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Related Modifications
7677
Summary of Modification

Add Envelope Leakage Test Report to Appendix RD.
Rationale

The 2017 version of this report form is currently available through FBC approved residential Florida Energy Conservation Code
software. Providing it in the Code will help facilitate consistent building air leakage compliance verification.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
None or help facilitate code enforcement.
Impact to building and property owners relative to cost of compliance with code

Lower to no cost; blower door tester would only need to maintain one form for the entire state.
Impact to industry relative to the cost of compliance with code

Lower to no cost; blower door tester would only need to maintain one form for the entire state.

Impact to small business relative to the cost of compliance with code

Lower to no cost; blower door tester would only need to maintain one form for the entire state.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Benefits general public by facilitating building air leakage testing verification consistency.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Improves the code by facilitating building air leakage testing verification consistency.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities

Does not discriminate; facilitates building air leakage testing verification consistency.
Does not degrade the effectiveness of the code

Increases code effectiveness by facilitating building air leakage testing verification consistency.
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Alternate Language

2nd Comment Period

Proponent Jeff Sonne for FSEC Submitted 5/24/2019 Attachments Yes

Rationale

This A2 version is the same as the A1 mod (which adds ANSI/RESNET/ICC 380 recording requirements to the test form),
except A1 references the 2016 version of ANSI/RESNET/ICC 380 while A2 references the new 2019 version of
ANSI/RESNET/ICC 380 (via four small changes on the form itself and by changing the residential Florida Energy Code's

Chapter 6 reference entry for Standard 380 from the 2016 to 2019 version). ANSI/RESNET/ICC 380-2019 is attached as a PDF
file for review purposes.

Fiscal Impact Statement

Impact to local entity relative to enforcement of code
Same as original mod.

Impact to building and property owners relative to cost of compliance with code
Same as original mod.

Impact to industry relative to the cost of compliance with code
Same as original mod.

Impact to Small Business relative to the cost of compliance with code

Lower to no cost; blower door tester would only need to maintain one form for the entire state.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original mod.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original mod.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original mod.

Does not degrade the effectiveness of the code
Same as original mod.

Alternate Language

2nd Comment Period

Proponent Jeff Sonne for FSEC Submitted 5/24/2019 Attachments Yes
Rationale

Same as original mod. This mod A1 version adds ANSI/RESNET/ICC 380 recording requirements to the form.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
Same as original mod.
Impact to building and property owners relative to cost of compliance with code
Same as original mod.

Impact to industry relative to the cost of compliance with code
Same as original mod.

Impact to Small Business relative to the cost of compliance with code

Lower to no cost; blower door tester would only need to maintain one form for the entire state.
Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original mod.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original mod.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original mod.

Does not degrade the effectiveness of the code
Same as original mod.
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[Two changes in attached file: 1) new test form to take the place of the original mod's Appendix RD test form in its entirety,
and 2) update to related Chapter 6 ANSI Standard reference.]

EN7675 -A2 Text Modification

e
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[See test form in attached file, to take the place of the original mod's form in its entirety.]
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[Add attached test report in its entirety.]
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EN7675 -A1 Text Modification

Envelope Leakage Test Report (Blower Door Test)

2020 Flerida Building Code, Energy Conservation, 7th Edition
Residential Prescriptive, Performance or ERI Method Compliance
ANSI/ RESNET/ ICC 380 Reporting Compliant

Permit Jurisdiction: | Permit #:

Builder: Community: Lot:
Address: Unit: City: Zip:

Air Leakage Test Results Passing results must meet either the Performance, Prescriptive, or ERI Method

QO PRESCRIPTIVE METHOD - The building or dwelling unit shall be tested and verified as having an air leakage rate of nof
exceeding 7 air change per hour at a pressure of 0.2 inch w.g. (50 Pascals) in Climate Zones 1 and 2.

O PERFORMANCE or ERI METHOD -The building or dwelling unit shall be tested and verified as having an air leakage
rate of nof exceeding the selected ACH(50) value, as shown on FORM R405-2020 (Performance) or R406-2020 (ERI),

section labeled as Infiltration, sub-section ACHS0.
ACH(50) specified on Form R405-2020 Energy Calc (Performance) or R406-2020 (ER{): |:|

60 = = Method for calculating building infiftration
Adjusted CFM(50)” Building Infiltration Volume  ACH(50) volume:
O Retrieved from architectural plans

O Code software calculated
I:I PASS (with mechanical ventilation installation verified) @) e e = el

l:l PASS {(mechanical ventilation not required)

l:l FAIL {ACH{50) too high} l:l FAIL {(mechanical ventilation required)

Testing shall be conducted in accordance with ANSIJRESNET/ICC 380 and reported at a pressure of 0.2 inchw.g.
{50 pascals) as required by Section R402.4.1.2 of the Florida Building Code, Energy Conservation.

ANSI/RESNET/ICC 380 Mandatory Recorded Data
Test Type: [JMulti-Point [_]One-Paint ("CFM results adjusted by 10% as per 3.5.1 ANSVRESNET/ICC 380-2016)

Test Method: |:| Pressurization I:I Depressurization

Note: Muiti-poirt Test requrires supplemental documertation for the recording of at least five pressure differences and the aifflow measured
over at least a 10 —secornd petiod, as stated in ANSIRESNETACC 380 3.4.2.2. Building official may request this documentation.

Indoor Temp: I:l Qutdoor Temp: :l Altitude: :l Baseline Reading: I:I

Opening Used for Blower Door: | |

Weather Conditions: Blower Door: Model # | I Serial # | |
Ocam O Lowwinds O Very Windy Pressure Gauge: Model # | | serial# | |
Crawlspace Vents: Attic: Attic Access: Attic Exterior Access:
DCIosed |:|Open D N/A DVented D Unvented D Open D Closed D NfA DOpen D Closed
Basement Access: Dryer Damper: Fireplace Damper: | Range Hood Damper: | All other exterior openings:

[open [closed [ na{Cna [ciosed | INa  [closed| CIna [lclosed  [[Ina [Clclosed

Testing Company

Company Name: Phone:

| hereby verify that the above Air Leakage result are in accordance with the 2020 Edition Florida Building Code Energy
Conservation requirements according to the compliance method selected above.

) {Copy of License /
Sighature of Tester: Date of Test: Certificate of the tester

may be requested)

Printed Name of Tester:

LicensefCertification #: Issuing Authority:

[Enter date printed, software product, and software certification status]

2020 Triennial Energy
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EN7675 -A2 Text Modification

Envelope Leakage Test Report (Blower Door Test)

2020 Flerida Building Code, Energy Conservation, 7th Edition
Residential Prescriptive, Performance or ERI Method Compliance
ANSI/ RESNET/ ICC 380 Reporting Compliant

Permit Jurisdiction: | Permit #:

Builder: Community: Lot:
Address: Unit: City: Zip:

Air Leakage Test Results Passing results must meet either the Performance, Prescriptive, or ERI Method

QO PRESCRIPTIVE METHOD - The building or dwelling unit shall be tested and verified as having an air leakage rate of nof
exceeding 7 air change per hour at a pressure of 0.2 inch w.g. (50 Pascals) in Climate Zones 1 and 2.

O PERFORMANCE or ERI METHOD -The building or dwelling unit shall be tested and verified as having an air leakage
rate of nof exceeding the selected ACH(50) value, as shown on FORM R405-2020 (Performance) or R406-2020 (ERI),

section labeled as Infiltration, sub-section ACHS0.
ACH(50) specified on Form R405-2020 Energy Calc (Performance) or R406-2020 (ER{): |:|

60 = = Method for calculating building infiftration
Adjusted CFM(50)” Building Infiltration Volume  ACH(50) volume:
O Retrieved from architectural plans

O Code software calculated
I:I PASS (with mechanical ventilation installation verified) @) e e = el

l:l PASS {(mechanical ventilation not required)

l:l FAIL {ACH{50) too high} l:l FAIL {(mechanical ventilation required)

Testing shall be conducted in accordance with ANSIJRESNET/ICC 380 and reported at a pressure of 0.2 inchw.g.
{50 pascals) as required by Section R402.4.1.2 of the Florida Building Code, Energy Conservation.

ANSI/RESNET/ICC 380 Mandatory Recorded Data
Test Type: [JMulti-Point [_]One-Paint ("CFM results adjusted by 10% as per 4.5.1 ANSVRESNET/ICC 380-2019)

Test Method: |:| Pressurization I:I Depressurization

Note: Muiti-poirt Test requrires supplemental documertation for the recording of at least five pressure differences and the aifflow measured
over at least a 10 —secornd petiod, as stated in ANSIRESNETACC 380 4.4.2.2. Building official may request this documentation.

Indoor Temp: I:l Qutdoor Temp: :l Altitude: :l Baseline Reading: I:I

Opening Used for Blower Door: | |

Weather Conditions: Blower Door: Model # | I Serial # | |
Ocam O Lowwinds O Very Windy Pressure Gauge: Model # | | serial# | |
Crawlspace Access: Attic: Attic Access: Attic Exterior Access:
DCIosed |:|Open D N/A DVented D Unvented D Open D Closed D NfA DOpen D Closed
Basement Access: Dryer Damper: Fireplace Damper: | Range Hood Damper: | All other exterior openings:

[open [closed [ na{Cna [ciosed | INa  [closed| CIna [lclosed  [[Ina [Clclosed

Testing Company

Company Name: Phone:

| hereby verify that the above Air Leakage result are in accordance with the 2020 Edition Florida Building Code Energy
Conservation requirements according to the compliance method selected above.

) {Copy of License /
Sighature of Tester: Date of Test: Certificate of the tester

may be requested)

Printed Name of Tester:

LicensefCertification #: Issuing Authority:

[Enter date printed, software product, and software certification status]
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EN7675 -A2 Text Modification

[Also make the following related change to the Florida Energy Conservation Code Chapter 6 [RE] ANSI reference

section to update to latest version of ANSI/RESNET/ICC 380:]

Standard
reference
number

Title

Referenced
in code
section number

ANSI/RESNET/ICC 380—20183

Standard for Testing Airtightness
of Building, Dwelling Unit, and
Sleeping Unit Enclosures;;
Airtighthess of Heating and
Cooling Air Distribution Systems;
and Airflow of Mechanical
Ventilation Systems

R402.4.1.2, R403.3.2, Table
R405.5.2(1) and Appendix RD

[No other changes to Chapter 6.]

2020 Triennial
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Envelope Leakage Test Report (Blower Door Test)
Residential Prescriptive, Performance or ERI Method Compliance
2020 Florida Building Code, Energy Conservation, 7th Edition

Jurisdicticn: Permit #:

Job Information

EN7675 Text Modification

Builder: Community: Lot:

Address:

City: State: FL Zip:

Air Leakage Test Results  Passing resulis must meei either ihe Performance, Prescriptive, or ERI Method

o PRESCRIFTIVE METHOD-The building or dwelling unit shall be tested and verified as having an air leakage rate of not exceeding 7 air
changes per hour at a pressure of (.2 inch w.g. {80 Pascals) in Chimate Zones 1 and 2.

O PERFORMANCE or ERI METHOD-The building or dwelling unit shall be tested and verified as having an air leakage rate of not excesding
the selected ACH{50) value, as shown on Form R405-2020 {Performance) or R406-2020 {ER), section labeled as infillration, sub-section ACH50.

ACH{50) specified on Form R405-2020-Energy Calc (Performance] or R406-2020 (ERI):

__ %60~ = Method for caleulating building volume:
CFM(S0) Building Volume ACH(S0) o Retrieved from architectural plans
PASS o Code software calculated
When ACH(50) is less than 3, mechanical ventilation installation O Field measured and calculated

must be verified by building department.

R402.4.1.2 Testing. Testing shall be conducted in accordance with ANSI/RESNET/ICC 380 and reported at a pressure of 0.2 inch w.g. (50 Pascals),
Testing shall be conducted by either individuals as defined in Section 553.993(5) or {7}, Florida Statues.or individuals licensed as set forth in Section
A89.105{3){f), (g}, or (i or an approved third party. A written report of the results of the test shall be signed by the party conducting the test and
orovided 1o thecode official. Testing shall be performed at any time after creation of all penetrations of the burlding thermal envelope.

During testing:

1. Exterior windows and doors, fireplace and stove doors shall be closed, but not sealed, beyond the intended weatherstripping or other infiltration
control measures.

2. Dampers including exhaust, intake, makeup air, back draft and flue dampers shall be closed, but not sealed beyond intended infiltration control
measures.

3. Interior doors, if installed at the time of the test, shall be open.

4, Extenior doors for continuous ventilation systems and heat recovery ventilators shall be closed and sealed.

5. Heating and cooling systems, if installed at the time of the test, shall be turned off.

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

Testing Gempany

Company Name: Phone:

| hereby verify that the above Air Leakage results are in accordance with the 2020 7th Edition Florida Building Code Energy
Conservation requirements according to the compliance method selected above.

Signature of Tester: Date of Test:

Printed Name of Tester:

License/Certification #: Issuing Autherity:

Fage 1 of 1
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EN7675 -A2 Rationale

RESNET

| RESIDENTIAL ENERGY SERVICES NETWORK

INTERNATIONAI
CODE
COUNCIL®

ANSI/RESNET/ICC 380-2019

Standard for Testing Airtightness of
Building, Dwelling Unit, and Sleeping Unit
Enclosures; Airtightness of Heating and
Cooling Air Distribution Systems; and
Airflow of Mechanical Ventilation Systems

rican Natigy,
W St
& %

(-4

November 21, 2018

Residential Energy Services Network, Inc.
P.O. Box 4561

Oceanside, CA 92052-4561
http://resnet.us/

International Code Council

500 New Jersey Avenue, NW, 6th Floor
Washington, D.C. 20001
www.iccsafe org

©Residential Energy Services Network, 2018. All rights reserved.
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RESNET Standards Development Committee 300

EN7675 -A2 Rationale

Gayathri Vijayakumar, Chair* Kelly Parker™®
Thiel Butner* Jerry Phelan®
Terry Clausing™ Dave Roberts*
Charles Cottrell* Amy Schmidt*
Philip Fairey* Brian Shanks*
Dean Gamble* lain Walker*
C.R. Herro* Dan Wildenhaus™*

* Denotes members of voting status when the document was approved for publication

RESNET Standards Management Board

Philip Fairey, Chair CR Herro
Wes Davis David E. Walls
David B. Goldstein

Richard W. Dixon, Manager of Standards

The 2019 edition of this Standard was first approved for publication on
November 1, 2018, by the RESNET Standards Management Board.

SPECIAL NOTE

This ANSI/RESNET/ICC Standard is a voluntary consensus standard developed under the
auspices of the Residential Energy Services Network (RESNET) in accordance with
RESNET’s Standards Development Policy and Procedures Marmual, Version 2.1, August 25,
2017. RESNET is an American Nafional Standards Institute (ANSI) Accredited Standards
Developer. Consensus is defined by ANSI as “substantial agreesment reached by directly and
materially affected interest categories.” This signifies the concurrence of more than a simple
majority but not necessarily unanimity. Consensus requires that all views and objections be
considered, and that an effort be made toward their resolution. Compliance with this standard
1s voluntary until and unless a legal jurisdiction makes compliance mandatory.

RESNET obtains consensus through participation of it national members, associated
societies, and public review.

This 1s the second edition of this Standard and supercedes the first edition that was
designated and titled ANSI/RESNET 380-2016 Standard for Testing Airtightness of Building
Enclosures, Airtightness of Heating and Cooling Air Distribution Systems, and Airflow of
Mechanical Ventilation Systems. This second edition incorpeorates a number of substantive
changes, the more significant of which are all addenda to the first edition and criteria specific
to attached Dwelling and attached Sleeping Units in buildings of all heights.

This Standard is under continuous maintenance in accordance with Section 10.9 of the
RESNET Siandard Development P olicy and Procedures Manual Continuous maintenance

2020 Triennial Energy
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EN7675 -A2 Rationale

proposals should be submitted to the Manager of Standards via the online form on the
RESNET website. The Procedures Manual and online forms for submitting continuous
maintenance proposals and requests for interpretation can be accessed from the website at
www.resnet.us/blog/resnet-consensus-standards/ under the heading RESNET CONSENSUS
STANDARDS.

The Manager of Standards should be contacted for:
a. Interpretation of the contents of this Standard
b. Participation in the next review of the Standard
¢. Offering constructive criticism for improving the Standard
d. Permission to reprint portions of the Standard

i
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EN7675 -A2 Rationale

2020 Triennial

ANSIRESNET/ICC 380-2019

ANSI/RESNET/ICC 380-2019

Standard for Testing Airtightness of Building, Dwelling Unit, and Sleeping
Unit Enclosures; Airtightness of Heating and Cooling Air Distribution
Systems; and Airflow of Mechanical Ventilation Systems

Forward (Informative)

Standard 380 has been developed to provide a consensus national standard for consistent
measurement of several air-flow related building metrics. It builds on existing American National
Standards to provide standard procedures essential to the evaluation of the energy performance
of Residential Buildings, as well as Dwelling Units and Sleeping Units within Residential or
Commercial Buildings.

This Standard provides a consistent, uniform methodology for evaluating the airtightness of
building, Dwelling Unit, and Sleeping Unit enclosures and heating and cooling air distribution
systems, and the air flows of mechanical ventilation systems. These test procedures can be used
as diagnostics, in quality assurance and control, for determining compliance with codes and
standards, and to deterrmine inputs to energv simulations and ratings. The Standard recogmzes
that some test procedures are easier to perform depending on building and HVAC system
characteristics and that different codes and standards have specific testing requiraments.
Therefore, the Standard presents several alternative approaches for each measurement to allow
flexibility in application of the standard.

Requiremenits for recording, documenting and reporting how the tests established by this
standard are conducted and the test results shall be those established by the adopting entities.

This Standard is under continuous maintenance pursuant to RESNET s ANSI-accredited
Standards Development Policy and Procedures Marnual. Forms and procedures for submitting
change proposals may be found on RESNET’s Website at www.resnet.us/blog/resnet-consensus-
standards/ under the heading STANDARDS DEVELOPMENT. When proposed addenda are
available for public review and when approved addenda are published, notices will be published
on RESNET’s Website.

This Standard contains both normative and informative material. Normative materials make up
the body of the Standard and must be complied with to conform to the Standard. Informative
materials are clearly marked as such, are not mandatory, and are limited to this forward,
footnotes, references and anmexes.

Energy
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EN7675 -A2 Rationale

ANSIRESNET/ICC 380-2019

1. Purpose

1.1. The provisions of this document are intended to establish national standards for testing the
airtightness of enclosures and heating and cooling air distribution systems, and the airflow of
mechanical ventilation systems. This Standard is intended for use by parties including home
energy raters, energy auditors, or code officials who are evaluating the performance of
Residential Buildings, or of Dwelling Units or Sleeping Units within Residential or Commercial
Buildings.

2. Scope

2.1. This Standard defines procedures for measuring the airtightness of building, Dwelling Unit,
and Sleeping Unit enclosures, the airtightness of heating and cooling air distribution systems,
and the airflow of mechanical ventilation systems.

This Standard is applicable to all Dwelling Units and Sleeping Units in Residential and
Commercial Buildings. The term Dwelling Unit can be replaced with Sleeping Unit throughout
the standard, except where specifically noted.

This Standard provides separate procedures for measuring the airtightness of building enclosures
and the airtightness of attached Dwelling Unit and Sleeping Unit enclosures.

The procedure for measuring the airtightness of heating and cooling air distribution systems is
applicable to Dwelling Units and Sleeping Units with their own duct system separate from other
Dwelling Units and Sleeping Units.

The procedure for measuring the airflow of mechanical ventilation systems is applicable to
Dwelling Units and Sleeping Units with their own ventilation system or with a central/shared
system.

3. Definitions

Bilower Door — A device that combines an Air-Moving Fan as defined in Section 4.1.1, an
Airflow Meter as defined in Section 4.1.3, and a covering to integrate the Air-Moving Fan into
the building or Dwelling Unit opening.

Commercial Building — All buildings that are not included in the definition of Residential
Buildings.

Compartmentalization Boundary - The surface that bounds the Infiltration Volume of the
Dwelling Unit.

Conditioned Floor Area (CFA)’ —The floor area of the Conditioned Space Volume within a
building or Dwelling Unit, not including the floor area of attics, crawlspaces, and basements
below air sealed and insulated floors. The following specific spaces are addressed to ensure
consistent application of this defimtion:

! (Informative Note) Informative Annex A contains a table that summarizes parts of a Dwelling Unit that are
included in Conditioned Floor Area.

2020 Triennial
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EN7675 -A2 Rationale

ANSIRESNET/ICC 380-2019

e The floor area of a wall assembly that is adjacent to Conditioned Space Volume shall be
included.

e The floor area of a basement shall be included if the party conducting the evaluation has
either:

o Obtained an ACCA Manual J, S, and either B or D report and verified that both
the heating and cooling equipment and distribution system are designed to offset
the entire design load of the volume, or,

o Verified through visual inspection that both the heating and cooling equipment
and distribution system serve the volume and, in the judgement of the party
conducting evaluations, are capable of maintaining the heating and cooling
temperatures specified by the Thermostat section in Table 4.2.2(1) of
ANSI/RESNET/ICC 301.

e The floor area of a garage shall be excluded, even when it 1s conditioned.
e The floor area of a thermally isolated sunroom shall be excluded.
e The floor area of an attic shall be excluded, even when it is Conditioned Space Volume.

e The floor area of a crawlspace shall be excluded, even when it is Conditioned Space
Volurmne.

Conditioned Space Volumeé® - The volume within a building or Dwelling Umnit serviced by a
space heating or cooling system designed to maintain space conditions at 78 °F (26 °C) for
cooling and 68 °F (20 °C) for heating. The following specific spaces are addressad to ensure
consistent application of this defimtion:

e [fthe volume both above and below a floor assembly meets this definition and is part of
the subject Dwelling Unit, then the volume of the floor assembly shall also be included.
Otherwise the volume of the floor assembly shall be excluded.

o Exception: The wall height shall extend from the finished floor to the bottom side
of'the floor decking above the subject Dwelling Unit for non-top floor level
Dwelling Units and to the exterior enclosure air barrier for top floor level
Dwelling Units.

e [fthe volume of at least one of the spaces horizontally adjacent to a wall assembly meets
this definition, and that volume is part of the subject Dwelling Unit, then the volume of
the wall assembly shall also be included. Otherwise, the volume of the wall assembly
shall be excluded.

o Exception: If the volume of one of the spaces horizontally adjacent to a wall
assembly 1s a Dwelling Unit other than the subject Dwelling Unit, then the
volume of that wall assembly shall be evenly divided between both adjacent
Dwelling Units.

? (Informative Note) Informative Annex A has a table that summarizes parts of a Dwelling Unit that are included in
Conditioned Space Volume.

2020 Triennial
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¢ The volume of an attic that is not both air sealed and insulated at the roof deck shall be
excluded.

e The volume of a vented crawlspace shall be excluded.
e The volume of a garage shall be excluded, even when it 1s conditioned.
e The volume of a thermally isolated sunroom shall be excluded.

¢ The volume of an attic that is both air sealed and insulated at the roof deck, the volume of
an unvented crawlspace, and the volume of a basement shall only be included if the
volume is contiguous with the subject Dwelling Unit and the party conducting
evaluations has either:

o Obtained an ACCA Manual ], S, and cither B or D report and verified that both
the heating and cooling equipment and distribution system are designed to offset
the entire design load of the volume, or,

o Verified through visual inspection that both the heating and cooling equipment
and distribution system serve the volume and, in the judgement of the party
conducting evaluations, are capable of maintaining the heating and cooling
temperatures specified by the Thermostat section in Table 4.2.2(1) of
ANSI/RESNET/ICC 301,

e The volume of a mechanical closet, regardless of access location, that is contiguous with
the subject Dwelling Unit shall be included if:

o itis serviced by a space heating or cooling system designed to maintain space
conditions at 78 °F (26 °C) for cooling and 68 °F (20 °C) for heating, and

o it only includes equipment serving the subject Dwelling Unit, and
o the mechanical room is not intentionally air sealed from the subject Dwelling Unit
Dwelling - Any building that contains one or two Dwelling Units used, intended, or designed to

be built, used, rented, leased, let or hired out to be occupied, or that are occupicd for living
PUIPOSEs.

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 Mechanical Ventilation — A mechanical exchange of indoor air with outdoor air
throughout a Dwelling Unit, using a Balanced System, Exhaust System, Supply System, or
combination thereof that is designed to operate continuously or through a programmed
intermittent schedule to satisfy a Dwelling Unit ventilation rate.

Infiltration Velume® — The sum of the Conditioned Space Volume and additional adjacent
volumes in the Dwelling Unit that meet the following criteria;

? (Informative Note) Informative Annex A has a table that summarizes parts of a Dwelling Unit that are included in
Infiltration Volume.
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e Crawlspaces and floor assemblies above crawlspaces, when the access doors or hatches
between the crawlspace and Conditioned Space Volume are open during the enclosure
airtightness test {Section 4.2.3),

s Attics, when the access doors or access hatches between the attic and Conditioned Space
Volume are open during the enclosure airtightness test (Section 4.2.4),

* Basements and floor assemblies above basements, where the doors between the
basement and Conditioned Space Volume are open during the enclosure airtightness test
(Section 4.2.5).

Residential Building - Includes detached single-family Dwellings, two-family Dwellings and
multiple single-family Dwellings (Townhouses) as well as International Building Code Group R-
2, R-3 and R-4 buildings three stories or less in height above grade plane. (i.c. residential other
than where occupants are transient, such as hotels and motels)

Sleeping Unit — A room or space in which people sleep, which can also include permanent
provisions for living, eating, and either sanitation or kitchen facilities but not both. Such rooms
and spaces that are also part of a Dwelling Unit are not Sleeping Units.

Townhouse - A single-family Dwelling Unit constructed in a group of three or more attached
units in which each unit extends from foundation to roof and with open space on at least two
sides.

Unconditioned Space Volume® - The volume within a building or Dwelling Unit that is not
Conditioned Space Volume but which contains heat sources or sinks that influence the
temperature of the area or room. The following specific spaces are addressed to ensure consistent
application of this definition for inclusion in Unconditioned Space Volume:

e Ifeither one or both of the volumes above and below a floor assembly 1s Unconditioned
Space Volume, then the volume of the floor assembly shall be included.

e [fthe volume of both of the spaces horizontally adjacent to a wall assembly are
Unconditioned Space Volume, then the volume of the wall assembly shall be included.

s The volume of an attic that is not both air sealed and insulated at the roof deck shall be
included.

¢ The volume of a vented crawlspace shall be included.
e The volume of an attached garage shall be included, even when it is conditioned.
e The volume of a thermally 1solated sunroom shall be included.

e The volume of an attic that is both air sealed and insulated at the roof deck, the volume
of an unvented crawlspace, and the volume of a basement shall be included unless it
meets the definition of Conditioned Space Volume.

Whole-House Fan — A forced air system consisting of a fan or blower that exhausts at least 5
ACH of indoor air to the outdoors and thereby drawing outdoor air into a home through open
windows and doors for the purpose of cooling the home.

* (Informative Note) Informative Annex A has a table that summarizes parts of a Dwelling Unit that are included in
Uncoenditioned Space Volume.
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4. Procedure for Measuring Airtightness of Building or Dwelling Unit Enclosure

4.1. Equipment
The Equipment listed in this section shall have their calibrations checked at the manufacturer's
recommended interval, and at least annuallv if no time is specified.

4.1.1. Air-Moving Fan. A fan that is capable of moving air into or out of the building
or Dwelling Unit to achieve one or more target pressure differences between the
building or Dwelling Unit and the exterior.

4.1.2. Manometer. A device that is capable of measuring pressure difference with a
maximum error of 1 % of reading, or 0.25 Pa (0.001 in. H20), whichever is
greater.

4.1.3. Airflow Meter. A device to measure velumetric airflow with a maximum error
of 5% of the measured flow.

4.1.4. Thermometer. An instrument to measure air temperature with an accuracy of
+1°C (2°F).

4.1.5. Blower Door. A device that combines an Air-Moving Fan as defined in Section
4.1.1, an Airflow Meter as defined in Section 4.1.3, and a covering to integrate
the Air-Moving Fan into the building opening.

4.2. Procedure to Prepare the Building or Dwelling Unit for Testing®

4.2.1. Fenestration. Exterior doors and windows shall be closed and latched.

4.2.2. Attached garages. All exterior garage doors and windows shall be closed and
latched unless the Blower Door is installed between the Conditioned Space
Volume and the garage, in which case the garage shall be opened to outside by
opening at least one exterior garage door.

4.2.3. Crawlspaces. Crawlspaces shall be configured as follows and the position of
the crawlspace access doors and hatches shall be recorded. When the access
doors and hatches between Conditioned Space Volume and the crawlspace are
closed, due to requirements in 4.2.3.1or 4.2.3.2.1, the crawlspace shall be
excluded from Infiltration Volume and Conditioned Space Volume.

4.2.3.1. If a crawlspace is vented to the exterior, interior access doors and hatches
between the Conditioned Space Volume and the crawlspace shall be closed.
Exterior crawlspace access doors, hatches, and vents shall be left in their as-
found position.

4.2.3.2. If a crawlspace is not vented to the exterior, all access doors and hatches
between the Conditioned Space Volume and crawlspace shall be opened.

3 (Normative Note) It is permissible for air tightness testing of Dwelling Units that contain fire suppression systems
to be performed with temporary sprinkler head covers in place.
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Exterior crawlspace access doors, hatches, and vents shall be closed to the
extent possible.

4.2.3.2.1. Exception: If the floor above the crawlspace is air sealed and insulated,
the access doors and hatches between the Conditioned Space Volume and
crawlspace shall be closed. Exterior crawlspace access doors, hatches,
and vents shall be left in their as-found position.

4.2.4. Attics. Attics shall be configured as follows and the position of the attic access
doors and hatches shall be recorded. When the access doors and hatches
between the Conditioned Space Volume and the attic are closed, due to
requirements in 4.2.4.1 or there are no access doors, the attic shall be excluded
from Infiltration Volume and Conditioned Space Volume.

4.2.4.1. If an attic 1s not botk air sealed and insulated at the roof deck, access doors
and hatches between the Conditioned Space Volume and the attic shall be
closed. Exterior attic access doors, hatches and vents shall be left in their as-
found position.

4.2.4.2, If an attic is both air sealed and insulated at the roof deck, interior access
doors and hatches between the Conditioned Space Volume and the attic shall
be opened. Exterior attic access doors, vents, and hatches shall be closed to
the extent possible.

4.2.5. Basements. Basements shall be configured as follows and the position of the
basement doors shall be recorded. When doors between the Conditioned Space
Volume and the basement are closed, due to requurements in 4.2.5.1.1, the
basement shall be excluded from Infiltration Volume and Conditioned Space
Volume.

4.2.5.1. All doors between the Conditioned Space Volume and basement shall be
opened. Exterior basement access doors, vents, and hatches shall be closed to
the extent possible.

4.2.5.1.1. Exception: When the floor above the basement is air sealed and
insulated, doors between the basement and Conditioned Space Volume
shall be closed. Exterior basement access doors, hatches and vents shall
be left in their as-found position.

4.2.6. Interior doors. All doors between rooms inside the Conditioned Space Volume
shall be opened.

4.2.7. Chimney dampers and combustion-air inlets on solid fuel appliances.
Chimney dampers and combustion-air inlets on solid fuel appliances shall be
closed. Precautions shall be taken to prevent ashes or soot from entering the
building or Dwelling Unit during testing.

4.2.8. Combustion appliance flue vents. Combustion appliance flue vents shall be
left in their as-found position.

4.2.9. Fans. Any fan or appliance capable of inducing airflow across the building or
Dwelling Unit enclosure shall be turned off including, but not limited to, clothes
dryers, attic and crawlspace fans, kitchen and bathroom exhaust fans, air
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handlers, and ventilation fans used in a Dwelling Unit Mechanical Ventilation
system®. The party conducting the test shall not turn on fans in adjacent attached
Dwelling Units. For continuously operating central ventilation systems serving
more than one Dwelling Unit in a building with multiple Dwelling Units, the
registers shall be sealed in the subject Dwelling Unit. The central ventilation
system shall be turned off where possible. Ifit is not possible to turn off the
system, then it can be left operating provided sealing select registers will not
compromise the system and the sealed registers remain sealed during the test.

4.2.10. Dampers

4.2.10.1. Non-motorized dampers’ that connect the Conditioned Space Volume to the
exterior or to Unconditioned Space Volumes shall be left in their as-found
positions.®

4.2.10.2. Motorized dampers that connect the Conditioned Space Volume to the
exterior or to Unconditioned Space Volume shall be placed in their closed
positions and shall not be further sealed.

4.2.11. Non-dampered openings for ventilation, combustion air and make-up air

4.2.11.1. Non-dampered ventilation openings of intermittently operating local exhaust
ventilation systems” that connect the Conditioned Space Volume to the
exterior or to Unconditioned Space Volume shall be left open.

4.2.11.2. Non-dampered ventilation openings of intermittently operating Dwelling
Unit ventilation systems, including HVAC fan-integrated outdoor air inlets,
that connect the Conditioned Space Volume to the exterior or to
Unconditioned Space Volume shall not be sealed.

4.2.11.3. Non-dampered ventilation openings of continuously operating local exhaust
ventilation systems'? that connect the Conditioned Space Volume to the
exterior or to Unconditioned Space Volume shall be sealed at the exterior of
the enclosure where conditions allow.

4.2.11.4. Non-dampered ventilation openings of continuously operating Dwelling Unit
ventilation systems that connect the Conditioned Space Volume to the
exterior or to Unconditioned Space Volume shall be sealed at the exterior of
the enclosure where conditions allow.

4.2.11.5. All other non-dampered intentional openings between Conditioned Space
Volume and the exterior or Unconditioned Space Volume shall be left open.'!
This includes non-dampered openings to a duct, unless it has a fan that is

8 (Informative Note) For example, a systemn intended to meet ASHRAE Standard 62.2.

7 (Informative Note) For example, pressure-activated operable dampers and fixed dampers.

& (Informative Note) For example, a fixed damper in a duct supplying outdoor air for an intermittent ventilation
system that utilizes the HVAC fan shall be left in its as-found position.

? (Informative Note) For example, bath fan and kitchen range fan.

1% (Informative Note) For examnple, bathroom or kitchen exhaust.

' (Informative Note) For example, un-dampered combustion air or make-up air openings shall be left in their open
position.
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independent of the HVAC air-handler fan directly connected to the duct and
continuously inducing a pressure difference!?.

4.2.12. Whole-House Fan louvers/shutters. Whole-House Fan louvers and shutters
shall be closed. In addition, if there is a seasonal cover present, it shall be
installed.

4.2.13. Evaporative coolers. The opening to the exterior of evaporative coolers shall
be placed in its off position. In addition, if there is a seasonal cover present, it
shall be installed.

4.2.14. Operable window trickle-vents and through-the-wall vents. Operable
window trickle-vents and through-the-wall vents shall be closed.

4.2.15. Heating and cooling supply registers and return grilles. Heating and
cooling supply registers and return grilles shall be left in their as-found position
and left uncovered.

4.2.16. Plumbing drains with p-traps. Plumbing drains with empty p-traps shall be
sealed or filled with water.

4.2.17. Vented combustion appliances. Vented combustion appliances shall remain
off or in “pilot only™ mode for the duration of the test.

4.2.18. Required air bypass. Where building code or manufacturer specifications
require air bypass around a component, the leakage point shall not be sealed'?.

4.3. Procedures to Install the Test Apparatus and Prepare for Airtightness Test

4.3.1. Procedure to Install the Test Apparatus and Prepare for Airtightness Test for a
Detached Dwelling Unit

4.3.1.1. The Blower Door shall be installed in an exterior doorway or window that has
an unrestricted air pathway into the Dwelling Unit and no obstructions to
airflow within 5 feet of the fan inlet and 2 feet of the fan outlet. The opening
that is chosen shall be noted on the test report. The system shall not be
installed in a doorway or window exposed to wind, where conditions allow.
It is permissible to use a doorway or window between the Conditioned Space
Volume and an Unconditioned Space Volume as long as the Unconditioned
Space Volume has an unrestricted air pathway to the outdoors and all
operable exterior windows and doors of the Unconditioned Space Volume are
opened to the outdoors.

4.3.1.2. Tubing shall be installed to measure the difference in pressure between the
enclosure and the outdoors in accordance with manufacturer’s instructions.
The tubing, especially vertical sections, shall be positioned out of direct
sunlight.

12 (Informative Note) For example, a non-dampered duct connecting an air handler to outside shall be left open, even
if a separate continuous or intermittent bathroom exhaust fan is present in the Dwelling Unit.
'3 (Informative Note) For example, fire and smoke suppression systems.

2020 Triennial

Energy

23

Page: 13

380-2019_vf1.24.19_13.png

7675_A2_Rationale_ANSIRESNETICC

http://www floridabuilding.org/Upload/Modifications/Rendered/Mod



EN7675 -A2 Rationale

2020 Triennial

ANSIRESNET/ICC 380-2019

4.3.1.3. The indoor and outdoor temperatures shall be measured using the
Thermometer and recorded. Observations of gensral weather conditions shall
be recorded.

4.3.1.4. The altitude of the building site above sea level shall be recorded with an
accuracy of 500 feet (150 m).

4.3.1.5. The model and serial mumber(s) of all measurement equipment shall be
recorded.

4.3.1.6. If the results of the test will be reported as Air Changes Per Hour at 50 Pa
(0.2 in. H>O) (ACHS50), the Infiltration Volume of the Dwelling Unit shall be
recorded.

4.3.1.7. If the results of the test will be reported as Specific L.eakage Area (SLA), the
Conditioned Floor Area of the Dwelling Unit shall be recorded.

4.3.1.8. If the results of the test will be reported as Cubic Feet per Minute per square
foot of enclosure surface area at 50 Pa (0.2 in. H20) (CFM50/ft* of
enclosure), the Compartmentalization Boundary area of the Dwelling Unit
shall be recorded.

4.3.2. Procedure to Install the Test Apparatus and Prepare for Airtightness Test for an
Attached Dwelling Unit'*

4.3.2.1. Pressures shall be induced only via a Blower Door (or Blower Doors) attached
to the subject Dwelling Unit. Pressures shall not be induced through the use
of Blower Doors attached to spaces adjacent to the subject Dwelling Unit.

4.3.2.2. The Blower Door shall be installed in a doorway leading to an enclosed
space', when one exists. The Blower Door shall have an unrestricted air
pathway into the subject Dwelling Unit and no obstructions to airflow within
5 feet of the fan inlet and 2 feet of the fan outlet. When a doorway leading to
an enclosed space is not available, the Blower Door is permitted to be
installed in an exterior door or window. The tubing setup procedures listed in
Section 4.3.1.2 shall be followed. The opening that is chosen shall be noted
on the test report.

4.3.2.2.1. The reference tube for the Dwelling Unit pressure shall terminate in the
enclosed space. The end of the reference tube shall be located where it is
not impacted by the turbulence created by the fan. Tubing shall be
installed to measure the difference in pressure between the subject
Dwelling Unit and the enclosed space in accordance with manufacturer’s
instructions.

14 (Informative Note) This test is the same as a compartmentalization test.
1% (Informative Note) For example, a corridor.
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4.3.2.2.2. An unrestricted air pathway larger than 20 square feet shall be opened
between the enclosed space and outside®.

4.3.2.2.2.1. Where an unrestricted air pathway larger than 20 square
feet cannot be created, the pressure difference between the enclosed
space and outside shall be measured. The pressure difference shall
change by less than 3 Pa when the Blower Door is turned on to
pressurize or depressurize the subject Dwelling Unit by 50 Pa'’.

4.3.2.2.3. When a doorway leading to an enclosed space is not available, the
Blower Door is permitted to be installed in an exterior door or window.
The tubing setup procedures listed in Section 4.3.1.2 shall be followed.

4.3.2.3. Where access 1s permitted, open doors between the enclosed space and any
Dwelling Units that are horizontally adjacent to the subject Dwelling Unit'®.

4.3.2.3.1. Leave windows and interior doors in adjacent Dwelling Units in the
condition they are found.

4.3.2.4. The door where the Blower Door is installed shall be inspected for the
presence of a door seal installed to minimize air leakage between the door
and door frame. Where such seal is not present or is not properly installed,
140 CEFM50 shall be added to the measured airflow. This adjustment, and the
presence, installation quality and condition of the door seal shall be
documented in the final test report'®.

4.3.2.5. If a door is present between the subject Dwelling Unit and its mechamical
closet, it shall be open during the test if the mechanical closet is Conditioned
Space Volume and closed during the test if the mechanical closet is
Unconditioned Space Volume.

4.3.2.6. Ductwork between units shall be sealed at the register(s) of the subject
Dwelling Unit.

4.3.2.7. Where the crawlspace volume is continuous below multiple adjacent Dwelling
Units, interior access doors and hatches between the subject Dwelling Unit
and the crawlspace shall be closed. Exterior crawlspace access doors, hatches
and vents shall be left in their as-found position.

4.3.2.8. Where the attic volume is continuous above multiple adjacent Dwelling Units,
interior access doors and hatches between the subject Dwelling Umnit and the
attic shall be closed. Exterior attic access doors, hatches and vents shall be
left in their as-found position.

'8 (Informative Note) For example, 1) opening windows in a corridor 2) opening a door between a corridor and a
cormmon stairwell and also opening a door between the common stairwell and outside 3) opening a door between an
adjacent Dwelling Unit and the corridor and also opening windows in the adjacent unit.

'7 (Informative Note) It is permitted to reduce the pressure difference between the enclosed space and outside by
opening interior doors to increase the volume of the enclosed space.

'8 (Informative Note) For example, the units on either side of the subject Dwelling Unit in a double loaded corridor
style subject Dwelling Unit (2 units total).

19 (Normative Note) The adjustment may be subsequently removed if the door sweep continuity is inspected and
confirmed.

11
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4.3.2.9. Where the basement volume is continuous below multiple adjacent Dwelling
Units, interior doors between the subject Dwelling Unit and the basement
shall be closed. Exterior basement access doors, hatches and vents shall be
left in their as-found position.

4.3.2.10. Where the mechanical room volume is continuous below multiple adjacent
Dwelling Units, interior doors between the subject Dwelling Unit and the
mechanical room shall be closed. Exterior mechanical room access doors,
hatches and vents shall be left in their as-found position.

4.3.2.11. The indoor and outdoor temperatures shall be measured using the
Thermometer and recorded. Observations of general weather conditions shall
be recorded.

4.3.2.12. The altitude of the building site above sea level shall be recorded with an
accuracy of 500 feet (150 m).

4.3.2.13. The model and serial number(s) of all measurement equipment shall be
recorded.

4.3.2.14. If the results of the test will be reported as Air Changes Per Hour at 50 Pa
(0.2 in. H>O) (ACHS50), the Infiltration Volume of the Dwelling Unit shall be
recorded.

4.3.2.15. If the results of the test will be reported as Specific Leakage Area (SLA), the
Conditioned Floor Area of the Dwelling Unit shall be recorded.

4.3.2.16. If the results of the test will be reported as Cubic Feet per Minute per square
foot of enclosure surface area at 50 Pa (0.2 in. H20) (CFM50/ft? of
enclosure), the Compartmentalization Boundary area of the Dwelling Unit
shall be recorded.

4.4. Procedure to Conduct Airtightness Test. The leakage of the enclosure shall be measured
using either the One-Point Airtightness Test in Section 4.4.1 or the Multi-Point Airtightness Test
in Section 4.4.2.

4.4.1. One-Point Airtightness Test

4.4.1.1. With the Air-Moving Fan turned off and sealed, the pressure difference across
the enclosure shall be recorded using the Manometer, with the outside as the
reference. The measurement shall represent the average value over at least a
10-second period and shall be defined as the Pre-Test Baseline Dwelling Unit
Pressure.

4.4.1.2. The Air-Moving Fan shall be unsealed, turmned on, and adjusted to create an
induced enclosure pressure difference of 50 £3 Pa (0.2 in. £0.012 H»O),
defined as the induced enclosure pressure minus the Pre-Test Baseline
Dwelling Unit Pressure. Note that this value is permitted to be positive or
negative, which will be dependent upon whether the enclosure 1s pressurized
or depressurized. An indication of whether the Air-Moving Fan pressurized or
depressurized the Dwelling Unit shall be recorded.

12
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If a 50 Pa (0.2 in. H20) induced enclosure pressure difference is achieved,
then the average value of the induced enclosure pressure difference and the
airflow at 50 Pa (0.2 in. H>O), measurad over at least a 10-second period,
shall be recorded.

If a 50 Pa (0.2 in. H>Q) induced enclosure pressure difference is not
achieved, then additional Air-Moving Fans shall be used or the highest
induced enclosure pressure difference (dPmezsured) and airflow (Qmeasured) that
was achieved with the equipment available, measured over at least a 10-
second period, shall be recorded. A minimum of 15 Pa (0.06 in. H2O) must
be induced across the enclosure for the test to be valid.

4.4.1.3. The Air-Moving Fan shall be turned off and the Dwelling Unit returned to its
as-found condition.

4.4.1.4. If an induced enclosure pressure difference of 50 Pa (0.2 in. H>O) was not
achieved in Section 4.4.1.2, then the recorded airflow (Qmeasred ) shall be
converted to a nominal airflow at 50 Pa (0.2 m. H>O) using Equation 1.
Alternately, a Manometer that is equipped to automatically make the
conversion to CEM50 or CM S50 is permitted to be used.

CFM50 (%) = Qmeasurea (%) (ﬁ)%s .
CMS50 (m_) = Qmeasured (”‘—) (ﬁ)o.és N

4.4.1.5. Corrected CFM50 (corrected CMS50) shall be calculated by making the
adjustments due to density and viscosity using Section 9 of ASTM E779%.
Equations 1 and 2 in Section 9 shall be used to convert air flows to flows
through the building envelope. Equation 4 in Section 9 shall be used to
convert to standard conditions by substituting CFM50 (CMS50) for C and
Corrected CFM 50 (corrected CMS50) for Ca.

4.4.1.6. The Effective Leakage Area (EL A) shall be calculated using Equation 2:

ELA([TLZ) — Correcjt;iCFMSO (23)
ELA(mz) — Corrected CM550 (Zb)

136
4.4.2, Multi-Point Airtightness Test

4.4.2.1. With the Air-Moving Fan turned off and sealed, the pressure difference across
the enclosure shall be recorded using the Manometer, with the outside as the
reference. The measurement shall represent the average value over at least a
10-second period and shall be defined as the Pre-Test Baseline Dwelling Unit
Pressure.

20 (Normative Note) Software provided by manufacturers of test equipment is permitted to be used to perform these
calculations if the manufacturer certifies that the calculations are performed in accordance with ASTM E779.
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4.4.2.2. The Air-Moving Fan shall be unsealed, turned on, and adjusted to create at

least five induced enclosure pressure differences at approximately equally-
spaced pressure stations betwesn 10 Pa (0.04 in. H>O) and either 60 Pa (0.24
in. H20) or the highest achievable pressure difference up to 60 Pa. The
induced enclosure pressure difference is defined as the measured enclosure
pressure at the pressure station, with reference to the exterior, minus the Pre-
Test Baseline Dwelling Unit Pressure. If a manometer is used that has
automatic baseline adjustments? then the Pre-Test Baseline Dwelling Umnit
Pressure shall not be subtracted from the adjusted value. The induced
enclosure pressure difference is positive for pressurization and negative for
depressurization. An indication of whether the Air-Moving Fan pressurized or
depressurized the Dwelling Unit shall be recorded.

At each pressure station, the average value of the induced enclosure pressure
difference, and the airflow, measured over at least a 10-second period, shall
be recorded. The highest induced enclosure pressure difference shall be at
least 25 Pa (0.1 in. H,O). If 25 Pa (0.1 in. H>O) is not achieved, the One-
Point Airtightness Test in Section 4.4.1 shall be used.

4.4.2.3. The Air-Moving Fan shall be turned off and the Dwelling Unit returned to its

as-found condition.

4.4.2.4. The airflow at each pressure station shall be corrected for altitude and

4.4.2.5.

4.4.2.6.

4.4.2.7.

temperature to determine the corrected airflow using the calculations in
Section 9 of ASTM E779%,

The corrected airflow (Q) and the induced enclosure pressure difference
measured at each pressure station (dP) shall be used in a log-linearized
regression of the form Q = C(dP)" to calculate?*** C and n.

The Effective Leakage Area (ELA) shall be calculated using Equation 3:

ELA(?) = € (Lo5) x 0567 x 4009 (3a)
ELA(m?) = C () x 0.775 x 409 (3b)

Where C and n are the values determined in Secticn 4.4.2.5.

The flow through the building or Dwelling Unit enclosure at 50 Pa (0.20 in.
Hz0) (CFM50 or CMS50) shall be calculated using Equation 4:

21 (Informative Note) for example, a “baseline” or “extrapolation” feature that automatically subtracts a previously-
measured baseline from the measured value before displaying the measurement.

2 (Normative Note) Software provided by manufacturers of test equipment is permitted to be used to perform these
calculations if the manufacturer certifies that the calculations are performed in accordance with ASTM E779.

2 (Informative Note) For example, using the procedures in ASTM E779, Section 9 and Annex A.1.

4 (Normative Note) Software provided by the test equipment manufacturer that automatically calculates C and n
shall not be used unless the manufacturer certifies that the calculations are performed in accordance with ASTM

E779.
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CFM50 = € {—2=) x 500" (4a)
CMS50 = € (=) x 509 (4b)

‘Where C and n are the values determined in Section 4.4.2.5.
4.5. Procedure to Apply Results of Enclosure Air Leakage Test

4.5.1. If the results of the building or Dwelling Unit enclosure air leakage test are to be
used for conducting an energy rating or assessing compliance with a building or
Dwelling Unit enclosure leakage limit®>, then the corrected airflow determined
using a one-point test shall be adjusted using Equation 5a or 5b.

Adjusted CFAMS50 = 1.1 x Corrected CFMS50 {5a)
Adfusted CMS50 = 1.1 x Corrected CMS50 (5b)
The EL A determined in Section 4.4.1.6 for a one-point air leakage test shall be
adjusted using Equation 6.
Adjusted ELA = 1.1 x ELA (6)

Other applications of building or Dwelling Unit enclosure air leakage testing and the
results of multi-point testing do not require the corrections in this section.

4.5.2. If the results of the building or Dwelling Unit enclosure leakage test are to be
converted to Air Changes Per Hour at 50 Pa (0.2 in. H»O) (ACHS0), Specific
Leakage Area (SLLA), Normalized Leakage Area (NLLA), or
cempartmentalization leakage ratic at 50 Pa (CFM50/{t?), then Equations 7
through 10 shall be used. Where adjusted or corrected CFM50, CMS50 or ELA
values have been calculated in previous sections they shall bz used in Equations

7 through 10.
ACHS50 = CFM50 x 60/ Infiltration Volume in cubic feet (7a)
ACHS0 = CMS50 x 3600 / Infiltration Volume in cubic meters {(7b)
SLA = 0.00694 x ELA in in* / Conditioned Floor Area in square feet {8a)
SLA = 10.764 x ELA in m? / Conditioned Floor Area in square mefers (8b)

NLA = SLA x (5)%% where S is the number of stories above grade 9

CFMS50/# = CFM50/ Compartmenialization Boundary area in square feet {(10)

5. Procedure for Measuring Airtightness of Duct Systems

% (Informative Note) For example, defined by code or by an energy efficiency program.
15
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In addition to the test procedures in this section, Test Method A from ASTM E1554 is approved
for use provided that the building, Dwelling Unit, and duct system preparation procedures in
Sections 5.2.1 through 5.2.8 of this Standard are followed. The supply and return air leakage
from Test Method A shall be added together and assumed equivalent to CFM25 or CMS25 to
outside.

The leakage to outside test shall be performed using a Blower Door in the main entry to the
Dwelling Unit to pressurize or depressurize the individual unit with reference to outside. If the
main entry door is in an interior hallway then the hallway shall be well connected to outside
through open windows or doors, or an exterior window or door?® shall be used. Only the ducts
serving the Dwelling Unit being tested shall be included in the test.

5.1. Equipment Needed
The Equipment listed in this section shall have their calibrations checked at the manufacturer's
recommended interval, and at least anmually if no time is specified.

5.1.1. Air-Moving Fan. A fan that is capable of moving air into or out of the duct
systemn to achieve a pressure difference of 25 Pa (0.10 in. H>O).

5.1.2. Manometer. A device that is capable of measuring pressure difference with an
accuracy of + 1% of reading or 0.25 Pa (0.0010 in. H20), whichever is greater.

5.1.3. Flow Meter. A device to measure volumetric airflow with a maximum error of
5% of the measured flow.

5.1.4. Thermometer. An instrument to measure air temperature with an accuracy of
+1°C (£2°F).

5.1.5. Duct Leakage Tester. A device that combines an Air-Moving Fan as defined in
Section 4.1.1 and a Flow Meter as defined in Section 5.1.3.

5.2. Procedure to Prepare the Building or Dwelling Unit and the Duct System for Testing

5.2.1. The presence of all components that are included in the HVAC design for the
Dwelling Unit?” and integrated with the duct system shall be verified. The
leakage from these components must be captured when the test is conducted. If
these components have not yet been installed®, then the test shall not be
conducted.

Exception: Complete installation of all components is not required if the
authority having jurisdiction allows testing with missing components. Any
missing components shall be documented in the final test report.

26 (Informative Note) Such as windows and doors opening to decks or patios.

77 (Informative Note) For examnple, heating, cooling, ventilation, dehumidification, hurnidification, and filtration
components.

8 (Informative Note) For example, an air handler has not yet been installed in new construction.
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5.2.2. The HVAC system controls shall be adjusted so that the air handler fan does not
turn on during the test.

5.2.3. Any fans that could change the pressure in either the Conditioned Space Volume
or any spaces containing ducts or air handlers® shall be turned off.

5.2.4. All vented combustion appliances shall be turned off if there is a possibility that
the space containing the appliance will be depressurized during the test
procedure.

5.2.5. All filters in the duct system and air handler cabinet shall be removed. If the
Duct Leakage Tester 1s installed at a return grille, any filters present at that
grille shall also be removed. If present, filter slot cover(s) shall be replaced after
removing filters.

5.2.6. Dampers within the duct system shall be treated as follows:

5.2.6.1. Non-motorized dampers® in ducts that cormect the Conditioned Space
Volume or any space-conditioning duct systems to the exterior or to
Unconditioned Space Volume shall be left in their as-found positions.?!

5.2.6.2. Motorized dampers in ducts that connect the Conditioned Space Volume or
any space-conditioning duct systems to the exterior or to Unconditioned
Space Volume shall be placed in their closed positions and shall not be
further sealed.

5.2.6.3. All zone and bypass dampers shall be set to their open position to allow
uniform pressures throughout the duct system.

5.2.6.4. All balancing dampers shall be left in their as-found position.

5.2.7. Non-dampered ventilation openings within the duct system shall be treated as
follows:

5.2.7.1. Non-dampered ventilation openings or ducts that serve intermittently
operating Dwelling Unit ventilation systems, including HVAC fan-integrated
outdoor air inlets, that connect the Conditioned Space Volume or any space-
conditioning duct systems to the exterior or to Unconditioned Space Volume
shall not be sealed.

5.2.7.2. Non-dampered ventilation openings or ducts that serve continuously operating
Dwelling Unit ventilation systems that connect the Conditioned Space
Volume or any space-conditioning duct systems to the exterior or to
Unconditioned Space Volume shall be sealed at the exterior of the enclosure
where conditions allow.

5.2.8. Supply registers and return grilles shall be temporarily sealed at both the face
and the perimeter. Registers atop carpsts are permitted to be removed and the

2 (Informative Note) For example, bathroom fans, clothes dryers, kitchen vent hood, attic fan.

3 (Informative Note) For example, pressure-activated operable dampers, fixed dampers.

¥ (Informative Note) For example, a fixed damper in a duct supplying cutdoor air for an intermittent ventilation
systemn that utilizes the HVAC fan shall be left in its as-found position.
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face of the duct boot temporarily sealed during testing. For Dwelling Units
without registers and grilles present®?, the face of the duct boots shall be sealed
instead.

5.3. Procedure to Install the Test Apparatus and Prepare for Airtightness Test

There are two acceptable methods for attaching the Duct Leakage Tester to the duct system.
Method 1 is permitted to be used for all duct systems. Method 2 is permitted only 1f:

1) the duct system has three or fewer return grilles, or

11) the total duct leakage is less than 50 ¢fm (25 L/s) at 25 Pa, or

111) local codes require licensing, that parties conducting the test have not obtained, in order to
remove the blower access panel or

1v) the air handler blower access is in an attic or crawlspace that has limited or restricted entry or
exit*?

e Method 1 Installation. The air handler blower access panel shall be removed and
the Duct Leakage Tester attached to the blower compartment access.

e Method 2 Installation. The Duct Leakage Tester shall be attached to the largest
return grille in the system. For systems with multiple returns of equal largest size,
the return closest to the air handler shall be used. The remaining opening in the
return grille and all other return grilles shall be temporarily sealed.

5.3.1. If the duct leakage to outside will be measured, then a Blower Door shall be
installed in the enclosure per Sections 4.3.1.1 and 4.3.1.2 for a Detached
Dwelling Unit or Section 4.3.2.2 for an attached Dwelling Unit.

5.3.2. The static pressure probe(s) for the Duct Leakage Tester shall be installed using
one of the following options.

When using Method 2 for a duet system with more than three returns (based on the
exceptionin Section 5.3 1v), then only Section 5.3.2.4 shall be used.

5.3.2.1. A single static pressure probe shall be located at the supply register closest to
the air handler; or,

5.3.2.2. A single static pressure probe shall be located in the main supply trunk line, at
least 5 feet from the air handler; or,

5.3.2.3. A single static pressure probe shall be located in the supply plenum; or,

5.3.2.4. A single static pressure probe shall be located according to Section 5.3.2.1,
5.3.2.2,0r 5.3.2.3, and a second probe shall be located in the return plenum

# (Informative Note) For example, new construction.
* (Informative Note) For example, ladders, and temporary, movable, spiral, or articulated stairs will usually be
considered a limited or restricted means of entry or exit.
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or in the closest return grill to the air handler, unless this is where the Duct
Leakage Tester is installed, in which case the second closest return grille to
the air handler shall be used. The return duct system pressure probe shall not
be located in the airstream of the duct tester.

5.3.3. The Manometer and tubing for the Duct Leakage Tester shall be connected to
the pressure probe(s) installed in Section 5.3.2, in accordance with the
manufacturer’s instructions, so that the duct system pressure is capable of being
measured with reference to the inside of the building or Dwelling Unit.

If Section 5.3.2.4 has been selected, then both the supply- and return-side duct system
pressure probes shall be connected to a “tee” fitting, and the third leg of the “tee™ shall
then be connected to the Manometer in the position indicated by the manufacturer®s
instructions to measure the duct system pressure.

EN7675 -A2 Rationale

5.3.4. The locations where the Duct Leakage Tester and pressure probe(s) have been
installed shall be recorded.

5.4. Procedure to Conduct Airtightness Test
The total leakage of the duct system shall be measured using the total duct leakage testin
Section 5.4.1 or the leakage of the duct system to the outside shall be measured using the
duct leakage to outside test in Section 5.4.2.

5.4.1. Total Duct Leakage Test

5.4.1.1. If ducts run through Unconditioned Space Volume including attics, garages or
crawlspaces, then any vents, access panels, doors, or windows between those
spaces and the outside shall be openzsd. At least one door, window or
comparable opening between the building or Dwelling Umit and the outside
shall be opened to prevent changes in building or Dwelling Unit pressure
when the Duct Leakage Tester is running.

5.4.1.2. The Duct Leakage Tester shall be turned on and adjusted to create an induced
duct system pressure difference of 25 + 3 Pa (0.1= 0.012 in. H:O ) with
reference to outside. Note that this value is permitted to be positive or
negative, which will be dependent upon whether the duct system is
pressurized or depressurized.

Ifa25 Pa (0.1 in. H:O) induced duct system pressure difference is achieved,
then the average value of the duct systemn pressure difference and the airflow
at 25 Pa (0.1 in. H20) (CFM25, CMS25), measured over at least a 10-second
period, shall be recorded.

Ifa25 Pa (0.1 in. H20) induced duct system pressure difference is not
achieved, then the highest induced duct system pressure difference (dPmeasured)
and airflow (CFMmeasured, CM Smeasured) that was achieved with the equipment
available, measured over at least a 10-second period, shall be recorded.

5.4.1.3. Anindication of whether the Duct Leakage Tester is pressurizing or
depressurizing the duct system shall be recorded.
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5.4.1.4. The Duct Leakage Tester shall be turned off and the Dwelling Unit returned to
its as-found condition.

5.4.1.5. If an induced duct system pressure difference of 25 Pa (0.1 in. H20) was not
achieved in Section 5.4.1.2, then the recorded airflow (CFMmezsured,
CMSmeasured) shall be converted to a nominal airflow at 25 Pa (0.1 in. H20)
(CFM25, CMS25) using Equation 10. Alternately, a Manometer that is
equipped to automatically make the conversion to CFM25 or CMS25 is
permitted to be used.

0.6

CFM25 = CFMymeasurea { o) (10a)
0.6

CMS25 = CMS measurea (=) (10b)

5.4.2. Duct Leakage to Qutside Test

5.4.2.1. If ducts run outside the Infiltration Volume including attics, garages or
crawlspaces, then any vents, access panels, doors, or windows between those
spaces and the outside shall be openad. All exterior doors and windows
between the Infiltration Volume and outside shall be closed, and other
openings to the outside with potential to hinder the ability of the Air-Moving
Fan to achieve an induced enclosure pressure difference of 25 Pa (0.1 in.
H:0) with reference to outside shall be closed or covered in some manner.
Interior doors shall be opened.

5.4.2.2. With the Air-Moving Fan for the enclosure and the Duct Leakage Tester
sealed and turned off, one measurement of the pressure difference across the
enclosure shall be recorded, with the outside as the reference. The
measurement shall represent the average value over at least a 10-second
period and shall be defined as the Pre-Test Baseline Dwelling Unit Pressure.

5.4.2.3. The Air-Moving Fan for the enclosure shall be unsealed, turned on, and
adjusted to create an induced enclosure pressure difference of 25 £ 3 Pa (0.1
+0.012 in. H20), defined as the induced enclosure pressure minus the Pre-
Test Baseline Dwelling Unit Pressure. Note that this value is permitted to be
positive or negative, which will be dependent upon whether the enclosure is
pressurized or depressurized.

Ifa25 Pa (0.10 in. HxQ) induced enclosure pressure difference is not
achieved, then the highest possible value up to 25 (0.10 in. Hz0) Pa shall be
achieved with the equipment available.

5.4.2.4. The Duct Leakage Tester shall be unsealed, turned on, and adjusted to create
an induced duct system pressure difference of 0.0 = 0.5 Pa (0.0=0.002 in.
H:0), relative to the Dwelling Unit. If an induced duct system pressure
differance of 0.0 Pa (0.0 in. H2O) is not achieved, then the airflow of the Air-
Moving Fan for the enclosure shall be reduced until an induced duct system
pressure difference of 0.0 Pa (0.0 in. H20) is achieved.
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5.4.2.5. The induced enclosure pressure difference shall be re-checked and the Air-
Moving Fan for the enclosure shall be adjusted to maintain 25 Pa (0.10 in.
H:0) or the highest achievable value up to 25 (0.10 in. H20) Pa, per Section
4.4.2.3, or the airflow required to maintain an induced duct system pressure
differance of 0.0 Pa (0.0 in. H20), per Section 5.4.2.4.

5.4.2.6. The induced duct system pressure difference shall be re-checked and the Duct
Leakage Tester shall be adjusted to maintain 0.0 + 0.5 Pa (0.0+£0.002 in.
H:0), per Section 5.4.2 4.

5.4.2.7. Repeat 5.4.2.5 and 5.4.2.6 until the induced enclosure pressure difference 1s
25 Pa (0.10 in. H20) or the highest achievable value up to 25 Pa (0.10 in.
H:0) and the induced duct system pressure difference is 0.0 Pa (0.0 in. H20).

e [fa25Pa(0.101in. H20)induced enclosure pressure difference is
achieved, then the average value of the induced enclosure pressure
difference, the induced duct system pressure difference, and the airflow
at 25 Pa (0.10 in. H2O) (CFM25, CMS825), measured over at least a 10-
second period, shall be recorded.

o Ifa25Pa(0.101in H20)induced enclosure pressure difference is not
achieved, then the average value of the highest induced enclosure
pressure difference (dPhnign), the induced duct system pressure
difference, and the airflow (Qnign) that was achieved with the equipment
available, measured over at least a 10-second period, shall be recorded.

5.4.2.8. An indication of whether the Air-Moving Fan for the enclosure is pressurizing
or depressurizing the Dwelling Unit and whether the Duct Leakage Tester is
pressurizing or depressurizing the duct system shall be recorded.

5.4.2.9. The Air-Moving Fan for the enclosure and the Duct Leakage Tester shall be
turned off and the Dwelling Unit returned to its as-found condition.

5.4.2.10. If an induced enclosure pressure difference of 25 Pa (0.10 in. H2O) was not
achieved or a different value was used to achieve an induced duct system
pressure difference of 0.0 Pa (0.0 in. H20), then the recorded airflow
(CFMmeasured, CMSmezsured) shall be converted to a nominal airflow at 25 Pa
(0.10 in. H20) (CFM25,CMS825) using Equation 10. Alternately, a
Manometer that is equipped to automatically make the conversion to CFM25
or CMS25 is permitted to be used.

5.5. Procedure to Apply Results of Duct System Leakage Test
5.5.1. If the results of the duct system leakage test are to be used for assessing

compliance with a limit on total duct system leakage®, then the total duct
leakage determined in Section 5.4.1.2 or 5.4.1.5 shall be used.

3 (Informative Note) For example, defined by code or by an energy efficiency program.
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5.5.2. If the results of the duct systemn leakage test are to be used for assessing
compliance with a limit on duct system leakage to the outside®>, then the duct
system leakage to outside determined in Section 5.4.2.7 or 5.4.2.10 shall be
used. Alternatively, the total duct leakage determined in Section 5.4.1.2 or
5.4.1.5 is permitted to be used as if it were the leakage to cutside®.

5.5.3. If the results of the duct system leakage test are to be used for conducting an
energy audit or predicting savings from retrofits, then the duct system leakage
to outside determined in Section 5.4.2.7 or 5.4.2.10 shall be used.

¥ (Informative Note) For example, defined by code, by an energy efficiency program, or for a home energy rating.
% (Informative Note) For example, the total leakage value is permitted to be used in software as if it were leakage to
the outside.
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6. Procedure for Measuring Airflow of Mechanical Ventilation Systems

The purpose of this test procedure is to measure the volumetric airflow through a mechanical
ventilation systermn including a Dwelling Unit Mechanical Ventilation system®” or a local
mechanical exhaust system?3 3,

The airflow is permitted to be measured at the inlet terminal, per Section 6.2; or at the outlet
terminal, per Section 6.3; or mid-stream in the ventilation duct, per Section 6.4,

The inlet terminal is defined as the location where the ventilation air enters the mechanical
ventilation system and the outlet terminal is defined as the location where the ventilation air exits
the mechanical ventilation system. A diagram of these locations for a generic mechanical
ventilation system is shown in Figure 1.

Figure 1: Location of Terminals in Generic Mechanical Ventilation System

Direction

Direction - -
of Airflow of Airflow

Ventilation
Duct

Inlet Quitlet

Terminal Terminal

6.1. Procedure to Prepare the Building or Dwelling Unit and Mechanical Ventilation
System for Testing

6.1.1. Interior Doors. All interior doors between rooms inside the Conditioned Space
Volume shall be opened.

6.1.2. Ventilation openings. Operable window trickle-vents and through-the-wall vents shall
be opened. Dampered and non-dampered ventilation openings shall not be sealed .

6.1.3. Supply registers and return grilles. Heating and cooling supply registers and return
grilles shall be left in their as-found position and shall not be sealed.

¥ (Informative Note) For example, an outdoor air duct connected to the return trunk of an HVAC system, an in-line
supply fan, an HRV, or an ERV. The mechanical system ventilating the Dwelling Unit may be also ventilating other
units.

* (Informative Not€e) For example, bathroom exhaust fan, kitchen exhaust fan.

¥ (Informative Note) Measuring the ventilation air supplied to corridors of buildings with multiple Dwelling Units
is beyond the scope of this Standard. However, measuring the flow rate of exhaust or supply systems used for
mechanical ventilation in individual Dwelling Units is within the scope of this Standard.

0 (Informative Note) For example, a fixed damper in a duct supplying outdoor air for an intermittent ventilation
systern that utilizes the Blower Fan shall be left in its as-found position.
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6.1.4.
6.1.5.

6.1.6.

6.1.7.

6.1.8.

6.1.9.

Balancing dampers. All balancing dampers shall be left in their as-found position.

Zone dampers. If a Dwelling Unit Mechanical Ventilation system is to be tested and is
interconnected with a Forced-Air System, then all zone and bypass dampers shall be
set to their open position. Otherwise, zone and bypass dampers shall be left in their as-
found position.

Vented combustion appliances. Vented combustion appliances shall remain off or in
“pilot only™” mode for the duration of the test.

Forced- Air System Components. If a Dwelling Unit Mechanical Ventilation system
1s to be tested and uses the Blower Fan of a Forced-Air System as its primary fan, then
the presence of all components included in the Forced- Air System design for the
Dwelling Unit and integrated with the duct system *! shall be verified. If these
components have not yet been installed #?, then the test shall not be conductzd.

Forced-Air System Blower Fan. The system controls shall be adjusted as follows:

6.1.8.1. If a Dwelling Unit Mechanical Ventilation system is to be tested and uses the
Blower Fan of a Forced-Air System as its primary fan, then the Forced-Air
System controls shall be adjusted to “Fan” mode so that the Blower Fan
operates during the test,

6.1.8.2. Otherwise, the Forced-Air System controls shall be adjusted so that the
Blower Fan does not operate during the test.

Local Mechanical Exhaust or Dwelling Unit Mechanical Ventilation System Fan.
The fan of the Local Mechanical Exhaust system or Dwelling Unit Mechanical
Ventilation system under test shall be turned on. For Dwelling Unit Mechanical
Ventilation systems that use the Blower Fan of a Forced-Air System as its primary fan,
then this shall be accomplished according to Section 6.1.8.

6.1.10. Other Fans. Any other fans that could change the pressure in either the Conditioned

Space Volume or any spaces containing the ducts of the Dwelling Unit Mechanical
Ventilation system or Local Mechanical Exhaust system ** under test shall be turned
off.

6.2. Procedure to Measure Airflow at Inlet Terminal

This Section defines procedures to measure the airflow of a mechanical ventilation system at
an inlet terminal. The airflow is permitted to be measured using a Powered Flow Hood
{Section 6.2.1); using an Airflow Resistance Device (Section 6.2.2); or using a Passive Flow
Hood {Section 6.2.3).

6.2.1.

Powered Flow Hood

6.2.1.1. Equipment Needed

#! (Informative Note) For example, heating, cooling, ventilation, dehumidification, humidification, and filtration
components.

* (Informative Note) For example, an air handler has not yet been installed in new construction.

4 (Informative Note) For example, clothes dryers, attic fan.
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The Equipment listed in this section shall have their calibrations checked at
the manufacturer's recommended interval, and at least annually if no time is
specified.

6.2.1.1.1. Powered Flow Hood. A device consisting of a flow capture element
capable of creating an airtight perimeter seal around the inlet terminal; an
Airflow Meter capable of measuring the volumetric airflow through the
flow capture element with an a maximum error of 5 % or 5 c¢fm (2.5 L/s
or 0.0025 m*s), whichever is greater; and a variable-speed Air-Moving
Fan that is capable of moving air through the flow capture element and
Airflow Meter.

6.2.1.1.2. Manometer. A device that is capable of measuring the static pressure
inside the flow capture element relative to the room with a maximum
error of 1% of reading or 0.25 Pa (0.0010 in. H20), whichever is greater.

6.2.1.2. Procedure to Conduct Airflow Test

6.2.1.2.1. The flow capturs element of the Powered Flow Hood shall be placed
over the inlet terminal, ensuring that an airtight perimeter seal has been
created.

6.2.1.2.2. The variable-speed Air-Moving Fan shall be turned on and the airflow
adjusted until, using the Manometer, zero pressure difference (+/- 0.1 Pa
(0.0004 in H20)) is measured between the flow capture element and the
ToomL.

6.2.1.2.3. The average volumetric airflow through the Airflow Meter, measured
over at least a 10-second period, shall be recorded, and the variable-speed
Air-Moving Fan shall be turned off.

6.2.2. Airflow Resistance Device
6.2.2.1. Equipment Needed

The Equipment listed in this section shall have their calibrations checked at
the manufacturer's recommended interval, and at least annually if no time is
specified.

6.2.2.1.1. Airflow Resistance Device. A device consisting of a flow capture
element that has a known opening arsa and is capable of creating an
airtight perimeter seal around the inlet terminal.

6.2.2.1.2. Manometer. A device that can measure pressure difference with a
maximum error of 1% of reading or 0.25 Pa (0.0010 in. H20), whichever
is greater.

6.2.2.2. Procedure to Conduct Airflow Test

6.2.2.2.1. The flow capture element of the Airflow Resistance Device shall be
placed over the inlet terminal, ensuring that an airtight perimeter seal has
been created.
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6.2.2.2.2. The opeming arca of the Airflow Resistance Device shall be adjusted
until, using the Manometer, the pressure difference between the flow
capture element and the room meets the mamufacturer’s requirements. If
no manufacturer’s requirement exists then the pressure shall be between 1
and 8 Pa (0.004 and 0.032 in. water).

6.2.2.2.3. The average pressure difference (dP) between the flow capture element
and the room, measured over at least a 10-second period, shall be
recorded.

6.2.2.2.4. Using the average pressure difference, the airflow shall be calculated
using the manufacturer’s flow conversion table or, for devices without a
flow conversion table, the following equations:

Airflow (CFM) = Opening Area x 1.07 x (dP)*5 (11a)
Airflow (L/s) = Opening Area x 0.078 x (dP)%> (11b)

Where: For Eq. 11a, Opening Area is in in® and dPisin Pa
For Eq. 11b, Opening Area is in cm? and dP is in Pa

6.2.2.3. Limitations of Procedure. An Airflow Resistance Device is only permitted to
be used on mechanical ventilation systems that do not have multiple duct
branches.

6.2.3. Passive Flow Hood
6.2.3.1. Equipment Needed

The Equipment listed in this section shall have their calibrations checked at
the manufacturer's recommended interval, and at least annually if no time is
specified.

6.2.3.1.1. Passive Flow Hood. A device consisting of a flow capture element
capable of creating an airtight perimeter seal around the inlet terminal
and an Airflow Meter capable of measuring the volumetric airflow
through the flow capture element with a maximum error of 5 % or 5 cfin
(2.5 L/s or 0.0025 m%s), whichever is greater.

6.2.3.1.2. Manometer. A device that is capable of measuring pressure difference
with a maximum error of 1% of reading or 0.25 Pa (0.0010 in. H20),
whichever is greater.

6.2.3.2. Procedure to Conduct Airflow Test

6.2.3.2.1. The flow capture element of the Passive Flow Hood shall be placed
over the inlet terminal, ensuring that an airtight perimeter seal has been
created.

6.2.3.2.2. A tube shall be inserted inside the flow capture element between the
Airflow Meter and inlet terminal to allow for measurement of the
pressure difference between inside the Passive Flow Hood and the room.
Devices that have a built-in pressure tube are acceptable.
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6.2.3.2.3. The pressure difference between the flow capture element and the room
shall be measured. The procedure shall be terminated and no results
recorded if: (1) the pressure difference exceeds test equipment
manufacturer’s recommendations, or (2) there is no manufacturer
recommendation, and the pressure difference is more than 8 Pa.

6.2.3.2.4. The airflow through the Airflow Meter shall be averaged over at leasta
10-second period.

6.3. Procedure to Measure Airflow at Outlet Terminal

This Section defines procedures to measure the airflow of a mechanical ventilation system at
an outlet terminal. The airflow is permitted to be measured using a Powered Flow Hood
{Section 6.3.1) or using a Bag Inflation Device (Section 6.3.2).

6.3.1. Powered Flow Hood. To measure airflow at an outlet terminal using a Powered Flow
Hood, Section 6.2.1 shall be followed except with all occurrences of the phrase “inlet
terminal” replaced with “outlet terminal®.

6.3.2. Bag Inflation Device

6.3.2.1. Equipment Needed

6.3.2.1.1. Bag Inflation Device. A flow capture element capable of creating an
airtight perimeter seal around the outlet terminal that is connected to a
plastic bag of known volume and holds the bag open™, and a shutter that
controls airflow into the bag.

The plastic bag shall be selected such that three or more measurements of
a single outlet terminal produce results that are within 20% of each other.

The volume of the plastic bag shall be selected such that the bag will
completely fill with air from the outlet terminal in the range of 3 to 20
seconds.

6.3.2.1.2. Stopwatch. A stopwatch capable of recording elapsed time +/- 0.1
seconds.

6.3.2.2. Procedure to Conduct Airflow Test

6.3.2.2.1. The bag shall be completely emptied of air and the shutter closed to
prevent airflow into the bag.

6.3.2.2.2. The Bag Inflation Device shall be placed over the outlet terminal.
6.3.2.2.3. The shutter shall be removed rapidly and the Stopwatch started.

6.3.2.2.4. The Stopwatch shall be stopped when the bag is completely filled with
air from the outlet terminal and the elapsed time recorded.

6.3.2.2.5. The airflow shall be calculated using the following equations:

4 (Informative Note) For example, a lightweight frame made of wood, plastic or metal wire.
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Atrflow (CFM) = % (12a)
Airflow (L/s) = —Efa’;::;;’;je (12b)

Where: Volume = The volume of the plastic bag, in gallons
Elapsed Time = The time that elapsed until the bag was filled, in
seconds.

6.4. Procedure to Measure Airflow Mid-Stream in the Ventilation Duct

This Section defines a procedure to measure the airflow of a mechanical ventilation system
mid-stream in the ventilation duct. The airflow is permitted to be measured using an Airflow
Measurement Station (Section 6.4.1) or using an Integrated Diagnostic Tool (Section 6.4.3).

6.4.1. Equipment Needed
6.4.1.1. Airflow Measurement Station. An Airflow Measurement Instrument capable

of simultaneously measuring and averaging velocity pressure across a duct
diameter with a maximum error of 10% or 5 CFM (2.5 L/s), whichever is
greater, coupled with a section of permanently installed smooth-walled
ductwork designed to facilitate accurate readings. The Airflow Measurement
Instrument shall either be temporarily inserted into the Station for the
duration of the procedure or be permanently installed as part of the Station.
The Airflow Measurement Instrument shall contain a port that allows it to be
connected to a Manometer. Any temporary air flow station shall have its
calibration checked at the manufacturer's recommended interval, and at least
annually if no time is specified.

45

6.4.1.2. Manometer. A device that is capable of measuring pressure difference with a
maximum error of 1% of reading or 0.25 Pa {0.0010 in. H20), whichever is
greater.

6.4.2. Procedure to Conduct Airflow Test

6.4.2.1. The Air Flow Measurement Station shall be installed in an accessible location,
per marmfacturer’s instructions, or it shall be verified that such a device has
been installed and is accessible. If the Airflow Measurement Instrument is not
permanently installed, it shall be inserted into the measurement port of the
Station.

6.4.2.2. The installation shall be visually verified to comply with the Airflow
Measurement Instrument’s specifications for minimum distance to both
upstream and downstream duct fittings and fan outlets.*

6.4.2.3. The cross-sectional area of the duct at the Station shall be recorded in ft* or

m-.

4 (Informative Note) For example, as part of a manufacturer-assembled device consisting of the instrument factory -
mounted in a housing.
%6 (Informative Note) To minimize turbulence and ensure an accurate reading.
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6.4.2.4. The Manometer shall be connected to the Airflow Measurement Instrument,
and the average velocity pressure, measured over at least a 10-second period,
shall be recorded.

6.4.2.5. If the Airflow Measurement Instrument is not permanently installed, then it
shall be removed and the port sealed with a sheet metal plug or metallic tape.

6.4.2.6. Using the average velocity pressure, the average velocity in feet per minute
(FPM) or meter per second (m/s) shall be calculated using the Airflow
Measurement Instrument manufacturer’s velocity conversion table or
equation.

6.4.2.7. Equation 13 shall be used to convert the average velocity to airflow.

Airflow (CFM)=V x A (13a)
Airflow (L/s) =1000xV x A (13b)
Where:
For Equation 13a, V = Velocity, in fpm, and A = Cross-Sectional Duet
Area, in ft%.
For Equation 13b, V = Velocity, in m/s, and A = Cross-Sectional Duct
Area, inm?

6.4.3. Integrated Diagnostic Tool
6.4.3.1. Equipment

6.4.3.1.1. Integrated Diagnostic Tool. A tool that is integrated into the ventilation
equipment”’ that permits assessment of airflow. The maximum error of
the integrated diagnostic tool shall be 15% of the highest flow setting of
the ventilation equipment.

6.4.3.2. Procedure to Conduct Airflow Test. Follow the manufacturer-provided
instructions for the Integrated Diagnostic Tool to determine the airflow.

7. Air Handler Flow

7.1. The air handler flow shall be measured in accordance with ASHRAE 152 or ASTM
E1554M.

8. Hazards
8.1. Equipment Guards - The air-moving equipment shall be listed by an accredited

certification body*® and include all proper guards or cages to house the fan or blower and to
prevent accidental access to any moving parts of the equipment.

T (Informative Note) For example, pressure taps, a device that measures a parameter such as watt draw that can be
translated to airflow.

8 (Informative Note) Listing is indicated by the certification body’s certification mark on the equipment such as
“UL”, “C8A”, “CE” or equivalent.
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8.2. Personal Protective Equipment - Use of safety equipment appropriate for general
fieldwork is required; all local or federal OSHA requirements shall be followed.

8.3. Debris and Fumes - The blower or fan forces a large volume of air into or out of a building
or Dwelling Unit while in operation. Caution shall be exercised against sucking debris or
exhaust gases from fireplaces and flues into the interior of the building or Dwelling Unit.
Care shall be exercised to prevent damage to internal firnishings, plants or pets due to influx
of cold, warm or humid air. If the building or Dwelling Unit will not remain unoccupied,
except for testing personnel during the test, care shall be exercised regarding the potential
for the fans to introduce respiratory hazards to the breathing zone of the occupied space.

8.4. Access and Working Space - The testing procedures for ventilation flow measuremennts
sometimes require the use of ladders and/or access to equipment rooms, unfinished attics,
and other volumes containing air distribution ducting in the building or Dwelling Unit that
are not intended for occupancy. Caution must be exercised in these spaces to avoid injury
and damage to the building or Dwelling Unit.

9, Normative References

ACCA, “Manual B Balancing and Testing Air and Hydronic Systems™, Air Conditioning
Contractors of America, Arlington, VA.

ACCA, “Manual D Residential Duct Systems™, [ANSI/ACCA 1 Manual D-2016], Air
Conditioning Contractors of America, Arlington, VA,

ACCA, “Manual J Residential L.oad Calculation,” 8th Edition, [ANSI/ACCA 2 Manual J-2016].
Air Conditioning Contractors of America, Arlington, VA.

ACCA, “Manual S Residential Heating and Cooling Equipment Selection”, 2nd Edition,
[ANSI/ACCA 3 Manual S-2014]. Air Conditioning Contractors of America, Arlington, VA.

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™ and ANSI approved
Addenda. Residential Encrgy Services Network, Oceanside, CA.

ASHRAE Standard 62.2-2016 "Ventilation and Acceptable Indoor Air Quality in Low-Rise
Residential Buildings", ASHRAE, Atlanta, GA.

ASHRAE 152-2014 “Method of Test for Determining the Design and Seasonal Efficiencies of
Residential Thermal Distribution Systems”, ASHRAE, Atlanta, GA.

ASTM E1554-13 “Standard Test Methods for Determining Air Leakage of Air Distribution
Systemns by Fan Pressurization”, published by ASTM International, www.astm.org

ASTM E779-10 “Standard Test Method for Determining Air Leakage Rate by Fan
Pressurization”, published by ASTM International, www.astm.org

International Building Code 2018, International Code Couneil, Washington, D.C.
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10. Informative References

American National Standards Institute, ANSI, (http://www.ansi.com)
International Code Council, ICC, (http://www.iccsafz.org)

Occupational Safety and Health Administration, OSHA, (https.//www.osha.gov)
Residential Energy Services Network, Inc., RESNET, (http:/Awww.resnet.us)
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Informative Annex A

Space Type

Included In the Following Categories?

Conditioned
Space Volume

Unconditioned
Space Volume

Conditioned
Floor Area

[nfiltration
Volume

Space conditioned to 68/78F (excluding attics,
basements, crawlspaces, garages, and

[Attic air sealed & insulated at roofdeck, and
conditioned !

sunrooms, which are addressed below

Sometimes|

JAttic air sealed & insulated at roof deck, but not
conditioned

Yes

Sometimes

[Attic not air sealed & insulated at roof deck

[Wall assembly, where at least one horizontally-
adjacent space is conditioned, and where itis

Dwelling Unit from an adjacent Dwelling Unit)

[Wall assembly, with both horizontally-adjacent

Floor assembly, where volume above & below is
conditioned, and where it is part of the subject
Dwelling Unit (floor cavity above the subject
Dwelling Unit’s ceiling), or bottom-floor floor

part of the subject Dwelling Unit (it is not Yes Yes Yes
adjacent to another Dwelling Unit)

[Wall assembly, where both horizontally- Yes. but
adjacent spaces are conditioned, and where one] Yes, but only % Yes, but only ! ’yz £
of the spaces is not part of the subject Dwelling |  of the wall is 1% of the wall | °" ?th 0
Unit (it is a wall that separates the subject included area volu‘:ne

siaces unconditioned

below unconditioned

cavity below the subject Dwelling Unit). All Yes Yes
floor cavities are part of the subject Dwelling
Unit when there are no other Dwelling Units
above or below the subject Dwelling Unit.
Floor assembly, with either volume above or
Yes Yes

Floor assembly, with both volume above and
below unconditioned

Unvented crawlspace, conditioned 1 Some;c ——
Unvented crawlspace, not conditioned Yes Somegtlmes
[Vented crawlspace Yes
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2)

3)

4)

Other
Basement, conditioned 2 Yes Yes Some;clmes
All other basements Yes Some:lmes
Garage, even if conditioned Yes
Thermally isolated sunroom Yes
Mechanical closet in Conditioned Space Yes Yes Yes
[Volume*
Mechanical closet not in Conditioned Space
Yes

[Volume*

1) To be considered conditioned, the party conducting evaluations must ebtain an ACCA Manual [ 5, and

either B or D report and verify that both the heating and cooling equipment and distribution system are
designed to offset the entire design load of the volume.

To be considered conditioned, the party conducting evaluations must: obtain an ACCA Manual [, S, and
either B or D report and verify that both the heating and cooling equipment and distribution system are
designed to offset the entire design load of the volume; or verify through visual inspection that both the
heating and cooling equipment and distribution system serve the volume and, in the judgement of the
party conducting evaiuations, are capable of maintaining the heating and cooling temperatures specified
hy the Thermostat section in Table 4.2.2(1) of ANSI/RESNET/ICC 301.

Include attic, basement or crawl space in Infiltration Volume if the door{s) or hatch{es) between that
space and Conditioned Space Volume are open during enclosure air leakage testing (Section 4.2.3, 4.2.4,
and 4.2.5).

Refer to definition of Conditioned Space Volume
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EN7678

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2
: Date Submitted 12/10/2018 Section 1 Proponent Jeff Sonne for FSEC
. Chapter Appendix RD Affects HVHZ No Attachments Yes
' TAC Recommendation Approved as Submitted
: Commission Action Pending Review
Comments
General Comments No Alternate Language Yes

Related Modifications

Summary of Modification

Modify Energy Performance Level (EPL) Display Card.
Rationale

The proposed new EPL Display Card provides additional project component and equipment information compared to the current EPL
Card, including breaking out windows by SHGC and U-factor (instead of averaging), and allowing additional floor, wall, ceiling and
HVAC system types to be shown as needed. This additional detail is especially helpful for efficiency verification of larger projects and
has been requested by some building departments.

Fiscal Impact Statement
Impact to local entity relative to enforcement of code

Should assist code officials by providing more detailed EPL Card.

Impact to building and property owners relative to cost of compliance with code
None; only facilitates verification.

Impact to industry relative to the cost of compliance with code
None; only facilitates verification.
Impact to small business relative to the cost of compliance with code

None; only facilitates verification.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Benefits general public by facilitating code compliance verification.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Improves the code by facilitating code compliance verification.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate; facilitates code compliance verification.

Does not degrade the effectiveness of the code

Increases effectiveness of the code by facilitating code compliance verification.

2020 Triennial Energy 8



Alternate Language

d Comment Period

Proponent Jeff Sonne for FSEC Submitted

5/22/2019 Attachments Yes

Rationale
Same rationale as original mod which was approved during first TAC meeting. This alternative language version revises
"Energy Rating" language in the first footnote of the Card as agreed on during the first TAC meeting. It also fixes Windows

section Area Weighted Average Overhang Depth and SHGC units errors, removes a typo asterisk from the Heating systems
section and adds date/time, software version and page numbering at the bottom of the card.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code
Same as original mod.

Impact to building and property owners relative to cost of compliance with code
Same as original mod.

Impact to industry relative to the cost of compliance with code
Same as original mod.

Impact to Small Business relative to the cost of compliance with code
None; only facilitates verification.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original mod.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original mod.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original mod.

Does not degrade the effectiveness of the code
Same as original mod.

2020 Triennial Energy 49
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EN7678 -A1 Text Modification

N oo R W

9.

Builder Signature:

Address of Home;

[Starting from the original mod, make the following changes as indicated below: 1) change the Energy Rating
language in the first footnote, 2) fix Windows section Area Weighted Average Overhang Depth and SHGC units
errors, 3) remove typo asterisk from Heating system section, 4) add date and time, software version and
compliance statement, and page numbering at bottom of card:]

ENERGY PERFORMANCE LEVEL (EPL)
DISPLAY CARD

ESTIMATED ENERGY PERFORMANCE INDEX* = [value]

The lower the Energy Performance Index, the more efficient the home.

[Address]

New home or, addition 10. Wvall type and insulation Insulation Area
Single family or multiple family =family a.  [Type] R= 2
Number of units (if multiple family) [#] b. [Type or N/A] R= ft2
Number of Bedrooms [# ¢ [Type or N/A] R= ft2
|5 this aworst case? (yesing) d. [Type or NJA] R= ft*
Conditioned floor area (sq. ft.)
Windows™ Description Area 11, Ceiling type and insulation level Insulation Area
a. U-Factor: U-Factor: ft2 a  [Type] R= 2

SHGC: SHGC! b.  [Type or NiA] R= 2
b. U-Factor: [Type or N/AL U = ft? ¢ [Type or N/A] R= #2

SHGC:
¢, U-Factor: [Type or N/AL U = ft? 12. Duets, location and insulation level

SHCG: a.  Sup: [loc] Ret: [log], AH: [log] R 2
d. U-Factor; [Type or NfA], U = ft2 b, Sup:, Ret:, AH: [or N/A]

SHGC:

13. Cooling systems KkBtufhr Efficiency
! ) 2 a. [Type]

Area We!ghted Average Overhalng Depth: ft. b, [Type or N/A]
Area Weighted Average SHGC: . . [Type or NiA]
Skylights Description Area 14. Heating systems kBtu/hr Efficiency
a. U-Factor: U-Factor; ft2 a.  [Type]

SHGC: SHGC! b [Type or MNiA]
Floor type, insulation level  Insulation Area ¢ [Typeor NIAF
a.  [Typel R= 2 15, ‘Water heating system

N a.  [Type] Cap: [# gallons
b, [Type or N/A] R= ft bC tion feat UEF
. onservation features :

c.  [Type or NiA] R= ft2

Use medium draw pattern UEF provided by manufacturer.

Credits {Performance method)

| certify that this home has complied with the Florida Building Code, Energy Conservation, through the above energy
saving features which will be installed (or exceeded) in this home before final inspection. Otherwise, a new EPL
Display Card will be completed based on installed Code compliant features.

Date:

City/FL Zip:

*Note: This is not a Building Energy Rating. If your Index is below 70, your home may qualify for energy efficient
martgage (EEM) incentives if you obtain an Fledda-EnergyGauge Rating. For information about the Florida Building
Code, Energy Conservation, contact the Florida Building Commission's support staff.

**Label required by Section R303.1.3 ofthe Florida Building Code, Energy Conservation, if not DEFAULT.

Date and time [Software version and code compliance statement] [Page # of #]
I
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[Replace existing EPL Display Card in its entirety with the EPL Display Card below (also attached as PDF).]

SEE &M@aﬁ@ BELOW

EN7678 Text Modification
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ENERGY PERFORMANCE LEVEL (EPL)
DISPLAY CARD

ESTIMATED ENERGY PERFORMANCE INDEX* = [value]

The lower the Energy Performance Index, the more efficient the home.

EN7678 Text Modification

[Address
1.  New home or, addition 10, Wyall type and insulation Insulation rea
2. Single family or multinle family -family a.  [Tyoel R= it2
3. Number of units {if multiple family) # b, [Tybe or MNiA R= #2
4. Number of Bedrooms [#] e [Tybe or N/AL R= it2
5. Isthis aworst case? {yes/no) d Type or N/A R= s
6. Conditioned foor area (sq. ft.)
7. Windows* Description Area 11, Ceiling type and insulation level Insulation Area
a. U-Factor; U-Factor: i a. [Type] R= #2
SHGEC: SHGC! b, [Type or N/A] R= #2
b. U-Factor [Type aor N/AL U = ft2 e [Tyoe or N/A] R= e
SHGEC: - -
c. U-Factor: Type or N/AL U = ft2 12, Ducts |ocation and insulation [evel
SHCG: a  Sup:floc] Ret: [log] AH: [loc] R ft2
d. U-Factor: [Type or N/A] U = ft2 b Sup: Ret  AH:[or MNA]
SHGC:
13. Cooling systems kBtuhr Efficiency
AreaWeighted Average Overhang Depth: ft? a  [Twel
i b, [Type or N/A
Area Weighted Average SHGC: it ¢ [Type or N/A]
8 Skylights Description Area 14, Heating systems kBtufhr Efficiency
a. U-Factor: U-Factor: ft? a.  [Type]
SHGC: SHGC: b, [Type or NIA]
9. Floor type insulation level  Insulation Area ¢ [Type or N/AT
a. [Type] R= 2 15, \Water heating system
a2 . [Tyel Cap: [#] gallons
b,  [Type or N/A R= # a  [Type] Cap: [#] gallons
N b, Conservation features UEF:
c. Type or N/A R= ft - -

Use medium draw pattern UEF provided by manufacturer.

Credits {Ferformance method)

| certify that this hame has complied with the Fiorida Building Code, Energy Conservation, through the above enerqy
saving features which will be installed {or exceeded) in this home before final inspection. Otherwise, a new EPL
Display Card will be completed based on installed Code compliant features.

Builder Signature: Date:

Address of Home: City/FL Zip:

*Note: This is not a Building Energy Rating. If your Index is below 70, your home may qualify for enerqy efficient
mortgage (EEM) incentives if you obtain a Florida EnergyGauge Rating. For information about the Florida Building

Code, Energy Conservation, contact the Florida Building Commission's support staff.

**Label required by Section R303.1.3 of the Florida Building Code, Energy Conservation, if not DEFAULT.
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EN7940

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S
: Date Submitted 12/11/2018 Section 303.1.3 Proponent Joseph Hetzel

. Chapter 3 Affects HVHZ No Attachments No

© TAC Recommendation Approved as Submitted

: Commission Action Pending Review

Comments
General Comments

No Alternate Language

Yes
Related Modifications

Summary of Modification

Title the default door U-factor table as applying to opaque doors, and distinguish that table from the "glazed fenestration" table retitled
to apply to windows, glass doors and skylights.
Rationale

The default U-factor tables should distinguish opaque doors from glazed windows, doors and skylights. The headings in the tables
should be revised accordingly. The proposal was submitted as CE30-16 Part 2 (Residential) and was approved as submitted. See
Code Modification 7930 for coordinated language.

Fiscal Impact Statement

Impact to local entity relative to enforcement of code
No impact.

Impact to building and property owners relative to cost of compliance with code
No impact.

Impact to industry relative to the cost of compliance with code
No impact.

Impact to small business relative to the cost of compliance with code
No impact.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
No adverse effect on health, safety, and welfare by distinguishing default opaque door U-factor values from default glazed
product U-factor values.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Strengthens and improves the code by distinguishing default opaque door U-factor values from default glazed product U-factor
values.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
No discrimination.

Does not degrade the effectiveness of the code

Improves the effectiveness of the code by distinguishing default opaque door U-factor values from default glazed product
U-factor values.

2020 Triennial
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Alternate Language

2nd Comment Period

Proponent Joseph Hetzel Submitted 5/16/2019 Attachments Yes

Rationale
This is a typographical change.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
None

Impact to building and property owners relative to cost of compliance with code
None

Impact to industry relative to the cost of compliance with code
None

Impact to Small Business relative to the cost of compliance with code

No impact.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
No adverse effect.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Improves the code by clarifying the U-factor heading in the Table.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate.

Does not degrade the effectiveness of the code
Does not degrade its effectiveness.

1st Comment Period History

Proponent John Woestman Submitted 2/11/2019 Attachments No

Comment:

o~

(& Minserting "Opaque"in the column heading "Opaque U-Factor" in TABLE R303.1.3(2) may lead to confusion. Suggest
insert "Opaque Door" to read "Opaque Door U-Factor".

OR

Leave the column heading as is because revising the title of TABLE R303.1.3(2) accomplishes the desired result.

2020 Triennial Energy 58



| :abed

Bud- | uoneoyIPONIOIXEL 2V 076/ POIN/PaIapuay/suonesipojn/peojdn/Bio-Buipiingepuoly mmmy/:dpy

In the Table heading, change "Opaque U-factor" to "U-factor".

~ UOIBDIHIPOIN IXd] ZV- 0V6.N3

59

Energy

2020 Triennial



TABLE R303.1.3(2)

DEFAULT OPAQUE DOOR U-FACTORS

DOOR TYPE

Uninsulated Metal

EN7940 Text Modification

Insulated Metal

Wood

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

TABLE R303.1.3(3)

[table unchanged]

OPAQUE U-F#

1.20

0.60

0.50

0.35

DEFAULT GFAZEDFENESTRATIONWINDOW. GLASS DOOR AND SKYLIGHT SHGC AND VT

Page: 1

http://www floridabuilding.org/Upload/Modifications/Rendered/Mod_7940_TextOfModification_1.png

2020 Triennial Energy

60



EN8045

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4
: Date Submitted 12/12/2018 Section 401.2 Proponent Joseph Belcher for FHBA
. Chapter 4 Affects HVHZ Yes Attachments No
© TAC Recommendation Approved as Submitted
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications

Summary of Modification
Eliminated mandatory automatic controlled receptacles.
Rationale

ASHRAE 90.1 requires at least 50% of electric receptacles (125 volt, 15-and 20-amp) be on a control that cuts power off after some
period of time or when areas are unoccupied. The provisions apply to receptacles in private offices, conference rooms, copy or printer
rooms, break rooms, classrooms and individual workstations.

Numerous Florida electrical contractors report that there are significant associated costs to compliance. There is concern that in actual
practice there is very little energy saved. The reasons for potentially diminished savings depend upon occupants choosing to use the
controlled receptacles and upon the actual power saved when chosen devices are automatically switched off.

Persons working in the spaces tend to not use the controlled outlets. Reasons cited are they do not want to risk the receptacle turning
off while they are using computers, telephone chargers, radios and other devices. Many workers intentionally leave personal
computers on to allow access from outside the work location. Break rooms typically have microwaves, refrigerators, other appliances
with clocks, coffee pots with warmer plates and controlled receptacles based on occupancy can create a myriad of problems. The

controlling devices are considerably more expensive than a typical uncontrolled outlet with little chance of return through energy
savings.

Electric contractors and others express concerns about the increased use of extension cords and power strips to avoid the controlled
receptacles. There is also a serious potential for uncontrolled circuits to be overloaded with outlet multipliers and other devices meant
for temporary use. The cumulative effect is believed to be increasing fire hazards. This proposal will eliminate the mandatory use of
controlled receptacles. Building owners would still have the option to use such controls on their own volition

Fiscal Impact Statement

Impact to local entity relative to enforcement of code
No impact.

Impact to building and property owners relative to cost of compliance with code
Should result in reduced construction costs for property owners.

Impact to industry relative to the cost of compliance with code
Will result in reduced construction costs for industry.

Impact to small business relative to the cost of compliance with code
Will result in reduced construction costs for small business.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public
The change impacts public health and safety by eliminating a provision that indirectly may increase potential fire hazards.
Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
The change improves the code by eliminating a provision that indirectly may increase potential fire hazards.
Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
The change does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities.
Does not degrade the effectiveness of the code
The proposed change upgrades the effectiveness of the code.

2nd Comment Period

Proponent Bryan Holland Submitted 5/21/2019 Attachments  Yes

Comment:

Please reconsider this proposed modification and vote "quot;no affirmative recommendation". The section of the code being
modified is not appropriate. C401.2.1 applies to those buildings elected by the owner or design professional to comply with
ASHRAE 90.1 by choice. However, those who elect to comply with one of the other two compliance paths (C401.2.2 or C401.2.3)
ill still have to comply with C405.6 as this is a mandatory provision. Why would we want to exempt automatic receptacle
requirements in ASHRAE 90.1 compliant buildings while still mandating this requirement in FBC, Energy Conservation compliant
buildings? Besides, the substantiation provided by the proponent is unfounded and inaccurate. Please see the rationale and
substantiation attached for the FACTS and TRUTH about automatic receptacle control.
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C401.2 Application. Commercial buildings shall comply

with one of the following:
1. The requirements of ANSI/ASHRAE/TESNA 90.1,
excluding section 9.4.1.1(g) and section 8.4.2 of the standard.
2. The requirements of Sections C402 through C405. In

addition, commercial buildings shall comply with Section

EN8045 Text Modification

C406 and tenant spaces shall comply with Section
C406.1.1.

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

of the standard reference design building.
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I.LBNIL.-53729-Revised

After-hours Power Status of Office Equipment and
Energy Use of Miscellaneous Plug-L.oad Equipment

Judy A. Roberson, Carrie A. Webber, Marla C. McWhinney,
Richard E. Brown, Margaret J. Pinckard, and John F. Busch

Energy Analysis Department
Environmental Energy Technologies Division
Ernest Orlando Lawrence Berkeley National Laboratory
University of California
Berkeley CA 94720, USA

May 2004

To download this paper and related data go to:
http://enduse.1bl. gov/Projects/Off Eqpt. html

The work described in this paper was supported by the Office of Atmospheric Programs, Climate
Protection Partnerships Division of the U.S Environmental Protection Agency and prepared for the U.S
Department of Energy under Contract No. DE-AC03-76SF00098.
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CRT

CPU

ICS

ILPS

LBNL

LCD

ME

MFD

OB

OEM

05

PC

PDA

PIPS

PM

PM rate:

Abbreviations, Acronyms, and Glossary of Terms
As Used in This Report

cathode ray tube (monitor)
central processing unit

integrated computer system, in which computer and monitor share a power cord, (e.g., an LCD
monitor powered through a computer) and may also share a housing (e.g., an Apple iMac)

in-line power supply: a type of external power supply found on the cord between the plug and
the device; aka “fat snake” because it looks like the power cord swallowed a box or cylinder

Lawrence Berkeley National Laboratory (aka LBL or Berkeley Lab)
liquid crystal display (monitor)
miscellaneous (plug-load) equipment

multi-function device: a unit of digital equipment that can perform at least two of the following
functions: copy, fax, print, scan

office equipment
original equipment manufacturer
operating system (e.g., Windows XP or Mac OS X)

personal computer: a generic term that includes laptop computers, desktop computers and
integrated computer systems; it includes both Apple and Intel-architecture machines

personal digital assistant; a cordless (i.e., rechargeable) hand-held computer device

plug-in power supply: a type of external power supply that is incorporated into the cord’s plug;
aka “wall wart”

power management: the ability of electronic equipment to automatically enter a low power
mode or turn itself off after some period of inactivity; PM rate is the percent of units no? off
that are in low power.

the extent to which a given sample or type of equipment is actually found to have automatically
entered a low power mode or turned itself off.

PM Enabling rate: the extent to which seitings in the user interjace of a given sample or type of equipment

XPS

indicate the equipment is set to automatically enter low power or turn itself off.

external power supply: a power supply external to the device that it powers; a voltage
regulating device incorporaied into either the power cord or the wall plug of a device

LBNL-53729-Revized iti
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After-hours Power Status of Office Equipment and
Energy Use of Miscellaneous Plug-1.oad Equipment

Judy A. Roberson, Carrie A. Webber, Marla C. McWhinney,
Richard E. Brown, Margaret J. Pinckard, and John F. Busch

Abstract

This research was conducted in support of two branches of the EPA ENERGY STAR program, whose overall
goal is to reduce, through voluntary market-based means, the amount of carbon dioxide emiited in the U.S
The primary objective was to collect data for the ENERGY STAR Office Equipment program on the after-
hours power state of computers, monitors, printers, copiers, scanners, fax machines, and multi-function
devices. We also collected data for the ENERGY STAR Commercial Buildings branch on the types and
amounts of “miscellaneous” plug-load equipment, a significant and growing end use that is not usnally
accounted for by building energy managers. For most types of miscellaneous equipment, we also estimated
typical unit energy consumption in order to estimate total energy consumption of the miscellaneous devices
within our sample. This data set is the first of its kind that we know of, and is an important first step in
characterizing miscellaneous plug loads in commercial buildings.

The main purpose of this study is to supplement and update previous data we collected on the extent to
which electronic office equipment is turned off or automatically enters a low power state when not in active
use. In addition, it provides data on numbers and types of office equipment, and helps identify trends in
office equipment usage patterns. These data improve our estimates of typical unit energy consumption and
savings for each equipment type, and enables the ENERGY STaR Office Equipment program to focus future
effort on products with the highest energy savings potential.

This study expands our previous sample of office buildings in California and Washington DC to include
education and health care facilities, and buildings in other states. We report data from sixteen commercial
buildings in California, Georgia, and Pennsylvania: four education buildings, two medical buildings, two
large offices (= 500 employees each), three medium offices (50-300 employees each), and five small
business offices (< 50 employees each). Two buildings are in the San Francisco Bay area of Califomnia,
nine (including the five small businesses) are in Pittsburgh, Pennsylvania, and five are in Atlanta, Georgia.
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Introduction

Since the 1980s there has been continual growth in the market for electronic office equipment, particularly
personal computers and monitors, but also printers and multi-function devices, which are replacing discrete
copiers, fax machines and scanners in some office environments. According to 2003 projections by the
Department of Energy, annual energy use by personal computers is expected to grow 3% per year, and
energy use among other types of office equipment is expected to grow 4.2%; this growth is in spite of
improvements in energy efficiency, which are expected to be offset by “continuing penetration of new
technologies and greater use of office equipment”™ (EIA 2003).

In 1992 the US Environmental Protection Agency (EPA) launched the voluntary ENERGY STAR program,
designed to curb the growth of CO, emissions by labeling the most energy-efficient electronic products for
the mutual benefit of manufacturers, consumers, and the environment.! The first products to be labeled
were computers and monitors; printers were added in 1993, fax machines in 1994, copiers in 1995, and
scanners and multi-function devices in 1997 (EPA/DOE 2003). Continued improvement in energy savings
among office equipment remains a focus of the ENERGY STAR program, which updates its product
specifications as necessary to respond to changes in technology, energy consumption, and usage patterns.

ENERGY STAR labeled office equipment reduces energy use primarily through power management (PM), in
which equipment is factory-enabled to automatically turn off or enter low power (any power level between
off and on) after some period of inactivity, usually 15 or 30 minutes. Most office equipment is idle more
often than it is active; among equipment that users tend to leave on when not in use, such as shared and
networked devices, PM can save significant energy. ENERGY STAR devices have a large market share, but
the percentage that actually power manage is lower for several reasons. Power management is sometimes
delayed or disabled by users, administrators, or even software updates that change the factory settings in
the interface; in addition, some network and computing environments (e.g., the Windows NT operating
system) effectively prevent PM from functioning.

To accurately estimate energy savings attribntable to the ENERGY STAR program, and target futnre efforts,
current data are needed on the extent to which each type of office equipment is turned off or successfully
enters low power mode when idle. Combined with measurements of the energy used in each power stale,
we can estimate typical unit energy consumption (UEC), which, combined with number of units currently
in use, provides an estimate of total energy use, and program savings (Webber, Brown et al. 2002).

In our ongoing technical support of the ENERGY STAR program, the Energy Analysis Department at
Lawrence Berkeley National Lab (LBNL) has conducted after-hours surveys (aka night-time audits) of
office equipment in commercial buildings. Our previous series of surveys was conducted during the
summer of 2000; it included nine buildings in the San Francisco Bay area and two in the Washington DC
area. We recruited and surveyed a diversity of office types and documented just over 100 computers per
site, on average. We collected data on the types, power states and PM delay settings of ENERGY STAR
labeled office equipment (computers, monitors, copiers, fax machines, printers, scanners and multi-function
devices). The methods and results of that study were reported previously (Webber, Roberson et al. 2001).

! The ENERGY STAR® program has expanded to include residential appliances and heating and cooling equipment,
consumer electronics, building materials and components, refrigeration equipment, commercial buildings and new
homes. Since 1996 it has been jointly ad ministered by the U.S. EPA and DOE (http: /fenergystar. gov/).
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EN8045 -G1 General Comment

In that study we also recorded (but did not report) numbers of some ‘miscellaneous office equipment,” such
as computer speakers, external disk drives, portable fans and heaters, boomboxes, and battery chargers.

In this report, we present the results of our most recent (2003) after-hours survey of commercial buildings,
which expanded on the previous study to include:

buildings in Pittsburgh, Pennsylvania and Atlanta, Georgia,

education buildings, health care buildings, and small offices, and

an inventory of miscellaneous plug-load equipment.

As part of our ongoing effort to improve the accuracy of data used to evaluate the ENERGY STAR program,
we wanted to capture data from a wider range of commercial building types and geographic regions. While
our sample is not large enough to distinguish regional differences in equipment night-time or after-hours
power status, we hope to improve the robustness of our data by increasing its geographic diversity. Also,
because office equipment is not confined to offices or office buildings, we wanted to capture data from
other types of commercial buildings, such as schools, which also have significant numbers of computers.

Collecting data on after-hours power status involves visiting buildings when most employees are gone.
Given the difficulty of arranging after-hours access to most commercial buildings, we used this opportunity
to simultaneously collect data for the ENERGY STAR Commercial Buildings program on the types and
numbers of miscellaneons plug-load equipment, and to develop a taxonomy by which to categorize them.
These data allow us to begin to better characterize the large “plug-load” building energy end use category.

Methodology

The protocol used in this series of surveys changed from that of 2000 because of the need to develop a data
collection protocol for miscellaneous equipment, and then integrate it with our office equipment protocol.

Building Sample

Table 1 below outlines the buildings in our sample, which are identified by a letter; for this purpose the
small businesses are aggregated into one “small office.” Appendix A describes them in more detail, but
only in generic terms, to preserve the anonymity of occupants. As in 2000, our initial target was to collect
data on at least 1,000 computers. In selecting types and numbers of commercial buildings to comprise that
sample, we referred to data on computer densities provided by the Commercial Building Energy
Consumption Survey (CBECS) (EIA/CBECS 2002). According to CBECS in 1999, 74% of the U.S.
population of computers were found among office, education, and health care buildings; therefore, our
building recruitment effort focused on these three types of buildings. CBECS further characterizes offices
by number of employees: 0-19 (small), 20-499 (medium), and 500+ (large).

To familiarize ourselves with what to expect (in recruitment effort and equipment found) in schools and
health care buildings, we began by surveying a high school and a medical clinic in the San Francisco area.
We then recruited and surveyed a variety of buildings in Pittsburgh in April, and Atlanta in June 2003.

Site recruitment is one of the most difficult and time consuming aspects of commercial building surveys.
Usually it involves cold-calling from a list of prospective business or building types (e.g., high schools),
briefly describing our research activity, and trying to connect with the person who is able and willing to
grant after-hours access, which involves providing a key and/or escort. Most facilities have real concerns
about safety, security, and privacy (e.g., of client or patient records), which of course must be addressed.
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In each building, we surveyed as much area as possible in four hours or until we covered the area
accessible to us, whichever came first. At two sites we surveyed a single floor, at four sites we surveyed
the entire space available to us, and at the remaining six sites we surveyed portions of two or three floors.
In general, the greater the density and variety of equipment found, the less area we covered in four hours.
Floor areas are approximate gross square feet, based on floor plans or information from facility managers.

Table 1. Building Sample and Computer Density

in area surveyed (approximate 10.) | computer density per

site | state | building type | occupancy computers fit* employees | 1000 f* employee
A GA | edocation aiversity classroom bldg 171 28,000 a 6.1 1fa
B PA medinm office non-profit headquarters 182 55,000 128 33 1.42
C GA | larpe office corporate headq narters 262 18,000 120 v.4 .18
D CA eduncation high school 112 40,000 1/a 2.8 1fa
E GA medinm office business consulting firm 37 22,000 T0 1.7 0.53
r PA edncation high school 248 | 100,000 na 2.5 1/a
G CA health care outpatient clinic 177 45,000 n/a 3.9 n/a
H GA medinm office information services dept 153 24,000 76 6.4 2.01
J PA health care private physicians’ offices 56 26,000 a 2.2 1fa
K PA small office 5 small businesses combined 117 20,000 77 5.9 1.52
M FA large office corporate headq narters 73 40,000 125 1.8 0.58
N GA | edncation nniversity classroom bldg 95 20,000 1/a 4.8 1/a
total 1,683 | 448,000 1/a = not available

Our characterization of offices differs slightly from that of CBECS By our definition a small office has
<50 employees, a medium office has 50-500 employees, and a large office has =500 employees on site.
Also, CBECS appears to classify offices by the number of employees per building, while we classify them
by the number of employees per location. For example, our site E is a ‘medium office” (50-300 employees)
that occupies one floor of a high-rise office tower; however, CBECS might consider the same office to be
part of a ‘large office” (over 500 employees) that includes all offices within the entire building.

Our ‘small office’ is actually aggregated results for five small businesses in three different buildings: (1) a
graphics and printing business, (2) an environmental consulting firm, (3) a commodity brokerage firm, (4) a
software development firm, and (5) an engineering firm. Their number of employees ranged from 4 to 25,
with a collective total of 77 employees.

For the six offices in our sample, Table 1 also shows the approximate density of computers by gross square
feet as well as per employee. We do not have number of employees (or computer density per employee)
for education and medical facilities. For high schools, where the number of students is known, equipment
density per student could be a useful metric if we had surveyed the entire building, which we did not. The
number of students regularly using a university classroom building, as well as the number of employees in
both education and medical buildings is much more variable and difficult to determine.

Although we used the CBECS data as a starting point in our building selection and recruitment efforts, our
resulting building sample does not necessarily correspond to the much larger CBECS building sample.
Figure 1 below compares our building sample to CBECS based on the sum of floor area surveyed and
number of computers found among all office, education, and health care buildings in each sample.
Compared to CBECS, offices are somewhat under-represented in our current sample, while education and
health care buildings are somew hat over-represented. In addition, new buildings and high schools may be
over-represented in our building sample, though we don’t have corresponding CBECS data for comparison.
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Figure I. Comparison of LBNL and CBECS Commerdal Building Samples
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Survey Protocol

Each survey takes four people up to four hours to complete, and occurs on a weekday evening or weekend.
We vsvally work in two teams of two people, with one calling out information and the other recording it.
Using a floor plan, clipboard, flashlight and tape measure, we systematically record each plug-load device.
The flashlight helps in tracing cords to plugs, and the tape is used to measure TV and monitor screen sizes.
Our data collection is as unobtrusive as possible; we don’t turn computers on or off or access any programs,
settings, or files. If a workspace is occupied or obviously in use, we skip it and return later, if possible.

Office Equipment Data Collection

For our purposes in this study, office equipment includes the following equipment categories and types:
computers: desktop, laptop (notebook or mobile), server, and integrated computer system (ICS);
monitors: cathode ray tube (CRT), and liquid crystal display (LCD);
printers: impact, inkjet, laser, thermal, solid ink, and wide format;
fax machines: inkjet, laser, and thermal,
copiers;
scanners: document, flatbed, slide, and wide format; and
multi-function devices: inkjet and laser.

For each unit of office equipment, we recorded the make (brand) and model as it appears on the front or top
of the unit (we did not record information from the nameplate on the bottom or back of the unit). We
recorded the diagonal measurement, to the nearest inch, of monitor screens, except those of laptops (note:
for CRT monitors this measurement is smaller than the nominal screen (or tube) size). For laser printers
and MFDs we scrolled through the menu options available in the nser interface to find the “power save
delay setting,” which usually ranges from 15 minutes to “never.”

We tried to record each unit of office equipment that had an external power supply C{PS). These devices

offer significant potential for energy efficiency improvement because they draw power even when the unit
of which they are part is turned off or disconnected (e.g., when a laptop computer or cell phone is removed
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from its charger, which remains plugged in). We distinguish two types of external power supply: a plug-in
power supply (PIPS), in which an AC/DC voltage transformer is incorporated into the plug, and an in-line
power supply (ILPS), which is incorporated into and appears as an enlarged part of the power cord. We
also tried to record whether or not each printer, copier, and MFD was connected to a network via cable (to
the extent that networks become wireless, netw ork connection will become more difficult to determine).

The power state of each unit was recorded as on, low, off, or unplugged (exception: we did not record units
that were unplugged if it appeared they were never used). Although some office equipment, particularly
copiers, may have features that enable them to turn off automatically or enter low power manually (by user
action), we assume that the vast majority of units found off were turned off manually (i.e., by a user) and
that units found in low power entered that state automatically (i.e., without user action).

If a monitor/computer pair were both on, we recorded the screen content; the most common occurrences are
a screensaver, application, log-in or other dialog box (e.g., “It is now safe to turn off your computer™).
When a monitor is off and the computer to which it is connected is not, it can be difficult to tell whether the
computer is on or in low power. The method we used to determine a PC’s power state is outlined in
Appendix B; in short, a clampmeter is used to measure relative current in the computer power cord before
and after initiating a computer wake function, such as touching the mouse or keyboard (McCarthy, 2002).

The power state of a laptop computer is usually difficult to determine, unless it is in use and obviously on.
A closed laptop has few external indicators, and those that are present are often ambiguous and inconsistent
(e.g., between brands or models). In terms of improving our estimates of laptop unit energy consumption,
the most relevant data are the amount of time each laptop spends plugged in, and how often its battery is
(re)charged. Therefore, we recorded, at a minimum, whether or not each laptop was plugged in.

In this report the term ‘computer workstation’ refers to any combination of computer(s) and monitor(s)
physically used by one person at a time; generally, there is a workstation associated with each office chair.
Workstation configurations vary widely; most common is one desktop computer connected to one monitor,
but we have noticed growing numbers of other configurations, including multiple computers with one
monitor, multiple (usnally LLCD) monitors with one computer, and laptops used with a docking station and
monitor. In this series of surveys, we identified each computer workstation by a unique number; i.e., all
components of each workstation were identified by the same number. We did this for two reasons: first, to
facilitate subsequent analysis of the relationship between computer and monitor power states; and second,
to be able to characterize the variety of workstations found. These analyses are discussed in the Results.

Miscellaneous Equipment Data Collection

‘Miscellaneous equipment’ (ME) refers to plug-load devices whose energy use is not usually accounted for
by building energy managers because they are portable, often occupant-provided units whose number,
power consumption and usage patterns are largely unknown. All ME in this report, including lighting, is
plug-load, as opposed to hard-wired, although for some equipment (e.g., commercial refrigerators) we did
assume a plug. The sheer variety of ME necessitates development of a taxonomy by which it can be
categorized and summarized. Appendix C presents our current miscellaneous equipment taxonomy.

For each uvnit of miscellaneous equipment we recorded any information (e.g., power state or rated power)
that could be used to estimate unit energy consumption. For lighting we recorded lamp type (e.g.,
halogen), wattage, and fixture type (desk, floor, track, etc.). For battery chargers, we noted the portable
component (drill, oto-opthalmoscope, walkie-talkie. etc.) and whether the charger was empty or full. For
vending machines, we recorded temperature and product (e.g., cold beverage) and any lighting. For
unknown equipment we noted make and model for later determination of identity and power specifications.
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As with office equipment, we noted if there was a PIPS or ILPS. We also recorded PIPSs and ILPSs that
were plugged in but unattached to equipment (such as a PIPS used to charge an absent cell phone) and
those whose equipment could not be identified, such as among a maze of cords in a server room.
Nevertheless, we undoubtedly missed some, so our reported number of PIPSs and ILPSs is actually a
conservative estimate.

Limitations of This Methodology

One advantage of conducting after-hours building walk-throughs to collect data on office equipment power
status is that a good variety and number of buildings can be recruited and surveved. On the other hand, the
data collected represent a snapshot in time, and do not capture variations in user behavior over time, which
would require automated long-term time series metering of equipment power state and pow er levels.

This is our most robust sample of buildings to date for collecting data on the after hours power status of
office equipment. It includes data on 1,683 computers (including desktops, [CSs, laptops and servers) and
about 448,000 ft* in 12 commercial buildings, including schools and health care facilities in California,
Georgia, and Pennsylvania. (In comparison, our previous (2000) survey included 1,280 computers in 11
office buildings in California and Washington DC.) However, we do not suggest that this sample is
representative of commercial buildings as a whole or in part (e.g., by type, size, age, or location), or that the
results presented here are statistically significant. It is a record of what we found that we hope will be of
use to policy makers, researchers, and building managers.

Results and Discussion

Equipment Density

Table 2 shows the number and density, per 1000 approximate gross square feet, of office equipment,
miscellaneous equipment, and the sum of OF and ME in each building, and for all buildings. Our survey
captured data on over 10,000 units of equipment, including almost 4,000 units of office equipment.

Table 2. Office and Miscellaneous Equipment: Number of Units and Density
sorted by Density of Office Equipment (units/1000 ft*)

Number of Units Density (units/1000 ft*) Density (units/employee}
bidg type site OE ME OE+ME OE ME OFE+ME | OE ME | OE+ME
medium office E 98 441 539 4.5 20.0 24.5 1.4 6.3 73
eduncation F 574 596 1,170 5.7 6.0 11.7
large office M 227 753 980 5.7 18.8 24.5 1.8 6.0 78
eduncation D 258 291 549 6.5 73 13.7
health care J 171 458 629 6.6 17.6 24.2
medivm office B 410 422 832 7.5 77 15.1 32 33 6.5
education N 204 234 438 10.2 11.7 21.9
health care G 460 1,002 1,462 10.2 223 32.5
edncation A 377 259 636 13.5 93 22.7
small office K 275 528 803 13.8 26.4 40.2 3.6 6.9 10.4
medium office H 340 630 970 14.2 26.3 40.4 4.5 83 12.8
large office C 540 612 1,152 19.3 21.9 41.1 4.5 5.1 26
all buildings 393 6,226 10,160 8.8 13.9 22.7 3.2 5.7 8.9

IBNL-53729-Revised 7

Energy

Page: 12

General_LBNL - After-Hours Power Status of Office Equipment and Energy

8045_G1

http://www floridabuilding.org/Upload/Modifications/Rendered/Mod



EN8045 -G1 General Comment

2020 Triennial

Note that the numbers of miscellaneous equipment vnits in Table 2 are lower than those in Appendix D
because Table 2 does not include plug-in and in-line power supplies, while Appendix D does.

Figure 2 illustrates office and miscellaneous equipment density (per 1000 square feet), by building ty pe.

Figure 2. Office and Miscellaneous Equapment Density, by Budlding Type (and number)
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From Table 2 we see that the two buildings with the lowest combined equipment density are high schools,
and Figure 2 shows that education buildings in our sample had the lowest equipment densities overall.
Among our sample of 12 buildings, building types with the highest densities are small and large offices.
We suggest that small offices may have high equipment density because every office needs certain devices
(e.g., copier, fax machine, microwave oven, refrigerator), regardless of how many (or few) people share it.
Medium offices exhibited a range of density (see Table 2, sites B, H), but on average their office equipment
density is similar to and their miscellaneous equipment density is lower than that of health care facilities.

Closer examination of the results for each building reveals some underlying trends. For example, the only
two buildings with a computer density less than 2 per 1000 fi* (from Table 1) were offices (one medium,
one large) whose employees tend to rely on laptop computers, most of which were absent during our visit;
one of these companies requires employees to take their laptops home or lock them up when not at work.

Office Equipment
Our sample includes data on the power state of 1,453 desktop computers (well above our target of 1,000),

1,598 monitors, 353 printers, 89 servers, 79 MFDs, 47 fax machines, 45 ICSs, 34 scanners, and 33 copiers.
Among printers, our discussion of results will focus on the 158 laser and 123 inkjet printers found.
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Among all buildings, computer density ranges from 1.7 to 9.4 per 1000 ft* gross floor area, (see Table 1).
Among office buildings only, computer density ranges from 0.53 to 2.18 per employee. Office equipment
density ranges from 4.5 to 19.3 units per 1000 ft* gross floor area, with an average of 8.8 (see Table 2).
Among offices, office equipment density ranges from 1.4 to 4.5 units per employee, with an average of 3.2.

When analyzing the numbers of equipment in each power state, we are primarily interested in two values:
turn-off rates and power management rates. ‘Turn-off rate” is the percent of each equipment type that is

turned off, while *PM rate’ is the percent of those not off that are in low power.

Table 3 shows the numbers of each type of office equipment, and their after-hours power state. Table 3
does not include laptop computers, units that were unplugged, or units whose power state was unknown.

Table 3. Office Equipment: After-hours Power States

Equipment Number Percent
Category Type on low oft sum on low off PM rate
computers desktop 869 60 524 1453 60% 4% 36% 6%
server 87 2 89 98% 0% 1% 1/a
ICS 7 11 27 45 16% 24% 60% 61%
mo nitors CRT 259 648 422 1329 19% 49% 32% T1%
1LCD 56 164 49 269 21% 61% 18% 75%
printers laser 53 81 24 158 34% 51% 15% 60%
inkjet 86 37 123 T0% na 30% 1/a
impact 16 6 22 3% nfa 7% 1/a
thermal 31 7 38 B2% n/a 18% 1/a
wide format 2 6 8 25% 0% T5% 0%
solid ik 1 3 4 25% 75% 0% 5%
MFDs inkjet 9 4 3 16 56% 25% 19% 31%
laser 36 14 13 63 57% 22% 21% 28%
copiers all 12 5 16 33 36% 15% 48% 29%
fax machines all 44 3 47 94% 6% 0% 6%
scanners all 8 12 14 34 24% 35% 41% 60%

Note: “FPM rate” is the percent of units not off that were in low power.

Not surprisingly, turn-off rates were lowest among fax machines and server computers. Turn-off rates were
highest for integrated computer systems (60%), copiers (48%), and scanners (41%). PM rates were highest
among LCD monitors (75%), CRT monitors (71%), ICSs (61%), scanners (60%), and laser printers (60%).

The lowest power management rates were among desktop computers and fax machines (6% of each).
Because copiers and MFDs often have long (2-4 hour) PM delay settings that may not have elapsed at the
time of our visit, PM rates in Table 3 for this equipment should be considered a minimum or lower bound.
Figure 3 (below) graphically shows the breakdown by power state of each major type of office equipment.

Computers

We categorized computers as either desktop, integrated computer systems, servers, or laptops. Among
1,453 desktop computers the turn-off rate was 36%; it ranged from 5% (at Site E, medium office) to 67%
(at Site B, medium office). Only 6% of all desktop computers that were not off were in low power. This
PM rate is similar to the 5% rate found in a previous study (Webber, Roberson et al. 2001). Among the 45
ICSs in Table 3 the turn-off rate was 60%, and the PM rate was 61%. However, it is possible that of the 11
ICSs found in low power, only the display (but not the CPU) was in low power.
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Figure 3. Office Equipment Power States
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Among education buildings in our sample, the majority of the desktop computers, monitors and ICSs were
found in classrooms clearly dedicated to computer-based learning. These “computer labs™ typically have a
1:1 ratio between computers and chairs. Among the two high schools, 65% of desktop computers and 1CSs
were found in computer labs with at least 15 (and up to 77) computers each; among the two university
classroom buildings, 68% of desktop computers and IC'Ss were found in computer labs with at least 15 (and
up to 57) computers each. Because a single instructor likely controls the after-hours power status of all
equipment in these rooms, and also because school buildings in general experience more ‘after-hours’ per
year than other buildings, computer labs present a target for energy-efficiency efforts in schools.

Laptop Computers

There are 50 laptop computers in our sample, and we recorded information on the power state of 37. Of
those 37, all but two (or 95%) were plugged in, either through their power cord or a docking station. Nine
(or 24%) of the 37 laptops were clearly on; i.e., their display showed a desktop, application, or login screen.

Sixty percent (60%, or 21) of the 35 laptops that were plugged in were plugged into docking stations.? Of
107 docking stations found, 20% (21) were ‘full’, i.e., contained laptops, while 80% (86) were ‘empty,” or
without laptops. Those empty docking stations are evidence of at least 86 more laptops that were absent at
the time of our visit. In addition, we found 35 power cords with ILPSs that we identified as “laptop
charger, empty” (which we consider in the ‘power’ category of ME). Combined with 50 laptops and 86
empty docking stations found, we conclude that at least 171 laptop computers are in use among our sample
of buildings. Of course, this number does not include (and we did not attempt to estimate) the number of
people who take both their laptop and its power cord/battery charger home or lock them up at night.

* Docking stations are in our ‘peripheral’ miscellanecus equipment category; laptop computers are office equipment.
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If we compare this minimum number of laptop computers to the total number of non-server computers in
our sample, from Table 3 (1,453 desktops + 45 ICSs, + 171 laptops = 1669 total), laptops comprise
approximately 10% of non-server computers found in our survey; again, this is a conservative estimate.

Some offices appear to have largely switched from desktop to laptop computers. Table 4 shows that in two
(of six) offices in our sample — one large and one medium office — the sum of laptop computers, empty
docking stations and empty laptop battery chargers (ILPSs) outnumbered the desktop computers found.

Tabled. Ratio of Laptop to Desktop Computers at Two Sites

no. of desktop number of laptop computers
Site

computers laptops fonnd empty docking stations empty laptop chargers estimated total
E 20 4 11 9 24
M 41 26 40 9 75
Monitors

The average turn-off rate among 1,329 CRT monitors was 32%; it ranged from 17% at Site E (medium
office) and N (university) to 62% at Site D (high school). 71% of CRT monitors that were not off were in
low power. Among the 269 LCD monitors in Table 3 the turn-off rate was 18% and the PM rate was 75%.

Assigning a unique number to each computer/monitor workstation enabled us to analyze the relationship
between computer power state and monitor power state. Table 5 shows the results of that analysis. (Note:
Table 5 does not include monitors connected to more than one computer.)

Table 5. Analysis of Monitor Power Management by Computer Power State
Meonitor Poyver Management *
Mbaitor PM Rate PC-initiated

Monitor Poyver State (computer is off Monitor PM Rate
or in low power} (computer is on )

Computer | Computer Power state No. Off Low On
Desktop Off/no signal 433 184 244 5 98%
Low 59 4 53 2 96%
On 689 154 286 249 53%
Laptop ** Absent or empty docking station a3 13 42 0 Lo0%
Plugged-in or in docking station 23 4 15 4 T9%
| Server On 32 14 10 8 56%

*Mounitor Fower Mana gement 15 the percent of monitors rof off that are 1n low power
*¥ These data refer to externsal monitors connected to laptop computers, not to the laptop display.

Computers can initiate low power modes in ENERGY STAR monitors. Power management settings in the
computer operating system (OS) control panels determine if and when the computer sends a signal to the
monitor that causes the monitor to enter low power. If an ENERGY STAR monitor is attached to a computer
that is on, it will enter low power only if it receives this signal. “PC-initiated monitor PM rate” refers to the
share of systems in which the computer signals the monitor to initiate PM, and the monitor responds. We
can infer this rate only among systems in which the computer is on and the monitor is not turned off.

An ENERGY STAR monitor can also enter low power if there is no video signal from the computer, either
becauvse the computer is off, it is in low power, or the monitor is disconnected from the computer. “Monitor

PM rate” refers to the share of monitors that power manage in the absence of a signal from the computer.

Among monitors that were not turned off, those connected to computers that were off or absent had
monitor power management rates of 98% (with desktop computers) and 100% (with laptops); monitors not
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off and connected to desktop computers that were in low power had a 96% monitor PM rate. In the
remaining cases, the monitor may have been incapable of power managing (i.e., it was non-ENERGY STAR).
Monitors not off and connected to desktop or server computers that were on had PC-initiated monitor PM
rates that were much lower: 53% (for desktop computers) and 56% (for servers). Clearly, monitors that
depended on a computer signal to initiate power management were much less likely to enter low power.

In our 2000 study we did not uniquely identify each workstation and so could not conduct this analysis.
However, our 2003 monitor "PC-initiated PM rate” differs from the monitor “PM enabling rate” of another
recent but unpublished study. In 2001, researchers at Energy Solutions in Oakland CA (O'Sullivan 2003)
used EZ Save software® to remotely obtain (via local area networks) the PM seitings of over 7,000
computer monitors at 17 commercial and institutional sites in the San Francisco Bay area. They found that
monitor PM settings in the computer OS control panel were enabled for 44% of monitors. We would
expect the share of monitors that actually power manage when the computer is on to be lower than the
share of computers enabled to power manage their monitors (because some monitors may not be ENERGY
STAR, there may be network interferences with PM, etc). However, our “PC-initiated PM rate” of 53% for
desktop computers is higher than the 44% “PM enabling rate” found by Energy Solutions. There are
several possible explanations for this:

1)  Energy Solutions’ 2001 sample contained significantly more computers using the Windows NT OS
(which does not support PM and is no longer supported by Microsoft) than LBNL’s 2003 sample,

2) Newer computers may be more successful at initiating monitor power management, and newer
computer equipment (like newer buildings) may be over-represented in our 2003 sample,

3) Our PC-initiated PM rate is calculated from a subset of monitors (those left on and attached to a PC
left on), while Energy Solutions’ enabling rate represents all monitors. If turn-off and enabling
rates are not independent (i.e., if people who leave their devices on at night are more likely to
enable than those who tum their devices off), that could explain part or all of the discrepancy.

4) PC-initiated monitor PM rates actually have risen, as individuals and organizations respond to
ENERGY STAR or other educational programs about the energy savings potential of monitor PM, or

5) Our 2003 sample includes a wider variety of commercial building types and locations, and so is
more representative than data collected only from office buildings in California,.

In any case, the ability of computers to power manage monitors deserves further scrutiny and improvement.

In the report on our 2000 office equipment field surveys (Webber, Roberson et al. 2001) we speculated that
monitors in low power might be thought by users to be off. Among buildings in this report, Site M, a large
office, offers anecdotal evidence regarding user (mis)interpretation of monitor power state. According to
the facility manager, this company’s strict policy is that employees turn their monitors off before leaving,
and security personnel turn off any monitors found left on. Our data show that only 4% of monitors were
on, but only 29% were actually off; the remaining 65% were in low power mode. This confirms our field
observations that if a display is black or blank, users often assume the monitor is off, even though the front
panel power indicator (which is amber and/or blinking when the unit is in low power) indicates otherwise.

LCD monitors were not even mentioned in the report on our 2000 field surveys of office equipment, but in
2003, LCDs were 17% of all monitors. As shown in Table 6, at three sites (including two high schools, D
and F) we found no LCD monitors, but at two sites (E, medium office; A, university building), LCD
monitors outnumbered CRT monitors, and at three others (B and H, both medium offices; and J, health
care) LCDs were over 25% of all monitors found.

* EZ Save software was developed by the Department of Energy and adapted by the EPA ENERGY STAR program.
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Table 6. Number and Percent of LCD Monitors, by Site
sorted by percent of .LCD monitors

site D F C M G K N J H B A
LCDs 0 0 2 4 12 14 13 18 40 66 96
CRTs 8 248 254 97 162 88 76 46 104 111 79

total 8 248 256 101 174 102 &9 64 144 177 175

%LCDs | 0% 0% 0% 4% 7% 14% 15% 28% 28% 37% 55%

E
21
12
33
64%

all
286
1366
1652
17%

While our building sample is not large enough to draw reliable conclusions about office equipment power
management based on building type, we did some analysis within our sample. Figure 4 shows the alter-
hours power status of monitors (both CRT and LCD) based on building type. (A similar analysis for
desktop computers and ICSs is not shown here because almost all the computers found in low power were

in a single (health care) building, which may be anomalous.)

Figured. Monitor After-hours Power Status, by Building Type

O% off
O% low
O% on

100%
13%
24%
28%
80% | 35% i) 37% -
50%
60% — —
17%, 4%
41%
10% 14— B3 51% 59% | |
31%
20% 1— 15% —
24%
18% 1 17% 13% 13%
0% . :
S office M office L office all office  highschool wniversity lhealth care
{(n=101) (1=338) (n=357) (n=790) (n=330) (1=260) (n=212)
PM=64% PM=63% PM=87% PM=75% PM=44% PM=85% PM=81%

In our sample, monitor PM rates were by far the lowest in high schools (44%) and highest in university
buildings (85%) and large offices (87%). Monitor turn-off rates were lowest in university buildings (13%)
and highest in small offices (50%). In addition to the low monitor PM rate, a relatively high number (35%)
of monitors were on in high schools, where all monitors found were CRTs, which vse significantly more
power when on than LCDs (Roberson, 2002). This strengthens the evidence that there is significant energy
savings potential among office equipment in computer classrooms, and particularly those in high schools.

IBNL-53729-Revised

13

2020 Triennial

Energy

80

Page: 18

General_LBNL - After-Hours Power Status of Office Equipment and Energy

8045_G1

http://www floridabuilding.org/Upload/Modifications/Rendered/Mod



EN8045 -G1 General Comment

Printers

We categorize printers based on imaging technology: laser, inkjet, impact, thermal, wide format, solid ink.®
Figure 5 shows the composition of our sample. Of 385 printers, 45% (174) were laser, 34% (132) were
inkjet, 11% (41) were thermal, 6% (25) were impact, 2% (8) were wide format, and 1% (4) were solid ink.

Figure 5. Printer Sample, by Technology

impact

solid ink 6%
1

laser

46%

inkjet
34%

wide thermal
format 11%
2%

Of 158 laser printers in our sample, 15% were off, and 60% of those not off were in low power mode.
Among the 123 inkjet printers the turn-off rate was 30%; we found no inkjet printers in low power. Of 38
thermal printers, which do not power manage, the turn-off rate was 18%. Of four solid ink printers none
were off, but three (75%) were in low power.

For laser printers we tried to record “powersave” (i.e., low power) delay settings and whether or not they
were networked. We did not record delay settings for laser printers that were off, or for those that did not
have user interactive menus. Of 78 laser printers for which we actually recorded delay settings, 18% (14)
were set to 15 minutes, 59% (46) were 30 minutes, 12% (9) were 60 minntes, 6% (5) were 180-240
minutes, and 5% (4) were set to “never” or off. Figure 6 displays this graphically.

Figure 6. Laser Printers: Powersave Delay S effings

5%

6% 18%

015 min
12% B30 min
060 min

0O180-240 min

M never

59%

! Wide-format is not an imaging technolo gy, but rather an ENERGY STAR category for printers that accommodate 177
22" or larger paper. Of 8 wide format printers in our sample, 7 used inkjet, and one used impact technology.
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Among printers for which we recorded the presence or absence of a network connection, 63% of laser
printers but only 7% of inkjet printers were networked.

Only 60% of laser printers not off were actually found in low power (see Table 3). Not all laser printers
can power manage (i.e., they are not ENERGY STAR), and so do not have powersave delay settings. Among
laser printers that can power manage, there are several reasons they might be found on during our survey:
(1) the printer has a long (3-4 hour) powersave delay setting, which had not elapsed, (2) the printer was
recently used, and (3) the printer is in error mode, which effectively prevents it from entering low power.

Multi-Function Devices

The ENERGY STAR Office Equipment program distinguishes ‘digital copier-based MFDs,” which are
covered by their MFD program, from printer- and fax-based MFDs, which are covered by their printer
program. In this study, we identify any multi-function device as an MFD, and distinguish between them on
the basis of imaging technology (inkjet or laser), which we think is most relevant to power consumption.

Many units of office equipment that we identified in the field as copiers, fax machines, or printers turned
out, on later examination of their specifications, to actually be multi-function devices. Among the 80
MFDs eventuvally identified, 80% (64) used laser technology, and the remaining 20% (16) were inkjets.
Turn-off and PM rates were similar for laser and inkjet MFDs. Of 63 laser MFDs in Table 3 the turn-off
rate was 21%, and 28% of those that were not off were in low power. Of 16 inkjet MFDs (at least some of
which can power manage) the turn-off rate was 19%, and 31% of those not off were in low power.

Copiers

Of the 33 copy machines in Table 3, 48% were off and 29% of those that were not off were in low power.
This low PM rate may be due in part to the fact that copiers often have powersave delay settings of two
hours or more, and some of the copiers that we found on would eventually have entered low power.

Our 2000 field surveys of office equipment included 34 copiers and 11 “digital copier-based MFDs,” which
yields a copier to “digital copier-based MFD’ ratio of 3:1. Owr current sample includes 33 copiers and 64
laser or ‘digital copier-based MFDs,” which yields a 2003 copier to ‘digital copier-based MFD’ ratio of
0.5:1. These numbers confirm our field observations that MFDs are replacing copiers in the marketplace.

Fax Machines Figure 7. Fax Machine Technology

It can be difficult to tell whether a fax machine
is on or in low power. Also, many units meet
ENERGY STAR’s low power requirement when
on but idle or ‘ready’, and so do not need a
separate low power mode. In this study, unless a
fax machine gave a visual indication that it was
in low power, we recorded it as being on. Of the ket

47 ynits in our sample and in Table 3, none were 11%

off and 6% (3) were in low power. Of the 44 fax

machines whose technology we were able to laser
determine, 69% (30) were laser, 20% (9) were 09%
thermal, and 11% (5) were inkjet. Figure 7

displays this graphically.

thermal

20%
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Secanners

Of the 34 scanners in Table 3, 41% were off and 60% of those that were not off were in low power. Of the
total 37 scanners in our sample, 76% (28) were flatbed scanners, 14% (5) were specialized document
scanners, 5% (2) were wide format, and 5% (2) were slide scanners. Among flatbed scanners only, 18%
(5) were on, 43% (18) were in low power, 29% (8) were off, and 11% (3) were unplugged. All five
document scanners were off; both wide format scanners were found in the same room, and were on.

Office Equipment; Comparison of 2000 and 2003 Turn-off and PM Rates

A primary goal of this study is to update information on office equipment turn-off and power management
rates from previous studies, and to broaden the range of buildings in which this data is collected. Table 7
compares the office equipment turn-off and PM rates from this series of surveys to those from our 2000
field surveys of office buildings in California (Webber, Roberson et al. 2001).

In most cases, our 2003 field data yield turn off and PM rates that are virtually the same as those found in
2000. Notable exceptions are that monitor PM rates were higher (72% in 2003 c.f. 56% in 2000) and MFD
PM rates were much lower in 2003 than in 2000 (29% in 2003 c.f. 56% in 2000). Also, copier and scanner
turn-off rates were higher in 2003 than in 2000.

Table 7. Office Equipment Turn-off and Power Management Rates

Turn-off Rate PM Rate
Category Type ne. in 2003 2000 2003 2000 2003
computers desktop + ICS 1,498 41% 37% 5% 7%
desktop 1,453 36% 6%
ICS 45 60% 61%
monitors all 1,598 329 29% 56% T2G%
CRT 1,329 32% T1%
LCD 269 18% T5%
printers all 353 25% 23% 44% 31%
monochrome laser 24% 53%
high-end color 15% 61%
laser 158 15% 60%
inkjet 123 31% 0% 3% 0%
impact 22 31% 27% 0% 0%
thermal 38 18% 0%
wide format 8 57% 75% 32% 0%
solid ink 4 0% 75%
MFDs all 79 18% 20% 56% 29%
inkjet 16 19% 31%
laser 63 21% 28%
copiers all 33 18% 49% 32% 28%
fax machines | all 47 2% 0% 6%
scanners all 34 29% 41% 60%

For computers, the 2003 PM rate of 6% is similar to the estimated 2000 rate of 5%, but the 2003 turn-off
rate of 36% for desktop computers is lower than the 2000 tumn-off rate of 44% for all computers.
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The 2003 turn-off rate of 32% for CRTs matches the 2000 turn-off rate for all monitors, but the 2003 turm-
off rate of 18% for L.LCD monitors is much lower. In 2003 we found a much higher PM rate for both CRT
and L.CD monitors (71% and 75%, respectively) than the 56% PM rate reported for all monitors in 2000.

For all laser printers (of which <2% are color) our 2003 turn-off rate of 15% is lower than the 2000 rate of
24% for monochrome laser printers. The 2003 turn-off rates for inkjet (30%) and impact (27%) printers are
similar to the 2000 rates for both (31%). Among our small sample of 8 wide format printers in 2003, the
75% turn-off rate is significantly higher than the 57% reported in 2000. The 2003 turn-off rate of 0% for (a
sample of four) solid ink printers is lower than the 2000 turn-off rate of 15% for high-end color printers.

The 2003 PM rate of 60% for laser printers is similar to the 2000 rate of 61% for “high end color” printers.
In 2000 some inkjet and wide-format printers were in low power, but in 2003 we found none.

The 2000 study did not report on thermal or solid ink printers, probably because few or none were found.
Solid ink is not a widespread printer technology; in 2003 we found four, all in the same building. Of 41
thermal printers in our 2003 sample, only 15% were found in offices; another 15% were in education
buildings, but 70% were found in health care buildings. For thermal printers the 2003 turn-off rate is 18%;
for solid ink printers it is 0%. The 2003 PM rate for thermal printers is 0%; for solid ink it's 75%.

In 2003 we distingnish between laser and inkjet MFDs, but their turn-off rates (19 and 21%, respectively)
are similar to the 2000 rate of 18% for all MFDs. However, in 2003 the PM rate for both inkjet and laser
MFDs (31 and 28%, respectively) are significantly lower than the 2000 rate of 56% for all MFDs.

Copiers had a much higher turn-off rate in 2003 (49%) than in 2000 (18%), but their PM rate in 2003
(28%) is slightly lower than in 2000 (32%). Because of confusion about fax machine power state, no PM
rate was reported in 2000; however, in 2003, at least 6% of fax machines were in low power. For scanners,
the turn-off rate rose from 29% in 2000 to 41% in 2003; the 2003 PM rate was 60%.

Miscellaneous Equipment
Miscellaneous Equipment: Numbers and Density

Miscellaneous equipment outnumbered office equipment in all buildings except one (a university, site A);
at one medium office (site E), the ratio of miscellaneous equipment to office equipment exceeded 4:1. For
all buildings combined, if external power supplies are included as miscellaneous equipment, the ratio of
miscellaneous equipment units (7,668, Appendix D) to office equipment (3,934, Table 2) is almost 2:1.

For all buildings combined, the most numerous equipment types in each ME category are as follows:
audio/visual:  television (27% of audio/visual category), VCR (23%), overhead projector (14%)
food/beverage: microwave oven (16%), undercabinet refrigerator (15%), coffee maker (12%)
portable hvac: 8-16" diameter fan (35%), heater (21%), < 8” diameter fan (20%)
laboratory: scale (24%), spectrophotometer (18%), tabletop centrifuge (13%)
lighting: fluorescent undercabinet lamp (60%), 13W compact fluorescent lamp (15%)
medical: oto-opthalmoscope charger (25%), exam light (18%), x-ray light box (12%)
networking: switch (30%), hub (22%), modem (14%)
office misc.: clock and/or radio (22%), compact audio system (18%), pencil sharpener (17%)
peripheral: computer speaker pair (52%), laptop docking station (12%), PDA dock (11%)
POWEL: lighted power sirip (36%), plug-in pow er supply (35%), in-line power supply (8%)
telephony: powered phone (42%), headset with netw ork box (13%), conference phone (11%)
maintenance:  vacuum cleaner (21%), floor polisher (14%), clothes washer or dryer (12%).
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Appendix D lists the number of miscellaneous equipment units, by category, found in each building. For
all sites combined, the most numerous miscellaneous equipment categories are power (including external
power supplies, which are discussed in the following section), lighting, and computer peripherals. The
least numerous categories of plug-load miscellaneous equipment are money exchange and security. Figure
8 shows the relative numbers of each category of miscellaneous equipment, by type of building, and Figure
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9 shows the density of each equipment category, in number of units per 1000 ft* of floor area surveyed.

Figure 8. Miscellaneous Equipment Numbers, by Category and Building Type
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Figure 9. Miscellaneous Equipm ent Density, per 1000 f¥° Floor Area
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In Figures 8-11, some miscellancous equipment categories have been combined for easier comparison.
Specifically, we combined laboratory with medical and medical specialty, portable lighting with portable
HVAC, and networking equipment with computer peripherals; ‘other’ combines the categories of money
exchange, office miscellany, security, telephony, and utility/maintenance.

Not surprisingly, laboratory and medical equipment is the largest miscellaneous equipment category (in
terms of number of units) in health care buildings, and audio/visual equipment is a significant category in
education buildings. Networking equipment appears to be a smaller category in large offices; however, this
result may be because we did not have access to network closets in the two large offices in our sample.

Miscellaneous Equipment: Relative Energy Consumption

An inventory is a necessary starting point, but does not reveal the relative total energy consumption (TEC)
of ME found in our survey. For that we must first estimate the typical UEC of each type of equipment,
which, when multiplied by number of units found, yields an estimate of TEC. We were able to estimate the
UEC and TEC for over 70% (230 of 321 types) of ME found among buildings in this survey.

Typical unit energy consumption is the sum of the products of the power consumed in each power state
(unplugged, off, on, active) and the likely number of hours per year (or percent time) spent in each state.
We vsed data from previous metering projects and other available sources to estimate both parameters. In
some cases we found UEC estimates in the literature. To estimate power consumed in each power state, we
relied primarily on metering data by LBNL and others, online and published sources, and comparison to
similar devices for which we have data (AD Little 1996, Cadmus 2000, USDOE 1995, Wenzel 1997).

In all cases, for both power levels and vsage patterns, we recorded the basis of our estimates in order to
facilitate subsequent evalvation and revision of our estimates based on new information or assumptions.
To estimate the portion of time each type of miscellaneous equipment typically spends in each power state,
we used data on as-found power states collected in this survey, supplemented by educated guesswork and
personal experience. Here are some examples:

we assumed that refrigerators, freezers, and refrigerated vending machines are always on,

we estimated that microwave ovens in office lunchrooms are used 5 hours/week on average,

80% of VCRs found were on; we assume they are always on and estimated additional 10% usage,

60% of over 450 computer speaker pairs in our survey were found on; we used that data without

adjustment, assuming that speakers found off during our survey were virtually always off.

Of course, for each type of equipment, usage and UEC may vary depending on the setting in which it is
found. For example, a TV in a high school classroom is likely to be used less often that it would in a home.
Similarly, a coffee maker is likely to be used more often in a typical office than it would in a typical home.
Our UEC estimates apply to the buildings that we surveyed and do not necessarily apply in other situations.

We prioritized the considerable effort of estimating UECs by focusing on the most numerous and most
energy-intensive equipment types. Miscellaneous equipment for which we do not have UEC (and therefore
TEC) estimates include some specialized medical equipment and other equipment we could not meter and
for which we could find no power specifications. That we do not have estimates of power use for some
equipment does not mean that their consumption is insignificant, only that we were unable to estimate it at
this time. Examples of equipment for which we have no estimate (with the number of them found) are:

audio/visual category: video switch (9), power distribution & lighting system (5),

food & beverage category: hot beverage dispenser (4), steam trays (3),

peripheral category: keyboard/video/mouse (KVM) switch (27), pen tablet (17)

power category: battery backup system (3), power amplifier (2)
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For the 230 types of miscellaneous equipment for which we have estimates of both power consumption and
time spent in each power mode, it is a simple matter to calculate typical unit energy consumption and
(multiplying UEC by the number of units found) to calculate their total energy consumption. Obviously,
any error in the UEC estimate is compounded (multiplied) by the number of units found. Also, the more
power consumed and the more time spent on, the larger the potential error in our (absolute kWh) estimates.

Our UEC estimates ranged from 1 KkWh/yr for pencil sharpeners to 7,008 kWh/yr for kilns; TEC estimates
ranged from 1 kWh/yr (e.g., for one shaver) to almost 80,000 kWh/yr for 24 refrigerated vending machines.

Networking equipment in our survey, primarily ethernet hubs and switches, ranged from 1 to 80 ports each.
Our inventory distinguishes these equipment by the number of ports (e.g., we list the number of 12-, 16,
24-, 48, and 80-port hubs separately), but our estimates of UEC and TEC are based on the sum of all ports,
regardless of unit configuration. We found a total 2,120 ethernet switch ports and 451 ethernet hub ports.

Of the miscellaneous equipment for which we have UEC and TEC estimates, Table 8 shows the total
energy consumption of miscellaneous equipment according to our categories. The top 50 in unit energy
consumption are listed in Table 9 and the top 50 in total energy consumption are listed in Table 10.

The food & beverage category appears to dominate miscellaneous equipment in terms of unit energy
consumption; eleven of the top 15 equipment types in terms of UEC are in the food & beverage category,
which are shaded in Tables 9 and 10. The food & beverage category also dominates in terms of Zotal
energy consumption, accounting for half (50%) of total energy consumed. Table 10 shows that among our
survey of commercial buildings the top ten types of food & beverage equipment in terms of TEC are:

1) refrigerated vending machines 6) hot food cabinets

2) commercial refrigerators T coffee makers, residential models

3 commercial freezers 8) small (undercabinet) refrigerators

4) microwave ovens 9 room temperature vending machines
5) coffee makers, commercial or specialty 10)  wisi-coolers

While each ethernet switch port has a UEC of just 17 kWh/yr, the over 2,000 units have a collective TEC
of over 35,000 kWh/year, which suggests this equipment is a good target for energy efficiency measures.
We estimate that computer speaker pairs collectively account for almost 10,000 kWh/yr in these buildings;
because these units are seldom uvsed, their consumption represents a considerable energy savings potential.

Table 8. Tetal Energy Consumption of Miscellaneous Equipment, by Category

Miscellaneous Equipment Category TEC (kWh/yr) % of Sum

food/beverage 354,406 50%

laboratory/medical 72,583 10%

networking 53,775 8%

audio/visual 43,036 0%

lighting, portable 42,417 6%

computer peripherals 35,549 5%

other (money exchange, security, specialty, utility/maintenance) 38,285 5%

hvac, portable 26,731 4%

power, including XPSs 26,079 4%

office miscellany 13,114 2%

telephony 7,616 1%

All Miscellaneous Equipment Found in Survey 713,591 100%
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Figure 10. TEC of Miscellaneous Equipment, Normalized by Floor Area (kWhiyr per 1000 f¥')
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Figures 8-10 show that although small offices have the lowest numbers of miscellaneous equipment, they
have the highest density, in both numbers and TEC, in all categories except audio/visual. This is consistent
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with Figure 2, in which small offices have the highest density of both office and miscellaneous equipment.

Figure 11. TEC of Miscellancous Equipment, as Percent of Building Type
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Table 9. Top 50 Miscellaneous Equipment Types, by Unit Energy Consumption

Note: Shading indicates equipment in the food & beverage category
Note: * dicates equipment for which we found and used published UEC values.

Miscellaneous Equipment Power Use (W) Estimated Usage (percent time) Unit Energy
Consumption
Category Type On Off On Off Unplugged (UVEC) kWhiyr

1 specialty kila] BOOOD 10% 0% 20% 7,008

2 food & beverage ftyet| * 5,884
3 food & beverage fteezer, commetcial *5 200
4 food & beverage hot food cabinet *4.700

5] food & beverage refrigerator, commercial *4,300

6 laboratory antoclave] 1500 0 30% 30% 20% 3,942

7 food & beverage visi-cooler *3 000

8] f[ood & beverage vending machine, cold beverage *331g

9 food & beverage ice maker| *2,167
10 food & beverage vending machine, room T snack] 205 100:% 0% 0% 1,796
11 food & beverage cofiee maker, commercial or specialty| 2593 6% 4% 20% 1,349
12 labomtory drying oven or steam incubator] 300 0 50% 50% 0% 1,314
13 food & beverage refripetated case *1,214
14 audio/visual LED display sign, networked 135 15 100% 0% 0% 1,183
15 food & beverage soda founmin pump or smoothie maker| 100 i3 100% 0% 0% 876
16 networking switeh, fiberoptic, 24 port 36 100% 0% 0% 841
17 food & beverage bottled water mp, hot & cold *799
13| food & beverage watet coolet, hot & cold * 709,
19 HYAC, porable ait cleaner * 761
201 utility/maintenance clothes washer| * 704
21 food & beverage tefrigetator, L (full-size) =701
22 food & beverage refriperator/freezer| *701
23 peripheral external drive, tape backup| 100 B0% 10% 10% 701
24 audinfvisual system control, rack-mount 7% 3 100% 0% 0% 692
25 audio/visual power/volume controller| 79 5 100% 0% 0% 632
26 HYAC, porable toom ait conditioner * 630
27] utility' maintenance elothes dryer * 6122
28 specialty bookshelves, mobile] 70 o 100% 0% 0% 613
29] wtility/ maintenance pump, water treatment chemical 70 O 100% 0% 0% 613
30 food & beverage reftigetator, M (apt-size) * 567
311 utility/ maintenance exhaust fan, industrial 125 1} 0% 30% 0% 8
32 laboratory refrigetator, 5 60 b 100% 0% 0% 526
33 laboratory freezer 60 0 100% 0% 0% 326
34] lighting, portable incandescent tracklight, 50 lamps each| 2000 o 3% % 0% 520
35 telephony phone/PBX centrex system| 55 5 100% 0% 0% 486
36 food & beverage coffee maker, residential model] 865 B 6% 63% 25% 450
37 food & beverage mictowave oven| 1620 3 3% N% 0% 447
38] medical specialty char per, suotion pump 50 3 100% % 0% 438
Ex peripheral disk aray 50 100% 0% 0% 438
40 networking tape diive] 100 0% 50% 0% 438
41] medical specialty stetilizer, hot bead 20 50% 50% 0% 394
42 audin/visual digital video camera 0 3 60% 40% 0% 378
43 networking routeq 40 100% 0% 0% 330
44 peripheral external drive, other 50 80% 20% 0% 350
43] medical specialry charger, defibrillaror 50 3 5% 3% 0% 335
46] HVYAC pormable heatet] 750 5% 48% 48% 328
47 peripheral external drive, hard disk 50 67% 5% 3% 232
48| food & beverage refripetator, 5 (undercabinet) *27
49 networking video processor, rack-mount 30 100% 0% 0% 263
50 lighting, pottable incandescent studio lamp, S00W 500 (] 5% G4 5 0% 260

Finally, we characterized the top 50 miscellaneous equipment types in Table 10 according to these broader
end-use or technology categories: electronics, heating, lighting, motors, and refrigeration. For equipment
that could belong in more than one of these categories, we categorized it based on iis primary technology or

consumption.

For example, refrigerated vending machines are a ‘refrigeration” end use, while room

temperature vending machines are ‘lighting;” microwave ovens and computer projectors are categorized as
‘electronics’ although they might alternatively be categorized as ‘heating’ and ‘lighting,” respectively.
Figure 12 shows the relative consumption of equipment in Table 10 according to these end-use categories.
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OO 1 Oyt R e

Table 10. Top 50 Miscellaneous Equipment Types, by Total Energy Consumption

Note: Shading indicates equipment in the food & beverage category

Miscellaneous Equipment number| Energy Consumption, kWh/yr

Category Type found| per Unit Total
food & beverage vending machine, cold beverage 24 3318 79,632
food & beverage refrigerator, commercial 18 4,300 77,400
networking switch, ethernet, total no. of ports 2120 17 35,285
food & beverage freezer, commercial 5 5,200 26,000
food & beverage microwave oven 53 447 23,675
specialty kila 3 7,008 21,024
lighting, portable fluorescent undercabinet lamp, ave 24" 626 33 20,833
food & beverage coffee maker, commercizl or specialty 15 1349 20,241
laboratory autoclave 5 3,942 19,710
food & beverage hot food cabinet 4 4,700 18,800
food & beverage coffee maker, residential model 39 450 17,542
food & beverage refrigerator, small (undercabinet) 50 277 13,860
food & beverage vending machine, room T saack 7 1,796 12,571
food & beverage visi-cooler 3 3,900 11,700
HVAC, portable heater 33 329 10,841
power plug-in power supply (FIFS), attached 878 11 9,999
peripheral computer speakers (pair) 464 21 9,836
food & beverage refrigerator, M (apt-size) 17 567 9,641
food & beverage bottled water tap, hot & cold 12 799 9,588
food & beverage ice maker 4 2,167 8,068
HVAC, portable air cleaner 11 76l 8371
networking touter 23 350 8,059
lighting, portable  incandescent desk/table lamp, 75W ave 99 78 7,722
peripheral external drive, tape backup 11 701 7,709
audio/visual VCR 113 64 7,214
audio/visual LED display sign, networked 6 1,183 7,096
medical specialty charger, defibrillator 21 335 7,036
andio/visual TV (all sizes) 130 53 6,941
audio/visual projector, overhead 68 96 6,524
peripheral projector, computer, 32 204 6,523
food & beverage fryer 1 5,884 5,884
laborato ry refrigerator, S 11 526 5,782
power UPS (uninterruptible power supply) 137 36 4,983
medical exam table w/ heated dmwer, 38 130 4,940
networking hub, ethernet, all sizes, total no. ports 451 11 4,938
office miscellany adding machine 81 58 4,730
medical charger, oto/opthalmoscope 116 39 4,573
telephony phose, powered 98 42 4,116
peripheral external drive, hard disk 13 292 3,796
office miscellany typewriter 32 116 3,700
medical specialty vital signs moaitor 24 153 3,679
specialty bookshelves, mobile 0 613 3,679
HVAC, portable fan, medium (8-16" diam) 56 62 3,495
audio/visual system control, rack-mount] 5 692 3,460
food & beverage refrigerator, L (full-size) 4 701 2,803
medical specialty sterilizer, hot bead 7 394 2,759
medical exam light 87 31 2,714
networking video processor, rack-mount 10 263 2,028
laborato ry drying oven or steam incubator 2 1314 2,628
periphemal external drive, other 7 350 2,450
SUM 607,780
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Figure 12. End-Use Breakdown of Top 50 Miscellaneous Equapment Types, by TEC
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External Power Supplies

Figure 13 shows the types of equipment we found with external power supplies, the number of units of
each equipment type that had an XPS, the type of power supply (ILPS or PIP3), and the minimum percent
of each equipment category that had an XPS. It is a minimum value because although we tried to record
every occurrence of an XPS we did not capture all of them.

The most numerous XPSs were among computer speakers, LCD monitors, fluorescent desk lamps (whose
PIPS included a magnetic ballast), powered phones (including conference and speaker phones), laptop and
PDA docking stations. The highest percentage of units with XPSs were among powered phones,
fluorescent desk lamps, laptop and PDA docking stations. ILPSs were prevalent among LCD monitors and
laptop docking stations, while PIPSs prevailed among computer speakers, fluorescent desk lamps, powered
phones and PDA docks. Equipment among which we found both ILPSs and PIPSs (though not on the same
unit) were computer speakers, powered phones, PDA docks, inkjet printers, thermal printers, and scanners.

Figure 13. External Power Supplies: Number, Type and Frequency
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Conclusions

For all buildings combined, the average plug-load equipment density in units per 1000 gross fi*, was about
9 for office equipment and 14 for miscellaneous equipment, for a sum of about 23 units per 1000 gross ft*.
Educational buildings, where large floor areas are devoted to classrooms, had the lowest density of both
office and miscellaneous equipment. However, two-thirds of computers and monitors found in educational
buildings (and thus most of the energy savings potential) were concentrated in computer-based classrooms.

Among offices only (for which we were able to estimate number of employees, or occupants), the average
equipment density, in units per employee, was approximately 3 units of office equipment and 6 units of
miscellaneous equipment per employee, for a sum of about 9 electrical plug-load devices per employee;
note that this includes equipment found in common areas such as kitchens, print centers, and utility closets.
Because we have not attempted to estimate equipment density before, these data represent a baseline for
reference and comparison with future data.

Office Equipment

A good overview of our results regarding office equipment power states is provided by Figure 3 (page 10),
which allows a visual comparison of the percent of units found on, in low power, or off, by equipment type.
Power management, indicated by the middle segment of each bar, is most successful among monitors and
laser printers; and least successful among desktop computers, inkjet printers, copiers, and fax machines.
Turn-off rates, indicated by the right segment of each bar, are highest (= 40%) among integrated computer
systems, copiers, and scanners; and lowest (< 20%) among laser printers, LCD monitors, and MFDs.

This is the first field study in which we analyzed the effect of computer power state on monitor power state.
Only 6% of desktop computers in this study of commercial buildings were found in low power, and only
53% of those that were on successfully initiated power management in monitors. Computers in homes
(where fewer are networked) may have higher enabling rates, but we have no data from residences. Clearly
there is significant room for improvement in power management of computers, and more data are needed to
identify the parameters that affect the ability of computers to power manage themselves and their monitors.

In contrast, 96-98% of monitors connected to computers that were not on were found in low power, 50 a
very high proportion of monitors are ENERGY STAR compliant, or capable of power managing themselves.

This report presents evidence of the growing use of laptop computers. Because of their inherent portability,
accounting for laptops is difficult, especially during an after-hours survey, but our conservative estimate is
that laptops comprise at least 10% of the non-server computers in our sample. We also estimate that
laptops outnumbered desktop computers at two sites: one medium and one large office. To the extent that
relatively energy-efficient laptops are replacing desktop computers, significant electrical energy is saved.
However, more work is needed to characterize laptop usage patierns and energy consumption, which can
vary widely depending on how often they are used when plugged in and how often the batiery is charged.
Laptop power state data from this survey can be vseful in developing a typical unit energy consumption for
laptop computers, but needs to be supplemented by data not available from after-hours surveys.

LCD monitors, which use significantly less energy when on than CRT monitors, are also penetrating the
market. They outnumbered CRT monitors at two of the twelve sites in our sample: a medium office and a
university classroom building. In contrast, we found no LCD monitors at three sites: two high schools and
a large office. We expect the market share of LCD monitors to continue to grow as older CRT monitors are
replaced and L.LCD monitor technology improves and becomes more affordable due to economies of scale.
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For both types of education buildings in our sample (high schools and university classroom buildings), two-
thirds of computers and monitors found were in “computer labs,” or classrooms with a 1:1 ratio between
computer workstations and chairs.” Some university computer labs had LCD monitors, but all the high
school computer labs we visited had CRT monitors, many of which were found on after-hours. With so
many workstations located in one room, and (presumably) controlled by one or very few instructor(s), we
suggest efficiency efforts in high schools focus on reducing pow er consumed by equipment in these rooms.

Among our sample of printers, 46% were laser and 34% were inkjet. The turn-off rate was twice as high
(309%) for inkjet printers as for laser printers (15%); inkjet printers are more likely to be turned off than
laser printers because they are much less likely to be networked. Among laser printers, 77% had power
management delay settings of 30 minutes or less, and only 5% were disabled (i.e., set to “never”). This
indicates a high market penetration for ENERGY STAR laser printers; however, for reasons discussed above
(including error messages and after-hours network use), the actual PM rate for laser printers is lower than
indicated by PM delay settings. Nevertheless, the 2003 PM rate of 60% for laser printers is higher than the
2000 PM rate of 53% for monochrome laser printers, suggesting improvement in actual PM rates.

Eighty percent (80%) of multi-function devices that we found used laser imaging technology; the other
20% were inkjet. For both types, the average tum-off rate was about 20%, and the average PM rate was
30%, significantly lower than the 56% PM rate for MFDs observed in 2000. Power management rates
among MFDs are important because MEFDs appear to be replacing copiers in the workplace; the ratio of
digital copier-based MFDs to copiers rose from 1:3 in our 2000 survey of office equipment to 2:1 in the
2003 survey reported here. However, while most MFDs can also fax, print, and scan, we did not observe a
corresponding decrease in the relative number of fax machines, printers and scanners.

Miscellaneous Equipment

The inventory and energy consumption estimates of miscellaneous plug-load equipment presented in this
report represent a first step toward characterizing the electrical demand of this large end-use category.
Miscellanecus equipment outnumbered office equipment in our sample by a factor of almost two to one.
While some energy-intensive devices, such as commercial refrigeration equipment, have been the target of
efficiency efforts, including ENERGY STAR labeling, other less consumptive but more numerous devices,
such as networking equipment and external power supplies, may offer significant energy savings potential.

According to our system of taxonomy, by far the most numerous category of miscellaneous plug-load
equipment was ‘power,” including power strips, surge suppressors, and external power supplies. The
second most numerous category was ‘lighting,” particularly undercabinet and compact fluorescent lamps,
and the next most numerous category was computer ‘peripherals,” 52% of which were computer speaker
pairs. However, the numbers of each type of equipment do not necessarily reflect their relative energy
intensity. The next step was to estimate typical unit energy consumption for the most common types of
miscellaneous equipment, and begin to sort out their relative contribution to plug-load end use.

We were able to derive UEC estimates and calculate TEC for just over 70% of the types of ME found in
our survey. Among miscellaneous equipment for which we have TEC estimates, equipment types with the
top 50 TEC account for 85% of the total TEC—about 608K of 714K kWh/year, respectively. The food &
beverage category accounts for 50% of the estimated (714K kWh/yr) TEC for all miscellaneous equipment
devices. This category includes refrigeration equipment (freezers, refrigerators, vending machines) that are
always on, as well as ubiquitous and frequently-used devices such as coffee makers and microwave ovens.

* We do not necessarily assume a 1:1 ratio between chairs and people; occupancy rates may vary between classes.
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Future Work

The low rate of power management in desktop computers causes concern and deserves further investigation
to ascertain barriers to computer power management as well as the most effective ways to mitigate them.
One possibility wonld be to conduct more in-depth case studies in several types of buildings to identify
specific institutional or technological impediments and evaluate the efficacy of various counter measures.
Increasing power management among PCs would yield significant savings in both computers and monitors.

The increasing use of laptop computers makes it important to characterize their unit energy consumption.
This would likely involve visiting offices during working hours and asking laptop users about their usage
patterns, including how often the laptop is powered from a wall outlet and how often the battery is charged.
It would also be useful to estimate the extent to which laptops are used in addition to or instead of desktops.

Results of this study point to the savings potential among computers and monitors in computer classrooms.
We should improve our assessment of computer usage patterns in schools and develop effective strategies
for realizing these savings. It would then be possible to implement prospective energy-saving measures in
several computer classrooms and schools, and conduct follow-up surveys to evaluate their relative efficacy.

It would be useful to supplement these survey results with automated, network-based collection of data
regarding usage patterns and power management settings of computers, printers, fax machines, and MFDs.
While the former provides more detail, the latter yields significantly more data over longer periods of time.

Now that we have UECs for most common types of miscellaneous equipment, it would be possible to
calculate their relative energy intensity among all buildings in our sample, or between types of buildings.
Given utility bills for an individuval building, we could work with building managers to estimate the portion
of building energy load attributable to miscellaneous plug-load and to identify energy saving opportunities.

Additional after-hours building surveys could improve our understanding of office equipment vsage and
miscellaneous plug loads. Surveying a single building more than once (e.g., at weekly, monthly intervals)
would help vs to assess the robustness of the results from a single survey. The representativeness of our
office equipment sample would be improved (compared to CBECS, for example) by visiting more large
offices, and the completeness of our miscellaneous equipment inventory could be improved by ensuring
that we survey their common or service areas such as network, phone and other utility closets.
Furthermore, now that we have a baseline inventory of miscellaneous equipment, additional surveys and
device metering would enable us to track changes in numbers and types of miscellancous equipment, as
well as their after-hours power status, and begin to characterize the typical ‘plug-load profile’ for various
types of buildings.
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Appendix A: Building Descriptions
Site A

University classroom building, Atlanta GA

Urban, downtown campus; 4-story, circa 1970

Area surveyed includes chemistry and compuier laboratory/classrooms, faculty offices, lecture hall, lobby,
and storage.

Site B

Medium office, Pittsburgh PA

Headquarters of a national non-profit organization

Suburban office park, 3-story, new in 2002

Area surveyed includes computer lab/shop, conference, cubicles, custodial, kitchen, lounge, network closet,
offices, print/copy centers, reception, server room, shipping & receiving.

Site C

Large office, Atlanta GA

National headquarters of an internet company

Midtown office building, 8-story, circa 1970s

Area surveyed includes customer call center, computer classrooms, break room, conference, cubicles,
.offices, and print/copy centers.

Site D

Urban high school, CA

3-story main building, new in 2001

Area surveyed includes administrative offices, andio/visual studio, bookroom, classrooms, computer
classrooms, conference, library, teachers lounge, network closet, print/copy center, utility/mechanical.
Most computers are found in a few rooms, including computer classrooms and the library.

Site E

Medium office, Atlanta GA

Branch office of an international consulting firm

One floor of a 1990s suburban office tower

Area surveyed includes break room, conference, cubicles, lounge, offices, print/copy centers, server room.
This office had a high percentage of laptop computers, which must be locked up or taken home at night.
Only administrative staff have desktop computers, which are left on at night for backups and updates.

Site F

Urban high school, Pittsburgh PA

3-story main building, remodeled in 1990s

Area surveyed includes auditorium, cafeteria, classrooms (including art, band, langnage, computer
classrooms, conference, library, teachers lounge, network closet, offices, storage, and A/YV workroom.
Most computers are found in a few classrooms and the library.
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Site G

Outpatient clinic, San Francisco CA

10-story urban medical campus building

Area surveyed includes conference, cubicles medical labs, library, lounges, exam rooms (including E/N/T,
general medicine, ophthalmology, pediatric), nurses stations, offices, patient registration, phone bank,
medical utility, treatment rooms, and waiting. Each exam and treatment room had a computer/monitor.

Site H

Medium office, Atlanta GA

Information services department of a university

6-story urban campus building, circa 1970s

Area surveyed includes break room, conference, copy/print center, cubicles, custodial, lounge, network
closet, offices, server room , and utility/mechanical.

Site J

Medical office building, Pittsburgh PA

Suites of physicians in private practice

5-story suburban building,

Area surveyed includes break room, conference, exam rooms (including cardiology, E/N/T, endocrinology,
ophthalmology, sleep disorders, urology), kitchen, labs, offices, server room, storage, utility, and waiting.

Site K

Small office, Pittsburgh PA

5 small businesses in 3 different suburban buildings

Area surveyed includes break room, conference, copy/print center, cubicles, electronics shop, network
closet, offices, server room , and storage.

Site M

Large office, Pittsburgh PA

Corporaie headquarters of a major manufacturer

Urban dow ntown office building, 6-story, new in 2001

Area surveyed includes conference, copy/print centers, cubicles, kitchen, lounge, health center, offices.
Many employees in this office use laptop computers. Company policy is to turn monitors off at night (to
prevent fires); special permission is required to bring in or use small appliances (fans, heaters, lamps, etc).

Site N
University classroom building, Atlanta GA
Urban, downtown campus; 4-story, circa 1960

The area surveyed included computer laboratories and classrooms, other classrooms, and offices of faculty,
staff, and graduate students.
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Appendix B: Flowchart for Auditing Desktop Computer Power State
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Is the power No No Do 1ot 4
indicator light | P Isthe computer plugged in? < It no_trecor
illuminated? *
lYes
No .
Doyou hearthehard | g1 Record it as
Yes drive or fan? off.

lYes

p| Isthereanimageon | ) Recorditas

the monitor? on.

l No A
No

Is the monitor off?

lYes

Turn it on. Is there an
image on the monitor?

lNo

L] Take a measurement with the clampmeter.
Record the mode and range.

'

Perform a wake function. Note any
indicators that the state is changing.

!

Take another measurement with the No
clampmeter in the same location. Has
the mode changed by more than 30%7?

Yes

Yes

p| Record it as
in low power.
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Category

audio/visual

food & beverage

hvac, portable

laboratory

lighting

medical

medical specialty

money exchange

networking

office miscellany

peripheral

pover

security

specialty

telephony

utility/maintenance

Appendix C: Miscellaneous Equipment Taxonomy

Equipment Type (not an exhauvstive list)

television, video cassette player/recorder, overhead projector, andio amplifier, compact disk andio
device, digital video disk device, slide projector, video moaitor, andio mixer, andio tape device, LED
display sipn, receiver, speaker, toaer, digital video camera, video conferencing device, microfilm
viewer, scan converter, public address sysiem, set-top box

microwave oven, refrigerator (all sizes), coffee maker, toaster/toaster oven, vending machine,
hot/cold bottled water tap, hot pot'kettle, water cooler, freezer, hot beverage dispenser, hot food
cabinet, ice maker, coffee prinder, drizking fouatain, fryer/griddle, steam trays, visi-cooler, meat
slicer, mixer, soda fonatain pump, blender, refrigerated case

fan, heater, air cleaner, room air conditioner

scale, spectrophotometer, tabletop centrifuge, temperature mounitor, lab refrigeraior, microscope,
amtoclave, shaker/stirrer, lab freezer, hot plate/warmer, drying oven, timer

fluorescent nndercabinet lamp (by size), desk/table/floor lamp (by lamp type and power use),
incandescent spotlight or stedio lamp, decorative lamp, strand or cable lights, flnorescent light box,
incandescent or halo gen track light or recessed lamp, exterior fluo rescent sign

oto-opthalmoscope charper, exam light or headlamp, x-ray light box, exam chair or table, body scale,
hospital bed, ntensil sterilizer, blood pressure monitor, IV cart

vital signs monitor, respirator, defibrillator charger, EKG machine & accessories, pulse oxymeter, eye
chart projector, lensmeter, glucometer charger, hot bead sterilizer, suction pump charger, hearing test
device, retinal scanner, fundus camera, hyfrecator, sonoscope

credit card reader, cash register, bar code scanner, change or stamp vending machine

modem, router, hob, printer hub, switch, priat controller/server, video processor, wireless access
point, andio/video modulator, tape drive, broadband distribution amplifier, driver

clock and/or radio, boombox or compact ardio system, pencil sharpener, adding machine, shredder,
typewriter, stapler, postage meter or scale, hole punch, laminator, time stamper, binding machine,
microfiche reader

computer speakers (pair), laptop docking station, personal digital assistant dock, computer projector,
keyboard/video/mouse switch, external drive (CD, zip, hard disk, tape backup), pen tablet, digital
whiteboard,

power strip, surge protector, PIPS, ILPS, uminterruptible power supply, charger (for laptop computer,
cell or cordless phone, powertool), power conditioner, battery backop system

badge reader, book demag netizer, shophfting sensor, article surveillance system
pottery wheel, mobile bookshelves, oscilloscope, shrinkwrapper, bench wheel, soldering iron

conference or speaker phone, answering machine, 1atercom, phone swiich, phone jack or box,
dictation machine, PBX phone line converter, voice contro] box, switchboard phone, integrated voice
S5erver

vacunm cleaner, floor polisher, dishwasher, 1ltrasonic cleaner, water purifier, clothes washer or dryer
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Appendix D: Miscellaneous Equipment Numbers, by Category and Site

Sorted in descending order

sile code
bldg type

ME Category
power
lighting
plug-in power supply
peripheral
audiofvisval
office miscellany
medical
in-ling power supply
food/beverage
networking
telephony
medical specialty
hvac, portable
laboratory
tility/maintenance
specially
Mmoney exchange
security
sum

G

medical

114
8
9

1l

1119

M

C

H

F

Loffice Loffice Moffice school

20
22
123
1M
Iy
68

n

205
17
2l
150
!
b

16
15

§
15

13

1
§33

174
158
11
125
§
M

69
3
18
2%
2

1

810

5
7
M
8
14
38

27
it
B
19
/
1

b
13
3

1
638

K

Soffice Moffice medicel Moffice school

167
52
$
§1

1
§6

3l
33
46
10

L
4
4
3

644

E

§7
17
T6
§7
§
18

29
4
3l
20

5

2

59

J B A D N All
school  school

Sum
64 139 36 44 §6 1393
51 15 8 10 20 1046
35 58 60 y! 42 9%
9 118 36 30 4 883
) ) 63 90 PRI Y
36 86 9 3 19 481
76 474
56 10 95 13 44
3l U 19 30 14
]l 6 4 11 11 264
§ 12 ] 1 § 133
0 r)
11 b ] 20 4159
10 03 118
) 4 9 8 4 52
3 | 9 | 44
) 6 ] ] 1
| 2 6
M9 30 414 315 289 7668

Note; Plug-in and in-line power supplies are listed separately, but are actually part of the power category
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Reducing Office Plug Loads through Simple
and Inexpensive Advanced Power Strips

lan Metzger Michael Sheppy Dylan Cutler
Member ASHRAE Member ASHRAE
ABSTRACT

As efficiency pains are made tn buildmg Sebting and HV AC systerms, plug loads become a preater perventage of brrldmg enerpy sse and munst be
addressed to meet energy goalk. H1AC and behting systems are larpeled becapse they are ypreally the bighest enerpy end nses, but plug lboad
reciiction and control shonld be considered as part of a comprebensive approach to energy redhiction. In a minimally code compliant office building,
P loads typically arconnt jor 25% of the total electrical load. In an witra-efficient office brilding, plug loads are typically one of the last end wies
to be consigered for enerpy comservation and, as a resull can acconnt for more than 50% of the total electrival load (Lobate et af 2071) Pl
bad efficiency strategres are different than other building efficiency strategies becawse they mvolve relatively small bads distributed throughost a
building. These loads typically move arownd in the budlding when office confignration changes are made so these loads may shift between circmits
over time. C vially avarlabk advanced power strips (AFS) can be used to mitigate wasted eneryy from most plug loads and i many ases,

can have @ retrn-on-myesiment of approximately twe years or less. In recent techrology demonstrations, daia from ocoibancy sensors trackng phug
load reductions with occupancy bave shown energy-saving potential jor both business and nonbusiness bowry, Alse, dense panel-level sub-retering
bar been wsed to guantify whole-building receplacle cirenit enerpy consumption, energy Savings, and return on invesiment for the wholk building
Receptarle-fevel metering bas been ssed 1o show the phig load energy consumption of tndkvidial devices and workstations. This paper docsments the
process (and resuits) of applying advanced power strips with varions controf approaches,

INTRODUCTION

Adwvanced power strips (APS) have been tested in numerous demonstration projects and wide-scale deployments.
Basic mechanical schedule timers have been commercially available for a long time, while newer electronic, logic-based
controls have started becoming commercially available over the past three to five years. There are an abundance of APSs
that offer a variety of complexity, control strategies, data collection abilities, and costs. Some APSs come with a web-based
dashboard that allows users to implement and change control strategies, as well as look at the real-time energy consumption
of plug loads in their buildings. This centralized, web-based approach to plug load management is nowvel because
conventional plug strips typically have to be configured and controlled locally.

Plug load energy savings are achieved when the device is either transitioned to a low-power state, or it is de-energized
to eliminate the power draw. Both can be executed either manually or automatically. A low-power state is between a de-
energized state and a ready-to-use state, such as standby, sleep, hibernate, and “off” state with parasitic power draw. A de-
energized state is when electricity is not being provided to the dewice, such as physically disconnecting or unplugging the

power cord from an electrical outlet.

lan Metzger, Michael Sheppy, and Dylan Cutler are engineers at the U.S. Department of Energy National Renewable Energy Laboratory,
Golden, Colorado.

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.
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Commercially available APSs offer a variety of control approaches, including manual control, automatic low-power
state, schedule timers, load-sensing, occupancy, and vacancy. ‘This paper describes each control approach in more detail

and presents multiple case studies demonstrating plug load controls.

Manual Control

Built-in power buttons, shutdown procedures, or switched power strips are among the most common manual controls
for plug loads. Switches, whether built into a dewice or on a power strip, provide a quick and easy manual method of
powering down electronics. Other devices, such as computers, may have a shutdown procedure that users must perform to
shut down the device. For some devices, manual control is the best or only method. The energy savings potential for this

type of control depends entirely on user behavior.

Automatic Low-Power State Control

Built-in automatic low-power state functionality, such as standby or sleep, can often be a very effective energy saving
approach. Idle time can be monitored by internal processes, causing the device to power down to a low-power state when
it has been idle for a given period of time. Automatic low-power states provide limited control but are often the most
accessible (and inexpensive) and effective when configured correctly. The prime example of this type of control is a
computer entering a “sleep” mode. One hurdle with low-power state control is ensuring that the information serwices
departments are enabling the appropriate settings and utilizing newly available updating techniques (such as wake-on LAN)

to enable both low-power states and effective business operations.

Schedule Timer Control

Certain dewices are used during the same times each day or at regular intervals, causing them to have predictable load
profiles. Predictable plug loads can be effectively managed with schedule timers, which apply user-programmed schedules
to de-energize and energize the device to match its pattern of usage. A schedule timer control can take multiple forms,
such as electrical outlet timers, power strips, or centralized circuit controls. Schedule timer controls are generally

straightforward, consistent, and reliable, but target only the energy that is wasted during nonbusiness hours.

Load Sensing Control

A device, such as a computer, may operate in conjunction with other devices, such as a monitor or other peripherals.
Load-sensing control automatically energizes and de-energizes secondary devices (e.g., monitor or other peripherals) based
on the “sensed” power load of the primary device (e.g., computer). If the primary device goes into a power state below a
given threshold, the load-sensing control can power down the secondary devices. Load-sensing control may save more
energy than scheduling control because it can reduce energy use during business and nonbusiness hours. However, it is a
more complex control approach and relies on the built-in automatic low-power state functionality in the primary device.

Occupancy Control

Plug load energy savings are accomplished when devices are de-energized or transitioned into a low-power state when
not in use, which for many instances, can be determined by whether or not the occupant is in the vicinity of the device.
Occupancy control energizes plug loads only when users are present and de-energizes them when the space is vacant. This
approach pinpoints the main source of wasted energy at workstations and has a high energy savings potential because it
reduces energy use during business and nonbusiness hours. However, it is a more complex control, and depends on proper

sensor placement and sensitivity.

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications. 2
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Vacancy Control

Currently, wacancy control is not commercially available for plug loads but is commonly implemented in lighting
controls because it effectively reduces energy. Wacancy control is a slight modification to occupancy control; it energizes a
plug load when it receives manual input from a user and de-energjzes the plug load automatically based on lack of
occupancy. Flug loads that are needed only when users are present (e.g, task lights, monitors, and computers) would be
good applications of wacancy control. ‘This approach also has the highest potential for energy sawings at workstations
because the plug load will stay in a de-energized state until a user manually energizes the device, thus eliminating the wasted
energy associated with false positives.

OCCUPACY CONTROL CASE STUDY

A demonstration project of plug load occupancy control was conducted at the .S Environmental Protection Agency
(EPA) Region 8 Headquarters located in Denwer, Colorado, from February 2011 to June 2011. This research study was
undertaken in an effort to identify effective ways to reduce plug load energy. A centralized occupancy control approach
was implemented on a sample of 126 occupant workstations in the building, to de-energize circuits feeding groups of six or
eight cubicles. An automated energy management system de-energized the circuits when all cubicles in a group were
unoccupied for a given period of time. This demonstration project also examined the influences of behavioral change on
plug load energy consumption, which is not discussed in this paper.

A four-week baseline was established to quantify normal operating conditions. Occupancy controls were enabled to
de-energize plug load circuits after 15 minutes of no occupancy in a group of cubicles. Energy savings of the occupancy

controls were quantified by comparison to the baseline.

Energy Savings Results

The study found that the occupancy control was an effective method for reducing plug load energy consumption.
Figure 1 shows workstation occupancy rates were found to be significantly less than building occupancy rates, contributing

to the high energy savings potential of occupancy controls during business hours.

Comparison of Average Workstation and ASHRAE Occupancy Profiles
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Figure 1 Comparison of the average workstation occupancy rates observed during the demonstration project
compared to the ASHRAE occupancy profiles for buildings. (Credit: [an Metzger, NREL)

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications. 3
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The measured occupancy rates of approximately 50% during business hours confirm that control devices with the
ability to track occupancy will have a higher energy saving potential at workstations. Other studies conducted by the U.S.
General Services Administration (GSA) show that occupants are only at their workstations approximately 30% of the day
during business hours. Energy savings for the occupant controls relative to the baseline for the 126-person test group are

presented in Table 1.

Table 1. Occupancy Control Energy Savings Results

Plug Load Control Approach Percent Energy Reduction from Baseline

Occupancy Control 21%

Energy savings were found to be significant during both business and nonbusiness hours. Occupancy control was
found to hawve higher energy savings than the behavioral change methods examined in the demonstration project. It is
important to note that only workstations were examined in this demonstration project. Shared equipment in common areas
(e.g., kitchens, break rooms, print rooms, conference room, etc.) were not included in this study. Higher energy savings are

conceivable if all office plug loads are controlled appropriately.

Lessons Learned

Collecting occupancy data can be a sensitive issue, which may require protocols to be followed that would ensure
occupant anonymity could be maintained. Anonymity is typically required for field research and should be included in
dashboard interfaces for displaying data.

Installation of the control and submetering system took longer and was more costly than expected. The wired
installation of the control system and communications were very cumbersome and complex. Wireless communications and
controls with “plug and play” installation are expected to have less complexity, are quoted at lower costs, and are currently
commercially available. However, wireless communication reliability can be an issue and cyber-security at federal facilities
will be a hurdle for all dashboard and data storage submetering systems. It is often more efficient to set up an independent
wireless network for the submetering system.

Developing the appropriate plug load management process can have a significant influence on the success of energy
reduction goals. This may include behavioral change mechanisms, control systems, or other policies. Establishing a
program champion, developing a business case, benchmarking, identifying occupant needs, selecting equipment, controlling
equipment schedules, institutionalizing reduction measures, and promoting occupant awareness can all be critical steps in

the process.

SCHEDULE TIMER AND LOAD-SENSING CASE STUDY

A demonstration project of plug load schedule timer and load-sensing control with APS was conducted by GSA's
Mid-Atlantic Region. According to several energy assessments of GSA’s buildings conducted by the National Renewable
Energy Laboratory (INREL), plug loads account for approximately 21%0 of the total electricity consumed within a standard
GSA office building (Metzger et al., 2012). This project tested the effectiveness of two types of plug load control strategjes:
schedule timer control and load-sensing control. An AFS that prowided both control approaches and submetering was
deployed in seven GSA field offices.

This study aimed to measure the holistic energy consumption of an office, including shared equipment and common
areas, such as break rooms and print rooms. Overall, 295 devices were monitored during the study, which consisted of a

baseline and two subsequent test periods, each 4 weeks long,

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications. 4
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Energy Savings

The study found that the schedule timer control was an effective method for reducing plug load energy consumption
in all space types, but most notably in the common areas, such as print rooms and break rooms. ‘Table 2 shows the energy

savings from schedule timer controls for different space types in a typical office environment.

Table 2. Schedule Timer Control Energy Savings Results by Space Type

Space Type Percent Energy Reduction from Baseline
Workstation 2650
Print Rooms 50%0
Break Rooms 46%

Load-sensing control was only found to be moderately effective at reducing, plug, load energy consumption. The low
energy saving results at workstations was attributed to the fact that GSA computers were being controlled by a centralized
computer power management system. Computer power management is an example of automatic low-power state control.
This centralized systemn was already putting computers and monitors into low-power states, therefore limiting the energy
savings potential for this demonstration project. It should be noted that this can be a low/no-cost measure that, propetly
implemented, can effectively control computer power consumption. Table 3 shows the energy savings from load-sensing

control for different space types in a typical office environment.

Table 3. Load-Sensing Control Energy Savings Results by Space Type

Space Type Percent Energy Reduction from Baseline
Workstation 4%

Print Rooms 32%

Break Rooms N/A

Lessons Learned

Although schedule timers were found to have higher energy savings, they were only able to achieve energy savings
during nonbusiness hours. In contrast, load-sensing control was able to achieve energy savings during both nonbusiness
and business hours, but relied on good occupant behavior or the proper computer power settings to put the computer in
sleep mode. In general, schedule timer and load-sensing controls are effective in saving energy for office equipment and can
be ecanomical if applied properly. The deployed APS had a manufacturer’s suggested retail price (MSRP) of §120 per plug
strip. Howewer, there are advanced plug strips on the market that incorporate these technologies and have an MSRP of
approximately $20 to $60, although these less expensive APSs typically do not provide submetering capability.

Submetering data are waluable in spotting wasted energy use, informing the future procurement of low-energy
equipment, and identifying equipment that is behaving ecratically (which is often a precursor to equipment failure). These
data are also valuable to building energy modelers, allowing them to more accurately model plug loads in a building.
Howevwer, the increased cost is typically not economical unless data are actively managed by onsite personnel. It was
difficult to set the load threshold for some equipment, such as computers and monitors. The complexity of the load-sensing
control resulted in instances where the equipment was being de-energized when the occupants needed them to be
energized. Occupant feedback indicated a lack of training/instruction with the devices leading to limited understanding of
their operation in some instances. Schedule timer controls are simple and easy to understand for users, which led to larger
energy savings in this study. Load-sensing control is more complicated and difficult to understand, leading to complaints
and disabling in some instances, which resulted in limited energy sawings. More detailed training and maintenance could

hawve made load-sensing control more effective.

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications. 5
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INEXPENSIVE SCHEDULE TIMER CASE STUDY

A demonstration project of simple inexpensive schedule timer control with APS was conducted at an office building
in Honolulu, Hawaii, from November 2012 through May 2013, The deployed APS could only be controlled locally, each
device had to be programmed individually, and no built-in submetering capability existed. Therefore, the programmed
schedule timer control was set to be mote conservative to accommodate the schedules of different users. This project
tested the effectivensss of schedule timer control deployed on a whole building rather than a small sample size as in other
demonstration projects. AFSs were deployed throughout the entire building, capturing all plug loads.

This study aimed to measure the whole building energy consumption of office plug loads using dense panel-level
submetering and calculated energy savings associated with inexpensive schedule timer controls. A total of 689 plug load

devices were monitored during the study, which consisted of baseline and test periods, each 4-0 weeks long.

Energy Savings

The study found that the schedule timer control is an effective method for reducing plug load energy consumption in
all space types and for all occupant types. Plug loads at the demonstration building are estimated to account for
approximately 22% of the whole building energy consumption. Figure 2 shows the whole building plug load average daily
usage profile, comparing the baseline to the schedule timer control. Energy savings are achieved only during nonbusiness
hours. Some wariation is observed during business hours, which is not attributed to the control dewices but an indication
that occupant behavior varied between the uncontrolled and controlled phases of the project. Occupancy and behavior are
uncontrolled variables; however, occupancy data was collected and used to normalize the energy data in an attempt to

remove the variability between the two phases.

Average Daily Profile = Overall Plug Loads
9000
— = Average Weekday (Uncontrolled)
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Figure 2 Baseline and APS schedule timer control plug load energy consumption profiles. (Credit: Michael Sheppy,

NREL)

Energy savings were analyzed by space type to identify applications with the highest energy sawings, for prioritized
deployment. Figure 3 shows the energy savings by space type. Print rooms, open offices, and hallways were found to have

the highest energy savings.

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications. 6
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Energy Savings By Space Type
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Figure 3 Energy savings by space type. (Credit: Michael Sheppy, NREL)

Measured data was extrapolated to predict annual energy savings using eQUEST energy simulation software
deweloped by the U.S. Department of Energy. Reduction in plug load energy consumption is expected to reduce the energy
required for the air conditioning system. Table 4 shows the modeled energy savings from schedule timer controls for

different energy systems.

Table 4. Schedule Timer Control Energx Savings Results by Space Type

Energy System Type Percent Energy Reduction from Baseline
Plug Loads 28%0
Alr Conditioning 5%
Whole Building 5%

Lessons Learned

Simple and inexpensive schedule timer APSs can be effective in whole building deployments. Howewer, schedule
timers are unable to capture energy savings during business hours when occupants are not at their workstations. These
devices are easy for the occupants to understand and operate, resulting in higher acceptability in wide-scale deployments.
Schedule timer APSs are typically inexpensive, approximately §20 or less MSRP, and can result in payback periods of less
than 2 years if applied properly.

CONCLUSION

Advanced power strips with various control approaches are commercially available and have been proven to save
energy. Howewer, selecting the appropriate control approach is critical to achieving maximum energy savings. Different
equipment types require different control approaches. For example, control approaches that track occupancy, such as load-
sensing, occupancy, and wacancy controls, should be applied to equipment found at workstations, such as computers,
monitors, and task lights. Schedule timers should be applied to shared equipment, such as printers, coffee makers, and

water coolers, but can also be effective at workstations as an alternative to automated computer power settings. However,

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications. 7
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it is also very important to understand the built-in capabilities of a device, such as automatic low-power states, and how the
built-in capabilities may interact with the control approach (e.g, load-sensing). In all cases, it is important for the occupant
to understand the purpose and operability of any APS. Therefore, education is paramount when considering the
deployment of advanced power strips.

Potential barriers for AFSs include: occupant acceptance, communications, lack of personnel time for analysis, and

complex controls in some instances. These devices may require operation and maintenance to update controls, manage

EN8045 -G1 General Comment

data, and troubleshoot incorrect operations and communication failures on a regular basis. All control strategies should
provide manual override to accommodate atypical times when a plug load device would not normally be in use (e.g., using a
dewice outside normal business hours). APSs may create a parasitic load, which must be included in the analysis of total
costs savings potential.

There is the opportunity for significant energy savings through appropriate deployment of APSs. These savings can
achieve very attractive returns on investment due to the low cost of certain APS devices. This has been proven with
schedule based control in two case studies discussed here. There is significant opportunity for more precisely tuned control
of'the plug and process loads utilizing occupancy or vacancy control, but a commercially available system that accomplishes
this effectively (both in effort and cost) has not been perfected.

Sub metering data are valuable in spotting wasted energy use and identifying equipment that is behaving erratically, but
the increased cost is typically not economical unless data are actively managed by onsite personnel. A more effective
feedback loop to the end users than the currently awvailable web dashboard approach will be necessary to achieve higher
levels of savings for submetering,

Research has been conducted on appropriate control approaches for different types of equipment and published

resources are available, such as Assessing and Reducing Plug and Process Loads in Office Buildings (NREL, 2019 and

Selecting a Control Strategy for Plug and Process Loads (Lobato et al, 2012). These documents provide a methodical

approach to assessing and determining the appropriate control mechanism for different plug loads. Selecting the
appropriate control approach and considering lessons learned from the presented case studies will help to make future

deployments more effective and increase plug load energy reduction in office buildings.
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Although commercial buildings continue to decrease their energy use throush more efficient
lighting, mechanical, and domestic water systems, the Miscellaneous Electrical Loads [MELs)
energy segment continues to rise. More and more electrical power consuming devices are
being plugged into building electrical systems. Some, such as fans, space heaters, printers,
maonitors, plug in lamps are left on, when spaces are unoccupied. Other devices may be left
plugged in and continue to draw power even when inactive or in standby modes. This wastes
energy and is counter to the energy efficiency aim of the IECC.

For mare than eight years, other energy efficiency codes have included automatic receptacle
control provisions to reduce the wasted energy including CA Title 24, Washington State Energy
Code, Florida Energy Code, and ASHRAE 90.1. The Annual Energy Outlook of 2015 from the US
ElA, indicate that these load categaries will grow from 36% of a commercial buildings energy
use, to 43% over the next 15 years.

Miscellaneous Electric Loads vs Total Building Energy Use

According to EIA Annual Energy Outlock (AEO, 2015), under business-as-usual scenario, contribution
of Miscellaneous Electric Loads (MELs, electric) to total building energy consumption is projected to
increase from 30% to 34% for the residential sector and from 36% to 43% for the commercial sector
for 2016 - 2030.

Miscellaneous Electric Loads in Buildings (2016 - 2030)
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This provision simply assures receptacle loads that are not needed when building occupants
leave high receptacle load use areas, are automatically turned off, saving the energy that would
otherwise be wasted. It requires that controlled receptacles clearly be marked as required by
NFPA 70, to eliminate user confusion of proper use, and provides good practice exceptions
where controlling receptacles would endanger safety and security, or areas of continuous
aperation.
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EN8045 -G1 General Comment

Expressed safety concerns where extensive use of extension cords and plug strips would be
used are unfounded. There are no documented studies validating this problem exists. Although
there are no requirements for receptacle density in commercial buildings, a design professional
will ensure there is an appropriate distribution of receptacles to effectively accomplish the
mission of the building. Thare's no evidence that the distribution of receptacle outlets and
controlling some of them has any adverse impact on the utility of this requirement.

Enforceability of this provision is straight forward for building departments and their inspectors.

Construction drawings indicate which receptacles are controlled and which are uncontrolled.
Onsite inspection will clearly show complying labelled receptacles and operation is easily varied
with the shut-off controls already in place with the lighting system.

There have been a considerable number of studies over the years that share the viability and
cost effectiveness of automatic receptacle control. Some noted here.

1. One study demonstrated effectiveness (e.g. Zhang2012) with simply payback on this type of
equipment between 1.5 and 9 years for small and large offices. This considers the most
comprehensive information on office plug load types, installation densities, usage patterns, and
power states based on field surveys and monitoring (Kawamoto 2000, 2001; Moorefield, Frazer
& Bendt 2011; Roberson 2002, 2004; Roth 2002, 2004; Sanchez 2007; Webber 2001, 2005).

2. A CASE initiative study for CA Title 24-2013 found that smaller office buildings (10,000 sqgft)
had an annual electrical savings of 4,900 kwh/year and a demand savings of 1.97 kW based on
installed costs and utilization of lighting control system elements already installed. The simple
payback was 4.2 years. For larger office buildings (175,000 sqft) the annual electrical savings
were 107,000 kwh/year and a demand savings of 23.6 kW for a simple payback of 2.4 years.

3. A GSA Green Proving Ground Program study conducted in 8 buildings with monitored
receptacle control found "Results underscored the effectiveness of schedule-based
functionality, which reduce plug loads at workstations by 26%, even though advanced
computer power management was already in place, and nearly 50% in printer room and
kitchens." In the study buildings, receptacle loads averaged 21% of building energy use and
monitored more than 295 devices over three different test periods to validate the findings. It
found payback through timer scheduled control of kitchens of 0.7 years, printer rooms of 1.1
years and miscellaneous devices in 4.1 years. At workstations, the payback was 7.8 years.

4. A study done on "Office Space Plug Load Profiles and Energy Savings Interventions" at the
University of Idaho and presented at the ACEEE summer Study in 2012 found that average
savings of 0.60 kWh/SF Yr. with plug strip control interventions. This study provided guidance
for utility programs to assist with development of plug load efficiency measures and was based
on a more detailed report, "Plug Load Profiles" (Acker, B. et. al. 2012).
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EN8045 -G1 General Comment

5. The DOE Better Buildings program issued a December 2015 "Decision Guides for Plug and
Process Loads Controls" to help educate and guide decision processes for effective receptacle-
based load control. It highlights that "Plug and Process Loads" account for 33% of the total
energy consumed by commercial buildings. It sites seven decision strategies including that of
integrated plug load controls with other building systems as one of the largest for energy

savings across most building types for whole-building retrofit and new construction categories.

6. A study performed “Advancing the Last Frontier: Reduction of Commercial Plug Loads”&
presented at the ACEEE summer study of 2016, indicated field study results demonstrating
savings of 19% when deploying plug in control strategies in office workstation environments.
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EN8045 -G1 General Comment

NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons
engaged in the development and approval of the document at the time it was developed. Consensus
does not necessarily mean that there is unanimous agreement among every persen participating in the
development of this document.

NEMA standards and guideline publications, ot which the document contained herein is one, are
developed through a voluntary consensus standards development process. This process brings together
volunteers and/or seeks out the views of persons who have an interest in the topic covered by this
publication. While NEMA administers the process and establishes rules 1o promote fairness in the
development of consensus, it does not write the document and it does not independently test, evaluate,
or verity the accuracy or completeness of any information or the scundness of any judgments contained
in its standards and guideline publications. NEMA disclaims liability for any personal injury, property, or
other damages of any nature whatsoever, whether special, indirect, conseguential, or compensatory,
directly or indirectly resulting from the publication, use of, application, or reliance on this document.

NEMA disclaims and makes no guaranty or warranty, express or implied, as to the accuracy or
completeness of any information published herein, and disclaims and makes no warranty that the
information in this document will fulfill any of your particular purposes or needs. NEMA does not
undertake 1o guarantee the performance of any individual manufacturer or seller's products or services by
virtue of this standard or guide.

In publishing and making this document available, NEMA is not undertaking 1o render professional or
other services for or on behalt of any person or entity, nor is NEMA undertaking 1o perform any cuty owed
by any person or enlity to someocne else. Anyone using this document should rely on his or her own
independent judgment or, as appropriate, seek the advice of a competent professional in determining the
exercise of reasonable care in any given circumstances. Information and other standards on the topic
covered by this publication may be available from other sources, which the user may wish 1o consult for
additional views or information not covered by this publication.

NEMA has no power, nor does it undertake 1o police or enforce compliance with the contents of this
document. NEMA does not certity, test, or inspect products, designs, or installations for safety or health
purposes. Any cerification or other statement of compliance with any health or safety-related information
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker
of the statement.
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NEMA WD ARCP 1-2016
Page 1

Automatic Receptacle Control to Meet
ASHRAE 90.1-2010 and California Title 24

Advances in building construction methodology and product technology have allowed for greater energy
efficiency in building design than ever before. In the recent past, HVAC and lighting presented the
greatest opportunities to reduce power consumption and conserve energy. Designers and
manufacturers have been implementing solutions targeting these systems. Office equipment,
appliances, and plug-in lighting loads are the next major area for potential reduction of energy use
through management and control. Today, much of what is plugged into a convenience receptacle is
uncontrolled. Based on data from the Energy Information Administration Commercial Buildings Energy
Consumption Survey of 2012, approximately 30% of the energy used in buildings is by loads that are
plugged in.

Commercial Buildings Electricity Consumption in the U.S.

Data Source: Energy Information Administration (EIA) Ci ciol Buildings Energy C

ion Survey (CBECS)

p

Both ASHRAE 90.10 and California Electric Code (CEC) Title 24 have identified receptacles as an area
requiring energy management and have incorporated explicit requirements for automatic control. They
target spaces in a building and require that half {50 percent) of the receptacles are controlled by an
automatic shutoff device. Most commonly, these are receptacles in personal offices, conference rooms,
and cubicle spaces. {Code excerpts shown at the end of the paper)
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Page 2

Below is a typical commercial office building floorplan.

In this example, 80 percent of the receptacles are reguired to be controlled; 20 percent are exempt.
Further analysis shows that most receptacles are located in the furniture systems or cubicles and
conference areas of offices. Receptacles are most often used to control task lighting, followed by
computer peripherals and personal devices [e.g., portable electronics, chargers, radios, heaters, fans,
etc.). The energy standard reguires some receptacles to be controlled. The intent is for the controlled
receptacles to provide power when needed by the occupant—that is, when the occupant is present—
and minimize wasted energy. Uncontrolled receptacles continuously supply power to equipment,
requiring them to be energized at all times. Most computer equipment utilizes a “sleep mode” to
optimize energy efficiency. Since the energy consumption on such a mode is very low, it is suitable to
keep these devices plugged in to uncontrolled receptacles. Other, more discretionary plug-in items such
as fans, heaters, and radios, if used, should be on only when the occupant is in the area, which results in
minimum power use.

Circuit Design: Good, Better, Best
ASHRAE 0.1 and CEC Title 24 require automatic shutoff control by a time-of-day device, an occupant
sensor, or an automated signal from another control or alarm system. It is up to the designer or building

engineer to select the most appropriate technigue to comply with the standard. Effectiveness and
flexibility varies for each of these technigues, as do the types of buildings.
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To better understand plug load, it is critical to examine how a particular building is used. Most
commercial buildings serve as work locations, which come alive with people and activity throughout the
day. Every building has prime use times {for example, 8 a.m. to 5 p.m.), with a reduction at night and
then a slight increase if nighttime cleaning is performed. With a 24/7 work environment, it may be
common to have variable hours, with people working earlier or later—not to mention weekends,
holidays, and occasional exceptions. Many of today’s buildings need to be more responsive to the
individual worker and modern work schedule.

A hardwired load controller can be placed in a series with a branch circuit at the breaker panel to control
power ta the circuits according to preset schedules. Such a controller can be added to the building with
minimal changes to the method currently used in circuit design. Either a remotely controllable circuit
breaker or remotely controllable relay in a box outside the panel can serve this purpose. Circuits are
typically routed conveniently through the building, properly sized to electrical needs and to maximize
the number of outlets on a circuit. As a result, however, one circuit may be used for multiple offices and
hallways, possibly unrelated to the way they need to be controlled. Office furniture is typically multi-
circuited, with at least two circuits per waork area, sometimes using isolated ground for computer use. In
this instance, using time-based control would facilitate area control but may limit the flexibility of set
times.

A sensor-based system, such as is commonly used for keeping lights off in unoccupied areas, can turn-off
plug loads when the area is unoccupied. Since one person may be at work late or on a weekend when
others are not present, ideally this occupant detection should resolve to a single person, not an entire
floor or work group. Typical receptacle circuit design may need to be altered for maximum occupant
benefit by limiting it to just a single-person area of use {i.e., only in the office or at the desk where the
occupant works). As a result, the power circuit may need to have fewer receptacles, requiring more
circuits. For new building construction, more branch circuits can be installed to enable greater control
flexibility. For retrofitting existing buildings, wirelessly controlled receptacles can deliver this flexible
cantrol.

Open cubicle areas require a different design. As open areas need to be controlled as a group, typically a
multiple-circuit control makes sense, similar to a time-based systam. It can also be triggered by an
overhead sensor, adding flexibility if the worker stays late or comes in on the weekend. Again,
individually controlled receptacles, rather than controlled branch circuits, provide maximum flexibility
and the best user experience.

Two Approaches for New Construction Applications

Controlled branch circuits may offer the use of two circuits for each duplex receptacle, where ane
receptacle is on one circuit and the other receptacle is on a second circuit {“split wiring”}. In this
situation, a wired load controller can control one receptacle, while the other receptacle is only
controlled by the circuit breaker {i.e., always left on and not controlled). Using split wiring for every
duplex receptacle will give the user the ability to plug into either a controlled or non-controlled outlet in
the same location. The occupant will have choice of continuous power or a controlled circuit in the same
location.

Choasing to run two circuits and control every other receptacle is another technigue. The requirement is
that a non-controlled receptacle be within & feet of a controlled receptacle.
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In either case, concern for user convenience needs to be considered to make sure there are enough
outlets to meet the plug-in needs of the occupant. Location is key.

Receptacle Markings

NEC has chosen the symbol O to indicate an automatically controlled receptacle. As non-cantrolled
receptacles never had an identifier, none is required. Both ASHRAE and the CEC require receptacles to
have a permanent marking. The installer may choose to add a permanent marking during construction.
There are pre-marked receptacles available from several manufacturers that comply with permanent
marking requirements.

The overall intent of the energy code and requirement is to minimize wasted energy and maximize
efficiency. The directive is to control plug loads through the management of selected outlets. How this is
done is left up to the property owner. It is impossible to say whether minimum compliance or a totally
integrated building management system is appropriate without understanding the building and its use.
Correct sizing in the design is paramount to proper automatic receptacle control.

Code Excerpts

ASHRAE 90.1-2010 and 2013

8.4.2 Automatic Receptacle Control
The following shall be automatically controlled:

a) Atleast50% of all 125 volt, 15 and 20 ampere receptacles in all private offices, conference
rooms, rooms used primarily for printing and/or copying functions, break rooms, classrooms,
and individual workstations

b} At least 25% of branch circuit feeders installed for modular furniture not shown on the
construction documents

This control shall function on
a) ascheduled basis using a time-of-day operated control device that turns receptacles off at
specific programmed times—an independent program schedule shall be provided for controlled
areas of no more than 5000 ft2 and not more than one floor (the occupant shall be able to
manually override the control device for up to two haurs);

© National Electrical Manufacturers Association
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b} an occupant sensor that shall turn receptacles off within 20 minutes of all occupants leaving a
space; or

¢} anautomated signal from another control or alarm system that shall turn receptacles off within
20 minutes after determining thatthe area is unoccupied.

All controlled receptacles shall be permanently marked to visually differentiate them from uncontrolled
receptacles and are to be uniformly distributed throughout the space.

Plug-in devices shall not be used to comply with section 8.4.2.

Exceptions: Receptacles for the following shall not require an automatic control device:
a) Receptacles specifically designated for equipment requiring continuous operation {24
hours/day, 365 days/year)
b} $paces where an automatic control would endanger the safety or security of the room or
building occupant(s)

California Electric Code {CEC) Title 24 Section 130.5

{d) Circuit Controls for 120-Volt Receptacles.
In all buildings, both controlled and uncontrolled 120 volt receptacles shall be provided in each private
office, open office area, reception lobby, conference room, kitchenette in office spaces, and copy room.
Additionally, hotel/motel guest rooms shall camply with Item 5. Controlled receptacles shall meet the
following requirements, as applicable:
1. Electric circuits serving controlled receptacles shall be equipped with automatic shut-OFF
controls following the requirements prescribed in Section 130.1{c)(1 through 5); and
2. Atleast one controlled receptacle shall be installed within 6 feet from each uncontrolled
receptacle or a splitwired duplex receptacle with one controlled and one uncontrolled
receptacle shall be installed; and
3. Controlled receptacles shall have a permanent marking to differentiate them from uncontrolled
receptacles; and
4. For open office areas, controlled circuits shall be provided and marked to support installation
and configuration of office furniture with receptacles that comply with Section 130.5{(d} 1, 2, and
3; and
5. For hotel and motel guest rooms at least one-half of the 120-volt receptacles in each guest room
shall be controlled receptacles that comply with Section 130.5{d}1, 2, and 3. Electric circuits
serving controlled receptacles shall have captive card key controls, occupancy sensing controls,
or automatic controls such that, no longer than 30 minutes after the guest room has been
vacated, power is switched off.
6. Plug-in strips and other plug-in devices that incorporate an occupant sensor shall not be used to
comply with this reguirement.
EXCEPTION 1 to Section 130.5{d}: In open office areas, controlled circuit receptacles are not
required if, at time of final permit, workstations are installed, and each workstation is equipped with
an occupant sensing control that is permanently mounted in each workstation, and which controls a
hardwired, nonresidential-rated power strip. Plug-in strips and other plug-in devices that
incorporate an occupant sensor shall not be used for this exception.
EXCEPTICN 2 to Section 130.5{d}: Receptacles that are only for the following purposes:
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i. Raceptacles specifically for refrigerators and water dispensers in kitchenettes.
ii. Receptacles located a minimum of six feet above the floor that are specifically for
clocks.
iii. Receptacles for network copiers, fax machines, A/Y and data equipment other than
personal computers in copy rooms.
iv. Receptacles on circuits rated mare than 20 amperes.

National Electrical Code® Article 406

{E) Controlled Receptacle Marking. All nonlocking-type, 125-valt, 15- and 20-ampere receptacles that
are controlled by an automatic control device, or that incorporate control features that remove power
from the outlet for the purpose of energy management or building automation, shall be marked with
the symbol shown in Figure 406.3({E) and located on the controlled receptacle outlet where visible after
installation.

Figure 406.3(E) Controlled Receptacle Marking Symbol.

Exception: The marking is not required for receptacites controlled by a wall switch that provide the
required room lighting outlets as permitted by 210.70.
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: Date Submitted 12/14/2018 Section 403.2.14 Proponent Amanda Hickman
. Chapter 4 Affects HVHZ No Attachments Yes
© TAC Recommendation Approved as Submitted
: Commission Action Pending Review
Comments
General Comments No

Alternate Language Yes
Related Modifications
#8139

Summary of Modification

This modification resolves conflict between Federal preemption rules and code requirements for walk-in coolers and freezers
Rationale

See attached reason statement and bibliography.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code

This modification will make it easier on code enforcement by clearly indicating that they do not have to address the thermal
performance of walk-in systems that are governed by federal requirements. It will also reduce inspection time for code
enforcement.

Impact to building and property owners relative to cost of compliance with code

This modification will reduce cost to building and property owners as it will clarify that only the DOE requirements apply.
Impact to industry relative to the cost of compliance with code

This modification will reduce costs to industry, as it will clarify that only the DOE requirements apply.
Impact to small business relative to the cost of compliance with code

This modification will reduce costs to small business, as it will clarify that only the DOE requirements
apply.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public

Clarifying this section of the code, will improve the welfare of the general public by ensuring that they proper DOE requirements
are met.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
This modification will strengthen the code by clarifying that only the DOE requirements apply.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
This modification does not discriminate against and materials, products or methods, as it only clarifies that only the DOE
requirements apply.

Does not degrade the effectiveness of the code

This modification does not degrade the effectiveness of the code, it improves the effectiveness by clarifying that only the DOE
requirements apply.
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Alternate Language

2nd Comment Period

Proponent Amanda Hickman Submitted 5/23/2019 Attachments Yes

Rationale

This comment harmonizes what was recently approved (CE144, CE146 and CE149) during the ICC Committee Action
Hearings recently. This modification comment is needed in order to removes the conflict with current federal regulations and
updates this section by replacing the outdated prescriptive language to be consistent with current DOE regulations. It also
combines the current tables into one, which harmonizes with the federal regulations and recent updates made to
ASHRAE90.1.This modification comment will also make enforcement easier for code officials by making explicit that they do
not have to address the attributes of walk-in systems preempted by federal requirements.

Fiscal Impact Statement

Impact to local entity relative to enforcement of code

This modification will make it easier on code enforcement by clearly indicating that they do not have to address the thermal

performance of walk-in systems that are governed by federal requirements. It will also reduce inspection time for code
enforcement.

Impact to building and property owners relative to cost of compliance with code
This modification will reduce cost to building and property owners as it will clarify that only the DOE requirements apply.

Impact to industry relative to the cost of compliance with code
This modification will reduce costs to industry, as it will clarify that only the DOE requirements apply.

Impact to Small Business relative to the cost of compliance with code

This modification will reduce costs to small business, as it will clarify that only the DOE requirements apply.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public

Clarifying this section of the code, will improve the welfare of the general public by ensuring that they proper DOE
requirements are met.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
This modification will strengthen the code by clarifying that only the DOE requirements apply.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
This modification does not discriminate against and materials, products or methods, as it only clarifies that only the DOE
requirements apply.

Does not degrade the effectiveness of the code

This modification does not degrade the effectiveness of the code, it improves the effectiveness by clarifying that only the
DOE requirements apply.

Alternate Language

1st Comment Period History

Proponent Amanda Hickman Submitted 2/18/2019 Attachments Yes

Rationale

This comment offers a cleaner and better way of resolving the conflict between the code and current federal requirements for
this type of equipment, thereby reducing cost and confusion in the field.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code

This comment will resolve the conflict between the code and the federal regulations, thereby greatly reducing the confusion
that is currently being caused.

Impact to building and property owners relative to cost of compliance with code
This comment will resolve the conflict between the code and the federal regulations. It will eliminate the need for
unnecessary testing and need to meet unnecessary requirements, thereby, greatly reducing costs.

8137-A1

Impact to industry relative to the cost of compliance with code
This comment will resolve the conflict between the code and the federal regulations. It will eliminate the need for
unnecessary testing and need to meet unnecessary requirements, thereby, greatly reducing costs.

Impact to Small Business relative to the cost of compliance with code

This modification will reduce costs to small business, as it will clarify that only the DOE requirements apply.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Yes. This will ensure that proper requirements are followed.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Yes. This will ensure that proper requirements are followed.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
No. This will only improve the code by ensuring that the proper requirements are followed.

Does not degrade the effectiveness of the code
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No. This will only improve the code by ensuring that the proper requirements are followed.
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EN8137 -A1 Text Modification

Please replace our originally proposed modification with the following proposed modification:

Delete and Substitute as follows:

.

deers
Freezers with sohid doors Helding 040-V+138

Temperatare
AHRIH200

Freezers-wath-transparent 0751 10

doers
Refrperatorsireererswith the-sreater e 012-—V+334

solid-deers er 370

A, is the surface area of the nondisplay door.

TABLE C403.2.16(3)
WALK-IN COOLER AND FREEZER REFRIGERATION SYSTEM EFFICTENCY REQUIREMENTS

MINIMUM ANNUAL
CLASS DESCRIPTOR CLASS WALK-IN ENERGY Test Procedure
FACTOR AWEF (Btw/W-h)

Dedicated condensing,
medium temperature DC.M.I 5.61 AHRI 1250

indoor system

I:l
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EN8137 -A1 Text Modification

MINIMUM ANNUAL
CLASS DESCRIPTOR CLASS WALK-IN ENERGY Test Procedure
FACTOR AWEF (Btu/W-h)

Dedicated condensing,
medium temperature DC.M.O 7.60
outdoor system
Dedicated condensing, low
temperature, indoor system DCLI 5
net capacity (dnet) < 6,500 < 6,500 9.091 X 107 x qnet + 1.81
Btuh
Dedicated condensing, low
temperature, indoor system DC.L.I 540
net capacity (dner) = 6,500 > 6,500 —
Btuh
Dedicated condensing, low
temperature, outdoor DC.L.O 5
system, net capacity (Qnet) < < 6,500 0522 x 107 * qnet + 2.73
6,500 Btuh
Dedicated condensing, low
temperature, outdoor DC.L.O 315
system, net capacity > 6,500 B
(Qnet) > 6,500 Btu/h
Unit cooler, medium UCM 9.00
Unit cooler, low UCL
temperature, net capacity <T.560 1.575 x 107 x gnet + 3.91
(Qnet) << 15.500 Btw'h
EEt z:aﬁ; 112::1[ capacit UcL 4.15

P DALY > 15,500 10

(et} = 15,500 Btu/h

a. Qnetls net capacity (Btu/hr) as determined in accordance with AHRI Standard 1250

2020 Triennial
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Revise as follows:

C403.2.14Refrigeration equipment performance.

Refrigeration equipment s definied (i 10 CTR phit 431 have an energy use in kWh/day not greater than the values of Tables
C403.2.14(1)and C403.2.14(2) when tested and rated in accordance with AHRT Standard 100010 CFR part 431 The energy use shall be
verified through certification under an approved certification program or, where a certification program does not exist, the energy use shall
be supported by data furnished by the equipment manufacturer.

TABLE C403.2.14(1)

MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL REFRIGERATION

ENERGY USE LIMITS TEST
EQUIPMENT TYPE APPLICATION
(KWh per day)" PROCEDURE
Refrigerator with solid doors 0.10-V+2.04
Refrigerator with transparent doors 0.12-V+3.34
Freezers with solid doors ‘ 0.40+V +1.38
Holding
Freezers with transparent doors Temperature ‘ 075V +4.10
the greaterof o123 10 CER Part 431
Refriperators/freczers with solid 334
doors
1.27AV-0.71 or 0.70
Commercial refrigerators Pulldown 0.126+V +3.51

1. aV =volume of the chiller or frozen compartment as defined in AHAM-HRF-1.

TABLE C403.2.14(2)MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL REFRIGERATORS
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AND FREEZERS
EQUIPMENT TYPE ENERGY USE TEST
LIMITS
Equipment . Operating Rating
Classc Family Code Mode Temperature (kWh/day)“’b PROCEDURE
VOP.RC.M Vertical open Remote Medium 0.82 « TDA + 4.07 )
condensing
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SVO.RCM | Semivertical open Remote Medium 0.83 « TDA + 3.18
condensing
HZO.RC.M Horizontal open Remote Medium 0.35« TDA + 2.88
condensing
VOP.RC.L Vertical open Remote Low 2.27 * TDA + 6.85
condensing
HZO.RC.L Horizontal open Remote Low 0.57 « TDA + 6.88
condensing
VCT.RCM Vertical Remote Medium 0.22 TDA + 1.95
transparent door condensing
VCTRC.L Vertical Remote Low 0.56 « TDA + 2.61
transparent door condensing
Service over Remote .
SOC.RC.M . Medium 0.51+*TDA +0.11
counter condensing
VOP.SC.M Vertical open Self-contained Medium 1.74+ TDA +4.71
SVO.SC.M Semivertical open | Self-contained Medium 1.73 + TDA + 4.59
HZ0.SC.M Horizontal open Self-contained Medium 0.77 » TDA + 5.55
HZO.SC.L, Horizontal open Self-contained Low 1.92 « TDA + 7.08
VCT.SCI Vertical Self-contained Ice cream 0.67 « TDA +3.29
transparent door
VCS.SC.I Vertical solid door | Self-contained Ice cream 0.38+V+0.88
HCT.SC.I Horizontal Self-contained Ice cream 0.56 « TDA + 0.43
transparent door
. . Remote
SVO.RC.L Semivertical open . Low 227« TDA+6.85
condensing
VOP.RC.I Vertical open Remote Ice cream 2.89 « TDA + 8.7
condensing
SVO.RCI Semivertical open Remot.e Ice cream 2.89+ TDA + 8.7
condensing
HZO.RC.I Horizontal open Remot.e Ice cream 0.72+ TDA + 8.74
condensing
VCT.RCI Vertical Remote lee cream | 0.6+ TDA +3.05
transparent door condensing
HCT.RC.M Horizontal Remote Medium 0.16 + TDA +0.13
transparent door condensing
HCT.RC.L Horizontal Remote Low 0.34+ TDA +0.26
transparent door condensing

10 CER Pant
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|
c
0o
= .
9 HCT.RC.I Horizontal Remote Ice cream 0.4+ TDA +031
:% transparent door condensing
O
= VCS.RCM | Vertical solid door Remote Medium 0.11+ V+0.26
% condensing
|2 Remote
s VCS.RC.L Vertical solid door . Low 0.23V+0.54
Q condensing
: R
VCS.RC.I Vertical solid door emot.e Ice cream 027« V+0.63
condensing
HesRey | Horizontal sofid Remote Medium 0.11+V+026
door condensing
Hesrel | Horizontalsolid Remote Low 023+ V+054
door condensing
HegReg | Hlorizontalsolid Remote Ice cream 0.27+ V +0.63
door condensing
HesRe] | Hlorizontalsolid Remote Ice cream 027 V+0.63
door condensing
Service over Remote
SOC.RC.L . Low 1.08 » TDA +0.22
counter condensing
Service over Remote
SOC.RC.I . Ice cream 1.26 « TDA + 0.26
counter condensing
VOP.SC.I, Vertical open Self-contained Low 4'371.12[2)A "
VOP.SC.I Vertical open Self-contained Ice cream 5'551.51;)[2)A "
SVO.SC.L Semivertical open | Self-contained Low 4'341'11;[1)A "
SVO.SC.I Semivertical open | Self-contained Ice cream 5'521'422A "
HZO.8C.I Horizontal open Self-contained Ice cream 244+ TDA +9.0
SOC.SC.I Service over Self-contained Ice cream 1.76 + TDA + 0.36
counter
HCS.SC.I Horlz(()ig‘;arl solid Self-contained Ice cream 038+« V+0.88
a.V = Volume of the case, as measured in accordance with Appendix C of AHRI 1200.
b. TDA = Total display area of the case, as measured in accordance with Appendix D of AHRI 1200.
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c.Equipment class designations consist of a combination [(in sequential order separated by periods
(AAA).(BB).(C))] of:

(AAA)An equipment family code where:

EN8137 Text Modification

VOP = vertical open

SVO = semivertical open

H7ZO = horizontal open

VCT = vertical transparent doors
VCS = vertical solid doors

HCT = horizontal transparent doors
HCS = horizontal solid doors

SOC = service over counter

(BB) An operating mode code:
RC = remote condensing
SC = self-contained

(C) A rating temperature code:

M = medium temperature (38°F)
L = low temperature (0°F)
I = 1ce-cream temperature (15°F)

For example, “VOP.RC.M” refers to the “vertical-open, remote-condensing, medium-temperature™
equipment class.

C403.2.15Walk-in coolers, walk-in freezers, refrigerated warehouse coolers and refrigerated warehouse freezers.
Refrigerated warehouse coolers and refrigerated warehouse freezers shall comply with this section. Walk-in
coolers and walk-in freezers that are not either site assembled or site constructed shall comply with the
following:

Exdeption: Walk-in Goolers and walkiin freezers regulated under federal law by the Department of Exiergy in 10
CER 431, Subpart R - Walk-in Coolers and Walk-in Freezers.

1. Be equipped with automatic door-closers that firmly close walk-in doors
that have been closed to within 1 inch (25 mm) of full closure.

2020 Triennial Energy 131
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Exception: Automatic closers are not required for doors more than 45 inches (1143 mm) in width or more than 7
feet (2134 mm) in height.

2. Doorways shall have strip doors, curtains, spring hinged doors or other method of minimizing infiltration
when doors are open.

3. Walk-in coolers and refrigerated warchouse coolers shall contain wall, ceiling, and door insulation of not less
than R-25 and walk-in freezers and refrigerated warehouse freezers shall contain wall, ceiling and door
insulation of not less than R-32.

Exception: Glazed portions of doors or structural members need not be insulated.

4. Walk-in freezers shall contain floor insulation of not less than R-28.

5. Transparent reach-in doors for walk-in freezers and windows in walk-in freezer doors shall be of triple-pane
glass, either filled with inert gas or with heat-reflective treated glass.

6. Windows and transparent reach-in doors for walk-in coolers shall be of double-pane or triple pane, inert gas-
filled, heat-reflective treated glass.

7. Evaporator fan motors that are less than 1 hp (0.746 kW) and less than 460 volts shall use electronically
commutated motors, brushless direct current motors, or 3-phase motors.

8. Condenser fan motors that are less than 1 hp (0.746 kW) shall use electronically commutated motors,
permanent split capacitor-type motors or 3-phase motors.

9. Where antisweat heaters without antisweat heater controls are provided, they shall have a total door rail, glass
and frame heater power draw of not more than 7.1 W/fi2 (76 W/m2) of door opening for walk-in freezersand 3.0
W/ft2 (32 W/m2) of door opening for walk-in coolers.

10. Where antisweat heater controls are provided, they shall reduce the energy use of the antisweat heater as a
function of the relative humidity in the air outside the door or to the condensation on the inner glass pane.

11. Lights in walk-in coolers, walk-in freezers, refrigerated warehouse coolers and refrigerated warehouse
freezers shall either use light sources with an efficacy of not less than 40 lumens per watt, including ballast
losses, or shall use light sources with an efficacy of not less than 40 lumens per watt, including ballast losses, in
conjunction with a device that turns off the lights within 15 minutes when the space is not occupied.

C403.2.16Walk-in coolers and walk-in freezers.
Site-assembled or site-constructed walk-in coolers and walk-in freezers shall comply with the following:

1. Automatic door closers shall be provided that fully close walk-in doors that have been closed to within 1 inch
(25 mm) of full closure.

Exception: Closers are not required for doors more than 45 inches (1143 mm) in width or more than 7 feet (2134
mm) in height.

2. Doorways shall be provided with strip doors, curtains, spring-hinged doors or other method of minimizing
infiltration when the doors are open.

3. Walls shall be provided with insulation having a thermal resistance of not less than R-25, ceilings shall be
provided with insulation having a thermal resistance of not less than R-25 and doors of walk-in coolers and walk-in
[freezers shall be provided with insulation having a thermal resistance of not less than R-32.

Exception: Insulation is not required for glazed portions of doors or at structural members associated with the
walls, ceiling or door frame.

4. The floor of walk-in freezers shall be provided with insulation having a thermal resistance of not less than R-28.
5. Transparent reach-in doors for and windows in opaque walk-in freezer doors shall be provided with triple-pane
glass having the interstitial spaces filled with inert gas or provided with heat-reflective treated glass.

6. Transparent reach-in doors for and windows in opaque walk-in cooler doors shall be double-pane heat-reflective
treated glass having the interstitial space gas filled.

7. Evaporator fan motors that are less than 1 hp (0.746 kW) and less than 460 volts shall be electronically
commutated motors or 3-phase motors.
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8. Condenser fan motors that are less than 1 hp (0.746 kW) in capacity shall be of the electronically commutated or
permanent split capacitor-type or shall be 3-phase motors.

Exception: Fan motors in walk-in coolers and walk-in freezers combined in a single enclosure greater than 3,000
square feet (279 m?) in floor area are exempt.

9. Antisweat heaters that are not provided with antisweat heater controls shall have a total door rail, glass and
frame heater power draw not greater than 7.1 W/ft* (76 W/m?) of door opening for walk-in freezers, and not greater
than 3.0 W/ft? (32 W/m?) of door opening for walk-in coolers.

10. Antisweat heater controls shall be capable of reducing the energy use of the antisweat heater as a function of
the relative humidity in the air outside the door or to the condensation on the inner glass pane.

11. Light sources shall have an efficacy of not less than 40 lumens per Watt, including any ballast losses, or shall
be provided with a device that automatically turns off the lights within 15 minutes of when the walk-in
cooler or walk-in freezer was last occupied.

C403.2.17Refrigerated display cases.
Site-assembled or site-constructed refrigerated display cases shall comply with the following:

Refrioerators Freczers and Kefriperator Freezers.

1. Lighting and glass doors in refrigerated display cases shall be controlled by one of the following:

1.1 Time switch controls to turn off lights during nonbusiness hours. Timed overrides for display cases shall turn
the lights on for up to 1 hour and shall automatically time out to turn the lights off.

1.2 Motion sensor controls on each display case section that reduce lighting power by at least 50 percent within 3
minutes after the area within the sensor range is vacated.

2. Low-temperature display cases shall incorporate temperature-based defrost termination control with a time-limit
default. The defrost cycle shall terminate first on an upper temperature limit breach and second upon a time limit
breach.

3. Antisweat heater controls shall reduce the energy use of the antisweat heater as a function of the relative humidity
in the air outside the door or to the condensation on the inner glass pane.
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Replace original modification 8137 with the following comment as proposed as follows:
Revise as follows:
C402 .1 General (Prescriptive). Building thermal envelope assemblies for buildings that are intended to

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

EN8137 -A2 Text Modification

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

2. Roof solar reflectance and thermal emittance shall comply with Section C402.3.
3. Fenestration in building envelope assemblies shall comply with Section C402.4.
4. Air leakage of building envelope assemblies shall comply with Section C402.5.

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

Walk-in coolers, walk-infreezers, refrigerated warehouse coolers and refrigerated warehouse freezers
shallcomply with Section-G483-215-e5403-2-46 C403.2.14.

Delete the following Sections and Tables in their entirety:

C403.2.14 Refrigeration equipment performance
TABLE C403.2.14(1) MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL REFRIGERATION

TABLE C403.2.14(2) MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL REFRIGERATORS
AND FREEZERS

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

C403.2.16 Walk-in coolers and walk-in freezers.

C403.2.17Refrigerated display cases.

Replace with the following:

C403.2.14 Refrigeration equipment performance. Refrigeration equipment performance shall be
determined in accordance with sections C403.2.14.1 and C403.2.14.2 for commercial refrigerators,
freezers, refrigerator-freezers. walk-in coolers, walk-in freezers and refrigeration equipment. The energy
use shall be verified through certification under an approved certification program or, where a certification

program does notexist, the energy use shall be supported by data furnished by the equipment
manufacturer.

Exception: Walk-in coolers and walk-in freezers regulated under federal law in accordance with

2020 Triennial Energy 134
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Subpart R of 10 CFR 431.

C403.2.14.1 Commercial refrigerators, freezers, refrigerator-freezers and refrigeration (Mandatory).

Refrigeration equipment, defined in U.S. 10 CFR part 431.62, shall have an energy use in kWh/day

not greater than the values of Table C403.2.14.1(1) {(when tested and rated in accordance with AHRI

Standard 1200.

EN8137 -A2 Text Modification

TABLE

€403.2.14.1(1)

MINIMUM EFFICIENCY REQUIREMENTS: COMMERCIAL REFRIGERATORS AND

FREEZERS AND REFRIGERATION

2020 Triennial

Energy

Equipment Category Condensing IEquipment Rating [Operating |Equipment " IMaximum daily [Test
Unit Family Temp |[Temp (F) [Classification® jenergy Etandard
Configuration (F) consumption

kWhiday
0.64 x TDA
38 (M) 32 [VOP.RC.M e
Vertical Open [ - M7
(VOF) +
oy |32 voP.Rc.L [=20xTDAY
6.85
+*
o 38 (M) 32 svo.rcm  [RE8XTDAS
[Semivertical 3.18
ICpen (SVO) 2.20 x TDA +
o(L) |32 SVo.RC.L [F= X0
6.85
0.35 x TDA +
Horizontal  [38(M)p32  [HZO.RCM S
Open =
+*
HzO oy |32 Hzo.RC.L |:22XTDAY
6.88
Vertical [VCT.RC.M 0.15 x TDA +
——— [
Closed 38 (M) 232 1.9%
Remote Condensing Commercial [Transparent VCT.RC.L 0.49 x TDA + [RHRI
- - {RC) .RC. X alalil]
Reftigerators and Comimercial Freezers Remote (RC) Ly cr 0(L) <32 2 61 1200
Horizontal HCT.RC.M 0.16 x TDA +
———— =
Closed 38 (M) 32 0.13
Transparent HCT.RC.L  [0.34 x TDA +
et oL |32 .RC. .34 x
0 (L) 0.26
[Vertical 38 (M) E32 [VCS.RC.M 0,10 x V + 0.26
Closed Solid
=== WVCS.RC.L 0.21 x V + 0.54
vCs) 0(L) [<32
Honzontal 38 (M) E32 HCS.RC.M 0.10 x V+ 0.26
Closed Solid
= o Y HCS.RC.L 0.21 x V +0.54
YHCS) 0(L) [<32
[Service Over SOC.RC.M 0.44 x TDA +
——— =
IC cunter(S0OC) 38 (M) @32 0.11
SOC.RC.L 0.93 x TDA +
0{L) |<32 0,22
[VOP.SCSV.M [1.69 x TDA +
38 (M) 32
4.71
Vertical Open VOP.SC.L  M.25x
VOP 0(L) <32 TDA + 11.82
135
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SVO.SC.M 1.70 x TDA +
[
emivertical  [o-iM1) F32 4.59
ICpen (SVO)
oL |3z SVO.SC.L 4.26 x TDA
0(L) <32 +11.51
HZ0.SC.M 0.72 x TDA +
38 (M) 32
H ori zontal — 5.55
Open (HZ0 HZO.SC.L 1.90 x TDA +
=
0(L) [<32 08
Self-Contained Commercial Self- [V ertical 38 (M) 32 WVCT.SC.M 0.10 x V + 0.86 HRI
Refrigerators and Commercial Freezers |Contained Closed [VCT.SC.L 0.29 x V+ 2.95 TI‘ZW
with and Without Doors isC) Transparent [o(L) [<32 —
VCT)
[Vertical 38 (M) 32 [VCS.SC.M 0.05 x V + 1.36
Closed Solid
[ [VCS.SC.L 0.2Z2 x V +1.38
ves) 0 (L) <32
H orizontal 38 (M) 32 HCT.SC.M 0.06 x V + 0.37
Closed HCT.SC.L  [0.08x V +1.23
[Transparent 0{L) [|<32
(HCT)
Horizontal 38 (M) 32 HCS.SC.M 0.05 x V + 0.91
KClosed Solid
= HCS.SC.L 0.06 x V +1.12
(HCS) 0(L) <32
|Service Over L SOC.SC.M 0.52 x TDA +
IC cunter(SOC) 38 (M) 32 1.00
SOC.SC.L 1.10 x TDA +
<
0 (L) [<32 b 10
Self-Contained Commercial Self-

- . —— Pull-Down IAHRI
Refrigerators with Trahsparent Doors for |Contained r 38 (M) p32 PD.SC.M 0.11 x V + 0.81 %
Pull-Down Temperature Applications |(SC) (PD) —

Vertical Open . b 2.79 x TDA +

VOP -15 (1) E-5B2 [VOP.RC.I 73_70

|Semiveartical 2.79 x TDA +

T < 50 S1ER L =Ry

open (SVO 15 () E-5 SVO.RC.l 8.70

Honzontal 0.7 x TDA +

. 15 (1) E-5k HZO.RC.l —

ICpen (HZ0) 15 ) E5 — 8.74

[Vertical

Closed 0.58 x TDA +

= _ - . E [P A TS

[Transparent s () E5 VCT.RC.I 3.05

VCT

Honzontal AHRI
Remote (RC) [Closed e b 0.4 x TDA + ——

ransparont 15 (1) E-B2 HCT.RC.I 70_31 1200

(HCT)

Vertical

Closed Solid |-115() E-5b [VCS.RC.I 0.25 x V + 0.63

jVCS)

H orizontal

Closed Solid |15 {l) E-5 b HCS.RC.I 0.25 x V + 0.63

(HCS)

[Service Over 1.09 x TDA +

- e . - E | - A e

ICounter{SOC) 15 () g5 SOC-RC.| 0.26
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Self- Wertical Open b VOP.SC.I 5.4 x TDA +
- l-H 2
. Contained (VOP) A ES 15.02
Commercial lce-Cream Freezers sc —
(SC) omivertical |45 k5> [svO.sca  [pa1xTDA+
Cpen (SVO) 14.63
Horizontal HZO0.SC.1 242 x TDA
ronzontat . < 5b
Cpen (HZ0) A5 g5 9.00
Vertical VCT.SC.I 0.62 x
Closed TDA + 3.29
il _ i h | # =T T W&
[Transparent A5 ES
VCT)
Horizontal HCT.SC.I 0.56 x TDA +
Closed 0.43
= _ . 2 —
[Transparent A5 1) g5
(HCT) AHRI
IV ertical VCS.5C.I 0.3 x V + 1200
0.88.
Closed Solid |15 (1) E-5t
VCS
Horizontal HCS.8C.I 0.34 =V +
0.88.
Closed Solid |15 (1) -5 2
HCS
|Service Over SOC.SC.1 1.53 x TDA +
0.36
IC ounter -5 () g5k
soc
a.  The meaning of the letters in this column is indicated in the columns to the left.
b.  lce-cream freezer is defined in 10 CFR 431.62 as a commercial freezer that is designed to

operate at or below —5 °F and that the manufacturer designs, markets, or intends for the storing,
displaying, or dispensing of ice cream.

¢.  Edquipment class designations consist of a combination (in sequential order separated by periods
(AAA).(BB).(C)) of the following:
(AAA)—AN equipment family code (VOP = vertical open, SYO = semivertical open, HZO = horizontal
open, VCT = vertical closed transparent doors, VCS = vertical closed solid doors, HCT = horizontal
closed transparent doors, HCS = horizontal closed solid doors, and SOC = service over counten);
(BB)—An operating mode code (RC = remote condensing and SC = self-contained); and (C)—A rating
temperature code (M = medium temperature [38°F], L = low temperature [0°F], or | = ice cream
temperature [-15°F]). For example, “VOP.RC.M” refers to the “vertical open, remote condensing,
medium temperature” equipment class.

d. Visthe volume of the case (ft") as measured in AHRI Standard 1200, Appendix C.

e.  TDA is the total display area of the case (ft2) as measured in AHRI Standard 1200, Appendix D.
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AAA)

jAn equipment family code where:

[/ OP | =[vertical open

ISVO | =|semivertical open

HZ0 | =|horizontal open

HCT

horizontal transparent doors

EN8137 -A2 Text Modification

HCS | =|honizontal solid doors

ISOC | =|service over counter
I

(BB} JAn operating mode code:
RC | =|remote condensing
ISC 5|self-contained
(C) A rating temperature code:
pA =[medium temperature (38"F)
=|low temperature (0°F)

=T
1

ice-cream temperature (15°F)

C403.2.14.2 Walk-in coolers, walk-in freezers (Mandatory). Walk-in cooler and walk-in freezer

refrigeration systems, except for walk-in process cooling refrigeration systems as definedin U.S. 10

CFR 431.302, shall meet the requirements of Tables C403.2.14.2(1), C403.2.14.2(2), and

C403.2.14.2(3)

TABLE €403.2.14.2{1) WALK-IN COQOLER AND FREEZER DISPLAY DOOR EFFICIENCY REQUIREMENTS"

CLASS DESCRIPFTCOR CLASS|MAXIMUM ENERGY CONSUMPTION (kWh'day)?

Display door, medium temperature | DD, M

0.04 x Aqq + 0.41

Display door, low temperature DD, L

0.15 x Ayq + 0.29

a.hy is the surface area of the display door.

TABLE €403.2.14.2(2) WALK-IN COOL

ER AND FREEZER NONDISPLAY DOOR EFFICIENCY REQUIREMENTS®

CLASS DESCRIPTOR CLASS|MAXIMUM ENERGY CONSUMPTION (kWh/day)?

Passage door, medium temperature | PD, M

0.05 x Ang +1.7

Passage door, low temperature PD, L

0.14 x Ang +4.8

Freight door, medium temperature | FD, M

0.04 xAng+1.9

Freight door. low temperature FD, L

012 x Ay + 5.6

a.Anq is the surface area of the nandisplay doar.

TABLE €403.2.14.2(3) WALK-IN COOLER AND FREEZER REFRIGERATION

SYSTEM EFFICIENCY REQUIREMENTS

MINIMUM ANNUAL WALK-IN ENERGY Test

CLASS DESCRIPTOR CLASS FACTOR AWEF (BtwWw-h)? Pro—cedure
Dedicated condensing, medium temperature, indoor system DC.M.I 5.61
Dedicated condensing, medium temperaturs, outdoor DC.M.IO 7.60
Isystem —_
Dedicated condensing, low temperature, indoor DC.L.I, 5

- 9.091 x 10™ x gnet + 1.81
system, het capacity (gne:] < 6,500 Btu'h

< G,500

Dedicated condensing, low temperature, indoor DC.L.I, 240
system, net capacity (Qne)26,500 Btwh £6,500 .
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IAHRI 1250

c
o
=
©
(3]
=
© Dadicated condensing, low temperature, outdoor system,  |PC.L.O.
6.522 x 10°% x gqnet + 2.73

§ net capacity (Que) < 6.500 Btu/h < 6,500 q
% Dedicated condensing, low temperature, outdoor system,  |PC.L.O, 315
IE net capacity (gn)26,500 Btw/h 6,500 |
2 Unit cooler, medium UC.M 9.00
5 UC.L,
- Unit cooler, low temperature, net capacity (gue) < 15,500 shey 5
2 Btu/h < 15.500 1.575 % 10™ % gnet + 3.91
w Unit cooler, low temperature, net capacity {gn.)215,500 UC.L, 4.15

Btu/h 15,500

a. O« 5 het capacity (Btu/hr) as determined in accordance with AHRI Standard 1250

Add new standard(s) to Chapter 6 as follows:

DOE

U.5. Department afEnergy

cio Superintendent of Documents 1000

U.5. 10 Part CFR 431, Subpart R: Commercial Refrigerators, Freezers and Refrigerator-Freezers

DOE

U.5. 10 Part CFR 431, Subpart R: Walk-in Coolers and Walk-in Freezers

AHRI

Independence Avenue SW
Washington DC 20585

U.&. Department of Energy

cio Superintendent of Documents 1000

Independence Avenue SW
Washington DC 20585

Air-Conditioning, Heating, & Refrigeration

AHRI 1250-(1-P}) 2014: Standard for Performance Rating in Walk-in Coolers and Freezers

Institute
2111 Wilsan Blvd, Suite 500
ArlingtonVVA22201
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EN8137 Rationale

2020 Triennial

Reason statement:

This section of the Florida code is currently in conflict with, and preempted by, federal
requirements for many walk-in coolers and walk-in freezers. This is because the 2015
International Energy Conservation Code (IECC) included provisions for commercial refrigeration
products in conflict with the Department of Energy’s (DOE) federal minimum efficiency
standards. Manufacturers have been required to comply with DOE’s energy conservation
standards since 1990. The adopted IECC language within Florida codes have made it difficult for
manufacturers that are selling HVAC equipment in Flarida to comply with the local code,
especially when it conflicts with the Code of Federal Regulations.

Under 42 U.S.C. 6297(a), it states:

§6297. Effect on other faw

{a} Preemption of testing and labeling requirements
{1} Effective on March 17, 1987, this part supersedes any State requlation insofar as
such State regulation provides at any time for the disclosure of information with
respect to any measure of energy consumption or water use of any covered product
if—

{A} such State requlation requires testing or the use of any measure of energy
consumption, water use, or enerqgy descriptor in any manner other than that
provided under section 6293 of this title; or

{B} such State requlation requires disclosure of information with respect to the
energy use, energy efficiency, or water use of any covered product other than
information required under section 6294 of this title.

The states are prohihited from regulating additional testing or disclosure of information that is
already requested by the DOE. Thus, federal law preempts any state code that conflicts with
federal Energy Policy and Conservation Standards.

The proposed changes to this section remove this conflict by removing specific code
requirements for these products and by directly referencing the federal requirements. The
section governing refrigerated warehouse coolers and refriserated warehouse freezers has
been simplified, removing reference to those federally-governed products.

Bibliography:

1. ENERGY INDEPENDENCE AND SECURITY ACT OF 2007, Saction 312, Walk-in Coolers and Walk-
in Freezers,

2. Code of Federal Regulations, 10 CFR 431.306
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EN8137 Rationale

3. 2014-06-03 Energy Canservation Program: Energy Conservation Standards for Walk-In
Coolers and Freezers; Final Rule

https://www.ecfr.gov/cgi-
hin/retrieveECFR?gp=8&51D=396fdbc135febfc51995dcab7c2ceel7&me=true&n=pt10.3.431&r=P

ARTRty=HTML#sp10.3.431.c
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EN7570

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 6
: Date Submitted 11/30/2018 Section 403.3.3 Proponent Jeff Sonne for FSEC
. Chapter 4 Affects HVHZ No Attachments No
© TAC Recommendation Approved as Submitted
: Commission Action Pending Review
Comments
General Comments No Alternate Language Yes

Related Modifications
7575
Summary of Modification

Clarifies that duct testing is required for simulated performance compliance if credit is taken for duct sealing beyond default leakage.
Rationale

There is a need to clarify when duct leakage testing is required for performance compliance.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code

While seen by the proponent as a clarification, in some cases this change may require some additional enforcement effort.
Impact to building and property owners relative to cost of compliance with code

None, or small in some cases if duct leakage lower than default was used for performance compliance in the past but not tested.
Impact to industry relative to the cost of compliance with code

None, or small in some cases if duct leakage lower than default was used for performance compliance in the past but not tested.
Impact to small business relative to the cost of compliance with code

None, or small in some cases if duct leakage lower than default was used for performance compliance in
the past but not tested.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public

Benefits general public by clarifying that verification is required if duct leakage lower than default is used for performance
compliance.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

Improves the code by clarifying that verification is required if duct leakage lower than default is used for performance compliance.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate; provides clarification.

Does not degrade the effectiveness of the code

Increases code effectiveness by clarifying that verification is required if duct leakage lower than default is used for performance
compliance.

Alternate Language

2nd Comment Period
Proponent Jeff Sonne for FSEC

Submitted 5/22/2019 Attachments Yes
Rationale

Same as original mod; to clarify when duct leakage testing is required for performance compliance. Wording changes 1)

address a public comment as agreed to during first TAC meeting and 2) add further clarification language to define Qn.
Fiscal Impact Statement

PP Impact to local entity relative to enforcement of code
<| Same as original mod. A1 adds further clarification language to facilitate code enforcement.
E Impact to building and property owners relative to cost of compliance with code
To) Same as original mod.
N~
Impact to industry relative to the cost of compliance with code
Same as original mod.
Impact to Small Business relative to the cost of compliance with code
None, or small in some cases if duct leakage lower than default was used for performance compliance in the
past but not tested.
Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original mod.
Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original mod.
Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original mod.
Does not degrade the effectiveness of the code
Same as original mod.
2020 Triennial
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[Replace original mod with the following:]

R403.3.3 Duct testing (Mandatory).

Ducts shall be pressure tested to determine air leakage by one of the following methods:

EN7570 -A1 Text Modification

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 registers
shall be taped or otherwise sealed during the test.

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

Exceptions:

1. A duct air leakage test shall not be required where the ducts and air handlers are located entirely within the
building thermal envelope.

2. Duct testing is not mandatory for buildings complying by Section R405 of this code. Duct leakage testing is
required for Section R405 compliance where credit is taken for leakage, and a duct air leakage Q, to
the outside of less than 0.080 (where Q, = duct leakage to the outside in ¢fm per 100 square feet of
conditioned floor area tested at 25 Pascals) is indicated in the compliance report for the proposed design.

[No other changes to section.]
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R403.3.3 Duct testing (Mandatory).
Ducts shall be pressure tested to determine air leakage by one of the following methods:

1. 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 registers
shall be taped or otherwise sealed during the test.

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

EN7570 Text Modification

Exceptions:

1. 1.A duect air leakage test shall not be required where the ducts and air handlers are located entirely within the
building thermal envelope.

2. 2.Duct testing is not mandatory for buildings complying by Section R405 of this code when a duct air
leakage Qn to outside of 0.080 is indicated in the compliance report for the proposed desien.

[No other changes to section.]
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EN7575

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [
: Date Submitted 11/30/2018 Section 405.2.3 Proponent Jeff Sonne for FSEC
. Chapter 4 Affects HVHZ No Attachments No
© TAC Recommendation Approved as Submitted
: Commission Action Pending Review
Comments
General Comments No

Alternate Language Yes

Related Modifications
7570

Summary of Modification

Clarifies that for simulated performance compliance, the tested duct air leakage rate must not exceed the leakage rate of the
proposed design.
Rationale

There is a need to clarify that when credit is taken for duct sealing beyond default leakage for performance compliance, the tested duct
air leakage rate must not exceed the leakage rate of the proposed design.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code
While seen by the proponent as a clarification, in some cases this change may require some additional enforcement effort.
Impact to building and property owners relative to cost of compliance with code

None, or small in some cases if duct leakage lower than default was used for compliance in the past but not tested.
Impact to industry relative to the cost of compliance with code

None, or small in some cases if duct leakage lower than default was used for compliance in the past but not tested.
Impact to small business relative to the cost of compliance with code

None, or small in some cases if duct leakage lower than default was used for compliance in the past but
not tested.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public

Benefits general public by clarifying that verification is required if duct leakage lower than default is used for performance
compliance.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

Improves the code by clarifying that verification is required if duct leakage lower than default is used for performance compliance.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate; provides clarification.

Does not degrade the effectiveness of the code

Increases code effectiveness by clarifying that verification is required if duct leakage lower than default is used for performance
compliance.
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Alternate Language

d Comment Period

Proponent  Jeff Sonne for FSEC Submitted 5/22/2019

Attachments Yes
Rationale
Same as original; additional language provides further clarification.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
Same as original; additional language provides further clarification to facilitate code enforcement.

Impact to building and property owners relative to cost of compliance with code
Same as original.

Impact to industry relative to the cost of compliance with code
Same as original.

Impact to Small Business relative to the cost of compliance with code

None, or small in some cases if duct leakage lower than default was used for compliance in the past but not
tested.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original.

Does not degrade the effectiveness of the code
Same as original.
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[Add the following to the original mod's text:]

R405.2.3. Duct air leakage testing.

EN7575 -A1 Text Modification

In cases where duct air leakage lower than the default Qn to outside of 0.080_(where Qn = duct leakage to the outside in
cfm per 100 square feet of conditioned floor area tested at 25 Pascals) is specified for the proposed design, testing in
accordance with Section R403.3.2 shall verify a duct air leakage rate not exceeding the leakage rate of the proposed
design. Otherwise, in accordance with Section R403.3.3, duct testing is not mandatory for buildings complying by
Section R405.

I:
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R405.2.3. Duct air leakage testing.

In cases where duct air leakage lower than the default On to outside of 0.080 is specified for the proposed desien,
testing in accordance with Section R403.3.2 shall verifv a duct air leakage rate not exceeding the leakage rate of the
proposed desien. Otherwise, in accordance with Section R403.3.3, duct testing 1s not mandatory for buildings
complving by Section R405.

EN7575 Text Modification
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EN7649

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 8
: Date Submitted 12/3/2018 Section 403.13 Proponent Jeff Sonne for FSEC

. Chapter 4 Affects HVHZ No Attachments No

© TAC Recommendation Approved as Submitted

: Commission Action Pending Review

Comments
General Comments

Yes

Alternate Language Yes

Related Modifications
7651
Summary of Modification

Adds dehumidifier code sections.
Rationale

Recent Florida Solar Energy Center (FSEC) research conducted for the Florida Building Commission provides code dehumidifier
recommendations which are hereby submitted for the 2020 Florida code cycle.

The full FSEC dehumidifier report is available at:

http://publications.energyresearch.ucf.edu/wp-content/uploads/2018/07/FSEC-CR-2038-18.pdf.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code

None if dehumidifiers are not included in a project; if included this change will require some additional enforcement effort.
Impact to building and property owners relative to cost of compliance with code

None if dehumidifiers are not included in project; some impact possible in applicable cases depending on current practice.
Impact to industry relative to the cost of compliance with code

None if dehumidifiers are not included in project; some impact possible in applicable cases depending on current practice.
Impact to small business relative to the cost of compliance with code

None if dehumidifiers are not included in project; some impact possible in applicable cases depending on
current practice.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public

Benefits general public by providing research based requirements for efficient new construction dehumidifier installations in the
state. Also reinforces proper condensate drainage for dehumidifiers.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

Improves the code by providing research based requirements for efficient new construction dehumidifier installations in the state,
and by reinforcing proper condensate drainage for dehumidifiers.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate; provides requirements for new code equipment category.
Does not degrade the effectiveness of the code

Does not degrade code effectiveness; provides requirements for new code equipment category, and reinforces proper
condensate drainage for dehumidifiers.
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Alternate Language

2nd Comment Period

Proponent Jeff Sonne for FSEC Submitted 5/24/2019 Attachments Yes

Rationale
This A3 modification is submitted to respond to concerns expressed by Mr. Sims and Mr. Britton. The sizing requirement and
the general fan on requirement are removed. The word dehumidistat has been replaced with sensor to avoid any interpretation
that the control of the dehumidifier is solely limited to a dehumidistat. Many thermostats include humidity sensors for instance.
What we have not removed are the requirements #1, 2 and 3 under ducted dehumidifiers. These requirements were the result
of completed FBC funded research
(http://publications.energyresearch.ucf.edu/wp-content/uploads/2018/07/FSEC-CR-2038-18.pdf) and additional FBC research
that is being finalized now. Opponents argue that #3 might go against one of the manufacturer recommended methods. The
manufacturer may not have done the research we have. Recommendation #3: “A ducted dehumidifier shall not be ducted to or
from a central ducted cooling system on the return duct side upstream from the central cooling evaporator coil” is a result of the
FBC funded research that shows this configuration uses more energy in a cooling dominated climate and results in significantly
poorer dehumidification of the home than alternatives. This result is not surprising because in these cases 1) the dehumidifier
is sending hot, dry air which diminishes the AC's latent performance, and 2) when the dehumidifier operates while the AC is
cycled off, hot dehumidifier air evaporates leftover moisture on the AC coil back into the space.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
Same as original mod.
Impact to building and property owners relative to cost of compliance with code
Same as original mod.

Impact to industry relative to the cost of compliance with code
Same as original mod.

Impact to Small Business relative to the cost of compliance with code

None if dehumidifiers are not included in project; some impact possible in applicable cases depending on current
practice.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original mod.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original mod.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original mod.

Does not degrade the effectiveness of the code
Same as original mod.

Alternate Language

2nd Comment Period

Proponent Richard Sims Submitted 4/18/2019 Attachments Yes

Rationale
As written this mod is impossible to comply with. No such sizing method exists. Makes installing per manufacturers instructions
illegal in Florida. Places unreasonable restrictions on control methods and use of technology. Ignores natural laws of

thermodynamics and creates issues with restrictions on fan operation. Adding Dehumidifier Section to this code should not
restrict normal proven uses.

Fiscal Impact Statement
Impact to local entity relative to enforcement of code

Eliminates poor language Code officials should not have to interpret "undue indirect influence" Code officials should be able
to accept manufacturers instructions as proof of proper installation. Eliminates sizing requirements that are not enforceable
or possible.

Impact to building and property owners relative to cost of compliance with code
Eliminates prohibition where connecting upstream of a coil is the only possible option and the DH will not operate in cooling

mode anyway, property owners are being restricted from using a product that can prevent moisture damage and microbial
growth.

Impact to industry relative to the cost of compliance with code
Eliminates language where HVAC professionals will be restricted from following manufacturers instructions for dehumidifier
connects to central air systems and control configurations available from thermostat and control manufacturers.

Impact to Small Business relative to the cost of compliance with code

None if dehumidifiers are not included in project; some impact possible in applicable cases depending on current
practice.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
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Removes restrictions in other proposed modifications that keep certain occupants and owners from protecting property and
building components from moisture damage and microbial growth.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Adds dehumidifier efficiency ratings to Florida Energy Code without placing restrictions upon established uses and methods
that work well in Florida's climate.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Removes restrictions proposed in other modifications on use of manufacturers proven methods.

Does not degrade the effectiveness of the code
There is no current dehumidifier section in Florida Building Code. This is our one chance to get the first one right.

2nd Comment Period

Proponent Jim Britton Submitted 5/10/2019 Attachments No

omment:
The proposed Code Modification (as written) puts Contractors and our Local Code Enforcement officials in an awkward position
as many of the proposed standards are a deviation from Manufacturer's Specifications and recognized "Best Practices.&quot;

Manual S is NOT designed to size Dehumidification Systems. Manual S is strictly built to size Residential Heating and Air
Conditioning Systems. There is no means to perform or enforce this proposed requirement.

Manufacturers of Dehumidifiers, Central Air Conditioning Equipment and HVAC Controls specifications support Dehumidification
Systems working in conjunction with the AC System fan - as we are looking to treat the whole space, not the small space where
the Dehumidifier is set. There are instances where the central fan has to be engaged to remove heat rejected from the
Dehumidifier.

The Controls language is confusing. It seems to state that a separate Dehumidifier Control is required. Today, the controls

available in most "Thermostats" are far superior in accuracy and operation than a standalone Dehumidifier control. If we are
restricted to a straight Dehumidistat, it greatly reduces the potential performance of the Dehumidification system.
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EN7649 -A3 Text Modification

[Starting from the original mod, make the following changes:]

R403.13 Dehumidifiers (Mandatory).

If installed, a dehumidifier shall conform to the following requirements:

21. The minimum rated efficiency of the dehumidifier shall be greater than 1.7 Liters/ kWh if the total dehumidifier capacity
for the house is less than 75 pints/day and greater than 2.38 Liters/k Wh if the total dehumidifier capacity for the house is
greater than or equal to 75 pints/day.

42, Geﬂkrel—ef—@h%dehum}dﬁer—shaﬂ—be—bya—dehum}dﬁﬁat—The dehum1d1ﬁer shall be controlled bv a sensor that i is mstalled ina

location where it is exposed to mixed housc air and-de

supply-airfrom-the-coelingor heating system{s).

53. Any dehumidifier unit located in unconditioned space that treats air from conditioned space shall be insulated to a
minimum of R-2.

64. Condensate disposal shall be in accordance with Section M1411.3.1 of the Florida Building Code, Residential.
R403.13.1 Ducted Dehumidifiers.

Ducted dehumidifiers shall, in addition to conforming to the requirements of Section R403.13, conform to the following
requirements:

1. If a ducted dehumidifier is configured with return and supply ducts both connected into the supply side of the cooling
system, a backdraft damper shall be installed in the supply air duct between the dehumidifier inlet and outlet duct.

2. If a ducted dehumidifier is configured with only its supply duct connected into the supply side of the central heating and
cooling system, a backdraft damper shall be installed in the dehumidifier supply duct between the dehumidifier and central
supply duct.

3. A ducted dehumidifier shall not be ducted to or from a central ducted cooling system on the return duct side upstream from
the central cooling evaporator coil.

4. Ductwork associated with a dehumidifier located in unconditioned space shall be insulated to a
minimum of R-6.
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R403.13 Dehumidifiers (Mandatory).

If installed, a dehumidifier shall conform to the following requirements.

EN7649 -A1 Text Modification

The minimum rated efficiency of the dehumidifier shall be greater than 1.7 Liters/k Wh if the total dehumidifier
capacity for the house is less than 75 pints/day and greater than 2.38 Liters/k Wh if the total dehumidifier capacity
for the house id greater than or equal to 75 pints/day.

Any dehumidifier unit located in unconditioned space that treats air from conditioned space shall be insulated to a
minimum of R-2.

Condensate disposal shall be in accordance with Section M1411.3.1 of the Florida Building Code, Residential.

R403.13.1 Ducted Dehumidifiers.

Ducted dehumidifiers shall, in addition to the requirements of Section R403.13, conform to the following
requirements:

1. Ha ducted dehumidifier #s-configured with return and supply ducts shall not be restricted from beth
connected being connected to the supply side of the cooling system, a backdraft damper shall be not be
restricted from being installed in the supply air duct between the dehumidifier inlet and outlet duct.

2. Ifaducted dehumidifier is configured with only its supply duct connected into the supply side of the
central heating and cooling system, a backdraft damper shall be installed in the dehumidifier supply duct
between the dehumidifier and central supply duct.
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4. Ductwork associated with a dehumidifier located in unconditioned space shall be insulated to a minimum
of R-6.
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R403.13 Dehumidifiers (Mandatory).

If installed. a dehumidifier shall conform to the following requirements:

Dehumidifier sizing shall be in accordance with ACCA Manual S.

2. The minimum rated efficiency of the dehurmidifier shall be greater than 1.7 Liters/ kWh if the total dehumidifier capacity for the house is less
than 75 pints/day and greater than 2.38 Liters/kKWh if the total dehumidifier capacity for the house is greater than or equal to 75 pints/day.

3. Operation of the dehumidifier shall not require operation of the cooling systern air handler fan.

EN7649 Text Modification

4. Control of the dehumidifier shall be by a dehummdistat that is installed in a location where it is exposed to mixed house air and does not receive
undue direct influence from mechanical ventilation air or supply air from the cooling or heating system(s).

5. Any dehumidifier unit located in unconditioned space that treats air from conditioned space shall be insulated to a minimum of R-2.

6. Condensate disposal shall be in accordance with Section M1411.3.1 of the Florida Building Code, Residential.

R403.13.1 Ducted Dehumidifiers.
Ducted dehumidifiers shall, in addition to conforming to the requirements of Section R403.13, conform to the following requirements:

1. Ifa ducted dehumidifier is configured with return and supply ducts both connected into the supply side of the cooling systern, a backdraft
damper shall be installed in the supply air duct between the dehumidifier inlet and outlet duct.

2. If a ducted dehumidifier is configured with only its supply duct commected into the supply side of the central heating and cooling system. a
backdraft damper shall be installed in the dehurmdifier supply duct between the dehurmdifier and central supply duct.

3. A ducted dehumidifier shall not be ducted to or from a central ducted cooling system on the return duct side upstream from the central
cooling evaporator coil.

4. Ductwork associated with a dehumidifier located in unconditioned space shall be insulated to a minimum of R-
6.
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EN7649 -A1 Text Modification

FRACCA RECOMMENDED CHANGES TO MOD EN7649

R403.13 Dehumidifiers {Mandatory].

If installed, a dehumidifier shall conform to the following requirements.

Dehumidifier sizing shall be in accordance with ACCA Manual §. This is a ridiculous (non-existent) DH

sizing method that is impossible to comply with. ACCA Manual $ does not intend or profess to be for any
other purpose than sizing residential central heating and cooling equipment. ACCA Manual S worksheets
and software cannot be used to size DH units. DH unit manufacturers do not even publish the data that
is required to be used in Manual $ methodology. It is impossible for anyone to size a dehumidifier using
Manual S as directed by ACCA. There is no variation of Manual S available from ACCA for this.

The minimum rated efficiency of the dehumidifier shall be greater than 1.7 Liters/kWh if the total
dehumidifier capacity for the house is less than 75 pints/day and greater than 2.38 Liters/kWh if the
total dehumidifier capacity for the house id greater than or equal to 75 pints/day.

Operation of the dehumidifier shall not reguire operation of the cooling system fan. Many legitimate DH

uses require operation of the central air fan. DH unit manufacturers have always allowed this
configuration. Thermostat and control manufacturers have always provided control modes that support
such operation and their instruction manuals provide details to set this up. Where DH units process air
within a mechanical closet, circulation using the central air fan is required; otherwise, the DH unit will
overheat the space or simply shutoff because the RH level was dropped simply due to excessive heat
added to the space. H2o rejection rate is greatly diminished when DH units recirculate the heat added.

Control of the dehumidifier shall be by dehumidistat that is installed in a location where it is exposed to
mixed house air and does not receive undue direct influence from mechanical ventilation air or supply

air from the cooling or heating systermn. Integrated control systems that do not require a dehumidistat

allow users to operate the DH unit in conjunction with the central air system using remote or local user
interface. Dehumidistats serve no purpose wheare more advanced integrated controls are utilized. There
are many cases where integrated controls are superior. Dehumidistats should allowed but not requirec.
We certainly do not need Code Officials to have to interpret things like “undue direct influance”.

Any dehumidifier unit located in unconditionad space that treats air from conditioned space shall be
insulated to a minimum of R-2.

Condensate disposal shall be in accordance with Section M1411.3.1 of the Florida Buifding Code,
Residential.
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EN7649 -A1 Text Modification

FRACCA RECOMMENDED CHANGES TO MOD EN7649

R403.13.1 Ducted Dehumidifiers.
Ducted dehumidifiers shall, in addition to the reduirements of Section R403.13, conform to the following

reguirements:

1. If aducted dehumidifier is configured with return and supply ducts both connected to the

supply side of the cooling system, a backdraft damper shall be installed in the supply air duct

between the dehumidifier inlet and outlet duct. There is no precedent for installing back-draft-
dampers in supply air trunk lines of cantral air systems. There are many reasons this is a bad

idea including the additional pressure drop { and noise ) created across a BDD in a supply air
trunk line. Back-draft dampers are not available in sizes that would be needed in rectangular
trunk lines. This idea came from simplified lab set-ups rather than real world central air systems.
Nobody can point to any real-world examples of back-draft-dampers in central supply air trunk
lines and no DH manufacturer reguires it. Code modifications should be based upon field proven
best practices; to date, this method has been restricted to test labs rather than real world use.

2. If aducted dehumidifier is configured with only its supply duct connected into the supply side of
the central heating and cooling system, a backdraft damper shall be installed in the dehumidifier

supply duct between the dehumidifier and central supply duct.

3. Aducted dehumidifier shall not be ducted to or from a central ducted cooling system on the

return duct side upstream from the central cooling evaporator coil. There are legitimate
reasons why all DH manufacturers have always allowed connection in this way. All DH unit

manufacturers instructions show this configuration as one of the legitimate uses of their
product. There are cases where connection to concealed supply air ducts is impossible and the
only possible methods are manufacturer approved connection upstream of the evaporator coil.

4. Ductwork associated with a dehumidifier located in unconditioned space shall be insulated to a
minimum of R-5.
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EN7649 -A1 Text Modification

2020 Triennial

FRACCA RECOMMENDED CHANGES TO MOD EN7649

FRACCA RECOMMENDED LANGUAGE
R403.13 Dehumidifiers {Mandatory].

If installed, a dehumidifier shall conform to the following reguirements.

Beburridifiersizina shall be-inaccordaneewith-ACCA-Mare S-DELETE IN ENTIRETY

The minimum rated efficiency of the dehumidifier shall be greater than 1.7 Liters/kWh if the total
dehumidifier capacity for the house is lass than 75 pints/day and greater than 2.38 Liters/kWh if the

total dehumidifier capacity for the house id greater than or edual to 75 pints/day.

ELETE IN ENTIRETY

gicfremthe-coolineorhestinpsysterm- D

Any dehumidifier unit located in unconditionad space that treats air from conditioned space shall be

insulated to a minimum of R-2.

Condensate disposal shall be in accordance with Section M1411.3.1 of the Forida Building Code,
Residential.

R403.13.1 Ducted Dehumidifiers.
Ducted dehumidifiers shall, in addition to the requirements of Section R403.13, conform to the following

reguirements:

5. Ma ducted dehumidifier iscenfizured with return and supply ducts shall not be restricted from
bothconnected being connected to the supply side of the cooling system, a backdraft damper

shall ba not be restricted from being installed in the supply air duct between the dehumidifier
inlet and outlet duct. EDIT TO ALLOW BUT NOT REQUIRE SUCH CONNECTION

6. If a ducted dehumidifier is configured with only its supply duct connected into the supply side of
the central heating and cooling system, a backdraft damper shall be installed in the dehumidifier

supply duct between the dehumidifier and central supply duct.

DELETE IN ENTIRETY

8. Ductwork associated with a dehumidifier located in unconditioned space shall be insulated to a

minimum of R-6.

PAGE 3

Energy

159

Page: 3

_3.png

_Text_FBC2020 R403 DEHUMIDIFIER CODE MOD

7649 _A1

http://www floridabuilding.org/Upload/Modifications/Rendered/Mod



EN7649 -A1 Rationale

FRACCA RECOMMENDED CHANGES TO MOD EN7649

R403.13 Dehumidifiers {Mandatory].

If installed, a dehumidifier shall conform to the following requirements.

Dehumidifier sizing shall be in accordance with ACCA Manual §. This is a ridiculous (non-existent) DH

sizing method that is impossible to comply with. ACCA Manual $ does not intend or profess to be for any
other purpose than sizing residential central heating and cooling equipment. ACCA Manual S worksheets
and software cannot be used to size DH units. DH unit manufacturers do not even publish the data that
is required to be used in Manual $ methodology. It is impossible for anyone to size a dehumidifier using
Manual S as directed by ACCA. There is no variation of Manual S available from ACCA for this.

The minimum rated efficiency of the dehumidifier shall be greater than 1.7 Liters/kWh if the total
dehumidifier capacity for the house is less than 75 pints/day and greater than 2.38 Liters/kWh if the
total dehumidifier capacity for the house id greater than or equal to 75 pints/day.

Operation of the dehumidifier shall not reguire operation of the cooling system fan. Many legitimate DH

uses require operation of the central air fan. DH unit manufacturers have always allowed this
configuration. Thermostat and control manufacturers have always provided control modes that support
such operation and their instruction manuals provide details to set this up. Where DH units process air
within a mechanical closet, circulation using the central air fan is required; otherwise, the DH unit will
overheat the space or simply shutoff because the RH level was dropped simply due to excessive heat
added to the space. H2o rejection rate is greatly diminished when DH units recirculate the heat added.

Control of the dehumidifier shall be by dehumidistat that is installed in a location where it is exposed to
mixed house air and does not receive undue direct influence from mechanical ventilation air or supply

air from the cooling or heating systermn. Integrated control systems that do not require a dehumidistat

allow users to operate the DH unit in conjunction with the central air system using remote or local user
interface. Dehumidistats serve no purpose wheare more advanced integrated controls are utilized. There
are many cases where integrated controls are superior. Dehumidistats should allowed but not requirec.
We certainly do not need Code Officials to have to interpret things like “undue direct influance”.

Any dehumidifier unit located in unconditionad space that treats air from conditioned space shall be
insulated to a minimum of R-2.

Condensate disposal shall be in accordance with Section M1411.3.1 of the Florida Buifding Code,
Residential.
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EN7649 -A1 Rationale

FRACCA RECOMMENDED CHANGES TO MOD EN7649

R403.13.1 Ducted Dehumidifiers.
Ducted dehumidifiers shall, in addition to the reduirements of Section R403.13, conform to the following

reguirements:

1. If aducted dehumidifier is configured with return and supply ducts both connected to the

supply side of the cooling system, a backdraft damper shall be installed in the supply air duct

between the dehumidifier inlet and outlet duct. There is no precedent for installing back-draft-
dampers in supply air trunk lines of cantral air systems. There are many reasons this is a bad

idea including the additional pressure drop { and noise ) created across a BDD in a supply air
trunk line. Back-draft dampers are not available in sizes that would be needed in rectangular
trunk lines. This idea came from simplified lab set-ups rather than real world central air systems.
Nobody can point to any real-world examples of back-draft-dampers in central supply air trunk
lines and no DH manufacturer reguires it. Code modifications should be based upon field proven
best practices; to date, this method has been restricted to test labs rather than real world use.

2. If aducted dehumidifier is configured with only its supply duct connected into the supply side of
the central heating and cooling system, a backdraft damper shall be installed in the dehumidifier

supply duct between the dehumidifier and central supply duct.

3. Aducted dehumidifier shall not be ducted to or from a central ducted cooling system on the

return duct side upstream from the central cooling evaporator coil. There are legitimate
reasons why all DH manufacturers have always allowed connection in this way. All DH unit

manufacturers instructions show this configuration as one of the legitimate uses of their
product. There are cases where connection to concealed supply air ducts is impossible and the
only possible methods are manufacturer approved connection upstream of the evaporator coil.

4. Ductwork associated with a dehumidifier located in unconditioned space shall be insulated to a
minimum of R-5.
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EN7649 -A1 Rationale

2020 Triennial

FRACCA RECOMMENDED CHANGES TO MOD EN7649

FRACCA RECOMMENDED LANGUAGE
R403.13 Dehumidifiers {Mandatory].

If installed, a dehumidifier shall conform to the following reguirements.

Beburridifiersizina shall be-inaccordaneewith-ACCA-Mare S-DELETE IN ENTIRETY

The minimum rated efficiency of the dehumidifier shall be greater than 1.7 Liters/kWh if the total
dehumidifier capacity for the house is lass than 75 pints/day and greater than 2.38 Liters/kWh if the

total dehumidifier capacity for the house id greater than or edual to 75 pints/day.

ELETE IN ENTIRETY

gicfremthe-coolineorhestinpsysterm- D

Any dehumidifier unit located in unconditionad space that treats air from conditioned space shall be

insulated to a minimum of R-2.

Condensate disposal shall be in accordance with Section M1411.3.1 of the Forida Building Code,
Residential.

R403.13.1 Ducted Dehumidifiers.
Ducted dehumidifiers shall, in addition to the requirements of Section R403.13, conform to the following

reguirements:

5. Ma ducted dehumidifier iscenfizured with return and supply ducts shall not be restricted from
bothconnected being connected to the supply side of the cooling system, a backdraft damper

shall ba not be restricted from being installed in the supply air duct between the dehumidifier
inlet and outlet duct. EDIT TO ALLOW BUT NOT REQUIRE SUCH CONNECTION

6. If a ducted dehumidifier is configured with only its supply duct connected into the supply side of
the central heating and cooling system, a backdraft damper shall be installed in the dehumidifier

supply duct between the dehumidifier and central supply duct.

DELETE IN ENTIRETY

8. Ductwork associated with a dehumidifier located in unconditioned space shall be insulated to a

minimum of R-6.
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EN8371
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: Date Submitted 12/15/2018 Section 501.7 Proponent Oscar Calleja
. Chapter 5 Affects HVHZ No Attachments No
© TAC Recommendation Approved as Submitted
: Commission Action Pending Review
Comments
General Comments No Alternate Language Yes

Related Modifications

Summary of Modification

On existing Residential buildings, replacement of AC ductwork is required to comply with the Prescriptive requirements of the Energy
Code. This means min R-8 ductwork in attics. This Mod removes that requirement allowing for R-6 ductwork to be installed.
Rationale

In most Residential existing dwellings the space needed for AC ductwork is usually a problem. Attic truss space limits the size of ducts
that will fit through.

Current Residential Energy Code Section 501.7 mandates that when a complete duct system is replaced the duct must comply with
the Prescriptive requirements. Those include a Minimum R value of R-8 for ducts. R-8 ducts have larger outside dimensions and
therefore present a problem when replacing smaller sized ducts. This Mod creates an exception so that R-6 ducts can be used but

only when the Energy consumption of the dwelling is not increased. That can be proven by utilizing Energy Gauge or other approved
software with a before and after whole house annual Energy consumption.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code

Allows enforcement by requiring an Energy use report when using duct R-value less than R-8.
Impact to building and property owners relative to cost of compliance with code

Solves huge problem when R-8 duct will not fit in current attic space. Avoids having to reduce the internal duct size.
Impact to industry relative to the cost of compliance with code

Solves huge problem when R-8 duct will not fit in current attic space. Avoids having to reduce the internal duct size.

Impact to small business relative to the cost of compliance with code

Solves huge problem when R-8 duct will not fit in current attic space. Avoids having to reduce the internal
duct size.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Allows new air distribution systems to be installed replacing old dirty and leaking ducts.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Allows new air distribution systems to be installed replacing old dirty and leaking ducts.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate against materials, products or methods.

Does not degrade the effectiveness of the code
Does not degrade the effectiveness of Code by requiring that Energy use of home not be increased.
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Alternate Language

2nd Comment Period

Proponent Oscar Calleja Submitted 5/26/2019 Attachments Yes

Rationale

Mandatory use of R-8 ducts in existing Residential replacements not only is impractical due to typical attic truss space but also
adds an undue economic burden to the homeowner. The Code allows R-6 ducts in new construction and should not penalize
existing homes with a higher threshold. Most ductwork replacements are done when replacing AC equipment, which is done
with new, higher efficiency equipment anyway.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
No impact to enforcement entity.
Impact to building and property owners relative to cost of compliance with code
Will provide building and property owners a lower cost of compliance.
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Impact to industry relative to the cost of compliance with code
Will provide industry a lower cost of compliance.

Impact to Small Business relative to the cost of compliance with code

Solves huge problem when R-8 duct will not fit in current attic space. Avoids having to reduce the internal duct
size.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public

Providing a practical and lower cost compliance alternative will incentivize the public to replace their old, leaky ducts. That
will improve heath, safety and welfare of the public.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

Strengthens and improves the Code by making the installation more practical and less costly, thus improving the probability
of homeowner compliance.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate against materials, products, methods, or systems of construction,

Does not degrade the effectiveness of the code
Does not degrade the effectiveness of the code since it prevents the work to be done outside of the Code (due to current
difficulty and cost).

Alternate Language

2nd Comment Period

Proponent  Jeff Sonne for FSEC Submitted 5/22/2019 Attachments Yes

Rationale
Original mod 8371 exception language would allow uninsulated ductwork in unconditioned space even if some level of
insulation would fit, which would waste energy and could also lead to condensation issues. Also, the original mod's energy use
limit could be made up for by an older AC being replaced by a minimum code unit at the same time of the duct change out,
which would negate the benefit of the increased equipment efficiency. This A2 mod still provides a duct R-value exception for
cases where space for ductwork is limited, but at the same time insures that an unnecessarily low R-value duct is not used.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
Same as original mod.
Impact to building and property owners relative to cost of compliance with code
Same as original mod.

8371-A2

Impact to industry relative to the cost of compliance with code
Same as original mod.

Impact to Small Business relative to the cost of compliance with code

Solves huge problem when R-8 duct will not fit in current attic space. Avoids having to reduce the internal duct
size.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original mod.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original mod.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original mod.

Does not degrade the effectiveness of the code
Same as original mod.

Alternate Language
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1st Comment Period History

Proponent Jeff Sonne for FSEC Submitted 2/14/2019 Attachments Yes

Rationale

Alt language intended to insure that if space limitations do not allow Code stipulated duct R-value to be used, the highest
R-value that will fit in available space be used.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
Same as original mod.
Impact to building and property owners relative to cost of compliance with code
Same as original mod.

8371-A1

Impact to industry relative to the cost of compliance with code
Same as original mod.

Impact to Small Business relative to the cost of compliance with code

Solves huge problem when R-8 duct will not fit in current attic space. Avoids having to reduce the internal duct
size.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as original mod.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as original mod.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as original mod.

Does not degrade the effectiveness of the code
Same as original mod.

1st Comment Period History

Proponent David Mann Submitted 2/14/2019 Attachments  Yes
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R501.7 Building systems and components.

Thermal efficiency standards are set for the following building systems and components where new products are
installed or replaced in existing buildings, and for which a permit must be obtained. New products shall meet the
minimum efficiencies allowed by this code for the following systems and components:

Heating, ventilating or air-conditioning systems;
Service water or pool heating systems;

Lighting systems; and

Replacement fenestration.

EN8371 -A3 Text Modification

Exceptions:

1. Where part of a functional unit is repaired or replaced. For example, replacement of an entire HVAC system
is not required because a new compressor or other part does not meet code when installed with an older
system.

2. Ifthe unit being replaced is itself a functional unit, such as a condenser, it does not constitute a repair.
Outdoor and indoor units that are not designed to be operated together must meet the U.S. Department of
Energy certification requirements contained in Section R303.1.2. Matched systems are required; this match
may be verified by any one of the following means:

a. AHRI data

b. Accredited laboratory

c. Manufacturer’s letter

d. Letter from registered P.E. State of Florida

3. Where existing components are utilized with a replacement system, such as air distribution system ducts or
electrical wiring for lights, such components or controls need not meet code if meeting code would require
that component’s replacement.

4. Replacement equipment that would require extensive revisions to other systems, equipment or elements of a
building where such replacement is a like-for-like replacement, such as through-the-wall condensing units
and PTACs, chillers and cooling towers in confined spaces.

5. If space does not permit replacement air distribution svstems to meet the prescriptive R-value requirement of
this code, replacement ducts shall have either the same R-value as the ducts being replaced or a higher R-
value. Ducts with R-6 insulation value shall be considered sufficient to satisfy the requirements of R501.7.

I:
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S Thermal efficiency standards are set for the following building systems and components where new products are
- installed or replaced in existing buildings, and for which a permit must be obtained. New products shall meet the
5 minimum efficiencies allowed by this code for the following systems and components:
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Heating, ventilating or air-conditioning systems;

Service water or pool heating systems;

Lighting systems; and

Replacement fenestration.

Exceptions:

1. Where part of a functional unit is repaired or replaced. For example, replacement of an entire HVAC system
is not required because a new compressor or other part does not meet code when installed with an older
system.

2. Ifthe unit being replaced is itself a functional unit, such as a condenser, it does not constitute a repair.
Outdoor and indoor units that are not designed to be operated together must meet the U.S. Department of
Energy certification requirements contained in Section R303.1.2. Matched systems are required; this match
may be verified by any one of the following means:

a. AIRI data

b. Accredited laboratory

¢. Manufacturer’s letter

d. Letter from registered P.E. State of Florida

3. Where existing components are utilized with a replacement system, such as air distribution system ducts or
electrical wiring for lights, such components or controls need not meet code if meeting code would require
that component’s replacement.

4. Replacement equipment that would require extensive revisions to other systems, equipment or elements of a
building where such replacement is a like-for-like replacement, such as through-the-wall condensing units
and PTACs, chillers and cooling towers in confined spaces.

5. If space does not permit replacement air distribution svstems to meet the prescriptive R-value requirement of
this code, replacement ducts shall have either the same R-value as the ducts being replaced or the hishest
available R-value duct insulation that will continuously fit in the available space, whichever is greater.
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5. Replacement air distribution systems shall either reed-net-meet current Code’s prescriptive R-value requirement or if
space does not permit, then the highest available R-value duct insulation that will fit in the available space, as long as overall
building energy use after replacement is not more than the original building’s energy use prior to alteration.

EN8371 -A1 Text Modification
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EN8371 Text Modification

R501. 7Building systems and components.

Thermal efficiency standards are set for the following building systems and components where new products are
installed or replaced in existing buildings, and for which a permit must be obtained. New products shall meet the
minimum efficiencies allowed by this code for the following systems and components:

Heating, ventilating or air-conditioning systems;
Service water or pool heating systems;

Lighting systems; and

Replacement fenestration.

Exceptions:

1. Where part of a functional unit is repaired or replaced. For example, replacement of an entire HVAC
system is not required because a new compressor or other part does not meet code when installed with an
older system.

2. If the unit being replaced is itself a functional unit, such as a condenser, it does not constitute a repair.
Outdoor and indoor units that are not designed to be operated together must meet the U.S. Department of
Energy certification requirements contained in Section R303.1.2. Matched systems are required; this match
may be verified by any one of the following means:

a. AHRI data

b. Accredited laboratory

c. Manufacturer’s letter

d. Letter from registered P.E. State of Florida
3. Where existing components are utilized with a replacement system, such as air distribution system ducts
or electrical wiring for lights, such components or controls need not meet code if meeting code would
require that component’s replacement.
4, Replacement equipment that would require extensive revisions to other systems, equipment or
elements of a building where such replacement is a like-for-like replacement, such as through-the-wall
condensing units and PTACs, chillers and cooling towers in confined spaces.
5. Replacement air distribution systems need not meet current Code’s prescriptive R-value as long as
overall building energy use after replacement is not more than the original building’s prior to alteration.
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EN8371 -G1 General Comment

American’
Chemistry
Council

February 13, 2019

RE: ACC Comments Opposing Florida Building Code 7th Edition Update Energy Proposal
#8371

| am writing on behalf of the American Chemistry Council (ACC) to oppose proposal #8371. This
proposal exempts replacement duct systems from code R-value requirements. The exemption would
result in less insulation and higher energy costs. Ducts are commonly installed in attics, where
temperatures can exceed 130-140 degrees Fahrenheit. While we understand the desire for some
flexibility in the code requirements as they pertain to existing buildings, the losses in energy
efficiency could be significant if this proposal is adopted. Because the opportunities to improve
Florida’s existing building stock are so rare, we urge the Commission to be especially careful with
any proposals that could weaken code provisions that apply to existing buildings.

We appreciate the need for Florida specific amendments, but only so long as they recognize that the
model code is a floor, not a ceiling, and do not weaken the substantive requirements of the code.
Strong thermal envelope requirements enhance energy efficiency, drive materials and product
innovation, and support continued economic and job growth. Therefore we request that you oppose
8371 in favor of the provisions of the 2018 IECC.

About ACC and Building Energy Codes

ACC members apply the science of chemistry to make innovative products and services that make
people’s lives better, healthier and safer. The business of chemistry is a $526 billion enterprise and
a key element of the nation’s economy. Chemistry companies are among the largest investors in
research and development, investing $91 billion in 2016. In the state of Florida, chemical
manufacturing is a $9B industry employing over 15,000 people and another 26,000 in related jobs.

Florida’s energy code impacts ACC’s members and their employees. The chemical industry supplies
many products and materials to the building and construction value chain, including those that
deliver energy efficiency throughout the entire structure. ACC’s members are also large users of
energy so the responsible use of energy is important to the industry’s economic health and
competitiveness. Energy efficiency is the lowest cost option for meeting energy demand. Energy
efficient buildings create economic opportunities for businesses and industry by promoting new
energy efficient technologies and reducing energy waste.

ACC has extensive knowledge regarding building code development. ACC is a partner in recent
building science research, including projects with the Department of Energy and Home Innovation
Research Labs. ACC representatives serve on the ICC, ASHRAE, ASTM, AAMA, and other code and
standard setting bodies.

Please contact me at (404) 242-5016 or Michael Power@AmericanChemistry.com if we can be of
any further assistance.

Regards,

americanchemistry.com® 1995 North Park Place, Suite 240| Atlanta, GA | {770)-421-2991 I.FE
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Sub Code: Residential

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, L
: Date Submitted 12/3/2018 Section 408.3 Proponent Ann Russo8
Chapter 4 Affects HVHZ No Attachments No
! TAC Recommendation  Approved as Submitted
© Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications
RB187-16
Summary of Modification

This change adds an option for dehumidification for unvented crawl spaces.
Rationale

Typical conditioning measures involve supplying conditioned air from the occupied (conditioned) space of the building or exhausting air
from the crawl space with make up air provided from the occupied (conditioned) space of the building. This code change allows

another means of conditioning and controlling moisture, specifically dehumidification. Dehumidification is a proven technology.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code
Adding optional method only. No impact on code enforcement.

Impact to building and property owners relative to cost of compliance with code

This change will not increase the cost of construction as it is only adding an optional method for treatment of unvented crawl
spaces.

Impact to industry relative to the cost of compliance with code

This change will not increase the cost of construction as it is only adding an optional method for treatment of unvented crawl
spaces.

Impact to small business relative to the cost of compliance with code

This change will not increase the cost of construction as it is only adding an optional method for
treatment of unvented crawl spaces.
Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public

This change is only adding an optional method for treatment of unvented crawl spaces so will not effect the code requirements or
enforcement.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

This change is only adding an optional method for treatment of unvented crawl spaces so will not effect the code requirements or
enforcement.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
This change is only adding an optional method for treatment of unvented crawl spaces so will not effect the code requirements or

enforcement. Does not discriminate against materials, products, methods, or systems of construction of demonstrated
capabilities.

Does not degrade the effectiveness of the code

This change is only adding an optional method for treatment of unvented crawl spaces so will not effect the code requirements or
enforcement. Does not degrade the effectiveness of the code.

2nd Comment Period

Proponent Borrone Jeanette Submitted 5/21/2019 Attachments No

omment:
| agree with the proposed revision.
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Revise as follows:

EN7655 Text Modification

2.4.

+ R408.3 Unvented crawl space. Ventilation openings in under-floor spaces specified in
Sections R408.1 and R408.2 shall not be required where the following items are provided:

1. Exposed earth is covered with a continuous Class [ vapor retarder. Joints of the vapor retarder
shalloverlapby6inches(152mm)andshallbesealedortaped. Theedgesofthevaporretarder shall extend not less
than 6 inches (152 mm) up the stem wall and shall be attached and sealed to the stem wall or insulation.

2. One of the following is provided for the under-floorspace:

2.1.Continuously operated mechanical exhaust ventilation at a rate equal to 1 cubic foot per minute
(0.47 L/s) for each 50 square feet (4.7 m2) of crawl space floor area, including an air
pathwaytothecommonarea(suchasaductortransfergrille),andperimeterwallsinsulated in accordance with
the Florida Building Code, Energy Conservation.

2.2.Conditioned air supply sized to deliver at a rate equal to 1 cubic foot per minute (0.47 L/s) for
each 50 square feet (4.7 m:) of under-floor area, including a return air pathway to the common area
(such as a duct or transfer grille), and perimeter walls insulated in accordance with the Florida
Building Code, Energy Conservation.
2.3.PlenuminexistingstructurescomplyingwithSectionM1601.5,1funder-floorspaceisusedas aplenum.

Dehumidification sized to provide 70 pints (33 liters) of

moisture removal per day

for every 1,000 ft2 (93 m2) of crawl space floor area.
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TAC: Energy

Total Mods for Energy in No Affirmative Recommendation: 16

Total Mods for report: 26

Sub Code: Energy Conservation

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i
: Date Submitted 12/11/2018 Section 202 Proponent Joseph Hetzel
Chapter 2 Affects HVHZ No Attachments No
TAC Recommendation No Affirmative Recommendation
© Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications

Summary of Modification
Clarification to the definitions of Entrance Door and Fenestration.

Rationale
The definition of Entrance Door needs grammatical improvements as shown in the proposal. The key change is adding the word
&#39;0ccupant&#39; before the purposes of the door. This is to distinguish entrance
doors from doors which are used for trucks or other cargo or material movement.
The edit to the definition of Fenestration is for consistency with Table C402.4 as well as some editorial clarity.
The proposal was submitted to the ICC as CE11-16 Part 1 (Commercial) and was approved as submitted.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
No impact.

Impact to building and property owners relative to cost of compliance with code
No impact.

Impact to industry relative to the cost of compliance with code
No impact.

Impact to small business relative to the cost of compliance with code
No impact.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
No adverse effect on health, safety and welfare by clarifying the definitions of Entrance Door and Fenestration.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Strengthens and improves the code by clarifying the definitions of Entrance Door and Fenestration.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
No discrimination since it simply involves clarifying the definitions of Entrance Door and Fenestration.

Does not degrade the effectiveness of the code
Improves the effectiveness of the code by clarifying the definitions of Entrance Door and Fenestration.

2nd Comment Period

Proponent Dick Wilhelm Submitted 5/19/2019 Attachments No

omment:
AMA supports the language in this proposal
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ENTRANCE DOOR. FenestrationprodustsA vertical fenestration product used for occupant ingress, egress and access
in nonresidential buildings, including, but not limited to, exterior entrances thatutilizeutilizing latching hardware and
automatic closers and eentaincantaining over 50-percent glassglazing specifically designed to withstand heavy use-and

possibly-abuseduty usage.

FENESTRATION. Products classified as either skylights or vertical fenestration-er-skylights.

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

EN7915 Text Modification

Vertical fenestration. Windows (that are fixed or moveableoperable), 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 atleastnot less than 60 degrees (1.05 rad) from horizontal.
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EN8175

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2
: Date Submitted 12/14/2018 Section 202 Proponent Armin Hauer
. Chapter 2 Affects HVHZ No Attachments No
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications
C403.2.12.2 Motor nameplate horsepower
Summary of Modification
added definition
Rationale
Definition is needed for an update to C403.2.12.2.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
no impact

Impact to building and property owners relative to cost of compliance with code
no impact

Impact to industry relative to the cost of compliance with code
no impact
Impact to small business relative to the cost of compliance with code
no impact
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
The associated proposal C403.2.12.2 corrects an IP / S| conversion error related to shaft power: 6 bhp equals 4476 W
mechanical power.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
The associated proposal C403.2.12.2 moves the clause about fan system motor nameplate into the exceptions section for better
clarity.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities

The associated proposal C403.2.12.2 increases the design options for load-matching variable-speed fan motors, accommodates
new motor and drive technologies, and it simplifies the motor selection criteria for fans.
Does not degrade the effectiveness of the code

The associated proposal C403.2.12.2 moves the clause about fan system motor nameplate into the exceptions section for better
clarity.

2nd Comment Period

Proponent Amanda Hickman Submitted 5/23/2019 Attachments  No

omment:

This modification as well as EN8184 should be approved, as it recognizes recent updates made to ASHRAE 90.1. This will
increase design options for load-matching variable-speed fan motors, accommodates new motor and drive technologies, and it

simplifies the motor selection criteria for fans. At the Committee Hearing the ICC unanimously approved ASHRAE&#39;s an
identical proposal (CE136).
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Fan Nameplate Electrical Input Power. The nominal electrical input power rating stamped on a fan assembly
nameplate.

EN8175 Text Modification

2020 Triennial Energy
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EN7205

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 18
: Date Submitted 11/6/2018 Section 405.6.3 Proponent Bryan Holland
. Chapter 4 Affects HVHZ No Attachments No
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications

Summary of Modification
This proposed modification revises the voltage drop requirement to include "customer-owned service conductors" in addition to feeder
conductors and branch circuit conductors.

Rationale
The current requirement for voltage drop does not include customer-owned service conductors which in long runs can result in
significant voltage drop. The term “conductors” has been added to feeder and branch circuit to add clarity. A definition of "voltage
drop" is being added to harmonize the Florida Energy Code with the IECC and ASHRAE 90.1 Standard.

Fiscal Impact Statement
Impact to local entity relative to enforcement of code

This proposed modification will have no impact to the local entity relative to code enforcement.

Impact to building and property owners relative to cost of compliance with code
This proposed modification will ensure customer-owned service conductors are included in the voltage drop calculation to prevent
unnecessary losses in the complete premises wiring systems.

Impact to industry relative to the cost of compliance with code
This proposed modification could result in an increased cost of compliance if the designer chooses to increase the
customer-owner service conductors in response to excess voltage drop.

Impact to small business relative to the cost of compliance with code
This proposed modification should not have an impact on small business.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
This proposed modification is directly connected with the health, safety, and welfare of the general public.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
This proposed modification improves the code by adding a needed definition and revising the prescriptive language of the section
to include all conductors on the premises-wiring side of the electrical installation.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
This proposed modification does not discriminate against materials, products, methods, or systems of construction.

Does not degrade the effectiveness of the code
This proposed modification enhances the effectiveness of the code.

2nd Comment Period

Proponent Bryan Holland Submitted 5/21/2019 Attachments No

Comment:

Please reconsider this proposed modification for approval. The revised language simply adds "customer-owned service
conductors" to the voltage drop requirement as previously required in earlier editions of the FBC Energy Conservation Code.
Excluding these premises wiring conductors from the calculation can results in excess energy losses on the system before a
single load is being supplied. Please be advised the ICC Commercial Energy Code Development Committee unanimously voted
15-0 to approve Proposal CE214-19 during the ICC Group B Committee Action Hearings. This will keep the Florida Energy Code
aligned with the IECC-C.

EN7205-G2

2nd Comment Period

Proponent Jennifer Privateer Submitted 5/22/2019 Attachments No

omment:
agreed as modified
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2nd Comment Period

Proponent Jennifer Privateer Submitted

omment:
| agree

2nd Comment Period

Proponent Harold Barrineau Submitted

omment:
| agree this is a good modification

2nd Comment Period

Proponent Harold Barrineau Submitted

omment:
| agree with this modification

1st Comment Period History

5/22/2019 Attachments  NO
5/25/2019 Attachments  NO
5/25/2019 Attachments  NO

Proponent Vincent Della Croce Submitted

2020 Triennial

1/8/2019 Attachments  NO
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C405.6.3 Voltage drop. 3 bined 3
percentvoltage drop-tetal- The total voltage drop across the combination of customer-owned service conductors,
feeder conductors, and branch circuit conductors shall not exceed 5 percent.

Add to Section C202 Definition:

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

EN7205 Text Modification
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EN7206

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4
: Date Submitted 11/6/2018 Section 405.6.1 Proponent Bryan Holland
. Chapter 4 Affects HVHZ No Attachments No
' TAC Recommendation No Affirmative Recommendation
© Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications

Summary of Modification

This proposed modification revises the section to clarify that compliance with Section 8 Power of the ASHRAE Standard 90.1 is
required by Section 405.6.1

Rationale

The purpose of this proposed maodification is to align the code with DS 2016-033 and further clarify that Section 8 Power of the

ASHRAE Standard 90.1 is the part being referenced by C405.6 Electric power. The revised language will assist those designing,
installing, or enforcing the requirements of the Florida Energy Code.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code

This proposed modification will assist the local entity when enforcing the requirement of the Florida Energy Code by clarifying
exactly what requirements in the ASHRAE Standard 90.1 are applicable to C405.6.1 compliance.
Impact to building and property owners relative to cost of compliance with code

This proposed modification will ensure building and property owners have electric distribution systems installed in compliance
with both C405.6 of the FBC-EC and Section 8 of ASHRAE Standard 90.1.

Impact to industry relative to the cost of compliance with code
This proposed modification will not change the cost of compliance with the code.

Impact to small business relative to the cost of compliance with code

This proposed modification will have no impact to small business.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public

This proposed modification is directly connected to the health, safety, and welfare of the general public by ensuring electrical
power distribution in buildings meet the requirements of the code.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

This proposed modification improves the code by clarifying the section and giving a pointer to the specific section of ASHARE
Standard 90.1 that is applicable.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities

This proposed modification does not discriminate against materials, products, methods, or systems of construction.
Does not degrade the effectiveness of the code

This proposed modification enhances the effectiveness of the code by clarifying the rule.

2nd Comment Period

Proponent Bryan Holland Submitted 5/21/2019 Attachments No

omment:

Please reconsider this proposed modification for approval. The current language is vague, confusing, and not well understood in
he field. The revised language adds a pointer to the specific requirements in the ASHRAE standard that are applicable as
clearly indicated in Declaratory Statement DS2016-033. It should be noted the Electrical TAC has recommended this

modification for approval unanimously 9-0. The electrical industry is the most impacted by the rule and with this vote has shown
he need for the code change.

1st Comment Period History

Proponent Vincent Della Croce Submitted 1/8/2019 Attachments No
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C405.6 Electrical power {Mandatory).
C405.6.1 Applicability.

This section applies to all building power distribution systems. The provisions for electrical distribution for all

90.1.

EN7206 Text Modification

sections of this code are subject to the-designconditions the requirements of Section 8 Power in ASHRAE Standard
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EN7238

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, LI
: Date Submitted 11/12/2018 Section 403.4.2.4 Proponent Bryan Holland
. Chapter 4 Affects HVHZ No Attachments No
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications

Summary of Modification
This proposed modification harmonizes requirements for part-load controls for hydronic system of the FBC-Energy with the 2018
IECC.

Rationale
This proposal reduces the threshold where variable flow and variable speed drives (VSD) are required for pumping systems.
Requirements for heating pump VSDs are added. Variable flow systems use less pumping energy than constant flow systems.
Variable pumping systems also produce larger system temperature differences that can enhance chiller efficiency and condensing
boiler efficiency (although these effects are not included in the savings calculations). Variable flow systems can reduce flow either by
throttling flow and then having the pump "ride the pump curve" to reduce flow and energy at higher pressure or by using a VSD. Using
a variable speed drive provides similar flow control at a lower energy cost, as pressure differential is reduced. Restates the minimum
flow exception as a condition requirement, removing the exception with the result of the same code requirement. An exception for
pump flow controls on coils requiring freeze protection is added. The first and third exceptions had the words "is not required" added
to them, Exception 2 was deleted after having the intent added to the provisions above, then a new exception for freeze protection was
added as exception 2 and exception 4 is new. Operation of variable flow systems is less expensive than constant flow systems and
variable speed drives increase the savings compared to throttling control. An analysis of energy impact shows that annual savings
from expanding the use of motor speed control in the proposal ranges from $1,303 to $401 for 10 to 3 horsepower heating pumps and
from $1821 to $386 for 10 to 2 horsepower cooling pumps in typical HVAC systems. Savings for larger pumps are proportional. More
details are found in the cost-effectiveness analysis referenced in the cost impact section.

Fiscal Impact Statement
Impact to local entity relative to enforcement of code

This proposed modification will not impact the local entity relative to code enforcement.

Impact to building and property owners relative to cost of compliance with code
This proposed modification will impact building and property owners where the increased cost of compliance is passed-on to
them from the builder/contractor.

Impact to industry relative to the cost of compliance with code
The cost for VSD and associated controls is approximately $3,920 for 2 horsepower pumps. Costs for larger pumps are
proportional. There is no cost for reducing the threshold where variable flow systems are required.

Impact to small business relative to the cost of compliance with code

This proposed modification will impact small business owners where the increased cost of compliance is
passed-on to them from the builder/contractor.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
This proposed modification is directly connected to the health, safety, and welfare of the general public by reducing the threshold
horsepower and flow configuration of pump systems.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
This proposed modification improves and strengthens the code by increasing the efficacy of pump systems used in hydronic
heating/cooling applications.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
This proposed modification does not discriminate against materials, products, methods, or systems of construction.

Does not degrade the effectiveness of the code
This proposed modification enhances the effectiveness of the code.

2nd Comment Period

Proponent Bryan Holland Submitted 5/21/2019 Attachments No

omment:

Please reconsider this proposed modification for approval. Rejection of this code change is leaving an immense amount of
energy savings on the table and out of the code which will allow these systems to operate at a much lower efficiency than
currently required in the IECC-C and ASHRAE 90.1 Standard. The 200,000 Btu/h capacity and 8-hp rating reduction was
supported by industry based on a PNNL study that showed significant cost savings and rapid ROI. This change will significantly
improve the performance of the FBC-EC. Please note there is a slight error in the modification. The design output capacity
should be 300,000 Btu/h (87.9 kW).
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2nd Comment Period

Proponent Jennifer Privateer Submitted 5/22/2019

omment:
| agree with this proposed modification

2nd Comment Period

Proponent Harold Barrineau Submitted 5/25/2019

omment:
| like this clarity and agree with modification

2020 Triennial Energy
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EN7238 Text Modification

C403.4.2.4 Part-load controls.

Hydronic systems greater than or equal to 500,000 Btu/h {146.5kW)} 300,000 Btu/h (146.5 kW) in design output
capacity supplying heated or chilled water to comfort conditioning systems shall include controls that have-the

eapability are configured to do all of the following;:

1. Automatically reset the supply-water temperatures in response to varying building heating and cooling demand
using coil valve position, zone return water temperature, building-return water temperature or outside air
temperature. The temperature shall be capable of being reset by not less than 25 percent of the design supply-to-
return water temperature difference.

2. Automatically vary fluid flow for hydronic systems with a combined motor capacity of 30-hp{+54+W3-2 hp (1.5
kW) or larger with three or more control valves or other devices by reducing the system design flow rate by not
less than 50 percent or the maximum reduction allowed by the equipment manufacturer for proper operation of
equipment by desigrned valves that modulate or step open and close, or pumps that modulate or turn on and off as
a function of load.

3. Automatically vary pump flow on heating-water systems, chilled-water systems and heat rejection loops serving
water-cooled unitary air conditioners as follows: with-a-combined-motorcapacity-of 10-hp{Z 5k \W-or-largerby
o INE pUmDb ian notle han 50 pe

ala ... . allfa .--.A - alallla aa
+H deHUHSta o D c-eHy o-p

3.1 Where pumps operate continuously or operate based on a time schedule, pumps with nominal output motor

power of 2 hp or more shall have a variable speed drive.

3.2. Where pumps have automatic direct digital control configured to operate pumps only when zone heating or
cooling is required, a variable speed drive shall be provided for pumps with motors having the same or greater
nominal output power indicated in Table C403.4.4 based on the climate zone and system served.

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 desigh wattage at 50 percent of the design water flow. Pump flow shall be controlled to
maintain one control valve nearly wide open or to satisfy the minimum differential pressure.

Exceptions:

1. Supply-water temperature reset is not required for chilled-water systems supplied by off-site district chilled
water or chilled water from ice storage systems.

coil circulation pumps where needed for freeze protection.

3. Variable pump flow is not required on dedicated equipment circulation pumps where configuredin
primary/secondary design to provide the minimum flow requirements of the equipment manufacturer for proper
operation of equipment.

4. Variable speed drives are not required on heating water pumps where more than 50 percent of annual heat is
generated by an electric boiler.

ADD THE FOLLOWING TABLE:
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=)
S TABLE C403.4.4
= VARIABLE SPEED DRIVE (VSD) REGUIREMENTS FOR DEMAND-CONTROLLED PUMPS
3 CHILLED WATER AND HEAT REJECTION LOOP VSD REQUIRED FOR MOTORS WITH
§ PUMPS IN THESE CLIMATE TONES HEATING WATER PUMPS I8 THESE CLIMATE TONES RATED OUTPUT OF:
2| (1A 18,28 =2hp
=| [2A.38 = >3 hp
8 [3A, 3C, 4A, 4B 7.8 =5hp
= |4C.SA. 5B, 5C.6A. 6B 3C, 5A, 5C, 6A, 6B =7.5hp
o 4A,4C, 5B = 10 hp
7.8 B = 15hp
- 2A, 2B, 3A, 3B =25 hp
i 18 2 100 hp
- 1A = 200 hp
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EN7327

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 6
: Date Submitted 11/19/2018 Section 405.5.2 Proponent Bryan Holland
. Chapter 4 Affects HVHZ No Attachments No
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications

Summary of Modification
This proposed modification adds mandatory requirements for gas-fired lighting appliances.

Rationale
This provision will make the lighting section of commercial code consistent with the lighting section of the residential code section
R404.1.1. It will also be consistent with other provisions of the code, such as Section C404.9.1 for commercial pool heaters
(&quot;Gas-fired heaters shall not be equipped with continuously burning pilot lights&quot;), Table 403.2.3(4) for warm air furnaces,
footnotes f and g, (&quot;Units shall also include an ID&quot; - IID is an intermittent ignition device), federal energy efficiency
requirements for residential gas ovens, federal energy efficiency requirements for residential gas hot water boilers, and federal
efficiency requirements for residential gas steam boilers.
The energy usage of gas lighting with continuously burning pilot lights is very significant. A gas light using 2,500 Btu/hour will give off
about the same amount of light as a 60-Watt (205 Btu) incandescent light bulb (about 800-850 lumens). In other words, a gas light will
use over 12 times more energy than an incandescent light bulb. When compared to a 10-Watt LED light bulb, the gas light uses over
72 times more energy.
With a continuously burning pilot light, the 2,500 Btu/hour gas light will use 21.9 Million Btu&#39;s (or about 215 therms or 215 ccf) of
gas per year. In other words, one light will use more than a typical residential gas water heater.
The savings will be significant. Usage will be reduced by at least 50%, and for a 2,500 Btu/hour gas lamp, that translate to a savings of
109.5 Million Btu&#39;s per year (or about 107.5 therms per year). At a commercial rate of $0.90 per therm, the savings are $96.75
per year. This will mean that the simple payback will be less than 1-2 years.

Fiscal Impact Statement
Impact to local entity relative to enforcement of code

This proposed modification will not impact the local entity relative to code enforcement.

Impact to building and property owners relative to cost of compliance with code
This proposed modification will not change the cost of compliance to building and property owners unless the associated cost is
passed onto them by the builder or appliance supplier.

Impact to industry relative to the cost of compliance with code
This proposed modification will increase the cost of compliance with the code. The cost to install a gas light without continuously
burning pilot lights is slightly higher (approximately $50-100), depending on the installation and wiring needs.

Impact to small business relative to the cost of compliance with code

This proposed modification will not change the cost of compliance or impact small business unless the
associated cost is passed onto them by the builder or appliance supplier.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
This proposed modification is directly connected to the health, safety, and welfare of the general public by prohibiting the use of
an energy wasteful gas-fired lighting ignition system.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
This proposed modification improves and strengthens the code by harmonizing requirements in the Commercial Energy Code
with those found in the Residential Energy Code.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
This proposed modification does not discriminate against materials, products, methods, or systems of construction.

Does not degrade the effectiveness of the code
This proposed modification enhances the effectiveness of the code.

2nd Comment Period

Proponent Jennifer Privateer Submitted 5/22/2019 Attachments No

omment:
| agree with mod as proposed
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2nd Comment Period

Proponent Harold Barrineau Submitted 5/25/2019 Attachments No

omment:
| like this and agree with this modification
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C405.5.2 Lighting equipment (Mandatory) Gas-fired lighting apgliances shall not be equipped with continugusly burming pilot
ignition systems.

EN7327 Text Modification
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EN8154

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7
: Date Submitted 12/14/2018 Section 406.7.1 Proponent George Wiggins (BOAF)
. Chapter 4 Affects HVHZ No Attachments No
' TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications
None

Summary of Modification
Clarifies that minimum percentage requirements are related to a building's annual hot water requirements & not first hour rating, &
Removes combined heat and power system technologies & Expands the qualifying renewable energy technology to any on site
renewable

Rationale
This proposal does three things:

1. it clarifies that the minimum percentage requirements are related to a building&#39;s annual hot water requirements and not
simply to first hour rating,

2. itremoves combined heat and power system from the list of technologies that can be used to satisfy this sections requirements,
and

3. it expands the qualifying renewable energy technology from only solar energy to any on site renewable energy.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code
None

Impact to building and property owners relative to cost of compliance with code
None

Impact to industry relative to the cost of compliance with code
None

Impact to small business relative to the cost of compliance with code
None

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public

Clarifies current code language to accomplish the goal of energy conservation as part of "welfare of the general
public."

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Improves the code language with more expansive options.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Reduces potential discrimination of products or systems by language allowing more options to comply.

Does not degrade the effectiveness of the code

Improves the potential effectiveness of the Code by expanding the opportunity for builders to use on site renewable energy
technologies such as wind or biomass in addition to solar energy.

2nd Comment Period

Proponent George Wiggins Submitted 5/23/2019 Attachments No

omment:

Improves the potential effectiveness of the Code by expanding the opportunity for owners and builders to use on site renewable
energy technologies such as wind or biomass in addition to solar energy. In addition, does not result in additional cost.

2nd Comment Period

Proponent Harold Barrineau Submitted 5/26/2019 Attachments No

omment:
| agree with this modification.
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Revise as follows:

C406.7.1 Load fraction. The building service water-heating system shall have one or more of
the following that are sized to provide not less than 60 percent of the building's annual hot
water requirements, or sized to provide 100 percent of the building's annual hot water
requirements if the building shall otherwise comply with Section C403.4.5.

EN8154 Text Modification

1. Waste heat recovery from service hot water, heat- recovery chillers, building

equipment, or process equipment;-or-a-combined-heat-and-powersystem.

SelarOn site renewable energywater-heatingsystems.
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EN8184

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 8
: Date Submitted 12/14/2018 Section 403.2.12.2 Proponent Armin Hauer
. Chapter 4 Affects HVHZ No Attachments Yes
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language No

Related Modifications
C202 Definitions
Summary of Modification

Correct conversion error related to shaft power. Move the clause about fan system motor nameplate for better clarity. Increase the

design options for load-matching variable-speed fan motors, accommodates new motor and drive technologies, and it simplifies the
motor selection criteria for fans.

Rationale

This proposal increases the design options for load-matching variable-speed fan motors, accommodates new motor and drive
technologies, and it simplifies the motor selection criteria for fans.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code

Positive impact. This proposal increases the design options for load-matching variable-speed fan motors, accommodates new
motor and drive technologies, and it simplifies the

motor selection criteria for fans.
Impact to building and property owners relative to cost of compliance with code

Positive impact. This proposal increases the design options for load-matching variable-speed fan motors, accommodates new
motor and drive technologies, and it simplifies the

motor selection criteria for fans.
Impact to industry relative to the cost of compliance with code

Positive impact. This proposal increases the design options for load-matching variable-speed fan motors, accommodates new
motor and drive technologies, and it simplifies the

motor selection criteria for fans.
Impact to small business relative to the cost of compliance with code
Positive impact.
Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public
This proposal corrects an IP / Sl conversion error related to shaft power: 6 bhp equals 4476 W mechanical power.
Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
This proposal moves the clause about fan system motor nameplate into the exceptions section for better clarity.
Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities

This proposal increases the design options for load-matching variable-speed fan motors, accommodates new motor and drive
technologies, and it simplifies the motor selection criteria for fans.
Does not degrade the effectiveness of the code

This proposal moves the clause about fan system motor nameplate into the exceptions section for better clarity.

2nd Comment Period

Proponent Amanda Hickman Submitted 5/23/2019

Attachments  No
omment:

This modification along with EN8175 should be approved as it recognizes recent updates made to ASHRAE 90.1. This will
increase design options for load-matching variable-speed fan motors, accommodates new motor and drive technologies, and it

simplifies the motor selection criteria for fans. At the Committee Hearing the ICC unanimously approved ASHRAE&#39;s an
identical proposal (CE136).
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€403.2.12.2 Fan mMotor selection-sameplate-horsepower

For each fan, the fan brake horsepower shall be indicated on the construction documents and the selected motor
shall be no larger than the first available motor size greater than the following;:

1. For fans less than 6 bhp (4443 4476 W), 1.5 times the fan brake horsepower.

2. For fans 6 bhp (4413 4476 W) and larger, 1.3 times the fon brake horsepower.

EN8184 Text Modification

Exceptions:

1. Fans equipped with electronic speed control devices to vary the fan airflow as a function of load.
2. Fans with fan nameplate electrical input power of less than 0.89 kW.
3. Systems complying with Section 403.8.1 fan system motor nameplate hp (Option 1).

Exceptions: 4. Fans with motor nameplate horsepower less than 1 hp (746 W)-are-exemptfromthis
section.
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EN8184 Text Modification

From: Armin Haoer

To: “Madani hig"

Subject: RE: mad 8184

Date: Friday, Decermber 28, 2018 5:00:00 PR

Dear Mo Madani,

thank you for the aleit.
| did “grab" the original language from the |CC website:

2017 Florida Building Code - Energy
Conservation, Sixth Edition

{First Printing: Jul 201 7)

CHAPTER 4. [CE] COMMERCIAL ENERGY EFFICIENCY v nn

C403.2.12.2 Motor nameplate horsepower.
~or each fan, the fan brake horsepower shall be indicated on the construction documenis and the selected motor shall
be not larger than the first available motor size greater than the fellowing:

1. For fans less than 6 bhp (4413 W), 1.5 times the fan brake horsepower
2. Forfans 6 bhp (4413 W) and larger, 1.3 times the fan brake horsepower
3. Systems complying with Section C403.2.12.1 fan system motor namep/ate hp (QOption 1)

| therefore cannot understand the concern that the original text does not match. Can you please help me?
Soiry, | also do not know the meaning of the acronym BBC in this context.

.

fIJ Proposed Code Modifications

USER: Armin Hauer

N

Proposed Code Medifications Menu > Manage Proposed Code Medification > Modification Request History

Medification # 8184
Modification Status Need More Information
Date Requested 12/20/2018
More Information Requested Original text of the proposed miod does not matech that of 2017 BBC,

EC. Please note - deadline for fixing the proposed mod is ASAP but
no later than 12/28/2018

Requested By Mo Madani

Date Responded

Best regards

Armin Hauer
Manager
Regulatory and Government Affairs

ebm-papst Inc.

110 Hyde Road

Farmington, CT 06034

Phone: +1 860 507-8259

Armin Hauer@us ebmpapst.com
www, ebmpapstug

Frem: Madani, Mo [ mailto: Mo. Mad ani@myfloridalicense.com)]
Sent: Thursday, Decamber 27, 2018 19:50

To: Armin Hauer

Subject: mod 8184

Mod 8184 — This modification has a “Need for Information.”
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EN8259

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 9
: Date Submitted 12/14/2018 Section 402.2.7 Proponent John Woestman
. Chapter 4 Affects HVHZ No Attachments No
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments Yes Alternate Language Yes

Related Modifications

Summary of Modification
From an building thermal envelope perspective, air spaces are sometimes not being applied correctly and this proposal provides the
necessary direction.

Rationale
Air spaces are not being applied correctly and this proposal provides the necessary direction.
This proposal is consistent with recent limitations placed on the thermal resistance application of reflective and non-reflective
airspaces in ASHRAE 90.1-2013 (Addenda Supplement, Addendum AC). The R-values of airspaces are based on the assumption of
"no air leakage" (see 2013 ASHRAE Handbook of Fundamentals, Chapter 25, Table 3, footnote b).
Air leakage into and out of an airspace can significantly degrade its R-value, yet there is currently no standard calculation method or
test method to discern this impact.
Until such a time that this effect is quantified (for which there is an ASHRAE research project request under consideration), Addendum
AC to ASHRAE 90.1 has provided a rational interim solution based on extensive review of available research data and consensus
regarding that data. To also provide an interim solution for the common case of enclosed airspaces located behind cladding or outside
of the air barrier layer of the building, an allowance is provided to consider such airspaces as being roughly equivalent to that of an
indoor air film (e.g., R-0.7). This is also needed because some cladding R-values used in design are based on the assumption of an
ideal air space (no air leakage or airflow) which is unrealistic and inappropriate and results in inflated R-values for airspaces that are
necessarily leaky and/or intended to provide ventilation behind claddings.

Cost Impact: The energy code is currently silent on this matter. Consequently, this proposal provides guidance and options which may
result in reduced construction costs where airspaces are appropriately used to help comply with the code. On the other hand, where

air spaces are used inappropriately to comply with the energy code, this proposal may result in an increase in the cost of construction
and code compliance.

Fiscal Impact Statement
Impact to local entity relative to enforcement of code
Proposal provides appropriate technical guidance for the use of air spaces in the building thermal envelope.

Impact to building and property owners relative to cost of compliance with code
This proposal provides guidance and options which may result in reduced construction costs where airspaces are appropriately

used to help comply with the code. Where air spaces are not appropriately used to comply with the code, this proposal may result
in an increase in the cost of code compliance.

Impact to industry relative to the cost of compliance with code
This proposal provides guidance and options which may result in reduced construction costs where airspaces are appropriately
used to help comply with the code. Where air spaces are not appropriately used to comply with the code, this proposal may result
in an increase in the cost of code compliance.

Impact to small business relative to the cost of compliance with code

This proposal provides guidance and options which may result in reduced construction costs where

airspaces are appropriately used to help comply with the code. Where air spaces are not appropriately

used to comply with the code, this proposal may result in an increase in the cost of code compliance.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Appropriate use of air spaces can be important for complying with energy code requirements.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Improves the code with appropriate requirements for air spaces.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Appropriately provides guidance on the use of air spaces for energy code compliance and does not discriminate against
materials used appropriately.

Does not degrade the effectiveness of the code
Improves the effectiveness of the code.
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Alternate Language

2nd Comment Period

Proponent Yarbrough David Submitted 5/24/2019 Attachments Yes

Rationale

The use of ASTM Test C1363 with airflow through the test specimen is outside the scope of C1363. This type of test is not
permitted. The following is a quotation from ASTM C1363. Paragraph 1.14 “This test method does not permit intentional mass
transfer of air or moisture through the specimen during measurements”. Note: “mass transfer” means air moving through the
test specimen. Further, the specification of a minimum rate of 70 mm/second is not supported by technical literature. This
subject, “the impact of air flow on thermal performance” is the subject of a current ASHRAE research project. ASHRAE
1759-TRP: “Impact of Air Flow on Thermal Performance of Airspaces Behind Cladding” (phase 1). One of the objective of the
ASHRAE Research project is to establish the procedure for use of a C1363 type apparatus to perform thermal measurements
with air flow.

Fiscal Impact Statement

Impact to local entity relative to enforcement of code
Correct use of test standard

Impact to building and property owners relative to cost of compliance with code
None

n
<
(=2]
Te]
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00

Impact to industry relative to the cost of compliance with code
None

Impact to Small Business relative to the cost of compliance with code

This proposal provides guidance and options which may result in reduced construction costs where airspaces
are appropriately used to help comply with the code. Where air spaces are not appropriately used to comply with
the code, this proposal may result in an increase in the cost of code compliance.
Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
No impact on health safety or welfare of the general public

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Identifies appropriate use of test method

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
No discrimination

Does not degrade the effectiveness of the code
No

Alternate Language

2nd Comment Period

Proponent Wesley Hall Submitted 5/22/2019 Attachments Yes

Rationale

The primary problem with this language is that it mixes two distinctly different systems and attempts to incorporate them into a
single subsection, specifically “unventilated” and “ventilated” enclosed air spaces. Section 402.2.7 Airspaces. is very efficient in
identifying the attributes of an enclosed air space — “enclosed in an unventilated cavity...and is bounded on all sides by
building components”. These systems can be tested very efficiently with current test procedures contained within C1363.
Additionally the stipulation that it must be inside the air barrier is unnecessary — enclosed air spaces meeting the criteria above
can exist inside or outside the air barrier. The key element to this discussion is “unventilated” — if the system is unventilated it
can be tested and a thermal performance value can be assigned. The exception that addresses “ventilated systems” is
unsubstantiated code language and premature — there are no ASTM test procedures that provide guidance for laboratories,
where does this stated flow rate come from, should not a flow rate be assigned to specific assemblies, what supportive data
and what test procedure is utilized in determining these flow rates. With all the gray areas included within the exception — my
Public Comment remedy is to eliminate the “Exception” and remove the restrictive language that specifies where an “enclosed
in an unventilated cavity...and is bounded on all sides by building components” air space must exist. Once the additional work
has been completed on covering all the testing requirements for a ventilated system, it will be appropriate, at that time, to
develop code language specific to those assemblies.

Fiscal Impact Statement

8259-A4

Impact to local entity relative to enforcement of code
Improves accuracy of the code

Impact to building and property owners relative to cost of compliance with code
Improves accuracy of the code

Impact to industry relative to the cost of compliance with code
Improves accuracy of the code

Impact to Small Business relative to the cost of compliance with code

This proposal provides guidance and options which may result in reduced construction costs where airspaces
are appropriately used to help comply with the code. Where air spaces are not appropriately used to comply with
the code, this proposal may result in an increase in the cost of code compliance.
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Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Improves accuracy of the code

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Improves accuracy of the code

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not discriminate

Does not degrade the effectiveness of the code
Does not degrade

2nd Comment Period

Proponent John Woestman Submitted 5/22/2019 Attachments No

omment:
e ask the TAC to reconsider this proposal.

Enclosed airspaces can provide some level of resistance to heat flow (R-value). Unfortunately, the code provides very little
guidance, if any, as to the physical requirements for enclosed airspaces when these airspaces are used to comply with section
C401.2 of the Florida Energy Conservation Code.

Airspaces which are not effectively enclosed perform significantly worse thermally.

The requirements of this proposal provide appropriate guidance for enclosed airspaces, and an exception dealing with exterior
wall covering material.

2nd Comment Period

Proponent Bill Lippy Submitted 5/24/2019 Attachments No

omment:
- Inappropriate to include ventilation in a C1363 apparatus — the test method is specific that ventilation must not be a factor in
.

unning the test procedures
There is no test method to instruct Hot Box operators on how to introduce the air flow
There is not a test method to determine air flow rates in this type of system

Suggested remedy:

. Delete “Exception”

. Focus only on unventilated assemblies until further work is complete on generating the appropriate test methods for
ventilates systems
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€402.2.7 Airspaces. Where the thermal properties of airspaces are used to comply with this code in accordance with Section
C401.2, such airspaces shall be enclosed in an unventilated cavity constructed to minimize airflow into and out of the
enclosed air space. 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.

EN8259 -A5 Text Modification
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C402.2.7 Airspaces. Where the thermal properties of airspaces are used to comply with this code in accordance
with Section C401.2, such airspaces shall be enclosed in an unventilated cavity constructed to minimize airflow into
and out of the enclosed air space. Airflow shall be deemed minimized where the enclosed airspace stoeated-onthe
wtertor-side-of the-continttousair-barrier-and-is bounded on all sides by building components.

EN8259 -A4 Text Modification
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Add new text as follows:

C402.2.7 Airspaces. Where the thermal properties of airspaces are used to comply with this code in accordance with
Section C401.2, such airspaces 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.

EN8259 Text Modification

Exception: The thermal resistance of airspaces located on the exterior side of the continuous air barrier and adjacent to
and behind the exterior wall-covering material shall be determined in accordance with ASTM C1363 modified with an
airflow entering the bottom and exiting the top of the airspace at an air movement rate of not less than 70 mm/second.
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EN7231

 Date Submitted  12/6/2018 Section 405.5.2(1)

Proponent Kelli Fleming
| Chapter 4 Affects HVHZ No Attachments No
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments No Alternate Language Yes

Related Modifications

Summary of Modification

The proposed modifications are editorial in nature and are being submitted to maintain consistency with the changes that are
anticipated with IECC 2021 changes.

Rationale

The proposed changes are offered to achieve consistency with changes being proposed for the 2021 IECC and to provide additional
clarity to code that was previously vague. They are truly editorial changes that are intended to simplify and clarify the current FBC.

This proposal also includes the following coordinating changes:

a) Infootnote (h), text from earlier code editions was restored. The restored text clarified how fenestration area is to be calculated
(It was removed in error as part of RE173-13.)

b) Editorial changes in footnote (h) simply coordinate with current terminology in this section.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code
No Impact

Impact to building and property owners relative to cost of compliance with code
NO Impact

Impact to industry relative to the cost of compliance with code
No Impact

Impact to small business relative to the cost of compliance with code
No Impact

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Yes

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Yes

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not

Does not degrade the effectiveness of the code
Does not
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Alternate Language

2nd Comment Period

Proponent Kelli Flem|ng Submitted 5/22/2019 Attachments Yes

Rationale

Edits were made to correct a table reference and add clarification as requested in EN7231-G2.
Fiscal Impact Statement

Impact to local entity relative to enforcement of code

g No Impact

‘L Impact to building and property owners relative to cost of compliance with code
™ No Impact

N

N

Impact to industry relative to the cost of compliance with code
No Impact

Impact to Small Business relative to the cost of compliance with code
No Impact

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Yes

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Yes

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Does not

Does not degrade the effectiveness of the code
Does not

1st Comment Period History

Proponent pete quintela Submitted 1/14/2019 Attachments No

Proponent Jeff Sonne for FSEC Submitted 2/15/2019 Attachments No

his mod should also explicitly define the total fenestration area (AF) as the sum of the vertical fenestration and skylight areas.
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c
o
=
1]
:f:’ Building Component | Standard Reference Design Proposed Design
£ As proposed
o
= . .
‘.>.<. Vertical Fenestration area »=
() (a) The proposed vertical fenestration area (A VE), where the
- proposed total fenestration area (AF)is less than 15 percent of the conditioned
2 floor area(CFA)
; (b) The adjusted vertical fenestration area (AVF,q), where the propesed fenestration
R area-AF is 15 percent or more of-the cenditioned-floerarea-CFA. The-adjusted
E vertical fenestration area- AVF ; shall be calculated as follows:
w AVF,,=AVF » 0.15% « CFA/AF
where:
AVE, ;= adjusted vertical fenestration
AVE = proposed-vertical fenestration area
AF-= propesed-total fenestration-atea
Vertical Fenestration
other than opaque
doors _ _ — _ i _
Orientation; equally distributed to four cardinal compass orientations (N, E, S & W) As proposed
U-factor: as specified for Fenestration in Table R402.1.4 As proposed
SHGC: as specified for Glazed Fenestration in Table R402.1.2 except that for As proposed
climates-zones with no requirement (NR) SHGC=0.40 shall be used.
Interior shade fraction: 0.92 - (0.21 x SHGC for the standard reference design) Interior shade fraction:
0.92-(0.21 x SHGC as
proposed)
External shading: none As proposed
Skylight area P =
(a) The proposed skylight area (ASKY), where the proposed total
fenestration area(AF) is less than 15 percent of the conditioned floor area (CFA),
or
. . As proposed
{b) The adjusted skylight area (ASK Y.qj), where the
i AF is 15 percent orgreatermore of the conditioned
floorarea-CFA. The-adjusted-slodightareaA SK Yag shall be calculated as follows:
ASKYas=ASKY = 0.15° « CFA/AF
where:
Skylights ASK—‘éadj;adjusted—\femeal—fenes&aﬁeﬂ
AVE = proposed-vertical fenestration area
CRA = conditioned floor-area
AE-=preposed-total-fenestration-area
Orientation: as proposed As proposed
U-factor: as specified for Skylights in Table R402.1.4 As proposed
SHGC: as specified by the exception in footnote (b) of Table R402.1.2 ineluding
footnote (b)-of that table, except that for climates-zones with no requirement (NR), As proposed
SHGC = 0.40 shall be used
Interior shade fraction: for the area of proposed skylights equipped and rated
with SHGG ratings-that-include pre- factory-installed interior shades, the interior
shade fraction is: As proposed, with shades
assumed closed 50% of the
0.92-(0.21 - SHGC) time daylight hours
[SHGC as above for the standard reference design]}
External shading: none As proposed
. . 204
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h. Light-transmitting fenestration area includes the area of sash, curbing or other framing elements that are part of the conditioned space enclosure
including light-transmitting assemblies in walls bounding conditioned basements. For doors where the light-transmitting opening is less than 50
percent of the door area, only the light-transmitting area is included.

Uriddisted Al AVEEABRY

For residences with conditioned basements, R-2 and R-4 residences and townhouses, the following formula shall be used to determine fenestration
area:
AF =A4s FA F
where:
AF = Proposed Ttotal fenestration area.
As = Standard reference design total fenestration area.
FA = (Above-grade thermal boundary gross wall area)/{above-grade boundary wall area + 0.5 x below-grade boundary wall area).
F = (Above-grade thermal boundary wall area)/(above-grade thermal boundary wall area + common wall area) or 0.80, whichever is greater,
and where:
Thermal boundary wall is any wall that separates conditioned space from unconditioned space or ambient conditions.
Above-grade thermal boundary wall is any thermal boundary wall component not in contact with soil.
Below-grade boundary wall is any thermal boundary wall in soil contact.
Common wall area is the area of walls shared with an adjoining dwelling unit.
LAF, A,and CFA are in the same units.

EN7231 -A4 Text Modification

(other table entries and footnotes are unchanged)
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Building Component

Standard Reference Design

Proposed Design

Vertical Fenestration
other than opaque doors

Vertical Fenestration area "=

(a) The proposed vertical fenestration area (AVF), where the
of the conditioned floor area (CFA)

(b) The adjusted vertical fenestration area (AVF.y), where the

propesed-fenestration-area AF 1s 15 percent or more of
-theconditioned floorarea CFA. Theadjusted vertical
fenestration-area-A VFadj shall be calculated as follows:

AVF,4=AVF * 0.15 « CFA/AF

where:
AVE = adjusted-vertical fenestration
AVE=proposed-vertical fenestration area
CFA = conditiened floor area
AH=proposed total fenestration area

As proposed

Orientation: equally distributed to four cardinal compass
orientations (N, E, S & W)

As proposed

U-factor: as specified for Fenestration in Table R402.1.42

As proposed

except that for climates zones with no requirement (NR)
SHGC=0.40 shall be used.

As proposed

Interior shade fraction: 0.92 - (0.21 x SHGC for the standard
reference design)

Interior shade fraction:
0.92-(0.21 x SHGC as

proposed)

External shading: none As proposed
Skylight area™=
(a) The proposed skylight area (ASKY), where the proposed total

fenestration area (AF)is less than 15 percent of the

conditioned floor area(CFA), or
(b) The adjusted skylight area (ASKY ), where the

proposed-fenestration-area AF is 15 percent or

greatermore of the-conditioned floor-areaCFA. The-adjusted

skylight area ASK'Y,, shall be calculated as follows:

As proposed
ASKY.;=ASKY +»0.15+ CFA/AF
-where:
ASKY, 4 =adjusted-vertical fenestration
) CFA = conditiened floor area
Skylights AF-=proposed total fenestration area

Orientation: as proposed As proposed
U-factor: as specified for Skylights in Table R402.1.42 As proposed
SHGC: as specified by the exception in _footnote (b) of Table
R402.1.2including footnote (b)-of that table, except that for As proposed
climates-zones with no requirement (NR), SHGC = 0.40 shall be
used-
Interior shade fraction: for the area of proposed skylights equipped
and rated with SHGC ratings that include pre- factory-installed As proposed, with

interior shades, the interior shade fraction is:
0.92 - (0.21 - SHGQ)

shades assumed closed
50% of the time-daylight

SHGC as above for the standard reference design]) hours
External shading: none As proposed

h. Light-transmitting fenestration area includes the area of sash, curbing or other framing elements that are part of the conditioned space enclosure

including light-transmitting assemblies in walls bounding conditioned basements. For doors where the light-transmitting opening is less than 50
percent of the door area, only the light-transmitting area is included.
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For residences with conditioned basements, R-2 and R-4 residences and townhouses, the following formula shall be used to determine fenestration
area:
AF =4, F4-F
where:
AF = Proposed Ttotal fenestration area.
As = Standard reference design total fenestration area.
FA = (Above-grade thermal boundary gross wall area)/(above-grade boundary wall area + 0.5 x below-grade boundary wall area).
F = (Above-grade thermal boundary wall area)/(above-grade thermal boundary wall area + common wall area) or 0.80, whichever is greater,
and where:
Thermal boundary wall is any wall that separates conditioned space from unconditioned space or ambient conditions.
Above-grade thermal boundary wall is any thermal boundary wall component not in contact with soil.
Below-grade boundary wall is any thermal boundary wall in soil contact.
Common wall area is the area of walls shared with an adjoining dwelling unit.
LAF. A,and CFA are in the same units.

(other table entries and footnotes are unchanged)
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21
: Date Submitted 12/13/2018 Section 405.5.2 Proponent Jeff Sonne for FSEC
. Chapter 4 Affects HVHZ No Attachments Yes
© TAC Recommendation No Affirmative Recommendation
: Commission Action Pending Review
Comments
General Comments No Alternate Language Yes

Related Modifications

Summary of Modification

Increases reference water heater efficiency for proposed electric water heaters with ~= 55 gallon rated storage volume.

Rationale
For projects with proposed electric water heating systems up to 55 gallons, this code change increases the standard reference
efficiency used for performance calculations to the higher federal minimum required for systems larger than 55 gallons. This change is
appropriate at this time as highly efficient, cost-effective heat pump water heaters are now readily available which easily surpass this
efficiency level. Florida studies (referenced below) show heat pump water heaters save * 65% of water heating energy compared to
electric resistance, and potentially provide a 3-6% reduction in space cooling. This change would still not require heat pump water
heaters to be used for electric water heating though since R405 compliance allows efficiency trade-offs.

The second rationale is this code change should deter the potential practice of installing multiple smaller electric water heaters to avoid
having to install an efficient heat pump water heater in homes with large water heating loads.

A stringency impact comparison is provided in the attached PDF.

References:

- Water heating energy savings: http://publications.energyresearch.ucf.edu/wp-content/uploads/2018/06/FSEC-CR-2018-16.pdf

- Space cooling reduction: http:/publications.energyresearch.ucf.edu/wp-content/uploads/2018/06/FSEC-RR-644-16.pdf
Fiscal Impact Statement

Impact to local entity relative to enforcement of code
None.

Impact to building and property owners relative to cost of compliance with code
In applicable cases will increase cost of construction.

Impact to industry relative to the cost of compliance with code
In applicable cases will increase cost of construction.

Impact to small business relative to the cost of compliance with code

In applicable cases will increase cost of construction.
Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Benefits public by establishing highly cost effective baseline for efficiency.
Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Strengthens code by making efficiency requirements more consistent for all electric water heater capacities.
Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities

Does not discriminate; still allows builders to install whichever type of water heater they like.
Does not degrade the effectiveness of the code

Increases effectiveness of the code by making efficiency requirements more consistent for all electric water heater capacities.
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Alternate Language

2nd Comment Period

Proponent Jeff Sonne for FSEC Submitted 5/20/2019 Attachments Yes

Rationale

This mod is the same as mod A3, except it also updates the Energy Code's ANSI/RESNET/ICC 301 reference from the 2014
version to the 2019 version. It in addition modifies the Section R406.4 reference to ANSI/RESNET/ICC 301 to provide version
consistency throughout the Energy Code. ANSI/RESNET/ICC 301-2019 is available for review at
http://www.resnet.us/blog/wp-content/uploads/2019/01/ANSIRESNETICC301-2019_vf1.23.19.pdf. The Standard is also
attached as a PDF file.

Fiscal Impact Statement

Impact to local entity relative to enforcement of code
Same as mod A3; just also updates Standard 301 reference.

Impact to building and property owners relative to cost of compliance with code
Same as mod A3; just also updates Standard 301 reference.

Impact to industry relative to the cost of compliance with code
Same as mod A3; just also updates Standard 301 reference.

Impact to Small Business relative to the cost of compliance with code

In applicable cases will increase cost of construction.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Same as mod A3; just also updates Standard 301 reference.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Same as mod A3; just also updates Standard 301 reference.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Same as mod A3; just also updates Standard 301 reference.

Does not degrade the effectiveness of the code
Same as mod A3; just also updates Standard 301 reference.

Alternate Language

2nd Comment Period

Proponent Jeff Sonne for FSEC Submitted 5/20/2019 Attachments Yes

Rationale

This mod is similar to mod A2 from the first comment period (which added improved hot water code calculation but did not
include the original mod language regarding increased reference service water heating efficiency). To address an objection
made during the first TAC meeting, instead of including the hot water calculation details in a code appendix as mod A2 did, this
mod instead references ANSI/RESNET/ICC 301 Addendum A-2015 for the same calculation details. As described for the A2
mod, the improved hot water calculation language accounts for 1) climate-specific effects on domestic hot water use, 2) the hot
water distribution system type, and 3) the use of additional conservation measures. The vetted research behind this mod is
described in a 2017 research report by the Florida Solar Energy Center which was funded and approved by the Florida Building
Commission: http://publications.energyresearch.ucf.edu/wp-content/uploads/2018/06/F SEC-CR-2066-17.pdf. In summary, this
A3 mod addresses the objection made at the first TAC meeting while still supporting the research the FBC funded.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
[Same as mod A2] In many cases none, but some additional verification will be needed if certain additional water heating
conservation measures are used for a given project.
Impact to building and property owners relative to cost of compliance with code

[Same as mod A2] None in most cases. Slight increase in cost of compliance if heat pump or tankless gas water heaters are
used for a project. May reduce cost of compliance for builders who choose to employ efficient water circulation systems.

Impact to industry relative to the cost of compliance with code
[Same as mod A2] None in most cases. Slight increase in cost of compliance if heat pump or tankless gas water heaters are
used for a project. May reduce cost of compliance for builders who choose to employ efficient water circulation systems.

Impact to Small Business relative to the cost of compliance with code

In applicable cases will increase cost of construction.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public

[Same as mod A2] Benefits public by providing a more comprehensive means of accounting for domestic hot water use in
the code.

Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

[Same as mod A2] Improves the code by providing a more comprehensive means of accounting for domestic hot water use
in the code.

Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
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[Same as mod A2] Reduces discrimination by providing a more comprehensive means of accounting for domestic hot water
use in the code.

Does not degrade the effectiveness of the code

[Same as mod A2] Increases code effectiveness by providing a more comprehensive means of accounting for domestic hot
water use in the code.

Alternate Language

1st Comment Period History

Proponent Jeff Sonne for FSEC Submitted 2/15/2019 Attachments Yes

Rationale

This Alt 2 mod adds the same improved hot water code calculation described in the Alt 1 mod, and removes the original mod
language regarding reference service water heating efficiency. As described for the Alt 1 mod, the improved hot water
calculation language accounts for 1) climate-specific effects on domestic hot water use, 2) the hot water distribution system
type, and 3) the use of additional conservation measures. The vetted research behind this mod is described in a 2017 research
report by the Florida Solar Energy Center which was funded and approved by the Florida Building Commission:
http://publications.energyresearch.ucf.edu/wp-content/uploads/2018/06/F SEC-CR-2066-17.pdf.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
In many cases none, but some additional verification will be needed if certain additional water heating conservation
measures are used for a given project.
Impact to building and property owners relative to cost of compliance with code
None in most cases. Slight increase in cost of compliance if heat pump or tankless gas water heaters are used for a project.
May reduce cost of compliance for builders who choose to employ efficient water circulation systems.

7597-A2

Impact to industry relative to the cost of compliance with code
None in most cases. Slight increase in cost of compliance if heat pump or tankless gas water heaters are used for a project.
May reduce cost of compliance for builders who choose to employ efficient water circulation systems.

Impact to Small Business relative to the cost of compliance with code

In applicable cases will increase cost of construction.

Requirements
Has a reasonable and substantial connection with the health, safety, and welfare of the general public
Benefits public by providing a more comprehensive means of accounting for domestic hot water use in the code.
Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction
Improves the code by providing a more comprehensive means of accounting for domestic hot water use in the code.
Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities
Reduces discrimination by providing a more comprehensive means of accounting for domestic hot water use in the code.
Does not degrade the effectiveness of the code

Increases code effectiveness by providing a more comprehensive means of accounting for domestic hot water use in the
code.

Alternate Language

1st Comment Period History

Proponent Jeff Sonne for FSEC Submitted 2/15/2019 Attachments Yes

Rationale

This Alt 1 mod adds improved hot water code calculation to the original mod. The improved hot water calculation language
accounts for 1) climate-specific effects on domestic hot water use, 2) the hot water distribution system type, and 3) the use of
additional conservation measures. The vetted research behind this Alt 1 mod is described in a 2017 research report by the
Florida Solar Energy Center which was funded and approved by the Florida Building Commission:
http://publications.energyresearch.ucf.edu/wp-content/uploads/2018/06/FSEC-CR-2066-17.pdf.
Fiscal Impact Statement
Impact to local entity relative to enforcement of code
In many cases none, but some additional verification will be needed if certain additional water heating conservation
measures are used for a given project.
Impact to building and property owners relative to cost of compliance with code
None in most cases. Slight increase in cost of compliance if heat pump or tankless gas water heaters are used for a project.
However, it allows builders who employ efficient water distribution systems to take credit which may reduce cost.

7597-A1

Impact to industry relative to the cost of compliance with code

None in most cases. Slight increase in cost of compliance if heat pump or tankless gas water heaters are used for a project.
However, it allows builders who employ efficient water distribution systems to take credit which may reduce cost.

Impact to Small Business relative to the cost of compliance with code
In applicable cases will increase cost of construction.

Requirements

Has a reasonable and substantial connection with the health, safety, and welfare of the general public 210
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Benefits public by providing a more comprehensive means of accounting for domestic hot water use in the code.
Strengthens or improves the code, and provides equivalent or better products, methods, or systems of construction

Improves the code by providing a more comprehensive means of accounting for domestic hot water use in the code.
Does not discriminate against materials, products, methods, or systems of construction of demonstrated capabilities

Reduces discrimination by providing a more comprehensive means of accounting for domestic hot water use in the code.

Does not degrade the effectiveness of the code

Increases code effectiveness by providing a more comprehensive means of accounting for domestic hot water use in the
code.
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[Starting from 2017 Florida Energy Code Table R405.5.2(1) Service water heating section, make the following
changes to stipulate ANSI/RESNET/ICC Standard 301 for the reference and proposed designs’ hot water use and

EN7597 -A4 Text Modification

energy consumption specifications:]

Service
water
heating ¢ &
g

STANDARD
REFERENCE DESIGN

PROPOSED DESIGN

Fuel type: as proposed

Use (gal/day): same-as

proposed-desten-determined

in accordance with
ANSI/RESNET/ICC 301

Fuel type: As proposed

Use (gal/day):—30+(10
*Ab#) determined in
accordance with
ANSIRESNET/ICC 301

Efficiency: in accordance
with prevailing federal
minimum standards

Efficiency: As proposed

Energy consumption:
determined in accordance

Energy consumption:
determined in accordance

with ANSI/RESNET/ICC

with

301

ANSI/RESNET/ICC 301

[No other changes to Table R405.5.2(1).]

[Also make the following related change to Florida Energy Code Chapter 6 [RE] ANSI reference section to update

to latest version of ANSI/RESNET/ICC 301 (ANSI/RESNET/ICC-2019 includes Addendum A-2015, so the

reference to Addendum A-2015 is no longer needed):]

Standard Referenced
reference Title in code
number section number
ANSI/RESNET/ICC 301— Standard for the Calculation and | Table R405.5.2(1), R406.4
20149 Labeling of the Energy

Performance of Few-Rise

Residential Buildings Dwelling

and Sleeping Units Husing an

Energy Rating Index
ANSEFRESNEFACC304+— Awmendment-on-Domestie Heot R406-4
20H4-Addendum-A2045 Water-Systoms

[No other changes to Chapter 6.]
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[Also make the following related change to Florida Energy Code Section R406.4 (to also update this section to
ANSIRESNET/ICC-2019):]

R406.4 ERI-based compliance.

A-2045;-and be shown to have an ERI less than or equal to the appropriate value listed in Table R406.4.

[No other changes to this section.]

EN7597 -A4 Text Modification

The ERI for the rated design shall be determined in accordance with ANSI/RESNET/ICC 301, incladingAddendom
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EN7597 -A3 Text Modification

[Starting from 2017 Florida Energy Code Table R405.5.2(1) Service water heating section, make the following

changes to stipulate ANSI/RESNET/ICC Standard 301 Addendum A-2015 for the reference and proposed designs’
hot water use and energy consumption specifications:]

Service
water

g

heating ¢©

STANDARD

REFERENCE DESIGN PROPOSED DESIGN
Fuel type: as proposed Fuel type: As proposed
Use (gal/day): same-as Use (gal/day).—30—+(0
propesed-design-determined | xAh#) determined in

in accordance with accordance with
ANSIRESNET/ICC 301 ANSIRESNET/ICC 301
Addendum A-2015 Addendum A-2015

Efficiency: in accordance
with prevailing federal
minimum standards

Energy consumption:
determined in accordance
with ANSI/RESNET/ICC
301 Addendum A-2015

Efficiency: As proposed

Energy consumption:
determined in accordance

with
ANSI/RESNET/ICC 301
Addendum A-2015

[No other changes to Table R405.5.2(1).]
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[See attached file which adds the improved hot water code calculation language same as the Alt 1 mod does, but
removes the original mod's service water heating reference changes.]

EN7597 -A2 Text Modification
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[See attached file which adds improved hot water code calculation language to original mod. ]
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[Add footnote "i" to Table R405.5.2(1) Service water heating standard reference design efficiency specification]:

Service water

EN7597 Text Modification

heating defe

STANDARD REFERENCE
DESIGN PROPOSED DESIGN
Fuel type: as proposed As proposed

Use: same as proposed design
Efficiency: in accordance with
prevailing federal minimum
standards'

gal/day = 30 + (10 x Nbr)

As proposed

1. For a proposed design with an instantaneous electric resistance water heater or electric storage-type water heater

with a rated storage volume between 0 and 55 gallons, the standard reference desien efficiency shall be the

prevailing federal minimum standard efficiency of a 56 gallon electric storage-type water heater.

[No other changes to table.]
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[Starting from original 7597 Table R405.5.2{1) Service water heating mod, make the following additional changes
to add improved hot water code calculation language:]

STANDARD REFERENCE DESIGN | PROPOSED DESIGN
Fuel type: as proposed As proposed

Use [gal/day): =30+{10-~
! SaHRe-as-proposed - ;
Use{gal/day) Nb#} determined in

desigadetermined in

accordance with Appendix RD

accordance with Appendix

Service water RD

heating %= "¢ | Efficiancy: in accordance with
prevailing federal minimum Efficiency: As proposed
standards!
Energy Consumption: Energy Consumption:
determined in accordance with determined in accordance
Appendix RD with Appendix RD

i. For a proposed design with an instantaneous electric resistance water heater or electric storage-type water heater with a
rated storage volume between 0 and 55 gallons, the standard reference design efficiency shall be the prevailing federal
minimum standard efficiency of a 56 gallon electric storage-type water heater.

[All other parts of Table R405.5.2{1} remain unchanged.]

[Add new residential energy conservation volume appendix as follows and renumber current Appendix RD to
Appendix RE:]

APPENDIX RD

CALCULATION OF HOT WATER ENERGY CONSUMPTION

#1 Domestic Hot Water (DHW) System Modeling. Domestic hot water energy consumption

shall be modeled and simulated monthly or more frequentlv using monthly or more frequent
simulation time steps in accordance with Sections #-1.1 through #-2.2. Annual domestic hot water
energy consumption shall be set equal to the sum of the simulated monthly values.

#-1.1 Standard Reference Design Hot Water Use. Domestic hot water system use in gallons per day
for the Standard Reference Design shall be determined in accordance with Equation #-1

HWgpd = (refDWgpd+refCWgpd+Fui* (refFgpd + refWgpd))* Ndu Eq. #1

where:

HWepd = gallons per day of hot water use

refDWepd = reference dishwasher gallons per day = ((88.4+34.9*Nbr)*8.16)/365
refCWepd = reference clothes washer gallons per day =

(4.52*(164+46 .5*Nbr))*((3*2.08+1.59)/(2.874*2.08+1.59)1/365
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Fruiz=1- ((Tset— Tuse)/ (Tset— Tmains))
where

Te:= Water heater set point temperature = 125 F

Ty = Temperature of mxed water at fixtures=105F

T rmins = ( Tarmb ave + 0ff5e) + ratio * (ATamn max/ 2) * 8in (0.986 * (day# - 15 - fag) - 90)

where
Tinains = temperature of potable water supply entering residence (°F)
Tanbave = annual average ambient air temperature (°F)

AT amb max= maximum difference between monthly average ambient air
temperatures (e.£., Tamb.ava jutr — L amb ave jamary ) (°F)

0.986 = degrees/day (360/365)

da = Julian day of the year (1-365
offset =6°F

ratio =04 +0.01 (Tambavg—44)

lag =35-1.0(Tagbave—44)

reff'gpd = 14.6 + 10.0*Nbr = reference climate-normalized dailv fixture water use (in gallons per
day)

refWgpd = 9.8*Nbr ©4% = reference climate-normalized daily hot water waste due to distribution
Systein [0sses (in gations per day)

where

Nbr = mumber of bedrooms in each dwelling unit
Ndu = number of like dwelling units

#2 Proposed Design Hot Water Use. Domestic hot water system use in gallons per day for the Proposed
Design shall be determined in accordance with Equation #-2

HWgpd = (DWgpd + CWopd + For* adjF i * (refFopd + oWgopd

+ sWgpd * WD) * Ndu Eq. #2

where:

HWepd = gallons per day of hot water uge in Rated home

DWepd = dishwasher gallons per day = ((88.4434 9*Nbr)*8.16)/365
CWepd = clothes washer gallons per day =

(4.52%(164+46 5*¥Nbr))*((3*2.08+1.59)/(2.874%2.08+1.59)¥365

F.g= fixture effectiveness in accordance with Table #(1)

JTable #(1) Hot water fixture effectiveness
Plumbigs i D — T
Standard-flow: showers <2.5 gpm and faucets <2.2 gpm 1.00
Low-flow: all showers and fancets <2.0 cpm 0.95

a':]-i]f_"xni:»;: 1- ((Tset— Tuse)/ (T set — WinT))
where
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Te:= 125 °F = water heater set point temperature

T e = 105 °F = temperature of mixed waier at fixtures
WH,;. T = water heater inlet temperature

where

WHinT = T maine + WHinTaqj for DWHER. systems and where WH,Tagis calculated in
accordance with equation #-5

WHinT = Tomains for all other hot water systems

Tmains = temperature of potable water supply entering the residence calculated in accordance
with Section #-1

refFgpd =reference climate-normalized daily fixture water use calculated in accordance with
Section #-1.1

oWgpd = refWgpd * oFrac * (1-0CD.g) Eq. #3

where

oWepd = daily standard operating condition waste hot water quantity

oFrac = 0.25 = fraction of hot water waste from standard operating conditions
oCDr= Approved Hot Water Operating Condition Control Device effectiveness

(defaunlt = 0.0)
sWgpd = (refwWgpd —refWgpd * oFrac) * pRatio * sysFactor Eq. #4

where

sWepd = daily structural waste hot water quantity

refWepd = reference climate-normalized distribution system waste water use calculated in
accordance with Section #-1.1

oFrac = 0.25 = fraction of hot water waste from standard operating conditions
pRatio = hot water piping ratio

where

for Standard svstems:

pRatio = PipeL / refPipel.
where

Pipel. = measured length of hot water piping from the hot water heater to the farthest
hot water fixture, measured longitudinally from plans, assuming the hot water
piping does not run diagonally. plus 10 feet of piping for each floor level, plus 5
feet of piping for unconditioned basements (if any)

refPipel. = 2%(CFA/NMY*?+ 10*N1l + 5*Bsmt = hot water piping length for Reference
Home

where

CFA = conditioned floor area
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Nfl = number of conditioned floor levels in the residence, including conditioned
basements

Bsmi = presence =1.0 or absence = 0.0 of an unconditioned basement in the residence
for recirculation systems:

pRatio = BranchL /10
where

Branchl. = measured lengih of the branch hot water piping from the recirculation loop to

the farthest hot water fixture from the recirculation loop, measured longitudinally
from plans, assuming the branch hot water piping does not run diagonally

gvsFactor = hot water distribution svstem factor from Table #(2)

Table #(2) Hot Water Distribution System Insulation Factors

sysFactor
Distribution System Description No pipe >R-3 pipe
insulation insulation
Standard systems 1.00 0.90
Recirculation svstems 1.11 1.00

WD = distribution system water use effectiveness from Table#(3)

Table #3) Distribution system water use effectiveness

DELibuion S D Ty SN
Standard systems
Recirculation gystems

—
]
]

o
—
[

Ndu = number of dwelling units
2.1 Drain W. Heat B (DWHR) Uni
If DWHR 1unit(s) i (are) installed in the Rated Home. the water heater potable water snpply temperature

adjustment { WH;, T »g) shall be calculated in accordance with Equation #-5.

WHinT ag; =Ifrac®* (DWHRn T-Tmains)* DWHR* PLC* LocF* FixF Eq. #5

where

WH;,Tagj= adjustment to water heater potable supply inlet temperature (°F)

Ifrac = 0.56 + 0.015*Nbr — 0.0004*Nbr?= fraction of hot water use impacted by DWHR
DWHR;, T =97 °F

T mmins = calculated in accordance with Section #-1.1

DWHR.= Drain Water Heat Recovery Unit efficiency as raied and labeled in accordance with
CBA 55.1

where

DWHRa=DWHR*1.082 iflow-flow fixtures are installed in accordance with Table #(1)

PLC =1 -0.0002*pLength = piping loss coefficient
where

for standard systems:
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pLength = pipel. as measured accordance with Section #-2
for recirculation systems:

pLength = branchl. as measured in accordance with Section #-2

LocF = a performance factor based on the installation location of the DWHR determined from Table

#4)
JTablez(4) Location factors for DWHR placement

LEOR Placement

Supplies pre-heated water to both the fixture cold water piping

and the hot water heater potable supply piping

Supplies pre-heated water to only the hot water heater potable

supply piping

FixF = Fixture Factor
where

Supplies pre-heated water to only the fixture cold waler piping

0.777

FixF = 1.0 if all of the showers in the home are comnected to DWHR umits

FixF = 0.5 if there are 2 or more showers in the home and only 1 shower is connected toa

DWHR urit.

£2.2 Hot Water Systemn Annual Energy Conswmption

Service hot water energy consumption shall be calculated using Approved Software Tools and the
provisions of Section #-1. Section #-2 and Section #-2.1 shall be followed to determine appropriate inputs

to the calculations.

If the Proposed Design includes a hot water recirculation system, the annual electric consumption of the
recirculation pump shall be added to the total hot water energy consumption. The recirculation pump

kWh/y shall be calculated using Equation #-6
pumpkWh/y = pumpW * Efact

Eq. #6

where:

punpW = pump power in watts (default pumpW = 50 watts)

Efact = factor selected from Table #(5)

Table 2465) | clectrid fon [

for hot water recirculation system pumps

Redrollaions Descrint

Lfact

Recirculation without control or with timer conirol

8.76
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2020 Triennial

Recirculation with temperature control 1.46
Recirculation with demand control (presence sensor) 0.15
Recirculation with demand control (manual) 0.10

Results from standard hot water energy consumption calculations considering only tested

Energy Factor data (stdECuw) shall be adjusted to account for the energy delivery

effectiveness of the hot water distribution svstem in accordance with equation #-7.

EChw = stdECaw * (Ewaste +128) /160 Eq. #7

where Evag.i8 calculated in accordance with equation #-8.

Evaste = 0EW et * (1-0CDeir) + SEWny * pEratio Eq. #8

where

OE W= EWng * oFrac = standard operating condition portion of hot water
energy waste where

EWraet = energy waste factor in accordance with
Table #(6) oCD.ris in accordance with Section #-2

SE Waet = E Wraet — OE Wi = structural portion of hot water energy
waste pEratio = piping length energy ratio

where
for standard system: pEratio = PipeL /
refpipel. forrecirculation systems: pEratio =

LoopL / refl.oopLl. and where

LoopL. = hot water recirculation loop piping length including both supply and

return sides of the loop, measured longitudinally from plans, assuming the
hot water piping does not mn diagonally, plus 20 feet of piping for each

floor level greater than one plus 10 feet of piping for unconditioned
basements.

refl.oopl. = 2.0*refPipel. - 20

Table #6) I Jistributi
relative annual energy waste factors
EWpg

Distribution System Description Nopipe | =R-3 pipe

insulation ingulation
Standard systems 32.0 288
Recirculation without control or with timer control 500 250
Recirculation with temperature control 375 187.5
Recirculation with demand control (presence sensor) 64.8 432
Recirculation with demand control {manual) 43.2 288
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[Starting from original 7597 Table R405.5.2{1) Service water heating mod, make the following changes, in effect
removing the original mod’s standard reference design efficiency change and adding improved hot water code

calculation language:]

Service water
heating *="¢

STANDARD REFERENCE DESIGN

PROPOSED DESIGN

Fuel type: as proposed

Use (gal/day): same-aspreposaed
desigadetermined in

accordance with Appendix RD

Efficiency: in accordance with
prevailing federal minimum
standards

Energy Consumption:
determined in accordance with

Fuel type: As proposed
Use {gal/day):=30+{10x=
Mbe determined in
accordance with Appendix
RD

Efficiency: As proposed

Energy Consumption:
determined in accordance

Appendix RD

with Appendix RD

[All other parts of Table R405.5.2{1) remain unchanged.]

[Add new residential energy conservation volume appendix as follows and renumber current Appendix RD to

Appendix RE:]

APPENDIX RD

CALCULATION OF HOT WATER ENERGY CONSUMPTION

#-1 Domestic Hot Water (DHW) System Modeling. Domestic hot water energy consumption

Page: 1

_1.png

7597_A2_Text_Mod 7597 Alt 2

shall be modeled and simulated monthly or more frequently using monthly or more frequent
simulation time steps in accordance with Sections #-1.1 through #-2.2. Annual domestic hot water
energy consumption shall be set equal to the sum of the simulated monthly values.

#-1.1 Standard Reference Desien Hot Water Use, Domestic hot water system use in gallons per day
for the Standard Reference Design shall be determined in accordance with Equation #-1

HWgpd = (reflDWgpd+refCWgpd+Fu* (refFgpd + refwWgpd))*Ndu Eq.#1

where:

HWepd = gallons per day of hot water use

refDWepd = reference dishwasher gallons per day = ((88.4+34.9*Nbr)*8.16)/365
refCWepd = reference clothes washer gallons per dav =

(4.52*(1644+46.5%Nbr))*((3*2.08+1.59)/(2.874*2.084+1.59)Y/365
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Fruiz=1- ((Tset— Tuse)/ (Tset— Tmains))
where

Te:= Water heater set point temperature = 125 F

Ty = Temperature of mxed water at fixtures=105F

T rmins = ( Tarmb ave + 0ff5e) + ratio * (ATamn max/ 2) * 8in (0.986 * (day# - 15 - fag) - 90)

where
Tinains = temperature of potable water supply entering residence (°F)
Tanb ave = annual average ambient air temperature (°F)

AT amb max= maximum difference between monthly average ambient air
temperatures (e.£., Tamb.ava jutr — L amb ave jamary ) (°F)

0.986 = degrees/day (360/365)

da = Julian day of the year (1-365
offset =6°F

ratio =04 +0.01 (Tambavg—44)

lag =35-1.0(Tagbave—44)

reff'gpd = 14.6 + 10.0*Nbr = reference climate-normalized dailv fixture water use (in gallons per
day)

refWgpd = 9.8*Nbr ©4% = reference climate-normalized daily hot water waste due to distribution
Systein [0sses (in gations per day)

where

Nbr = mumber of bedrooms in each dwelling unit
Ndu = number of like dwelling units

#2 Proposed Design Hot Water Use. Domestic hot water system use in gallons per day for the Proposed
Design shall be determined in accordance with Equation #-2

HWgpd = (DWgpd + CWopd + For* adjF i * (refFopd + oWgopd

+ sWgpd * WD) * Ndu Eq. #2

where:

HWepd = gallons per day of hot water uge in Rated home

DWepd = dishwasher gallons per day = ((88.4434 9*Nbr)*8.16)/365
CWepd = clothes washer gallons per day =

(4.52%(164+46 5*¥Nbr))*((3*2.08+1.59)/(2.874%2.08+1.59)¥365

F.g= fixture effectiveness in accordance with Table #(1)

JTable #(1) Hot water fixture effectiveness
Plumbigs i D — T
Standard-flow: showers <2.5 gpm and faucets <2.2 gpm 1.00
Low-flow: all showers and fancets <2.0 cpm 0.95

a':]-i]f_"xni:»;: 1- ((Tset— Tuse)/ (T set — WinT))
where
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Te:= 125 °F = water heater set point temperature

T e = 105 °F = temperature of mixed waier at fixtures
WH,;. T = water heater inlet temperature

where

WHinT = T maine + WHinTaqj for DWHER. systems and where WH,Tagis calculated in
accordance with equation #-5

WHinT = Tomains for all other hot water systems

Tmains = temperature of potable water supply entering the residence calculated in accordance
with Section #-1

refFgpd =reference climate-normalized daily fixture water use calculated in accordance with
Section #-1.1

oWgpd = refWgpd * oFrac * (1-0CD.g) Eq. #3

where

oWepd = daily standard operating condition waste hot water quantity

oFrac = 0.25 = fraction of hot water waste from standard operating conditions
oCDr= Approved Hot Water Operating Condition Control Device effectiveness

(defaunlt = 0.0)
sWgpd = (refwWgpd —refWgpd * oFrac) * pRatio * sysFactor Eq. #4

where

sWepd = daily structural waste hot water quantity

refWepd = reference climate-normalized distribution system waste water use calculated in
accordance with Section #-1.1

oFrac = 0.25 = fraction of hot water waste from standard operating conditions
pRatio = hot water piping ratio

where

for Standard svstems:

pRatio = PipeL / refPipel.
where

Pipel. = measured length of hot water piping from the hot water heater to the farthest
hot water fixture, measured longitudinally from plans, assuming the hot water
piping does not run diagonally. plus 10 feet of piping for each floor level, plus 5
feet of piping for unconditioned basements (if any)

refPipel. = 2%(CFA/NMY*?+ 10*N1l + 5*Bsmt = hot water piping length for Reference
Home

where

CFA = conditioned floor area

2020 Triennial
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Nfl = number of conditioned floor levels in the residence, including conditioned
basements

Bsmi = presence =1.0 or absence = 0.0 of an unconditioned basement in the residence
for recirculation systems:

pRatio = BranchL /10
where

Branchl. = measured lengih of the branch hot water piping from the recirculation loop to

the farthest hot water fixture from the recirculation loop, measured longitudinally
from plans, assuming the branch hot water piping does not run diagonally

gvsFactor = hot water distribution svstem factor from Table #(2)

Table #(2) Hot Water Distribution System Insulation Factors

sysFactor
Distribution System Description No pipe >R-3 pipe
insulation insulation
Standard systems 1.00 0.90
Recirculation svstems 1.11 1.00

WD = distribution system water use effectiveness from Table#(3)

Table #3) Distribution system water use effectiveness

DELibuion S D Ty SN
Standard systems
Recirculation gystems

—
]
]

o
—
[

Ndu = number of dwelling units
2.1 Drain W. Heat B (DWHR) Uni
If DWHR 1unit(s) i (are) installed in the Rated Home. the water heater potable water snpply temperature

adjustment {WH;, T »5;) shall be calculated in accordance with Equation #-5.

WHinT ag; =Ifrac®* (DWHRn T-Tmains)* DWHR* PLC* LocF* FixF Eq. #5

where

WH;,Tagj= adjustment to water heater potable supply inlet temperature (°F)

Ifrac = 0.56 + 0.015*Nbr — 0.0004*Nbr?= fraction of hot water use impacted by DWHR
DWHR;, T =97 °F

T mmins = calculated in accordance with Section #-1.1

DWHR.= Drain Water Heat Recovery Unit efficiency as raied and labeled in accordance with
CBA 55.1

where

DWHRa=DWHR*1.082 if low-flow fixtures are installed in accordance with Table #(1)

PLC =1 -0.0002*pLength = piping loss coefficient
where

for standard systems:
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pLength = pipel. as measured accordance with Section #-2
for recirculation systems:

pLength = branchl. as measured in accordance with Section #-2

LocF = a performance factor based on the installation location of the DWHR determined from Table

#4)
JTablez(4) Location factors for DWHR placement

LEOR Placement

Supplies pre-heated water to both the fixture cold water piping

and the hot water heater potable supply piping

Supplies pre-heated water to only the hot water heater potable

supply piping

FixF = Fixture Factor
where

Supplies pre-heated water to only the fixture cold waler piping

0.777

FixF = 1.0 if all of the showers in the home are comnected to DWHR umits

FixF = 0.5 if there are 2 or more showers in the home and only 1 shower is connected toa

DWHR urit.

£2.2 Hot Water Systemn Annual Energy Conswmption

Service hot water energy consumption shall be calculated using Approved Software Tools and the
provisions of Section #-1. Section #-2 and Section #-2.1 shall be followed to determine appropriate inputs

to the calculations.

If the Proposed Design includes a hot water recirculation system, the annual electric consumption of the
recirculation pump shall be added to the total hot water energy consumption. The recirculation pump

kWh/y shall be calculated using Equation #-6
pumpkWh/y = pumpW * Efact

Eq. #6

where:

punpW = pump power in watts (default pumpW = 50 watts)

Efact = factor selected from Table #(5)

Table 2465) | clectrid fon [

for hot water recirculation system pumps

Redrollaions Descrint

Lfact

Recirculation without control or with timer conirol

8.76
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Recirculation with temperature control

—
=
(=

Recirculation with demand control (presence sensor)

=)
—_
Lh

Recirculation with demand control (manual)

o=

1

o

Results from standard hot water energy consumption calculations considering only tested

Energy Factor data (stdECuw) shall be adjusted to account for the energy delivery

effectiveness of the hot water distribution svstem in accordance with equation #-7.

EN7597 -A2 Text Modification

ECuw = sStdECuw * (Ewaste + 128) /160 Eq. #7
where Evag.18 calculated in accordance with equation #-8.
Evaste = 0EW et * (1-0CDyir) + SEWny * pEratio Eq. #8

where

OE W= EWng * oFrac = standard operating condition portion of hot water

energy waste where

EWraet = energy waste factor in accordance with
Table #(6) oCD.ris in accordance with Section #-2

SE Waet = E Wraet — OE Wi = structural portion of hot water energy

waste pEratio = piping length energy ratio

where
for standard system: pEratio = PipeL /
refpipel. forrecirculation systems: pEratio =

LoopL / refl.oopLl. and where

LoopL. = hot water recirculation loop piping length including both supply and

return sides of the loop, measured longitudinally from plans, assuming the
hot water piping does not mn diagonally, plus 20 feet of piping for each

floor level greater than one plus 10 feet of piping for unconditioned

basements.

refl.oopl. = 2.0*refPipel. - 20

2020 Triennial Energy

Table 46) H Jistribug
relative annual energy waste factors
EWyg
Distribution System Description No pipe | >R-3 pipe
insulation insulation
Standard systems 32.0 288
Recirculation without control or with timer control 500 250
Recirculation with temperature control 375 187.5
Recirculation with demand control (presence sensor) 64.8 432
Recirculation with demand control {(manual} 43.2 288
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RESNET Standards Management Board
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David B. Goldstein
Richard W. Dixon, Manager of Standards

The 2019 edition of this Standard was first approved for publication on
December, 11, 2018, by the RESNET Standards Management Board.

SPECIAL NOTE

This ANSI/RESNET/ICC Standard is a voluntary consensus standard developed under the
auspices of the Residential Energy Services Network (RESNET) in accordance with
RESNET’s Standards Development Palicy and Procedures Manual, Version 2.1, Aupust 25,
2017. RESNET is an American National Standards Institute (ANSI) Accredited Standards
Developer. Consensus is defined by ANSI as “substantial agreement reached by directly and
materially affected interest categories.” This signifies the concurrence of more than a simple
majority but not necessarily unanimity. Consensus requires that all views and objections be
considered, and that an effort be made toward their resolution. Compliance with this standard
is voluntary until and unless a legal jurisdiction makes compliance mandatory.

RESNET obtains consensus through participation of it national members, associated
societies, and public review.

The initial publication of the first edition of this Standard was designated and titled
ANSI/RESNET 301-2014 Standard for the Calculation and Labeling of the Energy
Performance of Low-Rise Residential Buildings using the HERS Index. The designation and
title were changed to ANSI/RESNET/ICC 301-2014 Standard for the Calculation and
Labeling of the Energy Performance of Low-Rise Residential Buildings using an Energy
Rating Index as noted in the amendment proceeding for ANSI/RESNET/ICC 301-2014
Addendum B-2015. The second publication of the Standard first edition incorporated the
designation and title changes and other non-substantive editorial changes to the first
publication. This second edition of the Standard, ANSIYRESNET/ICC 301-2019 Standard for
the Calculation and Labeling of the Energy Performance of Low-Rise Residential Buildings
using an Energy Rating Index, incorporates a number of substantive changes, the more

ANSI/RESNET/ICC 301-2019 i
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significant of which are all addenda to the first edition and criteria specific to Attached
Dwelling and attached Sleeping Units in buildings of all heights.

This Standard is under continuous maintenance in accordance with Section 10.9 of the
RESNET Standard Development Policy and Procedures Manual Continuous maintenance
proposals should be submitted to the Manager of Standards via the online form on the
RESNET website. The Manual and online form can be accessed from the website at

www resnetl.us/blog/resnet-consensus-standards/ under the heading STANDARDS

DEVELOPMENT.

The Manager of Standards should be contacted for:

Interpretation of the contents of this Standard
Participation in the next review of the Standard

Offering constructive criticism for improving the Standard
Permission to reprint portions of the Standard

en ow

ANSI/RESNET/ICC 301-2019
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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

Forward (Informative)

This Standard provides a consistent, uniform methodology for evaluating and labeling the
energy performance of Dwelling Units and Sleeping Units, including all detached and
attached housing types. The terms Dwelling Unit and Sleeping Unit are interchangeable with
the term home, except where specifically noted. The methodology compares the energy
performance of an actual home with the energy performance of a reference home of the same
geometry, resulting in a relative Energy Rating called the Energy Rating Index (ERI). Where
the energy performance of the actual home and the reference home are equal, the Energy
Rating Index is 100 and where the actual home requires no net Purchased Energy annually,
the Energy Rating Index is 0 (zero).

The Energy Rating Reference Home used for this comparative analysis has the energy
attributes of the 2006 International Energy Conservation Code (IECC) Standard Reference
Design. Thus, the Energy Rating Index is relative to the minimum building energy efficiency
requirements of the 2006 IECC. As a result, the Energy Rating Reference Home performance
will not comport with state or local building codes that differ in stringency from the 2006
IECC. Where local building energy codes are less stringent than the 2006 IECC, the Energy
Rating Index for the local standard will be greater than 100 and where local building energy
codes are more stringent than the 2006 IECC, the Energy Rating Index for the local standard
will be less than 100. Because the Energy Rating Index accounts for all lighting, appliances
and Miscellancous Energy Loads, there is never a 1-to-1 correspondence between code
compliance (even under the 2006 IECC) and an Energy Rating Index of 100.

This standard does not provide a methodology for the calculation of an “Energy Rating
Index” for a whole building that contains more than one Dwelling Unit or Sleeping Unit.
Section 5.1.4.5 provides a method to calculate a ‘composite Energy Rating Index” substitute
that is allowed to represent the residential portions of a single building that contains more
than one Dwelling or Sleeping Unit or a group of multiple Detached Dwelling Units.

This Standard contains both normative and informative material. The body of the Standard is
normative and must be complied with to conform to the Standard. Informative materials are
not mandatory and are limited to this forward, footnotes, references, and annexes, all of
which are clearly marked as informative.

The designation and title of the first edition of this Standard were revised effective November
17, 2015. The oniginal designation, “ANSI/RESNET 301-2014,” was revised to
“ANSI/RESNET/ICC 301-2014.” The title, “Standard for the Calculation and Labeling of
Low-Rise Residential Buildings using the HERS Index,” was revised to “Standard for the
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k)

Calculation and Labeling of Low-Rise Residential Buildings using the Energy Rating Index.’
All references to “HERS” within the Standard were revised to “Energy Rating.” The change
in designation adds recognition of the International Code Council (ICC) as a sponsor of the
Standard. Non-substantive editorial changes to ANSI/RESNET 301-2014 noted in the
amendment proceeding for ANSI/RESNET/ICC 301-2014 Addendum B-2015 and in the
“Special Note” above were published in that edition.

This is the second edition of the Standard and is the first update in its five year revision
cycle. The designation is updated to indicate year 2019 and the title and scope are modified
to reflect its expansion to cover dwelling and Sleeping Units in buildings of any height. The
terminology of the title and scope have been revised for consistency with the International
Code Council model building codes.

1. Purpose. The provisions of this document establish Energy Rating and labeling
Standards, consistent with the provisions of the Energy Policy Act of 1992, which provides
for uniformity and consistency in the Rating and labeling of Dwelling Units and Sleeping
Units in detached and attached housing types.

2. Scope. This standard is applicable to Dwelling Units and Sleeping Units in Residential or
Commercial Buildings, excepting hotels and motels.! Energy Ratings determined in
accordance with this standard are for individual Dwelling Units or Sleeping Units only. This
standard does not provide procedures for determining Energy Ratings for whole buildings
containing more than one unit.

3. Definitions. The following terms? and acronyms have specific meanings as used in this
Standard. In the event that definitions given here differ from definitions given elsewhere, the
definitions given here shall govern.

3.1. General. Unless stated otherwise, the terms and words in Section 3.2 shall have the
meanings indicated therein. Words used in the present tense include the future, words in the
masculine gender include the feminine and neuter, and singular and plural are
interchangeable. Terms not defined in Section 3.2 shall have ordinary accepted meanings the
context implies.

3.2. Definitions.

Air Source Heat Pump (ASHP) — Vapor compression heating and cooling equipment
that uses the outdoor air as the heat source or sink for heat (see also Heat Pump).

Annual Fuel Utilization Efficiency (AFUE) — A measure of the efficiency of gas or oil
fired furnaces and boilers calculated as the furnace heating energy output divided by fuel
energy input. AFUE does not include electrical energy for fans, or electronic ignition
systems (see also Electric Auxiliary Energy).

! (Normative Note) The terms Dwelling Unit and Sleeping Unit are interchangeable with the term home
throughout this Standard, except where specifically noted.

? (Informative Note) When used in this Standard, the first letter of each word is capitalized, to indicate that the
term is defined in Section 3.2.
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Approved — Shall mean approved by an entity adopting and requiring the use of this
Standard as a result of investigation and tests conducted by the entity or by reason of
accepted principles or tests by nationally recognized organizations.

Approved Hot Water Operational Control Device — A means of controlling the waste hot
water in residences that is Approved for use based on empirical test data and where the
control effectiveness of the device is clearly labeled in terms of its overall reduction of
operational waste hot water.

Approved Rating Provider — An Approved entity responsible for the approval of
Approved Testers and Approved Inspectors and the certification of raters working under
its auspices and who is responsible for the Quality Assurance of such Certified Raters and
for the Quality Assurance of Energy Ratings produced by such Certified Raters.

Approved Software Rating Tool ? — A computerized procedure that is Approved for the
purpose of conducting Energy Ratings and calculating the annual energy consumption,
annual energy costs and an Energy Rating Index for a home.

Approved Inspector — An individual who, by virtue of training and examination, has
demonstrated competence in the performance of on-site inspections in accordance with
requirements of Appendix A and Appendix B and who has been Approved by an
Approved Rating Provider to conduct such tests.

Approved Tester — An individual who, by virtue of training and examination, has
demonstrated competence in the performance of on-site testing in accordance with
requirements of Standard ANSIYRESNET/ICC 380 and who has been Approved by an
Approved Rating Provider to conduct such tests.

Attached Dwelling Unit — A Dwelling Unit sharing demising walls, floors, ceilings, or
common corridors with another Dwelling Unit or Occupiable Space.

Average Dwelling Unit Energy Rating Index — A single, composite Energy Rating Index
substitute that can be used to represent the residential portions of a single building. This
substitute is established by averaging the Energy Rating Index of each Dwelling Unit in
the building and is calculated in accordance with Section 5.1.4.5.

Aunxiliary Electric Consumption — The annual auxiliary electrical energy consumption
for a fossil fuel fired furnace, boiler or Ground Source Heat Pump in Kilowatt-Hours per
year.

Balanced Ventilation System (Balanced System) — A Ventilation system where the total
supply airflow and total exhaust airflow are simultaneously within 10% of their average.

Baseline Existing Home Model — The original energy features and standard operating
conditions of an existing home that is (or will be) subjected to improvements through a
home energy efficiency retrofit.

¥ (Informative Note) A list of software rating tools meeting the requirements of RESNET Publication No. 002-
2017 and Approved by RESNET is online at
http:fwww . resnet.usfprofessionalfprograms/energy _rating_software.
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Bedroom — For one- and two-family Dwellings and Townhouses, a room® or space 70

square feet of floor area or greater, with egress window or skylight, and doorway to the
main hody of the Dwelling Unit, that can be used for sleeping. For all other Dwelling
Units, a room’ or space that can be used for sleeping. For all Dwelling or Sleeping Units,
the number of Bedrooms shall not be less than one.

Biomass Fuel — Plant or animal waste materials that have been processed to be capable
of providing useful heat through combustion.

British Thermal Unit (Btu) — An energy unit equal to the amount of heat needed to raise
one pound of water one degree Fahrenheit at a constant pressure of one atmosphere;
equal to approximately 1035 joules.

Certified Rater — An individual who has become qualified to conduct Energy Ratings
through certification by an Approved Rating Provider.

Chiller — Vapor compression cooling equipment that uses the cutdoor air or water
circulated through a Cooling Tower as a heat sink for cooling.

Coefficient of Performance (COP) — The ratio of the rate of heat delivered to the rate of
energy input, in consistent units, for a complete Heat Pump system under designated
operating conditions.

Commercial Building — All buildings that are not included in the definition of
Residential Buildings.

Compartmentalization Boundary — The surface area that bounds the Infiltration Volume
of the Dwelling Unit.

Conditioned Floor Area (CFA)Y’ — The floor area of the Conditioned Space Volume
within a building or Dwelling Unit, not including the floor area of attics, crawlspaces,
and basements below air sealed and insulated floors. The following specific spaces are
addressed to ensure consistent application of this definition:
¢ The floor area of a wall assembly that is adjacent to Conditioned Space Volume
shall be included.
¢ The floor area of a basement shall be included if the party conducting the
evaluation has either:

o Obtained an ACCA Manual I, S, and either B or D report and verified that
both the heating and cooling equipment and distribution system are
designed to offset the entire design load of the volume, or,

o Verified through visual inspection that both the heating and cooling
equipment and distribution system serve the volume and, in the judgement
of the party conducting evaluations, are capable of maintaining the heating

4 (Informative Note) A "den,” "library,” "home office” or other similar rooms with a closet, egress window,
doorway to the main body of the Dwelling Unit, and 70 square feet of floor area or greater are considered a
Bedroom, but living rooms, foyers, and other rooms not intended for sleeping, are not. The number of rooms
identified as Bedrooms is used to determine the number of occupants.

* (Informative Note) Informative Annex A of Standard ANSI/RESNET/ICC 380 contains a table that
summarizes parts of a Dwelling Unit that are included in Conditioned Floor Area.
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and cooling temperatures specified by the Thermostat section in Table
4.2.2(1).
o The floor area of a garage shall be excluded, even when it is conditioned.
The floor area of a thermally isolated sunroom shall be excluded.
¢ The floor area of an attic shall be excluded, even when it is Conditioned Space
Volume.
e The floor area of a crawlspace shall be excluded, even when it is Conditioned
Space Volume.

EN7597 -A4 Rationale

Conditioned Space Volume® - The volume within a Dwelling Unit serviced by a space
heating or cooling system designed to maintain space conditions at 78 °F (26 °C) for
cooling and 68 °F (20 °C) for heating. The following specific spaces are addressed to
ensure consistent application of this definition:

e If the volume both above and below a floor assembly meets this definition and is
part of the Rated Dwelling Unit, then the volume of the floor assembly shall also
be included. Otherwise the volume of the floor assembly shall be excluded.

o Exception: The wall height shall extend from the finished floor to the bottom
side of the floor decking above the Rated Dwelling Unit for non-top floor
level Dwelling Units and to the exterior enclosure air barrier for top floor
level Dwelling Units.

¢ [f the volume of at least one of the spaces horizontally adjacent to a wall assembly
meets this definition, and that volume is part of the Rated Dwelling Unit, then the
volume of the wall assembly shall also be included. Otherwise, the volume of the
wall assembly shall be excluded.

o Exception: If the volume of one of the spaces horizontally adjacent to a wall
assembly is a Dwelling Unit other than the Rated Dwelling Unit, then the
volume of that wall assembly shall be evenly divided between both adjacent
Dwelling Units.

¢ The volume of an attic that is not both air sealed and insulated at the roof deck
shall be excluded.

e The volume of a vented crawlspace shall be excluded.

The volume of a garage shall be excluded, even when it is conditioned.

¢ The volume of a thermally isolated sunroom shall be excluded.

¢ The volume of an attic that is both air sealed and insulated at the roof deck, the
volume of an unvented crawlspace, and the volume of a basement shall only be
included if the volume is contiguous with the Rated Dwelling Unit and the party
conducting evaluations has either:

o Obtained an ACCA Manual J, S, and either B or D report and verified that
hoth the heating and cooling equipment and distribution system are
designed to offset the entire design load of the volume, or,

o Verified through visual inspection that both the heating and cooling
equipment and distribution system serve the volume and, in the judgement
of the party conducting evaluations, are capable of maintaining the heating

8 (Informative Note) Informative Annex A of Standard ANSI/RESNET/TCC 380 contains a table that
summarizes parts of a Dwelling Unit that are included in Conditioned Space Volume.
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and cooling temperatures specified by the Thermostat section in Table
4.2.2(1).
¢ The volume of a mechanical closet, regardless of access location, that is
contiguous with the Rated Dwelling Unit shall be included if:

o it is serviced by a space healing or cooling system designed to maintain space

conditions at 78 °F (26 °C) for cooling and 68 °F (20 °C) for heating, and

o it only includes equipment serving the Rated Dwelling Unit, and

o the mechanical room is not intentionally air sealed from the Rated Dwelling
Unit.

Confirmed Rating — A Rating accomplished using data gathered from verification of all
rated features of the home in accordance with this Standard.

Cooling Tower — A heat rejection device that rejects heat to the atmosphere.

Design Approval Primary Inspection Agency (DAPIA) — A third-party agency
designated by the U.S. Department of Housing and Urban Development (HUD) 1o be
responsible for evaluating manufactured home designs submitted to it by the

manufacturer and for assuring that they conform to the HUD standards for manufactured

homes.

Detached Dwelling Unit — A Dwelling Unit that does not meet the definition of Attached

Dwelling Unit.

Distribution System Efficiency (DSE)” — A system efficiency factor that adjusts for the

energy losses associated with the delivery of energy from the equipment to the source of

the load .2

Drain Water Heat Recovery (DWHR) Unit — A heat exchanger unit that uses outgoing
warm drain water to pre-heat incoming cold freshwater and is rated for efficiency and
pressure loss according to CSA B35.1, and complies with CSA B55.2.

Dwelling — Any building that contains one or two Dwelling Units used, intended, or
designed to be built, used, rented, leased, let or hired out to be occupied, or that are
occupied for living purposes.

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 Mechanical Ventilation System — A Ventilation system consisting of
powered Ventilation equipment such as motor-driven fans and blowers and related
mechanical components such as ducts, inlets, dampers, filters and associated control
devices that provides dwelling-unit Ventilation at a known or measured airflow rate.

7 (Informative Note) DSE is not included in manufacturer’s equipment performance ratings for heating and
cooling equipment.

B (Informative Note) Such as energy losses associated with heat transfer across duct or piping walls and air
leakage to or from forced air distribution systems.
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Electric Auxiliary Energy (Eae) — The average annual Auxiliary Electric Consumption
for a gas furnace or boiler in Kilowatt-Hours per year as published in the AHRI
Consumer’s Directory of Certified Efficiency Ratings.

Emittance — A measure of the ability of a surface to emit radiation, expressed as the ratio
of the energy radiated within a specific spectral band by a surface to that radiated within
that same specific spectral band by a blackbody at the same temperature.

Energy Efficiency Ratio (EER) — The ratio of net equipment cooling capacity in Btu/h to
total rate of electric input in Watts under designated operating conditions.

Energy Factor (EF) — A standardized measure of energy efficiency as determined under
Department of Energy Regulations, 10 CFR 430.

Energy Policy Act of 1992 (EPAct 92) — An act of the U.S. Congress, passed in 1992,
which required the development by the U.S. Department of Energy (DOE) of voluntary
guidelines for home energy rating systems.

Energy Rating — An unbiased indication of a Dwelling Unit’s relative energy
performance based on consistent inspection procedures, operating assumptions, climate
data and calculation methods in accordance with this Standard.

Energy Rating Disclosure — A set of assertions attested to by the Certified Rater listing
all potential financial interests of the Certified Rater with respect to the property being
Rated. Where any potential financial interest in the results of the Rating exists on the part
of the Certified Rater, it must be disclosed and attested to in writing by the Certified
Rater.

Energy Rating Index (ERI) — A numerical integer value that represents the relative
energy use of a Rated Home as compared with the energy use of the Energy Rating
Reference Home and where an Index value of 100 represents the energy use of the
Energy Rating Reference Home and an Index value of O {zero) represents a home that
uses zero net Purchased Energy annually.

Energy Rating Reference Home — A hypothetical home configured in accordance with
the specifications set forth in Section 4.2 of this Standard as the basis of comparison for
the purpose of calculating the relative energy efficiency and Energy Rating Index of a
Rated Home.

Energy Rating System — The procedures, rules and guidelines by which Energy Ratings
are conducted by an Approved Rating Provider, as specified in these Standards.

ENERGY STAR — A joint program of the U.S. Environmental Protection Agency (EPA)
and the U.S. Department of Energy (DOE) that encourages energy use reduction by
providing ENERGY STAR labels to products and homes meeting the improved energy
efficiency requirements of the program.

Exhaust Ventilation System (Exhaust System) — One or more fans that remove air from
the Dwelling Unit, causing outdoor air to enter by Ventilation inlets or normal leakage
paths through the Dwelling Unit envelope.
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Existing Home Retrofit — The set of energy efficiency improvements made to an existing
home to improve its energy performance.

Failure — When one or more of the Threshold Specifications are not met during
inspections or testing.

Fenestration — A glazed opening and its associated sash and framing that is installed into
a building.

Framing Fraction (FF) — The fractional area of walls, ceilings, floors, roofs and other
enclosure elements comprising the structural framing elements with respect to the total
Gross Area of the component.

Glazing — Sunlight-transmitting Fenestration, including the area of sash, curbing or other
framing elements, that enclose Conditioned Space Volume. For doors where the
sunlight-transmitting opening is less than 50% of the door area, the Glazing area of the
sunlight transmitting opening area shall be used. For all other doors, the Glazing area is
the rough frame opening area for the door, including the door and the frame.

Giross Area — The area of a building enclosure component that includes the areas of the
Fenestration areas that are not normally included in the net area of the enclosure
component. Normally the simple area calculated as the overall length times the overall
width of the enclosure component.”

Ground Source Heat Pump (GSHP) — Vapor compression heating and cooling
equipment that uses the ground {or ground water) as the heat source or sink for heat (see
also Heat Pump).

Heat Pump — A vapor-compression refrigeration device that includes a reversing valve
and optimized heat exchangers so that the direction of heat flow is reversed in order to
transfer heat from one location to another using the physical properties of an evaporating
and condensing fluid known as a refrigerant. !9

Heating Seasonal Performance Factor (HSPF) — A standardized measure of Heat Pump
efficiency, based on the total heating output of a Heat Pump, in Btu, divided by the total
electric energy input, in Watt-hours, under test conditions specified by the Air
Conditioning and Refrigeration Institute Standard 210/240.

Improved Home Model — The energy features and standard operating conditions of a
home after an Existing Home Retrofit has been accomplished to improve the energy
performance of the home.

Index Adjustment Design (IAD) — A home design comprising 2-stories and 3 Bedrooms
with Conditioned Floor Area of 2,400 ft® used to determine the percentage improvement
over the Energy Rating Reference Home for the purposes of determining the Index
Adjustment Factor that is applied to the Rated Home.

9 (Informative Note) Such as a wall.
W (Informative Note) Most commonly, Heat Pumps draw heat from the air or from the ground moving the heat
from a low temperature heat source to a higher temperature heat sink.
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Index Adjustment Factor (IAF) — A value calculated using the percentage improvement
of the Index Adjustment Design to determine the impact of home size, number of
Bedrooms and number of stories on the Energy Rating Index of the Rated Home.

Infiltration — The exchange of outdoor and indoor air through small cracks and
penetrations in home enclosures driven by pressure differences hetween the indoor and
outdoor envirenment.

Infiltration Volume'! — The sum of the Conditioned Space Volume and additional
adjacent volumes in the Dwelling Unit that meet the following criteria:

* Crawlspaces and floor assemblies above crawlspaces, when the access doors or
hatches between the crawlspace and Conditioned Space Volume are open during the
enclosure airtightness test,

* Attics, when the access doors or access hatches between the attic and Conditioned
Space Volume are open during the enclosure airtightness test,

* Basements and floor assemblies above basements, where the doors between the
basement and Conditioned Space Volume are open during the enclosure airtightness test.

In-Plant Inspection Agency (IPIA) — A third-party agency designated by the U.S.
Department of Housing and Urban Development (HUD) to ensure the construction
quality of manufactured housing.

Insulated Sheathing — An insulating board with a core material having a minimum R-
Value of R-2.

Internal Gains — The heat gains within a home attributable to lights, people, hot water
tanks, equipment, appliances, and Miscellaneous Energy Loads internal to the
Conditioned Space Volume.

International Energy Conservation Code (IECC) — The model building energy
efficiency code as promulgated by the International Code Council.

kBtu — One thousand British Thermal Units (Btu).

Kilowatt- Hour (kWh) — One thousand Watt-Hours (see also Watt-Hour); approximately
equal to 3412 Btu.

Latent Energy — Energy associated with the amount of moisture vapor in the air. The
term refers to moisture vapor that is added to an indoor space by Internal Gains, a
humidifier or by outdoor air introduced to the indoor space or to moisture vapor that is
removed from an indoor space by air conditioning, Ventilation or dehumidification (see
also Sensible Energy).

Manual J — The procedures published by the Air Conditioning Contractors of America
(ACCA) used to estimate the heating and air conditioning loads of homes.

MBti — One million British Thermal Units (Btu).

{Informative Note) Informative Annex A of Standard ANSI/RESNET/ACC 380 contains a table that
summarizes parts of a Dwelling Unit that are included in Infiltration Volume.

ANSI/RESNET/ICC 301-2019

2020 Triennial

Energy

243

Page: 14

-2019_vf1.23.19_14.png

7597_A4_Rationale_ANSIRESNETICC301

http://www floridabuilding.org/Upload/Modifications/Rendered/Mod



EN7597 -A4 Rationale

Minimum Rated Features — The characteristics of the building elements which are the
basis for the calculation of end use loads and energy consumption for the purpose of an
Energy Rating, and which are evaluated by Certified Raters or Approved Inspectors, in
accordance with the on-site inspection procedures described in Appendix B, in order to
collect the data necessary to create an Energy Rating using an Approved Software Rating
Tool.

Miscellaneous Energy Loads (MELs) — Encrgy uses that are not attributable to space
heating, space cooling, hot water heating or well-defined energy uses of specific
appliances that have a large saturation in homes.

Multifamily Buffer Boundary — An unconditioned building space located directly
adjacent to the Compartmentalization Boundary of the Dwelling Unit. '

National Appliance Energy Conservation Act (NAECA) — Legislation by the United
States Congress that regulates energy consumption of specific household appliances in
the United States, first passed as the Energy policy and Conservation Act in 1975 (Public
Law 94-163) and amended in 1987 and 1988 (Public Laws 100-12 and 100-357), 1992
(Public Law 102-486) and 2005 (Public Law 109-38) and 2007 (Public Law 110-140).

Natural Ventilation — The purposeful introduction of outdoor air into the home through
open skylights, windows and doors with the specific purpose of improving indoor
comfort without the use of HVAC equipment.

Non-Freezing Space — For modeling purposes, the temperature of this space shall float
with outside temperature but shall be no lower than 40°F. Applicable only in buildings
containing multiple Dwelling Units.

Occupiable Space — A room or enclosed space designed for human occupancy in which
individuals congregate for amusement, educational or similar purposes or in which
occupants are engaged at labor, and which is equipped with means of egress and light and
Ventilation facilities meeting the requirements of this standard.

On-Site Power Production (OPP) — Electric power produced on the site of a Rated
Home. OPP shall be the net electrical power production, such that it equals the gross
electrical power production minus any purchased fossil fuel energy used to produce the
on-site power, converted to equivalent electric energy use at a 409% conversion efficiency
in accordance with Equation 4.1-3 of this Standard.

Pascal (Pa) — The metric unit of pressure equaling 1 Newton per square meter.

Performance Threshold — The specific pass/fail criterion for the inspection or testing of
each Minimum Rated Feature, which is based on a predetermined prescriptive or worst-
case specification.

Projected Rating — A Rating'® accomplished using Minimum Rated Feature data derived
from plans and specifications.

? (Informative Note) Such as stairwells, elevator shafts, and refuse closets.
¥ (Informative Note) Projected Ratings are commonly generated prior to the construction of a new building or
prior to the implementation of energy-efficiency improvements to an existing building.
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Purchased Energy — The portion of the total energy requirement of a home purchased
from a utility or other energy supplier.

Quality Assurance — The systematic processes intended to ensure reliable compliance
with applicable standards.

Oualifying Light Fixture Locations — For the purposes of Rating, those light fixtures
located within the contiguous arca that is for the sole use of the Rated Home occupants,
limited to kitchens, dining rooms, living rooms, family rooms/dens, bathrooms, hallways,
stairways, entrances, Bedrooms, garage 14 utility rooms'®, home offices, and all outdoor
fixtures mounted on the exterior of the Rated Home or on a pole. This excludes plug-in
lamps, closets!®, unconditioned basements, lighting for common spaces, parking lot
lighting, and landscape lighting.

Oualifying Tier I Light Fixture — A light fixture located in a Qualifying Light Fixture
Location that contains fluorescent lamps.

Qualifying Tier II Light Fixture — A light fixture located in a Qualifying Light Fixture
Location that contains LED lamps; an integrated LED fixture; an outdoor light fixture
that is controlled by a photocell; or an indoor fixture controlled by a motion sensor.

Rated Home — The specific real property that is evaluated using the Energy Rating
procedures specified by this Standard.

Rating — See Energy Rating.
Reference Home — Sce Encrgy Rating Reference Home.

Renewable Energy System — Means of producing thermal energy or producing electric
power that rely on naturally-occurring, on-site resources that are not depleted as a result
of their use. Renewable Energy Systems shall include, but are not limited to, solar
energy systems, wind energy systems and biomass energy systems.

Residential Building — Includes detached one-family Dwellings and two-family
Dwellings and multiple single-family Dwellings (Townhouses) and Group R-2, R-3 and
R-4 buildings three stories or less in height above grade plane.'’

Residual Miscellaneous Energy Loads (Residual MELs) — The miscellaneous energy
uses within a Rated Home that are included in the energy use but are not explicitly
accounted for as distinct end uses by the Minimum Rated Features of the home.

Revenue-Based Price — The electric, natural gas or other fuel rate that is calculated as the
total units sold divided by the total revenues received.

4 (Normative Note) Garages shall include an attached garage or carport if the space is not shared with other
Dwelling Units.

15 (Normative Note) Utility rooms shall include rooms used for laundry and rooms used as workshops.

18 (Normative Note) Closets shall include pantries, linen closets, clothes closets, closets with mechanical
equipment, and storage closets inside or cutside of the Dwelling Unit.

7 (Nermative Note) The definition of Residential Building corresponds to the TECC definition of Residential
Building. 'The Occupancy Groups R-2, R-3 and R-4 are as established by the IBC.
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R-Yalue — 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].

Sampled Feature — A building element, component, or group thereof that is evaluated for
compliance with Threshold Specifications by using Sampling.

Sampled Project — A building with multiple units or a group of buildings with multiple
units to which Sampling is applied.

Sampled Rating — A Rating type that encompasses a set of Dwelling Units and is
accomplished using data gathered from verification of fewer than 100% of the instances
of each minimum rated feature within that set in accordance with this Standard.

Sampling — A process whereby fewer than 100% of the Dwelling Units are inspected,
tested, or modeled to demonstrate compliance with a set of Threshold Specifications.

Seasonal Energy Efficiency Ratio (SEER) — A standardized measure of air conditioner
efficiency based on the total cooling output of an air conditioner in Btuw'h, divided by the
total electric energy input, in Watt-hours, under test conditions specified by the Air
Conditioning and Refrigeration Institute Standard 210/240.

Sensible Energy — Energy associated with the amount of heat contained in the air, as
contrasted with Latent Energy, which is energy associated with the amount of moisture
vapor contained in the air.'®

Skall — As used in this Standard, the word ‘shall’ means that the action specified is
mandatory and must be accomplished by the responsible party.

Sleeping Unit — A room or space in which people sleep, which can also include
permanent provisions for living, eating, and either sanitation or kitchen facilities but not
both. Such rooms and spaces that are also part of a Dwelling Unit are not Sleeping Units.

Selar Absorptance — The fraction of normal incident solar radiation striking a surface
that is not reflected or transmitted.

Specific Leakage Area (SLA) — The unitless ratio of the Effective Leakage Area (ELA)
of a home enclosure as defined by ASHRAE Standard 62.2 divided by the home’s
Conditioned Floor Area, given in the same units of measure.

Supply Ventilation System (Supply System) — One or more fans that supply outdoor air
to the Dwelling Unit. Supply Ventilation Systems shall be designed and constructed to
provide Ventilation air directly from the outdoors to the Dwelling Unit.

Threshold Specifications — A set of qualification criteria that are established based on a
Worst-Case Analysis of an explicit design specification."”

'8 (Informative Note) The total energy contained in the air (also called enthalpy) is equal to the sum of the latent
and the sensible energies contained in the air.

¥ (Informative Note) Such as the ENERGY STAR®Reference Design adopted by the T.S. Environmental
Protection Agency.
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Threshold Rating - A Rating accomplished using Threshold Specifications to determine
the Energy Rating Index where verification of all Minimum Rated Features is
accomplished through field inspections and testing conducted on every home.

Therm — An energy unit equal to 100,000 British Thermal Units (Btu); usually used to
measure the consumption of natural gas.

Tmains — The temperature of the potable water supply entering the residence.

Townhouse - A single-family Dwelling Unit constructed in a group of three or more
attached units in which each unit extends from the foundation to roof and with open
space on at least two sides.

Typical Existing Home — A representation of existing U.S. housing stock that assumes
standard operating conditions and which is assigned an Energy Rating Index of 130 based
on U.8. Department of Energy estimates.

U-Factor — 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 (Btuw/h-ft>-°F) [W/m>K].

Unconditioned Space Volume®® — The volume within a building or Dwelling Unit that is
not Conditioned Space Volume but which contains heat sources or sinks that influence
the temperature of the area or room. The following specific spaces are addressed to
ensure consistent application of this definition:

¢ If either one or both of the volumes above and below a floor assembly is
Unconditioned Space Volume, then the volume of the floor assembly shall be
included.

o If the volume of both of the spaces horizontally adjacent to a wall assembly are
Unconditioned Space Volume, then the volume of the wall assembly shall be
included.

¢ The volume of an attic that is not both air sealed and insulated at the roof deck
shall be included.

e The volume of a vented crawlspace shall be included.

The volume of a garage shall be included, even when it is conditioned.

e The volume of a thermally isolated sunroom shall be included.

¢ The volume of an attic that is both air sealed and insulated at the roof deck, the
volume of an unvented crawlspace, and the volume of a basement shall be
included unless it meets the definition of Conditioned Space Volume.

Uniform Energy Factor (UEF) — DOE’s standard for communicating the energy
efficiency of water heaters.

Unrated Conditioned Space — A building location used only in Ratings of attached units,
beyond the boundaries of the rated Dwelling Unit and serviced by a space heating or
cooling system designed to maintain space conditions at 78 °F (26 °C) £ 3°F for cooling
and 68 °F (20 °C) + 5°F for heating. The energy for conditioning Unrated Conditioned

A (Informative Note) Informative Armex A of Standard ANSI/RESNET/ICC 380 contains a table that
summarizes parts of a Dwelling Unit that are included in Unconditioned Space Volume.
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Space is not counted in the Rated Home or Energy Rating Reference Home. This is
distinct from Unrated Heated Space, and from Conditioned Space Volume.

Urrated Heated Space — A building location used only in Ratings of attached units for
shared service equipment such as shared laundry, heating, cooling, hot water, or
Ventilation. Unrated Heated Space is outside of the Conditioned Space Volume and only
interacts with the Rated Home via the shared services located within. The energy for
heating the Unrated Heated Space is not counted in the Rated Home or Energy Rating
Reference Home.

Variable Refrigerant Flow Multi-Split Air Conditioning and Heat Pump Equipment
(VRF) — Commercial-grade air conditioning or Heat Pumps with variable refrigerant
flow that use the outdoor air as the heat source or sink (see also Heat Pump).*!

Ventilation — The process of providing outdoor air directly to a Dwelling Unit by natural
or mechanical means. Such air may or may not be conditioned.

Water Loop Heat Pump (WLHP) — Vapor compression heating and cooling equipment
that uses water as its heat source and heat sink (see also Heat Pump).

Watt — Energy flow rate equal to one joule per second; approximately equal to 3.412 Btu
per hour.

Watt-Hour — A unit of energy equal to an energy flow rate of one Watt for a duration of
one hour or 3,600 joules; approximately equal to 3.412 Btu.

Whole-House Fan — A forced air system consisting of a fan or blower that exhausts at
least 5 ACH of indoor air to the outdoors thereby drawing outdoor air into a home
through open windows and doors for the purpose of cooling the home.

Window Film — Fenestration attachment products which consist of a flexible adhesive-
backed polymer film which is applied to the interior or exterior surface of an existing
Glazing system.

Worst-Case Analysis — An analysis for which the Minimum Rated Features of the
Dwelling Unit are configured to provide the largest Energy Rating Index when four
ordinal home orientations and the least energy efficient Minimum Rated Features for the
specified design are considered by the Analysis.

3.3. Acronyms.
ACH — Air Changes per Hour
ACHS50 — Air Changes per Hour at 50 Pascals
AFUE — Annual Fuel Utilization Efficiency
AHRI - Air-Conditioning, Heating, and Refrigeration Institute

ASHP — Air Source Heat Pump

2 (Tnformative Note) The large outdoor units typically serve multiple Dwelling Units; indoor units can be
ducted units, non-ducted units, or a mix of both.
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ASHRAE — American Society of Heating, Refrigerating and Air Conditioning Engineers,
Inc.

ASTM — ASTM International, originally known as the American Society for Testing and
Materials (ASTM)

Btu — British Thermal Unit

CEC — California Energy Commission

CFA — Conditioned Floor Area

CFIS — Central Fan Integrated Supply

¢fm — Cubic Feet per Minute

COP — Coefficient of Performance

CRRC - Cool Roof Rating Council

DAPIA —Design Approval Primary Inspection Agency
DOE — U.S. Department of Energy

DSE — Distribution System Efficiency

DWHR — Drain Water Heat Recovery

Eae — Electric Auxiliary Energy

EER - Energy Efficiency Ratio

EF —Energy Factor

EIA — Effective Leakage Area

EPA — U.S. Environmental Protection Agency
EPAct 92 — Energy Policy Act of 1992

ERI — Energy Rating Index

FF —Framing Fraction

gpm — Gallons per Minute

GSHP — Ground Source Heat Pump

HSPF — Heating Seasonal Performance Factor
HUD - U.S. Department of Housing and Urban Development
HVAC —Heating, Ventilating and Air Conditioning
IAD —Index Adjustment Design

IAF — Index Adjustment Factor
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IBC —International Building Code
ICC — International Code Council

IDR — Innovative Design Request

EN7597 -A4 Rationale

IECC — International Energy Conservation Code

IMEF — Integrated Modified Energy Factor

IPIA —In-Plant Inspection Agency

IRC — International Residential Code for One- and Two-Family Dwellings
kWh — Kilowatt-Hour

MELs — Miscellaneous Energy Loads

MEPR — Manufacturer’s Equipment Performance Rating
NAECA — National Appliance Energy Conservation Act
OPP - On-Site Power Production

Pa — Pascal

RESNET — Residential Energy Services Network, Inc.
SEER - Scasonal Energy Efficiency Ratio

SHW — Service Hot Water

SL — Standby Loss

SLA — Specific Leakage Area

SRCC — Solar Rating & Certification Corporation

TE — Thermal Efficiency

TPO — Thermoplastic polyolefin

UEF — Uniform Energy Factor

VRF — Variable refrigerant flow

WLHP — Water Loop Heat Pump
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4, Energy Rating Calculation Procedures.

4.1. Determining the Energy Rating Index. The Energy Rating Index for a Rated Home
shall be determined in accordance with Sections 4.1.1 and 4.1.2. This standard shall not be
used to calculate the Energy Rating Index for a whole building that contains more than one
Dwelling Unit or Sleeping Unit.

4.1.1. Calculating End Use Loads. The normalized Modified End Use Loads (nMEUL)
for space heating and cooling and service hot water use shall each be determined in
accordance with Equation 4.1-1:

nMEUL = REUL * (nEC_x /EC_r) (Eq. 4.1-1)

where:
nMEUL = normalized Modified End Use Loads (for heating, cooling, or hot water) as
computed using an Approved Software Rating Tool.
REUL = Reference Home End Use Loads (for heating, cooling or hot water) as

computed using an Approved Software Rating Tool.

nEC_x = normalized Energy Consumption for the Rated Home’s end uses (for heating,
including Auxiliary Electric Consumption, cooling or hot water) as computed
using an Approved Software Rating Tool.

EC_r = estimated Energy Consumption for the Reference Home’s end uses (for
heating, including Auxiliary Electric Consumption, cooling or hot water) as
computed using an Approved Software Rating Tool.

and where:

nEC_x = (a* EEC_x -b*(EC_x *EC_r * DSE_r)/ (EEC_x * REUL) (Eq.4.1-1a)

where:

EC x = estimated Energy Consumption for the Rated Home’s end uses (for heating,
including Auxiliary Electric Consumption, cooling or hot water) as computed
using an Approved Software Rating Tool.

EEC_x = Equipment Efficiency Coefficient for the Rated Home’s equipment, such that
EEC_x equals the energy consumption per unit load in like units as the load, and
as derived from the Manufacturer’s Equipment Performance Rating (MEPR)
such that EEC_x equals 1.0 / MEPR for AFUE, COP or EF ratings, or such that
EEC_x equals 3.413/ MEPR for HSPF, EER or SEER ratings.

DSE_r = REUL/EC_r * EEC_r
For simplified system performance methods, DSE_r equals 0.80 for heating and
cooling systems and 1.00 for hot water systems [see Table 4.2.2(1)]. However,
for detailed modeling of heating and cooling systems, DSE_r less than 0.80
occurs as a result of part load performance degradation, coil air flow degradation,
improper system charge and auxiliary resistance heating for Heat Pumps. Except
as otherwise provided by these Standards, where detailed systems modeling is
employed, it must be applied equally to both the Reference and the Rated
Homes.

EEC_r = Equipment Efficiency Coefficient for the Reference Home’s equipment, such
that EEC_r equals the energy consumption per unit load in like units as the load,
and as derived from the Manufacturer’s Equipment Performance Rating (MEPR)
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such that EEC_r equals 1.0 / MEPR for AFUE, COP or EF ratings, or such that
EEC_r equals 3.413/ MEPR for HSPF, EER or SEER ratings and where the
coefficients “a” and ‘b’ are as defined by Table 4.1.1(1) below:

Table 4.1.1(1) CoefTicients ‘a’ and ‘b’

Fuel Type and End Use a b
Electric space heating 2.2561 0
Fossil fuel* space heating 1.0943 0.4030
Biomass space heating 0.88350 0.4047
Electric air conditioning 3.8090 0
Electric water heating 0.9200 0
Fossil fuel* water heating 1.1877 1.0130

*Such as natural gas, liquid propane gas, fuel oil

4.1.2. Calculating the Energy Rating Index. The Energy Rating Index shall be
determined in accordance with Equation 4.1-2:

Energy Rating Index = PEfrac * (TnML / (TRL* TAFgu)) * 100 (Eq. 4.1-2)

where:
TnML = nMEULHesaT + nMEULcooL + nMEULuw + EULLA (MBtu/y).
TRL = REULHeaT + REULcooL + REULuw + REUL LA (MBtu/y).
IAFrn = Index Adjustment Factor of Rated Home, per Eq. 4.3-2

and where:

EULLa = The Rated Home end use loads for lighting, appliances and MELSs as defined
by Section 4.2.2.5.2, converted to MBtw/y, where MBtu/y = (kWh/y)/293 or
(Therms/y)/10, as appropriate.

REULLa = The Reference Home end use loads for lighting, appliances and MELs as
defined by Section 4.2.2.5.1, converted to MBtu/y, where MBtu/y =
(kWh/y)/293 or (Therms/y)/10, as appropriate.
and where:
PEfrac = (TEU - OPP) / TEU
TEU = Total energy use of the Rated Home including all rated and non-rated energy

features where all fossil fuel site energy uses (Btufossil) are converted to

equivalent electric energy use (kWheq) in accordance with Equation 4.1-3.
OPP = On-Site Power Production as defined by Section 4.2.2.6 of this Standard.

KWheq = (Btutassi * 0.40) / 3412 (Eq. 4.1-3)

4.2. Energy Rating Reference Home and Rated Home Configuration.

4.2.1. General Requirements. Except as specified by this Section, the Energy Rating
Reference Home and the Rated Home shall be configured and analyzed using identical
methods and techniques.
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4.2.2. Residence Specifications. The Energy Rating Reference Home and Rated Home
shall be configured and analyzed as specified by Table 4.2.2(1).

Table 4.2.2(1) Specifications for the Energy Rating Reference and Rated Homes

Building Component

Energy Rating Reference Home

Rated Home

Above-grade walls

Type: wood frame

Gross Area: same as Rated Home
U-Factor: from Table 4.2.2(2)
Solar Absorptance = 0.75
Emittance = 0.90

Same as Rated Home
Same as Rated Home
Same as Rated Home
Same as Rated Home
Same as Rated Home

Conditioned basement
walls

Type: same as Rated Home

Gross Area: same as Rated Home

U-Factor: from Table 4.2.2(2)
with the insulation layer on the
interior side of walls

Same as Rated Home
Same as Rated Home
Same as Rated Home

Floors over
Unconditioned Space
Volume, Non-Freezing
Space or outdoor

Type: wood frame
Gross Area: same as Rated Home
U-Factor: from Table 4.2.2(2)

Same as Rated Home
Same as Rated Home
Same as Rated Home

Gross Area: same as Rated Home
U-Factor / R-Value: from Table
4224

environment
Ceilings Type: wood frame Same as Rated Home
Gross Area: same as Rated Home | Same as Rated Home
U-Factor: from Table 4.2.2(2) Same as Rated Home
Roofs Type: composition shingle on Same as Rated Home
wood sheathing
Gross Area: same as Rated Home | Same as Rated Home
Solar Absorptance = 0.75 Values from Table 4.2.2(4)
shall be used to determine
Solar Absorptance except
where test data are provided
for roof surface in accordance
with ANSI/CRRC S100.
Emittance values provided by
Emittance = 0.90 the roofing manufacturer in
accordance with ANSI/CRRC
S100 shall be used when
available. In cases where the
appropriate data are not
known, same as the Reference
Home.
Adttics Type: vented with aperture = 1ft* | Same as Rated Home
per 300 ft® ceiling area
Foundations Type: same as Rated Home Same as Rated Home

Same as Rated Home
Same as Rated Home
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Table 4.2.2(1) Specifications for the Energy Rating Reference and Rated Homes

Building Component

Energy Rating Reference Home

Rated Home

Crawlspaces

EN7597 -A4 Rationale

Type: vented with net free vent
aperture = 1t? per 150 ft* of
crawlspace floor area.

Crawlspace walls shall be
uninsulated, while the floor
above the crawlspace shall be
insulated according to Table
4.2.2(2) as a “Floor over

Unconditioned Space Volume™
(a)

U-Factor: from Table 4.2.2(2) for
floors over Unconditioned
Space Volume or outdoor
environment.

Same as the Rated Home, but

not less net free Ventilation
area than the Reference
Home unless an Approved
ground cover in accordance
with IRC 408.3.1 is used,
in which case, the same net
free Ventilation area as the

Rated Home down to a

minimum net free vent area

of 1fi? per 1,500 fi> of
crawlspace floor area.
Same as Rated Home

Doors

Area: 40 ft° for one- and two-
family Dwellings and
Townhouses; 20 ft? for all
others

Orientation:

For exterior doors: North
For all other doors, in adiabatic
wall

U-Factor: same as Fenestration
from Table 4.2.2(2)

Same as Rated Home

Same as Rated Home

Same as Rated Home

Glazing ®

Total area © =18% of CFA
Orientation: equally distributed to
four (4) cardinal compass
orientations (N,E,S,& W)
U-Factor: from Table 4.2.2(2)
SHGC: from Table 4.2.2(2)
Interior shade coefficient:

Same as Rated Home
Same as Rated Home

Same as Rated Home
Same as Rated Home
Same as Encrgy Rating

Summer = 0.70 Reference Home @
Winter = 0.85
External shading: none Same as Rated Home ©
Skylights None Same as Rated Home
Thermally isolated None Same as Rated Home
SUNrooIms

Air exchange rate

Specific Leakage Area (SLA) @ =
0.00036 assuming no energy
recovery, supplemented as
necessary to achieve the

In accordance with Standard
ANSI/RESNET/ICC 380,
obtain airtightness test
results for:
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Table 4.2.2(1) Specifications for the Energy Rating Reference and Rated Homes

Building Component Energy Rating Reference Home

Rated Home

required Dwelling-Unit total air
exchange rate (Qtot) (& ("

¢ Building enclosure
(for Detached
Dwelling Units)

¢  (Compartmentalization
Boundary (for
Attached Dwelling
Units).

For Attached Dwelling Units
with airtightness test results
< 0.30 ¢fm50 per ft* of
Compartmentalization
Boundary, the test results
shall be multiplied by
reduction factor Aex @ to
determine the Infiltration
rate. For Attached Dwelling
Units with airtightness test
results > 0.30 cfm30 per ft*
of Compartmentalization
Boundary, the test results
shall be modeled as the
Infiltration rate.

For residences without
Dwelling-Unit Mechanical
Ventilation Systems, or
without measured airflow,
or where Aext ' < 0.5 and
the Mechanical Ventilation
System is solely an Exhaust
System, the Infiltration rate
@ shall be as determined
above, but not less than 0.30
ACH.

For residences with Dwelling-
Unit Mechanical
Ventilation Systems, the
total air exchange rate shall
be the Infiltration rate 9 as
determined above, in
combination ® with the
time-averaged Dwelling-
Unit Mechanical
Ventilation System rate (8"
® which shall be the value
measured in accordance
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Table 4.2.2(1) Specifications for the Energy Rating Reference and Rated Homes

Building Component

Energy Rating Reference Home

Rated Home

EN7597 -A4 Rationale

with Standard
ANSI/RESNET/ICC 380.
The Dwelling-Unit
Mechanical Ventilation
System rate shall be
increased as needed to
ensure that the total air
exchange rate is no less than
Quot=0.03 xCFA+7.5x
{Nbr+1) cfm

Dwelling-Unit
Mechanical Ventilation
System fan energy

None, except where a mechanical
Ventilation system is specified
by the Rated Home, in which
case:

Where Rated Home has supply-
only or exhaust-only Dwelling-
Unit Mechanical Ventilation
System:
0.35*fanCFM*8.76 kWh/y

Where Rated Home has balanced
Dwelling-Unit Mechanical
Ventilation System without
ENergy recovery ora
combination of Supply and
Exhaust Systems:

0.70* fanCFM*8.76 kWh/y

Where Rated Home has balanced
Dwelling-Unit Mechanical
Ventilation System with energy
IECOVEry:
1.00*fanCFM*8.76 kWh/y

And where fanCFM is the

minimum continuous Dwelling

Unit Mechanical Ventilation

System fan flow rate® for the

Rated Home®.

Same as Rated Home ™ ™

Internal Gain

As specified by Table 4.2.2(3)

Same as Energy Rating
Reference Home, except as
provided by Section
42252

Internal mass

An internal mass for furniture and
contents of 8 pounds per square
foot of floor area

Same as Encrgy Rating
Reference Home, plus any
additional mass specifically
designed as a Thermal
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Table 4.2.2(1) Specifications for the Energy Rating Reference and Rated Homes

Building Component

Energy Rating Reference Home

Rated Home

Storage Element “ but not

integral to the building
envelope or structure

Structural mass

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

For masonry basement walls, same
as Rated Home, but with
insulation required by Table
4.2.2(2) located on the interior
side of the walls

For other walls, for ceilings,
floors, and interior walls, wood
frame construction

Same as Rated Home

Same as Rated Home

Same as Rated Home

Heating systems ®» @

Fuel type: same as Rated Home
Efficiencies:

Electric: Air Source Heat Pump
in accordance with Table
4.2.2(1a)

Non-electric furnaces: natural
gas furnace in accordance
with Table 4.2.2(1a)

Non-electric boilers: natural gas
boiler in accordance with
Table 4.2.2(1a)

Capacity: sized in accordance
with Section 4.4.3.1.

Same as Rated Home @

Same as Rated Home

Same as Rated Home

Same as Rated Home

Same as Rated Home

Cooling systems ¢}

Fuel type: Electric

Efficiency: in accordance with
Table 4.2.2(1a)

Capacity: sized in accordance
with Section 4.4.3.1.

Same as Rated Home ©®
Same as Rated Home

Same as Rated Home ©

Service water heating
systems (pds (), udi(v)

Fuel type: same as Rated Home
Efficiency:
Electric: EF = 0.97 - {(0.00132 *
store gal)
Fossil fuel: EF = 0.67 - (0.0019
* store gal)
Use (gal/day): Determined in
accordance with Section
422514
Tank temperature: 125 °F

Same as Rated Home ®
Same as Rated Home
Same as Rated Home

Determined in accordance
with Section 4.2.2.5.2.11

Same as Energy Rating
Reference Home
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Table 4.2.2(1) Specifications for the Energy Rating Reference and Rated Homes

Building Component Energy Rating Reference Home | Rated Home

Thermal distribution Thermal Distribution System Forced air distribution
systems Efficiency (DSE) of 0.80 shall systems duct leakage to

be applied to both the heating outside tests™ shall be

and cooling system efficiencies. conducted and documented

by an Approved Tester in
accordance with
requirements of Standard
ANSI/RESNET/ICC 380
with the air handler
installed, and the energy
impacts calculated with the
ducts located and insulated
as in the Rated Home.

For ductless distribution
systems: DSE=1.00

For hydronic distribution
systems: DSE=1.00

Thermostat Type: manual Type: Same as Rated Home

Temperature setpoints: cooling Temperature setpoints: same

temperature setpoint = 78 °F; as the Energy Rating

heating temperature set Reference Home, except as

point = 68°F required by Section 4.4.1

Table 4.2.2(1) Notes:

(a) This applies to the Reference Home crawlspace, regardless of the crawlspace type or
insulation location in the Rated Home crawlspace.

(b) Glazing shall be defined as sunlight-transmitting Fenestration, including the area of
sash, curbing or other framing elements, that enclose Conditioned Space Volume.
Glazing includes the area of sunlight-transmitting Fenestration assemblies in walls
bounding conditioned basements. For doors where the sunlight-transmitting opening is
less than 50% of the door area, the Glazing area of the sunlight transmitting opening area
shall be used. For all other doors, the Glazing area is the rough frame opening area for
the door, including the door and the frame.

{c) The following formula shall be used to determine total window area:
AG=018x CFAxFA xF
where:

AG = Total Glazing area
CFA = Total Conditioned Floor Area
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FA = (gross above-grade thermal boundary wall area) / (gross above-grade thermal
boundary wall area + 0.5%gross below-grade thermal boundary wall area)
F = 1- 0.44* (gross common wall area) / (gross above-grade thermal boundary wall
area + gross common wall area)

and where:

Thermal boundary wall is any wall that separates Conditioned Space Volume from
Unconditioned Space Volume, outdoor environment or the surrounding soil.

Above-grade thermal boundary wall is any portion of a thermal boundary wall not
in contact with soil.

Below-grade thermal boundary wall is any portion of a thermal boundary wall in
soil contact.

Common wall is the total wall area of walls adjacent to Unrated Conditioned Space,
not including foundation walls.

AG + exterior door area shall not exceed the exterior wall area, and the Energy
Rating Reference Home door area shall be reduced as necessary to ensure this.

(d) For Fenestrations facing within 15 degrees of true south that are directly coupled to
thermal storage mass, the winter interior shade coefficient shall be permitted to increase
to 0.95 in the Rated Home.

(e) The term External Shading refers only to permanent, fixed shading devices attached to
the building such as fins and overhangs. Window screens, movable awnings, roller
shades, safety bars, balcony railings, and shade from adjacent buildings, trees and shrubs
shall not be included in the analysis of the Rated Home energy usage.

(f) SLA = ELA /CFA where ELA = 0.054863%*cfm50 and where CFA is in square
inches.

(g) The required Dwelling-Unit Mechanical Ventilation Systemn airflow rate (Qfan) shall
be determined in accordance with the following equation.?? Where this requires the Rated
Home mechanical Ventilation rate to be adjusted in the simulation, and where the
Ventilation air is pre-conditioned as part of a shared Ventilation system shared by
multiple Dwelling Units, the software shall make corresponding adjustments to the
shared preconditioning equipment energy consumption assigned to the Rated Home.

Ofan = Crot — P Winf X Aexy)

where

Ufan = required mechanical Ventilation rate, cfm

;¢ = total required Ventilation rate, cfm

Oipy = Infiltration, cfm calculated using Shelter Class 4

Agyy = 1 for Detached Dwelling Units, or the ratio of exterior enclosure surface area

that is not attached to garages or other Dwelling Units to
Compartmentalization Boundary for Attached Dwelling Units

2 (Informative Note) Equation taken from Addendum s to ASHRAE Standard 62.2-2016.
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@=1 for Balanced Ventilation Systems and Qjnf/ Oyor otherwise

and where
Qrot = 0.03*CFA + 7.5%(Nbr+1), AND
Qinf = 0.0521%cfm30* wsf*(H/Hr)*0.4

OR
Qinf = (NL -wsf-CFA)/ 7.3
where

NL = normalized leakage = 1000 - (ELA / CFA) - [H / Hr]"0.4 (where both ELA
and CFA are in square inches)
wsf = weather and shielding factor from Appendix B, ASHRAE Standard 62.2
ELA = cfm50%0.054863 (in?)
H = vertical distance between lowest and highest above-grade points within the
pressure boundary (ft.)
Hr =reference height = 8.202 ft.

(h) Either hourly calculations using the following equation?®® or calculations vielding
equivalent results shall be used to determine the combined air exchange rate resulting
from Infiltration in combination with Dwelling-Unit Mechanical Ventilation Systems.

Oi = Ofani + P Qinfi

where
@=1 for Balanced Ventilation Systems and otherwise
D= Qinfi A Qinfi + Ofani )
(; = combined air exchange rate for the time step “1°, ¢fm
Qinf,i = Infiltration airflow rate for the time step “1°, cfm calculated using Shelter

Class 4
Ofan,i = mechanical Ventilation airflow rate for the time step “1’, ¢fm

(1) Reduction factor Aexi (used only for Attached Dwelling Units) shall be the ratio of
exterior envelope surface area®* to Compartmentalization Boundary.

(i) Envelope (for Detached Dwelling Units) or Compartmentalization Boundary (for
Attached Dwelling Units) leakage shall be tested and documented in accordance with
requirements of Standard ANSIYRESNET/ICC 380 by an Approved Tester.

(k) Where a shared mechanical Ventilation system serving more than one Dwelling Unit
provides any Dwelling-Unit Mechanical Ventilation, the following shall be used to
determine the Ventilation airflows in the Rated Home.

1. Where shared Ventilation supply systems provide a mix of recirculated and outdoor
air, the supply Ventilation airflow shall be adjusted to reflect the percentage of air that is
from outside.

# (Informative Note) Equation taken from ASHRAE Standard 62.2-2016, Nermative Appendix C, equations
(C7) and (C8).
* (Informative Note) Does not include the area where attached to garages or other Dwelling Units.
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2. Where the Dwelling-Unit Mechanical Ventilation System is a Supply System or an
Exhaust Systemn, and not a Balanced System nor a combination of systems, the
Ventilation rate shall be the value measured in the Rated Home or adjusted in accordance
with the previous step.

3. Where the Dwelling-Unit Mechanical Ventilation System is a Balanced System or a
combination of systems, the system airflows shall be analyzed separately, in accordance
with the previous steps. For software that does not explicitly model multiple, separate
Supply and Exhaust Systems, the Dwelling-Unit Mechanical Ventilation System shall be
modeled as a Balanced System, where the Ventilation rate of the Rated Home is the sum
of either the exhaust airflows measured in the Dwelling Unit or the sum of the supply
airflows measured in the unit, whichever is greater.

(1) Where Rating software allows for modeling of multiple or hybrid Ventilation system
types, the Reference Home mechanical Ventilation fan energy shall be calculated
proportionally using the Ventilation systemn types employed in the Rated Home. The fan
CFM contribution of each system type shall be proportional to the product of the airflow
and the runtime of each Ventilation system type.

(m) Dwelling-Unit Mechanical Ventilation System fan watts shall be the value observed
in the Rated Home for the highest airflow setting. Where not available, fan watts shall be
based on Table 4.2.2(1b) for the given system. For systems other than Central Fan
Integrated Supply (CFIS), where the airflow cannot be measured, the cfm used to
determine fan watts shall be assumed to be equal to Qfan, as determined in accordance
with endnote (g) of Table 4.2.2 (1). For CFIS systems, the cfm used to determine fan
watts shall be the larger of 400 cfm per 12 kBtu/h cooling capacity or 240 cfm per 12
kBtu/h heating capacity.

Table 4.2.2(1b). Default Ventilation System Fan Power for Rated Home
Equipment Type Watts/ cfm
Exhaust Ventilation fans 0.35
Supply Ventilation fans 0.35
Balanced Ventilation fans 0.70
HRV/ERYV fans 1.00
CFIS fans 0.50
Range hoods 0.70

(n) Where the Ventilation system is designed to serve the Ventilation needs of more than
one Dwelling Unit, the Rated Home kWh/y fan energy shall be calculated as a proportion
of the entire system fan energy, using the system airflow, Ventilation type, fan run time
and the rated fan power® of the shared system. The Rated Home Ventilation fan energy
shall be calculated as the fan power of the entire system?® multiplied by the ratio of

% (Normative Note) Fan motors rated in horsepower shall be converted to Watts by multiplying by 746 and
dividing by fan motor efficiency. Where fan motor efficiency is unknown, use 0.65 for single-phase and 0.75
for 3-phase motors.

% (Normative Note) For Balanced Systems or combinations of Supply and Exhaust Systems, the system fan
power must include all associated fans.
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Dwelling Unit airflow to the system airflow. Where the system fan power cannot be
determined, 1 Watt/cfm shall be used. Where the Dwelling Unit airflow cannot be
measured, the Rated Home shall use Qfan, as determined in accordance with endnote (g)
of Table 4.2.2 (1) when calculating fan energy.

(0) Thermal storage element shall mean a component not normally part of the floors,
walls, or ceilings that is part of a passive solar system, and that provides thermal
storage.?’ A thermal storage element must be in the same room as Fenestration that faces
within 15 degrees of true south, or must be connected to such a room with pipes or ducts
that allow the element to be actively charged.

(p) For a Rated Home with multiple heating, cooling, or water heating systems using
different fuel types, the applicable systemn capacities and fuel types shall be weighted in
accordance with the loads distribution (as calculated by accepted engineering practice for
that equipment and fuel type) of the subject multiple systems. For the Energy Rating
Reference Home, the minimum efficiencies given in Table 4.2.2(1a) below will be
assumed for:

1) A type of device not covered by NAECA in the Rated Home;

2) A Rated Home heated by electricity using a device other than an air-source Heat
Pump; or

3) A Rated Home that does not contain one or more of the required HVAC

equipment systems.

Table 4.2.2(1a). Energy Rating Reference Home
Heating and Cooling Equipment Efficiencies

Rated Home Fuel Function Reference Home Device
Electric Heating 7.7 HSPF Air Source Heat Pump
Non-electric warm air Heating 78% AFUE gas furnace

furnace or space heater

Non-electric boiler Heating 80% AFUE gas boiler

Anv type Cooling 13 SEER electric air conditioner
Biomass System @ Heating 63% Efficiency

Notes:

(a) Biomass Fuel systems shall be included in Ratings only when a permanent heating
system sized to meet the load of the Dwelling Unit does not exist. Where installed to
supplement a permanent heating system that cannot meet the load of the Dwelling

Unit, the biomass system shall be assigned only that part of the load that cannot be met

by the permanent heating system.

{q) For a Rated Home without a heating system, a gas heating system with the efficiency
provided in Table 4.2.2(1a) shall be assumed for both the Energy Rating Reference Home
and Rated Home. For a Rated Home that has no access to natural gas or fossil fuel

7 {Informative Note) Such as enclosed water columns, rock beds, or phase change containers.
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delivery, an Air Source Heat Pump with the efficiency provided in Table 4.2.2(1a) shall
be assumed for both the Energy Rating Reference Home and Rated Home.

(r) When the Rated Home is in a building with multiple Dwelling Units, and where
Dwelling-Unit Mechanical Ventilation System supply air is pre-conditioned by a shared
system” before delivery” to the Dwelling Unit, that shared pre-conditioning system shall
be represented in the Rated Home simulation as a separate HVAC system, in addition to
the primary space conditioning system serving the Dwelling Unit. The supply airflow
delivered to the Rated Home is the only conditioning load that shall be assigned to that
shared equipment, and shall be determined as described in Table 4.2.2(1), endnote (k).
Accordingly, the capacity of the simulated pre-conditioning equipment shall be the actual
capacity pro-rated by the ratio of Rated Home supply airflow divided by total airflow
through the actual shared pre-conditioning equipment.

(s) For a Rated Home without a cooling systemn, an electric air conditioner with the
efficiency provided in Table 4.2.2(1a) shall be assumed for both the Energy Rating
Reference Home and the Rated Home.

(t) For a Rated Home with a non-storage-type water heater or where a shared water heater
provides service hot water to the Rated Home, a 40-gallon storage-type water heater of
the same fuel as the proposed water heater shall be assumed for the Energy Rating
Reference Home. For tankless water heaters with an Energy Factor, EF shall be
multiplied by 0.92 for Rated Home calculations. For tankless water heaters with a
Uniform Energy Factor, UEF shall be multiplied by 0.94 for Rated Home calculations.
For a Rated Home without a proposed water heater, a 40-gallon storage-type water heater
of the same fuel as the predominant fuel type used for the heating system(s) shall be
assumed for both the Rated and Energy Rating Reference Homes. In both cases the
Energy Factor of the water heater shall be as prescribed for the Energy Rating Reference
Home water heater by Table 4.2.2(1).

(u) The Uniform Energy Factor (UEF) or Energy Factor (EF) shall be obtained for
residential hot water equipment, or the Thermal Efficiency (TE) and Standby loss (SL.)
shall be obtained for commercial hot water equipment, from mamifacturer’s literature or
from AHRI directory for equipment being used, where available. For commercial water
heaters, where EF or UEF is not available, an Approved commercial hot water system
calculator shall be used to determine the EF or UEF.

Where a manufacturer provided or AHRI published EF or UEF is not available for the
residential hot water equipment, the guidance provided in i shall be used to determine the
effective EF of the water heater. Where a manufacturer provided or AHRI published TE
or SL is not available for commercial hot water equipment, the guidance provided in ii
shall be used to determine the effective TE and SL of the water heater.

2 (Informative Note) For example, a rooftop make-up air unit (MAU), dedicated outdeor air system (DOAS), or
shared Energy Recovery Ventilator (ERV), with heating and/or cooling capability.

% (Normative Note) “Delivery” includes supply air ducted into the Dwelling Unit, or ducted into the Dwelling
Unit’s air distribution system, or indirectly through the door undercut or other intentienal opening. Where the
supply airflow cannot be measured, it shall be equal to the measured exhaust airflow or fanCFM, whichever is
greater.
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1. For residential oil, gas and electric water heaters or Heat Pumps, default EF
values provided in Table 4.3.2(3) for age-based efficiency or Table 4.5.2(4) for
non-age-hased efficiency shall be used.

ii. For commercial water heaters, values provided in Table C404.2 Minimum
Performance of Water-Heating Equipment in the IECC shall be used.

(v) The heat sources and sinks associated with the Service Hot Water System shall be
included in the energy balance for the space in which the Service Hot Water System is
located.

(w) When both of the following conditions are met and documented, duct leakage
testing is not required.

1. At a pre-drywall stage of construction, 100% of the ductwork and air
handler shall be visible and visually verified to be contained inside the
Conditioned Space Volume. At a final stage of construction, ductwork that
is visible and the air handler shall again be verified to be contained in the

Conditioned Space Volume.

2. At a pre-drywall stage of construction, the ductwork shall be visually
verified to be 100% fully ducted, with no building cavities used as supply or
return ducts.

To calculate the energy impacts on the Rated Home, a DSE of 0.88 shall be applied
to both the heating and cooling system efficiencies.

Alternatively, for Dwellings and Townhouses only, when all of the following conditions
are met and documented, total duct leakage testing is permitted to be conducted in lieu of
duct leakage to outside testing and half of the measured total leakage shall be assigned
duct leakage to outside. At a final stage of construction, if visible ductwork or the air
handler is observed outside the Infiltration Volume or ductwork is no longer 100%
fully ducted, duct leakage to outside testing is required:

1. Ata pre-drywall stage of construction, 100% of the ductwork and air handler shall
be visible and visually verified to be contained inside the Infiltration Volume. At
a final stage of construction, ductwork that is visible and the air handler shall
again be verified to be contained in the Infiltration Volume.

2. Ata pre-drywall stage of construction, the ductwork shall be visually verified to
be 100% fully ducted, with no building cavities used as supply or return ducts.

3. Ateither a pre-drywall stage of construction or a final stage of construction,
airtightness of the duct system shall be tested in accordance with requirements
of Standard ANSI/RESNET/ICC 380 Total Duct Leakage Test (Section 4.4.1).
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The total leakage shall be less than or equal to the greater of: 4 cfm per 100 fi®
of Conditioned Floor Area served by the duct system being tested, or 40 cfm.

For duct systems with 3 or more returns, the total leakage shall be less than

or equal to the greater of: 6 cfm per 100 ft? of Conditioned Floor Area

served by the duct system being tested, or 60 cfm.

Airtightness of the Rated Home shall be tested in accordance with requirements of
Standard ANSI/RESNET/ICC 380 and shall be less than or equal to 3 ACHS0.

Alternatively, for Attached Dwelling Units, excluding Dwellings and Townhouses,

total duct leakage testing, at either pre-drywall or final stage of construction, is

permitted to be conducted in lieu of duct leakage to outside testing. Software shall

calculate the energy impact using the total duct leakage results and prorating based

on the percent of duct surface area that is not in Rated Home Conditioned Space

Volume, plus a contribution from the associated air handler if located outside the

Rated Home Conditioned Space Volume. The air handler contribution shall be a

minimum of 2.5% of the supply airflow, where supply airflow is calculated as 400

cfm per 12,000 Btu/h of output capacity of the heating or cooling equipment. The

sum of the duct leakage associated with duct surface area outside the Conditioned

Space Volume and the air handler leakage shall not exceed the measured duct

leakage from the entire duct system.

Table 4.2.2(2). Component Heat Transfer Characteristics for Energy Rating Reference

Home @
Floor
Fenestration | c12zed Over Slab-on-
Climate and O Fene- Ceili Frame U a- Basement Grade
paque stration eitmg Wall ncon Wall R-Value
Zone®™ Door A U-Factor itioned ©
ssembly U-Factor U-Factor & Depth
U-Factor Space (de)
SHGC U-Factor
1 1.20 0.40 0.035 0.082 0.064 0.360 0
2 0.75 0.40 0.035 0.082 0.064 0.360 0
3 0.65 0.40 0.035 0.082 0.047 0.360 0
& except 0.40 0.40 0.030 0.082 0.047 0.059 10, 2 ft.
Marine
Sand
. 0.35 0.40 0.030 0.060 0.033 0.059 10, 2 ft.
Marine 4
6 0.35 0.40 0.026 0.060 0.033 0.059 10, 4 ft.
7and 8 0.35 0.40 0.026 0.057 0.033 0.059 10, 4 ft.
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Table 4.2.2(2). Component Heat Transfer Characteristics for Energy Rating Reference

Home @
Floor
Fenestration | O127¢d Over Slab-on-
. Fene- o1 Frame Basement Grade
Climate and Opaque . Ceiling Uncond-
® stration Wall s Wall R-Value
Zone Door U-Factor itioned @
Assembly U-Factor S U-Factor & Depth
U-Factor SHGC pace (de)
U-Factor
Notes:

(a) Non-fenestration U-Factors shall be obtained from measurement, calculation, or an Approved

SOurce.

(b) Climates zones shall be as specified by the 2006 IECC.

(c) For basements that are within the Conditioned Space Volume.

(d) R-3 shall be added to the required R-Value for slabs with embedded heating.

{(e) Insulation shall extend downward from the top of the slab vertically to the depth indicated.

Table 4.2.2(3). Internal Gains for Energy Rating Reference Homes @

End Use Sensible Gains (Btu/day) Latent Gains (Btu/day)
Component a b ¢ a b ¢
Residual MELs 7.27 0.38

Interior lighting 4253 7.48

Refrigerator @ 5,955 168

TVs 3,861 643

Range/Oven (elec) ® @ 2,228 262 248 29
Range/Oven (gas) @ 4086 488 1 1,037 124
Clothes Dryer (elec) ® © 661 188 73 21
Clothes Dryer (gas) ® @ 738 209 o1 26
Dishwasher (@ 219 87 219 87
Clothes Washer @ 95 26 11 3
(Gen water use -1227 409 | 1,245 415
Occupants ) 3716 2,884

Notes:
{a) Table values are coefficients for the following general equation:
Gains = a + b*CFA + c*Nbr
where CFA = Conditioned Floor Area and Nbr = Number of Bedrooms.

{h) For Rated Homes with electric appliance use {elec) values and for Rated homes with
natural gas-fired appliance use (gas) values

{c) Software tools shall use either the occupant gains provided above or similar temperature
dependent values generated by the software where the number of occupants equals the
number of Bedrooms and occupants are present in the home
16.5 hours per day.

{d) When any of these appliances associated with a Rated Home is located in Unrated
Heated Space, Unrated Conditioned Space, or otherwise outside of and away from the
Dwelling Unit, the Internal Gains associated with that appliance shall be excluded from
both the Reference and Rated Homes.
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Table 4.2.2(4). Default Solar Absorptance
for Various Roofing Surfaces

Roof Materials Absorptance
White Composition Shingles 0.80
White Tile (including concrete) 0.60
White Metal or White TPO 0.50
All others 0.92

4.2.2.1. All enclosure element Framing Fractions shall be in accordance with Table

4.2.2(5).

Table 4.2.2(5) Default Framing Fractions for Enclosure Elements

| Frame Default
Enclosure Element Spacing Frame Fraction
(in o.c.) (% area)

'Walls (standard):

@16" o.c. 16 23%

@24" o.c. 24 20%
'Walls (advanced):

@16" o.c. 16 19%

@24" o.c. 24 16%

Structural Insulated Panels 48 10%
Floors (standard):

@16" o.c. 16 13%

@24" o.c. 24 10%
Floors (advanced):

@16" o.c. 16 11%

@24" o.c. 24 8%
Ceilings (standard trusses):

@16" o.c. 16 14%

@24" o.c. 24 11%
Ceilings (advanced trusses — "'raised heel''):

@16" o.c. 16 10%

@24" o.c. 24 7%
Ceilings (conventional framing):

@16" o.c. 16 13%

@24" o.c. 24 9%

4.2.2.2, Insulation Inspections: All enclosure elements for the Rated Home shall have
their insulation assessed in accordance with this Standard. Insulation shall be rated as
Grade I, 11, 11, or uninsulated in accordance with the on-site inspection procedures
equivalent to Normative Appendix A.
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4.2.2.2.1. The insulation of the Energy Rating Reference Home enclosure elements
shall be modeled as Grade I. The insulation of the Rated Home shall either be
inspected according to procedures equivalent to Normative Appendix A or, if
confirmed to be present but not fully inspected, shall be modeled as Grade IIT and
shall be recorded as “not inspected” in the rating.

Exceptions:

(a) Modular and manufactured housing using IPIA inspections shall be considered
as an acceptable alternative for the Energy Rating inspection where the
manufacturer of the home includes the on-site inspection procedures for insulation
details and requirements in Appendix A in their DAPIA packages, which are used
by IPIAs for their factory inspections.

(b) The R-Values for non-structural materials or for Structural Insulated Panels
(SIPs), Insulated Concrete Forms (ICFs), and other pre-manufactured assemblies
when accompanied by supporting test data consistent with ASTM C177, ASTM

C518, ASTM C1114, ASTM C1363 or ASTM C976.

Thermographic inspection is permitted to be used to determine that an assembly is
insulated and achieves a Grade Il rating if the person doing the inspection is an ASNT
NDT Level 111 or a licensed engineer, or if the person doing the inspection is working
under the direction of an ASNT NDT Level III or a licensed engineer. Thermographic
inspection shall not be used to determine an assembly achieves a Grade [ rating,

4.2.2.2.2. Insulation Assessment: Insulated surfaces categornized as “Grade I”” shall
be modeled such that the insulation R-Value is considered at its measured {for loose
fill) or 1abeled value, including other adjustments,* for the insulated surface area (not
including framing or other structural materials which shall be accounted for
separately). Insulated surfaces categorized as "Grade 11" shall be modeled such that
there is no insulation R-Value for 2% of the insulated surface area and its measured
or labeled value, including other adjustmf:m;s,31 for the remainder of the insulated
surface area (not including framing or other structural materials). Insulated surfaces
categorized as "Grade I1I" shall be modeled such that there is no insulation R-Value
for 3% of the insulated surface arca and its measured or labeled value, including other
adjustments,*? for the remainder of the insulated surface area (not including framing
or other structural materials). Other building materials, including framing, sheathing,
and air films, shall be assigned aged or settled values according to ASHRAE
Handbook of Fundamentals. In addition, the following accepted conventions shall be
used in modeling Rated Home insulation enclosures:

(a) Insulation that does not cover framing members shall not be modeled as if it
covers the framing. Insulated surfaces that have continuous insulation, including
rigid foam, fibrous batt, loose fill, sprayed insulation or insulated siding, covering

# (Informative Note) Such as compression and cavity fill versus continuous.
! (Informative Note) Such as compression and cavity fill versus continuous.
# (Informative Note) Such as compression and cavity fill versus continuous.
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the framing members shall be assessed and modeled according to Section Error!
Reference source not found. and combined with the cavity insulation, framing and
other materials to determine the overall assembly R-Value.

(b) The base R-Value of fibrous insulation that is compressed to less than its full
rated thickness in a completely enclosed cavity shall be assessed according to the
manufacturer's documentation. In the absence of such documentation, use R-Value
correction factor (CF) for Compressed Batt or Blanket from Manual J, 8th edition
Table AS5-1, Section 7-d.

(c) Areas of an assembly having different insulation types or R-Values (including
uninsulated areas in excess of 5% of any otherwise insulated building component)
shall be modeled separately, with the applicable R-Values and assembly areas
associated with each different insulation situation.

(d) The overall thermal propertics of steel-framed walls, ceilings and floors shall
be calculated in accordance with the modified zone method specified by Chapter
27, ASHR AE Handbook of Fundamentals or tested in accordance with ASTM
Standard C1363. Modification of test results to add or subtract R-Values to the
tested assembly that reflect differences between the tested assembly and proposed
assemblies is authorized when such differences are continuous and occur outside of
the cavity.

4.2.2.3. Renewable Energy Systems shall not be included in the Reference Home.

4.2.2.4. For non-electric warm furnaces and non-electric boilers, the values in Table
4.2.2.4(1) shall be used for Electric Auxiliary Energy (EAE) in the Reference Home.

Table 4.2.2.4(1) Electric Auxiliary Energy for
Fossil Fuel Heating Systems

System Type Eae

Oil boiler 330

Gas boiler 170

0il furnace 439 + 5.5*Capacity (kBtuw/h)
Gas furnace 149 + 10.3*Capacity (kBtu/h)

4.2.2.5. Lighting, Appliances, Miscellancous Energy Loads (MELSs), Ventilation and
Service Hot Water Systems.

4.2.2.5.1. Energy Rating Reference Home. Lighting, Appliance and
Miscellancous Energy Loads in the Energy Rating Reference Home shall be
determined in accordance with the values provided in Table 4.2.2.5(1) and Table
4.2.2.3(2), as appropriate, and Equation 4.2-1:

kWh (or therms) per vear = a + b*CFA + ¢*Nbr (Eq.4.2-1)
where:
‘a’, ‘b’, and ‘¢’ are values provided in Table 4.2.2.5(1) and Table 4.2.2.5(2)
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CFA = Conditioned Floor Area
Nbr = number of Bedrooms

4.2.2.5.1.1. Electric Reference Homes. Where the Rated Home has electric
appliances, the Energy Rating Reference Home lighting, appliance and
Miscellaneous Energy Loads shall be determined in accordance with the values

given in Table 4.2.2.5(1).

Table 4.2.2.5(1) Lighting, Appliance and Miscellaneous
Energy Loads in electric Energy Rating Reference Homes

End Use . Equation Coefficients
Component Units a b c
Residual MELs kWh/y 091

Interior lighting kWh/y 455 0.80

Exterior lighting kWhy 100 0.05
Refrigerator kWhly 637 18
Televisions kWhy 413 69
Range/Oven kWh/y 331 39
Clothes Dryer kWhly 529 150
Dishwasher kWh/y 78 31
Clothes Washer kWhiy 38 10

4.2.2.5.1.2. Reference Homes with Natural Gas Appliances. Where the Rated

Home has gas appliances, those appliances in the Energy Rating Reference Home
shall be determined in accordance with the natural gas and electric appliance
loads provided below in Table 4.2.2.5(2), as applicable for each appliance.

Table 4.2.2.5(2) Natural Gas Appliance Loads

for Energy Rating Reference Homes with Gas Appliances

End Use . Equation Coefficients
C (@ Units

omponent a b C
Range/Oven Therms/y 22.6 2.7
Range/Oven kWh/y 22.6 2.7
Clothes Dryer Therms/y 18.8 5.3
Clothes Dryer kWh/y 41 11.7

Notes:

(a) Both the natural gas and the electric components shall be
included in determining the Energy Rating Reference Home
annual energy use for the above appliances.

4.2.2.5.1.3. Garage Lighting. Where the Rated Home includes an enclosed
garage, for the sole use of the occupants of the Rated Home, 100 kWh/y shall be
added to the energy use of the Reference Home to account for garage lighting.
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Lighting for shared parking garages or parking lots shall not be included in the
Reference Home.

4.2.2.5.1.4. Service Hot Water Use. Service hot water system use in gallons per
day for the Energy Rating Reference Home shall be determined in accordance
with Equation 4.2-2:

HWgpd = (refDWgpd+refCWgpd
+Fumix*(refFgpd + refWgpd)) (Eq. 4.2-2)
where:
HWgpd = gallons per day of hot water use
refDW gpd = reference dishwasher gallons per day
= ((88.44+34.9*Nbr)*8.16)/365
refCWgpd = reference clothes washer gallons per day
= (4.32%(1644+46.5*Nbr))
#((3*2.08+1.59)/(2.874%2.08+1.59))/365
Frix =1 - ((Tset - Tuse)/ (Tset - Tmains))
where
Tset = Water heater set point temperature = 125 F
Tuse = Temperature of mixed water at fixtures = 103 F
Tinains = (Tamb,avg + oﬁ"ser) + ratio * (ATamb,max /)
*sin (0.986 * (day# - 15 - lag) - 90)
where
Tmeins = temperature of potable water supply entering residence
CF)
Tamb,avg = annual average ambient air temperature (°F)
ATamb,max = maximum difference between monthly average
ambient temperatures®? (°F)
0.986 = degrees/day (360/365)
day# = Julian day of the year (1-363)
offser = 6°F
ratio = 0.4 + 0.01 (Tamb,avg *44)
fag =35 — 1.0 (Tambavg — 44)
refFgpd = 14.6 + 10.0*Nbr
= reference climate-normalized daily fixture water use in Energy
Rating Reference Home (in gallons per day)
refWgpd = 9.8%Nbr %%
= reference climate-normalized daily hot water waste due to
distribution system losses in Energy Rating Reference Home (in
gallons per day)
where
Nbr = number of Bedrooms in the Rated Home, not to be less
than 1.

3 (Informative Reference) For example Teamb,evg july — Tamb avg jansary
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4.2.2.5.1.5. Ceiling Fans. Where ceiling fans are included in the Rated Home
they shall also be included in the Reference Home in accordance with the
provisions of Section 0.

4.2.2.5.2. Energy Rating Rated Homes. The lighting, appliance, hot water heating,
and Miscellaneous Energy Loads in the Energy Rating Rated Home shall be
determined in accordance with Sections 4.2.2.5.2.1 through 0. For a Rated Home
without a refrigerator, dishwasher, range/oven, clothes washer or clothes dryer, the
values from Table 4.2.2.3(1) shall be assumed for both the Energy Rating Reference
Home and Rated Home.

4.2.2.5.2.1. Residual MELs. Residual miscellaneous annual electric energy use
in the Rated Home shall be the same as in the Encrgy Rating Reference Home and
shall be calculated as 0.91 *CFA.

4.2.2.5.2.2. Interior Lighting. Interior lighting annual energy use in the Rated
Home shall be determined in accordance with Equation 4.2-3:

kWh/y = 0.9/0.925*(455 + 0.8*CFA)
#*[(1 - FFILL- FFIL) + FFLL*15/60 + FFILL*15/90]
+ 0.1*(455 + 0.8*CFA) (Eq. 4.2-3)
where:
CFA = Conditioned Floor Area
FFLiL= The ratio of the interior Tier I Qualifying Light Fixtures to all interior
light fixtures in Qualifying Light Fixture Locations.
FF1LiL = The ratio of the interior Tier Il Qualifying Light Fixtures to all
interior light fixtures in Qualifying Light Fixture Locations.

For the purpose of adjusting the annual interior lighting energy consumption for
calculating the Rating, EULLa shall be adjusted by AEULL, which shall be
calculated as the annual interior lighting energy use derived by the procedures in
this section minus the annual interior lighting energy use derived for the Energy
Rating Reference Home in Section 4.2.2.5.1, converted to MBtu/y, where MBtu/y
= (kWh/y)/293.

For interior lighting, Internal Gains in the Rated Home shall be modified by 100%
of the interior lighting AEULL converted to Btu/day as follows: AEULwL * 10°%/
365.

4.2.2.5.2.3. Exterior Lighting. Exterior lighting annual energy use in the Rated
Home shall be determined in accordance with Equation 4.2-4:

kWh/y = (100 + 0.05*CFA)*[(1 - FFIsL - FFIIgL)
+ 15/60*%FFIgL.
+ 15/90*FF1IgL] (Eq. 4.2-4)
where
CFA = Conditioned Floor Area
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FFI:L = Fraction of exterior fixtures that are Tier [ Qualifying Light
Fixtures

FFl1zL = Fraction of exterior fixtures that are Tier Il Qualifying Light
Fixtures

For the purpose of adjusting the annual exterior lighting energy consumption for
calculating the Rating, EULLa shall be adjusted by AEULEL, which shall be
calculated as the annual exterior lighting energy use derived by the procedures in
this section minus the annual exterior lighting energy use derived for the Energy
Rating Reference Home in Section 4.2.2.5.1, converted to MBtu/y, where MBtu/y
= (kWh/y)/293.

Internal Gains in the Rated Home shall not be modified as a result of reductions in
exterior lighting energy use.

4.2.2.5.2.4. Garage Lighting. For Rated Homes with garages, for the sole use
of the occupants of the Rated Home, garage annual lighting energy use in the
Rated Home shall be determined in accordance with Equation 4.2-5:

kWh = 100*[(1 - FF1gL - FFIIcL) + 15/60*FFIgL + 15/90%FF1lcL](Eq. 4.2-5)
where:
FFloL = Fraction of garage fixtures that are Tier [ Qualifying Light Fixtures
FFlIloL = Fraction of garage fixtures that are Tier II Qualifying Light
Fixtures

Lighting for shared parking garages or parking lots shall not be included in the
Rated Home.

For the purpose of adjusting the annual garage lighting energy consumption for
calculating the Rating, EULLA shall be adjusted by AEULgL, which shall be
calculated as the annual garage lighting energy use derived by the procedures in
this section minus the annual garage lighting energy use derived for the Energy
Rating Reference Home in Section 4.2.2.53.1, converted to MBtu/y, where MBtu/y
= (kWh/y)/293.

Internal Gains in the Rated Home shall not be modified as a result of reductions in
garage lighting energy use.

4.2.2.5.2.5. Refrigerators. Refrigerator annual energy use for the Rated Home

shall be determined from either refrigerator Energy Guide labels or from age-
based defaults in accordance with Table 4.2.2.5.2.5(1).

Table 4.2.2.5.2.5(1) Age-based Refrigerator Defaults
Refrigerator/Freezer Type Annual kWh Equation
Single-door refrigerator only {13.5%*AV + 299)*VR
Single-door refrigerator/freezer (13.3%*AV + 209)*VR
Refrigerator with top freezer (16.0*AV + 355)*VR

with TDI {(17.6¥AV + 391)*VR
Refrigerator with side-by-side freezer | (11.8¥*AV 4+ 501)*VR
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Refrigerator/Freezer Type Annual kWh Equation
with TDI {16.3*AV + 527)*VR

Refrigerator with bottom freezer {(16.6FAV + 367)*VR

Upright freezer only manual defrost {10.3%AV + 264)*VR

Upright freezer only auto defrost (14.0¥AV + 391)*VR

Chest freezer only {(11.0*AV + 160)*VR

where:

AV = Adjusted Volume = (refrigerator compartment volume)

+ 1.63%(freezer compartment volume)
TDI = Through the door ice
VR = Vintage Ratio from Table 4.2.2.5.2.5(2)

Table 4.2.2.5.2.5(2) Age-based Vintage Ratios
Refrigerator Vintage | Vintage Ratio
1980 or before 2.50
1981-1984 1.82
1985-1G88 1.64
1989-1990 1.39
1991-1993 1.30
1994-2000 1.00
2001-Present 0.77

Default values for adjusted volume (AV) shall be determined in accordance with
Table 4.2.2.5.2.5(3)

Table 4.2.2.5.2.5(3) Default Adjusted Volume Equations
Model Type Default Equation
Single-door refrigerator only AV = 1.00 * nominal volume
Single-door refrigerator/freezer | AV =1.01 * nominal volume
Bottom Freezer AV =1.19 * nominal volume
Top Freezer AV =1.16 * nominal volume
Side by Side AV = 1.24 * nominal volume
Freezer only AV =1.73 * nominal volume

For the purpose of adjusting the annual refrigerator energy consumption for
calculating the Rating, EULLA shall be adjusted by AEUL#rriG, which shall be
calculated as the annual refrigerator energy use derived by the procedures in this
section minus the annual refrigerator energy use derived for the Energy Rating
Reference Home in Section 4.2.2.5.1, converted to MBtu/y, where MBtu/y =
(kWh/y)/293.

For refrigerator energy use, Internal Gains in the Rated Home shall be modified

by 100% of the refrigerator AEULrriG converted to Btu/day as follows: AEULFrG
* 10%/ 363. Internal Gains shall not be modified for refrigerators located in
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Unconditioned Space Volume, Unrated Heated Space, Unrated Conditioned
Space, or outdoor environment.>*

4.2.2.5.2.6. Televisions. Television annual energy use in the Rated Home shall

be the same as television energy use in the Energy Rating Reference Home and
shall be calculated as TVkWh/y = 413 + 69*Nbr, where Nbr is the number of
Bedrooms in the Rated Home.

4.2.2.5.2.7. Range/Oven. Range/Oven (cooking) annual energy use for the
Rated Home shall be determined in accordance with Equations 4.2-6a through
4.2-6c, as appropriate.

1) For electric cooking:

kWh/y = BEF * OEF * (331 + 39*Nbr) (Eq. 4.2-6a)
2) For natural gas cooking:
Therms/y = OEF*(22.6 + 2.7*Nbr) (Eq. 4.2-6b)
plus:
kWh/y = 22.6 + 2.7*Nbr (Eq. 4.2-6¢)
where:

BEF = Burner Energy Factor = 0.91 for induction ranges and 1.0 otherwise
OEF = Oven Energy Factor = 0.95 for convection types and 1.0 otherwise
Nbr = Number of Bedrooms

For the purpose of adjusting the annual range/oven energy consumption for
calculating the Rating, EULLa shall be adjusted by AEULRro, which shall be
calculated as the annual range/oven energy use derived by the procedures in this
section minus the annual range/oven energy use derived for the Energy Rating
Reference Home in Section 4.2.2.5.1, converted to MBtu/y, where MBtu/y =
(kWh/y) / 293 or (Therms/y) / 10, whichever is applicable.

For range/oven energy use, Internal Gains in the Rated Home shall be modified
by 80% of the range/oven AEULRo converted to Btu/day as follows: AEULro *
108/ 365. Of this total amount, Internal Gains shall be apportioned as follows,
depending on fuel type:
a) For electric range/ovens, 90% sensible Internal Gains and 10% latent
Internal Gains
b) For gas range/ovens, 80% sensible Internal Gains and 20% latent Internal
Gains.

Internal Gains shall not be modified for range/oven equipment located outside the
Rated Home.

¥ (Informative Note) For example, an unconditioned garage.
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4.2.2.5.2.8. Clothes Dryers. Clothes Dryer annual energy use for the Rated
Home shall be determined in accordance with Equation 4.2-7 and shall be based
on the clothes dryer located within the Rated Home. If no clothes dryer is located
within the Rated Home, a clothes dryer in the nearest shared laundry room on the
project site shall be used, if available for daily use by the occupants of the Rated
Home. If the shared laundry room has multiple clothes dryers, the clothes dryer
with the lowest EF or CEF shall be used.

kWh/y = 12.5*%(164+46.5*Nbr *FU/EF dry*(CAPw/MEF
- LER/392)/(0.2184*(CAPw*4.08+0.24)) (Eq 4.2-7)
where:

Nbr = Number of Bedrooms in home

FU = Field Utilization factor = 1.18 for timer controls or 1.04 for moisture

sensing

EFdry = Efficiency Factor of clothes dryer or the default value of 3.01 or
calculated as 1.15*CEF.

CEF = Combined Energy Factor is the clothes dryer efficiency’ (Ibs dry
clothes/k Wh) based on current U.S. DOE clothes dryer testing
procedures.

CAPw = Capacity of clothes washer (ft*) from the manufacturer’s data or the
CEC Appliance Efficiency Database or the EPA ENERGY STAR
website®® or the default value of 2.874 ft*.

MEF = Modified Energy Factor of clothes washer from the Energy Guide label
or the default value of 0.817 or calculated as 0.503+0.95*IMEF.

IMEF = Integrated Modified Energy Factor, which has replaced MEF as the
U.S. DOE Energy Factor test metric for clothes washers.

LER = Labeled Energy Rating of clothes washer (kWh/y) from the Energy
Guide label or the default value of 704.

For natural gas clothes dryers, annual energy use shall be determined in
accordance with Equations 4.2-8a and 4.2-8b.

Therms’y = (result of Eq. 4.2-7)*3412*(1-0.07)
*(3.01/EFdry-g)/ 100000 (Eq. 4.2-8a)
KWh/y = (result of Eq. 4.2-7)%0.07*(3.01/EFdry-g) (Eq. 4.2-8b)

where:
EFdry-g = Efficiency Factor for gas clothes dryers or the default value of 2.67
or calculated as 1.15*CEF.
CEF = Combined Energy Factor is the clothes dryer efficiency based on
current U.S. DOE clothes dryer testing procedures.

For the purpose of adjusting the annual clothes dryer energy consumption for
calculating the Rating, EULLA shall be adjusted by AEULcp, which shall be

¥ (Informative Reference) See the CEC Appliance Efficiency Database http://www.energy.ca.gov/appliances/,
or the ENERGY STAR Appliance database https:/iwww energystar. gov/products/appliances/clothes dryers.

¥ (Informative Reference) http:ifwww energvstar.gov/index .cfm?c=clotheswash.pr clothes washers
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calculated as the annual clothes dryer energy use derived by the procedures in this
section minus the annual clothes dryer energy use derived for the Energy Rating
Reference Home in Section 4.2.2.5.1, converted to MBtu/y, where MBtu/y =
(kWh/y) / 293 or (Therms/y) / 10, whichever is applicable.

When a Dwelling Unit has no in-unit clothes dryer, and no shared clothes dryers
are available in the building or on the project site for daily use by the Rated Home
occupants or they exist, but the ratio of Dwelling Units to shared clothes dryers is
greater than 14, the clothes dryer values from Table 4.2.2.5(1) shall be assumed
for both the Energy Rating Reference Home and Rated Home.

For clothes dryer energy use, total Internal Gains in the Rated Home shall be
modified by 15% of the clothes dryer AEULcp converted to Btu/day as follows:
AEULcp * 10°/ 365. Of this total amount, 90% shall be apportioned to sensible
Internal Gains and 10% to latent Internal Gains. Internal Gains shall not be
modified for clothes dryers located in Unconditioned Space Volume, Unrated
Heated Space, Unrated Conditioned Space, or outdoor environment.>’

4.2.2.5.2.9. Dishwashers. Dishwasher annual energy use for the Rated Home
shall be determined in accordance with Equation 4.2-9a and shall be based on the
dishwasher located within the Rated Home, with the lowest Energy Factor
(highest kWh/y). If no dishwasher is located within the Rated Home, a dishwasher
in the nearest shared kitchen in the building shall be used, only if available for
daily use by the occupants of the Rated Home.

kWh/y = [(86.3 + 47.73/EF)/215]*dWcpy (Eq. 4.2-9a)
where:
EF = Labeled dishwasher Energy Factor
or

EF = 215/(labeled kWh/y)
dWepy = (88.4 + 34.9*Nbr)*12/dWcap

where:
dWeap = Dishwasher place setting capacity; Default = 12 settings for
standard sized dishwashers and 8 place settings for compact
dishwashers

And the change (A) in daily hot water use (GPD — gallons per day) for
dishwashers shall be calculated in accordance with Equation 4.2-9b.

AGPDpw = [(88.4+34.9¥Nbr)*8.16 - (88.4+34.9*Nbr)
#12/dWeap*(4.6415%(1/EF) - 1.9295))/365 (Eq. 4.2-9b)

¥ (Informative Note) For example, an unconditioned garage.
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For the purpose of adjusting the annual dishwasher energy consumption for
calculating the Rating, EULLa shall be adjusted by AEULpw, which shall be
calculated as the annual dishwasher energy use derived by the procedures in this
section minus the annual dishwasher energy use derived for the Energy Rating
Reference Home in Section 4.2.2.5.1, converted to MBtu/y, where MBlw/y =
(kWh/y) 7 293 or (Therms/y) / 10, whichever is applicable.

For the purpose of adjusting the daily hot water use for calculating the Rating, the
daily hot water use change shall be *AGPDpw’ as calculated above.

When a Dwelling Unit has no in-unit dishwasher, and no shared dishwashers are
available in the building for daily use of the Rated Home occupants, the energy
and hot water use of the Rated Home dishwasher shall be the same as the Energy
Rating Reference Home, in accordance with Section 4.2.2.5.1.

For dishwasher energy use, total Internal Gains in the Rated Home shall be
modified by 60% of the dishwasher AEULDpw converted to Btu/day as follows:
AEULpw * 10%/ 365. Of this total amount, 50% shall be apportioned to sensible
Internal Gains and 530% to latent Internal Gains.

Internal Gains shall not be modified for dishwashers located outside the Rated
Home.

4.2.2.5.2.10. Clothes Washers. Clothes Washer annual energy use and daily hot
water use for the Rated Home shall be determined as follows, and shall be based
on the clothes washer located within the Rated Home. If no clothes washer is
located within the Rated Home, a clothes washer in the nearest shared laundry
room on the project site shall be used, if available for daily use by the occupants
of the Rated Home. If the shared laundry room has multiple clothes washers, the
clothes washer with the highest LER shall be used.

Annual energy use shall be calculated in accordance with Equation 4.2-10a.

kWh/y = [(LER/392)-[(LER*($/kWh)-AGC)/(21.9825*($/k Wh)
- ($/therm)}/392)*21.9825)]*ACY (Eq. 4.2-10a)
where:
LER = Label Energy Rating (kWh/y) from the Energy Guide label
$/kWh = Electric Rate from Energy Guide Label
AGC = Annual Gas Cost from Energy Guide Label
$/therm = Gas Rate from Energy Guide Label
ACY = Adjusted Cycles per Year
and where:
ACY = NCY * [(3.0%2.0841.59)/(CAPw*2.08+1.59)]

where:
NCY = (3.0/2.874) * {164 + Nbr*46.5)

ANSI/RESNET/ICC 301-2019 44

Page: 49

-2019_vf1.23.19_49.png

7597_A4_Rationale_ANSIRESNETICC301

http://www floridabuilding.org/Upload/Modifications/Rendered/Mod

2020 Triennial

Energy

278



EN7597 -A4 Rationale

CAPw = washer capacity in cubic feet from the manufacturer’s data or
the CEC Appliance Efficiency Database™ or the EPA
ENERGY STAR website® or the default value of 2.874 ft*

Daily hot water use shall be calculated in accordance with Equation 4.2-10b.
CWgpd =60 * therms/cyc * ACY /365 (Eq. 4.2-10b)

where:
therms/cyc = (LER * $/kWh - AGC)/ (21.9825 * $/kWh - $/therm) / 392

For the purpose of adjusting the annual clothes washer energy consumption for
calculating the Rating, EULLa shall be adjusted by AEULcw, which shall be
calculated as the annual clothes washer energy use derived by the procedures in
this section minus the annual clothes washer energy use derived for the Energy
Rating Reference Home in Section 4.2.2.5.1, converted to MBtu/y, where MBtu/y
= (kWh/y) /293 or (Therms/y) / 10, whichever is applicable.

For the purpose of adjusting the daily hot water use for calculating the Rating, the
daily hot water use change shall be calculated as the daily hot water use derived
by the procedures in this Section minus the gallons per day derived for the Energy
Rating Reference Home clothes washer in Section 4.2.2.5.1 4.

When a Dwelling Unit has no in-unit clothes washer, and no shared clothes
washers are available in the building or on the project site for daily use by the
Rated Home occupants or they exist, but the ratio of Dwelling Units to shared
clothes washers is greater than 14, the energy and hot water use of the Rated
Home clothes washer shall be the same as the Energy Rating Reference Home, in
accordance with Section 4.2.2.5.1.

For clothes washer energy use, total Internal Gains in the Rated Home shall be
mod