... C402.4, C402.4.1.1,

C402.4.1.2,C402.4.2.1,
C402.4.3.1, C405.2, C405.4.1

Offhour.......... ... ... ............ C403.4.2
Service water heating. . . .............. C403.3.3,

C404.5, C404.6
Shutoffdampers. ............ C 403.4.4, C403.7.7
Snowmeltsystem ................... C403.12.2
Temperature. ............... C403.4.1, C403.4.2,

C403.4.2.1, C403.4.2.2,
C403.4.2.3, C403.4.3, C403.7.7

Three-pipesystem . ................. C403.4.3.1
Two-pipe changeover system. . . ....... C403.4.3.2
Variable air volume systems. . . . .. C403.5.2, C403.6
Ventilation. ... ...... ... ... ... ... C403.2.6
COOLING SYSTEMS
Hot gas bypass limitation . .. ............ C403.2.2
COOLINGTOWER ............ C403.9.3, C403.9.4
COOLING WITH OUTDOORAIR. ......... C403.5.1
CRAWL SPACE WALLS
Defined........... ... ... .. ... ... C202
Requirements. .. ......... ... ... ... ... C303.24
CURTAIN WALL
Defined ........ .. ... . . . NN C202
Air leakage of fenestration . ... ... . Table C402.5.2
D
DAMPERS. ............ .4 . %. C402.5.5, C403.7.7
DAYLIGHT RESPONSIVE.CONTROL
Defined.......... N9 i C202
Required. . .. .. C402.4.1, C402.4.1.2, C402.4.21,
C402.4.3.1, C402.4.3.2, C405.2.3.1
DAYLIGHTZONE ........... C402.4.4,C405.2.3.2,
C405.2.3.3
Defined........... .. .. ... . . . ... .. ... C202
Under skylights .. . . C402.4.1.2, C402.4.2, C405.2.2.3
DAYLIGHT ZONE CONTROL. ............ C405.2.3
DEADBAND .............. C403.4.1.2, C403.4.1.3,
C403.4.3.3.1
DEFINITIONS ........................ Chapter 2
DEMAND CONTROL VENTILATION (DCV)
Defined.......... ... .. ... .. ... .. ....... C202
Requirements........................ C403.7 1
DEMAND RECIRCULATION WATER SYSTEM
Defined......... ... . .. C202
Requirements......................... C404.7
DESIGNCONDITIONS . .................... C302
DIRECT EXPANSION (DX)............. C403.8.5.1
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DOORS
Default U-factors. . ............ Table C303.1.3(2)
Garage doors ... C303.1.3
Loadingdocks. . ..................... C402.5.6
Opaque. ...... ..., C402.2.7
Performance requirements . ... .... Table C402.1.3,
Table C402.1.4, C402.4,
C402.4.5,402.5.4
Vestibules . ......................... C402.5.7
DRAIN WATER HEAT RECOVERY ......... C404.8
DUALDUCTVAV ............. C403.6.3,C403.6.4
DUCTS
Defined............. ... .. ... .. ....... C202
Insulation. . ........ C103.2, C403.11.1, C403.11.2,
C403.11.2.1, C403.11.2.2, C403.11.2.3
Sealing ... N, .2 C103.2, C403.11.1, C403.11.2.1,
C403.11.2.2, C403.11.2.3
DUCT SYSTEM
Defiged™™ . . ... ... . C202
Requifements . . .................... C403.11.2
DWELLING UNIT
Defined.............. ... . ... ........ C202
ElectricalMeter. . ...................... C405.5
Lighting. .. ... ... C405.1
Vestiules . . . ........ ... ............ C402.5.7
BYNAMIC GLAZING
Defined........... .. ... . ... ... ... ... C202
Requirements . . .................... C402.4.3.3
E
ECONOMIZER
Air.o ..o Table C403.5, C403.5.3
Controls. . .......... C403.5.1, C403.6.8, C403.6.9
Defined............ .. ... . ... . ....... C202
Fault detection and diagnostics (FDD) . . . C403.2.5.5
High-limit shutoff control . . . ... ....... C403.5.3.3,
Table C403.5.3.3
Requirements . . ............. C403.5.3, C403.5.4
Water ......... ... C403.5.4
EFFICIENCY, ADDITIONAL ................ C406
ELECTRICALMETERS .................. C405.5
ELECTRICALMOTORS .. ................ C405.7
ELECTRICAL POWER AND LIGHTING. . ... .. C405
ELECTRICAL TRANSFORMERS. .......... C405.6
ELEVATORPOWER........... C405.8.1, C405.8.2
ELEVATOR SHAFTS .......... C402.5.4, C402.5.5
ENCLOSED SPACE
Defined......... ... ... . . . ... C202
Underskylights . ..................... C402.4.2
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ENERGY ANALYSIS, ANNUAL

Defined ...... ... .. ... . ... . . ... . ... C202

Documentation. . .................. ... ... C407

Requirements ............ ... .. ... .... C407
ENERGY COST

Compliance performance. .. .............. C401.2

Defined .......... ... ... . .. ... . . ... ... C202

Performancebasis...................... C407.3
ENERGY EFFICIENCY RATIO

(EER). . ... ... C403.3.2,

Tables C403.3.2(1, 2, 3,6, 7)
ENERGY RECOVERY VENTILATION SYSTEMS

Defined .......... .. .. .. . . . C202

Requirements ............... C403.1.1, C403.7.4
ENERGY SIMULATION TOOL

Defined ........ ... ... ... . .. ... . ... C202

Requirementsfuse .. ............ C101.5.1, C407,

C407.2, C407.5
ENTRANCE DOOR

Airleakage. .. .................. Table C402.5.2
Defined . ... ... ... . ... ... ... C202
Thermal performance .............. Table C402.4
ENVELOPE, BUILDING THERMAL
Defined ............ ... .. . .. . . ... ... .. Cc202
ENVELOPE DESIGN METHODS. .. ....... C402.138,
C402.1.446402.1°5
EQUIPMENTBUILDINGS ............. N ©402.1.2
EQUIPMENT EFFICIENCIES. . . ... C103.23C403.3.2;

C403.5.14C403.8'5, C404.2
EQUIPMENT PERFORMANCE

REQUIREMENTS .......... NN ... .. C403.3.2
Boilers ........ ... .. e N Table C403.3.2(5)
Condensing units. .. ..... ... Table C403.3.2(6)
Economizer exception . .. ....... Tables C403.5(2)
Heat rejection equipment. . . .. ... Table C403.3.2(8)
Packaged terminal air conditioners and

heatpump.................. Table C403.3.2(3)
Unitary air conditioners and

condensing units. . . .......... Table C403.3.2(1)

Unitary and applied heat pumps
Warm air duct furnaces and

.. Table C403.3.2(2)

unitheaters................. Table C403.3.2(4)
Warm air furnaces . . ........... Table C403.3.2(4)
Warm air furnaces/
air-conditioning units. . .. ... ... Table C403.3.2(4)
Water chilling packages,
standard . ........ ... ... ..., Table C403.3.2(7)
Water heating ........... Table C404.2, C404.2.1
EQUIPMENT ROOM
Defined .......... .. ... . . . C202
Lower power allowance . . ....... Table C405.4.2(2)
ESCALATORS ... ..................... C405.8.2
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EXEMPT BUILDINGS. .. ........ C401.1.1,C402.1.2
EXHAUSTS. ....... ... ... .. C402.5.5
EXITSIGNS ................... C405.2, C405.3.1
EXISTINGBUILDINGS. . ............... Chapter 5
EXTERIORLIGHTING ........... C405.2.5, C405.4
EXTERNAL SHADING . .......... Table C407.5.1(1)
EXTERIOR WALLS
Defined. . ........ ... . . .. .. ... ... ... C202
Thermal performance. ............ C402, C402.2.2
F
F-FACTOR
Defined. .. ...... ... ... . . . . C202
Assembly U-, C&or
F-factor methodN, . . .. C402.1.4, Table C402.1.4
FAN BRAKE HORSEPOWER (BHP)
Define@mee .0 . .. ... L C202
FAN EFRICIENCY GRADE (FEG)
Defined). . ........ ... .. .. .. ... ... C202
Reguifements. .. ..................... C403.8.3
FAN FLOOR HORSEPOWER ............ C403.8.1
FAN POWER
LIMIFATION. .. ............ Tables C403.8.1(1, 2)
FAN SYSTEM BHP
Allowable . .......................... C403.8.1
Befined. . .......... . ... .. . ... .. C202
FAN SYSTEM DESIGN CONDITIONS
Allowable . .......................... C403.8.2
Defined. . ..... ... ... ... . .. ... ... .. ... C202
FAN SYSTEM MOTOR NAMEPLATE HP
Defined. .. ..... ... ... . . . . C202
FAULT DETECTION & DIAGNOSTICS (FDD)
Economizers...................... C403.2.5.5
FEES. . ... ... ... . . C104
Refunds .......... .. ... ... .......... C104.5
Relatedfees............... ... ........ C104.4
Schedule of permitfees................. C104.2
FENESTRATION
(seealsoDoors).............. C303.1.3, C402.4
Air leakage (infiltration) rate. . . .. .. .. ... C402.5.2,
Table C402.5.2
Defined. .. ....... .. ... . . . . C202
Maximumarea............. C402.4.1,C402.4.1.2
Rating and labeling ........... C303.1.3, C402.1.3
Skylights. . ................ C402.4.1.2,C402.4.2,

C402.4.2.1, C402.4.2.2, C402.4.3,

C502.2.2, C503.3.3

Solar heat gain (SHGC). ... C402.4.3, Table C402.4
Vertical . . .......... C402.1, C402.4.1.1, C402.4.3,
Table C402.4, C502.2.1, C503.3.2
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FENESTRATION PRODUCT,
FIELD-FABRICATED
Defined........... ... .. . i C202
Airleakage .. ........................ C402.5.2

FENESTRATION PRODUCT, SITE-BUILT
Defined........... .. .. ... . .. .. ..., C202

FLOOR AREA, NET
Defined.......... ... ... ... .. ... ..., C202
Fenestrationincrease................ C402.4.1.1

FLOORS
Slabongrade.......... ... ... ... ... C402.2.4
Thermal properties . .. ................. C402.2.3

FREEZE PROTECTION SYSTEMS ....... C403.12.3

FURNACE EFFICIENCY......... Table C403.3.2(4)

G

GENERAL LIGHTING
Additional lighting . . ................ C405.3.2.2.1
Daylightcontrols. . . ................... C405.2.3
Defined........... .. .. ... ... .. ...... C202
Interior lightingpower. . ................ C405.34

GENERAL PURPOSE ELECTRIC MOTORS
Defined........... ... . i a. ce02

GREENHOUSE
Defined...... ... .. . (C202
Buildingenvelope. . ............. &£ . 4. C402.1.1

GUESTROOMS (see SLEEPING UNIT)

GLAZING AREA
Default fenestration U-factorg’. . ,."TFable C303.1.3(1)
Dynamic.............. 8% ....... C402.4.3.3

H
HAZEFACTOR...................... C402.4.2.2
HEATPUMP ............... Tables C403.3.2(2, 3),

C403.4.1.1, C403.4.3.3

HEAT RECOVERY
Drainwater........................... C404.8
Economizerexemption.................. C403.5
Kitchenexhaust . ..................... C403.7.5
Servicewater . ... L. C403.9.5

HEAT REJECTION EQUIPMENT . .......... C403.9,

Table C403.3.2(8)

HEAT TRACESYSTEMS . .. ............. C404.6.2

HEAT TRANSFER
EQUIPMENT ................ Table C403.3.2(9)

HEAT TRAPS
Defined......... ... .. ... .. . . ... C202
Required...................... C404.3, C404.4
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HEATED SLAB
Defined............. ... .. ... .... .. ... C202
Insulation. . . ................... Table C402.1.3,

Table C402.1.4, C402.2.6

HEATING AND COOLING

LOADS............. C302.1, C403.1.1, C403.3.1,
C403.3.2, C403.4.1.1, C403.5
HEATING OUTSIDE A BUILDING .. .. ... C403.121
HIGH-SPEED DOOR
Airleakage .................... Table C402.5.2
Defined......... .. .. ... . . . C202
HISTORIC BUILDINGS
Defined......... .. .. ... . ... ... C202
Compliance. . ............ ... ... ....... C501.6
HOT GAS BYPASS. ... ... C403.3.3, Table C403.3.3
HOTWATER'N,. .0 .. .. ... ... .. C404.2, C404.6
Efficientdelivery ....................... C404.5
Pipingipsulation .............. C403.11.3, C404.4
SystemTontrols . .............. C403.9.5, C404.6
HUMIDISTAT
Defined . ............ ... .. . ... C202
Requirements . . ............. C403.4.1, C403.7.4
HVAC EQUIPMENT
Aut@matic setback and shutdown. ... ... C403.4.2.2
Automatic start capabilities. . .......... C403.4.2.3
Performance requirements . . ........... C403.3.2
SUpply-air temperaturereset ........... C403.6.5
Systemmapzones............ Table C407.5.1(2),
C407.5.21
HVAC SYSTEMS. .................. C403, C408.2
Manuals .......................... C408.2.5.2
Plan. . ... . C408.2.1
Report................... C408.2.4, C408.2.4.1,
C408.2.4.2,C408.2.5.4
HYDRONIC HEAT PUMP SYSTEMS . . . .. C403.4.3.3
|
ICE MELT SYSTEMS ................. C403.12.2
IDENTIFICATION (MATERIALS,
EQUIPMENT AND SYSTEM). ............ C3031

INDIRECTLY CONDITIONED SPACE
(see CONDITIONED SPACE)

INFILTRATION (air leakage)
(see AIR BARRIER)

Defined ......... ... .. . . i C202
INSPECTIONS. .. ......... ... . ... ... ..... C105
Inspection agencies . ................... C105.4
INSULATED SIDING . . . ............... C303.1.4.1
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INSULATION

Continuous insulation ........ C303.2.2,C402.1.3,
Table C402.1.3, C402.2.1

Duct....... ... .. C403.11.1
Identification. . ................ C303.1, C303.1.2
Installation . ............... C303.1.1, C303.1.1.1,
C303.1.2, C303.2

Mechanical system piping . ............ C403.11.3
Piping. ....... ... C404.4
Plenum.............. ... ... ....... C403.11.1
Productrating ....................... C303.1.4
Protection of exposed foundation ........ C303.2.1
Protection of piping insulation ... ... ... C403.11.3.1
Radiant heating systems . . . ............ C402.2.6
Requirements ......... C402.1.3, Table C402.1.3,

C402.2 through C402.2.6
INTEGRATED PART LOAD VALUE

(IPLV)
Defined ........ ... .. i C202
Requirements ............ Tables C403.3.2(6, 7),

C403.3.2.1, Table 403.3(2)
INTERIOR LIGHTING POWER . ... C405.3, C405.3.2

K
KITCHEN EXHAUST ...... C403.7.5, Table C408.7%
L
LABELED

Dampers ................. NS ... .. C403.7.7
Defined ............ ... .. %N%........ C202
Fans................. & N.......... C403.8.3
Glazing, skylights. .. ...... 7. ...... C402.2.11,
C402.4.2.4, C402.5.2
HVAC equipment. .. ........... Table C403.3.2(3)
Lighting .................... C402.5.8, C405.3.1
Requirements ................ C303.1.3, C303.3,
Table C403.3.2(3)

LIGHTING POWER
Additional lighting. ... ...... C405.3.2.2.1, C405.4.1
Design procedures. . .. ................ C405.3.2,
C405.3.2.1, C405.3.2.2
Exterior connected. . . .......... C405.4, C405.4 .1,
Tables C405.4.2(1, 2)
Interior connected . ... C405.3, C405.3.1, C405.3.2,
Tables C405.3.2(1, 2)
LIGHTINGSYSTEMS. ... .................. C405
Controls, exterior . . . .................. C405.2.5,

Tables C405.4.2(1, 2), C405.4.1
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Controls, interior. . .. ................. C405.2.2,
C405.3, C405.3.1, C405.3.2,
Tables C405.3.2(1, 2)

Daylight responsive .. ....... C405.2.3, C405.2.3.1
Dwelling and sleeping units . . . . .. C405.1, C405.2.2,
C405.2.3, C405.2.4, C405.3.1
Existing buildings . . ... ......... C502.1, C502.2.6,
C503.1, C503.6, 504.1
Lightreduction..................... C405.2.2.2
Occupant sensor controls . ...C405.2.1, C405.2.1.1,
C405,2.1.2
Recessed........................... C402.5.8
Retaildisplay . .................... C405.3.2.21
Specific applications. . . ................ C405.2.4
Time switch controls. . .. ... .. C405.2.2, C405.2.2.1
LINER SYSTEM (Ds)
Defined. . . . Q™ ¥ . .. .. C202
Insulation .5, ...l Table C402.1.3
LISTED
Definedy.™. ... ... C202
Kiteéhengexhausthoods. . ............... C403.7.5
Skylights. . ........................ C402.2.11
LOADING DOCK WEATHERSEALS. ... ... C402.5.6
LOW-ENERGY BUILDINGS. .. ........... C402.1.1
LOW-SLORED ROOF
Defined, . .......... ... . ... . ... C202
ReofgOlar reflectance . ................. C402.3
RUMINAIRE
Controls . . ................... C405.2, C405.2.1,
C405.2.2, C405.2.3, C405.2.4
Sealed ......... ... .. ... . . C402.5.8
Wattage . .. ................. C405.3.1, C405.4.1
M
MAINTENANCE
General ....................... C501.2, C501.3
Instructions for equipment and systems. . . . . C303.3
Owner responsibility. . .................. C501.3
MANUALS ........... .. ... .. .. C101.5.1
Defined. . ........ ... .. . . . C202
MASS
Floor............. Table C402.1.3, Table C402.1.4
Wall ... C402.2.2
MATERIALS AND EQUIPMENT ............. C303
MECHANICAL SYSTEMS AND
EQUIPMENT ........................... C403
Existing buildings . . .. ........... C501.5, C502.1,
C502.2.3, C503.4, C504
MECHANICAL VENTILATION. . . .. C403.1, C403.2.2
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METERS, ELECTRICAL . ................. C405.5
MOTOR NAMEPLATE
HORSEPOWER...................... C403.8.2
Efficiency ............. ... .. ... ... C405.7
MOVING WALKWAYS . ................. C405.8.2
MULTIFAMILY
RESIDENTIAL BUILDINGS. .. ........ C407.5.2.3
MULTIPLE-ZONE SYSTEMS .. .. .......... C403.6,
C403.6.5
N
NAMEPLATE HORSEPOWER
Defined........... ... . . i C202
NET FLOOR AREA (see FLOOR AREA, NET)
NONCONDITIONED SPACE
Alterations. . . .. ... .. L C503.2
NONSTANDARD PART LOAD VALUE
Defined........... ... ... .. .. .. . ..... C202
(0]
OCCUPANCY
Complex HVAC systems .. .............. C408:6
Compliance. .. ................. C101.45€10¢.5
Lighting power
allowances. . . ... C405.2.2, C405.3,28C205%8.2.1,
Table§,C405:3.2(1, 2)
Mixed occupancies...........#£-.NN,. . C10444
OCCUPANT SENSOR CONTROL
Commissioning. ......... . &. ... ... C408.3.11
Defined.......... ... .. 8N ... C202
Outdoor heating . .. .. % . 5% .. ....... C403.12.1
Required. ... .... C405,21, C405.2.1.1, C405.2.1.2
OFF-HOUR, CONTROLS .. ..... C403.4.2,C403.7.7,
C405.2.2.1
ON-SITE RENEWABLE ENERGY
Defined.......... ... .. ... .. ... .. ....... C202
OPAQUE AREAS ... ... ... C402.1, Table C402.1.3,

Table C402.1.4
OPAQUE DOORS
Defined............ ... ... . ... . . . . . .. ... C202
Regulated .. ................... Table C402.1.3,
C402.1.4,C402.4.5
OPERATING &

MAINTENANCE MANUAL. ........... C408.2.5.2
ORIENTATION

Daylight Responsive controls . . . .. ... .. C405.2.3.1

Fenestration . .................... Table C402.4

Thermostatic controls . . ... ... C403.4.1, C407.5.2.2
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PACKAGED TERMINAL
AIR CONDITIONER (PTAC)
Requirements .. .............. Table C403.3.2(3)
PACKAGED TERMINAL HEAT PUMP
Requirements . . .............. Table C403.3.2(3)
PARKING GARAGE VENTILATION. ... ... C403.7.2
PERFORMANCE ANALYSIS ............... c407
PERMIT (see FEES)
Work commencing before permit ... ... .. C104.3
PIPEINSULATION ................... C403.11.3,
Table C403.11.3, C404 .4
PLANS AND SPECIFICATIONS . . ........... C103
PLENUMS
Insulation ahd sealing. . .............. C403.11.1
POOLS. . €u. N ... .. C404.9
Contrels. % .~ . .............. C404.9.1,404.9.2
Covers. " . .. C404.9.3
Existing buildings .................... C502.2.5
ROWERED ROOF/WALL VENTILATORS
Déefined............. ... .. . . ... C202
Fan efficiency exemption .............. C403.8.3
PROROSED DESIGN
Befined ... ......... .. ... .. ... ... ... C202
Requitements . . ... ... ... .. ... .. .... C407
PUBLIC LAVATORY .. ................... C404.5
PUMPING SYSTEMS .......... C403.4.3.3, C404.6,
C408.2.2.2
R
R-VALUE
Above-gradewalls ................... C402.2.2
Defined............ .. ... . ... .. ....... C202
Insulation component method. . ......... C402.1.3,
Table C402.1.3
Roofassemblies..................... C402.2.1
Slabsongrade ...................... C402.2.4
Steel stud walls. . . ... C402.1.4.1, Table C402.1.4.1
RADIANT HEATING SYSTEM
Defined......... ... ... .. ... .. ....... C202
Insulation. . . .......... ... ... ... C402.2.6
READY ACCESS
Defined............. ... . . ... C202
Lighting controls . ......... C405.2.2.3, C405.2.31
RECOOLING . .......................... C403.6
REFERENCED STANDARDS. . . . ... C107, Chapter 6
REFRIGERATED WAREHOUSE COOLER
Defined........ ... ... .. . . ... C202
Requirements . . ......... ... ... ..... C403.10.1
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REFRIGERATED WAREHOUSE FREEZER

Defined .......... ... ... ... . . .. ... ... C202
Requirements . ......... ... . ... . ... C403.10.1
REFRIGERATION EQUIPMENT
Performance . .. .. C403.10, Tables C403.10.1(1, 2)
REGISTERED DESIGN PROFESSIONAL
Commissioning ......................... C408
Defined ............ ... ... ... ... .. ..... C202
REHEATING.................. C403.6.5, C403.9.5
REPAIR
Defined ........... .. ... ... ... .. ... .... C202
Historic buildings . . . ........... ... .. .... C501.6
Requirements ................... C501.5, C504
REPLACEMENT MATERIALS. . ............ C501.5
Replacement fenestration . ............. C401.21
REROOFING
Defined ........ ... ... ... . .. ... . . ... ... C202
RESETCONTROL ..................... C403.6.5
RESIDENTIAL BUILDINGS
Compliance ........... C101.2, C101.4.1, C101.5
Defined ........ .. .. ... . . i C202
ROOF ASSEMBLY
Defined ........... ... ... . .. ... . ... C202
Fenestration............... C402.4.1, C402.4.9:2,
C402.4.2, C405,2.3.3
Recover........ ... .. ... .. ... ...... ™ C5034
Reflectance and
emittanceoptions . . . ........... & Table,C402.3
Repairs .....................4..%. ... C504.1
Replacement ...............{ . 7. C503.3.1
Requirements ............. €303.1.1.1,C402.2.1
Solar reflectance and
thermal emittance. . ... O N........... C402.3
ROOF RECOVER
Defined ........... .. ... .. ... ... ... .... C202
Exemption . ..... ... ... ... .. C503.1
ROOF REPAIR
Defined ............ ... ... ... . .. .. ... C202
Exemption ....... ... ... .. .. L C504.1
ROOF REPLACEMENT
Defined ........ ... .. ... .. ... ... ... . ... C202
Requirements ....................... C503.3.1
ROOFTOP MONITOR
Daylightzones...................... C405.2.3.2
Defined ........ ... .. ... .. ... ... ... . ... C202
Skylights required .................... C402.4.2
ROOF VENTILATORS

(see POWERED ROOF/ WALL VENTILATORS)

ROOMS WITH FUEL-BURNING
APPLIANCES .. ..................... C402.5.3
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SATURATED CONDENSING TEMPERATURE
Defined. . ......... ... .. ... . . ... ... C202
Refrigeration systems .............. C403.10.4.1
SCOPEOFCODE ...................... C101.2
SCREW LAMP HOLDERS
Defined. . ......... ... . . . i C202
Requirements. .. ..................... C405.3.1
SEASONAL ENERGY EFFICIENCY
RATIO (SEER). .......... Tables C403.3.2(1, 2, 3)
SERVICE WATER HEATING
Defined. . ......... ... ... ... . . ... ... C202
Drain water heatrecovery . .............. C404.8
Efficiency .............. ... ... C404.2.1, 404.5
Existing buildings,. . . ... .. C502.2.4, C503.5, C504.1
RequirementSw,. . %" . . .. C403.9.5, C404, C404.2,
C404.2.1, 404.5, 404.6, 404.7
SETBACK<EHERMOSTAT.............. C403.4.2,
C403.4.2.1,C403.4.2.2
SHADING). . .. ................. C402.3, C402.4.3
SHGC
(see”SOLAR HEAT GAIN COEFFICIENT)
SHUTOFR DAMPERS .......... C402.5.5, C403.7.7
SIMULATED PERFORMANCE
ALTERNATIVE . ........................ Cc407
SIMULATION TOOL
(see ENERGY SIMULATION TOOL)
SINGLEZONE ......................... C403.5
SIZING
Equipmentand system. ................ C403.3.1
SKYLIGHTS ................... C402.1.5, C402.3,
Table C402.4, C402.4.3.1, C402.4.3.2
Additions . ........ ... C502.2.2
Air leakage (infiltration) ........... Table C402.5.2
Alterations ............... ... .. ..... C503.3.3
Curbinsulation..................... C402.2.11
Defined (see Fenestration). .. .............. C202
Hazefactor........................ C402.4.2.2
Lightingcontrols. . .. ................ C402.4.21
Maximumarea............. C402.4.1,C402.4.1.2
Minimumarea ....................... C402.4.2
SLAB-EDGE INSULATION ...... C303.2.1, C402.2.4
SLEEPING UNIT
Defined. . ......... ... . . .. C202
Lighting. . . ... C405.1, C405.2.2, C405.2.4, C405.2.3
SMALL ELECTRIC MOTOR
Defined. . .......... ... .. ... . . ... . ... C202
Minimum efficiency. . ................... C405.7
SNOW MELT AND ICE SYSTEM
CONTROLS........................ C403.12.2
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SOLAR HEAT GAIN COEFFICIENT
(SHGC). ... C103.2, Table C303.1.3(3), C402.4.1.1,
C402.4.3, Table C402.4, C402.4.3.1

Defined.......... ... .. . . . C202
Dynamicglazing.................... C402.4.3.3
Replacement products . .. .............. C401.21
SPAS. ... ... C404.9, C404.10
STAIRWAYS . ........ C402.5.4, C402.5.5, C403.7.7,

C405.2, C405.2.1.1, Table C405.3.2(2)
STANDARD REFERENCE DESIGN

Defined.......... ... . . i C202
Requirements. . ... ... C407, Tables C407.5.1(1, 3)
STANDARDS, REFERENCED . . . . .. C107, Chapter 6
STEELFRAMING ................ Table C402.1.3,
Table C402.1.4, C402.1.4.1
STOPWORKORDER. ..................... C108
Authority . . ...... ... ... .. ... C108.1
Emergencies. .. ......... ... .. .. ... .. C108.3
Failuretocomply ...................... Cc108.4
Issuance. ........ ... i C108.2
STOREFRONT
Defined.......... ... .. ... . ... .. C202
Glazing .. ......... .o i Table C402.5.2
SUPPLY AIR TEMPERATURE
RESETCONTROLS .................. C403.6.5
SUSPENDED CEILINGS. .. ............§ €40272.1
SWIMMINGPOOLS ..............#&. ). . C404.9
T
TEMPERATURE DEADBANDY/. . .. . .. C403.4.3.3.1

THERMAL CONDUCTANCE (see»C-Factor)
THERMAL MASS (see MASS)

THERMAL RESISTANCE (see R-VALUE)
THERMAL TRANSMITTANCE (see U-FACTOR)
THERMOSTAT

Defined........ ... ... . . . . C202
Poolsand spaheaters ................. C404.91
Requirements . ............... C403.4,C403.4.1,

C403.2.4.1.2, C403.4.1.3,
C403.4.2, C403.6

Setback capabilities .. ................. C403.4.2
TIME SWITCH CONTROL

Defined........ ... ... ... . . . . . . . .. C202

Requirements . ............. C405.2.2, C405.2.2.1
TOTAL BUILDING PERFORMANCE . .. .. ... .. c407
TOWNHOUSE (see RESIDENTIAL BUILDINGS)
TRANSFORMERS, ELECTRIC. .. ... ....... C405.6
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Energy recovery system............... C403.7.4
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CHAPTER 1 [RE]
SCOPE AND ADMINISTRATION

User note:

About this chapter: Chapter 1 establishes the limits of applicability of this code and describes how the code is to be applied and enforced.
Chapter 1 includes two parts: Part T—Scope and Application (Sections 101-102) and Part 2—Administration and Enforcement (Sections
103-109). Section 101 identifies which buildings and structures come under its purview and references other I-Codes as applicable. Stan-
dards and codes are scoped to the extent referenced (see Section 108.1).

The provisions of Chapter 1 establish the authority and duties of the code official appointed by the authority having jurisdiction and also estab-
lish the rights and privileges of the design professional, contractor and property owner.

PART 1—SCOPE AND APPLICATION

SECTION R101
SCOPE AND GENERAL REQUIREMENTS

R101.1 Title. This code shall be known as the 2024 City of
Boulder Energy Conservation Code, and shall be cited as
such. It is referred to herein as “this code.”

R101.2 Scope. This code applies to residential buildings and
the building sites and associated systems and equipment.

R101.3 Intent. This code shall regulate the design and
construction of buildings for the effective use and conSes;
vation of energy over the useful life of each buildihg. This
code is intended to provide flexibility to permit thé,usecvof
innovative approaches and techniques tomachiéwe this
objective. This code is not intended tof abridge safety,
health or environmental requirementsseontéined in other
applicable codes or ordinances.

R101.4 Applicability. Where, in_ahy specific case, diffesens
sections of this code specify diffcrefit materials, methods of
construction or other requirgments, the most restrictive shall
govern. Where there isy afconflict between a general
requirement and a specific %requirement, the specific
requirement shall govern.

R101.4.1 Mixed residential and commercial buildings.
Where a building includes both residential building and
commercial building portions, each portion shall be
separately considered and meet the applicable Commercial
Provisions of this code or Residential Provisions of this
code.

R101.5 Compliance. Residential buildings shall meet the
Residential Provisions of this code. Commercial buildings
shall meet the Commercial Provisions of this code.

R101.5.1 Compliance materials. The code official is
authorized to require compliance documentation, certifi-
cates, or reports prior to issuance of the building permit,
the certificate of occupancy, or prior to passing inspec-
tions. The production of this documentation shall be in
support of demonstrating compliance with the applicable
requirements, construction installation method, or the
energy compliance path being utilized.
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SECTION R102
ALTERNATIVE MATERIALS, DESIGN AND
METHODS OF CONSTRUCTION AND EQUIPMENT

R102.1 GeneralNI'hefprovisions of this code are not intended
to prevent the Jnstallation of any material or to prohibit any
design orymethod of construction not specifically prescribed
by this=eede, provided that any such alternative has been
approyed. The chief building official shall have the authority
to approve an alternative material, design or method of
comstruction upon the written application of the owner or the
owner’s authorized agent. The chief building official shall
first find that the proposed design is satisfactory and complies
with the intent of the provisions of this code, and that the
matesidl, method or work offered is, for the purpose intended,
not less than the equivalent of that prescribed in this code for
strength, effectiveness, fire resistance, durability, energy
eonservation and safety. The code official shall respond to the
applicant, in writing, stating the reasons why the alternative
was approved or was not approved.

R102.1.1 Above code programs. The chief building
official shall be permitted to deem a national, state or
local energy-efficiency program to exceed the energy
efficiency required by this code. Buildings approved in
writing by such an energy-efficiency program shall be
considered to be in compliance with this code where such
buildings also meet the requirements identified as
“mandatory” and in Table R406.1.1 and the building
thermal envelope is greater than or equal to the levels of
efficiency and solar heat gain coefficients in Tables
402.1.1 and 402.1.3 of the 2009 International Energy
Conservation Code.

R102.1.2 Compliance with Federal and State Law and
Regulations. The chief building official may modify for
individual cases the provisions of this code to allow a
design, installation, or construction not in compliance
with the provisions of this code, if otherwise the
provisions of this code would result in a violation of
federal or state legislation or regulations and the
modification would be the minimum modification that
provides relief.
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PART 2—ADMINISTRATION AND ENFORCEMENT

SECTION R103
CONSTRUCTION DOCUMENTS

R103.1 General. Construction documents, technical reports
and other supporting data shall be submitted in one or more
sets, or in digital format where allowed by the code official,
with each application for a permit. The construction
documents and technical reports shall be prepared by a
registered design professional where required by the statutes
of the jurisdiction in which the project is to be constructed.
Where special conditions exist, the code official is authorized
to require necessary construction documents to be prepared
by a registered design professional.

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

R103.2 Information on construction documents.
Construction documents shall be drawn to scale on suitable
material. Electronic media documents are permitted to be
submitted where approved by the code official. Construction
documents shall be of sufficient clarity to indicate the
location, nature and extent of the work proposed, and show in

sufficient detail pertinent data and features of the buildin atll ateq
systems and equipment as herein governed. Details 11 nduc
co

include the following as applicable:
1. Energy compliance path.

2. Insulation materials and their R-values.

17. Number and location of EV capable spaces.
18. Number and location of EV ready spaces.
19. Number and location of EVSE installed spaces.

20. Locations of conduit and termination points serving the
aforementioned parking spaces.

21. Location for condensate drainage where combustion
equipment for space heating and water heating is
installed.

22. Additional Conservation measures selected for compli-
ance with R408.

R103.2.1 Building thermal envelope depiction. The
building thermal envelope shall be represented on the con-
struction documents in both plan and trans-sectional views
and shall outline,the extent of the building thermal enve-

lope. y
R103.3 Exa in% documents. The code official shall
t

examine o be examined the accompanying
constructio ments and shall ascertain whether the
cons dicated and described is in accordance with
ents of this code and other pertinent laws or

the, require
rNces. The code official is authorized to utilize a
istered design professional, or other approved entity not
fi

ith the building design or construction, in
the review of the plans and specifications for

mpliance With the code.

341 Approval of construction documents. When
ode official issues a permit where construction

) o documents are required, the construction documents shall
3. Fenestration U-factors and solar hea @ ocfficien e endorsed in writing and stamped “Reviewed for Code

(SHGQ).

4. Area-weighted U-factor a
coefficients (SHGC) calculati

5. Mechanical system desigx ia.
6. Mechanical and service water-heating systems and

equipment types, sizes, and efficiencies.

olar heat gain

7. Equipment and system controls.
8. Duct sealing, duct and pipe insulation and location.
9. Air sealing details.

10. Details of additional electric infrastructure, including
branch circuits, conduit, or pre-wiring, and panel
capacity in compliance with the provisions of this code.

11. Location of pathways for routing of raceways or cable
from the solar ready zone to the electrical service panel.

12. Total area of glazed vertical fenestration as a percent-
age of conditioned floor area.

13. Location and size of the solar-ready zone.

14. Structural design loads of roof dead load and roof live
load.

15. Pathways for routing of conduit from the solar-ready
zone to the electrical service panel.

16. Number and location of EV capable light spaces.

Compliance.” Such approved construction documents
shall not be changed, modified, or altered without
authorization from the code official. Work shall be done in
accordance with the approved construction documents.

One set of construction documents so reviewed shall be
retained by the code official. The other set shall be
returned to the applicant, kept at the site of work and shall
be open to inspection by the code official or a duly
authorized representative.

R103.3.2 Previous approvals. This code shall not require
changes in the construction documents, construction, or
designated occupancy of a structure for which a lawful
permit has been heretofore issued or otherwise lawfully
authorized, and the construction of which has been
pursued in good faith within 180 days after the effective
date of this code and has not been abandoned.

R103.3.3 Phased approval. The code official shall have
the authority to issue a permit for the construction of part
of an energy conservation system before the construction
documents for the entire system have been submitted or
approved, 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.
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R103.4 Amended construction documents. Work shall be
installed in accordance with the approved construction
documents, and any changes made during construction that
are not in compliance with the approved construction
documents shall be resubmitted for approval as an amended
set of construction documents.

R103.5 Retention of construction documents. One set of
approved construction documents shall be retained by the
code official for a period of not less than 180 days from date
of completion of the permitted work, or as required by state
or local laws.

SECTION R104
FEES

R104.1 Fees. A permit shall not be issued until the fees
prescribed in Section R104.2 have been paid, nor shall an
amendment to a permit be released until the additional fee, if
any, has been paid.

R104.2 Schedule of permit fees. Where a permit is required,
a fee for each permit shall be paid as required, in accordance
with the schedule as established by the applicable governing
authority.

R104.3 Work commencing before permit issuance. Ay
person who commences any work before obtaining, the
necessary permits shall be subject to an additionaly fde
established by the code official that shall be in additignytoithe
required permit fees.

R104.4 Related fees. The payment of ghe ifec\for the
construction, alteration, removal, or demolitiefi of Work done
in connection to or concurrently withf'thewovk or agfivity
authorized by a permit shall notgrelieve the applicant or
holder of the permit from the payiment ofOther fees that*are
prescribed by law.

R104.5 Refunds. The code offictals authorized to establish
a refund policy.

SECTION R105
INSPECTIONS

R105.1 General. Construction or work for which a permit is
required shall be subject to inspection by the code official or
his or her designated agent, and such construction or work
shall remain visible and able to be accessed for inspection
purposes until approved. It shall be the duty of the permit
applicant to cause the work to remain visible and able to be
accessed for inspection purposes. Neither the code official
nor the jurisdiction shall be liable for expense entailed in the
removal or replacement of any material, product, system or
building component required to allow inspection to validate
compliance with this code.

R105.2 Required inspections. The code official or his or her
designated agent, upon notification, shall make the
inspections set forth in Sections R105.2.1 through R105.2.5.

R105.2.1 Footing and foundation inspection.
Inspections associated with footings and foundations shall
verify compliance with the code as to R-value, location,
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thickness, depth of burial and protection of insulation as
required by the code and approved plans and
specifications.

R105.2.2 Framing and rough-in inspection. Inspections
at framing and rough-in shall be made before application
of interior finish and shall verify compliance with the code
as to: types of insulation and corresponding R-values and
their correct location and proper installation; fenestration
properties such as U-factor and SHGC and proper
installation; and air leakage controls as required by the
code; and approved plans and specifications.

R105.2.3 Plumbing rough-in inspection. Inspections at
plumbing rough-in shall verify compliance as required by
the code, approved plans, and specifications as to types of
insulation and corresponding R-values, protection, and
required controls.

R105.2.4 Meehanical rough-in inspection. Inspections at
mechanigalweugh-in shall verify compliance as required
by the, cade, approved plans, and specifications as to
in§talled) HVAC equipment type and size, required
eontrels, system insulation and corresponding R-value,
system air leakage control, programmable thermostats,
dampers, whole-house ventilation, and minimum fan
efficiency.

Exception: Systems serving multiple dwelling units
shall be inspected in accordance with Section C105.2.4
ofithis code.

R105.2.5 Electrical system. Inspections shall verify
lighting system controls, components, meters, and
additional electric infrastructure, as required by the code,
approved plans, and specifications.

R105.2.6 Solar ready. As required by the code, approved
plans and specifications, inspections shall verify the
location and size of the solar-ready zone or the capacity of
an installed on-site renewable energy system and the
electrical capacity and reserved physical space for circuit
breakers in the main electrical service panel that are
properly labeled.

R105.2.7 Electric Vehicle Ready. As required by this
code, approved plans and specifications, inspections shall
verify the EV power transfer infrastructure requirements,
the branch circuits, conduit and/or raceway, junction
boxes, receptacles and EVSE are properly labeled and
installed for each parking space type. If applicable,
inspections shall also verify the electrical capacity and
reserved physical space for circuit breakers in the main
electrical service panel are properly labeled.

R105.2.8 Electric ready. As required by this code,
approved plans and specifications, inspections shall verify
the branch circuits, conduit and/or raceways, wiring,
junction boxes and receptacles for future electric
equipment or appliances are properly labeled and installed,
as applicable. Inspections shall also verify reserved
physical space for future electric equipment or appliances
as well as electrical capacity and reserved physical space
for circuit breakers in the main electrical service panel are
properly labeled.
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R105.2.9 Final inspection. The building shall have a final
inspection and shall not be occupied until approved. The
final inspection shall include verification of the
installation of all required building systems, equipment
and controls and their proper operation and the required
number of lamps and fixtures.

R105.3 Reinspection. A building shall be reinspected where
determined necessary by the code official.

R105.4 Approved third party inspection agencies. The
code official is authorized to accept reports of third-party
inspection agencies not affiliated with the building design or
construction, provided that such agencies are approved as to
qualifications and reliability relevant to the building
components and systems that they are inspecting or testing,
and approval is granted prior to issuance of the building
permit.

R105.4.1 Authorization of approved third party
inspection agency. To be approved, a third-party
inspection agency shall provide all requested information
for the code official to determine that the agency meets the
applicable requirements specified in Sections R105.4.1.1
through R105.4.1.3 and to authorize its work in the
jurisdiction.

R105.4.1.1 Independence. An approved third-party
inspection agency shall be an independent business
identity. The agency shall perform its dutiesy in
accordance with the scope of delegated responsibilities
established by the code official. The agencyisshall
disclose to the code official any conflictsfofjinterest
including where fees for service are derif€d@™»The
agency shall acknowledge in writing” thag, 1, is only
authorized to work within the scope of) delegated
responsibilities.

R105.4.1.2 Equipment. AnNgpproved third-party
inspection agency shall have€=ad@quate equipment to
perform inspections and “test$, required by the code
official and this code. All testing equipment shall be
periodically calibrated as required by the manufacturer,
testing standards used in this code, or certifications
held by the approved third-party inspection agency.

R105.4.1.3 Personnel. Personnel assigned by an
approved third-party inspection agency to perform
inspections and testing shall be trained or credentialed
and documentation of training or credentials shall be
available to the code official upon request.

R105.4.1.4 Delegated authority. Where an approved
third-party inspection agency shall have the authority to
perform delegated inspections and determine
compliance or noncompliance of work with approved
construction documents.

R105.4.2 Approved third-party inspection agency
reporting. An approved third-party inspection agency
shall keep records of delegated inspections, tests, and
compliance documentation required by this code. The
agency shall submit reports of delegated inspections and
tests to the code official and to the owner or owner’s rep-
resentative. Reports shall indicate the compliance determi-
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nation for the inspected or tested work based on approved
construction documents. A final report documenting
required delegated inspections and tests, and correction of
any discrepancies noted in the inspections or tests, shall be
submitted, with other required compliance documentation,
at a time required by the code official.

R105.5 Inspection requests. It shall be the duty of the permit
holder or their duly authorized agent to notify the code
official when work is ready for inspection. It shall be the duty
of the permit holder to provide access to and means for
inspections of such work that are required by this code.

R105.6 Reinspection and testing. Where any work or
installation does not pass an initial test or inspection, the
necessary corrections shall be made to achieve compliance
with this code. The work or installation shall then be
resubmitted to the code official for inspection and testing.

SECTION R106
NOTICE OF APPROVAL

R10641 Appreval. After the prescribed tests and inspections
indicate that the work complies in all respects with this code,
@noticc'of approval shall be issued by the code official.

R106.2 Revocation. The code official is authorized to, in
writing, suS§pend or revoke a notice of approval issued under
the prowisions of this code wherever the certificate is issued
in error, or ovthe basis of incorrect information supplied, or
where,it isdetermined that the building or structure, premise,
or pertién thereof is in violation of any ordinance or
regulation or any of the provisions of this code.

SECTION R107
VALIDITY

R107.1 General. If a portion of this code is held to be illegal
or void, such a decision shall not affect the validity of the
remainder of this code.

SECTION R108
REFERENCED STANDARDS

R108.1 Referenced codes and standards. The codes and
standards referenced in this code shall be those indicated in
Chapter 6, and such codes and standards shall be considered
as part of the requirements of this code to the prescribed

extent of each such reference and as further regulated in
Sections R108.1.1 and R108.1.2.

R108.1.1 Conflicts. Where conflicts occur between
provisions of this code and referenced codes and
standards, the provisions of this code shall apply.

R108.1.2 Provisions in referenced codes and standards.
Where the extent of the reference to a referenced code or
standard includes subject matter that is within the scope of
this code, the provisions of this code, as applicable, shall
take precedence over the provisions in the referenced code
or standard.
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R108.2 Application of references. References to chapter or
section numbers, or to provisions not specifically identified
by number, shall be construed to refer to such chapter,
section, or provision of this code.

R108.3 Other laws. The provisions of this code shall not be
deemed to nullify any provisions of local, state, or federal
law. This code is intended to comply with and be interpreted
and enforced so as to comply with 42 U.S.C. Section
6297(f)(3) and any other federal requirements to avoid
preemption. For purposes of 42 U.S.C. Section 6297(f)(3),
this code, including all provisions contained herein, is a local
building code for new construction.

SECTION R109
STOP WORK ORDER

R109.1 Authority. Where the code official finds any work
regulated by this code being performed in a manner contrary
to the provisions of this code or in a dangerous or unsafe
manner, the code official is authorized to issue a stop work
order.

R109.2 Issuance. The stop work order shall be in writing and
shall be given to the owner of the property, the owner’s
authorized agent or the person performing the work. Upo
issuance of a stop work order, the cited work s

1
immediately cease. The stop work order shall state the n
for the order and the conditions under which the cited\w S

authorized to resume.

R109.3 Emergencies. Where an emergency
official shall not be required to give a wri
stopping the work.

code
icevprior %
R109.4 Failure to comply. Any p s@ shall co
any work after having been sery, i top work orde

except such work as that per:
remove a violation or uns

fines established by the auK

SECTION R110
MEANS OF APPEALS

R110.1 General. Appeals of orders, decisions or determina-
tions made by the code official relative to the application and
interpretation of this code shall be heard by the board of
building appeals established under Section 2-3-4, “Board of
Building Appeals,” B.R.C. 1981, unless the city manager
determines that, due to the nature of the issues in a particular
appeal., to appoint a hearing office under Section 1-3-5,
“Hearings and Determinations,” B.R.C. 1981.

i§ directed to perform to
itten, shall be subject to
ing jurisdiction.

R110.2 Limitations on authority. An application for appeal
shall be based on a claim that the provisions of this code or
the rules legally adopted thereunder have been incorrectly
interpreted or applied or that an equally good or better
material, design, or method of construction is proposed. The
board or hearing officer has no authority to waive
requirements of this code or interpret the administration of
this code.
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R110.3 Application. An application for appeal must be filed
in writing with the city manager within fourteen days after
the date of refusal of the building permit or refusal of
approval of the work performed under the permit or
revocation or suspension of the building permit or certificate
of occupancy or certificate of completion stating the basis for
the appeal.

R110.4 Administration. The code official shall take
immediate action in accordance with the decision of the
board.

R110.5 Fee. An applicant for an appeal shall pay the fee
prescribed by Section 4-20-47, “Zoning Adjustment and
Building Appeals Filing Fees,” B.R.C. 1981. The fee for an
appeal heard by a hearing officer shall be the same as the fee
for an appeal heard by the board of building appeals.

VECTION R111
VIOLATIONS
al. The provisions for violations set forth in

the City of Boulder Building Code as part of
-5, “Building Code,” B.R.C. 1981, shall apply to

R111.1
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CHAPTER 2 [RE]
DEFINITIONS

User note:

About this chapter: Codes, by their very nature, are technical documents. Every word, term and punctuation mark can add to or change the
meaning of a technical requirement. It is necessary to maintain a consensus on the specific meaning of each term contained in the code.
Chapter 2 performs this function by stating clearly what specific terms mean for the purpose of the code.

SECTION R201
GENERAL

R201.1 Scope. Unless stated otherwise, the following words and
terms in this code shall have the meanings indicated in this
chapter and Section C202 when applicable.

R201.2 Interchangeability. Words used in the present tense
include the future; words in the masculine gender include the
feminine and neuter; the singular number includes the plural
and the plural includes the singular.

R201.3 Terms defined in other codes. Terms that are nof
defined in this code but are defined in the International
Building Code, International Fire Code, International@ue!
Gas Code, International Mechanical Code, Integuatiewal
Plumbing Code or the International Residential Code shallhave
the meanings ascribed to them in those codes.

R201.4 Terms not defined. Terms not defin€d by,this chaptes
shall have ordinarily accepted meaningsssuchias the context
implies.

SECTION\R202
GENERAL'DEFINITIONS

ABOVE-GRADE WALL. Aywall 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.

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

ACCESSORY DWELLING UNIT (ADU). A separate and
complete single housekeeping unit within a detached
dwelling unit or within an accessory structure to the principal
dwelling unit of the lot or parcel upon which the unit is
located.

AIR BARRIER. One or more materials joined together in a
continuous manner to restrict or prevent the passage of air
through the building thermal envelope and its assemblies.

AIR-HANDLING UNIT. A blower or fan used for the
purpose of distributing supply air to a room, space or area.

ALL-ELECTRIC. Refers to an energy source for a system,
appliance or piece of equipment that is fueled by electricity.
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ALL-ELECTRIC BUILDING. A building that uses a
permanent supply of electricity as the source of energy for all
space heating, water heating (including pools and spas),
cooking applidnces, and clothes drying appliances, and has
no natural gas, prepdne or fuel-oil plumbing installed in the
building,

ALTERATION. Any construction, retrofit or renovation to
apexisting structure other than repair or addition. Also, a
ghanggin a building, electrical, gas, mechanical or plumbing
system1 that involves an extension, addition or change to the
agrangement, type or purpose of the original installation.

ALTERATION, LEVEL 1. An alteration that includes the
removal and replacement or the covering of existing
materials, elements, equipment, or fixtures using new
materials, elements, equipment, or fixtures that serve the
same/purpose.

ALTERATION, LEVEL 2. An alteration that includes the
reconfiguration of space, the addition or elimination of any
door or window, the reconfiguration or extension of any
system, or the installation of any additional equipment.

ALTERATION, LEVEL 3. An alteration where the work
exceeds 50 percent of the building floor area.

APPROVED. Acceptable to the code official.

APPROVED AGENCY. An established and recognized
agency that is regularly engaged in conducting tests
furnishing inspection services, or furnishing product
certification, where such agency has been approved by the
code official.

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

BALANCED VENTILATION SYSTEM. A ventilation
system that simultaneously supplies outdoor air to and
exhausts air from a space, where the mechanical supply
airflow rate and the mechanical exhaust airflow rate are each
within 10% of the average of the two airflow rates.

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
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and lighting systems located on the building site and
supporting the building.

BUILDING SITE. a contiguous area of land that is under
the ownership or control of one entity.

BUILDING THERMAL ENVELOPE. The basement
walls, exterior walls, floors, ceiling, roofs, and any other
building element assemblies that enclose conditioned space
or provide a boundary between conditioned space and
exempt or unconditioned space.

CARBON DIOXIDE EQUIVALENT (CO2e). A measure
used to compare the impact of various greenhouse gases
based on their global warming potential (GWP.) CO2e
approximates the time-integrated warming effect of a unit
mass of a given greenhouse gas relative to that of carbon
dioxide (CO2). Also known as embodied carbon.

CAVITY INSULATION.
between framing members.

CHIEF BUILDING OFFICIAL. The authority responsible
for the administration and enforcement of building codes as
well as interpretation of policy and procedure as adopted by
the city; head code official.

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

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

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

COMBUSTION EQUIPMENT. Any eguipment or appli-
ances used for space heating, coolifigmwater heating (includ-
ing pools and spas), cooking, clothes, drying or lighting that
uses natural gas, propane, other fuebgas, or fuel oil.

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

COMMON AREAS. All conditioned spaces within Group R
occupancy buildings that are not dwelling units or sleeping
units.

COMPLIANCE DOCUMENTS. Documents that are not
required to be prepared by a registered design professional
that demonstrate compliance with this code and are reviewed
prior to the issuance of the building permit or before
certificate of occupancy is released.

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

CONDITIONED SPACE. An area, room or space that is
enclosed within the building thermal envelope and that is
directly or indirectly heated or cooled. Spaces are indirectly
heated or cooled where they communicate through openings
with conditioned spaces, where they are separated from
conditioned spaces by uninsulated walls, floors, or ceilings,

Insulating material located
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or where they contain uninsulated ducts, piping or other
sources of heating or cooling.

CONTINUOUS AIR BARRIER. A combination of
materials and assemblies that restrict or prevent the passage
of air through the building thermal envelope.

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

CONTINUOUS PILOT. A pilot which, once placed in
operation, is intended to remain ignited continuously until it
is manually interrupted.

CO2 INDEX. An operational carbon index derived when
using ANSI/RESNET/ICC 301 2022 Addendum B CO2e
Rating Index.

CRAWL SPACE=WARFK. The opaque portion of a wall that
encloses a crayl spaCe dnd is partially or totally below grade.

CURTAINSWALRL. Fenestration products used to create an
externalen oad-bearing wall that is designed to separate the
exterior and)interior environments.

DAMPER. A manually or automatically controlled device to
regulate draft or the rate of flow of air or combustion gases.

DEMAND{ RECIRCULATION WATER SYSTEM. A
water distribution system where one or more pumps prime
the service heg water piping with heated water upon demand
fog het water.

BPINMMER. A control device that is capable of continuously
varying the light output and energy use of light sources.

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

DUCT SYSTEM. A system that consists of space
conditioning equipment, ductwork, and includes any
apparatus installed in connection therewith.

DUCTWORK. The assemblies of connected ducts, plenums,
boots, fittings, dampers, supply registers, return grilles, and
filter grilles through which air is supplied to or returned from
the space to be heated, cooled, or ventilated. Supply ductwork
delivers air to the spaces from the space conditioning
equipment. Return ductwork conveys air from the spaces
back to the space conditioning equipment. Ventilation
ductwork conveys air to or from any space.

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

DWELLING UNIT ENCLOSURE AREA. The sum of the
area of ceiling, floors, and walls separating a dwelling unit’s
conditioned space from the exterior or from adjacent
conditioned or unconditioned spaces. Wall height shall be
measured from the finished floor of the dwelling unit to the
underside of the sheetrock unless the ceiling cavity above the
unit is blocked at unit separation and corridor walls then it
shall extend to the underside of the floor above.
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ELECTRIC VEHICLE (EV). An automotive-type vehicle
for on-road use, including but not limited to, passenger
automobiles, buses, trucks, vans, neighborhood -electric
vehicles, and electric motorcycles, primarily powered by an
electric motor that draws current from a building electrical
service, EVSE, a rechargeable storage battery, a fuel cell, a
photovoltaic array, or another source of electric current. Off-
road, self-propelled electric mobile equipment, including but
not limited to, industrial trucks, hoists, lifts, transports, golf
carts, airline ground support equipment, tractors, and boats
are not considered electric vehicles.

ELECTRIC VEHICLE CAPABLE LIGHT SPACE (EV
CAPABLE LIGHT SPACE). A designated vehicle parking
space that has conduit and/or raceway installed to support
future implementation of electric vehicle charging
installation and has sufficient physical space adjacent to the
existing electrical equipment for future electric upgrades.

ELECTRIC VEHICLE CAPABLE SPACE (EV
CAPABLE SPACE). A designated vehicle parking space
that has the electric panel capacity and conduit and/or
raceway installed to support future implementation of electric
vehicle charging.

ELECTRIC VEHICLE READY SPACE (EV READY
SPACE). A designated vehicle parking space that has thc
electric panel capacity, raceway wiring, receptacle, _and
circuit overprotection devices installed to support future
implementation of electrical vehicle charging.

ELECTRIC VEHICLE SUPPLY EQUIPMENINEYVSE).
An electric vehicle charging system or devi€e that 1§, used to
provide electricity to a plug-in electric_vehicle Or plug-in
hybrid electric vehicle, is designed o ensure that afsafg
connection has been made betweenghetelectrical grid and the
vehicle, and is able to communicafe with the vehicle’s contrel
system so that electricity flows at amappropriate voltage and
current level.

ELECTRIC VEHICLE SUPPLY EQUIPMENT (EVSE)
INSTALLED SPACE. A vehicle parking space that is
provided with dedicated EVSE connection.

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

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

ENERGY IMPACT OFFSET FUND. A city-approved and
city-managed offset fund providing a payment option in lieu
of complying with city program renewable energy and/or
offset requirements.

ENERGY RATING INDEX (ERI). A numerical integer
value that represents the relative energy performance of a
rated design or constructed dwelling unit as compared with
the energy performance of the ERI Reference Design, where
an ERI value of 100 represents the energy performance of the
ERI Reference Design and an ERI value of O represents a
rated design or constructed dwelling unit with zero net energy
performance.
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ENERGY SIMULATION TOOL. An approved software
program or calculation-based methodology that projects the
annual energy use of a building.

ERI REFERENCE DESIGN. A version of the rated design
that meets the minimum requirements of the 2006
International Energy Conservation Code.

EXISTING BUILDING. A building erected prior to the date
of adoption of the appropriate code, or one for which a legal
building permit has been issued.

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

FENESTRATION. Products classified as either vertical
fenestration or skylights.

Skylights. Glass or other transparent or translucent
glazing mategial installed at a slope of less than 60 degrees
(1.05 rad)fromyhetizontal.

Vertieal \fenestration. Windows that are fixed or
operablcy) opaque doors, glazed doors, glazed block, and
eonibination opaque/glazed doors composed of glass or
other transparent or translucent glazing materials and
installed at a slope of not less than 60 degrees (1.05 rad)
from horizontal including unit skylights, tubular
daylighting devices, and glazing materials in solariums,
surirooms, roofs, and sloped walls.

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

GLOBAL WARMING POTENTIAL (GWP). A
measurement that combines the impact of the various
greenhouse gases relative to an equivalent unit of carbon
dioxide (kg C02e) over a given period of time.

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

HISTORIC BUILDING. Any building or structure that is
locally designated by ordinance as an individual landmark or
recognized as a contributing resource within a historic dis-
trict.

INDUSTRY-WIDE TYPE III ENVIRONMENTAL
PRODUCT DECLARATION (IW-EPD). Type III
environmental product declaration (EPD) that estimates the
average global warming potential of a specific product within
an industry. IW-EPD’s must comply with the goal and scope
for the production stage of at least cradle-to-gate in
accordance with ISO Standards 14025 and 21930 and be
available in a publicly accessible database. The EPD results
represent production weighted average data across multiple
manufacturers.

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.
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INSULATED SIDING. A type of continuous insulation with
manufacturer-installed insulating material as an integral part of
the cladding product having an R-value of not less than R-2.

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

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
conductor and track lighting.

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

MIXED-FUEL BUILDING. A building and building gite
that contains combustion equipment, or plumbing \for
combustion equipment, for space heating, coolingjJwater
heating (including pools and spas), cooking, 01} clathes
drying.

OCCUPANT SENSOR CONTROL. An gutomatic¢ controf
device that detects the presence or abseficeof pegople within
an area and causes lighting, equipmefi, 0T appliances to be
regulated accordingly.

OCCUPIABLE SPACE. An‘enclgsed space intended for
human activities, excluding those€spdaces intended primarily
for other purposes, such as storage rooms and equipment
rooms, that are only intended to be occupied occasionally and
for short periods of time.

OFF-SITE SOLAR SUBSCRIPTION. A 20-year
subscription to a solar generation facility where the beneficial
use of the electricity generated by the facility belongs to

subscribers to the solar generation facility as authorized in
§40-2-127, C.R.S.

ON-SITE RENEWABLE ENERGY. Energy from
renewable energy resources harvested at the building site.

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

PHOTOVOLTAIC MODULE. A complete, environmentally
protected unit consisting of solar cells, optics, and other
components, exclusive of tracker, designed to generate DC
power.

PHOTOVOLTAIC PANEL. A collection of modules
mechanically fastened together, wired, and designed to
provide a field-installable unit.
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PHOTOVOLTAIC PANEL SYSTEM. A system that
incorporates discrete photovoltaic panels, that converts solar
radiation into electricity, including rack support systems.

PLUG-IN HYBRID ELECTRIC VEHICLE. An electric
vehicle having a second source of motive power.

PRODUCT. Any material or product procured for permanent
installation in the building that has the same specification
requirements and is classified by the same product category
rule.

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

PRODUCT-SPECIFIC TYPE III ENVIRONMENTAL
PRODUCT DECLARATION (EPD). Type Il
environmental product declaration (EPD) that estimates the
average global wauning potential of a specific product. A
product-specific Typ&IILenvironmental product declaration
(EPD) must complyy, With the goal and scope for the
production stage of at least cradle-to-gate in accordance with
ISO Standards.%4025 and 21930 and be available in a
publicly™accessible database. The data can represent the
impagts of @ specific design and manufacturer across multiple
facilitiessof be facility specific. Also known as manufacturer
specifie EPD.

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

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

REGISTERED DESIGN PROFESSIONAL. An individual
Wwho is registered or licensed to practice their respective
design profession as defined by the statutory requirements of
the professional registration laws of the state or jurisdiction in
which the project is to be constructed.

RENEWABLE ENERGY CERTIFICATE (REC). An
instrument that represents the environmental attributes of one
megawatt hour of renewable energy; also known as an energy
attribute certificate (EAC).

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

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

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

RESIDENTIAL BUILDING. For this code, includes
detached one- and two-family dwellings and townhouses, and
Group R-3 and R-4 buildings three stories or less in height
above grade plane with separate means of egress.

ROOF ASSEMBLY. A system designed to provide weather
protection and resistance to design loads. The system consists
of a roof covering and roof deck or a single component serving
as both the roof covering and the roof deck. A roof assembly
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includes the roof covering, underlayment and roof deck, and
can also include a thermal barrier, an ignition barrier,
insulation, or a vapor retarder.

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

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

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

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 * ft*+ °F/Btu) [(m?* K)/W].

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

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

SOLAR-READY ZONE. A section or sections of the roof or
building overhang designated and reserved for the futuie
installation of a solar photovoltaic or solar thermal system;

SPACE CONDITIONING. The treatment of ‘aitwsg, as to
control the temperature, humidity, filtration, 6t distribution of
the air to meet the requirements of a conditioned Space.

SPACE CONDITIONING EQUIPMENT? The f heat
exchangers, air-handling units, gfiltec boxes, and$ any,
apparatus installed in connectiorfythefewith used to provide
space conditioning.

STANDARD REFERENCESNDESIGN. A version of the
proposed design that meetsS\th® minimum requirements of
this code and is used to determine the maximum annual energy
use requirement for compliance based on total building
performance.

SUBSTANTIAL THERMAL ENVELOPE ALTERATION.
An alteration greater than or equal to 50 percent of the
building thermal envelope.

SUBSTANTIAL MECHANICAL ALTERATION. An
alteration in which the space conditioning equipment or
service water heating equipment is replaced.

SUNROOM. A one-story structure attached to a dwelling with
a glazing area in excess of 40 percent of the gross area of the
structure’s exterior walls and roof.

THERMAL DISTRIBUTION EFFICIENCY (TDE). The
resistance to changes in air heat as air is conveyed through a
distance of air duct. TDE is a heat loss calculation evaluating
the difference in the heat of the air between the air duct inlet
and outlet caused by differences in temperatures between the
air in the duct and the duct material. TDE is expressed as a
percent difference between the inlet and outlet heat in the
duct.
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THERMAL ISOLATION. Physical and space conditioning
separation from conditioned spaces. The conditioned spaces
shall be controlled as separate zones for heating and cooling or
conditioned by separate equipment.

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

U-FACTOR (THERMAL TRANSMITTANCE). The
coefficient of heat transmission (air to air) through a building
component or assembly, equal to the time rate of heat flow per
unit area and unit temperature difference between the warm
side and cold side air films (Btu/h ¢ ft* « °F) [W/(m? *» K)].

UNIVERSAL VEHICLE CHARGING STATIONS.
Parking spaces provided for electric vehicle charging stations
that can be utilized for all users and complies with Chapter 11.

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

VENTILATION®AIR. That portion of supply air that comes
from outside (outdoors) plus any recirculated air that has been
treated\to Taintain the desired quality of air within a designated
spaceh

VIASIBLE TRANSMITTANCE (VT). The ratio of visible
light entering the space through the fenestration product
assembly to the incident visible light, Visible Transmittance,
includgs the effects of glazing material and frame and is
expressed as a number between 0 and 1.

WHOLE BUILDING LIFECYCLE ANALYSIS (WB
RCA): An analysis of a building and its building components
lifefime environmental impact, including but not limited to
embodied and operational carbon impact, on the environment
locally and globally.

WHOLE HOUSE MECHANICAL VENTILATION
SYSTEM. An exhaust system, supply system, or
combination thereof that is designed to mechanically
exchange indoor air with outdoor air when operating
continuously or through a programmed intermittent schedule
to satisfy the whole house ventilation rates.

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






CHAPTER 3 [RE]
GENERAL REQUIREMENTS

User note:

About this chapter: Chapter 3 covers general regulations for energy conservation features of buildings. The climate zone for a building is

established by geographic location tables and figures in this chapter.

SECTION R301
LOCATION

R301.1 General. This code applies to projects located in the
City of Boulder and the City Boulder is in Climate Zone 5B.

SECTION R302
DESIGN CONDITIONS

R302.1 Interior design conditions. The interior design
temperatures used for heating and cooling load calculations
shall be a maximum of 72°F (22°C) for heating and minimum
of 75°F (24°C) for cooling.

SECTION R303
MATERIALS, SYSTEMS AND EQUIPMENT

R303.1 Identification. Materials, systems, dndwequipment
shall be identified in a manner that will allo®% @dctermination
of compliance with the applicable provisions®f#this code.

R303.1.1 Building thermal envelope ‘insulationfAn R-
value identification mark gshall\ be/applied by the
manufacturer to each piece Of bililding thermal envelope
insulation that is 12 inches%@0§ynm) or greater in width.
Alternatively, the insdl@tienslinstallers shall provide a
certification that indicates\the type, manufacturer and R-
value of insulation installed in each element of the
building thermal envelope. For blown-in or sprayed
fiberglass and cellulose insulation, the initial installed
thickness, settled thickness, settled R-value, installed
density, coverage area and number of bags installed shall
be indicated on the certification. For sprayed polyurethane
foam (SPF) insulation, the installed thickness of the areas
covered and the R-value of the installed thickness shall be
indicated on the certification. For reflective insulation, the
number of reflective sheet(s), the number and thickness of
the enclosed reflective air space(s) and the R-value for the
installed assembly determined in accordance with Section
R303.1.6, shall be listed on the certification. For insulated
siding, the R-value shall be on a label on the product’s
package and shall be indicated on the certification. The
insulation installer shall sign, date, and post the
certification in a conspicuous location on the job site.

Exception: For roof insulation installed above the
deck, the R-value shall be labeled as required by the
material standards specified in Table 1508.2 of the
International Building Code or Table R906.2 of the
International Residential Code, as applicable.

2024 CITY OF BOULDER ENERGY CONSERVATION CODE

R303.1.1.1 Blown-in or sprayed roof and ceiling
insulation. The thickness of blown-in or sprayed
fiberglass and cellulose roof and ceiling insulation shall
be at not less than one for every 300 square feet (28 m?)
throughout the attic space. The markers shall be affixed
to the trusses or joists and marked with the minimum
initighanstalled thickness with numbers not less than 1
fach (25 mm) in height. Each marker shall face the attic
accessvopening. The thickness and installed R-value of
sprayed polyurethane foam insulation shall be indicated
ofi the certification provided by the insulation installer.

R303.1.2 Insulation mark at installation. Insulating
materials shall be installed such that the manufacturer’s R-
value mark is readily observable at inspection. For
insulation materials that are installed without an
ebservable manufacturer’s R-value mark, such as blown
or draped products, an insulation certificate complying
with Section R303.1.1 shall be left immediately after
installation by the installer, in a conspicuous location
within the building, to certify the installed R-value of the
insulation material.

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

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

U-factors shall be determined by an accredited,
independent laboratory, and labeled and certified by the
manufacturer.

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

R303.1.4 Insulation product rating. The thermal
resistance, R-value, of insulation shall be determined in
accordance with Part 460 of US-FTC CFR Title 16 in
units of h ¢ ft* « °F/Btu at a mean temperature of 75°F
(24°C).
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TABLE R303.1.3(1)

located only at the bottom portion of the air space
and spaced not less than 15 inches (381 mm) on
center with the top of the cavity air space closed.

Exception: For ventilated cavities, the effect of

the ventilation of air spaces located on the exterior
side of the continuous air barrier and adjacent to

and behind the exterior wall covering material

shall be determined in accordance with ASTM
C1363 modified with an airflow entering the

bottom and exiting the top of the air space at an

air movement rate of not less than 70 mm/second.

R303.2 Installation. Materials, systems and equipment shall
be installed in accordance with the manufacturer’s
recommended installation instructions and this code, the

International Building Code or the International Residential
Code, as applicable.

R303.2.1 Protection of exposed foundation insulation.

Insulation applied exterior of basement walls, crawl

erimeter of slab-on-grade floors shall
aque, and weather-resistant protective

DEFAULT GLAZED WINDOW,
GLASS DOOR AND SKYLIGHT U-FACTORS
WINDOW AND
FRAME TYPE SS‘LASS DOOR SenT
pag:ee D;)::ele Single Double
Metal 1.20 0.80 2.00 1.30
Metal with Thermal Break | 1.10 0.65 1.90 1.10
Nonmetal or Metal Clad 0.95 0.55 1.75 1.05
Glazed Block 0.60
TABLE R303.1.3(2)
DEFAULT OPAQUE DOOR U-FACTORS
DOOR TYPE Uc-)ll::CQTUOER
Uninsulated Metal 1.20
Insulated Metal (Rolling) 0.90
Insulated Metal 0.60
Wood 0.50
Insulatgd, nonmetal' edge, not exceeding 45% 035
glazing, any glazing double pane

sed exterior insulation and extend not less than 6

space wallg a

have a_ri

coverin vent the degradation of the insulation’s
¢ Q‘ ormance. The protective covering shall cover
C O

TABLE R303.1.3(3)
DEFAULT GLAZED FENESTRATION SHGC AND VT

SINGLE GLAZED DOUBLE GLAZED GLAZE
Clear Tinted Clear Tinted B

SHGC 0.8 0.7 0.7 0.6 .6

VT 0.6 0.3 0.6 037 R \,0.6

instructionslsha
require eventive
N maintenanceactions shall be clearly stated and incorporated

153 mm) below grade.

3.3 Maintenance information. Maintenance
11 be furnished for equipment and systems that
maintenance. Required  regular
onya‘geadily visible label. The label shall include the title or
ublicati number for the operation and maintenance

a for that particular model and type of product.

R303.1.4.1 Insulated siding. Tdie Wresistanc
R-value, of insulated siding be determined in
accordance with ASTM C llation for testing
shall be in accordanc\' h the manufacturer’s

instructions.
R303.1.5 Air-impermeable insulation. Insulation having
an air permeability not greater than 0.004 cubic feet per
minute per square foot [0.002 L/(s x m?)] under pressure
differential of 0.3-inch water gauge (75 Pa) when tested in
accordance with ASTM E2178 shall be determined air-
impermeable insulation.

R303.1.6 Air spaces. Where the R-value of an enclosed
reflective air space or enclosed nonreflective air space is
used for compliance with this standard, the air space shall
be enclosed in a cavity bounded on all sides by building
components and constructed to minimize airflow into and
out of the enclosed air space. Airflow shall be deemed
minimized where one of the following conditions occur:

1. The enclosed air space is unventilated.

2. The enclosed air space is bounded on one or more
sides by an anchored masonry veneer, constructed in
accordance with Chapter 7 of the International
Residential Code, and vented by veneer weep holes

R-14

O

2020 CITY OF BOULDER ENERGY CONSERVATION CODE



CHAPTER 4 [RE]
RESIDENTIAL ENERGY EFFICIENCY

User note:

About this chapter: Chapter 4 provides requirements for the thermal envelope of a building, including minimum insulation values for walls,
ceiling, and floors; maximum fenestration U-factors; minimum fenestration solar heat gain coefficients; and methods for determining building
assembly and a total building U-factor. A performance alternative and an energy rating alternative are also provided to allow for energy code

compliance other than by the prescriptive method.

SECTION R401
GENERAL

R401.1 Scope. This chapter applies to residential buildings.

R401.2 New and existing residential application. New
residential buildings less than or equal to 1,000 square feet of
conditioned floor area shall comply with either Sections
R401.2.1 or R402.2.2. New buildings greater than 1,000
square feet of conditioned floor area shall comply with
Section R402.2.2. Additions, alterations, repairs and changes
of occupancy to an existing building shall comply with
Chapter 5 as applicable.

R401.2.1 Prescriptive Compliance Option. , The
Prescriptive Compliance Option is available for newly
constructed residential buildings and additional ‘@welling
units (ADUs) that are 1,000 square feet or legs, and shall
require compliance with Sections R401 gthrough~R404,
R407 and R408.

R401.2.2 Energy Rating Index Compliance. The Ejierg)
Rating Index (ERI) Option 4§ ‘available for newly,
constructed residential buildings afid ADUs of ANY SIZE,
and shall require compliance With\Section R406 and Table
R406.2.

R401.3 Documentation.

R401.3.1 Certificate. A permanent certificate shall be
completed by the builder or other approved party and
posted on a wall in the space where the furnace is located,
a utility room or an approved location inside the building.
Where located on an electrical panel, the certificate shall
not cover or obstruct the visibility of the circuit directory
label, service disconnect label or other required labels. The
certificate shall indicate the following:

1. The predominant R-values of insulation installed in
or on ceilings, roofs, walls, foundation components
such as slabs, basement walls, crawl space walls and
floors and ducts outside conditioned spaces.

2. U-factors of fenestration and the solar heat gain
coefficient (SHGC) of fenestration, and the results
from any required duct system and building
envelope air leakage testing performed on the
building. Where there is more than one value for any
component, the certificate shall indicate the value
covering the largest area and the area-weighted
average value if applicable.
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3. The results from any required duct system and
building envelope air leakage testing performed on
the building.

4. The types, sizes, fuel sources and efficiencies of
heating)\, cobling, and service water heating
eqipment. Where a gas-fired unvented room heater,
elecfric furnace or baseboard electric heater is
installed in the residence, the certificate shall
indicate “gas-fired unvented room heater,” “electric
furnace” or ‘“baseboard electric heater,” as
appropriate. An efficiency shall not be indicated for
gas-fired unvented room heaters, electric furnaces,
and electric baseboard heaters.

5. Where on-site photovoltaic panel systems have been
installed, the array capacity, inverter efficiency,
panel tilt and orientation shall be noted on the certif-
icate.

6. For buildings where an Energy Rating Index score is
determined in accordance with Section R406, the
Energy Rating Index score, both with and without
on-site generation, as determined in accordance with
Section R406, shall be listed on the certificate.

7. The code edition under which the structure was per-
mitted and the compliance path used.

8. The additional conservation package options
selected.

9. The fuel sources for cooking and clothes drying
equipment.

10. Where combustion equipment is installed, the certif-
icate shall indicate information on the installation of
additional electric infrastructure including which
equipment and/or appliances include additional elec-
tric infrastructure, capacity reserved on the electrical
service panel for replacement of each piece of com-
bustion equipment and/or appliance.

11. Where a solar-ready zone is provided, the certificate
shall indicate the location, dimensions, and capacity
reserved on the electrical service panel.

R401.3.2 Homeowner’s manual. The builder or owner’s
agent shall provide the owner with a binder of all
equipment and appliance manufacturers’ installation
manuals and maintenance instructions in accordance with
Section R303.3, except for manuals that are required to be
affixed to the equipment. These include the energy rating
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report and ERI certificate. If the code official approved a
community solar garden subscription attributed to the
property as a means to meet the requirements of this
chapter, the manual shall include any requirements for a
continued subscription to a community solar garden
necessary to meet the requirements of this chapter.

SECTION R402
BUILDING THERMAL ENVELOPE

R402.1 General The building thermal envelope shall comply
with the requirements of Sections R402.1.1 and R402.1.2.

Exceptions:

1. The following low-energy buildings, or portions
thereof, separated from the remainder of the
building-by-building thermal envelope assemblies
complying with this section shall be exempt from the
building thermal envelope provisions of Section
R402.

1.1. Those with a peak design rate of energy
usage less than 3.4 Btu/h « ft* (10.7 W/m?) or
1.0 watt/ft* of floor area for space-
conditioning purposes.

1.2. Those that do not contain conditioned space.
2. Log homes designed in accordance with ICC 400.

R402.1.1 Vapor retarder. Wall assemblies in the buildin
thermal envelope shall comply with the Class two or
vapor retarder requirements of Section R702.7 of

International Residential Code or Section 140
International Building Code, as apphcable

vented air space shall be defined as one tha f an mch
or bigger.

R402.1.2 Insulation and fenest eria. Th
building thermal envelope shall
Table R402.1.2. Assemblies shall
or less than that specified i

shall have a U-factor and g%
to or less than that specifie
R402.1.4.

R402.1.2.1 R-value alternative. Assemblies with R-
value of insulation materials equal to or greater than
that specified in Table R402.1.2 shall be an alternative
to the U-factor in Table R402.1.4.

R402.1.2.2 R-value computation. Cavity insulation
alone shall be used to determine compliance with the
cavity insulation R-value requirements in Table
R402.1.2. Where cavity insulation is installed in multi-
ple layers, the R-values of the cavity insulation layers
shall be summed to determine compliance with the cav-
ity insulation R-value requirements. The manufac-
turer’s settled R-value shall be used for blown-in
insulation. Continuous insulation (ci) alone shall be
used to determine compliance with the continuous insu-
lation R-value requirements in Table R402.1.2. Where

vena U-factor equal to
2.1.4. Fenestration
estration SHGC equal

in Table R402.1.2 or

continuous insulation is installed in multiple layers, the
R-values of the continuous insulation layers shall be
summed to determine compliance with the continuous
insulation R-value requirements. Cavity insulation R-
values shall not be used to determine compliance with
the continuous insulation R-value requirements in
Table R402.1.2. Computed R-values shall not include
an R-value for other building materials or air films.
Where insulated siding is used for the purpose of com-
plying with the continuous insulation requirements of
Table R402.1.2, the manufacturer’s labeled R-value for
the insulated siding shall be reduced by R-0.6.
TABLE R402.1.2

INSULATION MINIMUM R-VALUES AND
FENESTRATION REQUIREMENTS BY COMPONENT®

Fenestration U-Factor 0.27
Skylight U-Factor 0.50
Glazed Fenestrati M 0.40
Ceiling R-Val R-60
Insulation Emnti ove Roof .
Deck R-0+39 ci

Wood Frame Wall
\ f R-13&10ci or R-0&20ci

R-30 or R-20&5c¢i or

ass Wall R-Value® 15/20

Flodr R-Valfe

R-38 or R-4 per inch

BasemenﬂR-Valueb’ f

15c¢i or R-20 or

N R-15&5ci
b R-Value & Depth® 15ci, 2 ft
20ci, 2ft and
Value & Depth? 10ci full slab
15ci or R-20 or
rawl Space Wall R-Value R-15&5ci

e requlrements of

For SI: 1 foot = 304.8 mm.
ci = continuous insulation.

a.

R-values are minimums. U-factors and SHGC are maximums. Where
insulation is installed in a cavity that is less than the label or design
thickness of the insulation, the installed R-value of the insulation shall be
not less than the R-value specified in the table.

. “15c¢i or R-20 or R-15&5¢i” means R-15 continuous insulation (ci) on the

interior or exterior surface of the wall; or R-20 cavity insulation on the
interior side of the wall; or R-15 cavity insulation on the interior of the
wall in addition to R-5 continuous insulation on the interior or the exterior
surface of the wall.

. Unheated slab insulation refers to slab edge insulation that shall be

installed in accordance with Section R402.2.9.1. Slab edge depth (2 feet)
may be comprised of insulation from the top of slab down + horizontal
insulation installed in a continuous manner under the slab.

. A heated slab requires insulation at both the slab edge and under the full

slab. Slab edge depth may be comprised of insulation from the top of slab
down + horizontal insulation installed under the slab.

. Mass walls shall be in accordance with Section R402.2.6. The second R-

value applies where more than half of the insulation is on the interior of
the mass wall.

The first value is cavity insulation; the second value is continuous
insulation. Therefore, as example, (R-20&5ci” means R-20 cavity
insulation plus R-5 continuous insulation.
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TABLE R402.1.4
MAXIMUM ASSEMBLY U-FACTORS® AND
FENESTRATION REQUIREMENTS

Fenestration U-Factor 0.27

Skylight U-Factor 0.50

Glazed Fenestration SHGC ¢ 0.40

Ceiling R-Value 0.024
Insulation Entirely Above Roof Deck 0.025
Wood Frame Wall R-Value 0.040
Mass Wall R-Value ° 0.056
Floor R-Value 0.029
Basement Wall R-Value 0.042
Unheated Slab R-Value & Depth F-0.64
Heated Slab R-Value & Depth F-0.50
Crawl Space Wall R-Value 0.042

For SI: 1 foot = 304.8 mm.

NR = Not Required.

ci = continuous insulation.

a. Nonfenestration U-factors shall be obtained from measurement,
calculation, or an approved source

exceed 0.065.

c. The SHGC value applies to all glazed fenestrations, including skyli
R402.1.2.3 Total UA alternative. The buil 11
i n

be considered to be in compliance
R402.1.2 when the total building thermg
of the proposed design is equal to or \@
UA resulting from multiplying the
R402.1.2 by the same assembly
building. The UA calculationsSh
a method consistent with
Fundamentals and shall thcl
effects of framin . In addition to UA
compliance, the SH&( irements of Table R402.1.2
in this code, and the maximum fenestration U-factors
of Section R402.5 in this code shall be met.

R402.2 Specific insulation requirements. In addition to the
requirements of Section R402.1, insulation shall meet the
specific requirements of Sections R402.2.1 through
R402.2.12.

R402.2.1 Ceilings with ventilated attic spaces. Where
Section R402.1.2.1 requires R-60 ceiling insulation is
installed, installing R-49 over 100 percent of the ceiling or
attic area requiring insulation shall satisfy the requirement
for R-60 insulation wherever the full height of
uncompressed R-49 insulation extends over the wall top
plate at the eaves. The reduction shall not apply to the
insulation and fenestration criteria in Section R402.1.2 and
the Total UA alternate in Section R402.1.2.3.

R402.2.2 Unvented Attic or Ceilings without attics.
Whenever the design of the roof/ceiling assembly does not
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allow sufficient space for the required insulation, the
minimum required insulation R-value shall be R-30. The
installed insulation shall extend over the top of the wall
plate to the outer edge of such plate and shall not be
compressed. The reduction of insulation from the
requirements of Section R402.1.2.1 shall be limited to 500
square feet (46 m?) or 20 percent of the total insulated
ceiling area, whichever is less. This reduction shall not
apply to the Total UA alternative in Section R402.1.23.

R402.2.3 Eave baffle. For air-permeable insulations in
vented attics, a baffle shall be installed adjacent to soffit
and eave vents. Baffles shall maintain a net free area
opening equal or greater than the size of the vent. The
baffle shall extend over the top of the attic insulation. The
baffle shall be permitted to be any solid material. The
baffle shall be installed to the outer edge of the exterior
wall top plate so as to provide maximum space for attic
insulation W& over the top plate. Where soffit
venting continuous, baffles shall be installed

contifiyo to prevent ventilation air in the eave soffit
fr ing the baffle.

.4 Access hatches and doors. Access Hatches and

R4
s from conditioned spaces to unconditioned spaces
aCh as vented attics and crawl spaces shall be weather-

N

b. Mass walls shall be in accordance with Section R402.2.5. Where more
than half the insulation is on the interior, the mass wall U-factors shall &

stripped and insulated to the same R-value required by
Table R402.1.2 or Section R406 for the wall or ceiling in
which they are installed. Where loose-fill insulation is
ed, a wood-framed or equivalent baffle or retainer

illing into the living space when the attic access is
pened. The baffle or retainer shall provide a permanent
means of maintaining the required installed R-value of the
loose-fill insulation. Access that prevents damaging or
compression of the required insulation R-value shall be
provided to all equipment installed in the space.
Equipment platforms installed in the space shall be
installed to prevent damaging or compression of the
required installed insulation R-value.

R402.2.5 Mass walls. Mass walls where used as a
component of the building thermal envelope shall be one
of the following:

1. Above-ground walls of concrete block, concrete,
insulated concrete form, masonry cavity, brick but
not brick veneer, adobe, compressed earth block,
rammed earth, solid timber, mass timber or solid
logs.

2. Any wall having a heat capacity greater than or
equal to 6 Btu/ft* « °F (123 kJ/m? » K).

R402.2.6 Steel-frame ceilings, walls, and floors. Steel-
frame ceilings, walls, and floors shall comply with the
insulation requirements of Table R402.2.6 or the U-factor
requirements of Table R402.1.4. The calculation of the
U-factor for a steel-frame envelope assembly shall use a
series-parallel path calculation method.

%alll e installed to prevent the loose-fill insulation from
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TABLE R402.2.6
STEEL-FRAME CEILING, WALL,
AND FLOOR INSULATION R-VALUES

"L O o oA
REQUIREMENT
Steel Truss Ceilings®
R-30 R-38 or R-30 +3 or R-26 + 5
R-38 R-49 or R-38 + 3
R-49 R-38+5
Steel Joist Ceilings®
R-30 R-38in2>f4or2x6er2X8R-49
in any framing
R-38 R-49in2x4o0r2x6o0r2x8or2x10
Steel-Framed Wall, 16 inches on center
R-13 R-13+4.2 or R-21 +2.8 or
R-0+9.3 0orR-15+3.80orR-21 +3.1
R-0+150rR-13+ 19 or R-15+ 8.5 or
RA3+5 R-19+8 or R-21 +7
R-0+20orR-13+150rR-15+ 14 or
R-13+10 R-19+ 13 or R-21 + 13
R-20 R-0+14.0 or R-13 + 8.9 or R-15+8.5 or
R-19+7.80rR-21+7.5
R-13+12.7 or R-15+ 12.3 or R-19 + 11.6 or
R-20+5 R-21+ 11.3 or R-25 + 10.9
R21 R-0+ 14.6 or R-13 + 9.5 or R-15+ 9.1 or
R-19+8.4 or R-21 +8.1 orR-25+7.7
Steel Framed Wall, 24 inches on center
R-13 R-0+9.30rR-13+3.00orR-15+24
R-0+150or R-13 +7.5 or R-15
R-13+5 R-19+ 6 or R-21 +
R-0+20 or R-13+ 13 or 2 or
R-13+10 R-19+ 11 or R-2f + 1
-0+ -13+ -5+
R-20 R-0 141'1(3105561.2 . M 7.1 or
R-13 + 11.5 or R-15 W10:90r R-19 + 10.1 or
R-20+5 R- 25+9.1
R2L R-0 + 14.6 or Ry13%+ 8.3 or R-15 +7.7 or
R-19+6.9 or R?21 + 6.5 or R-25 +5.9
Steel Joist Floor
R-13 R-19in2x6,0orR-19+6in2 x 8 or2 x 10
R-19 R-19+6in2x6,0orR-19+12in2 x8or2 x 10

a. The first value is cavity insulation R-value, the second value is continuous
insulation R-value. Therefore, for example, “R-30+3” means R-30 cavity
insulation plus R-3 continuous insulation.

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

R402.2.7 Floors. Floor cavity insulation shall be enclosed
on all sides and comply with one of the following:

1. Insulation shall be installed to maintain permanent
contact with the underside of the subfloor decking in
accordance with manufacturer instructions to main-
tain required R-value or readily fill the available
cavity space.

2. Floor framing cavity insulation shall be permitted to
be in contact with the top side of sheathing separat-
ing the cavity and the unconditioned space below.
Insulation shall extend from the bottom to the top of

?\

all perimeter floor framing members and the fram-
ing members shall be air sealed.

3. A combination of cavity and continuous insulation
shall be installed so that the cavity insulation is in
contact with the top side of the continuous insulation
that is installed on the underside of the floor framing
separating the cavity and the unconditioned space
below. The combined R-value of the cavity and con-
tinuous insulation shall equal the required R-value
for floors. Insulation shall extend from the bottom to
the top of all perimeter floor framing members and
the framing members shall be air sealed.

R402.2.8 Basement walls. Basement walls shall be insu-
lated in accordance with Table R402.1.2 or the R-value
determined by section R406.

Exception: Basement walls associated with uncondi-
tioned baseme ere all of the following require-
ments are

. T T overhead including the underside stair-
inger leading to the basement, is insulated
accordance with the proposed design and
pphcable provisions of Sections R402.2 and
R402.2.7.

. There are no uninsulated ductwork, domestic hot
water piping, or hydronic heating surfaces
xposed to the basement.

N

. There are no HVAC supply or return diffusers
Vservmg the basement.

. The walls surrounding the stairway and adjacent

to conditioned space are insulated in accordance

with the proposed design which shall be in com-

pliance with Section R402.1.2.1 and the applica-
ble provisions of Section R402.2.

5. The door(s) leading to the basement from condi-
tioned spaces are insulated in accordance with the
proposed design, which shall be in compliance
with Section R402.1.2.1 and the applicable provi-
sions of Section R402.2, and weather stripped in
accordance with Section R402.4.

6. The building thermal envelope separating the
basement from adjacent conditioned spaces com-
plies with Section R402.4.

R402.2.8.1 Basement wall insulation installation.
Where basement walls are insulated, the insulation
shall be installed from the top of the basement wall
down to 10 feet (3048 mm) below grade or to the base-
ment floor, whichever is less. Where installed, Base-
ment wall insulation shall be secured to the wall and
extend downward from the sill plate to not less than the
top of the foundation wall footing.

Exception: Where the basement wall insulation is
installed on the interior side of the wall it shall be
secured to the wall and extend downward from the
top of the concrete wall at the sill plate to not less
than 3 inches from the basement slab.
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R402.2.9 Slab-on-grade floors. Slab-on-grade floors with
a floor surface less than 12 inches (305 mm) below grade
shall be insulated in accordance with Table R402.1.2 and
Section R402.2.9.1 or R402.2.9.2.

R402.2.9.1 Slab-on-grade floor insulation
installation. Where installed, the insulation shall
extend downward from the top of the slab on the
outside or inside of the foundation wall and shall create
a thermal break between attached slabs that are located
outside of the building’s thermal envelope. Insulation
located below grade shall be extended the distance
provided in Table R402.1.2 or the distance of the
proposed design, as applicable, by any combination of
vertical insulation, insulation extending under the slab
or insulation extending out from the building.
Insulation extending away from the building shall be
protected by pavement or by not less than 10 inches
(254 mm) of soil. The top edge of the insulation
installed between the exterior wall and the edge of the
interior slab shall be permitted to be cut at a 45-degree
(0.79 rad) angle away from the exterior wall. For
heated slabs, full slab insulation shall be continuous
under the entire area of the slab-on-grade floor, except
at structural column locations and service penetrations.
Slab edge insulation required at the heated slab
perimeter shall not be required to extend below the
bottom of the heated slab and shall be continuousywith,
the full slab insulation.

R402.2.9.2 Alternative slab-on-grade“Nimsulation
configurations. For buildings complyifig jwith, Section
R406, slab-on-grade insulation shall\bé™installed in
accordance with the proposed design ofwated designeThe
proposed design or rated design shall yse an alternative
insulation configuration gand, “associated F-faetef
complying with AppendiXNA“¢f ASHRAE 90.1. Where
used to comply with Seetion'R401.2.1, the F-factor shall
be equal to or less thanthe F-factor required by Table
R402.1.4 for a heated orunHeated slab, as applicable.

R402.2.10 Crawl space walls. Crawl space walls shall be
insulated in accordance with Table R402.1.2.

Exception: Crawl space walls associated with a crawl
space that is vented to the outdoors and the floor
overhead is insulated in accordance with Table
R402.1.2 and Section R402.2.7.

R402.2.10.1 Crawl space wall insulation installation.
Where installed, crawl space wall insulation shall be
secured to the wall and extend downward from the sill
plate to not less than the top of the foundation wall
footing. Exposed earth in unvented crawl space
foundations shall be covered with a continuous Class I
vapor retarder in accordance with the International
Building Code or International Residential Code, as
applicable. Joints of the vapor retarder shall overlap by 6
inches (153 mm) and be sealed or taped. The edges of the
vapor retarder shall extend not less than 6 inches (153
mm) up stem walls and shall be attached to the stem walls.

Exception: Where the crawl space wall insulation is
installed on the interior side of the wall and the crawl
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space floor is more than 24 inches (610 mm) below the
exterior grade, the crawl space wall insulation shall be
permitted to extend downward from the top of the
concrete wall at the sill plate at the top of the
foundation to not less than the interior floor of the
crawl space.

R402.2.10.2 Alternative crawl space wall insulation
configurations. For buildings complying with Sections
R406, crawl space wall insulation shall be installed in
accordance with the proposed design or rated design.
The proposed design or rated design shall use an
alternative insulation configuration and associated U-
factor or C-factor complying with Appendix A of
ASHRAE 90.1. Where used to comply with Section
R401.2.1, the U-factor or C-factor shall be equal to or
less than the U-factor required by Table R402.1.4 for
crawl space walls.

R402.2.19 Masonry veneer. Insulation shall not be
requiged ‘ou’ the horizontal portion of a foundation that
supports,a masonry veneer.

R402:2.12 Sunroom and heated garage insulation.
Sunooms enclosing conditioned space and heated garages
shall meet the insulation requirements of this code.

Exception: For sunrooms and heated garages with
thermal isolation, and enclosing conditioned space, the
following exceptions to the insulation requirements of
thig code shall apply:

1. The minimum ceiling insulation R-value shall be
R30.

2. The minimum wall insulation R-value shall be R-
15. Walls separating a sunroom or heated garage
with a thermal isolation from conditioned space
shall comply with the building thermal envelope
requirements of this code.

R402.3 Fenestration. In addition to the requirements of
Section R402, fenestration shall comply with Sections
R402.3.1 through R402.3.5.

R402.3.1 U-factor. An area-weighted average of
fenestration products shall be permitted to satisfy the U-
factor requirements.

R402.3.2 Glazed fenestration SHGC. An area-weighted
average of fenestration products more than 50-percent
glazed shall be permitted to satisfy the SHGC requirements.

Dynamic glazing shall be permitted to satisfy the SHGC
requirements of Table R402.1.2 provided that the ratio of
the higher to lower labeled SHGC is greater than or equal to
2.4, and the dynamic glazing is automatically controlled to
modulate the amount of solar gain into the space in multiple
steps. Dynamic glazing shall be considered separately from
other fenestration, and area-weighted averaging with other
fenestration that is not dynamic glazing shall be prohibited.

Exception: Dynamic glazing shall not be required to
comply with this section where both the lower and
higher labeled SHGC comply with the requirements of
Table R402.1.2.
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R402.3.3 Glazed fenestration exemption. Not greater
than 15 square feet (1.4 m?) of glazed fenestration per
dwelling unit shall be exempt from the U-factor and SHGC
requirements in Section R402.1.2. This exemption shall not
apply to the Total UA alternative in Section R402.1.2.3.

R402.3.4 Opaque door exemption. One side-hinged
opaque door assembly not greater than 24 square feet
(222 m? in area shall be exempt from the U-factor
requirement in Section R402.1.2. This exemption shall not
apply to the Total UA alternative in Section R402.1.2.3.

R402.3.5 Sunroom and heated garage fenestration.
Sunrooms and heated garage enclosing conditioned space
shall comply with the fenestration requirements of this
code. New fenestration that is part of an assembly
providing thermal isolation between a sunroom or heated
garage and conditioned space shall comply with the

fenestration U-factor shall not exceed 0.45 and the
skylight U-factor shall not exceed 0.70.

R402.4 Air leakage. The building thermal envelope shall be
constructed to limit air leakage in accordance with the
requirements of Sections R402.4.1 through R402.4.6.

thermal envelope requirements of this code.

Exception:

For sunrooms and heated garages with

thermal isolation and enclosing conditioned space, the

TABLE R402.4.1.1
AIR BARRIER, AIR SEALING AND INSUImI

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

R402.4.1.1 Installation. The components of the
building thermal envelope as indicated in Table
R402.4.1.1 shall be installed in accordance with the
manufacturer’s installation instructions and the criteria
indicated in Table R402.4.1.1, as applicable to the
method of construction. Where required by the code

official, an roved third party shall inspect all
compone fy compliance.

TALLATION?

COMPONENT AIR BARRIER CRITERIA "\V INSULATION INSTALLATION CRITERIA
General A continuous air barrier shall be installed in the buildi ANermeable insulation shall not be used as a sealing material.
requirements envelope. ir permeable insulation installed in building cavities assemblies
Breaks or joints in the air barrier shall be sealed. shall be ‘mlosed by an air barrier on all sides.
An air barrier shall be installed in any droppe O |The Mn in any dropped ceiling/soffit shall be aligned with the
soffit to separate it from unconditioned s ir barrier.
Ceiling/attic Access openings, drop downstairs or ss Matches and doors shall be installed and insulated in

unconditioned attic spaces shall be
gasketing materials that allow for r
time.

rance ov

ordance with Section R402.2.4.
ave Baffles shall be installed in accordance with Section R402.2.3.

Above grade walls

The junction of the fi
sealed.

n and sill plate shall be air
The junction of t s and the drywall adjacent to
unconditioned space$yshall be air sealed.

The junction of the"hottom plate to the subfloor on exterior
walls separating conditioned space from unconditioned
space shall be air sealed.

Air permeable insulation installed in wall cavities shall be enclosed
by an air barrier on all sides.

Building thermal envelope insulation for framed walls shall be
installed in substantial contact and continuous alignment with the
air barrier.

Corners in exterior frame walls shall be insulated with a material
having a thermal resistance, R-value, of not less than R-3 per inch.

Headers on exterior walls framed with 2x6 lumber or greater in size
shall be insulated to a minimum R-5. Engineering evidence may be
requested for header locations where insulation cannot be added due
to structural requirements of the design.

Knee wall

Knee walls shall have a sealed air barrier on the
unconditioned side of the assembly to separate conditioned
from unconditioned space.

Insulation installed in a knee wall assembly shall be installed in
accordance with the above-grade walls section from this Table.

Windows, skylights
and doors

The rough opening gap between framing and the frames of
skylights, jambs of windows, and doors shall be sealed in
accordance with fenestration manufacturer's instructions.

Framing cavities around windows, skylights and doors shall be
insulated per window manufacturer's instructions

Rim joists

Rim joists shall include an exterior air barrier °

The junctions of the rim board to the sill plate and the rim
board and the subfloor shall be air sealed.

Rim joists shall be insulated so that the insulation maintains
permanent contact with the exterior rim board."

Air permeable insulation installed in rim joists shall be enclosed by
an air barrier.

Floors, separating
conditioned from
unconditioned
space, including
cantilevered floors
and floors above
garages

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

Floor framing members that are part of the building
thermal envelope shall be air sealed to maintain a
continuous air barrier.

Air permeable insulation installed in floor cavities shall be enclosed
on all sides

Floor framing cavity insulation shall be installed in accordance with
the requirements of Section R402.2.7.
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TABLE R402.4.1.1-continued

AIR BARRIER, AIR SEALING AND INS

ULATION INSTALLATION®

COMPONENT

AIR BARRIER CRITERIA

INSULATION INSTALLATION CRITERIA

Basement crawl
space and slab
foundations

Exposed earth in unvented crawl spaces shall be covered
with a Class I vapor retarder/air barrier in accordance with
Section R402.2.10.1.

Penetrations through concrete foundation walls and slabs
shall be air sealed.

Class 1 vapor retarders shall not be used as an air barrier on
below-grade walls and shall be installed in accordance with
Section R702.7 of the International Residential Code.

Crawl space insulation, where provided instead of floor insulation,
shall be installed in accordance with Section R402.2.10.

Conditioned basement foundation wall insulation shall be installed
in accordance with Section R402.2.8.1.

Slab-on-grade floor insulation shall be installed in accordance with
Section R402.2.9.1.

Shafts, penetrations

Duct and flue shafts, and other similar penetrations to
exterior or unconditioned space shall be sealed to allow for
expansion, contraction, and mechanical vibration.

Utility penetrations of the air barrier shall be caulked,
gasketed or otherwise sealed and shall allow for expansion,
contraction of materials and mechanical vibration.

Insulation shall be fitted tightly around utilities passing through
shafts and penetrations in the building thermal envelope to maintain
required R-value.

Narrow cavities

Narrow cavities of 1 inch or less that are not able to be
insulated shall be air sealed.

Batts to be installed in narrow cavities shall be cut to fit or narrow
cavities shall be filled with insulation that on installation readily
conforms to tMvail}ble cavity space.

Garage separation

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

the garage separation assembly shall be
ordance with Sections R303, and R402.2.7.

Recessed lighting

Recessed light fixtures installed in the building thermal
envelope shall be air sealed in accordance with Section
R402.4.5.

(

t fixtures installed in the building thermal envelope
ight and IC rated and shall be buried or surrounded with

Plumbing, wiring or
other obstructions

All holes created by wiring, plumbing or other
in the air barrier assembly shall be air sealed.

KN

Insulation shall be installed to completely fill the available space
surround wiring, plumbing, or other obstructions, unless the
required R-value can be met by installing insulation and air barrier

systems completely to the exterior side of the obstructions.

Showers, tubs, and
fireplaces adjacent
to the building
thermal envelope

An air barrier shall separate insulation in the
thermal envelope from the shower, tub, ir
assembly adjacent to it.

ace r

Tub and shower drain trap penetrati
subfloor shall be air sealed.

Fireplaces shall comply with ments o

R402.4.2 P

q

Exte&r framed walls adjacent to showers,-tubs, and fireplace shall

ndation wall they are adjacent to.

ugh the \ynsulated to the same level as the proposed above grade or

Electrical
communication, and
other equipment
boxes, housings,
and enclosures

Boxes, housings, andenglosurgs that penetrate the gir
barrier shall be ¢ ed, , gasketed, or ise
sealed boxes shall be installed in

r element being penetrated.
shall be sealed.
Alternativ
accordance 402.4.6

Boxes, housing, and enclosures shall be completely buried in or
surrounded by insulation.

into the box, housing, or enclosure
HVAC supply and return register boots shall be sealed to

HVAC supply and return register boots located within the buildings

manufacturer.

bHc};gc register the subfloor, wall covering, or ceiling penetrated by the thermal envelope assembly shall be completely buried in or
boot. surrounded by insulation.

Concealed Where required to be sealed, concealed fire sprinklers shall

sprinklers only be sealed in a manner that is recommended by the —

Common walls or
double walls
separating attached
single-family
dwellings or
townhouses

An interior air barrier shall be provided. Air sealing at the
intersections with building thermal envelope shall be
provided.

Where installed in a fire resistance rated wall assembly, air
sealing materials shall comply with one of the following:
1. be in accordance with an approved design for the fire
resistance-rated assembly.

2. be supported by approved data that shows the assembly
as installed complies with the required fire-resistance

Insulation materials recognized in the approved common wall or
double wall design and installed in accordance with the approved
design, shall be permitted to be used.

rating

a. Inspection of log walls shall be in accordance with the provisions of ICC 400.
b. Air barrier and insulation full enclosure is not required in unconditioned/ventilated attic spaces and at rim joists.
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R402.4.1.2 Testing. The building or dwelling unit shall
be tested for air leakage. The maximum air leakage rate
for any building or dwelling unit under any compliance
path shall not exceed 3.0 air changes per hour for single
family buildings or 0.16 cubic feet per minute (CFM)
per square foot (0.81 L/s ¢« m? of dwelling unit
enclosure area for other than a single-family building.
Testing shall be conducted in accordance with
RESNET/ICC 380, ASTM E779 or ASTM E1827 and
reported at a pressure of 0.2-inch w.g. (50 Pascals).
Where required by the code official, testing shall be
conducted by an approved third party. A written report
of the results of the test shall be signed by the party
conducting the test and provided to the code official.
Testing shall be performed at any time after creation of
all penetrations of the building thermal envelope have
been sealed. Mechanical ventilation shall be provided
in accordance with Section M1505 of the International
Residential Code or Section 403.3.2 of the International
Mechanical Code, as applicable, or with other approved
means of ventilation.

Exceptions:

1. The building thermal envelope and continuous
air barrier shall separate and isolate heated
and nonheated, attached private garage spaces
and heated and nonheated, detached private
garage spaces from all other habitable, condi-
tioned spaces in accordance with the itemstin
Table R402.4.1.1. The volume of thesejgarage
spaces shall not be included in thesealculated
habitable conditioned volume fof{thefpurpose
of calculating the air changes pemhour compli-
ance metric. Doors between! habitable condi
tioned spaces and all atta€hed%garages shall be
closed during air leakageftesting unless the
blower door testing assembly is installed in
the doorway. Whererequired by the code offi-
cial, an approved thirdyparty independent from
the installer shall inSpect both air barrier and
insulation installation criteria.

2. When testing individual dwelling units, an air
leakage rate not exceeding 0.20 cubic feet per
minute per square foot (1.0 L/s » m?) of the
dwelling unit enclosure area, tested in accor-
dance with ANSI/RESNET/ICC 380, ASTM
E779 or ASTM E1827 and reported at a pres-
sure of 0.2-inch w.g. (50 Pa), shall be an
accepted alternative permitted for:

a. Attached single-family and multiple-
family building dwelling units.

b. Buildings or dwellings units that are
1,000 square feet (93m2) or smaller.

R402.4.3 Fenestration air leakage. Windows, skylights
and sliding glass doors shall have an air infiltration rate of
not greater than 0.3 cfm per square foot (1.5 L/s/m?), and
for swinging doors, not greater than 0.5 cfm per square
foot (2.6 L/s/m2), when tested in accordance with NFRC
400 or AAMA/WDMA/CSA 101/1.S.2/A440 by an
accredited, independent laboratory and listed and labeled
by the manufacturer.

Exception: Site-built windows, skylights, and doors.

R402.4.4 Rooms containing fuel-burning appliances.
Where open combustion air ducts provide combustion air
to open combustion fuel-burning appliances, the
appliances and combustion air opening shall be located
outside the building thermal envelope or enclosed in a
room that is fully isolated from conditioned space inside
the thermal envelope. Such rooms shall be sealed and
insulated in accotdance with the envelope requirements of
Table R402.1¢2, whergfthe walls, floors and ceilings shall
meet not lgss than the basement wall R-value requirement.
The door 1nto the room shall be fully gasketed and any
penetratigns™from water/electrical lines and ducts into the
rogm thsulated in accordance with Section R403 and
sealed per Table R402.4.1.1. The combustion air duct shall
beynstlated where it passes through conditioned space to
an R-value of not less than R-8.

Exceptions:

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

2. Fireplaces and stoves complying with Section
R402.4.2 of this code and Section R1006 of the
International Residential Code.

R402.4.5 Recessed lighting. Recessed luminaires installed
in the building thermal envelope shall be sealed to limit air
leakage between conditioned and unconditioned spaces.
Recessed luminaires shall be IC-rated and labeled as having
an air leakage rate of not greater than 2.0 cfm (0.944 L/s)
when tested in accordance with ASTM E283 at a pressure
differential of 1.57 psf (75 Pa). Recessed luminaires shall
be sealed with a gasket or caulked between the housing and
the interior wall or ceiling covering.

R402.4.6 Air-Sealed electrical and communication
outlet boxes. Air-sealed electrical and communication
outlet boxes that penetrate the air barrier of the building
thermal envelope shall be caulked, taped, gasketed, or
otherwise sealed to the air barrier element being penetrated.
Air sealed boxes shall be buried in or surrounded by
insulation. Air-sealed boxes shall be tested and marked in
accordance with NEMA OS 4. Air-sealed boxes shall be
installed in accordance with the manufacturer’s
instructions.

R402.5 Maximum fenestration U-factor and SHGC. The
area-weighted average maximum fenestration U-factor
permitted using tradeoffs from Section R402.2.1.3 shall be
0.48 for vertical fenestration and 0.75 for skylights.

R402.4.2 Fireplaces and wood burning stoves. Only
EPA Phase II or Colorado Phase III certified woodburn-
ing devices shall be permitted to be installed. Colorado
Phase III stoves must pass both particulate matter and
carbon monoxide emission standards. EPA Phase II cer-
tified stoves must only pass standards for particulate
emissions.

Exception: The maximum U-factor and solar heat gain
coefficient (SHGC) for fenestration shall not be required
in storm shelters complying with ICC 500.
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SECTION R403
SYSTEMS

R403.1 Mechanical System energy sources. All mechanical
systems such as for heating, cooling, water heating, cooking,
clothes drying, pool and spa heating, snow- and ice- melt
systems and any mechanical systems outside the building
shall be all-electric or fueled by other non-fossil fuel derived
energy sources.

R403.2 Controls. Not less than one thermostat shall be
provided for each separate heating and cooling system.

R403.2.1 Programmable thermostat. The thermostat
controlling the primary heating or cooling system of the
dwelling unit shall be capable of controlling the heating
and cooling system on a daily schedule to maintain
different temperature setpoints at different times of the day
and different days of the week. This thermostat shall
include the capability to set back or temporarily operate
the system to maintain zone temperatures of not less than
55°F (13°C) to not greater than 85°F (29°C). The
thermostat shall be programmed initially by the
manufacturer with a heating temperature setpoint of not
greater than 70°F (21°C) and a cooling temperature
setpoint of not less than 78°F (26°C).

R403.2.2 Heat pump supplementary heat. Heat pump§
having supplementary electric-resistance heat shall have
controls that, except during defrost, prevent supplemerital
heat operation when the heat pump compressor ¢an meet
the heating load.

R403.3 Hot water boiler temperatuyé™reset.” The
manufacturer shall equip each boiler (othertham, a boileg
equipped with a tankless domestic watéf*heating coil) swith
automatic means of adjusting the water temperature supplied
by the boiler to ensure incrementalfChangesef the inferredVagat
load will cause an incremental changg’in the temperature of the
water supplied by the boiler, Thisycan be accomplished with
outdoor reset, indoor reset,«qr water témperature sensing.

R403.4 Duct Systems. Dueéts and air handlers shall be
installed in accordance with Sections R403.4.1 through
R403.4.7. The air handler shall be installed within the
conditioned space of the building or dwelling unit.

R403.4.1 Ducts located outside conditioned space.
Supply and return ducts located outside conditioned space
shall be insulated to an R-value of not less than R-8 and
shall comply with Section R403.4.3. Duct work shall not
be buried beneath a building or underground.

R403.4.2 Ducts located in conditioned space. For
ductwork to be considered inside a conditioned space, it
shall comply with one of the following:

1. The duct system shall be located completely within
the continuous air barrier and within the building
thermal envelope.

2. Ductwork in ventilated attic spaces shall be buried
within ceiling insulation in accordance with Section
R403.4.3 and all of the following conditions shall exist:

2.1. The air handler is located completely within
the continuous air barrier and within the
building thermal envelope.
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2.2. The duct leakage, as measured either by a
rough-in test of the ducts or a post-construc-
tion total system leakage test to outside the
building thermal envelope in accordance
with Section R403.4.6, is less than or equal
to 1.5 cubic feet per minute (42.5 L/min) per
100 square feet (9.29 m?) of conditioned
floor area served by the duct system.

2.3. The ceiling insulation R-value installed
against and above the insulated duct is
greater than or equal to the proposed ceiling
insulation R-value, less the R-value of the
insulation on the duct.

3. Ductwork in floor cavities located over uncondi-
tioned space shall comply with all of the following:

3.1, A continuous air barrier installed between
uncopditioned space and the duct.

3.2¢ Tasulation installed in accordance with Sec-
tion R402.2.7.

3.3. A minimum R-19 insulation installed in the
cavity width separating the duct from uncon-
ditioned space.

4. Ductwork located within exterior walls of the build-
ing thermal envelope shall comply with the follow-
ing:

4.1. A continuous air barrier installed between
unconditioned space and the duct.

4.2. Minimum R-10 insulation installed in the
cavity width separating the duct from the
outside sheathing.

4.3. The remainder of the cavity insulation shall
be fully insulated to the drywall side.

R403.4.3 Ducts buried within ceiling insulation. Supply
and return air ducts located in unconditioned attic or ceil-
ing spaces shall comply with all of the following:

1. The supply and return ducts shall have an insulation
R-value not less than R-8.

2. The duct shall be installed against the truss bottom
cord or ceiling joist closest to the ceiling finish
material separating conditioned space from uncondi-
tioned space and the sum of the ceiling insulation R-
value above the top of the duct, and against the sides
of the duct, shall enclose the duct in insulation and
shall be greater than or equal to the proposed ceiling
insulation R-value.

R403.4.3.1 Effective R-value of deeply buried ducts.
When using the Energy Rating Index compliance
option Section R406, ducts that are installed in accor-
dance with Section R403.4.3 shall be considered as
having an effective duct insulation R-value of R-25.

R403.4.4 Sealing. Ducts, air handlers and filter boxes
shall be sealed. Joints and seams shall comply with either
the International Mechanical Code or International
Residential Code, as applicable.
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R403.4.4.1 Sealed air handler. Air handlers shall have
a manufacturer’s designation for an air leakage of not
greater than 2 percent of the design airflow rate when
tested in accordance with ASHRAE 193.

R403.4.5 Duct testing. Ducts shall be pressure tested in
accordance with ANSI/RESNET/ICC 380 or ASTM
E1554 to determine air leakage by one of the following
methods:

1. Rough-in test: Total leakage shall be measured with
a pressure differential of 0.1-inch w.g. (25 Pa)
across the system, including the manufacturer’s air
handler enclosure if installed at the time of the test.
All portions of the duct system, including air han-
dler, filter box, supply and return boots shall be
tested.

2. Postconstruction test: Total leakage shall be
measured with a pressure differential of 0.1-inch
w.g. (25 Pa) across the entire system, including the
manufacturer’s air handler enclosure. All portions of
the duct system, including air handler, filter box,
supply and return boots shall be tested.

3. Postconstruction test: When using the Energy Rat-
ing Index compliance option Section R406, duct
leakage to outside testing shall be measured in
accordance with ANSI/RESNET/IECC 380.

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

Exception: A duct air-leakage test Shall*met be
required for ducts serving ventilatiefigystems that
are not integrated with ducts serying heating or cool=
ing systems.

R403.4.6 Duct leakage. The tofal leakage of the ducts
system, where measured inqaecofdance with Section
R403.4.5, shall be determined by one of the following
methods:

1. Rough-in test: The total leakage shall be less than or
equal to 4.0 cubic feet per minute (113.3 L/min) per
100 square feet (9.29 m2) of conditioned floor area
where the air handler is installed at the time of the test.

Exceptions:

a. Where the air handler is not installed at the
time of the test, the total leakage shall be
less than or equal to 3.0 cubic feet per
minute (85 L/min) per 100 square feet
(9.29 m2) of conditioned floor area.

b. If the HVAC duct system is serving less than
or equal to 1,200 square feet of conditioned
floor area, the allowable duct leakage shall
be 50 cubic feet per minute or less.

2. Postconstruction test: Total leakage shall be less than
or equal to 4.0 cubic feet per minute (113.3 L/min) per
100 square feet (9.29 m2) of conditioned floor area.

Exception: If the HVAC duct system is serving
less than or equal to 1,200 square feet of condi-
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tioned floor area, the allowable duct leakage shall
be 50 cubic feet per minute or less.

3. Postconstruction duct leakage to outside: duct
leakage to outside the building thermal envelope
shall be less than or equal to 4.0 cubic feet per
minute (113.3 L/min) per 100 square feet (9.29 m2)
of conditioned floor area when using the Energy
Rating Index compliance option Section R406. This
option is available for unique circumstances and
shall obtain the code officials approval prior to
proceeding with the test.

R403.4.7 Building cavities. Building framing cavities
shall not be used as ducts or plenums.

R403.5 Mechanical system and service hot water piping
insulation. Mechanical system piping capable of carrying
fluids greater than 105°F (41°C) or less than 55°F (13°C)
shall be insulated to ag R-yalue of not less than R-3.

R403.5.1 _ Protection of piping insulation. Piping
insulation Sxposed to weather shall be protected from
damagey, ifeluding that caused by sunlight, moisture,
eqiipmentymaintenance and wind. The protection shall
provide Jshielding from solar radiation that can cause
degradation of the material. Adhesive tape shall be
prohibited.

R403.6 Sérvice hot water systems. Service hot water
systemsashall be all-electric or fueled by other non-fossil fuel
derived energy sources. Energy conservation measures for
segviee hot water systems shall be in accordance with
Sectign8y’R403.6.1 through R403.6.3. Service hot water
systems shall not be permitted to service accessory structures
from the main building.

R403.6.1 Heated water circulation and temperature
maintenance systems. Where installed heated water
circulation systems shall be in accordance with Section
R403.6.1.1. Heat trace temperature maintenance systems
shall be in accordance with Section R403.6.1.2. Automatic
controls, temperature sensors and pumps shall be in a
location with access. Manual controls shall be in a location
with ready access.

R403.6.1.1 Circulation systems. Heated water
circulation systems shall be provided with a circulation
pump. The system return pipe shall be a dedicated
return pipe or a cold-water supply pipe. Gravity and
thermosyphon circulation systems shall be prohibited.
Controls for circulating hot water system pumps shall
automatically turn off the pump when the water in the
circulation loop is at the desired temperature and when
there is no demand for hot water. The controls shall
limit the temperature of the water entering the cold-
water piping to not greater than 104°F (40°C).

R403.6.1.1.1 Demand recirculation water sys-
tems. Where installed, demand recirculation water
systems shall have controls that start the pump upon
receiving a signal from the action of a user of a fix-
ture or appliance, sensing the presence of a user of a
fixture, or sensing the flow of hot or tempered water
to a fixture fitting or appliance.
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R403.6.1.2 Heat trace systems. Where installed,
electric heat trace systems shall comply with IEEE
515.1 or UL 515. Controls for such systems shall
automatically adjust the energy input to the heat tracing
to maintain the desired water temperature in the piping

label. Fan efficacy for fully ducted HRV, ERV, balanced,
and in-line fans shall be determined at a static pressure of
not less than 0.2-inch w.c. (49.85 Pa). Fan efficacy for
ducted range hoods, bathroom and utility room fans shall
be determined at a static pressure of not less than 0.1-inch

in accordance with the times when heated water is used
in the occupancy.

R403.6.2 Hot water pipe insulation. Insulation for service
hot water piping with a thermal resistance, R-value, of not

w.c. (24.91 Pa).

TABLE R403.7.1
WHOLE-DWELLING MECHANICAL
VENTILATION SYSTEM FAN EFFICACY?

- i ing: AIRFLOW RATE | MINIMUM EFFICACY
less than R-3 shall be applied to the following: FAN LOCATION MINIMUM (CFM) (CFMWATT)
1. P}plng 3/, inch (.19:1 mm) and. .larger in nominal HRV, ERV Any 12 ofin/watt ®
diameter located inside the conditioned space.
. . . . Range hood Any 2.8 cfim/watt
2. Piping serving more than one dwelling unit. -
o ] In-line supply or exhaust A 38 ofim/
3. Piping located outside the conditioned space. fan ny -8 ctm/watt
4. Piping from the water heater to a distribution Other exhaust fan <90 2.8 cfm/watt
manifold. Other exhaust fa >90 3.5 cfim/watt
5. Piping located under a floor slab. Air-handlor ﬁ
6. Buried piping. integrated¥o tes Any 1.2 cfm/watt
liste

7. Supply and return piping in circulation and recircu-
lation systems other than cold water pipe return
demand recirculation systems.

Fo Nic foot per minute = 28.3 L/min.
balanced systems, HRVs, and ERVs determine the efficacy as the

7.3 Testing. Mechanical ventilation systems shall

titdoor airflow divided by the total fan power.
R403.6.3 Drain water heat recovery units. Wh
ly
d

installed, drain water heat recovery units shall co R403
with CSA B55.2. Drain water heat recovery units sh:

tested in accordance with CSA BS55.1. Potable r-Side

pressure loss of drain water heat recovery ui e

less than 3 psi (20.7 kPa) for individual uni ed to

one or two showers. Potable water-sid loss Y-

drain water heat recovery units shali=bg
(13.8 kPa) for individual units con @ 0
showers.

R403.7 Mechanical ventilati sidential buildings and
dwelling units shall be provi ith*mechanical ventilation
that complies with the req%ents of Section M1505 of the

International Residential C v International Mechanical
Code, as applicable, or with other approved means of
ventilation. Outdoor air intakes and exhausts shall have
automatic or gravity dampers that close when the ventilation
system is not operating.

R403.7.1 Heat or energy recovery ventilation. Dwelling
units shall be provided with a heat recovery or energy
recovery ventilation system. The system shall be a bal-
anced ventilation system with a sensible recovery effi-
ciency (SRE) of no less than 65 percent at 32°F (0°C) at an
airflow greater than or equal to the design airflow. The
SRE shall be determined from a listed value or from inter-
polation of listed values.

R403.7.2 Whole-dwelling mechanical ventilation
system fan efficacy. Fans used to provide whole-dwelling
mechanical ventilation shall meet the efficacy
requirements of Table R403.7.1 at one or more rating
points. Fans shall be tested in accordance with HVI 916
and listed. The airflow shall be reported in the product
listing or on the label. Fan efficacy shall be reported in the
product listing or shall be derived from the input power
and airflow values reported in the product listing or on the

1.
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be tested and verified to provide the minimum ventilation
rates required by Section R403.7 in accordance with
A RESNET/ICC 380. Where required by the code

\ off]cial, testing shall be conducted by an approved third

A written report of the results of the test shall be

signed by the party conducting the test and provided to the
code official.

Exception: Kitchen range hoods that are ducted to the
outside with 6-inch (152 mm) or larger duct and not
more than one 90-degree (1.57 rad) elbow or equivalent
in the duct run.

R403.7.4 Intermittent exhaust control for bathrooms
and toilet rooms. Where an exhaust system serving a
bathroom or toilet room is designed for intermittent opera-
tion, the exhaust system controls shall include one or more
of the following:

A timer control with one or more delay setpoints
that automatically turns off exhaust fans when the
selected setpoint is reached. Not fewer than one
delay-off setpoint shall be 30 minutes or less.

An occupant sensor control with one or more delay
setpoints that automatically turns off exhaust fans in
accordance with the selected delay setpoint after all
occupants have vacated the space. Not fewer than
one delay-off setpoint shall be 30 minutes or less.

A humidity control with an adjustable setpoint rang-
ing between 50 percent or more and 80 percent or
less relative humidity that automatically turns off
exhaust fans when the selected setpoint is reached.

A contaminant control that responds to a particle or
gaseous concentration and automatically turns off
exhaust fans when a design setpoint is reached.
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Manual-off functionality shall not be used in lieu of the
minimum setpoint functionality required by this section.

Exception: Bathroom and toilet room exhaust systems
serving as an integral component of an outdoor air ven-
tilation system or a whole-house mechanical ventilation
system.

R403.8 Space heating and cooling equipment sizing and
efficiency rating. Heating and cooling equipment shall be
sized in accordance with ACCA Manual S based on building
loads calculated in accordance with ACCA Manual J or other
approved heating and cooling calculation methodologies.
Where the installed heating and cooling delivery system uses
duct work, ACCA Manual D or other approved design
manual shall be used. New space heating and cooling
equipment shall be all-electric or fueled by other non-fossil
fuel derived energy sources and have an efficiency rating
greater than or equal to the minimum required by federal law
for the geographic location where the equipment is installed.

R403.9 Systems serving multiple dwelling units. Systems
serving multiple dwelling units shall be all-electric or fueled
by other non-fossil fuel derived energy sources and comply
with Sections C403 and C404 of the Commercial Provisions
of this code instead of Section R403.

R403.10 Snow melt and ice system controls. Snow- and ice-
melting systems, supplied through energy service to the
building, shall comply with Sections R403.10.1 and R403.10.2.

R403.10.1 Controls. Snow- and ice-melting systems shall
include automatic controls capable of shutting ©ff the
system when the pavement temperature is gr€aterhthan
50°F (10°C) and precipitation is not fallingg“and an
automatic or manual control that will alleW*shutoff when
the outdoor temperature is greater than 40°F (418°C).

R403.9.2 Renewable energy offset{ Energy*use by snow-
and ice-melting systems shall\be®offset by on-site
renewable energy generatiommequipmient designed to
provide 34,425 BTUs per Sguage foot for the installed
snow- and ice-melting system§per year. Plans shall be
submitted that detail the type, size, and location of the on-
site renewable energy generation equipment.

Note: A separate building permit is required for on-site
renewable energy generation equipment.

R403.11 Energy consumption of pools and spas. Pools and
permanent spas shall be controlled by the requirements in
Sections R403.11.1 through R403.11.3.

R403.11.1 Heaters. The electric power to heaters shall be
controlled by an on-off switch that is an integral part of the
heater mounted on the exterior of the heater in a location
with ready access, or external to and within 3 feet (914 mm)
of the heater. Operation of such switch shall not change the
setting of the heater thermostat. Such switches shall be in
addition to a circuit breaker for the power to the heater.
Only heat pumps rated for cold climates shall be permitted
or other non-fossil fueled equipment.

Exception: Unheated pools.

R403.11.2 Time switches. Time switches or other control
methods that can automatically turn off and on heaters and
pump motors according to a preset schedule shall be installed
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for heaters and pump motors. Heaters and pump motors that
have built-in time switches shall be in compliance with this
section.

Exceptions:

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

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

R403.11.3 Covers. Outdoor heated pools and outdoor
permanent spas shall be provided with a vapor-retardant
cover or other approved vapor-retardant means.

Exception: Where more than 75 percent of the energy
for heating, computed over an operation season of not
fewer than three calendar months, is from a heat pump
or an on-site renewable energy system, covers or other
vapor-retardant means shall not be required.

R403.11.4 Eiltersy, S%wimming pool filters shall be
cartridge-type\filtess,

R403.11.5 Pumps. Swimming pool pumps shall be multi-
speed pumps®

R403.1.6 * Load calculations. For the purpose of
caleulating the energy use of swimming pools, the
following are assumed:

1. Swimming pool season.
1.1. Outdoor pools: 3 months.
h.2. Indoor pools: 12 months.
2. Pool heating temperature: 82°F (28°C) or less.

3N0n-site renewable energy requirements: 29,000
BTUs per square foot of pool surface area per year.

Note: This section is not intended to limit the season or
temperature of swimming pools.

R403.12 Portable spas. The energy consumption of electric-
powered portable spas shall be controlled by the requirements
of APSP 14.

R403.13 Residential pools and permanent residential
spas. Where installed, the energy consumption of residential
swimming pools and permanent residential spas shall be
controlled in accordance with the requirements of APSP 15.

R403.14 Spas. Any energy use by indoor or outdoor spas
must be offset by on-site renewable energy generation
equivalent to the energy use by the spa. Plans must show the
annual energy use of the spa, the calculation method used to
determine the expected energy use, and the on-site renewable
energy system(s) that will be used to offset the energy used
by the spa. All spas must be equipped with an insulated cover
that is listed to provide a minimum R-value of at least 12.

Exception: Spas and hot tubs that have been tested and
listed for compliance with the requirements of the
California Energy Commission (CEC) Title 20 [standby
power for portable electric spas shall be not greater than
5(V'?/3) watts where ¥ = the total volume of the spa in
gallons], and are less than 64 square feet (5.9 m®) in
surface area shall be exempted from the requirement to
offset their energy usage by on-site renewable energy
generation. Spas larger than 64 square feet (5.9 m?) in
surface area that are certified to meet the requirements of
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the CEC shall offset their requirements at the rate of
140,000 BTUs per square foot per year.

R403.14.1 Design criteria for spas. The requirements of
this section apply to spas that do not meet the exception in
Section R403.14.

Spa season: 12 months

On-site renewable energy requirements: 430,000 BTUs
per square foot per year

SECTION R404
ELECTRICAL POWER AND LIGHTING SYSTEMS

R404.1 Lighting equipment. Lighting equipment shall
comply with the requirements of this section.

R404.1.1 Exterior lighting. Connected exterior lighting for
residential buildings shall comply with Section C405.4.

Exceptions:
1. Detached one- and two- family dwellings.
2. Townhouses.

3. Solar-powered lamps not connected to any
electrical service.

4. Luminaires controlled by a motion sensor.

5. Lamps and luminaires that comply with Sectién
R404.1.

R404.1.2 Fuel gas lighting equipment. Fuel gasplightifig

systems shall not be permitted.
R404.2 Interior lighting controls. Permanently, ‘stalled
lighting fixtures shall be controlled with eitheg’a dimmer ot
an occupant sensor control or other contsel that is built_into
the fixture.

Exception: Lighting controls sifall net.bé required fogthe

following:

1. Bathrooms.

2. Hallways.

3. Exterior lighting fixtutes.

4. Lighting designed for safety or security.
R404.3 Exterior lighting controls. Where the total perma-
nently installed exterior lighting power is greater than 30

watts, the permanently installed exterior lighting shall com-
ply with the following:

1. Lighting shall be controlled by a manual on and off
switch which permits automatic shut-off actions.

Exception: Lighting serving multiple dwelling units.

2. Lighting shall be automatically shut off when daylight
is present and satisfies the lighting needs.

3. Controls that override automatic shut-off actions shall
not be allowed unless the override automatically
returns automatic control to its normal operation within
24 hours.

R404.4 Electric vehicle (EV) charging for new
construction. The building shall be provided with electric
vehicle (EV) charging in accordance with this section and the
National Electrical Code (NFPA 70). Where parking spaces
are added or modified without an increase in building size,
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only the new parking spaces are subject to this requirement.
The number of parking spaces can be determined by actual
spaces provided or consistent with Boulder’s Municipal
Code, Title 9: Land Use Code, Chapter 9: Development
Standards, 9-9-6: Parking Standards.

R404.4.1 One- and two-family dwellings and
townhouses. Each dwelling unit with a dedicated attached
or detached garage or other onsite designated parking
provided for the dwelling unit shall be provided with at
least one electric vehicle ready space.

R404.4.1.1 EV Ready Spaces. Each EV ready space
shall have a branch circuit that complies with all of the
following:

1. Terminates at a receptacle, located within 3 feet of
each EV ready space it serves. EV ready includes
two adjacent parking spaces if the receptacle for
theSelectrical facilities of this section is installed
adjacentfo and between both parking spaces.

2. Hds aminimum circuit capacity of 8.3 kVA (40A
208/240V).

3. The electrical panel, electrical distribution equip-
ment directory, and all outlets or enclosures shall
be marked “For future electric vehicle supply
equipment”.

Exception: A receptacle need not be provided if a

hard-wired EVSE is installed.

R404.,4.2 Identification. Construction documents shall
designate the EV ready space and indicate the locations of
raCeway and/or conduit and the termination points serving
them. The circuits or spaces reserved in the electrical
panel for EV ready spaces shall be clearly identified in the
panel or subpanel directory.

R404.4.3 Group-R occupancies. Group-R occupancies
with three or more dwelling units and/or sleeping units
shall be provided with electric vehicle charging in
accordance with Table C405.13.1. Calculations for the
number of spaces shall be rounded up to the nearest whole
number. If there is off street parking that is not otherwise
assigned to individual units, it must comply with C405.13
for R-2 occupancies.

R404.4.4 Accessible parking. Where new EVSE installed
spaces and/or new EV ready spaces and new accessible
parking, as defined by the City of Boulder Building Code,
Chapter 11, “Accessibility,” are both provided, parking
facilities shall be designed so that at least one accessible
parking space shall be EV ready or EVSE installed.

R404.4.5 Number and features of universal vehicle
spaces. Refer to section C405.13.5 for requirements.

SECTION R405
RESERVED

SECTION R406
ENERGY RATING INDEX
COMPLIANCE ALTERNATIVE

R406.1 Scope. This section establishes criteria for
compliance using an Energy Rating Index (ERI) analysis.
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R406.1.1 ERI compliance. Compliance based on the
Energy Rating Index (ERI) requires that the rated design
meet all of the following:

1. The Energy Rating index score shall be developed
using the most recent version of RESNET/ICC/
ANSI Standard 301.

2. The requirements of the sections indicated within
Table R406.1.1, Mandatory Requirements.

3. Maximum ERI of Table R406.3.
4. Compliance with all sections listed in Table R406.2.

TABLE R406.1.1
MANDATORY REQUIREMENTS

SECTION® TITLE
R303 Materials, systems, and equipment
R401.3 Documentation
R402.1.1 Vapor retarder
R402.2 Specific Insulation Requirements
R402.4 Air leakage Requirements
R402.5 (ERI Path Only) | Maximum fenestration U-factor and SHGC
R403 Systems
R404 Electrical Power and Lighting Systems
R407 Solar ready
R408 Additional conservation requirements

a. Reference to a code section includes all the relative subsections.

R406.2 Building thermal envelope. Building and postions
thereof shall comply with Table R406.1.1 J¥landatoty
Requirements.

R406.2.1 ERI with and without onfsite\reémewable
energy sources. The building shall comply with the ER]
scores as defined in Table R406.3. The proposed and con-
firmed design compliance reports‘shall,be provided for the
building both without On-site@encwables and with onsite
renewables respectively.

R406.3 Energy Rating Index. The Energy Rating Index
(ERI) shall be determined in accordance with RESNET/ICC
301.

Where roof space is maximized for renewable energy, the
post solar ERI target shall be adjusted so as to not require off-
site renewable energy to achieve compliance. Energy used to
recharge or refuel a vehicle used for transportation on roads
that are not on the building site shall not be included in the
ERI reference design or the rated design.

TABLE R406.3
MAXIMUM ENERGY RATING INDEX (ERI)* COMPLIANCE SCORES

NEW CONSTRUCTION: 23000 ft?

Pre-Renewable ERI Score Post-Renewable ERI Score

50 0

NEW CONSTRUCTION: 0 to 2999 ft?

Pre-Renewable ERI Score Post-Renewable ERI Score

50 30

a. The target Energy Rating Index shall be determined utilizing the square
footage as calculated for the Energy Rating Index.

R406.4 Reserved.
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R406.5 ERI-based compliance. Compliance based on an
ERI analysis requires that the rated proposed design and con-
firmed built dwelling be shown to have an ERI less than or
equal to the appropriate value indicated in Table R406.3 when
compared to the ERI reference design. Compliance shall be
shown for the required ERI scores before and, if provided,
with on-site renewable energy production. Projects with on-
site renewable energy production shall comply with Sections
R406.5.1, R406.5.2, and R406.5.3.

R406.5.1 Pre-Renewables ERI Target. Prior to incorpo-
rating on-site renewable energy production into the project
design, the project shall achieve the ERI target set in Table
R406.3 before on-site renewable energy production (pre-
renewables ERI score).

R406.5.2 Post-Renewables ERI Target. Once a pre-
renewables ERI score has been determined for compli-
ance, the projecteghall achieve the ERI target set in Table
R406.3 with @n-site, refiewable energy production (post-
renewables ERI séosc).

Exception:

I, Technical infeasibility. The chief building offi-
cial has the authority to modify the ERI require-
ment to the lowest ERI score that is reasonably
feasible to be achieved in the following circum-
stances:

a. It has been demonstrated to the chief building
official that it is not possible to install an on-
site solar array that is unshaded for more than
70 percent of daylight hours annually that is
of sufficient size to meet the requirements.
The submittal documents for such requests
shall include an ERI compliance report that
includes the size and annual kWh production
of the hypothetical on-site renewable energy
system that would be required to achieve an
ERI score of 0.

R406.5.3 On-site renewable energy. On-site renewable
energy systems shall be used for compliance with Section
406.5. On-site renewable energy systems must be
permanently installed on the property of the building.

Exception:

1. ERI achieved without on-site renewable sources.
No on-site renewable energy system is required if
it has been demonstrated to the chief building
official that the building has achieved the
required post-renewables ERI score per Table
R406.3 for new construction without on-site
renewable energy production.

R406.6 Verification by approved agency. Verification of
compliance with Section R406 as outlined in Sections
R406.3and R406.6 shall be completed by an approved third
party. Verification of compliance with Section R406.2 shall
be completed by the authority having jurisdiction or an
approved third-party inspection agency in accordance with
Section R105.4.

R406.7 Documentation. Documentation of the software
used to determine the ERI and the parameters for the
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residential building shall be in accordance with Sections
R406.7.1 through R406.7.3.

R406.7.1 Compliance software tools. Software tools
used for determining the ERI shall be Approved Software
Rating Tools in accordance with RESNET/ICC 301.

R406.7.2 Compliance report. Compliance software tools
shall generate a report that documents that the home and
the ERI score of the rated design complies with R406.2,
R406.3 and R406.5. The compliance documentation shall
be created for the proposed design and shall be submitted
with the application for the building permit. Confirmed
compliance documents of the built dwelling unit shall be
created, registered with RESNET, and submitted to the
code official for review before a certificate of occupancy is
issued. Compliance reports shall include information in
accordance with Sections R406.7.2.1 and R406.7.2.2.

R406.7.2.1 Proposed compliance report for permit
application. Compliance reports submitted with the
application for a building permit shall include the
following:

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

2. Declare ERI on title page and building plans.

3. The name of the individual performing
analysis and generating the compliance rep

4. The name and version of the compliancegoftwate
tool.

5. Documentation of all inputs en
software used to produce the
reference design and/or the rate

6. A certificate indicating th % roposed 1@
talto' the appropsiate

has an ERI less than gf e

score indicated in 406.3 when compared
to the ERI reference ‘design. The certificate shall
document t g component energy
speciﬁcationshN included in the calculation,
including: compornent level insulation R-values
or U-factors; assumed duct system and building
envelope air leakage testing results; and the type
and rated efficiencies of proposed heating,
cooling, mechanical ventilation, and service
water-heating equipment to be installed. If on-
site renewable energy systems are installed, the
certificate shall report the type and production
size of the proposed system.

7. When a site-specific report is not generated, the
proposed design shall be based on the worst-case
orientation and configuration of the rated home.

R406.7.2.2 Confirmed compliance report for a
certificate of occupancy. A confirmed compliance
report submitted for obtaining the -certificate of
occupancy shall be made site and address specific and
include the following:

1. Building street address or other building site
identification.

2. Declaration of ERI on title page and on building
plans.
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3. The name of the individual performing the
analysis and generating the report.

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

5. Documentation of all inputs entered into the
software used to produce the results for the
reference design and/or the rated home.

6. A final confirmed certificate indicating that the
confirmed rated design of the built home
complies with Sections R406.3 and R406.5 and is
registered with RESNET. The certificate shall
report the energy features that were confirmed to
be in the home, including: component-level
insulation R-values or U-factors; results from any
required duct system and building envelope air
leakage testing; and the type and rated
effigiencies of the heating, cooling, mechanical

%, and service water-heating equipment

d. Where on-site renewable energy

tems have been installed on or in the home, the

rtificate shall report the type and production
size of the installed system.

Renewable energy compliance

(;)6.7.3
A \ ocumentation. Where on-site renewable energy is

utilized for compliance with an ERI, the renewable energy
system will need to pass final inspection prior to final
oval of ERI report.

R406¥7.4 Additional documentation. The code official
e

thy Wl be permitted to require the following documents:
@A ts%for tﬁ%

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

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

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

R406.7.5 Specific approval. Performance analysis tools
meeting the applicable sections of Section R406 shall be
approved. Documentation demonstrating the approval of
performance analysis tools in accordance with Section
R406.7.1 shall be provided.

R406.7.6 Input values. Where calculations require input
values not specified by Sections R402, R403 and R404,
those input values shall be taken from RESNET/ICC 301.

SECTION R407
SOLAR READY

R407.1 General. Residential buildings with not less than 600
square feet (55.74 m?®) of roof area oriented between 110
degrees and 270 degrees true north shall comply with this
section.

Exceptions:

1. New residential buildings with a permanently
installed on-site renewable energy system.

2. A building where all areas of the roof that would
otherwise meet the requirements of Section R407.5
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are in full or partial shade for more than 70 percent
of daylight hours annually.

R407.2 Minimum renewable energy system capacity. New
residential buildings shall be provided with an onsite
renewable energy system(s) capable of producing annual
renewable energy output of no less than is needed to achieve
the Energy Rating Index score listed in Table R406.3 with
onsite power production.

R407.3 Construction document requirements. System
specifications and  system  renewable  calculations
demonstrating that the system(s) meet(s) the requirements of
Section R407 shall be included in the construction documents.
The onsite renewable energy system(s) used to comply with
this section shall not be included in the calculations for Section
R406.5.1 ERI compliance without onsite renewables.

R407.5 Solar-ready zone area. The total solar-ready zone
area for each dwelling unit shall be not less than 300 square
feet (27.87 m?), exclusive of mandatory access or setback
areas as required by the City of Boulder Fire Code, except
that the total solar-ready zone area for a townhouse three
stories or less in height above grade plane and with a total
floor area less than or equal to 2,000 square feet (185.8 m?) of
conditioned space shall be not less than 150 square feet
(13.94 m?). The solar-ready zone shall be composed of areas
not less than 5 feet (1524 mm) in width and not less than 80

square feet (7.43 m?), exclusive of access or setback areas a
required by the City of Boulder Fire Code. v

R407.5.1 Obstructions. Solar-ready zones shall be
from obstructions, including but not limited to
chimneys, and roof-mounted equipment.

R407.5.2 Shading. The solar-ready zone sha
from any existing or new permanently (@
the building or site that is located sglithi\e
the solar-ready zone a distance nqt
object's height above the nearest poi
Such objects include, but ar

of the building itself, parafx imneys, antennas, sig-
nage, rooftop equipment, trees,‘and roof plantings either

existing at the time of permit application or planned for on
the construction documents.

R407.5.3 Roof load documentation. The structural
design loads for roof dead load and roof live load shall be
clearly indicated on the construction documents.

the roof surface.
to, taller portions

R407.6 Interconnection pathway. Construction documents
shall indicate at least one potential pathway for routing of
conduit and/or raceway from the solar-ready zone to the
electrical service panel or service hot water system and shall
be labeled as “Potential Pathway” on the construction
documents.
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R407.7 Electrical service reserved space. The main
electrical service panel shall have space to allow installation
of a dual pole circuit breaker for solar electric installation and
shall be labeled “For Future Solar Electric.” The reserved
space shall be positioned at the opposite (load) end from the
input feeder location or main circuit location.

R407.8 Construction documentation certificate. A
permanent certificate, indicating the solar-ready zone and
other requirements of this section, shall be posted near the
electrical distribution panel, water heater or other
conspicuous location by the builder or registered design
professional.

SECTION R408
ADDITIONAL CONSERVATION REQUIREMENTS

R408.1 Additional Conservation requirements. This
Section R408 estabw additional conservation objective

for residential Bwildi For additions and alterations to
existing buildin Section R502 and R503 for the

residential buildings shall comply with

0 achieve the compliance:

the follow1
L. @ producing the final confirmed ERI score in
accordance with Section R406.7.2.2 the Operational
« arbon CO2 index shall be produced and submitted. In

addition, a CO2 Emissions Comparison report shall be
proddced and submitted.

2 residential construction shall achieve a total of

s from Table R408.1. Credit calculations shall

10 cre
EVpeciﬁed in relevant subsections of Section R408.

redits claimed pertaining to embodied carbon in Table

R408.1 shall provide a product-specific Type III
environmental product declarations (EPD). Credit
sections that claim “X” percent pertains to the
percentages from Table R408.1.

4. Confirmation of the product’s kgCO2e/m* and
product specific Type III EPDs shall be reported to the
code official and verified by a registered design
professional or approved third party on the project,
and a summary shall be made available to the code
official that includes a list of each product and
associated kgCO2e/(unit specified), per the product
specific Type IIl EPD.

a. See Example kgCO2e/unit Summary Reporting
Form at the end of this section.

5. All credits taken shall be specified on the plans for
permitting. Prior to project completion, documentation
shall be provided for all credits pursued under R408.
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TABLE R408.1
ADDITIONAL CONSERVATION CREDITS

EMBODIED CARBON CONSERVATION CREDIT OPTIONS CREDIT VALUE AND CREDIT VALUE PER PERCENT REDUCTION

Measure Description Credit 50% 40% 25% 15% 10% 5% 2%

R408.2 Whole building lifecycle analysis (WB LCA) 10

R408.3 Embodied CO2e¢ in Concrete Products 3 2 1

R408.4 Embodied CO2e in Grade Lumber Products 3 2 1

R408.5 Embodied CO2e¢ of Prefabricated Joist Products

R408.6 Embodied CO2e of Glued Cross-laminated Timber Products 3

R408.7 Embodied CO2e of Structural Composite Lumber Products

R408.8 Embodied CO2e of Particleboard and Fiberboard Products

R408.9 Embodied CO2e¢ in Steel Product manufacturing

R408.10 Embodied CO2e of Structural Steel Products 3

R408.11 Embodied CO2e of Nonstructural Steel Products

R408.12 Embodied CO2e of Steel Reinforcing Bar Products 3

R408.13 Embodied CO2e¢ of Insulation Products

R408.14 Embodied CO2e of Foam Plastic Insulation Products

R408.15 Embodied CO2e of Gypsum Products 3

R408.16 Embodied CO2e of Interior Floor Covering Products 3

R408.17 Embodied CO2e of Glazing Products [

R408.18 Embodied CO2e of Siding Products < 7 3

W W N[ W] N W] W[N] W] W[ W N W

R408.19 Embodied CO2e of Clay Bricks
R408.20 Embodied CO2e of Masonry Cement

[\
e N e B Y il el B i el B B Y Y Y

R408.21 Embodied CO2e of Roofing Products . - 3

R408.22 Battery Storage: -
R408.23 Energy Monitoring System f\

R408.24 Smart electrical panel Vs \ ! !
R408.25 Energy Star Appliances (2£ ional for Most Efficien

R408.26 Condensing Clothes Dryer

R408.27 Reduced Air—LeakaA RV Installed

R408.28 Roof Reflectance/Cool Roof

R408.29 Ground Source Heat Pump

R408.30 Heat Pump Water Heater w/ Demand Response Controls

W[l Q| | B[ wv

R408.31 Duct Leakage (<2 CFM per square foot of floor area)

R408.32 100% the duct system installed within the building thermal
envelope

W

R408.33 Reserved -

R408.34 Drain Water Heat Recovery (IgCC Section 607.5) 5

R408.35 Hot water delivery and demand control circulation system 5

R408.36 Reserved -

R408.37 Passive House certification -

Additional Conservation Requirement options for Section additions and alterations only (R502 and R503)

Measure Description Credit 50% 40% 25% 15% 10% 5% 2%
R408..38 Enprgy Audit performed on the existing building prior to 10
permit application
R408.39 Use ERI Compliance option R502.2.2 or R503.2.2 10
R408.40 Whole House Controlled mechanical ventilation 5
R408.41 ENERGYSTAR Cold Climate Air Source Heat Pump 5
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R408.2 Whole building lifecycle analysis (WB LCA):
Conduct a whole building life-cycle assessment, including
operating energy, against a baseline building that
demonstrates a minimum of 10% reduction for at least three
of the six impact categories listed below, one of which must
be global warming potential. The building envelope,
structural elements including footings and foundations,
interior ceilings, walls, and floors; and exterior finishes shall
be studied for the assessment. The baseline and proposed
buildings must be of comparable size, function, complexity,
orientation, and operating energy performance. The service
life of the baseline and proposed buildings must be the same
and at least 60 years. The same life-cycle assessment
software tools and data sets shall be used to evaluate both the
baseline building and the proposed building. The construction
documents shall report all listed impact categories. Data sets
must comply with the standards of ISO 14044.

Impact Categories:

1. global warming potential (greenhouse gases), in kg
CO2e.

2. depletion of the stratospheric ozone layer, in kg CFC-
11e.

3. acidification of land and water sources, in moles H+ or
kg SO2e.

4. eutrophication, in kg nitrogen eq or kg phosphate eq.

5. formation of tropospheric ozone, in kg NOx, kg O3\&g,
or kg ethene; and

6. depletion of nonrenewable energy resousCes) inWNMJ
using CML / depletion of fossil fuels in TRAET.

R408.3 Embodied CO2e in concrete products.\Credits fof
embodied CO2e in concrete products ar€ achieyved if X% or
more of all concrete mixes used in thegbuilding’s primary
structural foundations does not exeeedythe project limit
(CO2Emax) determined by 125900 MAEPD s kgCO2e/y3.
Precast and cast in place cenctete products may be
considered in this category. Produets shall have a product-
specific Type Ill EPD.

R408.4 Embodied CO2e in grade lumber products:
Credits for embodied CO2e in grade lumber products are
achieved if X% or more of all softwood and redwood lumber
products used in the building, based on cost or volume, do not
exceed 125% of IW- EPD’s kg-CO2e/m’. Products shall have
a product-specific Type IIl EPD.

R408.5 Embodied CO2e of prefabricated joist products.
Credits for prefabricated joist products are achieved if X% or
more of all prefabricated wood I-joist products used in the
building, based on cost or length, do not exceed 125% of /W-
EPD’s kgCO2e/m’. Products shall have a product-specific
Type Il EPD.

R408.6 Embodied CO2e of glued cross-laminated timber
products: Credits for embodied CO2d of glued cross-
laminated timber products are achieved if X% or more of all
glued laminated timber products used in the building, based
on cost or volume, do not exceed 125% of IW-EPD'’s
kgCO2e/m’. Products shall have a product-specific Type III
EPD.
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R408.7 Embodied CO2e of structural composite lumber
products. Credits for embodied CO2e of structural
composite lumber products if X% or more of all laminated
veneer lumber and laminated strand lumber products used in
the building, based on cost or volume, do not exceed 125% of
IW-EPD’s kgCO2e/m®. Products shall have a product-
specific Type IlI EPD.

R408.8 Embodied CO2e of particleboard and fiberboard
products. Credits for embodied CO2e of particle board and
fiberboard are achieved if X% of all medium density
fiberboard, cellulosic fiberboard, and particleboard products
used in the building, based on cost or volume, do not exceed
125% of IW-EPD’s kgCO2e/m’. Products shall have a
product-specific Type Il EPD.

R408.9 Embodied CO2e in steel product manufacturing:
Credits for embodied CO2e in steel product manufacturing
are achieved if X%yor more of steel products used in the
construction of ghe building, based on cost or weight, is
produced in a facility“er facilities where at least 50% of the
energy sourcedyfor, production at the facility is a renewable
energy resQurce vas documented by one or more of the
folloying:

a. Qu-site renewable energy system.

b. Off-site renewable energy system owned by the
production facility owner.

c. Community renewable energy facility.
dy Power Purchase Agreement (PPA).

R408.10 /Embodied CO2e of structural steel products.
Credits for embodied CO2e of structural steel products is
achieved if X% or more, of all structural steel used in the
building’s primary structural frame does not exceed 125% of
TW-EPD’s kgCO2e/metric ton. Products shall have a product-
specific Type Il EPD.

R408.11 Embodied CO2e of nonstructural steel products.
Credits for embodied CO2e of nonstructural steel products is
achieved if X% or more of all nonstructural steel building
products used in the building do not exceed 125% of IW-
EPD’s kgCO2e/metric ton. Products shall have a product-
specific Type III EPD.

R408.12 Embodied CO2e of steel reinforcing bar prod-
ucts. Credits for embodied CO2e of steel reinforcing bar
products are achieved if X% or more of all concrete reinforc-
ing bars used in the building do not exceed 125% of IW-
EPD’s kgCO2e/metric ton. Products shall have a product-
specific Type Il EPD.

R408.13 Embodied CO2e of insulation products. Credits
for embodied CO2e of insulation products are achieved if
X% or more of the installed insulation used in the building,
based on product cost or area, does not exceed 125% of IW-
EPD’s kgCO2e/m2- RSI. Products shall have a product-spe-
cific Type IIl EPD.

R408.14 Embodied CO2e of foam plastic insulation prod-
ucts. Credits for embodied CO2e of foam plastic insulation
products are achieved if X% or more of all insulation prod-
ucts, including expanded polystyrene (EPS) and polyurethane
foam insulation (HFC or HFO) used in the building, based on
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cost and area, do not exceed 125% of IW-EPD’s kgCO2e/m2-
RSI. Products shall have a product-specific Type III EPD.

R408.15 Embodied CO2e of gypsum products. Credits for
embodied CO2e of gypsum products are achieved if X% or
more of all gypsum board, gypsum sheathing, and glass-mat
gypsum board products used in the building, based on cost or
area, do not exceed 125% of IW-EPD’s kgCO2e/m?. Products
shall have a product-specific Type 11l EPD.

R408.16 Embodied CO2e of interior floor covering prod-
ucts. Credits for embodied CO2e of floor covering products
are achieved if X% or more of solid and engineered flooring,
ceramic tile, natural stone floor, and resilient flooring (homo-
geneous and heterogeneous vinyl, and rigid core) used in the
building, based on cost or area, does not exceed 125% of IW-
EPD’s kgCO2e/m®. Products shall have a product-specific
Type Il EPD.

R408.17 Embodied CO2e of glazing products. Credits for
embodied CO2e of glazing products are achieved if X% or
more of all flat glass used in window products installed in the
building, based on cost or weight, does not exceed 125% of
IW-EPD’s kgCO2e/metric ton. Products shall have a product-
specific Type IIl EPD.

R408.18 Embodied CO2e of siding products. Credits for
embodied CO2e of siding products are achieved if X% gr
more of all siding products used in the building, based on cost
or area, do not exceed 125% of IW-EPD’s kgCO2e/m”.

R408.19 Embodied CO2e of clay bricks. Credits \for
embodied CO2e of clay bricks area achieved if X%,0t more
of all clay brick products used in the building, Based on cost
or volume, do not exceed 125% of IW-EPD§ ¥e€O2e/m%
Products shall have a product-specific TypeNIINEPD.

R408.20 Embodied CO2e of masonry, cement. Credits for
embodied CO2e of masonry ceient’if X% or more of all
masonry cement used in the ‘building, based on cost or
weight, does not exceed 125%"ofell/-EPD’s kgCO2e/metric
ton. Products shall have a prgduct-specific Type 111 EPD.

R408.21 Embodied CO2e of Toofing products. Credits for
embodied CO2e of roofing products are achieved if X% or
more of all roofing products used in the building, based on
product cost or area, do not exceed 125% of IW-EPD’s
kgCO2e/m*. Products shall have a product-specific Type III
EPD.

R408.22 Battery storage. Credits for battery storage are
achieved if 10kWh of battery storage is installed. The battery
storage system shall be installed in accordance with all NEC
and IRC codes and shall be clearly documented on an electri-
cal plan for the project. Signage shall be installed on the exte-
rior of the home informing owners and residents that a battery
storage system is installed.

R408.23 Energy monitoring system. Credits for an energy
monitoring system are achieved if each residential unit has an
energy monitoring system. Documentation of the installation
shall be provided to the code official.

R408.24 Smart electrical panel. Credits are achieved for a
smart electrical panel if each residential unit has a smart elec-
trical panel installed in compliance with the NEC. Documen-
tation of the installation shall be provided to the code official.
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R408.25 Energy Star Appliances. Credits for ENER-
GYSTAR appliances are achieved if an ENERGYSTAR
qualified refrigerator, dishwasher, clothes washer, and
clothes dryer are installed in each residential unit and docu-
mentation of the installation shall be provided to the code
official at the time of final inspection. Any ceiling fans that
were installed shall also be ENERGYSTAR qualified. Two
additional points will be achieved if all appliances installed,
as mentioned above, are from the current year’s ENER-
GYSTAR Most Efficient list.

R408.26 Condensing clothes dryer. Credits for a condens-
ing clothes dryer are achieved if the residential unit has a con-
densing clothes dryer at time of final inspection.

R408.27 Reduced air-leakage w/ ERYV installed. Credits for
reduced air-leakage are achieved if the air leakage rate of the
building is less than 2.0 air changes per hour when calculated
in accordance with Section R402.4.1.2, and all ventilation air
is provided®ysandéafi energy recovery ventilator with a sensi-
ble recowery'efficiency of not less than 75%.

R408:228=Ropf reflectance/cool roof. Credits for reflectance/
co0I%o0f are achieved for a low sloped (less than 2/12 pitch
or 2 percent) roofed building if roofing material is used for
thewentire roof that has a minimum 3-year aged solar reflec-
tamce of .63 and a minimum thermal emittance of .75 or a
standard reflectance Index of 75. Credits are achieved for
steep Sloped roofed buildings if roofing material is used for
thé"entire roof that has a minimum 3-year aged solar reflec-
tance of %20 and a minimum thermal emittance of .75 or a
standard reflectance Index of 16.

R408.29 Ground source heat pump. Credits for a ground
source heat pump are achieved if the has a ground source heat
pump HVAC system design is sized in accordance with Sec-
tion R403.8.Documentation of the installation shall be pro-
vided to the code official.

R408.30 Heat pump water heater w/ demand response
controls. Credits for pump water heater with demand
response area are achieved if the building has a heat pump
water heating system with demand response controls listed
for participation in a demand response program that serves
the building site and a UEF of not less than 2.0.

R408.31 Low duct leakage (< 2 CFM per square foot of
floor area). Credits for low duct leakage are achieved if the
duct leakage rate of the building is <2 CFM per 100 square
foot of floor area served when tested in accordance with Sec-
tion R403.4.5 at a post construction test.

R408.32 100% the duct system installed within the build-
ing thermal envelope. Credits for a duct system within the
building thermal envelope are achieved if all components of
the duct system as defined by this code are located within the
building thermal envelope in accordance with Section
R403.4.2.

R408.33 Reserved.

R408.34 Drain Water Heat Recovery. Credits for drain
water heat recover are achieved if the building has a drain
water heat recovery unit for all shower, bathtub, laundry and
sink drains with a heat recovery efficiency of at least 50%.
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R408.35 Hot water delivery and demand control circula-
tion system. Credits for hot water delivery and demand con-
trol circulation systems are achieved if the building has a
demand control hot water circulation system that stores no
more than 0.5 gallons (1.9 liters) of water in any piping/man-
ifold between the hot water source and any hot water fixture.
The system shall be field verified per the DOE Zero Energy
Ready Homes v2 Calculation method or field verification
method and results shall be provided to the code official.

R408.36 Reserved.

R408.37 Certification under the Passive House program.
The building shall be certified and labeled under the 2021 or
newer PHIUS Zero Passive House Institute US program, or
the Passive House Institute classic or higher program cate-
gory.

R408.38 Energy audit: Credits for an energy audit are
achieved if documentation is submitted showing that a RES-
NET or BPI Energy Audit was performed on the existing
building prior to permit application. Credits for this measure
are only available for additions and alterations to existing
buildings.

R408.39 Use ERI compliance option R502.2.2 or R503.2.2.

R408.40 Whole house controlled mechanical ventilation:
Credits for whole house controlled mechanical ventilation is

additions and alterations to existing buildings.

&\O

achieved when it is installed in accordance with Sectio
M1505 of the 2021 International Residential Code (IRC), or
newer version. Credits for this measure are only available

at

R408.41 ENERGYSTAR Cold Climate Air

Pump: Credits for CCASHP shall be aghicved if the
CCASHP has a minimum HSPF 9.5 or HSP @ ami
imum SEER 16 or SEER2 15.3. Thestin all have th
capacity maintenance of max at 5° 47°F of at least
70% and documentation of the installatiog shall be provided
are only available

to the code official. Credit for thi
for additions and alterations to eXisting buildings.

?y

Example kgCO2e/unit Summary Reporting Form

Documentation requires that Environmental Product Declarations (EPDs) are “verified by a registered design professional on
the project, and a summary shall be made available to the code official that includes a list of each product and associated

kgCO2e/unit, per the EPD.” The following is an example table summary:
. Procured Target Actual KGCO2E/ )
Product Required Pgrcent Product Total Product Perce'ntage KGCO2E/UNIT UNIT PER THE Confu:med
Of Compliance Amount Amount Confirmed 150% IW-EPD EPD Compliance
Ex. Blown - Fiberglass 50% 2,200 sf 2,200 sf 50% 0.73 0.983
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CHAPTER 5 [RE]
EXISTING BUILDINGS

User note:

About this chapter: Many buildings are renovated or altered in numerous ways that could affect the energy use of the building as a whole.
Chapter 5 requires the application of certain parts of Chapter 4 in order to maintain, if not improve, the conservation of energy by the reno-

vated or altered building.

SECTION R501
GENERAL

R501.1 Scope. The provisions of this chapter shall control
the alteration, repair, addition and change of occupancy of
existing buildings and structures.

R501.1.1 General. 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.
Unaltered portions of the existing building or building
supply system shall not be required to comply with this
code unless triggered by a higher level of alteration.

R501.2 Compliance. Additions, alterations, repdirs\,or
changes of occupancy to, or relocation of, an existing building,
building system or portion thereof shall compiywith Section
R502, R503, R504 or R505, respectively, iffithis‘eede and the
provisions for alterations, repairs, additiéhs, and changgs=ef
occupancy or relocation, respectivelyy in the Interndtional
Residential Code, International BuyildingsCode, International
Existing Building Code, Internationad’Fire Code, International
Fuel Gas Code, International Mechanical Code, International
Plumbing Code, Internatioual, Property Maintenance Code,
International Private SewagehDisposal Code and NFPA 70 as
applicable. Changes where unconditioned space is changed to
conditioned space shall comply with Section R502. Where
both additions and alterations are included in the scope of
work, the larger portion of work will govern the direction
(R502 or R503) for compliance.

R501.2.1 Consecutive permits. Any two or more build-
ing permits for the same dwelling unit that are applied for
in any 24-month period shall be considered as one permit
for the purpose of determining and meeting the require-
ments of Section R501.2.

R501.3 Maintenance. Buildings and structures, and parts
thereof, shall be maintained in a safe and sanitary condition.
Devices and systems that are required by this code shall be
maintained in conformance to the code edition under which
installed. The owner or the owner’s authorized agent shall be
responsible for the maintenance of buildings and structures.
The requirements of this chapter shall not provide the basis for
removal or abrogation of energy conservation, fire protection
and safety systems and devices in existing structures.

R501.4 New and replacement materials. Except as
otherwise required or permitted by this code, materials
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permitted by the applicable code for new construction shall
be used. Like materials shall be permitted for repairs,
provided that hazards to life, health or property are not
created. Hazardous materials shall not be used where the code
for new constructiongould not allow their use in buildings of
similar occupapeys purpose and location.

R501.5_Designated historic buildings. The provisions of
this_cede relating to the construction, repair, alteration,
festoration and movement of structures, and change of
occupancy shall apply to designated historic buildings. The
Ghief building official shall have the authority to waive
certain requirements for a designated historic building if the
chief ¢building official finds that compliance with a
requirément would have an adverse impact upon the historic
characteg of the individual landmark or, if the building is
contributing to a historic district, upon the historic character
of\th€ contributing building or the historic district.

R501.6 Change in space conditioning. Any unconditioned
or low-energy space that is altered to become conditioned
space shall be required to be brought into full compliance
with Section R502.

SECTION R502
ADDITIONS

R502.1 General. Additions to an existing building, building
system or portion thereof shall conform to the provisions of this
code as those provisions relate to new construction. Additions
shall not create an unsafe or hazardous conditions or overload
existing building systems. Additions shall demonstrate
compliance in accordance with Sections R502 through R502.7.

R502.2 Compliance. Additions shall comply with Section
R502.2.1 or R502.2.2 except that additions greater than 1,000
square feet of conditioned floor area shall comply with
R502.2.2.

R502.2.1 Existing building plus addition prescriptive
compliance option. The prescriptive compliance option
requires compliance with the provisions of Section
R401.2.1. The applicant shall demonstrate that the
addition alone complies with this code including section
R402.4 air leakage testing of the addition plus the existing
structure.

Exception: Where the measured air leakage rate
exceeds 3.0 air changes per hour or 0.16 cubic feet per
minute (CFM) per square foot of dwelling unit
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enclosure area but is less than 7.0 ACH when tested in
accordance with Section R402.4.1.2, a diagnostic
evaluation using smoke tracer or infrared imaging shall
be conducted while the building is pressurized or
depressurized along with a visual inspection of the air
barrier. Noted air leaks shall be sealed where such
sealing can be made without the destruction of existing
or new building components. A report documenting
corrective actions taken to seal leaks and pre- and post-
corrective action blower door results shall be submitted
to the code official and shall be deemed to comply with
the requirements of this section if testing does not
exceed 7 ACH.

R502.2.1.1 Prescriptive option compliance reports.
The following compliance reports shall be submitted
for permitting and to obtain the certificate of
occupancy.

1. For permitting: Submit a plan set documenting
the proposed R-values to be installed per Table
R402.1.2 or Section R402.1.2.3 Total UA
compliance report.

2. For certificate of occupancy: Submit a blower
door and duct leakage compliance report.

R502.2.2 Existing building plus addition Energy
Rating Index (ERI) compliance option. The energy
rating index compliance option requires compliance wit
the provisions of Section R406. The applicant 1
demonstrate that the existing building plus the it
achieves a maximum ERI of 50 or a 30% redugti
the existing building ERI. This method
project to create energy rating index veri
stages as outlined in Section R502.2.2.

R502.2.2.1 ERI option com
following compliance reportsys
permitting and to obtain the ce

1. For permitting: Submi
index compliance rep

prior to construction.

he
n at two

anc orts. The
be submitted for
e of occupancy:

baseline energy rating
of the existing structure

2. For permitting: Submit a projected energy rating
index compliance report of the existing building
plus the addition based on the proposed design
for the building in its entirety demonstrating an
ERI of 50 or less or that the building plus the
addition uses 30% less than the existing building
did prior to the addition.

3. For certificate of occupancy: Submit a final
confirmed energy rating index compliance report
prior to final inspection.

4. For certificate of occupancy: Submit a blower
door and duct leakage compliance report.

R502.3 Building thermal envelope. New building envelope
assemblies that are part of the addition shall comply with
Table R401.2.1.
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R502.4 Heating and cooling systems. HVAC ductwork
newly installed as part of an addition shall comply with
Section R403, including R403.7.

Exception: Where ductwork from an existing
heating and cooling system is extended to an
addition, that does not exceed 400 square feet.

R502.5 Service hot water systems. New service hot water

systems that are part of the addition shall comply with
Section R403.6.

R502.6 Lighting. New lighting systems that are part of the
addition shall comply with Section R404.1.

R502.7 Additional Efficiency credits requirements for
additions. Additions shall comply with sufficient measures
from Table R408.1 to achieve not less than 5 credits.
Alterations to the existing building that are not part of the
addition but permitted with the addition, shall be permitted to
use the same credit(;wnieve this requirement.

Exceptio

L.

that increase the building’s total

onditioned floor area by less than 25 percent.

@ fitions that do not include the addition or
eplacement of equipment covered in Sections

& R403.6 or R403.8.

3. Additions that do not increase the conditioned space
ofthe building.

SECTION R503
ALTERATIONS

3.1 General. Alterations to any building or structure
all comply with the requirements of Section C503.
Alterations shall be such that the existing building or
structure is not less conforming to the provisions of this code
than the existing building or structure was prior to the
alteration.

Alterations shall not create an unsafe or hazardous condi-
tion or overload existing building systems. Alterations shall
comply with the requirements of Section R503.2 through
R503.8.

R503.2 Compliance. Alterations to existing buildings shall
comply with Sections R503.2.1 or R503.2.2, except that
alterations that are part of an addition with more than 1,000
square feet of conditioned floor area shall comply with Sec-
tion R503.2.2. Where the building undergoes a Level 3 alter-
ation, the building shall comply with Section R503.2.2 and
demonstrate that the rated design of the existing building plus
the alteration has a maximum ERI of 50 pr show a 30%
reduction over the existing building’s ERI prior to the alter-
ation. Where the building undergoes a Level 3 alteration with
substantial mechanical alteration and substantial thermal
envelope alteration, primary space and water heating equip-
ment shall be all-electric or fueled by other non-fossil fuel
derived energy source and the building shall comply with
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Section R503.2.2 and demonstrate that the rated design of the
existing building plus the alteration has a maximum ERI of
50 or show a 30% reduction over the existing building’s ERI
prior to the alteration. The alteration shall comply with Sec-
tion R408 for existing buildings.

R503.2.1 Existing building, plus alteration prescriptive
compliance option. The prescriptive compliance option
requires compliance with Section R401.2.1 shall
demonstrate that the alteration complies with this code
including section R402.4 air leakage testing of the
alteration plus the existing structure.

Exception: Where the measured air leakage rate
exceeds 3.0 air changes per hour (ACH) or 0.16 cubic
feet per minute (CFM) per square foot of dwelling unit
enclosure area when tested in accordance with Section
R402.4.1.2, a diagnostic evaluation using smoke tracer
or infrared imaging shall be conducted while the
building is pressurized or depressurized along with a
visual inspection of the air barrier. Noted air leaks shall
be sealed where such sealing can be made without the
destruction of existing or new building components. A
report documenting corrective actions taken to seal

results shall be submitted to the code official and sh;
be deemed to comply with the requirements of this
section if testing does not exceed 7 ACH. Level 1
alterations are exempt from blower doofi\testing
requirements.

leaks and pre- and post-corrective action blower d()f)r&

ubmitte

EXISTING BUILDINGS

R503.2.2.1 ERI option compliance reports. The
following compliance reports shall be submitted for
permitting and to obtain the certificate of occupancy.

1. For permitting: Submit a baseline energy rating
index compliance report of the existing structure
prior to the alteration.

2. For permitting: Submit a projected energy rating
index compliance report of the existing building
plus the alteration based on the proposed design
for the building in its entirety demonstrating that
the building plus the alteration is not less
conforming to the provisions of this code than the
existing building or structure was prior to the
alteration.

3. For certificate of occupancy: Submit a final con-
firmed energy rating index compliance report
priog to final inspection.

4, ficate of occupancy: Submit a blower

s r duct leakage compliance report as applica-

RS( Building thermal envelope. Building thermal
lope assemblies that are part of the alferation shall

ply with Section R503.3. New building thermal
envelope assemblies that are part of the alteration shall
comply with Section R402. The R-value of insulation shall
noti\be reduced, nor the U-factor of a building thermal

ope assembly be increased as part of a building
1 envelope alteration except where the building,

Exception: The following alterations shall not be

therm:
R503.2.1.1 Prescriptive option cm@ eports. Vr the alteration complies with section R503.2.

The following compliance reports
for permitting and to obtai®

occupancy.

1. For permitting: Su plan set documenting
the proposed Ryvalucs, tovbe installed per Table
R402.1.2 or ction R402.1.2.3 Total UA
compliance r% demonstrate compliance
with Section R503.3 and that the existing
building or structure is not less conforming to the

provisions of this code than the existing building
or structure was prior to the alteration.

2. For permitting: submit a blower door test compli-
ance report to demonstrate the existing homes air
tightness before beginning the alferation.

3. For certificate of occupancy: Submit a blower
door and duct leakage compliance report when
applicable.

R503.2.2 Energy Rating Index compliance option. The
energy rating index compliance option requires
compliance with the provisions of Section R406. The
applicant shall demonstrate that the existing building
plus the alteration is not less conforming to the
provisions of this code than the existing building or
structure was prior to the alteration. This method
requires the project to create an energy rating index
verification report at three stages as outlined in Section
R503.2.2.1.
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required to comply with the requirements for new
construction provided that the energy use of the
building is not increased:

1. Storm  windows installed over

fenestration.

existing

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

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

4. Roofre-cover.

5. Roofs with insulation in the rafter cavities
provided that where the decking is exposed
during reroofing it is insulated either above or
below the sheathing.

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

7. Roof replacement where roof assembly insulation
is integral to or located below the structural roof
deck.

R503.4 New and replacement fenestration. New and
replacement fenestration units, including sash and glazing,
shall meet the applicable requirements for U-factor and
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SHGC as specified in Table R402.1.2. Where more than one
replacement fenestration unit is to be installed, an area-
weighted average of the U-factor, SHGC or both of all
replacement fenestration units shall be an alternative that can
be used to show compliance.

R503.25 Heating and cooling systems. HVAC ducts newly
installed as part of an alteration shall comply with Section
R403.

Exception: Where ducts from an existing heating and
cooling system are extended to an addition that is less
than 25% of the existing building’s floor area.

R503.6 Service hot water systems. New service hot water
systems that are part of the alteration shall comply with
Section R403.5.

R503.7 Lighting. New lighting systems that are part of the
alteration shall comply with Section R404.1.

Exception: Alterations that replace less than 10 percent of
the luminaires in a space, provided that such alterations do
not increase the installed interior lighting power.

R503.8 Electric ready (level 3 alterations only). The
provisions of this section apply only to level 3 alterations that
include replacement of mechanical or water heating
equipment.

Exception: Level 3 alterations that include substantial
mechanical alteration and substantial thermal envelope
alteration.

R503.8.1 Additional electric infrastructure.
Combustion equipment that is replaced as par/Of a level 3
alteration in residential buildings mustNahecet™ the
requirements of Sections R503.8.2 through RS503%8.6.

Exception: Level 3 alterations that inelude”substantial
mechanical alteration and substantial thermal envelope
alteration.

R503.8.2 Combustion 4 equipment.  Combustion
equipment shall be provided with all of the following:

1. A dedicated, appropriately phased branch circuit
sized to accommodate future electric equipment or
appliances to serve a comparable capacity to meet
the heating load.

2. An electric receptacle or junction box that meets the
requirements of Section RE302.5, and is connected
to the electrical panel through the branch circuit.
Each electrical receptacle or junction box shall have
reasonable access to the combustion equipment or
dedicated physical space for future -electric
equipment with no obstructions other than the
current combustion equipment.

3. Where combustion equipment is used for space or
water heating, dedicated physical space shall be
provided for future electric equipment, including an
electric resistance backup coil for ducted systems, if
applicable.

Exceptions:

1. Dwelling wunits with installed air
conditioning systems are not required to
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provide additional dedicated physical
space for an outdoor heat pump.

2. Dwelling units with insufficient panel
space and/or service capacity.

R503.8.3 Electrical panel space. The electrical panel
shall have a reserved space for a minimum two-pole
circuit breaker for each branch circuit provided for future
electric equipment or appliances.

R503.8.4 Labeling. The junction box or receptacle and
the dedicated circuit breaker space serving future electric
equipment or appliances in the electrical panel shall be
labeled for their intended use.

R503.8.5 Adjacency. The electrical receptacle or junction
box must be provided within 3 feet of the combustion
equipment or appliances, or within 3 feet of the dedicated
physical space fog future electric equipment or appliances.

Exceptionf=Eor ‘¢gmbustion equipment dedicated to
space or wattr ‘heating, the electrical receptacle or
junction bex\shall be located not more than 6 feet from
the,cembustion equipment or the dedicated physical
spaceyfor future electric equipment.

R503.86 Condensate Drain. Where combustion
equipment for space heating and water heating is installed,
a location shall be provided for condensate drainage.

R503.9 Additional Efficiency credits requirements for
alterationm:™Alterations shall achieve the additional energy
consgrvation objective through the credit system established
in SectionfR408. Alterations shall achieve at least 5 credits
threugh implementation of measures set forth in Table R408.
Alterations to the existing building that are not part of the
addition, but permitted with the addition, may be used the
same credit(s) to achieve this requirement..

Exceptions:
1. Level 1 and 2 alterations

2. Alterations that do not include the addition or
replacement of equipment covered in Sections

R403.6 or R403.8.

SECTION R504
REPAIRS

R504.1 General. Buildings, structures and parts thereof shall
be repaired in compliance with Section R501.3 and this
section. Work on nondamaged components necessary for the
required repair of damaged components shall be considered
to be part of the repair and shall not be subject to the
requirements for alterations in this chapter. Routine
maintenance required by Section R501.3, ordinary repairs
exempt from permit, and abatement of wear due to normal
service conditions shall not be subject to the requirements for
repairs in this section.

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

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

2. Roof repairs.
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3. Repairs where only the bulb, ballast or both within the
existing luminaires in a space are replaced provided
that the replacement does not increase the installed
interior lighting power.

SECTION R505
CHANGE OF OCCUPANCY OR USE

R505.1 General. Any space that is converted to a dwelling
unit or portion thereof from another use or occupancy shall
comply with this code.

Exception: Where ERI-based compliance in Section
R406.4 is used to comply with this section, the building
shall comply with Section R406 as new construction.
Rated designs are permitted to be 10 percent greater than
allowed by Section R406.4.

R505.1.1 Unconditioned space. Any unconditioned or

low-energy space that is altered to become a conditioned VV

&\O
N\e
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S
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CHAPTER 6 [RE]
REFERENCED STANDARDS

User note:

About this chapter: This code contains numerous references to standards promulgated by other organizations that are used to provide
requirements for materials and methods of construction. Chapter 6 contains a comprehensive list of all standards that are referenced in this
code. These standards, in essence, are part of this code to the extent of the reference to the standard.

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 R107

AAMA American Architectural Manufacturers Association
1827 Walden Office Square

Suite 550

Schaumburg, IL 60173-4268

AAMA/WDMA/CSA 101/1.S.2/A C440—17: North American Fenestration Standard/Specifications for Windows, Doors, and Unit Skylights
R402.4.3

AC CA Air Conditioning Contractors of America
2800 Shirlington Road, Suite 300
Arlington, VA 22206

Manual J—16: Residential Load Calculation Eighth Edition

R403.7
Manual S—14: Residential Equipment Selection
R403.7
AP SP The Association of Pool & Spa Professionals

2111 Eisenhower Avenue, Suite 500
Alexandria, VA 22314
ANSI/APSP/ICC 14—2014: American National Standard for Portable Electric Spa Energy Efficiency
R403.11

ANSI/APSP/ICC 15a—2011: American National Standard for Residential Swimming Pool and Spa Energy Efficiency—includes
Addenda A Approved January 9, 2013
R403.12

ASHRAE ASHRAE

1791 Tullie Circle NE
Atlanta, GA 30329

ASHRAE—2017: ASHRAE Handbook of Fundamentals
R402.1.6

ASHRAE 193—2010(RA 2014): Method of Test for Determining the Airtightness of HVAC Equipment
R403.3.4.1

ASTM ASTM International
100 Barr Harbor Drive, P.O. Box C700
West Conshohocken, PA 19428-2959

C1363—11: Standard Test Method for Thermal Performance of Building Materials and Envelope Assemblies by Means of a Hot Box
Apparatus

R303.1.4.1
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ASTM—continued
E283—2004(2012): Test Method for Determining the Rate of Air Leakage Through Exterior Windows, Curtain Walls and Doors
Under Specified Pressure Differences Across the Specimen
R402.4.4
E779—10: Standard Test Method for Determining Air Leakage Rate by Fan Pressurization
R402.4.1.2
E1554/E1554M—E2013: Standard Test Methods for Determining Air Leakage of Air Distribution Systems by Fan Pressurization
R403.3.5
E1827—2011(2017): Standard Test Methods for Determining Airtightness of Building Using an Orifice Blower Door
R402.4.1.2

E2178—2013: Standard Test Method for Air Permanence of Building Materials
R303.1.5

C SA CSA Group

8501 East Pleasant Valley Road
Cleveland, OH 44131-5516

AAMA/WDMA/CSA 101/1.S.2/A440—17: North American Fenestration Standard/Specification for Windows, Doors and Unit Skylights

R402.4.3
CSA B55.1—2015: Test Method for Measuring Efficiency and Pressure Loss of Dyain Water Heat Recovery Units
R403.5.3
CSA B55.2—2015: Drain Water Heat Recovery Units
R403.5.3
DASMA Door & Access Systems Manufacturers Association

1300 Sumner Avenue
Cleveland, OH 44115-2851

105—2016: Test Method for Thermal Transmittan€e andzAir Infiltration of,Garage Doors and Rolling Doors
R303.1.3

HVI Home Ventilating Institute
1000 North Rand Road, Suite 214
Wauconda, IL 60084

916—09: Airflow Test Procedure
Table R403.6.1

ICC International Code Council, Inc.
500 New Jersey Avenue NW
6th Floor
Washington, DC 20001
ANSI/APSP/ICC 14—2019: American National Standard for Portable Electric Spa Energy Efficiency
R403.11

ANSI/APSP/ICC 15a—2020: American National Standard for Residential Swimming Pool and Spa Energy Efficiency—includes
Addenda A Approved January 9, 2013
R403.12

IBC—21: International Building Code®
R201.3,R303.1.1, R303.2, R402.1.1, R501 .4

ICC 400—17: Standard on the Design and Construction of Log Structures
R402.1, Table R402.5.1.1

ICC 500—2020: ICC/NSSA Standard for the Design and Construction of Storm Shelters
R402.5

IEBC—21: International Existing Building Code®
R501.4
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REFERENCED STANDARDS

ICC—continued
IECC—18: International Energy Conservation Code®
R101.4.1, R403.8
TECC—06: 2006 International Energy Conservation Code®
R202
IFC—21: International Fire Code®
R201.3,R501.4
IFGC—21: International Fuel Gas Code®
R201.3,R501.4
IMC—21: International Mechanical Code®
R201.3, R403.3.4, R403.3.3, R403.6, R501.4
IPC—21: International Plumbing Code®

R201.3,R501.4
IPSDC—21: International Private Sewage Disposal Code®
R501.4
IPMC—21: International Property Maintenance Code®
R501.4
IRC—21: International Residential Code®
R201.3,R303.1.1, R303.2, R402.1.1, R402.2.10, R403.3 .4, , R403.6, R501.4
ANSI/RESNET/ICC 301—2019: Standard for the Calculation and Lab g ‘of the Energy Performance of Dwelling and Sleeping
Units using an Energy Rating Index @
R406.4 \

ANSI/RESNET/ICC 380—2019: Standard for Testing Airtightness of Building, Dwelling Unit and Sleeping Unit Enclosures;

Airtightness of Heating and Cooling Air Distribution S and Airflow of Mechanical Ventilation Systems
R402.4.1.2 \
IEEE : FV Institute of Electrical and Electronic Engineers, Inc.

3 Park Avenue, 17th Floor

New York, NY 10016-5997
515.1—2012: IEEE Standard for T , Design, I ion and Maintenance of Electrical Resistance Trace Heating for
151 SW 1st Ave, Suite 300

Commercial Applications
R403.5.1.2 F
Portland, OR 97204

Embodied Carbon Building Code (2023): An overlay o model code language for limiting the climate impact of building products
Table R408.1

New Buildings Institute

NEMA National Electrical Manufacturers Association
1300 17th Street North No. 900
Arlington, VA 22209

OS 4—2016: Requirements for Air-Sealed Boxes for Electrical and Communication Applications
R402.4.6

NFPA National Fire Protection Association

1 Batterymarch Park
Quincy, MA 02169-7471

70—20: National Electrical Code
R501.4
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NFRC National Fenestration Rating Council, Inc.
6305 Ivy Lane, Suite 140
Greenbelt, MD 20770
100—2020: Procedure for Determining Fenestration Products U-factors
R303.1.3

200—2020: Procedure for Determining Fenestration Product Solar Heat Gain Coefficients and Visible Transmittance at Normal
Incidence
R303.1.3

400—2020: Procedure for Determining Fenestration Product Air Leakage
R402.4.3

RE SNET Residential Energy Services Network, Inc.

P.O. Box 4561
Oceanside, CA 92052-4561
ANSI/RESNET/ICC 301—2019: Standard for the Calculation and Labeling of the Energy, Performance of Dwelling and Sleeping
Units using an Energy Rating Index
R406.4, R406.7.1, R406.7.5
ANSI/RESNET/ICC 380—2019: Standard for Testing Airtightness of Building, " Dwelling and Sleeping Unit Enclosures; Airtightness
of Heating and Cooling Air Distribution Systems, and Airflow of Mechani€al\Y entilation Systems
R402.4.1.2

UL UL LLC

333 Pfingsten Road
Northbrook, IL 60062
127—2011: Standard for Factory Built Fireplaces—with‘ReyiSions through July 2016
R402.4.2

515—2015: Electrical Resistance Heat Tracing for Cefmmercial and InduStrial Applications Including Revisions through July 2015
R403.5.1.2

US'FTC United States-Federal Trade Commission

600 Pennsylvania Avenue NW
Washington, DC 20580
CFR Title 16 (2015): R-value Rule
R303.1.4

WDMA Window and Door Manufacturers Association

2025 M Street NW, Suite 800
Washington, DC 20036-3309

AAMA/WDMA/CSA 101/1.S.2/A440—17: North American Fenestration Standard/Specification for Windows, Doors, and Unit Skylights
R402.4.3
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Service waterheating. .. ................ R403.6
CRAWL SPACE WALL
Defined . ....... ... ... . . . . .. R202
Requirements . ......... R303.2.1, Table R402.1.2,
Table R402.4.1.1, R402.1.5,
R402.2.10
D
DEFINITIONS ........................ Chapter 2
DEMAND RECIRCULATION WATER SYSTEM
Defined .. ...... ... .. . . . . .. R202
Requirements . ...................... R403.6.1
DESIGN CONDITIONS ............ Chapter 3, R302
DOORS
Attics and crawl spaces ............... R402.2.4
Default U-factors. . ............ Table R303.1.3(2)
Opaque. . ... ...t R402.3.4
SHGC values . .. .. Table R402.1.2, Table R402.1.4
U-factors......... Table R402.1.2, Table R402.1.4
DUCT
Defined............ .. ... .. ... .. ....... R202
Insulation. . . ... R103.2, R401.3, R403.4.2, R403.4.3
Sealing ............. R103.2, R403.4.4, R403.4.6
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Tightness verification

Postconstructiontest . ............... R403.4.5
Rough-intest . ..................... R403.4.5
Within conditioned space............... R403.4.5
DUCT SYSTEM
Defined ........ ... . . ... . . . .. R202
DWELLING UNIT
Defined ........ ... . . ... . . R202
Multipleunits .. ........ ... ... .. L. R403.9
DYNAMIC GLAZING ................... R402.3.2
E
EAVE BAFFLE
Installation . ........... .. ... ... ... R402.2.3
ELECTRICAL POWER AND LIGHTING .. . . ... R404
ENERGY ANALYSIS
Defined ............ . ... . . . . R202
ENERGY COST
Defined ....... ... ... ... . . .. . .. R202
Energy ratingindex ............... R202, R406.3
Energy rating index compliance alternative. . . . R406
ERI-based compliance. . ................. R406.5
ENERGY SIMULATION TOOL
Defined ........... .. ... ... ... .. ... .. .4 R2Q2
ENVELOPE, BUILDING THERMAL
Defined ............. ... ... ......Q 4= R202
ENVELOPE DESIGN PROCEDURES . #7 "\ \,. R402
EQUIPMENT EFFICIENCIES. . . .. ». R103/2, R401.3
EQUIPMENT ROOM
For fuel burning appliance . . . . . N, . . . .. R402.4.4
EXISTING BUILDINGS. .. . .9, ™% .. ... Chapter 5
EXTERIOR WALL
Defined ... ... ... ... .. . . . R202
Thermal performance ............ R402, R402.1.2
F
FEES. ... ... .. . R104
Refunds .. ......... ... ... ... ... .. ... R104.5
Relatedfees. .. .......... ... .. ... ..... R104.4
Schedule of permitfees. ... .............. R104.2
FENESTRATION ............... R303.1.3, R402.3,
R402.4.3
Default U-factors .............. Table R303.1.3(1)
Defined ............ ... .. . . . R202
Rating and labeling ........... R303.1.3, R402.1.2
Requirements .................. Table R402.1.2
Sunroom, heatedgarage. . .. ........... R402.3.5
FENESTRATION PRODUCT, SITE-BUILT
Defined ........ .. ... ... . . . ... . ... ... R202
FIREPLACES......................... R402.4.2
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FLOORS
Insulation . .............. ... .. ... R402.2.7
Slab-on-grade insulation requirements . . ..R402.2.9
FOUNDATIONS
Requirements. . ............... Table R402.4.1.1
G
GLAZED FENESTRATION. . .............. R402.3
H
HEATPUMP......... ... .. ... ....... R403.1
HEATED SLAB
Defined. . .... .o R202
HEATING AND,COO¥ING LOADS ......... R302.1,
R403.8
HISTORIGBUIRDING. . . ............ R202, R501.5
HOT/WATER
Ripipg imsulation. . .. ............ ... .. .. R403.5
HOT'WATER BOILER
Qutdoor temperature setback ............ R403.3
HVAC SYSTEMS
Tests
Rostconstruction. . .................. R403.4.6
Rowgh-in-test .. .................... R403.4.6
|
IDENTIFICATION (MATERIALS,
EQUIPMENTAND SYSTEM). ............ R303.1
INDIRECTLY CONDITIONED SPACE
(see CONDITIONED SPACE)
INFILTRATION, AIR LEAKAGE. ........... R402.4
Defined. . ......... ... ... ... . . .. ... R202
INSPECTIONS ............... ... .. ....... R105
INSULATION
Air-impermeable. . . ......... ... ... .. R303.1.5
Basementwalls . ..................... R402.2.8
Ceilings with atticspaces. . . ............ R402.2.1
Ceilings without attic spaces ............ R402.2.2
Crawlspacewalls ................... R402.2.10
Duct...... ... R403.4
Eavebaffle............. ... .. ... .. .. R402.2.3
Floors. .. ... ... ... ........ R402.2.7, R402.2.9
Hot water piping. . .................... R403.6.2
Identification. ................. R303.1, R303.1.2
Installation .. .............. R303.1.1, R303.1.1.1,
R303.1.2, R303.2,
Table R402.4.1.1
Masonryveneer..................... R402.2.11
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Masswalls . .............. ... .. ...... R402.2.5
Mechanical system piping ............... R403.5
Productrating........................ R303.1.4
Protection of exposed foundation. ........ R303.2.1
Protection of piping insulation. ... ........ R403.5.1
Requirements . ........... Table R402.1.2, R402.2
Slab-on-gradefloors................... R402.2.9
Steel-frame ceilings, walls and floors . . . . . R402.2.6,
Table R402.2.6
Sunroom. ... ... R402.2.12
L
LABELED
Defined........... .. .. ... ... .. ...... R202
Requirements . .............. R303.1.3, R402.4.3
LIGHTINGSYSTEMS ...................... R404
Recessed ..................... R402.4.5, R404
LISTED
Defined........... ... . ... ... .. ... .. R202
LOGHOMES............ R402.1, Table R402.4.1.1
LOW-ENERGY BUILDINGS . . ... .......... R4024
LOW-VOLTAGE LIGHTING
Defined........... ... .. ... i i .a. R202
LUMINAIRE
Sealed ........... .. ... . R402.4.5
M
MAINTENANCE INFORMATION , S . . . .. R303.3
MANUAL
Defined............ Qs cccooeee... R202
MANUALS. ... ...... NN R101.5.1, R303.3
MASONRY VENEER
Insulation . ............. ... ... ... R402.2.11
MASS
Wall.................... Table 402.1.2, R402.2.5
MATERIALS AND EQUIPMENT. ............. R303
MECHANICAL SYSTEMS AND
EQUIPMENT, SYSTEMS . ................. R403
MECHANICAL VENTILATION . ............ R403.7,
Table R403.7.1
MULTIPLE DWELLING UNITS............. R403.9
(0]
OCCUPANCY
Requirements . ................. R101.4, R101.5
OPAQUEDOOR ................. R202, R402.3.4
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INDEX

P
PERMIT (see FEES)

Work commencing before permit . ....... R104.3
PIPE INSULATION .............. R403.5, R403.6.2
PLANS AND SPECIFICATIONS . . ........... R103
POOLS. . ... ... R403.11

COVerS. .t R403.11.3
Heaters........................... R403.11.1
Timeswitches. . .................... R403.11.2
PROPOSED DESIGN
Defined ... ..... ... ... ... . . .. R202
PUMPS
Time switches. . ............ R403.11.2, R403.6.1
R
R-VALUYE
Defimedad,” . ... . ..o R202
COmputation .. ..................... R402.1.2.2

Wogod frame to cold formed
Steel frame ceiling, wall and

floor insulation R-values ........ Table R402.2.6
READRY ACCESS (TO)

Refined . ........ ... R202
REFERENCED STANDARDS. ... ... R109, Chapter 6
REPAIR

Defined . ....... ... .. ... R202

Requirements . ......................... R504
RESIDENTIAL BUILDING

Compliance. .......................... R101.5

Defined............... . ... R202

Energy rating index alternative . . ... ........ R406
ROOF ASSEMBLY

Defined......... .. .. ... . . . R202

Requirements . .............. R303.1.1,R402.2.2

S
SCOPE. ....... ... R101.2
SERVICE HOT WATER

Requirements . . ........... .. ......... R403.6
SHGC

(see SOLAR HEAT GAIN COEFFICIENT)
SHUTOFFDAMPERS . . .................. R403.7
SKYLIGHTS. ... ....... R303.1.3, R402.1.2, R402.3
SNOW MELT SYSTEM CONTROLS ....... R403.10
SOLAR HEAT GAIN COEFFICIENT

(SHGC).............. R103.2, Table R303.1.3(3),

R401.3, Table R402.1.2,
R402.1.5, R402.3.2,
R402.3.5, R402.4.3, R402.5

Defined .. ........ .. . ... . . . ... R202
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STANDARD REFERENCE DESIGN

Defined ............ ... .. .. . .. ... R202
STANDARDS, REFERENCED. . . . .. R108, Chapter 6
STEELFRAMING. ..................... R402.2.6
STOPWORKORDER ..................... R109

Authority. . . ... ... R109.1

Emergencies . ......... .. ... . L. R109.3

Failuretocomply . .. ......... ... ... .... R109.4

Issuance ........ ... .. R109.2
SUNROOM.................. R402.2.12, R402.3.5

Defined . ... .. ... ... . . .. . . ... R202

Insulation............... ... ... ... .. R402.2.12
SWIMMINGPOOLS . .................... R403.11

T
THERMAL ISOLATION ..... ... R402.2.12, R402.3.5
Defined . ... .. ... .. ... . . . . . R202

THERMAL MASS (see MASS)

THERMAL RESISTANCE (see R-VALUE)
THERMAL TRANSMITTANCE (see U-FACTOR)
THERMOSTAT

Defined ........ ... .. . . i R202
Controls . .. ... R403.2
Programmable.................... ... R408.2x1
TIMESWITCHES . ...................¢ R403:11.2

TOWNHOUSE (see RESIDENTIAL BUIEDINGS)

U
U-FACTOR
Alternative .. ......... R4@27%.2.3, Table R402.1.4
Defaultdoor.................. Table R303.1.3(2)
Default glazed fenestration . . . . .. Table R303.1.3(1)
Defined ................ R202, R402.3.1, R402.5
Skylights . ..................... Table R402.1.2,
Table R402.1.4, R402.3.5
Sunroom ... R402.3.5
Vv
VALIDITY .. ... . . R107
VAPORRETARDER ................... R402.1.1
VENTILATION . ........................ R403.7,
Table R403.7.1
Defined ........ ... . ... . . .. . R202
VISIBLE TRANSMITTANCE (VT)
Default glazed fenestration . . . . .. Table R303.1.3(3)
Defined ......... ... ... . .. . R202
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W
WALL
Above-grade, defined. . .............. ... .. R202
Installation . ........................ R303.2
Basement, defined....................... R202
Installation . ....................... R402.2.8
Crawl space, defined . . ................... R202
Installation ....................... R402.2.10
Exterior,defined. .. ........ ... ... ... ..... R202
Mass. . ... R402.2.5
Steel-frame. ... ......... R402.2.6, Table R402.2.6

WALLS (see EXTERIOR WALLS AND
BUILDING THERMAL ENVELOPE)

WALLS ADJACENT TO UNCONDITIONED
SPACE (see BUILDING THERMAL ENVELOPE)

WATER HEATING N . ........... R401.3, R403.5

WHOLE HOUSEMECHANICAL
VENTILATIONISYSTEM

Defimed &, . .. ...... ... . R202
Systemfanefficacy ................... R403.7.1
WINDOW AREA

(see FENESTRATION and GLAZING AREA)
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